
***1                                SUBSTANCE IDENTIFICATION ***

1-1 HSDB CHEMICAL NAME           : LINDANE
1-2 CAS REGISTRY NUMBER          : 58-89-9
1-3 SYNONYMS:

    GAMMA BENZENE HEXACHLORIDE [REF-1, p.86/8606]; BENZENE HEXACHLORIDE-GAMMA ISOMER [REF-1, p.86/8606]; BHC ; GAMMA-BHC [REF-1, p.86/8606]; Cyclohexane, 1,2,3,4,5,6-hexachloro-, gamma- ; CYCLOHEXANE, 1,2,3,4,5,6-HEXACHLORO-, GAMMA-ISOMER [REF-1, p.86/8606]; ENT 7,796 ; GAMMA-HCH [REF-1, p.86/8606]; gamma-Hexachlorocyclohexane ; gamma-1,2,3,4,5,6-Hexachlorocyclohexane [REF-1, p.86/8606]; 1,2,3,4,5,6-Hexachlorocyclohexane [REF-1, p.86/8606]; HEXACHLOROCYCLOHEXANE, GAMMA-ISOMER [REF-1, p.86/8606]; gamma-Lindane [REF-1, p.86/8606]; NCI-C00204 [REF-1, p.86/8606]

1-4 MOLECULAR FORMULA            : C6-H6-Cl6 

1-5 SHIPPING NUMBER/NAME:

    NA 2761; Lindane
    IMO 6.1; Lindane
    UN 2761; Organochlorine pesticides, solid, toxic, not otherwise specified
1-6 STCC NUMBER/NAME:

    49 411 51; Lindane, agricultural insecticides, not elsewhere classified, liquid
    49 411 52; Lindane, agricultural insecticides, not elsewhere classified, other than liquid
    49 411 50; Lindane, insecticides, other than agricultural, not elsewhere classified
***2                    DESCRIPTION AND WARNING PROPERTIES ***

2-1 COLOR/FORM:

    WHITE, CRYSTALLINE POWDER [REF-2, p.1186]

    COLORLESS, CRYSTALLINE SOLID [REF-3, p.V5 50]

    NEEDLES FROM ALCOHOL [REF-4, p.C-225]

    White to yellow crystalline powder [pesticide]. [REF-5, p.186]

    White, free-flowing crystalline [REF-6, p.C 234]

2-2 ODOR:

    Slight musty odor [REF-7, p.940]

    SLIGHT AROMATIC ODOR [REF-8, p.87]

    Pure /lindane/ is odorless. [REF-9, p.120]

    Slight musty odor [pesticide]. [REF-5, p.186]

    Essentially odor-free [REF-6, p.C 234]

SKIN, EYE, AND RESPIRATORY IRRITATIONS:

    VAPORS MAY IRRITATE EYES, NOSE, & THROAT. [REF-10, p.789]

                      ***3   SAFETY HAZARDS AND PROTECTION *** 

3-1 DOT EMERGENCY GUIDELINES: 

  . Health: Highly toxic, may be fatal if inhaled, swallowed or absorbed through skin. Avoid any skin contact. Effects of contact or inhalation may be delayed. Fire may produce irritating, corrosive and/or toxic gases. Runoff from fire control or dilution water may be corrosive and/or toxic and cause pollution. [REF-11, p.G-151]

  . Fire or explosion: Non-combustible, substance itself does not burn but may decompose upon heating to produce corrosive and/or toxic fumes. Containers may explode when heated. Runoff may pollute waterways. [REF-11, p.G-151]

  . Public safety: ... Isolate spill or leak area immediately for at least 25 to 50 meters (80 to 160 feet) in all directions. Keep unauthorized personnel away. Stay upwind. Keep out of low areas. [REF-11, p.G-151]

  . Protective clothing: Wear positive pressure self-contained breathing apparatus (SCBA). Wear chemical protective clothing which is specifically recommended by the manufacturer. Structural firefighters' protective clothing is recommended for fire situations ONLY; it is not effective in spill situations. [REF-11, p.G-151]

  . Evacuation: Spill: Fire: If tank, rail car or tank truck is involved in a fire, ISOLATE for 800 meters (1/2 mile) in all directions; also, consider initial evacuation for 800 meters (1/2 mile) in all directions. [REF-11, p.G-151]

  . Fire: Small fires: Dry chemical, CO2 or water spray. Large fires: Water spray, fog or regular foam. Move containers from fire area if you can do it without risk. Dike fire control water for later disposal; do not scatter the material. Do not use straight streams.
. Fire involving tanks or car/trailer loads: Fight fire from maximum distance or use unmanned hose holders or monitor nozzles. Do not get water inside containers. Cool containers with flooding quantities of water until well after fire is out. Withdraw immediately in case of rising sound from venting safety devices or discoloration of tank. ALWAYS stay away from the ends of tanks. For massive fire, use unmanned hose holders or monitor nozzles; if this is impossible withdraw from area and let fire burn. [REF-11, p.G-151]

  . Spill or leak: Do not touch damaged containers or spilled material unless wearing appropriate protective clothing. Stop leak if you can do it without risk. Prevent entry into waterways, sewers, basements or confined areas. Cover with plastic sheet to prevent spreading. Absorb or cover with dry earth, sand or other non-combustible material and transfer to containers. DO NOT GET WATER INSIDE CONTAINERS. [REF-11, p.G-151]

  . First aid: Move victim to fresh air. Call emergency medical care. Apply artificial respiration if victim is not breathing. Do not use mouth-to-mouth method if victim ingested or inhaled the substance; induce artificial respiration with the aid of a pocket mask equipped with a one-way valve or other proper respiratory medical device. Administer oxygen if breathing is difficult. Remove and isolate contaminated clothing and shoes. In case of contact with substance, immediately flush skin or eyes with running water for at least 20 minutes. For minor skin contact, avoid spreading material on unaffected skin. Keep victim warm and quiet. Effects of exposure (inhalation, ingestion or skin contact) to substance may be delayed. Ensure that medical personnel are aware of the material(s) involved, and take precautions to protect themselves. [REF-11, p.G-151]

*** 4                                      FIRE AND REACTIVITY *** 

4-1 FIRE POTENTIAL: 

  . The dry powder will not burn ... Commercial solutions normally contain flammable or combustible liquids with flash points approx 150 deg F or over. [REF-12, p.49-57]

4-2 NFPA HAZARD CLASSIFICATION: 

  . Flammability 0. 0 = Materials that will not burn. /Lindane dry powder/ [REF-12, p.49-57]

  . Health 2. 2 = Materials hazardous to health, but areas may be entered freely with self-contained breathing apparatus. /Lindane dry powder/ [REF-12, p.49-57]

  . Reactivity 0. 0 = Materials which are normally stable even under fire exposure conditions, and which are not reactive with water. Normal fire fighting procedures may be used. /Lindane dry powder/ [REF-12, p.49-57]

  . Flammability 1. 1 = Materials that must be preheated before ignition can occur. Water may cause frothing of liquids with this flammability rating number if it gets below the surface of the liquid and turns to steam. However, water spray gently applied to the surface will cause a frothing which will extinguish the fire. Most combustible solids have a flammability rating of 1. /Lindane solution/ [REF-12, p.49-57]

  . Health 2. 2 = Materials hazardous to health, but areas may be entered freely with self-contained breathing apparatus. /Lindane solution/ [REF-12, p.49-57]

  . Reactivity 0. 0 = Materials which are normally stable even under fire exposure conditions, and which are not reactive with water. Normal fire fighting procedures may be used. /Lindane solution/ [REF-12, p.49-57]

4-3 FLASH POINT:

    APPROX 150 DEG F CLOSED CUP [REF-12, p.49-57]

4-4 FIRE FIGHTING PROCEDURES: 

  . For liquid formulations use water spray, carbon dioxide, dry chemical, or foam. Use water to keep fire-exposed containers cool. [REF-12, p.49-57]

4-5 TOXIC COMBUSTION PRODUCTS: 

  . ... If heated to decomposition in air, it emits highly toxic fumes of phosgene & hydrogen chloride. [REF-12, p.49-57]

4-6 REACTIVITIES AND INCOMPATIBILITIES: 

  . Corrosive to metals. [REF-5, p.186]

4-7 DECOMPOSITION: 

  . Decomposition product includes ... carbon monoxide. [REF-13, p.2]

  . ... Hydrogen chloride and phosgene. [REF-12, p.49-58]

  . When heated to decomposition it emits toxic fumes of /hydrogen chloride/ ... [REF-14, p.339]

4-8 OTHER HAZARDOUS REACTIONS: 

  . Vapors form toxic concentrations at slightly elevated temperatures. [REF-12, p.49-58]

***5                    PROTECTIVE EQUIPMENT AND CONTROLS *** 

5-1 PROTECTIVE EQUIPMENT AND CLOTHING:

  . Employees should be provided with and required to use dust and splash-proof safety goggles where lindane or liquids containing lindane may contact the eyes. [REF-13, p.3]

  . Wear appropriate personal protective clothing to prevent skin contact. [REF-5, p.187]

  . 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 should 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.] [REF-5, p.187]

  . Recommendations for respirator selection. Max concn for use: 5 mg/cu m. Respirator Class(es): Any chemical cartridge respirator with organic vapor cartridge(s) in combination with a dust, mist, and fume filter. Any supplied-air respirator. [REF-5, p.187]

  . Recommendations for respirator selection. Max concn for use: 12.5 mg/cu m. Respirator Class(es): Any supplied-air respirator operated in a continuous flow mode. May require eye protection. Any powered, air-purifying respirator with organic vapor cartridge(s) in combination with a dust, mist, and fume filter. May require eye protection. [REF-5, p.187]

  . Recommendations for respirator selection. Max concn for use: 25 mg/cu m. Respirator Class(es): Any chemical cartridge respirator with a full facepiece and organic vapor cartridge(s) in combination with a high-efficiency particulate filter. 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 powered, air-purifying respirator with a tight-fitting facepiece and organic vapor cartridge(s) in combination with a high-efficiency particulate filter. May require eye protection. Any self-contained breathing apparatus with a full facepiece. Any supplied-air respirator with a full facepiece. [REF-5, p.187]

  . Recommendations for respirator selection. Max concn for use: 50 mg/cu m. Respirator Class(es): Any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode. [REF-5, p.187]

  . Recommendations for respirator selection. Condition: Emergency or planned entry into unknown concn or IDLH conditions: 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 face piece and is operated in pressure-demand or other positive pressure mode in combination with an auxiliary self-contained breathing apparatus operated in pressure-demand or other positive pressure mode. [REF-5, p.187]

  . Recommendations for respirator selection. Condition: Escape from suddenly occurring respiratory hazards: Respirator Class(es): Any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted organic vapor canister having a high-efficiency particulate filter. Any appropriate escape-type, self-contained breathing apparatus. [REF-5, p.187]

5-2 OTHER PREVENTATIVE MEASURES:

  . Quick drench showers should be provided. [REF-13, p.2]

  . Employees should change from clothing that has become contaminated with lindane or liquids containing lindane into uncontaminated clothing before leaving the work premises. Clothing contaminated with lindane should be placed into closed containers for storage until it can be discarded or until provision is made for the removal of lindane from the clothing. If the clothing is to be laundered or otherwise cleaned to remove the lindane, the person performing the operation, should be informed of lindane's hazardous properties. [REF-13, p.2]

  . Skin that becomes contaminated with solid or liquids containing lindane should be promptly washed or showered with soap or mild detergent and water to remove any lindane. [REF-13, p.3]

  . Eating and smoking should not be permitted in areas where solid lindane is handled, processed, or stored. [REF-13, p.3]

  . Employees who handle lindane or liquids containing lindane should wash their hands thoroughly with soap or mild detergent and water before eating, smoking, or using toilet facilities. [REF-13, p.3]

  . If leak or spill has not ignited, use water spray to disperse vapors & to provide protection for men attempting to stop leak. Water spray may be used to flush spills away from exposures. [REF-12, p.49-57]

  . Contact lenses should not be worn when working with this chemical. [REF-5, p.187]

  . 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. 

  . The worker should immediately wash the skin when it becomes contaminated. [REF-5, p.187]

  . Work clothing that becomes wet or significantly contaminated should be removed and replaced. [REF-5, p.187]

  . Workers whose clothing may have become contaminated should change into uncontaminated clothing before leaving the work premises. [REF-5, p.187]

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

*** 6                           STORAGE, CLEANUP AND DISPOSAL *** 

6-1 STABILITY/SHELF LIFE: 

  . STABLE TO HEAT, LIGHT, OXIDATION. [REF-8, p.87]

  . ... Stable to ... air & acids. Sensitive to alkalis. [REF-15, p.A247/OCT 83]

  . Stable below 180 deg C ... At 22 deg C, 50% loss occurs in 191 days at pH 7, in 11 hr at pH 9. [REF-16, p.300]

  . DECOMP IN PRESENCE OF ALKALI AT AMBIENT TEMP, FORMING TRICHLOROBENZENES; DECOMP BY POWDERED IRON, ALUMINUM & ZINC [REF-17, p.V20 199]

6-2 STORAGE CONDITIONS: 

  . STORE IN DRY PLACE. ... AVOID EXPOSURE ... TO EXTREME HEAT, STRONG ALKALIS, & POWDERED METALS. [REF-18, p.C-141]

6 -3 CLEANUP METHODS: 

  . A PROCESS FOR REMOVING POLLUTANTS FROM DU PONT'S CHAMBERS WORKS PLANT IN DEEPWATER, NJ IS DESCRIBED. PROCESS CALLS FOR TREATMENT OF WASTES FROM ORG CHEM MFR PROCESSES BY NEUTRALIZATION & SETTLING, FOLLOWED BY A COMBINED POWDERED CARBON-BIOLOGICAL PROCESS. SPECIFIC INFORMATION IS GIVEN REGARDING REMOVAL OF PRIORITY POLLUTANTS FROM WASTE WATER; BHC ISOMERS ARE INCLUDED. [REF-19]

  . Liquids containing lindane should be absorbed in vermiculite, dry sand, earth, or a similar material. [REF-13, p.3]

  . For spills and leakage ... dampen spilled material with alcohol to avoid dust, then transfer material to suitable container. Use absorbent paper dampened with alcohol to pick up remaining material. Wash surfaces well with soap & water. Seal all wastes in vapor-tight plastic bags for eventual disposal. [REF-20, p.1061]

6-4 DISPOSAL METHODS: 

  . Generators of waste (equal to or greater than 100 kg/mo) containing this contaminant, EPA hazardous waste number U129, D013, must conform with USEPA regulations in storage, transportation, treatment and disposal of waste. [REF-21]

  . Lindane /formulation of/ 12% emulsifiable concentrate with 71% aromatic petroleum, 12% xylene, and 5% emulsifier /under a trial burn/ in a liquid injection incinerator at 1043-1265 deg C with a residence time of 0.132-1.77 seconds and 31-50% excess air /provided/ a destruction efficiency of > 99.999%. [REF-22, p.F-4]

  . Potential candidate for rotary kiln incineration with a temperature range of 820-1600 deg C with residence times for liquids and gases: seconds; solids, hours. Also, a potential for fluidized bed incineration with a temperature range of 450-980 deg C with residence times for liquids and gases: seconds; solids, longer. [REF-22, p.3-13]

  . Pyrolysis: A process has been developed for the destructive pyrolysis of benzene hexachloride at 400-500 deg C with a catalyst mixture which contains 5-10% of either cupric chloride, ferric chloride, zinc chloride, or aluminum chloride on activated carbon. [REF-23, p.151]

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

7-1 MINIMUM/POTENTIAL FATAL HUMAN DOSE:

    The fatal dose in adults is approximately 10-30 g ... [REF-24, p.1625]

7-2 NON-HUMAN TOXICITY VALUES:

    Pseudomonas putida > 5 mg/l toxic effect: inhibition of cell multiplication [REF-25, p.723]

    LD50 Rat oral 76 mg/kg [REF-14, p.339]

    LD50 Rat skin 500 mg/kg [REF-14, p.339]

    LD50 Mouse oral 44 mg/kg [REF-14, p.339]

    LD50 Mouse ip 125 mg/kg [REF-14, p.339]

    LD50 Dog oral 40 mg/kg [REF-14, p.339]

    LD50 Rabbit oral 60 mg/kg [REF-14, p.339]

    LD50 Rabbit skin 50 mg/kg [REF-14, p.339]

    LD50 Guinea pig oral 127 mg/kg [REF-14, p.339]

    LD50 Hamster oral 360 mg/kg [REF-14, p.339]

    LD50 Hamster ip 640 mg/kg [REF-14, p.339]

7-3 HUMAN TOXICITY EXCERPTS:

    ... A CENTRAL NERVOUS STIMULANT ... LINDANE HAS HIGHEST ACUTE TOXICITY /OF BHC ISOMERS/; ITS LETHAL DOSE IS PERHAPS 125 MG/KG. ... FEW HUMAN FATALITIES HAVE BEEN ASCRIBED TO ... LINDANE, BUT MANY NONFATAL POISONINGS HAVE BEEN REPORTED. IN U.S. MANY OF THESE ... OCCURRED IN CHILDREN WHO SWALLOWED LINDANE PELLETS INTENDED FOR USE IN VAPORIZERS. ... WITHIN 30 MIN AFTER INGESTING AN EST 1.5 G LINDANE, A 2.5 YR OLD GIRL EXHIBITED IRRITABILITY & GRAND MAL CONVULSIONS. WITH SUPPORTIVE CARE SHE RECOVERED WITHIN 24 HR. SERUM LEVELS OF LINDANE WERE HIGH INITIALLY BUT FELL RAPIDLY. CONSIDERABLE AMT WERE RECOVERED IN 1ST STOOL SAMPLES. [REF-26, p.III-239]

    ... REFRESHMENT STAND OPERATORS SUFFERED SEVERE HEADACHE, NAUSEA, & IRRITATION OF EYES, NOSE, & THROAT SHORTLY AFTER EXPOSURE TO VAPORS FROM A DISPENSER IN WHICH LINDANE ... BECAME OVERHEATED. SYMPTOMS ABATED 2 HR AFTER DEVICE WAS REMOVED. ... WOMAN ... DEVELOPED URTICARIA SOON AFTER VAPORIZER WAS INSTALLED IN HER PLACE OF EMPLOYMENT. DERMATITIS IMPROVED DURING WEEKENDS BUT RECURRED WHEN SHE RETURNED TO WORK. ... COMPLETE RECOVERY FOLLOWED REMOVAL OF VAPORIZER. [REF-27, p.223]

    Chronic exposure to vapors of ... /lindane/ has resulted in fatal aplastic anemia & other hematologic disorders. These adverse effects have not been reported following use of 1% lindane lotion, cream, or shampoo. [REF-28]

    DERMAL APPLICATION OF 1% LOTIONS OF LINDANE (KWELLADA), FOR TREATMENT OF SCABIES RESULTED IN SEVERE INTOXICATIONS IN SOME CHILDREN & INFANTS. MARKED MENTAL & MOTOR RETARDATION ... NOTED 2 DAYS AFTER TREATMENT IN 4 MO OLD CHILD. LOCAL APPLICATION OF 1% ... PROVED PARTICULARLY DANGEROUS FOLLOWING HOT SOAPY BATH, SINCE THIS INCREASED PERCUTANEOUS ABSORPTION OF THE CMPD. ACCIDENTAL INGESTION BY 1 YR OLD BOY OF 1 TEASPOON OF 1% LINDANE SOLN, IN ADDN TO LOCAL APPLICATION OF THIS SOLN ... RESULTED IN IRRITABILITY, HYPERACTIVITY, & VOMITING, FOLLOWED BY RECOVERY. ... [REF-29, p.1555]

    A 2 MONTH OLD, 4.5 KG, MALE INFANT WAS FOUND DEAD IN HIS CRIB AFTER EXCESSIVE APPLICATION OF 1% LINDANE LOTION. IT WAS IDENTIFIED IN BRAIN AT CONCN OF 110 PPB WHICH WAS 3 TIMES GREATER THAN LEVELS FOUND IN BLOOD. [REF-30]

    SIXTY MALE WORKERS BETWEEN 24 & 62 YR OLD EMPLOYED 1 TO 30 YR IN LINDANE PRODUCING FACTORY WERE EXAMINED WITH REGARDS TO FUNCTIONS OF NERVOUS SYSTEM IN COMPARISON WITH 2 EXTERNAL CONTROL GROUPS (20 CLERKS & 20 DAIRY WORKERS OF SAME AGE DISTRIBUTION) HAVING NO CONTACT WITH HAZARDOUS SUBSTANCES. NO SIGNS OF NEUROLOGICAL IMPAIRMENT OR PERTUBATION OF "NEUROMUSCULAR FUNCTION" COULD BE ASCERTAINED. [REF-31]

    ... Therapeutic doses used in treatment of scabies have been found to have neurotoxic & other effects (ie, nausea, convulsions, cyanosis). Ingestion of large (unspecified) doses has led to muscle & kidney necrosis &, in 1 case, to pancreatitis. Digestive tract inflammation, hemorrhage, coma, & death have been reported after lindane poisoning. [REF-17, p.V20 220]

    CONCN OF 5-10 UG/ML LINDANE INHIBITED CELL DIVISION IN HUMAN PERIPHERAL BLOOD LYMPHOCYTES IN VITRO & CAUSED CONCENTRATION-RELATED INCR IN FREQUENCY OF CHROMATID BREAKS. IN SV40-TRANSFORMED HUMAN FIBROBLASTS (VA-4), 1 OR 1000 UMOLAR LINDANE FAILED TO INDUCE UNSCHEDULED DNA SYNTHESIS ... IN PRESENCE OR ABSENCE OF RAT LIVER MICROSOMAL ACTIVATION SYSTEM. [REF-17, p.V20 220]

    Toxic concn of lindane found in human blood: 0.050 mg % or 0.50 ug/ml. [REF-32]

    Kwell, a pediculicide for external use, contains a solid organochlorine, 1% lindane (BHC). In six months, ... five cases of accidental ingestions of Kwell /have been treated/. Case #1 occurred in a mental institution, #2 and #3 involved misunderstanding by a Spanish speaking mother and #4 and #5 were a mother and child who mistook Kwell for a bottle of cough syrup. The first case was given ipecac but seized while vomiting and aspirated, seized several more times and arrested. He suffered anoxic brain damage when resuscitated, developed rhabdomyolysis and died in one week. Treated with cholestyramine, his BHC blood level fell from 1.3 mg/l to 0.11 mg/l on the fifth day. BHC tissue levels were measured at autopsy. /Cases/ #2, #3, ingested 30 to 60 ml each, #3 seizing initially was not given ipecac. Their BHC levels were 0.22 and 0.48 mg/l, respectively. Cases #4 and #5 took a teaspoon each and were managed at home with poison center /consultation/. [REF-33]

    The rapidity with which symptoms develop after the ingestion of BHC varies with the isomer: the gamma isomer is fastest (within 1 hr) and the alpha isomer /is the slowest/ (within 24 hours), and the technical or commercial mixture is intermediate (usually within 2 hours but sometimes as late as 12 hours). Death from the pure gamma isomer is usually prompt (24 hr), whereas from the others it may be several days. [REF-26, p.III-240]

    QUANTITATIVELY, THE ACUTE TOXICITY ... IS SOMEWHAT GREATER THAN THAT OF TECHNICAL BENZENE HEXACHLORIDE. CHRONICALLY, HOWEVER, THE TECHNICAL BENZENE HEXACHLORIDE IS SOMEWHAT MORE TOXIC THAN LINDANE. [REF-34, p.1352]

    Target organs /include/: Eyes, CNS, blood, liver, kidneys, and skin. [REF-9, p.121]

    Lindane is a convulsant. [REF-13, p.2]

    The use of thermal vaporizers with lindane has caused acute poisoning by inhalation. [REF-14, p.338]

    The gamma (lindane) and alpha isomers are central nervous system stimulants. [REF-14, p.338]

    Lindane levels in human blood and placental and fetal tissues are higher in cases of spontaneous abortion and prematurity than in normal-term pregnancies. Tissues from stillborn babies show the same range of lindane values as adult tissues. [REF-24, p.1625]

    ... lindane crosses the placenta, is excreted in human breast milk, and may be fetotoxic. [REF-24, p.155]

    Lindane used in malaria control in India in 1975-77 caused no skin and coordination problems in 464 sprayers, nor did it cause higher SGPT and serum alkaline phosphatase activities or serum whole cell counts relative to 201 controls. ... Serum protein concentration was affected, as was serum glucose. [REF-35, p.501-2]

    In the biopsy report of one man who had eaten lindane-contaminated foods and who had experienced grand mal seizures for 2 hr, /observers/ described widespread muscle necrosis that followed acidemia, hypertension, myoglobinuria, anemia, and acute renal failure. [REF-36, p.859]

7-4 NON-HUMAN TOXICITY EXCERPTS:

    CANARIES WERE EXPOSED TO VAPORS ... (LIBERATED AS CLOUD WHEN SOLID FORMULATION WAS HEATED) IN AN AIR CONCENTRATION OF 0.34 MG/L; THE BIRDS DIED AFTER 6 TO 16 DAYS OF EXPOSURE. [REF-29, p.1553]

    ... DAILY DOSES ... AT 32 MG/KG OF BODY WT, BY STOMACH TUBE TO MALE & FEMALE RATS FOR 6 MO ... /PRODUCED/ NERVOUS SYMPTOMS, FATTY DEGENERATION OF LIVER & RENAL TUBULAR EPITHELIUM, VACUOLIZATION OF CEREBRAL CELLS, & MARKED INCR IN MORTALITY. NONE OF THESE ... /SYMPTOMS WERE/ SEEN WITH DAILY DOSE OF 10 MG/KG DURING 17 MO. UNDER CONDITIONS OF CHRONIC ADMIN, GAMMA-ISOMER ... WAS CONSIDERABLY LESS TOXIC THAN OTHER ... ISOMERS OR TECHNICAL BHC. ... IN 2-YR RAT-FEEDING STUDIES ... THE LOWEST CONCN /OF LINDANE/ CAUSING SIGNIFICANT LIVER CHANGES WAS 100 PPM; NO EFFECT ... NOTED BELOW 50 PPM. [REF-37, p.587]

    IN SERIES OF EXPT IN 8-WK-OLD DD MICE ... LINDANE (99% PURE BY GAS CHROMATOGRAPHY) WAS ADDED TO DIET AT CONCN OF 100, 250, & 500 MG/KG DIET. EACH GROUP INCL 20 MICE ... TREATMENT LASTED ... 24 WK AT WHICH TIME ALL SURVIVORS WERE KILLED. /NO SIGNS OF CARCINOGENIC EFFECTS WERE OBSERVED/ (ITO ET AL, 1973). (THE WORKING GROUP NOTED THE SHORT DURATION OF THE EXPERIMENT). [REF-17, p.V20 211]

    IN EXPT LASTING 110 WEEKS ... A GROUP OF 29 MALES & 29 FEMALES /CF1 MICE/ RECEIVED 400 MG/KG DIET LINDANE (PURITY, 99.5%). GROUP OF CONTROLS COMPRISING 45 MALE & 44 FEMALE MICE WERE FED STANDARD DIET. BENIGN & MALIGNANT TUMORS WERE FOUND IN ... ANIMALS RECEIVING 0 ... OR 400 MG/KG DIET LINDANE: IN MALES, 11 (24%) ... & 27 (93%), RESPECTIVELY; & IN FEMALES, 10 (23%) ... & 20 (69%), RESPECTIVELY. LUNG METASTASES WERE FOUND IN ... 3 (10%) MALES ... & 9 (3%) FEMALES ... (THORPE & WALKER, 1973). [REF-17, p.V20 212]

    GROUPS OF 50 NMRI MICE OF EACH SEX RECEIVED DIETS CONTAINING 12.5, 25, OR 50 MG/KG DIET LINDANE (PURITY NOT SPECIFIED), STARTING AT 34 DAYS OF AGE. UNTREATED CONTROLS INCLUDED 100 MICE OF EACH SEX. TREATMENT LASTED 80 WEEKS, AT WHICH TIME ALL SURVIVORS WERE KILLED ... LIVER TUMORS WERE FOUND IN 4 CONTROL MALES & 1 CONTROL FEMALE, IN 2 MALES & 1 FEMALE FED 12.5 MG/KG DIET & IN 2 MALES FED 50 MG/KG DIET; ALL WERE LIVER-CELL ADENOMAS, EXCEPT 1 MALIGNANT HEMANGIOENDOTHELIOMA IN MALE FED 12.5 MG/KG ... A TOTAL OF 36 ANIMALS DEVELOPED LYMPHOCYTIC LEUKEMIA OR LYMPHOSARCOMA (17 CONTROLS & 7, 4, & 7 MICE FED 12.5, 25, & 50 MG/KG DIET, RESPECTIVELY); & 50 MICE DEVELOPED LUNG TUMORS (21 CONTROLS & 11, 8, & 10 MICE FED 12.5, 25, & 50 MG/KG DIET, RESPECTIVELY). OTHER TUMORS INCL 8 RETICULUM-CELL NEOPLASMS (1 IN CONTROLS), & 3 CUTANEOUS OR SUBCUTANEOUS SARCOMAS (WEISSE & HERBST, 1977). (THE WORKING GROUP NOTED THE RELATIVELY LOW DOSE ADMINISTERED, IN COMPARISON WITH OTHER EXPERIMENTS WITH LINDANE IN MICE). [REF-17, p.V20 213]

    GROUPS OF 50 MALE & 50 FEMALE B6C3F1 HYBRID MICE, 5 WK OF AGE, WERE FED ... 80 OR 160 MG/KG DIET LINDANE (100% PURE) FOR 80 WK, & THEN OBSERVED FOR ADDNL 10-11 WK. GROUPS OF 50 ... OF EACH SEX ... USED AS CONTROLS; OF THESE ONLY 10 WERE FULLY CONTEMPORARY TO TREATED ... WHEREAS OTHER 40 OVERLAPPED STUDY ... BY AT LEAST A YEAR. SURVIVAL RATES WERE SIMILAR FOR TREATED & CONTROL GROUPS ... IN MALES, HEPATOCELLULAR CARCINOMAS ... FOUND IN 5/49 POOLED CONTROLS (2/10 MATCHED CONTROLS), IN 19/49 ... FED 80 MG/KG ... & IN 9/46 ... FED 160 MG/KG ... CORRESPONDING PROPORTIONS IN FEMALES WERE 2/47 (0/10), 2/47, & 3/46. IN ADDN, 1 MOUSE OF EACH SEX IN MATCHED CONTROLS, 3 MALE & 1 FEMALE POOLED CONTROLS, 2 FEMALES FED LOW DOSE & 1 MALE FED HIGH DOSE HAD NEOPLASTIC NODULES OF LIVER IN ABSENCE OF HEPATOCELLULAR CARCINOMA. 4 HEPATOCELLULAR CARCINOMAS IN MALES GIVEN LOW DOSE PRODUCED METASTASES. ... IN MALES, 1ST LIVER TUMOR WAS OBSERVED AT 60 WK IN ... LOW-DOSE, AT 77 WK IN CONTROLS & AT 79 WK IN HIGH-DOSE GROUP (NCI, 1977). (THE WORKING GROUP NOTED THE RELATIVELY LOW DOSE USED & THE SMALL NUMBER OF CONTROLS CONTEMPORARY TO THE EXPERIMENTAL GROUPS). [REF-17, p.V20 213]

    GROUPS OF 10 MALE & 10 FEMALE WEANLING WISTAR RATS WERE FED FOR LIFESPAN ... 5, 10, 50, 100, 400, 800, OR 1600 MG/KG DIET LINDANE AS SOLN IN CORN OIL; OR 10, 100, OR 800 MG/KG DIET POWDERED LINDANE /OVER 98% PURE/. ... MEAN AGE AT DEATH WAS 58 WK IN GROUP OF 40 CONTROLS ... & 33-70 WK IN EXPTL GROUPS ... NO INCR IN TUMOR INCIDENCE ... REPORTED IN TREATED ANIMALS; HOWEVER, ORGANS WERE EXAMINED MICROSCOPICALLY IN ONLY 238 ANIMALS, WITH DETAILED SECTIONING OF 86 ANIMALS (FITZHUGH ET AL, 1950). (THE WORKING GROUP NOTED THE EARLY MORTALITY & THE RELATIVELY SMALL PROPORTIONS OF RATS SUBMITTED TO PATHOLOGICAL STUDY). [REF-17, p.V20 214]

    GROUPS OF 50 MALE & 50 FEMALE 5-WK-OLD OSBORNE-MENDEL RATS WERE FED ... LINDANE (100% PURE) AT 2 DOSE LEVELS FOR 80 WK & KEPT UNDER OBSERVATION FOR FURTHER 29-30 WK. ... INITIAL DIETARY CONCN ... WERE ... 640 & 320 MG/KG DIET ... THEN REDUCED TO 1/2 AFTER 2 & 38 WK OF TREATMENT IN FEMALES & MALES, /RESPECTIVELY/. ... IN FEMALES, FURTHER REDUCTION TO 1/4 OF ORIGINAL ... CONCN WAS ... /MADE/ 49 WK AFTER BEGINNING OF TREATMENT. TIME-WEIGHTED AVG DIETARY CONCN WERE 236 & 472 MG/KG ... FOR MALES & 135 & 270 MG/KG ... FOR FEMALES. GROUPS OF 55 ... OF EACH SEX ... USED AS CONTROLS; OF THESE ONLY 10 WERE FULLY CONTEMPORARY TO TREATED ANIMALS ... OVER 80% OF RATS LIVED ... LONGER THAN 52 WK. ... PROPORTIONS OF RATS THAT DEVELOPED NEOPLASTIC LIVER NODULES WERE MALES & FEMALES: 0/10 & 0/10 (MATCHED CONTROLS), 0/49 & 1/49; THYROID FOLLICULAR-CELL ADENOMAS OR CARCINOMAS: 1/6 & 0/8 (MATCHED CONTROLS), 3/42 & 0/48 (POOLED CONTROLS), 6/37 & 2/44 (LOW-DOSE) & 4/37 & 1/42 (HIGH-DOSE); & THYROID C-CELL ADENOMAS: 1/6 & 0/8 (MATCHED CONTROLS), 2/42 & 0/48 (POOLED CONTROLS), 3/37 & 4/44 (P LESS THAN 0.05) (LOW-DOSE) & 1/37 & 3/42 (HIGH-DOSE), RESPECTIVELY (NCI, 1977). (THE WORKING GROUP NOTED THE SMALL NUMBER OF CONTEMPORARY CONTROLS & POOR SURVIVAL RATES IN ALL GROUPS. ... THERE WAS NO ADEQUATE EVIDENCE THAT THE DOSE GIVEN TO MALE RATS CORRESPONDED TO THE MAX TOLERATED DOSE). [REF-17, p.V20 215]

    DIFFERENCE IN ACTIVITIES OF ENZYMES INVOLVED IN LINDANE METABOLISM MAY ACCOUNT FOR DIFFERENT CARCINOGENIC ACTIVITY OBSERVED AMONG OSBORNE-MENDEL RATS, CF1, & B6C3F1 MICE. ANIMALS WERE TREATED 3 DAYS OR 3 MONTHS AT VARIOUS DOSAGE LEVELS. B6C3F1 MICE SHOWED NO INCR IN ABSOLUTE OR RELATIVE LIVER WT. IN SUSCEPTIBLE CF1 STRAIN IT LED TO LARGE INCR IN BOTH SEXES, WHILE A SMALLER INCR WAS OBSERVED IN OSBORNE-MENDEL RATS. AT HIGHEST DOSE A 5 TO 6-FOLD INDUCTION OF GLUTATHIONE-S-TRANSFERASE ACTIVITY WAS OBSERVED IN FEMALE CF1 MICE, WHICH THEN TOGETHER WITH MALE CF1 MICE HAD HIGHER ACTIVITY THAN UNTREATED & TREATED B6C3F1 MICE & RATS. RAT LIVER MICROSOMES SHOWED HIGHER UDP-GLUCURONOSYLTRANSFERASE ACTIVITY THAN MOUSE LIVER MICROSOMES. UNTREATED & TREATED CF1 MICE SHOWED HIGHER MONOOXYGENASE ACTIVITY &, AFTER TREATMENT, LOWER EPOXIDE HYDROLASE ACTIVITY THAN RATS. [REF-38]

    DAILY DOSES OF 0.5 MG/KG BODY WT ... ORALLY FOR 4 MO TO FEMALE RATS PRODUCED DISTURBANCES OF ESTRUS CYCLE, INHIBITED ANIMALS' CAPACITY FOR CONCEPTION & FERTILITY, LOWERED VIABILITY OF EMBRYOS & DELAYED ... PHYSICAL DEVELOPMENT. TREATMENT OF RATS WITH 0.05 MG/KG BODY WT DID NOT PRODUCE SUCH EFFECTS. NO SIGNIFICANT TERATOGENIC EFFECT OF STILLBORN PUPS WAS OBSERVED IN LITTERS OF BEAGLE BITCHES GIVEN 7.5 OR 15 MG/KG BODY WT/DAY ... FROM DAY 5 THROUGHOUT GESTATION. ... WHEN JAPANESE QUAIL EGGS WERE SPRAYED WITH 0.15, 0.3 OR 0.6% SOLN OF COMMERCIAL LINDANE OVER 4 GENERATIONS, REDUCED FERTILITY, INCREASED EMBRYONIC MORTALITY & DECREASED EGG HATCHABILITY, PRODUCTION, WEIGHT OF EGGS & CHICKS WERE OBSERVED. [REF-17, p.V20 217]

    LINDANE WAS NOT MUTAGENIC IN HOST-MEDIATED ASSAY WHEN SALMONELLA TYPHIMURIUM (STRAIN G46) & SERRATIA MARCESCENS (STRAIN A21) WERE USED FOR REVERSION STUDIES. ... EXPOSURE TO LINDANE WAS NOT ACCOMPANIED BY INCREASE IN RESPIRATION-DEFICIENT YEAST MUTANTS. ... NO SEX-LINKED RECESSIVE MUTANTS WERE FOUND IN DROSOPHILA MELANOGASTER INJECTED WITH 0.001% SOLN ... ALTHOUGH IT DOES NOT INDUCE MUTATIONS, LINDANE IS POTENT IN INDUCING COMPLETE C-MITOSIS (COLCHICINE-LIKE EFFECT; MITOTIC ARREST AT METAPHASE) IN ALLIUM CEPA ROOTS. ... INDUCTION OF MITOTIC ARREST, AS WELL AS POLYPLOIDY, BY LINDANE HAVE ALSO BEEN RECORDED IN ROOT TIPS OF 8 VARIETIES OF COMMON PULSES, INCLUDING PISUM SATIVUM. COMMERCIALLY AVAIL POWDER & LIQ ... PREPN CONTAINING ... (10 OR 20%) & LINDANE CRYSTALS (100% PURE) INDUCED CHROMOSOME ABERRATIONS IN ALLIUM CEPA ROOTS. ... LINDANE CAUSED SLIGHT INCREASE IN FREQUENCIES OF CHROMATID GAPS & BREAKS IN CHINESE HAMSTER FIBROBLASTS IN VITRO. [REF-17, p.V20 219]

    CHICK EMBRYOS WERE DOSED WITH 1 & 2 MG LINDANE/EGG. ANALYSIS OF LIVERS AFTER INCUBATION INDICATED THAT PORPHYRINOGEN CARBOXYLYASE INHIBITION OCCURRED IN WHITE LEGHORN EMBRYOS & NEW HAMPSHIRE NEWBORN CHICKS, BUT NOT IN NEW HAMPSHIRE EMBRYOS. IT IS EVIDENT THAT SOME OF LINDANE METABOLITES ARE RESPONSIBLE FOR INHIBITION. [REF-39]

    ACUTE SYMPTOMS APPEARING IN MALE MALLARD DUCKS GIVEN ORAL LETHAL DOSE WERE REGURGITATION, POLYDIPSIA, TREMORS, CIRCLING, SLOWNESS OF REFLEXES, OPISTHOTONOS. [REF-40, p.76]

    A COMPARATIVE STUDY OF SIGNS OF LINDANE POISONING & OF HYPOXIA IN TROUT, SALMO TRUTTA, SHOWED THAT SYMPTOMS OF BOTH CAUSES OF DEATH ARE SIMILAR. RAPID FADING OF GILL COLOR WITHIN 2 HR; VASCULAR CONGESTION & CELLULAR DAMAGE OF LIVER. EXPOSURE TO LETHAL LEVELS CAUSED HYPERACTIVITY, CONVULSIONS, ATAXIA, & INTERMITTENT PARALYSIS. IT CAUSED DISARRAY OF SECONDARY LAMELLAE, & EXPOSURE TO LOW DISSOLVED OXYGEN LEVELS CAUSED BREAKS IN LAMELLAR EPITHELIUM. [REF-41]

    Dietary lindane (5, 10, or 15 mg/kg) lengthened average duration of pregnancy in rats from 21-22 days in control animals to 21-24 days. Fertility index decreased from 100 births per control parental population to 60 births per parental population in the lindane-fed (15 mg/kg) animals. A dose-dependent delayed initiation of first estrus in offspring was observed in lindane-treated rats. Progressive increase /occurred/ in proportion of stillbirths with each successive generation. [REF-42]

    ... Lindane (the gamma isomer) ... is carcinogenic to mice when admin orally, producing liver tumors, the technical grade also produced lymphoreticular neoplasms. Studies in rats & dogs were considered to be inadequate. ... It was tested inadequately by
    skin application. ... Lindane did not induce unscheduled DNA synthesis in ... rat hepatocytes. ... /It was/ not mutagenic to bacteria or yeast & did not selectively kill DNA-repair-deficient strains of bacteria. ... It was not mutagenic to Drosophila melanogaster. It induced polyplody, mitotic arrests & some chromosomal anomalies in ... Chinese hamster cells in vitro ... /& it did not/ produce ... anomalies in rat bone-marrow cells in vivo. [REF-43, p.S4 133]

    /Researchers/ found minimal pathology in several species of lab animals exposed 7 hr/day, 5 days/wk for about a yr at avg of 0.7 mg/cu m lindane. ... exposed rats to 0.19 mg/cu m for 24 hr daily, continuously for 655 days on a 24-hr basis & found no evidence for histopathologic change that could be attributed to lindane inhalation. [REF-36, p.858]

    ... Following absorption through the chitinous exoskeleton of arthropods, ... lindane ... stimulates the nervous system, resulting in seizures and death. [REF-44]

    ... for several domestic animals, notably calves, lindane is more toxic than DDT or dieldrin. [REF-14, p.338]

    ... Lindane causes alpha2u-globulin nephropathy or hyaline droplet nephropathy. This nephropathy occurs in male but not in female rats, is characterized by the accumulation of protein droplets in the S2 segment of the proximal tubule, and results in single-cell necrosis, the formation of granular casts at the junction of the proximal tubule and the thin loop of Henle, and cellular regeneration. Chronic exposure ... results in progression of these lesions and, ultimately, chronic nephropathy. [REF-45, p.432]

7-8 NATIONAL TOXICOLOGY PROGRAM REPORTS:

    A bioassay for possible carcinogenicity of lindane was conducted by admin the test chemical in the diet to Osborne-Mendel rats and B6C3F1 mice. Groups of 50 rats of each sex were admin lindane at one of two doses for 80 wk, then observed for 29-30 wk. Time weighted avg doses for males were 236 or 472 ppm; those for females were 135 or 270 ppm. Matched controls consisted of groups of 10 untreated rats of each sex; pooled controls, used for statistical evaluation, consisted of the matched control groups combined with 45 untreated male and 45 untreated female rats from similar bioassays of four other test chemicals. All surviving rats were /sacrificed/ at 108-110 wk. Groups of 50 mice of each sex were admin lindane at one of two doses, either 80 or 160 ppm, for 80 wk, then observed for an additional 10-11 wk. Matched controls consisted of groups of 10 untreated mice of each sex; pooled controls, used for statistical evaluation, consisted of the matched control groups combined with 40 untreated male and 40 untreated female mice from similar bioassays of four other test chemicals. All surviving mice were /sacrificed/ at 90-91 wk. ... In rats, no tumors occurred at a statistically significant incidence in the treated groups of either sex. In mice, the incidence of hepatocellular carcinoma in low dose males was significant when compared with that in the pooled controls (controls 5/49, low dose 19/49, p=0.01). This finding by itself, is insufficient to establish the carcinogenicity of lindane. The incidence of hepatocellular carcinoma in high dose male mice (9/46) was not significantly different from that in matched (2/10) or pooled controls. It was concluded that under the conditions of this bioassay, lindane was not carcinogenic for Osborne-Mendel rats or B6C3F1 mice. [REF-46]

*** 8                                  EMERGENCY TREATMENT *** 

8-1 ANTIDOTE AND EMERGENCY TREATMENT:

    Basic treatment: Establish a patent airway. Suction if necessary. Watch for signs of respiratory insufficiency and assist ventilations if necessary. Administer oxygen by nonrebreather mask at 10 to 15 L/min. Monitor for pulmonary edema and treat if necessary ... . Anticipate seizures and treat if necessary ... . For eye contamination, flush eyes immediately with water. Irrigate each eye continuously with normal saline during transport ... . Do not use emetics. For ingestion, rinse mouth and administer 5 mL/kg up to 200 mL of water for dilution if the patient can swallow, has a strong gag reflex, and does not drool. Administer activated charcoal ... . /Lindane and Related Compounds/ [REF-47, p.284-5]

    Advanced treatment: Consider orotracheal or nasotracheal intubation for airway control in the patient who is unconscious or in respiratory arrest. Positive-pressure ventilation techniques with a bag-valve-mask device may be beneficial. Monitor cardiac rhythm and treat arrhythmias if necessary ... . Start an IV with lactated Ringer's to maintain hydration and adequate urine flow. Watch for signs of fluid overload and pulmonary edema. Consider drug therapy for pulmonary edema ... . Treat seizures with diazepam (Valium) ... . Use proparacaine hydrochloride to assist eye irrigation ... . /Lindane and Related compounds/ [REF-47, p.285]

    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 the event of hypotension unresponsive to fluid administration, and epinephrine may be necessary in the event of cardiopulmonary arrest. ... /Organochlorine insecticides/ [REF-48, p.1084]

    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 insecticides 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-49, p.1080]

    Persons exceptionally 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 continuous monitoring of gas exchange and blood pH over several hours. /Solid organochlorine insecticides/ [REF-50]

    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 flushng 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 not 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-51]

    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-52]

    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 individual 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-53]

8-2 MEDICAL SURVEILLANCE:

    A complete history and physical examination: The purpose is to detect pre-existing conditions that might place the exposed employee at an increased risk from exposure. Examination of the eyes, central nervous system, blood, liver, and kidneys should be stressed. The skin should be examined for evidence of chronic disorders. Lindane may cause aplastic anemia; A complete blood count should be performed, including a red cell count, a white cell count, and a differential count of a stained smear, as well as a hemoglobin and hematocrit. The concentration of lindane in the blood is an indication of the extent of absorption. ... Medical examinations should be repeated on an annual basis. [REF-13, p.1]

    WHOLE BLOOD: The assessment of gamma-HCH exposure can be accomplished through measurement of gamma-HCH. Reference ranges: Normal - None detected; Exposed - BAT (gamma HCH) (sampling time is end of exposure or end of shift): 20 ug/l; Toxic - Not established. /Hexachlorocyclohexane/ [REF-54, p.1455]

    SERUM OR PLASMA: The assessment of HCH exposure can be accomplished through measurement of the individual HCH isomer. The level of gamma-HCH is considered only to reflect recent exposure. Limited information was located which demonstrated a correlation between gamma-HCH serum levels and the onset of adverse health effects. Beta-HCH levels, however, have been shown to reflect both intensity and duration of exposure and can be used to assess past or recent exposure. Reference Ranges: Normal - gamma-HCH: none detected; Exposed - BAT (gamma-HCH) (sampling time is end of exposure or end of shift): 25 ug/l. Levels of beta-HCH have been found to increase approximately 10 ug/l for each year of exposure to beta-HCH air concentrations ranging from 0.001 to 0.38 mg/cu m; Toxic - Not established. /Hexachlorocyclohexane/ [REF-54, p.1455]

    URINE: The assessment of HCH exposure can be accomplished through measurement of the phenolic metabolites of gamma-HCH, including pentachlorophenol. However, exposure to chlorobenzene can result in the appearance of some of the same metabolites as those seen with HCH exposure. In addition, detection of pentachlorophenol in the urine may also be an indication of exposure to pentachlorophenol or other compounds that are similar to gamma-HCH. Reference Ranges: Normal - not established; Exposed - not established; Toxic - not established. /Hexachlorocyclohexane/ [REF-54, p.1455]

    OTHER TISSUES: The assessment of HCH exposure can be accomplished through measurement of the HCH isomers in adipose tissue. This test may be useful for identification of exposure, but it has not been shown to be useful for predicting adverse health effects. Levels of beta-HCH in adipose tissues have been found to be approximately 300 times higher than blood levels. /Hexachlorocyclohexane/ [REF-54, p.1456]

***9                     METABOLISM AND PHARMACOLOGY *** 

9-1 POPULATIONS AT SPECIAL RISK: 

    LINDANE SHOULD NOT BE USED TO TREAT PREGNANT WOMEN, SMALL INFANTS OR INDIVIDUALS WITH EXTENSIVELY EXCORIATED SKIN. [REF-55]

    Preclude from exposure individuals with liver, or kidney /diseases/. [REF-56, p.302]

    Formulators, distributors ... and agricultural workers. [REF-57, p.C-36]

9-2 ABSORPTION, DISTRIBUTION, AND EXCRETION:

    ... /LINDANE/ IS ABSORBED THROUGH ALL PORTALS ... [REF-26, p.III-240]

    A 1% LINDANE CREAM (KWELL) WAS APPLIED TO SKIN OF 9 VOLUNTEERS, LEFT ON FOR 12 HR & WASHED OFF WITH SOAP & WATER. PLASMA CONCN INCR TO 10.3 NG/ML (RANGE 2-24 NG/ML). [REF-58]

    IN 18 MONTH-OLD INFANT FATALLY POISONED WITH LINDANE, ABOUT 350 PPM WERE FOUND IN THE ADIPOSE TISSUE & 88 PPM IN THE LIVER. FOLLOWING ACCIDENTAL INGESTION OF LINDANE BY 2.5 YR OLD GIRL, 0.84 & 0.49 MG/L LINDANE WERE FOUND IN SERUM AFTER 2 & 4 HR, RESPECTIVELY. UNCHANGED CMPD WAS FOUND IN FECES; & SEVERAL URINARY METABOLITES ... [REF-17, p.V20 220]

    LINDANE IN SHEEP BLOOD IS ALMOST TOTALLY BOUND TO SERUM PROTEINS; AT OVERALL CONCN OF 0.850-1.040 PPM, PROPORTION THAT WAS FREE VARIED FROM 1.29-1.49%. ... IT MAY BE PARTIALLY DISPLACED FROM BLOOD PROTEINS BY ... OTHER COMPOUNDS ... STORED IN FAT ... IN RATS ... IT REACHES STORAGE EQUILIBRIUM WITHIN 2-3 WK AT DIETARY LEVELS OF 1 OR 10 PPM & IN 3-7 DAYS AT ... LEVELS OF 100 PPM. ... EQUILIBRIUM & ... STORAGE ... ARE CONSISTENT WITH DOSAGE-RELATED INDUCTION OF MICROSOMAL ENZYMES. ... RESIDUES OF LINDANE DISAPPEAR ... RAPIDLY AFTER DOSING IS DISCONTINUED. ... IN RATS PREADAPTED BY FEEDING ... DIETARY LEVEL OF 10 PPM FOR 10 DAYS & THEN GIVEN SINGLE ORAL DOSE ... /EXCRETED/ 48.5 TO 52.0% IN URINE & 20.8 TO 22.2% IN FECES. [REF-27, p.214]

    ... TRANSPLACENTAL PASSAGE ... HAS BEEN ESTABLISHED ... [REF-17, p.V20 220]

    LINDANE OR ITS METABOLITES WERE ADMIN BY GAVAGE TO RATS AT 8 MG/KG/DAY FOR 18 DAYS. NO LINDANE METABOLITES WERE FOUND IN INTESTINE OR FECES. ITS METABOLITES IN BLOOD, LIVER, KIDNEYS, SPLEEN, HEART, & BRAIN WERE IDENTIFIED. [REF-59]

    AFTER ADAPTATION OF RATS TO LINDANE, (14)C-LINDANE WAS ORALLY ADMIN. FAT, KIDNEY & MUSCULATURE WERE MAIN SITES OF DEPOSITION. PITUITARY & THYROID GLANDS HAD HIGHEST ACTIVITY. ... HALF OF ADMIN LINDANE WAS EXCRETED WITHIN 3 OR 4 DAYS ... [REF-60, p.38]

    Normal level of lindane found in human blood: 0.0001 mg % or 0.001 ug/ml. [REF-32]

    Percutaneous absorption is usually greater when the drug /Kwell, 1% lotion/ is applied to the face, scalp, axillae, neck, scrotum, or damaged skin. [REF-44]

    Twenty-four hours prior to necropsy, obese yellow A(vy)/a, lean pseudoagouti A(vy)/a, and lean black a/a phenotypes of (YS x VY) F(1) hybrid female mice were dosed po with 18 mg lindane (containing 55 uCi U(14)C lindane)/kg. Urine, feces, and expired air were sampled for analysis. Data indicated that metabolism of lindane and excretion of its metabolites by these mice differ significantly from those of rats that are resistant to lindane-induced hepatomas. Treatment of the mice with 160 ppm lindane in the diet appeared to saturate the elimination pathways and resulted in an increased tissue burden of the insecticide and its metabolites in the older animals. [REF-61]

    ... Appears to be stored in the fatty tissues primarily. The distribution of lindane was ... highest in the fatty tissue, followed by brain, kidney, muscle, lungs, heart, spleen, liver, and blood. Lindane has a propensity to accumulate in the brain more than the beta-HCH. [REF-62, p.1034]

    Concentrations of lindane in human breast milk are stated to be approximately 5-7 times higher than concentrations in the maternal blood or in umbilical cord blood. Older women tend to have higher lindane concentrations of HCH and lindane in placental and umbilical cord blood than younger women. It has also been noted that lindane concentrations increased in maternal blood during delivery and that during pregnancy higher concentrations have been found in fetal blood and fetal tissue as well as placenta and amniotic fluid compared to maternal fat tissue. [REF-62, p.1035]

    Prolonged urinary excretion of these compounds up to 120 hr post dermal application /has been demonstrated/. [REF-62, p.1037]

    Gastrointestinal lindane bioavailability depends upon the vehicle; in rats, some 80% was absorbed when lindane was given in oil, but only 6% was absorbed when lindane was suspended in water. [REF-36, p.859]

9-3 METABOLISM/METABOLITES:

    METABOLISM OF GAMMA-BHC WAS STUDIED IN 21 WORKERS PRODUCING THIS INSECTICIDE. USING GC WITH ECD & MASS SPECTROMETRY 14 MONO-, DI-, TRI-, & TETRACHLOROPHENOLS WERE IDENTIFIED IN URINE. SEVEN DIHYDROXYCHLOROBENZENES OF UNKNOWN CONFIGURATION WERE DETECTED. 2,4,6-, 2,3,5-, & 2,4,5-TRICHLOROPHENOL WERE MAIN METABOLITES & WERE EXCRETED IN NEARLY EQUAL QUANTITIES. [REF-63]

    HUMAN LIVER MICROSOMES METABOLIZED LINDANE TO 4 PRIMARY METABOLITES, GAMMA-1,2,3,4,5,6-HEXACHLOROCYCLOHEX-1-ENE; GAMMA-1,3,4,5,6-PENTACHLOROCYCLOHEX-1-ENE; BETA-1,3,4,5,6-PENTACHLOROCYCLOHEX-1-ENE; & 2,4,6-TRICHLOROPHENOL. THE SECONDARY METABOLITES, 2,3,4,6-TETRACHLOROPHENOL & PENTACHLOROBENZENE WERE ALSO FORMED. [REF-64]

    IN MICE, URINARY METABOLITES OF SINGLE IP INJECTION ... ACCOUNTED FOR 57% OF DOSE ... & CONSISTED MOSTLY OF GLUCURONIDE & SULFATE CONJUGATES OF 2,4,6-TRICHLOROPHENOL & 2,4-DICHLOROPHENOL. NO MERCAPTURIC ACID CONJUGATES WERE DETECTED. WHEN ... ADMIN IP TO RATS, 2,3,5- & 2,4,5-TRICHLOROPHENOL WERE IDENTIFIED IN URINE ... FREE OR AS CONJUGATES WITH GLUCURONIC &/OR SULFURIC ACID. WHEN WEANLING SPRAGUE-DAWLEY RATS WERE FED 400 MG/KG DIET LINDANE, 3,4-DICHLOROPHENOL, 2,4,6-TRICHLOROPHENOL, 2,3,4,5- & 2,3,4,6-TETRACHLOROPHENOL & 2,3,4,5,6-PENTACHLORO-2-CYCLOHEXENE-1-OL WERE IDENTIFIED IN URINE. PENTACHLOROBENZENE, 2,3,4,6- & 2,3,5,6-TETRACHLOROPHENOL & 2,4,6-TRICHLOROPHENOL WERE EXCRETED IN URINE OF RATS GIVEN ORAL DOSES ... PRETREATMENT OF RATS WITH OTHER ORGANOCHLORINE PESTICIDES MODIFIED LINDANE METABOLISM. [REF-17, p.V20 218]

    ... /In vitro studies using rat liver homogenates to determine/ mechanism involved in formation of phenols ... indicated three pathways of formation ... from lindane: 1) Direct hydroxylation of lindane/derivatives & formation of gem-chlorohydrins. Subsequent decomposition to pentachlorocyclohexanones & dehydrochlorinations of tautomers give rise to 2,4,6-TCP. 2) Formation of HCCH (hexachlorocyclohexene) & PCCH (pentachlorocyclohexene) which give rise to gem-chlorohydrins through an ene-like reaction with activated oxygen. These products spontaneously form enones, tautomerize, & yield 2,4,5-TCP & 2,3,4,6-TeCP from PCCH & HCCH, respectively. 3) Direct hydroxylation of benzene analogs which form. [REF-65, p.72]

    Laying hen pheasants were admin (14)C-lindane in gelatin capsules & with seed treated with labeled lindane. Residues were determined in eggs & in tissues of hatched chicks. Residues in eggs from birds given treated seed showed greater variation in total (14)C than from capsule-fed birds. Egg yolks were analyzed by ECGC on 3 columns & by use of Coulson conductivity detector on 2 columns. Confirmation was by GC/MS. Chick tissue contained: 1,2-DCB; 1,2,4-TCB; 1,2,3,4-TeCB; 1,2,3,5-/or 1,2,4,5,-TeCB; Gamma-PCCH; PCB. Yolks contained these metabolites plus 1,3,5-TCB & 1,2,3-TCB. [REF-65, p.75]

    IN INSECTS MAJOR METABOLITE OF GAMMA-BHC IS S-(2,4-DICHLOROPHENYL)-GLUTATHIONE. [REF-66, p.198]

    In vitro studies with fly homogenates showed that deuteriated lindane breakdown was 6-fold slower than non-deuteriated lindane. Lindane treated houseflies produced gamma-1,2,3,4,5,6-hexachlorocyclohexene (HCCH), gamma-pentachlorocyclohexene (PCCH), pentachlorobenzene (PCB) & tri- & tetrachlorobenzenes. PCB was identified as in vivo metabolite of gamma-HCCH but not from gamma- ... /or other/ isomers of PCCH. In presence of housefly microsomal fraction & NADPH, lindane produced gamma-HCCH & -PCCH, & alpha-PCCH. The latter was not observed in in vivo studies. ... Other in vitro observations showed no PCB from lindane but small amt from gamma-HCCH. Formation of S-(2,4-dichlorophenyl)glutathione indicated conjugation probably occurred at position 6 of gamma-PCCH ... A similar mechanism would occur with alpha-PCCH or gamma-HCCH. From this it appears that cis-dehydrogenation & cis-dehydrochlorination leads to gamma-HCCH & alpha-PCCH, respectively, & that trans-dehydrochlorination leads to gamma-PCCH. PCB was derived from gamma-HCCH. Thus, glutathione conjugation is believed to occur at the PCCH or HCCH stage. [REF-65, p.78]

    gamma-HCH was added to culture soln of ... algae Chlorella vulgaris ... & Chlamydomonas reinhardtii ... in axenic culture. Chromatographic analyses indicated formation of cmpd identified as PCCH. In mold culture containing lindane, gamma-PCCH & PCB/or HCB were observed. In other studies with mold cultures, lindane metabolites were identified by use of 5 different GC columns & mass spectrometry. Sixteen cmpd were observed ... there were also at least 4 unidentified metabolites, one of which is believed to be 2,3,4,5,6-pentachlorocyclohexen-2-ol-1 (PCCOL). [REF-65, p.78]

    Of 354 microorganisms isolated from the environment, 71 were capable of metabolizing gamma-HCH. Using Pseudomonas putida, it was shown that there were 2 patterns of metabolism of gamma-HCH & that in measure they were related to the nutritional properties of the medium. ... Studies also indicated that the 1st step of gamma-HCH metabolism was oxidative & required NAD; & that the 2nd step was stimulated by FAD. The NAD requiring route produced gamma-BTC & alpha-HCH whereas the other route was one of non-specific metabolism of gamma-HCH to gamma-PCCH. [REF-65, p.79]

    Lindane was applied to beans (Phaseolus vulgaris) & maize (Zea mays). Analyses of bean plants indicated presence of gamma-PCCH & 1,2,4-TCB. In addn to these ... cmpd, 1,2,3-TCB was observed in maize extracts. When maize plants were exposed to gamma-PCCH in aqueous soln, metabolites observed with GC & MS were m-DCB; 1,2,4-TCB; 1,2,4,5-TeCB; 1,2,3,4-TeCB; 2,4,5-TCP; & 2,3,5-TCP. When plants were used, in addn to m-DCB, 1,2,4,5-TeCB, & 2,4,5-TCB, compounds identified as 1,2,3-TCB & 2,4,6-TCP were observed. [REF-65, p.77]

    Bacterial metabolites of lindane include the following: gamma-2,3,4,5,6-pentachloro-1-cyclohexene, gamma-3,4,5,6-tetrachloro-1-cyclohexene, beta-3,4,5,6-tetrachloro-1-cyclohexene, pentachlorobenzene, 1,2,4,5-tetrachlorobenzene, and 1,2,3,5-tetrachlorobenzene. [REF-67, p.32-7]

9-4 MECHANISM OF ACTION:

    ITS MODE OF ACTION IS UNKNOWN BUT SPECIFIC TOXICITY OF GAMMA-ISOMER SUGGESTS THAT ... IT MAY INTERACT WITH PORES OF LIPOPROTEIN STRUCTURE OF INSECT NERVE CAUSING DISTORTION & CONSEQUENT EXCITATION OF NERVE IMPULSE TRANSMISSION. [REF-8, p.87]

9-5 INTERACTIONS:

    ... SIMULTANEOUS APPLICATION OF LOTIONS, OINTMENTS, OR OILS MAY ENHANCE PERCUTANEOUS ABSORPTION, ESPECIALLY IN INFANTS & CHILDREN. [REF-2, p.1187]

    TOXICITY OF LINDANE WAS INCR BY COMBINATION WITH EITHER OR BOTH METHYL-PARATHION &/OR CARBARYL AFTER ORAL ADMIN TO RATS. [REF-68]

    TWO OPPOSITE EFFECTS OF LINDANE ON THRESHOLD FOR PENTYLENETETRAZOL-INDUCED CONVULSIONS HAVE BEEN REPORTED. THE THRESHOLD IS LOWERED WITHIN A FEW HOURS AFTER ADMIN OF SINGLE SMALL ORAL DOSE OF LINDANE TO MICE. ... RATS GIVEN LARGE, NEAR-LETHAL DOSES OF LINDANE ARE PROTECTED FROM EFFECTS OF CONVULSIVE DOSES OF PENTYLENETETRAZOL WHEN EXAMINED A COUPLE OF DAYS AFTER LINDANE ADMIN. ... FOLLOWING ADMIN OF SINGLE DOSE OF LINDANE /TO MICE/, THE THRESHOLD 1ST DECREASES & THEN, AFTER 2 DAYS, INCREASES ABOVE NORMAL LEVEL. [REF-29, p.1552]

***10                                            PHARMACOLOGY *** 

10-1 THERAPEUTIC USES:

    AS SCABICIDE, IT IS EMPLOYED IN 1% CONCN IN VANISHING CREAM OR LOTION. MIXT ... APPLIED IN THIN LAYER OVER ENTIRE CUTANEOUS SURFACE (15 TO 25 G OR ML FOR AN ADULT) & ... NOT REMOVED FOR 24 HR. SINGLE APPLICATION OFTEN RELIEVES PRURITUS WITHIN 24 HR & ... USUALLY ADEQUATE TO ELIMINATE ACTIVE PARASITES; 2ND OR 3RD APPLICATION, AT WEEKLY INTERVALS, MAY BE REQUIRED ... AS PEDICULICIDE ... IT IS TREATMENT OF CHOICE FOR PEDICULOSIS PUBIS, CAPITIS & CORPORIS & FOR SCABIES (SARCOPTES SCABIEI). USUALLY SINGLE APPLICATION OF 1% OINTMENT ERADICATES ECTOPARASITE. [REF-2, p.1186]

    AS CONTACT POISON INSECTICIDE /(IN VETERINARY MEDICINE)/ BY APPLICATION TO ANIMALS OR PREMISES IN CONTROL OF LICE, TICKS, SCREWWORMS, WOOL MAGGOTS, FLIES, CHIGGERS, MITES ... MOSQUITOES. [REF-69, p.310]

    ... One treatment with 1% lindane is usually 100% effective in eradicating scabies. Norwegian scabies may require successive courses of lindane therapy or sequential therapy with lindane, benzyl benzoate, crotamiton, and keratolytics. [REF-44]

    Pediculicide, scabicide [REF-10, p.789]

    MEDICATION (VET): ectoparasiticide [REF-10, p.789]

10-2 DRUG WARNING:

    IN PATIENTS, ATTEMPTS TO TREAT BLEPHARITIS & DEMODEX FALLICULORUM OF LIDS ... HAVE CAUSED EXCESSIVE IRRITATION OF EYES, EVEN WHEN CONCN AS LOW AS 0.1% WERE EMPLOYED IN COMBINATION WITH TOPICAL CORTICOSTEROIDS. ... KWELL OINTMENT CONTAINING 1% LINDANE HAS CAUSED CONJUNCTIVITIS WHEN APPLIED TO EYELASHES. AS DUST, LINDANE ... CAUSED IRRITATION OF EYES & RESPIRATORY PASSAGES IN PARTICULARLY SENSITIVE INDIVIDUALS. [REF-70, p.561]

    THE DRUG IS HIGHLY TOXIC & MUST BE USED WITH CARE. IT IS IRRITATING TO MUCOUS MEMBRANES & SHOULD NOT BE PERMITTED TO COME IN CONTACT WITH THE EYES. THE PRESENCE OF SECONDARY INFECTION DOES NOT INTERFERE WITH ITS USE. [REF-71, p.84:04]

    Allergic contact dermatitis has not been documented, but irritant contact dermatitis has been reported when ... applied excessively, too frequently, or for extended periods. [REF-72, p.1850]

    LINDANE APPLICATIONS SHOULD NOT BE ADMIN TO PREGNANT WOMEN, SMALL INFANTS OR INDIVIDUALS WITH EXTENSIVELY EXCORIATED SKIN. PATIENTS OF ANY AGE SHOULD NOT RECEIVE MORE THAN 2 COURSES OF TREATMENT WITHIN A MONTH, & EACH COURSE SHOULD INCL ONLY 2 APPLICATIONS AT LEAST 1 WK APART. IT SHOULD NOT BE APPLIED AFTER A HOT BATH. CREAM OR LOTION SHOULD BE REMOVED BY BATHING AFTER 6 HR. IT SHOULD BE THOROUGHLY WASHED OFF SCROTAL SKIN. INFANTS MUST BE PREVENTED FROM LICKING CREAM OR LOTION FROM SKIN. FOR INFANTS & PRESCHOOLERS ALTERNATIVE DRUGS INCL CROTAMITON, BENZYL BENZOATE & SULFUR. [REF-55]

    Lindane should be used with caution in pregnant or nursing women since the drug can be absorbed systemically following topical application. The Centers for Disease Control (CDC) currently states that lindane is not recommended for use in pregnant or nursing women. [REF-73]

    Resistance to lindane may develop in strains of Pediculus capitis /causative organism of scabies/. [REF-44]

***11          ENVIRONMENTAL FATE AND EXPOSURE POTENTIAL *** 

11-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:

    Lindane's production and use as an insecticide will result in its direct release to the environment. If released to air, a vapor pressure of 4.2X10-5 mm Hg at 20 deg C indicates lindane will exist in both the vapor and particulate phases in the ambient atmosphere. Vapor-phase lindane will be degraded in the atmosphere by reaction with photochemically-produced hydroxyl radicals; the half-life for this reaction in air is estimated to be 28 days. Particulate-phase lindane will be removed from the atmosphere by wet and dry deposition. Reported removal rates by rainfall and dry deposition were 2.5 and 3.3%/week, respectively. If released to soil, lindane is expected to have very low mobility based upon a mean Koc value of 1080 for three soils. Volatilization from moist soil surfaces may be an important fate process based upon a Henry's Law constant of 3.5X10-6 atm-cu m/mole. Volatilization half-lives from a sandy soil and a peat soil ranged from 2.3 to 24.8 days. Lindane is expected to be biodegraded in soil under anaerobic conditions, 63.8% biodegraded in three weeks in soil suspensions, while in clay loam soil 60% biodegraded after 15 days. Lindane was not biodegraded in aerobic soil suspensions during a 3 week incubation period. Metabolites identified in pure cultures of microorganisms isolated from loamy sand included gamma-2,3,4,5,6-pentachloro-1-cyclohexene, alpha- , beta- , and gamma-3,4,5,6-tetrachloro-1-cyclohexene and pentachlorobenzene. If released into water, lindane is expected to adsorb to suspended solids and sediment in the water column based upon sediment Koc values ranging from 2164 to 4800. In unsterilized natural water, <30% of lindane remained after 16 weeks, suggesting biodegradation may be important in natural waters. Volatilization from water surfaces may be an important fate process based upon this compound's Henry's Law constant. 16.4% of lindane volatilized from tap water, 11.5% volatilized from tap water with suspended loam particles, and 5.5% volatilized from tap water with algae cells after 24 hours incubation. BCFs ranging from 5.5 to 4240 suggest bioconcentration in aquatic organisms is low to very high. Hydrolysis is expected to be a slow process at environmental pHs, reported half-lives range from 42 years at pH 8 and 5 deg C to 4 days at pH 9 and 25 deg C. Aquatic photolysis is also expected to be a slow process, reported half-lives in natural waters range from 7 days at pH 9.2 to 74 days at pH 7.3. Occupational exposure to lindane may occur through inhalation of dust particles and dermal contact with this insecticide during or after its application or at workplaces where lindane is produced. The general population may be exposed to lindane via inhalation of ambient air, ingestion of contaminated food and drinking water, or dermal contact with medicinal products (scabicides, pediculicides, ectoparasiticides) containing this insecticide. Infants may be exposed to lindane via ingestion of contaminated breast milk. (SRC) 

11-2 ECOTOXICITY VALUES:

  . LD50 MALLARD DUCK ORAL MORE THAN 2000 MG/KG, MALES, 3-4 MO OLD, ACUTE [REF-40, p.75]

  . LC50 BOBWHITE QUAIL ORAL 882 PPM, 5-DAY DIET AD LIBITUM, 9 DAYS OLD (95% CONFIDENCE LIMIT 755-1041 PPM) [REF-74, p.25]

  . LC50 JAPANESE QUAIL ORAL 425 PPM, 5-DAY DIET AD LIBITUM, 7 DAYS OLD (95% CONFIDENCE LIMIT 347-520 PPM) [REF-74, p.25]

  . LC50 RING-NECKED PHEASANT ORAL 561 PPM, 5-DAY DIET AD LIBITUM, 10 DAYS OLD (95% CONFIDENCE LIMIT 445-690 PPM) [REF-74, p.25]

  . LC50 MALLARD DUCK ORAL ABOVE 5000 PPM, 5-DAY DIET AD LIBITUM, 15 DAYS OLD (12% MORTALITY TO 1500 PPM, 17% AT 5000 PPM) [REF-74, p.25]

  . LC50 CYPRIDOPSIS 3.2 UG/L/96 HR AT 21 DEG C, MATURE (95% CONFIDENCE LIMIT 2.2-4.6 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 ASELLUS 10 UG/L/96 HR AT 15 DEG C, MATURE (95% CONFIDENCE LIMIT 7-14 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 GAMMARUS FASCIATUS 10 UG/L/96 HR AT 15 DEG C, MATURE (95% CONFIDENCE LIMIT 7-14 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 GAMMARUS LACUSTRIS 88 UG/L/96 HR AT 21 DEG C, MATURE (95% CONFIDENCE LIMIT 57-136 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 PTERONARCYS 4.5 UG/L/96 HR AT 15 DEG C, SECOND YEAR CLASS (95% CONFIDENCE LIMIT 3.6-5.7 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 COHO SALMON 23 UG/L/96 HR AT 12 DEG C, WT 0.6 G (95% CONFIDENCE LIMIT 19-28 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 RAINBOW TROUT 27 UG/L/96 HR AT 12 DEG C, WT 1.0 G (95% CONFIDENCE LIMIT 20-36 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 BROWN TROUT 1.7 UG/L/96 HR AT 13 DEG C, WT 1.7 G (95% CONFIDENCE LIMIT 1.2-2.4 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 LAKE TROUT 32 UG/L/96 HR AT 12 DEG C, WT 0.7 G (95% CONFIDENCE LIMIT 24-42 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 GOLDFISH 131 UG/L/96 HR AT 18 DEG C, WT 0.9 G (95% CONFIDENCE LIMIT 92-187 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 CARP 90 UG/L/96 HR AT 18 DEG C, WT 0.6 G (95% CONFIDENCE LIMIT 75-120 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 FATHEAD MINNOW 87 UG/L/96 HR AT 18 DEG C, WT 1.2 G (95% CONFIDENCE LIMIT 69-101 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 BLACK BULLHEAD 64 UG/L/96 HR AT 18 DEG C, WT 1.2 G (95% CONFIDENCE LIMIT 49-81 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 CHANNEL CATFISH 44 UG/L/96 HR AT 18 DEG C, WT 1.5 G (95% CONFIDENCE LIMIT 37-52 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 GREEN SUNFISH 83 UG/L/96 HR AT 18 DEG C, WT 1.1 G (95% CONFIDENCE LIMIT 47-149 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 BLUEGILL 68 UG/L/96 HR AT 18 DEG C, WT 1.5 G (95% CONFIDENCE LIMIT 60-78 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 LARGEMOUTH BASS 32 UG/L/96 HR AT 18 DEG C, WT 0.9 G (95% CONFIDENCE LIMIT 27-38 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 YELLOW PERCH 68 UG/L/96 HR AT 18 DEG C, WT 1.4 G (95% CONFIDENCE LIMIT 60-76 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC48 SIMOCEPHALUS 520 UG/L/48 HR AT 15 DEG C, FIRST INSTAR (95% CONFIDENCE LIMIT 340-790 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC48 DAPHNIA PULEX 460 UG/L/48 HR AT 15 DEG C, FIRST INSTAR (95% CONFIDENCE LIMIT 386-547 UG/L) /TECHNICAL MATERIAL, 99%/ [REF-75, p.47]

  . LC50 Chironomus riparius (fourth instar larva) 3.6 ug/l/24 hr [REF-25, p.724]

  . LC50 Chaoborus (insect larvae) 0.008 ppm/48 hr [REF-25, p.724]

  . LC50 Colean (insect larvae) 0.092 ppm/48 hr [REF-25, p.724]

  . LC50 Fundulus heteroclitus (mummichog) 20 ppb/96 hr [REF-25, p.725]

  . TL50 Palaemon macrodactylus (Korean shrimp) 4.7-32.7 ppb/96 hr in a static bioassay [REF-25, p.723]

  . TL50 Palaemon macrodactylus (Korean shrimp) 5.8-15.0 ppb/96 hr in a flowing bioassay [REF-25, p.723]

  . LC50 Daphnia pulex 1250 ug/l/24 hr; 460 ug/l/48 hr [REF-25, p.723]

  . TLm Crassostrea virginica (eastern oyster) egg 9100 ppb/48 hr static lab bioassay [REF-25, p.724]

  . LC50 Sphaeroides maculatis 35 ppb/96 hr static lab bioassay [REF-25, p.725]

  . LC50 Palaemonetes pugio 4.44 ug/l/96 hr flow-through bioassay [REF-25, p.724]

  . LC50 Salmo gairdneri (rainbow trout) fry 0.037 mg/l/24 hr; 0.023 mg/l/48 hr; 0.022 mg/l/96 hr; Test parameters: Temperature: 20 deg C; pH 8.1; Hardness 20 mg CaCO3/l [REF-25, p.724]

  . LC50 Anguilla rostrata (American eel) 56 ppb/96 hr static lab bioassay [REF-25, p.725]

  . LC10 Salmo gairdneri (rainbow trout) fry 0.026 mg/l/24 hr; 0.02 mg/l/48 hr; 0.018 mg/l/96 hr; Test parameters: Temperature: 20 deg C; pH 8.1; Hardness 20 mg CaCO3/l [REF-25, p.724]

  . Microcystis aeruginosa 0.3 mg/l, toxic effect: inhibition of cell multiplication [REF-25, p.723]

  . LC50 Lymnea stagnalis (gastropod) 7.3 ppm/48 hr [REF-25, p.723]

11-3 ENVIRONMENTAL FATE:

  . Aquatic Fate : The fate of lindane in a very oligotrophic, lentic lake aquatic system /was studied/. Equal concentrations of lindane and DDE were added in late May to a flooded limestone quarry and the pesticide concentrations in the water, sediment, and biota were monitored for a year's time. The lake was thermally stratified during the summer, was intermittently covered with ice in the winter, and received a large influx of sediment because of a rainstorm that occured one day after the pesticides were introduced into the system ... /Conclusions drawn indicate the following/: 1) most of the lindane in the system was retained in the epilimnion until the fall turnover, 123-144 days after application; 2) lindane decr 32% in 102 days and 50% in 123 days (the percentage was averaged over the entire water column). On day 81, 70% of the lindane accounted for was in the epilimnion, with 15% each in the metalimnion and hypolimnion. The lindane in the /hypolimnion/ region was assumed to have been transported by the sediment-runoff since the concn was the same from day 5 until the turnover; 3) after the fall turnover, lindane was fairly homogeneously distributed throughout the water column; 4) suspended sediment, collected in traps, contained essentially no lindane compared to a high DDE concn, indicating that sorption to suspended sediment and sedimentation was not a significant process; 5) lindane in the bottom mud attained a maximum concn of about 2 ppb compared to the maximum concn for DDE of 35 ppb. ... DDE was contained in the top few centimeters of mud, where as lindane rapidly diffused to the lower mud layers presumably because of lindane's solubility in the interstitial water in mud; 6) pesticide concentrations in zooplankton were at a maximum of 5 days and decr thereafter as the pesticide concn in water declined. Concn factors for lindane in zooplankton ranged from 170-488. The lindane in fish (bluegill) reached equilibrium with water in 5 days showed concn factors from 0.42-1.47x10+3. [REF-67, p.32-9]

  . Aquatic Fate : Persistance /of lindane/ in vitro in capped bottles in darkness: % remaining after 8 weeks at initial concn 2 ppm: in sterilized natural water, 90%; in sterilized distilled water, 90%; in natural water, 40%; in distilled water, 90%. [REF-76, p.1080]

  . Aquatic Fate: Calculated half-life in water at 25 deg C and 1m depth, based on an evaporation rate of 1.5x10-4 m/hr: 4590 hr [REF-76, p.1080]

  . Aquatic Fate: ... Half-life in less than saturated solution (top meter) estimated to be 289 days due to evaporative losses. Half-life for gamma isomer estimated at 7-8 days. 0.009% evaporates with first 0.01% of water. When added at 0.025 ppm to natural river water samples 80-100% remained after 12 weeks. In a field study, 50% decrease in concn in water in 123 days. [REF-77]

  . Terrestrial Fate: 75-100% disappearance from soils: 3-10 years. [REF-76, p.1081]

  . Terrestrial Fate: ... Lindane volatilization from the soil /may be/ a function of the water content. [REF-67, p.32-4]

  . TERRESTRIAL FATE: Based on a classification scheme(1), a mean Koc value of 1080.9(2) indicates that lindane is expected to have very low mobility in soil(SRC). Volatilization of lindane from moist soil surfaces may be an important fate process(SRC) given a Henry's Law constant of 3.5X10-6 atm-cu m/mole(3). Lindane is not expected to volatilize from dry soil surfaces(SRC) based upon a vapor pressure of 4.2X10-5 mm Hg at 20 deg C(4). Following 24 hours incubation, 0.92% of lindane volatilized from moist loam soil(5). The lindane content decreased to 50% and 10% of the amount applied 6 hr and 6 days, respectively, after application to a moist soil surface, while 88% of the applied lindane remained 50 hr after application to dry soil(6). Volatilization half-lives from the surface of a sandy soil and a peat soil ranged from 2.3 to 24.8 days at 20 deg C(7). Incubation of aerobic and anaerobic soil suspensions of lindane for three weeks resulted in the disappearance of 0 and 63.8% of the applied lindane, respectively(8). In a clay loam soil, 60% biodegradation was observed after 15 days under anaerobic conditions, no biodegradation was observed under aerobic conditions(9). Lindane metabolites identified in pure cultures of microorganisms isolated from loamy sand included gamma-2,3,4,5,6-pentachloro-1-cyclohexene, alpha- , beta- , and gamma-3,4,5,6-tetrachloro-1-cyclohexene and pentachlorobenzene(10). [REF-78]

  . AQUATIC FATE: Based on a classification scheme(1), sediment Koc values ranging from 2164 to 4800(2,3) indicate that lindane is expected to adsorb to suspended solids and sediment in the water column(SRC). Volatilization of lindane from water surfaces may be an important fate process(3) based upon a Henry's Law constant of 3.5X10-6 atm-cu m/mole(5). Following 24 hours incubation, 16.4% of lindane volatilized from tap water, 11.5% volatilized from tap water with suspended loam particles, and 5.5% volatilized from tap water with algae cells(6). According to a classification scheme(7), BCFs ranging from 5.5 to 4240(8,9) suggest bioconcentration in aquatic organisms is low to very high(SRC). Photolysis half-lives for lindane in natural water at pH values 9.2, 7.3, and 7.8 were 169, 1,791 and 1,540 hr, respectively(10). Hydrolysis is expected to be a slow process at environmental pHs(SRC), reported hydrolysis half-lives range from 4 days at pH 9 and 25 deg C(10) to 42 years at pH 8 and 5 deg C(11). In capped bottles containing unsterilized natural water, <30% of the applied lindane remained after 16 weeks(12). Metabolites isolated from pure cultures of microorganisms included gamma-2,3,4,5,6-pentachloro-1-cyclohexene, alpha- , beta- , and gamma-3,4,5,6-tetrachloro-1-cyclohexene and pentachlorobenzene(13). [REF-79]

  . ATMOSPHERIC FATE: According to a model of gas/particle partitioning of semivolatile organic compounds in the atmosphere(1), lindane, which has a vapor pressure of 4.2X10-5 mm Hg at 20 deg C(2), will exist in both the vapor and particulate phases in the ambient atmosphere. Vapor-phase lindane is degraded in the atmosphere by reaction with photochemically-produced hydroxyl radicals(SRC); the half-life for this reaction in air is calculated to be 28 days(SRC) from a rate constant of 5.7X10-13 cu cm/molecule-sec(SRC) estimated using a structure estimation method(3). Particulate-phase lindane may be removed from the air by wet and dry deposition(SRC). Lindane removal rates in percent/week by rainfall and dry deposition were 2.5 and 3.3, respectively, and the estimated residence time of lindane in the atmosphere is 17 weeks(4). [REF-80]

11-4 BIODEGRADATION:

  . AFTER MIXING 100 G SOIL & 300 ML WATER, 1.00 MG LINDANE IN 2 ML ACETONE WAS ADDED, DISAPPEARANCE OF LINDANE & APPEARANCE OF METABOLITE IDENTIFIED AS GAMMA-3,4,5,6-TETRACHLORO-1-CYCLOHEXENE (TCCH) WERE FOLLOWED. TCCH CONCN REACHED MAX AT 14 DAYS & THEN DECR. ... VOLATILIZATION ... FROM SOIL CONTAINING MOISTURE GREATER THAN 15 BARS TENSION WAS DEPENDENT ON TEMP, ADSORPTIVE CHARACTERISTICS ... & CONCN OF LINDANE. ... RAPID DEGRADATION ... OBSERVED UNDER FLOODED ... CONDITIONS. RATE OF DECOMP ... RELATED TO ORG MATTER LEVELS & TEMP. MOLECULAR OXYGEN, NITRATE & MANGANIC OXIDE RETARD ... DEGRADATION. [REF-81, p.55]

  . RAPID DECHLORINATION & DEGRADATION WAS NOTED WITH MIXED BACTERIAL FLORA ENRICHED ANAEROBICALLY FROM SOILS. DEGRADATION WAS EFFECTIVE WITH CLOSTRIDIUM SPECIES, SEVERAL MEMBERS OF BACILLUS SPECIES, & ENTEROBACTERIACEAE. LACTOBACILLACEAE & PROPIONIBACTERIUM WERE INACTIVE. ORG BOUND CHLORINE WAS RELEASED AS CHLORIDE, & METABOLITES WERE FORMED WHICH WERE NEARLY CHLORINE-FREE & PARTLY VOLATILE. DURING ANAEROBIC INCUBATION GAMMA-TETRACHLOROCYCLOHEXENE WAS INTERMEDIATELY FORMED, SUBSEQUENTLY UNDERGOING FURTHER DECHLORINATION. [REF-82]

  . Lindane transformation will be favored in biologically rich, anaerobic environments. [REF-67, p.32-1]

  . ... Clostridium sphenoicles /bacterium metabolizes lindane/ to gamma-3,4,5,6-tetrachloro-1-cyclohexene. [REF-67, p.32-7]

  . ... Benzene was /identified/ as a metabolic product of lindane in anaerobic clay loam soil and in sewage sludge; a maximum of 5% yield of gamma-3,4,5,6-tetrachloro-1-cyclohexene. [REF-67, p.32-9]

  . Escherichia coli /metabolizes lindane/ to gamma-2,3,4,5,6-pentachloro-1-cyclohexene. [REF-67, p.32-7]

  . As the sole carbon source, lindane was found to support the growth of 71 of 147 microorganisms isolated from loamy sand(1). Chloride ion formation was noted in these cultures. Metabolites isolated from cultures of thirteen of the 71 microorganisms included gamma-2,3,4,5,6-pentachloro-1-cyclohexene, alpha- , beta- , and gamma-3,4,5,6-tetrachloro-1-cyclohexene and pentachlorobenzene(1). The extent of lindane biodegradation was not given, but pure cultures were used in these studies so the rate would not have been relevant to soil or water environments. After 16 weeks, <30% of the applied lindane remained in unsterilized natural waters in capped bottles(2). Biodegradation was concluded to be responsible for this result, although it was unclear to what extent hydrolysis may have contributed to the result(2). Biodegradation of lindane in thick anaerobic digested wastewater sludge at 35 deg C was rapid, with <10% of the lindane applied remaining after 2 and 4 days for 10 ppm and 1 ppm added lindane, respectively(3). Experiments at 20 deg C revealed an anaerobic biodegradation rate of about 0.1 ug/ml/day, somewhat slower than the rate observed at 35 deg C(3). A Clostridium sp isolated from lindane-amended flooded soil was observed to degrade 87% of added lindane in 24 hr under anaerobic conditions(4). [REF-83]

  . 4% degradation of lindane was observed after 9 hours incubation with activated sludge(1). In a field study, after being applied to soil, lindane degraded slowly during the first two years, during the third year greater than 80% disappeared within one month(2). Mean removal of lindane in six municipal waste water treatment plants was 41%, max removal was 98%(3). [REF-84]

  . ANAEROBIC: 60% degradation was observed in a clay soil after 15 days under anaerobic conditions; no biodegradation was observed under aerobic conditions(1). Lindane was readily degraded in anaerobically stabilized sewage sludge with a half-life of 20 days, degradation was significantly slowed in sterilized sludge(2). 98% of lindane was degraded in anaerobic sludge digesters(3). [REF-85]

11-5 ABIOTIC DEGRADATION:

  . ... Lindane emulsion lost 50% of its toxicity to mosquito larvae after 6 days of sunlight exposure and was non-toxic after 11 days of exposure. [REF-67, p.32-3]

  . Photo-oxidation by UV light in aqueous medium at 90-95 deg C: time for the formation of CO2 (% theoretical): 25%: 3.0 hr; 50%: 17.4 hr ; 75%: 45.8 hr. [REF-76, p.1080]

  . The rate constant for the vapor-phase reaction of lindane with photochemically-produced hydroxyl radicals has been estimated as 5.7X10-13 cu cm/molecule-sec at 25 deg C(SRC) using a structure estimation method(1). This corresponds to an atmospheric half-life of about 28 days at an atmospheric concn of 5X10+5 hydroxyl radicals per cu cm(1). [REF-86]

  . Half-lives of lindane in tap water and unfiltered natural water (pH 9.0) were 64.98 hours and 69.41 hours, respectively; chemical degradation was regarded as the primary removal process, with biodegradation having a secondary role(5). One study reported hydrolysis rate constants of 7.4X10-4, 1.6X10-4, and 7.3X10-3/hr for lindane at pH values of 5, 7, and 9, respectively, at 25 deg C; corresponding hydrolysis half-lives are 936, 4331 and 95 hr at pH values of 5, 7, and 9, respectively(1). The photolysis rate constant for lindane was 8.9X10-4/hr at pH 6.98 in Milli-Q water; this rate constant corresponds to a half-life of 779 hr(1). The adjusted mid-winter half-life is 1560 hr in Milli-Q water(1). In natural water at pH 9.2, the photolysis half-life was 169 hr, while at pH values of 7.30 and 7.8, the half-lives were 1,791 and 1,540 hr(1). The increased rate of photolysis at pH 9.2 in natural water compared to the rate in Milli-Q water was attributed to photolytically degradable compounds generated by alkaline hydrolysis. Conversely, it was suggested the rate retardation in natural water at pH values of 7.2 and 7.8 was due to association of lindane with the natural water matrix. A hydrolysis half-life of 42 years was calculated for lindane at pH 8 and 5 deg C(2). A hydrolysis half-life of 240 days at pH 7 and 25 deg C was calculated for lindane from a neutral rate constant of 1.2X10-4/hour(3). The concn of lindane in purified water dropped from about 9100 ug/l to about 7600 ug/l after 50 days exposure to sunlight(4). The data indicate the possibility that in aqueous solution, lindane isomerizes to alpha-hexachlorocyclohexane upon exposure to sunlight(4). [REF-87]

11-6 BIOCONCENTRATION:

  . Penaeus duorarum (decapod) exposed to 0.13-0.62 ug/l/96 hr /of lindane/ exhibited a bioaccumulation /factor/ of 32-143. [REF-76, p.1083]

  . Lagodon rhombides (fish) exposed to 18-91 ug/l/96 hr /of lindane/ exhibited a bioaccumulation /factor/ of 167-554. [REF-76, p.1083]

  . Cyprinodon variegatus (fish) exposed to 42-109 ug/l/96 hr /of lindane/ exibited a bioaccumulation /factor/ of 337-727. [REF-76, p.1083]

  . Direct introduction of lindane into water resulted in a bioconcentration factor (BCF) of 183 in brine shrimp while introduction of the lindane onto sand resulted in a BCF in the shrimp of 95(1). Exposure of northern brook silverside fish to lindane residues on sand resulted in a BCF of 1613(1). An avg BCF of 319 for lindane was observed in Salmo gairdneri Richardson fry(2). Bioconcentration factors for lindane of 1246 in topmouth gudgeons(3), 560 in the fish, Gambusia affinis(5), and 456 in snails(4), were observed. Mean BCFs of 84, 218, 63 and 490 were determined for pink shrimp, pinfish, grass shrimp, and sheepshead minnows, respectively(5). A BCF of 5.5 was determined for lindane in Metapenaeus macleayi(6). A BCF of 239 was observed in paddy field fish(7). Log BCFs (BCFs)of 2.16 (140), 3.08 (1200), 3.30 (2000), and 3.32 (2100) in Oncorhynchus mykiss, 2.26 (180) in Pimephales promelas, 2.93 (850) and 2.96 (910) in Brachydanio rerio, and 3.10 (1300) in Pseudorasbora parva were reported under flow-through conditions(8). Log BCFs (BCFs) of 2.34 (220) in Brachydanio rerio, 2.41 (260) and 2.84 (690) in Salmo salar were reported under static and semi-static conditions(8). Bioconcentration factors of lindane in different aquatic organisms were reported to range between 43 and 4240 on a wet weight basis; the mean BCF on a lipid basis was reported to be 11,000(9). A BCF of 38.15 was determined for the aquatic plant hydrilla(10). According to a classification scheme(11), these BCFs suggest bioconcentration in aquatic organisms is low to very high. [REF-88]

11-7 SOIL ADSORPTION/MOBILITY:

  . ... Sorption to suspended sediment and biota is not extensive, sorption is an important process for ... transporting lindane to anaerobic sediments where transformation occurs. [REF-67, p.32-1]

  . 30-40% of lindane adsorbed on aquifer sand at 5 deg C after 3-100 hr equilibrium time. [REF-76, p.1081]

  . A mean Koc of 1080.9 was obtained from Koc determinations on three soils with an avg organic carbon content of 13%(1). Lindane partitioned to suspended sediments in estuarine waters, log Koc values ranged from 3.38 to 3.68(2); these correspond to Koc values of 2400 and 4800(SRC). The leaching of lindane from Gezira soil (38.8% sand, 34.7% silt, 26.2% clay and 4.6% organic carbon) from the Sudan was slow; after 45 days, <50% of the applied lindane had leached from the soil(3). Freundlich constants for lindane sorption and desorption were determined for four systems as follows: Montmorillonite clay-distilled water: 1258.9 for both sorption and desorption, Roselawn Cemetery water-sediment: 354.8 and 4.26, Cross Lake water-sediment: 56.2 and 11220.2, and Indiana Quarry water-sediment: 2238.7 and 4.26 for sorption and desorption, respectively. The high desorption constant for the Cross Lake system was said to suggest a strong interaction between lindane and the organic material in the samples, although the organic contents, 1.34% and 1.33% for the Roselawn Cemetery and Cross Lake, respectively, of the two sediment samples were similar(4). Koc values of 204 and 46.2 were determined in sandy loam soil (1.3% organic carbon) and muck soil (30.5% organic carbon), respectively; after four successive desorption processes, 22.83% of (14)C-lindane was desorbed from the sandy loam soil, while 4.05% was desorbed from the muck soil(5). In soil column studies using sandy loam and muck soil, 1.05% and 0.012% of the applied radioactivity, respectively, was detected in the leachate under simulated rainfall of 200 mm(5). A log Koc of 2.92 was determined for lindane on a mineral soil(organic carbon content 1.26%)(6); this corresponds to a Koc of 830(SRC). A Koc value of 2164 was determined for lindane in sediment collected near a sugar cane growing area(7). According to a classification scheme(8), these Koc values suggest that lindane is expected to have very high to low mobility in soil. [REF-89]

11-8 VOLATILIZATION FROM WATER/SOIL:

  . The Henry's Law constant for lindane is 3.5X10-6 atm-cu m/mole(1). This Henry's Law constant indicates that lindane is expected to volatilize slowly from water surfaces(2). Based on this Henry's Law constant, the volatilization half-life from a model river (1 m deep, flowing 1 m/sec, wind velocity of 3 m/sec)(2) is estimated as 18 days(SRC). The volatilization half-life from a model lake (1 m deep, flowing 0.05 m/sec, wind velocity of 0.5 m/sec)(2) is estimated as 140 days(SRC). Using a laboratory system model, volatilization half-lives for lindane from the surface of a sandy soil and a peat soil ranged from 2.3 to 24.8 days at 20 deg C; an increase in temperature resulted in a decrease in half-life, especially on dry soils(3). After 50 hr, 26% and 100% of the surface applied lindane remained on Hatboro silt loam and Norfolk sandy loam, respectively(4). The persistence of lindane on the sandy loam was concluded to be due to the dryness of the soil. From a moist soil surface, the lindane content decreased to 50% and 10% of the amount applied after 6 hr and 6 days, respectively, while 50 hr after lindane application to dry soil, 88% of the applied lindane remained(4). Following 24 hours incubation, 16.4% of lindane volatilized from tap water, 11.5% of lindane volatilized from tap water with suspended loam particles, 5.5% volatilized from tap water with algae cells, and 0.92% volatilized from moist loam soil(5). [REF-90]

*** 12                           SOURCES AND CONCENTRATIONS *** 

12-1 ARTIFICIAL SOURCES: 

  . Lindane's production and use as an insecticide(1) will result in its direct release to the environment(SRC). [REF-91, p.665]

12-2 WATER CONCENTRATIONS: 

  . Northern Mississippi water: avg: 0.077 ng/l; range: 0.02-0.16 ng/l. [REF-76, p.1081]

  . SURFACE WATER: Lindane was detected in water samples from Niagara-on-the-Lake collected between Sept 7 and Oct 5 1982 at a concn of 3.5 parts per trillion(1). Lindane was detected in 11% of the water samples collected from Washington, DC and Denver, CO at concns ranging from 0.052 to 0.1 ug/l(2). 99% of the water samples collected from Niagara-on-the-Lake between 1980-81 contained lindane at an avg concn of 2.1 ng/l, 1.8 part per trillion median(3). Water samples collected from seven locations along the James River in Virginia during hydraulic pipeline dredging operations on July 15, 1976 contained lindane at concns ranging from 1.6 to 17.6 ng/l(4). Surface water from Bailey's Creek (off the James River) contained 17.9 ng/l lindane(4). The Mississippi River contained 12.5 to 2.9 ng/l lindane in 1974(5). Samples from agricultural, forest, and residential lands in Chesterfield County, SC had median lindane concns of 5, ND and 16 ng/l, respectively, and in Hampton County, SC of 157, 90 and 215 ng/l, respectively(6). Non-potable water samples collected from 13 rural areas in Hawaii between 1970-71 contained lindane at concns ranging from 0.1 to 1.1 parts per trillion, 0.5 parts per trillion avg; water samples from 24 urban areas contained lindane at concns ranging from 0.5 to 3.4 parts per trillion, 1.1 parts per trillion avg(7). 34% of 604 water samples from New Jersey contained lindane at concns ranging from ND to 0.8 ppb(8). Lindane was detected in 53% of 43 water samples collected from prairie lakes and ponds in western Canada from 1989 to 1992, the max and median concns were 0.011 and 0.001 ug/l, respectively; it was not detected in water from eight prairie springs(9). Lindane was detected in 10% of 162 water samples collected from the Waterton River, Canada at a max concn of 0.002 ug/l and 1.7% of 176 water samples taken from the Athabasca River, Canada between 1976 and 1992(9). Lindane was detected in water samples from 22 ponds (9 containing fish and 13 with no fish) in India at a mean concn of 0.32 ug/l in ponds with fish and 0.42 ug/l in ponds with no fish(10). 100% of the 39 water samples collected from Point Edward on the St. Clair River between 1987 and 1989 contained lindane at concns ranging from 0.20 to 3.49 ng/l, mean 0.49 ng/l; 100% of water samples collected from Port Lambton on the St. Clair River between 1987 and 1989 contained lindane at concns ranging from 0.26 to 0.73 ng/l, mean 0.45 ng/l(11). Filtrates in samples of water collected in recipient watercourses and in background areas of two kraft mills in Finland in 1993 contained lindane at concns ranging from not detected to 6 ng/l; lindane was detected in particulates at concns ranging from not detected to 0.1 ng/l(12). [REF-92]

  . SURFACE WATER: Lindane was detected in water samples collected from the Mahala Water District, Jaipur, India from Sept 1985 to Oct 1987 at concns ranging from not detected to 26.36 ug/l(1). Lindane was detected in water collected from five lakes in Neonatal, India in 1994 at mean concns ranging from 0.037 to 4.081 ug/l(2). Lindane was detected in surface water samples collected from 7 of 8 locations on the Nile Delta at concns ranging from 22.00 to 255.2 ng/l(3). Lindane was detected in 20 of 20 water samples collected from the Elbe River near Hamburg, Germany in 1992 and 1993 at concns ranging from 1.0 to 29 ng/l, median 6.4 ng/l at Zollenspieker and 2.0 to 29 ng/l, median 6.5 ng/l at Seemannshoft(4). Lindane was detected in water samples collected from Lake Baikal, Russia in 1992 at concns ranging from 18 to 200 pg/l(5). Lindane was detected in water samples collected monthly from the Uruguay River, Argentina between Feb 1988 and Dec 1989 at a median concn of 1.0 ng/l, mean 2.2 ng/l(6). Pond water samples collected from rice growing areas in India between 1992 and 1994 contained lindane at avg concns ranging from 0.4 to 3.0 ug/l(7). Lindane has been detected in Sacramento-San Joaquin Delta water at a max concn of 0.006 ug/l(8). Lindane was detected in Lake Ontario water samples collected from May 1993 to Oct 1993 at concns ranging from 351 to 370 pg/l, mean 357 pg/l in surface water samples and 403 pg/l in deep water samples(9). [REF-93]

  . SEAWATER: Lindane was detected in surface seawater collected from Resolute Bay, Canada in Aug 1992 at a mean concn of 440 pg/l(1). In the summer of 1988, lindane was detected in seawater from the Sea of Japan at concns ranging from 800 to 990 pg/l, the Okhotsk Sea at concns ranging from 1030 to 1150 pg/l, the Bering Sea at an avg concn of 937 pg/l, the Chirikov Basin at an avg concn of 777 pg/l, and the Chukchi Sea at an avg concn of 931 pg/l(2). It was detected in off-shore stations in the Barents Sea in the autumn of 1992 at concns ranging from 0.22 to 0.45 ng/l(2). Lindane has been detected in surface seawater from various seas and oceans at the following mean concns: Chukchi Sea, 180 pg/l; Bering Sea, 190 pg/l; Gulf of Alaska, 260 pg/l; Northern North Pacific, 170 pg/l; North Pacific, 47 pg/l; Caribbean Sea, 36 pg/l; Gulf of Mexico, 14 pg/l; North Atlantic, 21 pg/l; Mediterranean, 150 pg/l; Red Sea, 19 pg/l; East China Sea, 78 pg/l; South China Sea, 97 pg/l; Strait of Malacca, 120 pg/l; Celebes Sea, 43 pg/l; Java Sea, 12 pg/l; Bay of Bengal and Arabian Sea, 110 pg/l; Eastern Indian Ocean, 20 pg/l; and Southern Ocean 8.2 pg/l(3). Sub-surface seawater samples collected from estuarine and near-coastal sites in waters around England and Wales between 1990 and 1992 contained lindane at concns ranging from <0.1 to 16 ng/l(4). [REF-94]

  . GROUNDWATER: Lindane was detected in 21% of 1076 groundwater samples from New Jersey at concns ranging from not detected to 0.9 ppb(1). Lindane was detected in water samples from closed wells in Chesterfield County, SC at a median concn of 16 parts per trillion(2). Lindane was detected in open and closed wells in Hampton County, SC at median concns of 90 parts per trillion and 163 parts per trillion, respectively(2). Lindane was detected in groundwater samples collected from the Doepke-Holliday site, KS at a max concn of 3.80 ug/l(3). Lindane was detected in 3 groundwater samples collected from Kafr El-Zayat, Egypt in 1994 at concns ranging from 0.0007 to 0.112 ppb(4). Lindane was detected in groundwater samples collected in a rural area of the Indo-Gangetic Plain at the following mean concns, ng/l: 25 in Sept 1991, 45 in Nov 1991, 73 in Jan 1992, 56 in Mar 1992, 26 in May 1992, and 193 in July 1992(5). [REF-95]

  . DRINKING WATER: Lindane was detected in drinking water in Cincinnati, OH at a concn of 0.01 ppb (3). It was detected in 100% of rural potable water samples from Hampton County, SC at concns ranging from ND (<10 ng/l) to 319 ng/l, 10 ng/l median; 58.3% of rural potable water samples from Chesterfield County, SC at concns ranging from ND to 193 ppt, 10 ng/l median(1). Lindane was detected in closed wells from Chesterfield County at a median concn of 16 ng/l(1). It was detected in open wells in Hampton County at a median concn of 90 ng/l and in closed wells at a median concn of 163 ng/l(1). It was detected in 4% of 45 potable water samples collected in Oahu, HI between Feb and May 1971 at concns ranging from 0.06 to 0.4 parts per trillion, 0.2 parts per trillion avg(2). Lindane was detected in tap water in Ottawa, Ontario at a concn of 1.3 ug/l(4). Lindane was detected in a tap water sample collected from Kafr El-Zayat, Egypt at a concn of 0.009 ppb(5). Lindane was detected in tap water in the vicinity of Nainital, India at mean concns ranging from 0.103 to 2.341 ug/l(6). Lindane was detected in drinking water samples collected from the South of Spain at avg concns of 0.0655 ppm in 1991, 0.035 ppm in 1992, 0.022 ppm in 1993, and 0.021 ppm in 1994(7). Lindane was detected in drinking water samples collected in Ahmedabad City, India during May to July 1987 at concns ranging from 16.6 to 1800 ng/l, mean 159.43 ng/l(8). Lindane was detected in drinking water from Athens, Greece in the winter of 1992 to 1993 at a mean concn of 0.005 ug/l(9). [REF-96]

  . RAIN/SNOW: Lindane was detected in 84% of 50 rain samples collected on the Canadian side of the Great Lakes at an avg concn of 5.3 ng/l, max 19 ng/l; it was also detected in 17 snow samples, at an avg concn of 0.1 ng/l(1). Rain samples collected from southwest (southeast) Portland, OR between March and April 1982 (Oct and Dec 1982) contained lindane at an avg concn of 0.45 ng/l (11 ng/l)(2). 75-100% of rain and frozen samples collected from 12 sites in Canada between April 1977 and Dec 1980, contained lindane at concns ranging from ND(0.001 ppb) to 0.0400 ppb, avg 0.0078 ppb(3). Lindane was detected in precipitation from Eniwetok Atoll, avg 510 pg/l, and Samoa, avg 34 pg/l(4). Rain samples collected from Isle Royale, Lake Superior between May and Oct 1983, contained lindane at avg concns ranging from 4.6 to 16 ppt(5). Rain samples collected from Caribou Island, Lake Superior between April and Nov 1983 contained lindane at avg concns ranging from 1.6 to 12 ppt(5). Lindane was detected in snow collected from Ellesmere Island in 1979 at concns ranging from <1 to 8 ng/cu m, Alexandra Fjord in 1986 at 0.22 ng/cu m, and from Agassiz Ice Cap in 1986 and 1987 at 4.4 and 6.8 ng/cu m, respectively(6). Lindane was detected in snow from the Canadian Arctic in 1986 and 1987 at median concns of 1160 and 700 pg/l, respectively, concns ranges were 220 to 4450 pg/l in 1986 and 83 to 10500 pg/l in 1987(6). Lindane was detected in rain collected at Sable Island, Nova Scotia in 1988 and 1989 at concns ranging from 0.85 to 2.2 ng/l(7). Mean lindane concns in precipitation at Pelee Island, Wolfe Island, and Sibley Park in the Great Lakes were 3.428, 2.971, and 2.703 ng/l, respectively, over the 6-year period spanning 1986 to 1991(8). In 1992 and 1993, lindane was detected in fallout at La Ferte sous Jouarre and Paris, France at concns ranging from 14 to 220 ng/l and 2.6 to 130 ng/l, respectively(9). Lindane was detected in rain from four stations in 1990 and 1992 at a mean concn of 15.4 ng/l; elevated concns of lindane were observed during the spring and early summer, mean 73 ng/l in March, April, and May(10). Lindane was detected in rain water samples collected from Hardwar, India in 1992 at concns ranging from 0.002 to 0.092 ug/l, avg 0.037 ug/l(11). [REF-97]

  . RAIN/SNOW: Lindane was identified in melted snow, filtered particles, and brown snow collected from the Chesterfield Inlet in the Canadian Arctic at concns of 320 pg/l, 0.5 ng/g, and 341 pg/l(1). The highest concn of lindane detected in 25 of 64 rainwater samples from Lista and As, Norway in June to Sept 1992 and May to Sept 1993 was 84 ng/l(2). Dissolved lindane was detected in 17 of 18 fogwater samples collected at Colmar, France between 1991 and 1993 at concns ranging from not detected to 28 ng/ml, mean 2.3 ng/ml; particle bound lindane was detected in 17 of 17 fogwater samples at concns ranging from 0.02 to 90 ng/ml, mean 7 ng/ml(3). Lindane was detected in 27 of 31 rainwater samples collected at Colmar in 1992 at concns ranging from not detected to 0.8 ng/ml, mean 0.16 ng/ml(3). Snow samples from the ice fields of Bothnian Bay, Sweden collected in 1991 contained lindane at concns ranging from 0.03 to 0.42 ng/l, geometrical mean 0.15 n/l(4). [REF-98]

12-3 EFFLUENTS CONCENTRATIONS: 

  . Lindane residues in treated wastewater effluents from a variety of industries were as follows: coal mining - 47 samples, 4.3% pos, 2.2 ppb avg; foundries - 20 samples, 100% pos, 5 to 20 ppb, 5.8 ppb avg(1). In non-ferrous metals manufacturing, the max lindane concn in 55 samples was 0.1 ppb(1). In organic chemical manufacturing/plastics, 3 of an unspecified number of samples contained a mean lindane concn of 0.01 ppb(1). Lindane was detected in filtrates of effluent samples from Finnish pulp mills at concns ranging from 0.6 to 2.0 g/l; it was detected in particulates of effluent samples from a Finnish pulp mill at concns of 0.4 and 8 g/l(2). Lindane was detected in 37% of influents and 33% of effluents collected between 1989 and 1993 from New York City water pollution control plants at concns ranging from 0.012 to 0.09 ug/l in the influents and 0.013 to 0.012 ug/l in the effluents(3). [REF-99]

12-4 SEDIMENT/SOIL CONCENTRATIONS: 

  . Hawaii: sediments 90-5320 parts per trillion [REF-76, p.1081]

  . SEDIMENTS: Lindane was detected in 33% of the suspended sediments collected from Niagara-on-the-Lake at an avg concn of 2 ppb(1). Lindane was also detected in Lake Ontario (near the Niagara River), settling particulates (20 m deep), Sept 7 to Oct 5 1982, 1.0 to 6.0 ppb, bottom sediments 1.1 + or - 0.5 ppb, 2.4 ppb avg (based on 12 surficial sediment samples)(2). Lindane was detected in Bailey Creek sediment, off James River, VA at concns ranging from 7.3 to 8.5 ppb in 1976(3). In 1971, sediments from Lake Michigan tributary streams contained lindane at concns ranging from ND(<2.5 pptrillion) to 0.15 ppb(4). It was detected in sediments from Glocester, RI in 1970 to 1971 at a concn of 1 ppb(5). Lindane was detected in sediment samples from the Gulf of Alaska, the Bering Sea, and the Chukchi Sea at concns of 48, 3.3, and 10 pg/g dry weight, respectively(6). Lindane was detected in sediment samples collected from the Lake Baikal region, Russia in 1992 at concns ranging from 0.003 to 0.009 ng/g dry weight(7). Lindane was detected in 22 of 22 sediment samples from Lake Simbirizzi, Italy at concns ranging from 0.07 to 0.43 ug/kg dry material, mean 0.20 ug/kg dry material(8). Lindane was detected in sediment samples collected in Kingston Harbor, Jamaica during July-Aug 1992 at mean concns ranging from 0.387 to 0.77 ng/g(9). Lindane was detected in surface sediments (0 to 1 or 0 to 1.3 cm depth) from Arctic lakes in Canada at concns ranging from 0.01 to 0.62 ng/g dry weight(10). Lindane was detected in sediments of five salt marsh sites along the Essex coast, UK: 74% of samples from Two Tree Island, max concn 6.2 ng/g dry weight; 50% of samples from Salcott, max concn 1.7 ng/g dry weight; 62% of samples from Walton-on-the-Naze, max concn 0.6 ng/g dry weight; 40% of samples from Tollesbury Wall at a max concn of 0.5 ng/g dry weight; and 11% of samples from South Woodham Ferrers, max concn 2.6 ng/g dry weight(11). Lindane was detected in sediments from six Amsterdam freshwater sites at mean concns ranging from 9 to 46 ng/g organic matter(12). Lindane was detected in sediment from the Duwamish Waterway, Puget Sound, WA at a mean concn of 2.4 ng/g dry weight(13). [REF-100]

  . SEDIMENTS: Lindane was detected in sediments collected from 22 ponds (9 containing fish and 13 with no fish) in India at mean concns of 2.61 ug/kg in ponds containing fish and 7.43 ug/kg in ponds with no fish(1). Lindane was detected in 12% of suspended sediment samples collected from Point Edward on the St. Clair River between May 1987 and May 1989 at concns ranging from 0.54 to 7.42 ng/g, it was detected in 1 sediment sample collected from Port Lambton on the St. Clair River between May 1987 and May 1989 at a concn of 2.0 ng/g(2). Lindane was detected in 22 of 22 sediment samples from Lake Simbirizzi, Italy, a drinking water reservoir, at concns ranging from 0.07 to 0.43 ug/kg, mean 0.20 ug/kg(3). Lindane was detected in 3 surficial streambed sediment samples collected from the Palouse River, WA and Union Flat Creek, WA in 1992 and 1994 at concns ranging from 130 to 170 ug/kg organic carbon(4). Lindane was detected in sediments collected from Nile River distributaries and drains in Egypt between Feb and April 1986 at concns ranging from 0.06 to 3.99 ppb dry weight, mean 0.84 ppb(5). Lindane was detected in sediment samples from four US Arctic lakes at a mean concn of 0.05 ng/g dry weight(6). Lindane was detected in surface sediments (2 cm) from three sampling sites in Lake Garda, Italy at concns of 0.45, 0.60, and 0.82 ng/g dry weight(7). Lindane was detected in sediments from Carmen, Machona, and Alvarado lagoons, Mexico at mean concns 0.24, 0.28, and 0.85 ng/g dry weight, respectively(8). Lindane was detected in sediments from the Danube and Traun Rivers at concns ranging from 0.20 to 0.31 ug/kg dry weight(9). Lindane was detected in surface sediments of the western Baltic Sea, the Arkon Basin, and the Pomeranian Bight collected in Oct and Nov 1993 at concns ranging from <10 to 275.9 pg/g dry weight(10). Lindane was detected in sediment samples from 6 of 8 locations on the Nile Delta at concns ranging from 26.80 to 979.00 ng/g(11). Lindane was detected in sediment from two Himalayan lakes at concns ranging from 1.17 to 2.89 ng/g dry weight(12). [REF-101]

  . SOIL: Lindane was detected in 24 of 25 soil samples collected from Delhi, India during 1988 and 1989 at a mean concn of 0.01 mg/kg(1). Lindane was detected in soil from Donana National Park, Spain at concns ranging from 0.004 to 0.057 ug/kg(2). Lindane was detected in soil samples collected from the Lake Baikal region, Russia in 1992 at concns ranging from 0.007 to 2.4 ng/g dry weight(3). Soil samples collected from rice growing areas in India between 1992 and 1994 were found to contain lindane at avg concns ranging from 0.014 to 0.044 ug/g(4). Lindane was detected in soils at the following concns: Miami, FL - 0.14 ppm(6); Alabama - 0.01 ppm; Arkansas - 0.01 ppm; Georgia - 0.07 ppm; Illinois - 0.02 ppm; and Iowa - 0.15 ppm(8). Lindane concns ranged from ND to <0.1 ppm in the surface soils of five western AL counties(7). Lindane was detected in Canadian apple orchard soil (dried), 0-15 cm depth, not detected (0.0004 ppm) to 0.39 ppm, 0.02 ppm avg; peach orchard soil (dried), 0-15 cm depth, not detected to 0.02 ppm, <0.01 ppm avg(9). Lindane was detected in 4 of 5 soil samples collected from the Ioannina region of Greece from 1992 to 1993 at concns ranging from not detected to 0.55 ppb(10). [REF-102]

12-5 ATMOSPHERIC CONCENTRATIONS: 

  . SOURCE DOMINATED: Lindane was detected within 800 m of two formulation plants in Arkansas from 1970-1972; lindane residues were as follows: 1970 - detected in 58 of 66 samples, 0.1 to 2.8 ng/cu m, 1.1 ng/cu m mean; 1971 - 60 samples, 82% pos, 0.1 to 1.9 ng/cu m, 0.9 ng/cu m mean; 1972 - 64 samples, 91% pos, 0.1 to 2.2 ng/cu m, 1.0 ng/cu m mean(1). Lindane was detected in 32 of 56 air samples from a formulation plant in Tennessee at concns ranging from 0.3 to 5.5 ng/cu m, 1.7 ng/cu m avg(1). [REF-103]

  . URBAN/SUBURBAN: Monitoring during the years 1970-1972 revealed a mean lindane concn in ambient air of 0.6 ng/cu m for all years and all states combined.Lindane was detected in 67.7% of the samples with a mean concn of 0.9 ng/cu m and a max value of 11.7 ng/cu m(1). Lindane was detected in air samples from the following locations: Miami, FL (suburban) - 1.7 ng/cu m mean; Jackson, MS (suburban) - 2.3 ng/cu m mean; Fort Collins, CO (suburban) - 0.7 ng/cu m mean(1); Eniwetok Atoll - 15 pg/cu m; American Samoa - 1.5 pg/cu m (dry season only)(2). Lindane was detected in air samples from Stoneville, MS (1972-1974) at a concn of 9.3 ng/cu m(3). Lindane was detected in 3.3% of air samples from Baltimore, MD at a max concn of 2.6 ng/cu m; in 1% of air samples from Iowa City, IA at a max concn of 0.1 ng/cu m; and 24% of air samples from Salt Lake City, UT at a max concn of 7.0 ng/cu m(4). Lindane was detected in 100% of air samples from Miami, FL in 1973-1974 at concns ranging from 0.2 to 2.5 ng/cu m, 0.7 ng/cu m avg; in 71% of air samples from the Everglades National Park, FL in 1973-1974 at concns ranging from not detected to 0.5 ng/cu m, 0.2 ng/cu m avg(5). Lindane was detected in air samples collected from Brazzaville, Congo during Aug to Sept 1989 at concns ranging from 0.006 to 0.058 ng/cu m(5). Lindane was detected in air samples collected in Chicago, IL in 1991 at an arithmetic mean concn of 58 pg/cu m; arithmetic mean concns of lindane over Lake Michigan and in South Haven, MI were 103 and 90 pg/cu m(6). [REF-104]

  . RURAL/REMOTE: Lindane was detected in air samples collected between 1986 and 1990 in Ulm, Germany at concns ranging from 180 to 11,000 pg/cu m, mean 2270 pg/cu m(1). Lindane was detected in air samples collected at Sable Island, Nova Scotia in Jan 1988 and 1989 at concns ranging from 10 to 25 pg/cu m(2). Lindane was detected in air samples collected between New Zealand and Ross Island between Jan and Mar 1990 at concns ranging from 1.1 to 16.9 pg/cu m(3). Lindane was detected in air samples collected from Resolute Bay, Canada in Aug 1992 at a mean concn of 9.8 pg/cu m(4). Lindane was detected in air samples at La Ferte sous Jouarre, France in 1992 and 1993 at concns ranging from 0.21 to 6.3 ng/cu m(5). Lindane was detected in air samples collected in 1992 in the Arctic at mean (max) concns of 15.4 (36.9) and 10.4 (27.6) pg/cu m in May to Sept and Oct to April, respectively(6). Lindane was detected in air samples collected from Lista, South Norway in 1991 to 1995 at mean concns ranging from 37 to 60 pg/cu m; Karvatn, Central Norway in 1992 at a mean concn of 77 pg/cu m; Svanvik, North Norway in 1992 at a mean concn of 46 pg/cu m; Ny-Alesund, Spitsbergen in 1992 and 1993 at mean concns of 32 and 14 pg/cu m, respectively; Rorvik, South Sweden in 1990 at mean concns of 134 and 693 pg/cu m; and Rorvik, Nidingen, South Sweden in 1991 and 1992 at mean concns ranging from 22 to 128 pg/cu m(7). Lindane has been detected in air from various seas and oceans at the following mean concns: Chukchi Sea, 28 pg/cu m; Bering Sea, 42 pg/cu m; Gulf of Alaska, 57 pg/cu m; Northern North Pacific, 42 pg/cu m; Caribbean Sea, 27 pg/cu m; Gulf of Mexico, 16 pg/cu m; North Atlantic, 66 pg/cu m; Mediterranean, 75 pg/cu m; Red Sea, 24 pg/cu m; East China Sea, 120 pg/cu m; South China Sea, 500 pg/cu m; Celebes Sea, 23 pg/cu m; Java Sea, 19 pg/cu m; Bay of Bengal and Arabian Sea, 1100 pg/cu m; Eastern Indian Ocean, 19 pg/cu m; and Southern Ocean 12 pg/cu m(8). Lindane was detected in air samples collected from the Lake Baikal region, Russia in 1992 at concns ranging from 44 to 180 pg/cu m(9). The mean concn of lindane over the Adirondack Mountains in 1985 was 0.509 ng/cu m; the mean concn of lindane over the western North Atlantic, southeast of Bermuda, in the summer of 1988 was 0.012 ng/cu m(10). Air samples collected at Ross Island, Cape Evans in the Antarctic over a two-year period from 1988 to 1990 contained lindane at concns ranging from not detected to 118 pg/cu m(11). Lindane was detected in air samples collected from Colmar, France in 1992 at concns ranging from not detected to 4 ng/ml, mean 0.9 ng/ml in the gas phase and not detected to 1.4 ng/ml, mean 0.31 ng/ml in the particulate phase(12). Lindane was detected in 100% of air samples collected in Villeroy, Quebec in 1992 at a mean concn of 37.64 pg/cu m, median 17.45 pg/cu m(13). [REF-105]

  . OTHER: Lindane was detected in air samples collected over Lake Ontario from May to Oct 1993 at concns ranging from 25 to 83 pg/cu m(1). [REF-106]

12-6 FOOD SURVEY VALUES: 

  . Cheese - domestic 784 samples, 4.1% positive, 0.0008 ppm avg, imported 5471 samples, 6.4% positive, 0.006 ppm avg(1). Red meat - 15200 samples (1973-1976 only), 6.7% positive, 0.011 ppm avg(1). Poultry - 11340 samples (1973-1976 only), 5.1% positive, 0.004 ppm avg(1). Eggs - domestic 2303 samples, 1.3% positive, 0.0004 ppm avg, imported 69 samples, 3.2% positive, 0.005 ppm avg(1). Large fruits - domestic 3281 samples, 0.5% positive, 0.0001 ppm avg, imported 1048 samples, 0.3% positive, <0.0001 ppm avg; small fruits - domestic 1445 samples, 2.1% positive, 0.003 ppm avg, imported 2119 samples, 1.1% positive, 0.001 ppm avg(1). Leaf and stem vegetables - domestic 5319 samples, 1.5% positive, 0.004 ppm avg, imported 312 samples, 2.1% positive, 0.0003 ppm avg(1). Vine and ear vegetables - domestic 2954 samples, 1.6% positive, 0.006 ppm avg, imported 4117 samples, 1.8% positive, 0.005 ppm avg(1). Beans - domestic 499 samples, 0.4% positive, 0.0001 ppm avg, imported 365 samples, 2.5% positive, 0.0004 ppm avg(1). Root vegetables - domestic 3248 samples, 0.9% positive, 0.004 ppm avg, imported 609 samples, 1.8% positive, 0.003 ppm avg(1). Whole grains - domestic 947 samples, 1.8% positive, 0.004 ppm avg, imported 85 samples, 23.8% positive, 0.173 ppm avg(1). Processed vegetable products - domestic 631 samples, 1.6% positive, 0.0006 ppm avg, imported 929 samples, 8.9% positive, 0.005 ppm avg(1). Processed fruit products - domestic 210 samples, 2.1% positive, 0.0006 ppm avg, imported 634 samples, 9.4% positive, 0.005 ppm avg(1). Nuts - domestic 174 samples, 1.7% positive, 0.0006 ppm avg, imported 42 samples, 12.2% positive, 0.004 ppm avg(1). Corn - 280 samples, 3.6% positive, 0.004 ppm avg(1). Cottonseed 54 samples, 3.7% positive, 0.011 ppm avg(1). Peanuts and peanut products - 148 samples, 1.5% positive, 0.0002 ppm avg(1). Soybeans - 104 samples, 2.9% positive, 0.002 ppm avg(1). Composite results of 4 market basket samples, adult total diet, 1977-1978, processed cheese - trace-0.002 ppm, butter - 0.002 ppm, hamburger - 0.001 ppm, pork chops - 0.005 ppm, lunchmeat - trace-0.001 ppm, frankfurters - trace-0.002 ppm, round steak - 0.001 ppm(2). Average dietary intake 1977 - 3.8 ng/kg body weight/day, 1978 - 2.4 ng/kg body weight/day(2). [REF-107]

  . Lindane was detected in 14 of 14 alfalfa samples from Mexico at an avg concn of 0.04 ug/g(1). It was also detected in 63% of cheese samples from Mexico City, 36.4% of cheese samples from Comarca Lagunera and 70% of cheese samples from Soconusco, Mexico(1). Lindane was detected in 1 of 15 hens' eggs from Mexico City, 5 of 13 hens' eggs from Comarca Lagunera, and 2 of 18 hens' eggs from Soconusco, Mexico(1). It was also detected in 9 of 16 samples of chicken meat from Mexico at an avg concn of 0.03 ug/g extractable lipid basis and 7 of 12 freshwater fish samples from Mexico City at an avg concn of 0.03 ug/g extractable lipid basis(1). Lindane was detected in 25.8% of tea samples analyzed in Belgium between April 1991 and March 1993 at a max concn of 0.47 ppm, mean 0.019 ppm(2). Lindane was detected in potatoes collected from Kafr El-Zayat, Egypt in 1994 at a concn of 1.8 ppb; it was also detected in buffalo milk collected directly from the animal at a concn of 3 ppb and fish at a concn of 6 ppb(3). Lindane was detected in 185 of 4914 food items analyzed between 1986 and 1991 as part of the FDA's Total Diet Study(4). Lindane was detected in 16 of 783 food items collected from 3 market baskets between Nov 1993 and June 1994 as part of the FDA's Total Diet Study(5). Lindane was detected in black bean sauce, prepared seaweed, and sesame seeds imported into Hawaii from western Pacific rim countries at concns of 1.08, 3.12, and 2.34 ppb, respectively(6). Lindane was detected in 39.0% of beef, 40.9% of pork, 52.8% of lamb, and 90.0% of chicken samples collected in Madrid, Spain between 1990 and 1991 at mean (max) concns of 1.5 (15), 0.6 (4), 6.9 (60), and 59 (459) ng/g fat basis, respectively(7). Lindane was detected in the following fruits and vegetables procured from different areas in Pakistan between 1988 and 1992 (number of contaminated samples, number of samples, concn range): luffa (1, 11, 4.21 mg/kg), pumpkin (2, 12, 0.03 to 0.12 mg/kg), cauliflower (3, 14, 0.12 to 0.8 mg/kg), spinach (5,16, traces to 1.5 mg/kg), white gourd (2, 16, 0.2 to 1.5 mg/kg), coriander (5, 10, 0.2 to 3.2 mg/kg), cucumber (3, 16, 2.09 to 2.10), bitter gourd (5, 12, 0.02 to 0.15), lettuce (2, 8, 7.5 mg/kg), aubergine (5, 26, traces to 0.5 mg/kg), turnip (5, 20, 0.03 to 3.0), tomato (5, 30, 0.06 to 2.18 mg/kg), lady's finger (7, 28, 0.02 to 4.30 mg/kg), cabbage (4, 8, 0.1 to 0.15 mg/kg), potato (1, 13, traces), capsicum (1, 8, 1.31 mg/kg), mint (3, 9, traces to 1.40 mg/kg), beet sugar (1, 9, 0.19 mg/kg), carrot (2, 10, 0.3 to 3.38 mg/kg), radish (2, 22, 0.12 to 0.65 mg/kg), arum (1, 9, 0.12 mg/kg), lambs quarter (2, 4, traces), mango (2, 16, traces to 0.11 mg/kg), peach (3, 8, 0.24 to 0.4 mg/kg), apple (1, 41, 0.83 mg/kg), guava (2, 8, 0.03 to 0.04 mg/kg), apricot (1, 7, 0.17 mg/kg), and pear (1, 4, traces)(8). Lindane was detected in the following foods in Japan between 1992 and 1993: sea bream, 0.66 ug/kg; horse mackerel, 0.41 ug/kg; salmon, 0.52 ug/kg; shrimp, 0.36 ug/kg; semi-dried horse mackerel, 0.20 ug/kg; beef, 0.04 ug/kg; sausage, 13.68 ug/kg; ice cream, 0.13 ug/kg(9). Lindane was detected in 60% of rice samples, 73% of maize samples, 70% of millet samples, and 70% of sorghum samples collected from Nigeria between Dec 1989 and May 1990, at mean concns of 2.0, 7.0, 15.0, and 6.7 ug/kg, respectively(10). Lindane was detected in 81 of 234 ready-to-eat foods sampled for ten years (1982 to 1991) in the U.S. at an avg concn of 0.0012 ug/g(11). Lindane was detected in 5 of 612 imported rice samples between 1993 and 1994 at a max concn of 0.03 ppm(12). Lindane was detected in 93% of 448 butter samples purchased from supermarkets in Veracruz City, Mexico in 1996 at concns ranging from 0.022 to 0.044 mg/kg fat basis, mean 0.033 mg/kg fat basis(13). [REF-108]

12-7 PLANT CONCENTRATIONS: 

  . A lindane concn of 1 ppb was observed in aquatic weeds in a pond in Rhode Island(1). Lindane was detected in vegetation collected from two forests near Ulm, Germany in 1990 at a mean concn of 8.45 ng/g dry weight(2). Lindane was detected in sesame seed and sesame oil from Indian sesame crops that were treated with this pesticide, avg concns in the seed and oil were 0.02 and 0.05 mg/kg, respectively, at an application rate of 500 g AI/ha and 0.73 and 1.75 mg/kg, respectively, at an application rate of 1000 g AI/ha(3). Lindane was detected in pine needles collected in Europe during 1991 and 1992, mean concns were, ng/g dry weight: 2.9 (Finland), 13 (Holland), 27 (Czechoslovakia), 19 (Austria), 3.7 and 4.5 (Italy), 6.6 (Greece), 3.1 (Napoli), 4.3 and 0.6 (Northern Po Valley), and 2.5 (Val Grande)(4). Lindane was detected in aquatic mosses from the Danube and Traun Rivers, Austria, at concns ranging from 1.8 to 3.8 ug/kg dry weight(5). Lindane was detected in pine needles collected in the vicinity of a metal reclamation plant in Finland between 1991 and 1993 at concns ranging from 0.401 to 1.707 ng/g in the wax of the needles and 0.269 to 6.444 ng/g in the rest of the needles(6). Surface wax of Scotch pine needles collected from stations in West Germany, Denmark, Norway and Sweden from 1984 to 1989 contained lindane at concns ranging from 0.07 to 17.80 ng/g fresh weight; lindane concns in needle residue ranged from 0.29 to 12.70 ng/g fresh weight(7). Lindane was detected in mango leaf samples from two areas of Africa and Seychelles and Mauritius Islands collected in 1991 at median concns of 0.04 ng/g dry weight in Sierra Leone, 0.09 ng/g dry weight in Lake Victoria, 0.06 ng/g dry weight in Seychelles, and 0.22 ng/g dry weight in Mauritius(8). Lindane was detected in pine needles from urban parks and remote sites in Argentina in 1994 at concns ranging from 19 to 482 ng/g dry weight and 6.0 to 28 ng/g dry weight, respectively(9). It was detected in pine needles from the Leipzig-Halle region and remote sites in Germany in 1992 at concns ranging from 6.0 to 12 ng/g dry weight and 8.4 ng/g dry weight, respectively(9). [REF-109]

12-8 FISH/SEAFOOD CONCENTRATIONS: 

  . Residue in animals in different trophic levels from the Weser estuary (1976): wet tissue basis. Cerastoderma edule (common edible cockle): 2.4 + or - 0.4 ng/g; Mya arenaria (soft clam): 2.8 + or - 1.2 ng/g; Polychaeta: Arenicola marina L. (lugworm): 1.7 + or - 0.5 mg/g; Crangon crangon (brown shrimp): 1.8 + or - 0.6 ng/g; Solea solea (common sole): 3.1 + or - 0.9 ng/g wet tissue. [REF-76, p.1082]

  . Residues taken from marine animals from the Ligurian Sea (1977-1978): Nephrops norvegious (shrimp): 0.93 ppb fresh weight average; Mytilus galloprovincialis (mussel): 1.1 ppb fresh weight average; Engravlis encrasicholus (anchovy): 0.81 ppb fresh weight average; Mullus barbatus (striped mullet): 1.0 ppb fresh weight average; Euthymnus alletteratus: 0.41 ppb fresh weight average; Sarda sarda: 2.60 ppb fresh weight average. /Alpha & gamma isomers/ [REF-76, p.1082]

  . Lindane was detected in 0.7% of 2901 domestic fish samples at an avg concn of 0.0002 ppm and 6.4% of 361 imported fish samples at an avg concn of 0.001 ppm(1); it was detected in 2.7% of 152 imported shellfish samples at an avg concn of 0.0004 ppm(1). Lindane was detected in oysters in Galveston Bay, TX at concns ranging from ND to 0.1 ppm(2); Connecticut white catfish 0.01 ppm; South Carolina channel catfish 0.01 ppm, Louisiana channel catfish 0.01 ppm, West Virginia channel catfish 0.01 ppm, Ohio common carp 0.2 ppm, Nebraska goldeye 0.01 ppm, Mississippi white crappie 0.01 ppm, Oklahoma common carp 0.01 ppm, Montana brown trout, longnose sucker, redhorse and sauger 0.01 ppm, South Dakota goldeye 0.01 ppm, Kansas river carpsucker 0.01 ppm, Hawaii cuban limia 0.02 to 0.03 ppm, Mississippi bloater 0.01 ppm, Ohio walleye 0.01 ppm(3); Sea lamprey 0.016 ppm(4); Louisiana Nerodia cyclopion (water snake) 0.10 ppm, avg(5); Rhode Island bluegill 0.0001 ppm, pickerel 0.00001 ppm, yellow perch 0.00003 ppm(6); and in Lake Michigan yellow perch <0.1 ppm, chub <0.1 ppm, and alewife <0.1 ppm(7). Lindane was detected in mussels collected from eight stations on the Waikato River, New Zealand in Oct 1990 at concns ranging from 6.5 to 16.9 ng/g freeze dried weight basis(8). Lindane was detected in American eels captured over a 7-week period in 1990 in the St. Lawrence River estuary at Kamouraska, Quebec, Canada at geometric mean concns ranging from 0.002 to 0.003 ug/g(9). Lindane was detected in marine organisms collected from the Mediterranean coast of Morocco at monthly intervals between Jan 1989 and July 1990 at concns ranging from 1.32 to 6.38 ug/kg fresh weight(10). In a nationwide survey of chemical contamination of fish in which fish from nearly 400 US sites were collected between 1986 and 1989, lindane was detected in fish from 42% of the sites at a mean concn of 2.7 ng/g; max concn 83 ng/g(11). 98.9% of fish collected from rivers in Catalonia, Spain between May 1990 and Oct 1992 contained lindane at a mean concn of 0.017 mg/kg wet weight, 2.026 mg/kg lipid weight(12). Lindane was detected in eels from six Amsterdam freshwater sites at mean concns ranging from 6 to 30 ng/g lipid weight(13). [REF-110]

  . Lindane was detected in fish collected from 5 different locations in the Biobio river basin in central Chile at avg concns ranging from 5 to 4564 ng/g fat basis(1). Lindane was detected in plankton, bream, and pike caught in 1990 to 1993 in Lake Belau, Germany at mean concns of 12.7, 2.4, and 2.5 ug/kg dry weight, respectively(2). Lindane was detected in fish collected from ponds in India at concns ranging from 0.012 to 4.184 mg/kg, mean 0.752 mg/kg(3). Lindane was detected in fish collected from recipient and background waters of two Finnish kraft pulp mills in 1993 at concns ranging from 3 to 340 ng/g lipid weight(4). Lindane was detected in fish oils obtained from various sources at concns ranging from not detected to 20 ug/l, detection limit 2 ug/l, mean 3.0 ug/l(5). Lindane was detected in mussels collected from the Indian coast at concns ranging from 0.5 to 2.5 ng/g wet weight(6). Lindane was detected in the liver of 6 grayling and 7 lake trout collected from four US Arctic lakes between 1991 and 1993 at mean concns of 0.84 and 3.14 ng/g wet weight, respectively; it was detected in 1 sample of grayling muscle and 5 muscle samples from lake trout contained at concns of 0.18 and 0.19 ng/g wet weight, respectively(7). Lindane was detected in several species of fish collected from the Mahala Water Reservoir, Jaipur, India during Nov 1986 to Sept 1987 at concns ranging from 1.27 to 2.57 ug/g in the kidney, 0.17 to 1.30 ug/g in the muscle, 1.68 to 5.90 ug/g in the brain, 0.46 to 1.53 ug/g in the gill, 0.60 to 3.25 ug/g in the alimentary canal, and 1.14 to 2.11 ug/g in the liver(8). Lindane was detected in eight deep-sea fish species caught off West Greenland in May 1992 at mean concns ranging from 1.5 to 6.2 ng/g lipid weight(9). Lindane was detected in roach collected from the River Seine at Marnay, La Tombe, and Poses in 1991 and 1993 at concns ranging from 4.7 to 54 ug/kg dry weight(10). Lindane was detected in oysters collected from Carmen, Machona, and Alvarado lagoons, Mexico at mean concns of 1.75, 1.53, and 2.73 ng/g dry weight, respectively(11). Flounder samples from northeastern Newfoundland contained lindane at concns ranging from 0.05 to 0.41 ng/g wet weight, mean 0.14 ng/g wet weight(12). [REF-111]

12-9 ANIMAL CONCENTRATIONS: 

  . Hooded seal, Greenland, fat: 0.003 mg/g; bearded seal, Greenland, fat 0.053 mg/g [REF-76, p.1082]

  . Lindane was detected in harbor seals collected from the German North Sea at concns ranging from 0.29 to 0.36 ppm(1). Lindane was detected in 37.5% of 16 samples of partridges from Western Germany at a concn of 0.052 ppm in fat; 75% of 4 samples of pheasants, 0.155 ppm in fat; 46% of 26 samples of hares, 0.121 ppm in fat; and 87.5% of 8 samples of woodcocks, 0.032 ppm in fat(2). In the US, lindane was detected in 75% of 20 racoon samples at concns ranging from 0.02 to 0.12 ppm(3). Lindane was detected in the blubber of ringed seals from the Belcher Islands, Canada in 1991 at mean concns of 10.6 and 11.6 ng/g lipid in females and males, respectively(4). Lindane was detected in small blubber biopsy samples collected from northwestern Atlantic balaenopterid whales in the summer and fall of 1991 and 1992 in the Gulf of St. Lawrence at concns ranging from 9 to 77 ng/g lipid(5). Lindane was detected in 67.6% of 34 little tern eggs collected in the Axios Delta, Greece in 1989 at a mean concn of 2.84 ug/kg wet weight, range not detected to 44.6 ug/kg wet weight(6). Lindane was detected in 65.4% of 81 samples of bats captured in Spain from 1988 to 1990 at a mean concn of 0.002 ppm wet weight (0.008 ppm lipid weight)(7). Lindane was detected in prairie falcon eggs collected in CA between 1989 and 1991 at geometric mean concns ranging from 0.38 to 0.66 mg/kg wet weight(8). Lindane was detected in dipper eggs collected in Southern Norway in the spring of 1993 at concns ranging from 0.9 to 2.8 ng/g fresh weight, mean 1.8 ng/g fresh weight; it was detected in dipper eggs collected in Wales and Ireland in 1992 at geometric mean concns of 2.5 and 3.1 ng/g fresh weight, respectively(9). Blubber samples from 34 male harbor porpoises caught in Scandinavian waters from 1987 to 1991 contained lindane at a mean concn of 0.29 ug/g lipid, range 0.04 to 1.25 ug/g lipid(10). Lindane was detected in Steller sea lions collected from Alaskan waters between 1976 and 1978 at avg concns of 0.095 and 0.051 ug/g lipid weight in the blubber of males and females, respectively, and 0.045 and 0.030 ug/g lipid weight in the liver of males and females, respectively; it was detected in the liver of sea lions from the Russian portion of the Bering Sea im 1981 at an avg concn of 0.034 ug/g lipid weight(11). Lindane was detected in 36 of 241 samples of bovine serum collected from 53 Colorado beef ranches at an avergae concn of 2.4 ppb(12). [REF-112]

  . Lindane was detected in birds collected from three sampling areas in the Biobio river basin in central Chile at concns ranging from 11 to 88 ng/g fat basis(1). Lindane was detected in blubber from 10 of 21 dolphins collected during a mass mortality event in 1987 and 1988 along the Atlantic coast of the United States at concns ranging from 29 to 161 ng/g lipid(2). Lindane was detected in otter carcasses collected from Ireland between 1984 and 1990 at concns ranging from not detected to 8.04 mg/kg, mean 0.96 mg/kg in rural otters and 0.15 to 1.60 mg/kg, mean 0.70 mg/kg in otters from Cork City(3). Lindane was detected in eggshell fragments of the black vulture from the Tuxtla Gutierrez Valley, Chiapas, Mexico at concns ranging from 1.1 to 2.6 ug/g extractable lipid basis, avg 1.7 ug/g extractable lipid basis; avg lindane concns in liver and adipose tissue of black vulture were 0.94 and 1.43 ug/g extracted lipid basis, respectively(4). Lindane was detected in pigeons, vultures, and earthworms collected from Delhi, India during 1988 to 1989 at mean concns of 0.04, 0.03, and 0.1 mg/kg, respectively(5). Lindane was detected in Squacco Heron eggs, Squacco Heron nestlings, Little Egret nestlings, Night Heron nestlings, and frogs collected from the wetlands of the Thermaikos Gulf, Greece, in 1992 and 1993 at mean concns of 2.23, 10.34, 5.56, 20.2, and 3.64 ug/kg dry weight, respectively(6). Lindane was detected in Dalmatian Pelican eggs and eels collected from the wetlands of the Amvrakikos Gulf, Greece, in 1992 and 1993 at mean concns of 7.65 and 4.25 ug/kg dry weight, respectively(7). Lindane was detected in the blubber of five harbor seals and one harbor porpoise from the North Sea at concns ranging from 0.007 to 0.039 ppm fat basis and 0.63 ppm fat basis, respectively(8). Lindane was detected in fat tissue of marine mammals from the US National Biomonitoring Specimen Bank: 7 North Atlantic pilot whales, 3.42 to 20 ng/g wet weight, North Atlantic harbor porpoises, 42.2 to 152 ng/g wet weight, Arctic beluga whales, 11.5 to 95.9 ng/g wet weight, North Pacific northern fur seals, 2.8 to 26 ng/g wet weight, and Arctic ringed seals, 2.4 to 633 ng/g wet weight(9). Lindane was detected in the blubber of beluga whales residing in the St. Lawrence estuary, Quebec, Canada, mean (range) concns were 0.10 (0.09 to 0.12) ppm in 4 males and 0.11 (0.08 to 0.14) ppm in 5 females(10). Lindane was detected in 38% of loggerhead shrike eggs removed from 8 nests in the Shenandoah Valley, VA between 1985 and 1987 at concns ranging from 0.01 to 0.04 ppm wet weight, median 0.02 ppm wet weight; it was detected in 86% of tissue samples from 7 loggerhead shrikes at concns ranging from 0.01 to 0.08 ppm wet weight, median 0.02 ppm wet weight(11). [REF-113]

  . Lindane was detected in otter spraints (feces) collected from the rivers Little Ouse, Thet, Black Bourn, Wissey, and Wensum in eastern England during 1989 to 1991 at mean concns of 0.91, 0.76, 0.36, 0.98, and 0.83 mg/kg lipid, respectively(1). Lindane was detected in otter spraints from the rivers Glaven, Bure, Ant, Minsmere, and Cam in eastern England during 1989 to 1991 at mean concns of 1.67, 0.79, 2.35, 0.18, and 0.03 mg/kg lipid, respectively(1). Lindane was detected in otter spraints from the Upper Severn, Lower Severn, Upper Teme, Lower Teme, Clun, Upper Lugg, Lower Lugg, and Arrow Rivers in western England at mean concns of 0.39, 0.57, 0.39, 0.64, 0.40, 0.38, 0.44, and 0.48 mg/kg lipid, respectively(2). Lindane was detected in otter carcasses collected in Denmark between 1980 and 1990 at a geometric mean concn of 0.81 mg/kg fat, range not detected to 9.76 mg/kg fat(3). Lindane was detected in otter spraints collected in 1990 from Denmark at concns ranging from 0.01 to 0.47 mg/kg fat(3). Lindane was detected in 8 of 22 otter tissues from SW England during 1989 to 1991 at concns ranging from not detected to 8.90 mg/kg lipid(4). 100% of polecat carcasses collected in Switzerland over the period 1983 to 1985 contained lindane in the kidney tissues at concns ranging from 0.03 to 15.76 mg/kg lipid, mean 0.94 mg/kg lipid(5). Lindane was detected in 61.2% of otter scats collected from the Clyde River, Scotland in Sept 1990 and May 1991 at concns ranging from not detected to 30.78 mg/kg lipid, geometric mean 0.34 mg/kg lipid(6). Lindane was detected in the eggs of five bird species at Southern Karelia, Russia during 1989 to 1990 at a mean concns of 0.019 ppm in herring gull, 0.020 ppm in common gull, 0.007 ppm in black-headed gull, 0.022 ppm in common tern, and 0.005 ppm in crow(7). [REF-114]

12-10 MILK CONCENTRATIONS: 

  . Lindane was present in 8/10 samples of cow's milk in Italy at concn ranging from 3-18 ug/l (Cerutti et al, 1975). Milk & milk products in the Federal Republic of Germany contained mean levels of ... 72 ug/l ... (Heeschen et al, 1976). Samples of cow's milk in Romania had concn of ... 255 ug/l (Cocisiu et al, 1975). In Japan, after prohibition of use of HCH on arable land, lindane concn in cow's milk decr from 244 ug/l in 1970 to 1 ug/l in 1973 (Yamada & Sakamoto, 1975) [REF-17, p.V20 205]

  . Lindane was detected in 3% of 59 samples of milk in Alberta, Canada in 1966 to 1970 at concns ranging from ND to 0.340 ppm, 0.006 ppm mean(2); in milk from Italy at concns ranging from 0.08 to 0.88 ppm(1); in The Netherlands at a median concn of 0.02 ppm(1); in milk fat from Austria at a mean concn of 0.048 ppm(1); in milk from Greece at a mean concn of 0.015 ppb(fat basis)(3); and in milk from Germany - 0.09 ppb(fat basis)(3). [REF-115]

  . In the US between 1970 and 1976, 2% of 4638 domestic samples of milk contained lindane at an avg concn of 0.002 ppm(1). In a ten year study of chlorinated hydrocarbons in bovine milk in Illinois, the percent positive samples for all isomers of hexachlorocyclohexane combined between 1972 and 1978 ranged from 68.6 to 91.8% with avg residues of 0.01 to 0.02 ppm. In 1980 and 1981, only 28.3 to 31% of samples were positive, with avg residues of trace (<0.001 ppm) to 0.01 ppm(2). Cow's milk from Greece contained a alpha-hexachlorocyclohexane concn of 0.022 ppm (fat basis)(3). Lindane was detected in evaporated milk from Mexico and Canada at avg concns of 0.015 and 0.01 ug/g extractable lipid basis, respectively; it was detected in powdered milk in Mexico at an avg concn of 0.03 ug/g extractable lipid basis(4). Lindane was detected in 10 of 12 samples of Mexican cream from milk and 6 of 7 samples of butter at avg concns of 0.02 and 0.03 ug/g extractable lipid basis, respectively(4). Lindane was detected in 460 of 460 cow's milk samples collected from an agrarian region of northwestern Spain between May 1987 and March 1988 at a mean concn of 0.024 ppm, max concn 0.071 ppm(5). Lindane was detected in 89.6% of cow's milk samples collected in Madrid, Spain between 1990 and 1991 at a mean concn of 33.9 ng/g fat basis, max 120 ng/g fat basis(6). Lindane was detected in samples of buffalo milk collected in Delhi, India during 1988 to 1989 at a mean concn of 0.002 mg/kg(7). Lindane was detected in samples of Tunisian crude farm milk and packed milk at concns ranging from 2.6 to 29.4 ng/g fat basis (average 9.3 ng/g fat basis) and 7.1 to 40.3 ng/g fat basis (average 14.5 ng/g fat basis), respectively(8). Lindane was detected in 80% of 355 samples of cow's milk collected from Veracruz, Mexico during 1996 at concns ranging from 0.014 to 0.052 mg/kg fat basis, mean 0.030 mg/kg fat basis(9). Lindane was detected in cow's milk collected from the Kampala (3 of 69 samples, mean 0.018 mg/kg milk fat, range 0.006 to 0.013 mg/kg milk fat) and Iganga (4 of 72 samples, mean 0.018 mg/kg milk fat, range 0.007 to 0.036 mg/kg milk fat) districts of Uganda between Oct 1992 and Jan 1993(10). [REF-116]

  . Lindane was detected in human milk fat samples collected in The Netherlands in 1988 at concns ranging from 0.01 (detection limit) to 0.24 mg/kg(1). Lindane was detected in human milk from the Yaqui Valley, Sorona at an avg concn of 0.671 ug/g fat basis(2). 15 of 30 human milk samples collected from Porto Alegre, Rio Grande do Sul, Brazil in 1987 and 1988 contained lindane at concns ranging from <0.01 to 0.21 ug/g fat, mean 0.02 ug/g fat(3). 104 samples of human breast milk collected between May 1995 and Dec 1996 from mothers living in Van province and Manisa province, Turkey contained lindane at mean concns of 0.016 and 0.017 mg/kg fat basis, respectively(4). Lindane was detected (limit of quantitation 0.50 ppb) in 5 of 31 human milk samples collected in Cairo, Egypt in May 1987 at a mean concn of 0.72 ppb, range 0.50 to 2.70 ppb(5). Lindane was detected in 7 of 31 human milk samples collected from Kafr El-Zayat, Egypt in 1994 at a mean concn of 2.55 ppb, range 0.06 to 4.69 ppb(6). Lindane was detected in 2 of 143 samples of mothers' milk collected in the Kampala City and Iganga District of Uganda between Oct 1992 and Jan 1993 at concns of 0.87 and 0.01 mg/kg milk fat, respectively(7). Lindane was detected in 80% of 47 human milk samples collected from lactating women in Ludhiana, Punjab, India at a mean concn of 0.004 ug/g whole milk basis; it was detected in 91% of 82 human milk samples collected from lactating women in Faridkot, Punjab, India at a mean concn of 0.11 ug/g whole milk basis(8). Lindane was detected in 52% of human breast milk samples collected from 43 mothers living in the Veracruz, Mexico area between Nov 1994 and March 1995 at concns ranging from 0.001 to 0.082 mg/kg fat weight, mean 0.022 mg/kg fat weight(9). Lindane was detected in 22 of 59 human milk samples collected from women living in Amman, Jordan during 1989 and 1990 at a median concn of 0.23 mg/kg milk fat basis, range 0.06 to 0.50 mg/kg milk fat basis(10). Lindane was detected in 20 of 20 human milk samples collected in France in 1991 at concns ranging from 8 to 132 ng/g milk fat(11). Lindane was detected in 46 of 60 samples of breast milk from women in Victoria, Australia at concns ranging from 0.003 to 0.48 ug/g fat, mean 0.108 ug/g fat(12). [REF-117]

  . Concentrations of lindane in human breast milk are stated to be approximately 5-7 times higher than concentrations in the maternal blood or in umbilical cord blood. Older women tend to have higher lindane concentrations of HCH and lindane in placental and umbilical cord blood than younger women. It has also been noted that lindane concentrations increased in maternal blood during delivery and that during pregnancy higher concentrations have been found in fetal blood and fetal tissue as well as placenta and amniotic fluid compared to maternal fat tissue. [REF-62, p.1035]

*** 13                    HUMAN ENVIRONMENTAL EXPOSURE *** 

13-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . Inhalation ... eye contact ... /dermal exposure/. [REF-13, p.1]

  . Air samples collected within a South Florida formulating plant and storage shed in 1974 contained 2082.0 and 1.1 ng/cu m lindane, respectively(1). [REF-118]

  . NIOSH (NOES Survey 1981-1983) has statistically estimated that 9,509 workers (3,162 of these are female) are potentially exposed to lindane in the US(1). The NOES Survey does not include farm workers. Occupational exposure to lindane may occur through inhalation of dust particles and dermal contact with this insecticide during or after its application or at workplaces where lindane is produced(SRC). The general population may be exposed to lindane via inhalation of ambient air, ingestion of contaminated food and drinking water, or dermal contact with medicinal products containing this insecticide(SRC). Infants may be exposed lindane via ingestion of contaminated breast milk(SRC). [REF-119]

13-2 AVERAGE DAILY INTAKE: 

  . ... US DHEW MONITORED LEVELS OF LINDANE IN FOODS DURING ... 1965-1974 & CALCULATED THE AVERAGE DAILY INTAKE. FOR PERIOD 1965-1970, ADI OF LINDANE WAS 3 UG/DAY; IN 1973, THIS DROPPED TO 0.2223 UG/DAY, & ... ROSE SLIGHTLY IN 1974 TO 0.5856 UG/DAY. [REF-17, p.V20 205]

  . In total diet studies in Spain in 1971-1972, the estimated per capita intake of ... lindane was 13.78 ug/day. In German Democratic Republic, the estimated average daily intake of lindane for an adult male in 1971 was 10 ug, & that of nursery school children was 7 ug. ... A model daily diet for adult Japanese contained an average of 3.5 ug lindane. [REF-17, p.V20 205]

  . WATER INTAKE: Assume 0.2 to 163 parts per trillion(1,2), 0.4 to 326 ng(SRC). FOOD INTAKE: Assume 0.0012 ug/g(3), 1.92 ug(SRC). AIR INTAKE: Assume 58 pg/cu m to 11.7 ng/cu m(4,5), 1.160 to 234 ng(SRC). [REF-120]

  . Average dietary intake 4 ng/kg body weight/day(1). Year-positive composites (%) (daily intake in ug): 1971 - 7.8% (0.3), 1972 - 3.8% (0.1), 1973 - 10.8% (0.2), 1974 - 14.4% (0.6), 1975 - 7.5% (0.2), 1976 - 10.0 (0.2)(1). [REF-121]

13-3 BODY BURDENS: 

  . In a cross-sectional study serum hexachlorocyclohexane (HCH) residues were studied in 64 employees of a pesticide manufacturing plant in India. The control group was made up of 14 workers with no occupational exposure to HCH. No quantitative information is provided on exposure levels. Duration of exposure ranged from 0-30 yr. Serum HCH concentrations were estimated by quantifying alpha, beta, gamma, and delta isomers with gas-liquid chromatography (GLC). The range of total HCH residues in the sera studied was 0.143-1.152 ppm. Total HCH residue levels and also the values for the alpha, beta, and gamma isomers in the exposed group were significantly higher than the respective values in the controls (p<0.01). Maintenance workers had mean serum levels 3 times higher than controls (0.1436 ppm versus 0.0514 ppm controls). Mean HCH serum levels were 5 times higher than controls in plant operators and supervisors (0.2656 ppm versus 0.0154 ppm controls). The maximum concentration of total serum HCH was obtained in those directly handling and packing the insecticide. The mean serum HCH level (0.6040 ppm) in this group was 12 times that of the controls. [REF-122]

  . Lindane was detected in the blood of 12.5% of male formulators in Weld County, CO in 1968 at concns ranging from 7 to 23 ppb, mean 16.8 ppb; it was detected in 1 of 87 blood samples from female formulators at a concn of 5 ppb(1). Lindane was detected in 86.6% of 142 blood samples from persons living in the Jackson and Mississippi delta areas in 1973 to 1974 at concns ranging from 0 to 5 ppb, 0.99 ppb mean(2); in 94% of 199 blood samples from Spain at a mean concn of 0.066 ppb(3); and in 8.3% of 497 blood samples from persons living in Virginia at concns ranging from 1 to 17 ppb, mean 3.5 ppb(3). It was detected in 3% of 59 samples of human milk from Alberta, Canada in 1966 to 1970 at concns ranging from not detected to 0.340 ppm, 0.006 ppm mean(4); in milk samples from Italy at concns ranging from 0.08 to 0.88 ppm(3); in milk samples from the Netherlands at a median concn of 0.02 ppm(3); in samples of milk fat from Austria at a mean concn of 0.048 ppm(3); in milk from Greece at a mean concn of 0.015 ppb (fat basis)(5); and in samples from Germany at a mean concn of 0.09 ppb (fat basis)(5). Lindane was detected in 90% of 99 fat samples from Canada at concns ranging from 0.001 to 0.030 ppb, 0.003 ppb mean(6); in 94% of 52 fat samples from Argentina at a mean concn of 0.09 ppm(3); and in 241 fat samples from Japan at a mean concn of 0.12 ppm(3). Lindane was detected in fat tissue of 183 healthy children, age 0 to 15.6 years, from Germany from Feb 1985 to Mar 1988 at a mean concn of 0.038 mg/kg fat tissue, median 0.019 mg/kg fat tissue(7). Lindane was detected in 32.2% of adipose tissue samples obtained during autopsies in Veracruz, Mexico in 1988 at a mean concn of 0.58 mg/kg, range 0.13 to 0.69 mg/kg; it was detected in 16.2% adipose tissue samples collected in 1991 at a mean concn of 0.27 mg/kg, range 0.14 to 0.38 mg/kg(8). [REF-123]

  . Lindane was detected in whole blood of occupationally-exposed persons and the general population in India at mean concns of 0.32 and 0.20 mg/l, respectively; the mean concn of lindane in lipids from occupationally exposed persons and the general population was 12.00 and 3.54 mg/kg, respectively(1). Whole blood samples collected from 47 Indian workers involved in spraying hexachlorocyclohexane in 1992 contained lindane at a mean concn of 8.50 ug/l, concns ranged from not detected to 61.67 ug/l; whole blood samples from the general population contained lindane at a mean concn of 1.75 ug/l, concn ranged from not detected to 12.15 ug/l(2). Lindane was detected in blood of neonates from the Yaqui Valley, Sonora at an avg concn of 0.0430 ug/l; it was detected in blood from the umbilical cord at a concn of 0.0844 ug/l(3). Lindane was detected in blood serum, breast milk, and adipose tissue collected from persons living in Delhi, India during 1988 to 1989 at mean concns of 1.12 mg/l, 0.012 mg/l, and 0.09 mg/kg, respectively(4). Lindane was detected in breast milk, maternal serum, and umbilical cord serum collected from 25 mothers and newborns in Delhi, India, at mean concns of 0.084, 0.004, and 0.004 mg/l, respectively(5). Lindane was detected in 3.3% of adipose tissue samples collected in Ankara, Turkey in 1991 and 1992 at a mean concn of 0.002 mg/kg extracted fat basis, range not detected to 0.062 mg/kg extracted fat basis(6). It was detected in 27.9% of adipose tissue samples collected from Tebriz, Iran in 1991 and 1992 at a mean concn of 0.018 mg/kg extracted fat basis, range not detected to 0.267 mg/kg extracted fat basis(7). Lindane was detected in human adipose tissue samples collected from four areas in Catalonia, Spain at mean concns ranging from 0.05 to 0.08 ug/g extracted lipid(8). Human adipose tissue samples collected in Greece during 1995 to 1996 contained lindane at an avg concn of 0.008 ug/g extractable lipid; the avg concn of lindane in adipose tissue samples from males was 0.009 ug/g extracted lipid, while the avg concn in females was 0.005 ug/g extracted lipid(9). Lindane was detected in human adipose tissue samples collected in Poland between 1989 and 1992 at a mean concn of 0.074 mg/kg fat, median 0.03 mg/kg fat, max 2.727 mg/kg fat(10). 96% of adipose tissue samples collected from persons living in El Paso, TX contained lindane at a mean concn of 0.20 ppm(11). [REF-124]

  . Lindane was detected in human milk fat samples collected in The Netherlands in 1988 at concns ranging from 0.01 (detection limit) to 0.24 mg/kg(1). Lindane was detected in human milk from the Yaqui Valley, Sorona at an avg concn of 0.671 ug/g fat basis(2). 15 of 30 human milk samples collected from Porto Alegre, Rio Grande do Sul, Brazil in 1987 and 1988 contained lindane at concns ranging from <0.01 to 0.21 ug/g fat, mean 0.02 ug/g fat(3). 104 samples of human breast milk collected between May 1995 and Dec 1996 from mothers living in Van province and Manisa province, Turkey contained lindane at mean concns of 0.016 and 0.017 mg/kg fat basis, respectively(4). Lindane was detected (limit of quantitation 0.50 ppb) in 5 of 31 human milk samples collected in Cairo, Egypt in May 1987 at a mean concn of 0.72 ppb, range 0.50 to 2.70 ppb(5). Lindane was detected in 7 of 31 human milk samples collected from Kafr El-Zayat, Egypt in 1994 at a mean concn of 2.55 ppb, range 0.06 to 4.69 ppb(6). Lindane was detected in 2 of 143 samples of mothers' milk collected in the Kampala City and Iganga District of Uganda between Oct 1992 and Jan 1993 at concns of 0.87 and 0.01 mg/kg milk fat, respectively(7). Lindane was detected in 80% of 47 human milk samples collected from lactating women in Ludhiana, Punjab, India at a mean concn of 0.004 ug/g whole milk basis; it was detected in 91% of 82 human milk samples collected from lactating women in Faridkot, Punjab, India at a mean concn of 0.11 ug/g whole milk basis(8). Lindane was detected in 52% of human breast milk samples collected from 43 mothers living in the Veracruz, Mexico area between Nov 1994 and March 1995 at concns ranging from 0.001 to 0.082 mg/kg fat weight, mean 0.022 mg/kg fat weight(9). Lindane was detected in 22 of 59 human milk samples collected from women living in Amman, Jordan during 1989 and 1990 at a median concn of 0.23 mg/kg milk fat basis, range 0.06 to 0.50 mg/kg milk fat basis(10). Lindane was detected in 20 of 20 human milk samples collected in France in 1991 at concns ranging from 8 to 132 ng/g milk fat(11). Lindane was detected in 46 of 60 samples of breast milk from women in Victoria, Australia at concns ranging from 0.003 to 0.48 ug/g fat, mean 0.108 ug/g fat(12). [REF-117]

***14                            STANDARDS AND REGULATIONS *** 

14-1 IMMEDIATELY DANGEROUS TO LIFE OR HEALTH (IDLH: 

  . 50 mg/cu m [REF-5, p.186]

14-2 ACCEPTABLE DAILY INTAKES: 

  . Ten day health advisory for a 10 kg child who consumes 1 liter of water/day is 1.2 mg/l. [REF-125, p.9]

  . Long-term health advisory for a 10 kg child who consumes 1 liter of water/day is 0.033 mg/l. [REF-125, p.9]

  . Long-term health advisory for a 70 kg adult who consumes 2 liter of water/day is 0.12 mg/l. [REF-126, p.9]

  . Lifetime health advisory for a 70 kg adult who consumes 2 liter of water/day is 10 ug/l. [REF-126, p.11]

  . FAO/WHO is 1 ug/kg/day. [REF-57, p.C-34]

  . FAO/WHO ADI: 0.008 mg/kg [REF-127]

14-3 ALLOWABLE TOLERANCES: 

  . Tolerances are established for the residues of the insecticide lindane(gamma isomer of benzene hexachloride) in or on raw agricultural commodities as follows: 7 ppm in or on the fat of meat from cattle, goats, horses, and sheep; 4 ppm in or on the fat of meat from hogs; 3 ppm in or on cucumbers, lettuce, melons, mushrooms, pumpkins, squash, summer squash, and tomatoes; 1 ppm in or on apples, apricots, asparagus, avocados, broccoli, brussel sprouts, cabbage, cauliflower, celery, cherries, collards, eggplants, grapes, guavas, kale, kohlrabi, mangoes, mustard greens, nectarines, okra, onions (dry bulb only), peaches, pears, peppers, pineapples, plums (fresh prunes), quinces, spinach, strawberries and Swiss chard; 0.01 ppm (negligible residue) in or on pecans. [REF-128]

14-4 OSHA STANDARDS: 

  . Permissible Exposure Limit: Table Z-1 8-hr Time-Weighted Avg: 0.5 mg/cu m. Skin Designation. [QR] [REF-129]

14-5 NIOSH RECOMMENDATIONS: 

  . 10 Hr Time-Weighted Avg: 0.5 mg/cu m. [skin]. [REF-5, p.186]

14-6 THRESHOLD LIMIT VALUES: 

  . 8 hr Time Weighted Avg (TWA) 0.5 mg/cu m, skin [REF-130, p.45]

  . 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. [REF-130, p.6]

  . A3. A3= Confirmed animal carcinogen with unknown relevance to humans. [REF-130, p.45]

14-7 OTHER OCCUPATIONAL PERMISSIBLE LEVELS: 

  . Australia: 0.5 mg/cu m, skin (1990); Federal Republic of Germany: 0.5 mg/cu m, short-term level 5 mg/cu m, 30 min, once per shift, skin (1991); United Kingdom: 0.5 mg/cu m, 10 min STEL 1.5 mg/cu m, skin (1991) [REF-36, p.860]

14-8 ATMOSPHERIC STANDARDS: 

  . Listed as a hazardous air pollutant (HAP) generally known or suspected to cause serious health problems. The Clean Air Act, as amended in 1990, directs EPA to set standards requiring major sources to sharply reduce routine emissions of toxic pollutants. EPA is required to establish and phase in specific performance based standards for all air emission sources that emit one or more of the listed pollutants. Lindane (gamma)is included on this list. [REF-131]

14-9 FEDERAL DRINKING WATER STANDARDS: 

  . EPA 0.2 ug/l [REF-132]

14-10 FEDERAL DRINKING WATER GUIDELINES: 

  . EPA 0.2 ug/l [REF-132]

14-11 STATE DRINKING WATER GUIDELINES: 

  . (AZ) ARIZONA 0.2 ug/l [REF-132]

  . (ME) MAINE 0.2 ug/l [REF-132]

14-12 CLEAN WATER ACT REQUIREMENTS: 

  . Designated as a hazardous substance under section 311(b)(2)(A) of the Federal Water Pollution Control Act and further regulated by the Clean Water Act Amendments of 1977 and 1978. These regulations apply to discharges of this substance. [REF-133]

  . Criterion to protect freshwater aquatic life ... is 0.080 ug/l as a 24 hr average, and the concentration should not exceed 2.0 ug/l at any time. [REF-57, p.B-9]

  . For saltwater aquatic life, the concentration of lindane should not exceed 0.16 ug/l at any time. [REF-57, p.B-9]

  . Based on consumption of 2 l of water per day and consumption of 6.5 g fish and shellfish and the associated risk levels of 1x10(-7), 1x10(-6), and 1x10(-5) the corresponding criteria is 0.92 ng/l, 9.2 ng/l, and 92 ng/l respectively. Consumption of fish and shellfish only the corresponding citeria are: 3.10 ng/l, 31.0 ng/l, and 310 ng/l respectively. [REF-57, p.C-37]

  . [40 CFR 129 (1985)] The Clean Water Act of 1977 requires the EPA administrator to publish ambient water quality criteria for the pollutant lindane listed under section 307. The criteria are to be used as effluent guidelines as required under Section 301 of the act and will also be used under section 3001 of the Resource Conservation and Recovery Act (RCRA).

  . Toxic pollutant designated pursuant to section 307(a)(1) of the Clean Water Act and is subject to effluent limitations. /Hexachlorocyclohexane/ [REF-134]

14-13 TRANSPORT METHODS AND REGULATIONS: 

  . No person may /transport,/ offer or accept a hazardous material for transportation in commerce unless that person is registered in conformance ... and the hazardous material is properly classed, described, packaged, marked, labeled, and in condition for shipment as required or authorized by ... /the hazardous materials regulations (49 CFR 171-177)./ [REF-135]

  . 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. [REF-136, 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. [REF-137, p.3097-1,6193,6194,6195]

14-14 CERCLA REPORTABLE QUANTITIES: 

  . Persons in charge of vessels or facilities are required to notify the National Response Center (NRC) immediately, when there is a release of this designated hazardous substance, in an amount equal to or greater than its reportable quantity of 1 lb or 0.454 kg. The toll free number of the NRC is (800) 424-8802; In the Washington D.C. metropolitan area (202) 426-2675. The rule for determining when notification is required is stated in 40 CFR 302.4 (section IV. D.3.b). [REF-138]

  . Releases of CERCLA hazardous substances are subject to the release reporting requirement of CERCLA section 103, codified at 40 CFR part 302, in addition to the requirements of 40 CFR part 355. Lindane is an extremely hazardous substance (EHS) subject to reporting requirements when stored in amounts in excess of its threshold planning quantity (TPQ) of 1,000/10,000 lbs. [REF-139]

14-15 RCRA REQUIREMENTS: 

  . U129; As stipulated in 40 CFR 261.33, when lindane, as a commercial chemical product or manufacturing chemical intermediate or an off-specification commercial chemical product or a manufacturing chemical intermediate, becomes a waste, it must be managed according to Federal and/or State hazardous waste regulations. Also defined as a hazardous waste is any residue, contaminated soil, water, or other debris resulting from the cleanup of a spill, into water or on dry land, of this waste. Generators of small quantities of this waste may qualify for partial exclusion from hazardous waste regulations (40 CFR 261.5). [REF-140]

    D013; A solid waste containing lindane 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-141]

14-16 FIFRA REQUIREMENTS: 

  . CURRENTLY MARKETED /IN US/ UNDER SLN /SPECIAL LOCAL NEED/ REGISTRATIONS. [REF-18, p.C-141]

  . Summary of Regulatory Position and Rationale: Required unique labeling summary: All manufacturing-use and end-use lindane products must bear appropriate labeling as specified in 40 CFR 162.10. In addition, the following information must appear on the label: All manufacturing-use products must state that they are intended for formulation into other manufacturing-use products or end-use products only for registered uses. All manufacturing-use products shall contain the following text in the Environmental Hazards section of the label: This pesticide is toxic to fish and aquatic invertebrates. Do not discharge effluent containing this product into lakes, streams, ponds, estuaries, oceans, or public waters unless this product is specifically identified and addressed in an NPDES permit. Do not discharge effluent containing this product into sewer systems without previously notifying the sewage treatment plant authority. [REF-142]

  . All end-use products containing lindane that were classified as restricted by the Final Notice of Determination concluding the RPAR shall continue to be classified for restricted use, and the restricted use label must include the cancer hazard warning statement. All end-use products shall continue to carry the applicator protection statements previously required by the Final Notice of Determination concluding the RPAR. Products with directions for foliar application to crops whose culture involves hand labor must bear the statements required under PR Notices 83-2 and 84-1 for farmworker safety, including a 24 hr re-entry interval. End-use products with directions for spraying uninhabited buildings or empty storage bins must include protective clothing requirements, including the use of a respirator. All end-use products for indoor-use shall indicate that lindane is not to be applied to edible product areas of food processing plants, or to serving areas while food is exposed. All end-use products with uses on livestock or livestock premises must indicate not to contaminate food, feed, or water with the pesticide. Also, there must be a statement that indicates lindane is not to be applied to poultry houses, dairy barns, and milk rooms. All feed or water troughs must be covered, and all livestock should be removed from animal shelters (barns, sheds, etc) prior to the treatment of the structure. [REF-142]

  . All end-use products for structural pest control must indicate that lindane is not to be applied in currently occupied areas (ie regular living, or working areas, including finished attics or basements) of homes or other buildings. The characterization of a use site depends upon its intended function and not upon whether there are occupants in the area at the time of treatment. [REF-142]

  . Available data are insufficient to fully assess the environmental fate of lindane and its ecological effects. A full complement of such studies is being required. ... Summary of Major Data Gaps include: An acute inhalation study; A 90-day inhalation study; A dermal sensitization study; A 21-day dermal toxicity study; A rat chronic/oncogenicity study; Laboratory animal blood dyscrasias study; Full complement of environmental fate studies; Plant metabolism studies; Livestock animal metabolism studies; and Residue chemistry studies on all crops. [REF-142]

  . In 1988, Congress amended FIFRA to strengthen and accelerate EPA's reregistration program which applies to each registered pesticide product containing an active ingredient initially registered before November 1, 1984. Lindane is found on list A which consists of the 194 chemical cases (or 350 individual active ingredients) for which EPA had issued Registration Standards prior to the effective date of FIFRA '88. List: A; Case: Lindane Case No.: 0315; Pesticide type: insecticide; Registration Standard Date: 9-30-85; Case Status: Awaiting Data/Data in Review: OPP awaits data from the pesticide's producer(s) regarding its human health and/or environmental effects, or OPP has received and is reviewing such data, in order to reach a decision about the pesticide's eligibility for reregistration. In Special Review. The pesticide is in or has completed the reregistration review process. Meanwhile, it also has become the subject of an in depth, risk/benefit balancing Special Review.; Data Call-in (DCI) Date: 9-30-91; AI Status: The producer(s) of the pesticide has made commitments to conduct the studies and pay the fees required for reregistration, and is meeting those commitments in a timely manner. [REF-143, p.112]

  . Tolerances are established for the residues of the insecticide lindane(gamma isomer of benzene hexachloride) in or on raw agricultural commodities as follows: in or on the fat of meat from cattle, goats, horses, and sheep; in or on the fat of meat from hogs; in or on cucumbers, lettuce, melons, mushrooms, pumpkins, squash, summer squash, and tomatoes; in or on apples, apricots, asparagus, avocados, broccoli, brussel sprouts, cabbage, cauliflower, celery, cherries, collards, eggplants, grapes, guavas, kale, kohlrabi, mangoes, mustard greens, nectarines, okra, onions (dry bulb only), peaches, pears, peppers, pineapples, plums (fresh prunes), quinces, spinach, strawberries and Swiss chard; in or on pecans. [REF-128]

 ***  15                    MONITORING AND ANALYSIS METHODS *** 

15-1 SAMPLING PROCEDURES:

  . Air samples containing lindane are taken with an organic binder-free, 37 mm glass fiber filter, held without backup pad in a two-piece polystyrene cassette filter holder connected in series with a midget bubbler containing 15 ml of isooctane. This system is also connected to a sampling pump, calibrated at 0.5 l/min for 1 to 6 hr (30 to 180 l). This technique has an overall precision of 0.086 for a range of 0.3 to 1.7 mg/cu m. [REF-144, p.5502-1]

15-2 ANALYTIC LABORATORY METHODS:

  . WATER ANALYSIS BY TLC: MUSTY PR, NICKLESS G; J CHROMATOGR 120: 369 (1976). SOIL SEDIMENTS BY TLC, LIMIT OF DETECTION 25 UG/KG: TAYLOR R ET AL; CHEM ANAL (WARSAW) 20: 607 (1975). SEDIMENTS & SEWAGE SLUDGE BY GC/ECD, LIMIT OF DETECTION 1-10 UG/KG: JENSEN S ET AL; ANAL CHEM 49: 316 (1977). [REF-17, p.V20 209]

  . FRUIT & VEGETABLES BY GC/THERMIONIC DETECTION, TLC ... [REF-145, p.14/466 29.001]

  . ... CRYOSCOPIC METHOD FOR EST OF GAMMA ISOMER CONTENT: TOOPS EE & RIDDICK JA; ANALYT CHEM 23: 1106 (1951). ISOTOPE DILUTION METHOD ... BY CRAIG JT ET AL; ANAL CHEM 25: 1661 (1953). [REF-146, p.315]

  . A gas chromatographic method with electrolytic conductivity detection for the analysis of lindane, consists of a glass column, 1.2 m x 3 mm OD, packed with Chromosorb (80/100 mesh acid DMCS) coated with 5% SE-30, and nitrogen as the carrier gas at a flow rate of 140 ml/min, is a NIOSH approved method. A sample volume of 15 ul is suggested, and the column temperature is 160 to 190 deg C. The detector must be equipped with a quartz reduction furnace, at a temperature of 750-770 deg C with hydrogen at a flow rate of 150 to 160 ml/min, the in-line vent temperature is 205 deg C, and the transfer temperature is 225 deg C. This method has an estimated detection limit of 3 ug and a relative standard deviation of 0.013, over a working range of 5 to 135 ug/sample. [REF-144, p.5502-1]

  . The determination of gamma-BHC in technical BHC, pesticide formulations, and in lindane shampoos and lotions, is performed by gas chromatography with flame ionization detection. Specific preparations and analyses are presented for the particular samples. Overall standard deviations are 0.648 for technical BHC, 0.388 for water-dispersable powder, 0.296 for emulsifiable concns, 0.0213 for 1% lotions, and 0.0561 for 1% shampoos. [REF-145, p.14/107 6.221]

  . The determination of the gamma isomer of benzene hexachloride in pesticide formulations is performed with infra red spectrophotometry. The specific isomer is separated by fractional crytstallization with methanol. Preparation of purified sample is done with carbon disulfide and the transmittance is read at a wavelength of 14.53 um. Approximate concns are determined using standard and working curves. [REF-145, p.14/107 6.227]

  . Method 608: A gas chromatographic method for the analysis of gamma-BHC in municipal and industrial discharges, consists of a glass column, 1.8 m x 4 mm, packed with Supelcoport (100/120 mesh) coated with 1.5% SP-2401, with electron capture detection, and a 5% methane/95% argon mixture as the carrier gas at a flow rate of 60 ml/min, is an EPA approved method. A sample injection volume of 2 to 5 ul is suggested, the column temperature is held isothermal at 200 deg C. This method has a detection limit of 0.009 ug/l and an overall precision of 0.22 times the average recovery + 0.04, over a working range of 0.5 to 30 ug/l. [REF-147]

  . AOAC Method 970.52. Organochlorine and Organophosphorus Pesticide Residues. General Multiresidue Methods. [REF-148]

  . AOAC Method 958.07. Lindane and Technical BHC Pesticide Residues. Distinguishing Method. [REF-149]

  . USGS Method O9104. Organochlorine Compounds Recoverable from Fish Tissue by Gas Chromatography. GCECD, fish, 0.10 ug/kg. [REF-150]

  . EMSLC Method 505. Analysis of Organohalide Pesticides and Commercial Polychlorinated Biphenyl (PCB) Products in Water by Microextraction and Gas Chromatography. Revision 2.0. CGCECD, method detection limit 0.003 ug/l, drinking water. [REF-150]

  . EMSLC Method 508.1. Determination of Chlorinated Pesticides, Herbicides, and Organohalides by Liquid-Solid Extraction and Electron Capture Gas Chromatography (Revision 1). CGCECD, method detection limit 0.006 ug/l, drinking water, groundwater. [REF-150]

  . EMSLC Method 525.1. Determination of Organic Compounds in Drinking Water by Liquid-Solid Extraction and Capillary Column Gas Chromatography and Mass Spectrometry. Revision 2.2. CGCMS, method detection limit 0.100 ug/l, drinking water. [REF-150]

  . EMSLC Method 608. Organochlorine Pesticides and PCBs in Wastewater by Gas Chromatography with Electron Capture Detection. GCECD, method detection limit 0.004 ug/l, wastewater. [REF-150]

  . EMSLC Method 625-S. Analysis of Extractable Organic Priority Pollutants in Industrial and Municipal Wastewater Treatment Sludge. GCMS, method detection limit 3.10 ug/l, sludge. [REF-150]

15-3 CLINICAL LABORATORY METHODS:

  . GAMMA-HCH &/OR METABOLITES WERE DETERMINED IN MICROBIAL CULTURES, URINE, TISSUES & HUMAN BLOOD BY GAS CHROMATOGRAPHY. NITROGEN WAS CARRIER GAS, FLAME IONIZATION & ELECTRON CAPTURE DETECTORS WERE USED. [REF-151]

  . EGGS BY GC/THERMIONIC DETECTION: FINSTERWALDER CE; J ASSOC OFF ANAL CHEM 59: 169 (1976). RAT SERUM BY PC, GC/ECD, DETECTION LIMIT 15 NG/L: FRANKEN JJ, LUYTEN BJM; J ASSOC OFF ANAL CHEM 59: 1279 (1976). [REF-17, p.V20 209]

 ***16                        MANUFACTURING AND USE INFORMATION *** 

16-1 METHODS OF MANUFACTURING: 

  . gamma-HCH is isolated by selective crystallization of crude HCH. [REF-152]

  . Lindane is extracted from HCH by use of selected solvents, the most common ... is methanol. The gamma-isomer so obtained is treated with nitric acid to remove odor. [REF-17, p.V20 201]

  . Prepared by treating crude benzene hexachloride with methanol or acetic acid in which the alpha- and beta-isomers are nearly insoluble, followed by chromatographic adsorption or fractional crystallization. [REF-153, p.VA14 280]

  . Benzene + chlorine (photochlorination/isomer separation). [REF-154, p.539]

16-2 IMPURITIES: 

  . Commercial lindane available in the US contains minimum of 99.9% (by wt) of gamma-isomer. The remaining 0.1% consists of other unspecified isomers of HCH. [REF-17, p.V20 199]

  . Crude benzene hexachloride consists of 10-18% of the gamma-isomer, 55-70% of the alpha- isomer, 5-14% of the beta-isomer, 6-8% of the delta-isomer, 3-4% of the epsilon-isomer, and a trace of the eta-isomer. A heptachlorocyclohexane and an octachlorocyclohexane are present as impurities and contribute to the unpleasant odor of benzene hexachloride. [REF-153, p.VA14 280]

16-3 FORMULATIONS/PREPARATIONS: 

  . Preparations sold for pharmaceutical or medicinal purposes now contain at least 99% pure gamma-isomer. [REF-7, p.940]

  . Emulsifiable concentrates, flowables, wettable powders, oil-base sprays, granules, dusts, smoke generator. PREMIXES: DB-Green (+ maneb) (AGSCO, Inc.); Seed Shield Isopro and Seed Shield Protox (+ captan), Seed Shield Maneb/Lindane (+ maneb) (Cornbelt Chemical); Vitavax-Thiram-Lindane (+ carboxin + Thiram) (Gustafson, Inc.); Kick-Start (+ carboxin + diazinon) (Helena Chemical Co.); Dizalin (+ diazinon) (Luxan B.V.); Sevidol (+ carbaryl) (Rhone-Poulenc); Enhance Plus (+ carboxin + maneb), Germate Plus (+ carboxin + diazinon), Grain Guard Plus (+ mancozeb), Kernel Gurad (+ captan + diazinon), Sorghum Guard (+ captan) (Trace Chemicals, Inc.); Gammasam, Isotox (+ captan), Agrox D-L Plus (+ captan + diazinon), Agrox Premiere (+ captan + diazinon + metalaxyl), Granol N-M (+ maneb) (Wilbur-Ellis Co., Seed and Grain Protectant Products). [REF-6, p.C 234]

  . Suspension concentrate, emulsifiable concentrate, smoke generator, solution for seed treatment, granule, wettable powder, dispersible powder, ultra-low volume suspension. MIXTURES: (gamma-HCH +) carboxin; tecnazene; captan; organomercury compounds; diazinon; malathion; thiram; dimethoate; methoxychlor; and many other fungicides and insecticides. [REF-152]

  . GAMMA BENZENE HEXACHLORIDE USP: TOPICAL, 1% IN CREAM OR LOTION, OR IN AN INERT BASE AS A DUSTING POWDER ... [REF-2, p.1187]

  . AFICIDE [REF-1, p.86/8606]

  . AGRISOL G-20 [REF-1, p.86/8606]

  . AGROCIDE [REF-1, p.86/8606]

  . AGROCIDE 2 [REF-1, p.86/8606]

  . AGROCIDE III [REF-1, p.86/8606]

  . AGROCIDE WP [REF-1, p.86/8606]

  . AGRONEXIT [REF-1, p.86/8606]

  . AMEISENTOD 

  . APARASIN [REF-1, p.86/8606]

  . APHTIRIA [REF-1, p.86/8606]

  . ARBITEX 

  . BBH [REF-1, p.86/8606]

  . BEN-HEX [REF-1, p.86/8606]

  . BEXOL [REF-1, p.86/8606]

  . CHLORESENE 

  . CODECHINE 

  . DETOX 25 [REF-1, p.86/8606]

  . DEVORAN 

  . ENTOMOXAN 

  . Exagama [REF-15, p.A247/Oct 83]

  . Gallogama [REF-15, p.A247/Oct 83]

  . GAMACID 

  . Gammalin [REF-15, p.A247/Oct 83]

  . GAMMEX [REF-1, p.86/8606]

  . GEXANE [REF-1, p.86/8606]

  . HEXAVERM 

  . HGI [REF-1, p.86/8606]

  . HORTEX 

  . Inexit [REF-15, p.A247/Oct 83]

  . ISOTOX 

  . JACUTIN [REF-1, p.86/8606]

  . KOKOTINE 

  . KWELL [REF-1, p.86/8606]

  . Lindafor [REF-15, p.A247/Oct 83]

  . Lindagranox [REF-15, p.A247/Oct 83]

  . Lindaterra [REF-15, p.A247/Oct 83]

  . Lindamul [REF-15, p.A247/Oct 83]

  . LINTOX 

  . LOREXANE [REF-1, p.86/8606]

  . NEO-SCABICIDOL 

  . NEXIT 

  . OMNITOX 

  . STREUNEX [REF-1, p.86/8606]

  . LENTOX 

  . Liquid formulation can be 2-75% lindane in a solvent, frequently xylene. [REF-77]

  . HEXACHLORAN [REF-1, p.86/8606]

  . GAMMEXANE [REF-1, p.86/8606]

  . HEXACHLORANE [REF-1, p.86/8606]

  . GAMMAHEXANE [REF-1, p.86/8606]

  . /Formulated for/ ... soil incorporation, by soil injection in combination with a fumigant (for pineapple use only) ... and as a dust for human skin/clothing (military use only). [REF-142]

  . Types of formulations: 0.27-11.2% impregnated formulations, 0.5-75% dusts, 3-73% wettable powders, 0.5-25% liquids, 0.25-3% pressurized liquids, 1-4% flowable concentrates, 0.45-40% emulsifiable concentrates. [REF-142]

  . Isotox Seed Treater (75) contains lindane at 75%. [REF-26, p.V-325]

  . Gamma-col; Gexagon; Lindacol SC; Gammason 30 LS, 300 g/l; Gammexine, 400 g/kg; Grain Store Smoke; Lintox 3 GR, 30 g/kg; Litexa 90WP, 900 g/kg; Mini Leatherjacket Pellets, 18 g/kg; New Kotol; Steward; Wireworm FS [REF-155, p.444]

  . Ceregram; Ceregram AC DP; Ceregram total DS; Ceresan-Gamma M Special DS; Diblecar MN DP; Dual Murganic RPB, seed treatment; Fumite Tecnalin FU; Gammalex DS, 75 g gamma-HCH; Gammalex Liquid FS; Hexyl; Hysede LS, 400 g gamma HCH; Lindex FS; Lindex Huileux; Manegam AC, DS; Mergamma 30; Mergamma W, DS; Panoctine AT 250; Panoctine AT; Universal DS; Paralindex; Quinolate 3 FS; Quinolate Triple Kara DS; Quinolate MG, FS, DS; Quinolate MG SAFI, DS; Quinolate V4X; Triple DS; Sentry; Temik LD; Temik M, MG; Sopragam LP; Triblecar MN, DS; Trimisem Total, WP, 165 g gamma-HCH; Vitavax 750 L, DS, 14.3 g gamma-HCH; Abol X; Hawesan Plus; Temik L [REF-155, p.445]

16-4 MANUFACTURERS: 

  . Drexel Chemical Company, Hq, 1700 Channel Ave., Memphis, TN 38106-1412, (901) 774-4370, P.O. Box 13327, Memphis, TN 38113-0327. Production site: Cordele, GA 31015 [REF-156, p.795]

16-5 OTHER MANUFACTURING INFORMATION: 

  . Currently marketed /in US/ under SLN /special local need/ registrations. [REF-6, p.C 234]

  . /The term "lindane" has been used to describe the technical product, BHC/. "Benzene hexachloride", a term firmly established by usage, is a misnomer for 1,2,3,4,5,6-hexachlorocyclohexane. ... The technical product is a mixture of isomers of this ... & related cmpd. ... [REF-27, p.211]

  . The insecticidal propertities of /BHC/ were discovered independently about 1942 by Dupire A & Raucourt M (CR Hebd Seances Acad Agric Fr 29: 470-2 (1943)) & by Slade RE (Chem Ind 314-9 (1945)); it was Slade & his colleagues who showed that the gamma-isomer is the insecticidally effective one. [REF-27, p.212]

  . RESISTANCE TO ... GAMMA-BHC ... HAS BEEN OBSERVED IN CATTLE-SUCKING LICE, H EURYSTERNUS ... IN BED BUG, C LECTULARIUS ... & C HEMIPTERUS ... TWO SPECIES OF BOOPHILUS (THE BLUE TICK ... & THE CATTLE TICK) ... & IN MOSQUITOES ... CULEX FATIGANS ... [REF-8, p.479]

  . ... Lindane is not effective in the prophylaxis of scabies. [REF-44]

  . gamma-HCH was introduced by ICI Plant Protection Ltd (now Zeneca Agrochemicals). [REF-152]

16-6 MAJOR USES: 

  . Used in baits & seed treatments for rodent control. [REF-15, p.A247/OCT 83]

  . Application rates: Range from 0.25 to 2.25 ounces/100 lb of seed for seed treatment; 0.1 to 2.06 lb/acre for foliar and soil treatment; 0.8 to 1.5 oz/50,000 cubic feet of greenhouse; 0.006 to 0.11 lb/gallon for bark; 0.023 to 3% sprays, dips, and dusts for indoor and animal treatment; <0.01 lb/1000 square feet for animal premises; <4 lb/1000 square feet (14.64% solutions) for wood, and wooden structures; and 1% dust for human skin/clothing treatment (military use only). [REF-142]

  . Insecticide used for control of a broad spectrum of phytophagous and soil-inhabiting insects, public-health pests, and animal ectoparasites. Used on a wide range of crops and in seed treatments. [REF-152]

  . THERAP CAT: Pediculicide; scabicide; THERAP CAT (VET): Ectoparasiticide. [REF-7, p.940]

16-7 CONSUMPTION PATTERNS:

    [SRI] INSECTICIDE USED ON WHEAT, 25%; INSECTICIDE USED ON OTHER FIELD CROPS-EG,  CORN, 25%; NON-AGRICULTURAL USES, 50% (1982) 

16-8 U.S. PRODUCTION:

    [SRI] (1976) PROBABLY GREATER THAN 2.27X10+6 G 

    [SRI] (1982) NOT PRODUCED COMMERCIALLY IN US 

16-9 U.S. IMPORTS:

    [SRI] (1977) 1.52X10+8 G (PRINCPL CUSTMS DISTS) 

    [SRI] (1982) 8.53X10+7 G (PRINCPL CUSTMS DISTS) 

*** 17                        CHEMICAL AND PHYSICAL PROPERTIES ***

17-1 MOLECULAR WEIGHT             : 290.83 [REF-7, p.940]

17-2 MELTING POINT                : 112.5 deg C [REF-7, p.940]

17-3 BOILING POINT                : 323.4 deg C @ 760 mm Hg [REF-157, p.3-122]

17-4 DENSITY/SPECIFIC GRAVITY     : 1.85 [REF-8, p.87]

17-5 VAPOR PRESSURE               : 4.20X10-5 mm Hg at 20 deg C [REF-152]

17-6 CORROSIVITY                  : Corrosive to metals. [REF-15, p.A247/Oct 83]

17-7 OCTANOL/WATER PARTITION COEFFICIENT:

                               log Kow= 3.72 [REF-158, p.19]

17-8 RELATIVE EVAPORATION RATE    : 1.5X10-4 m/hr [REF-76, p.1080]

17-9 SOLUBILITIES: 

  . Solubility in water: 7.3 ppm at 25 deg C, 12 ppm at 35 deg C, 14 ppm at 45 deg C; slightly sol in mineral oils [REF-6, p.C 234]

  . SPARINGLY SOLUBLE IN PETROLEUM, HYDROCARBONS [REF-159, p.719]

  . In acetone 43.5, methanol 7.4, ethanol 6.4, benzene 28.9, toluene 27.6, xylene 24.7, diethyl ether 20.8, petroleum ether 2.9, ethyl acetate 35.7, chloroform 24.0, carbon tetrachloride 6.7, cyclohexanone 36.7, dioxane 31.4, acetic acid 12.8 (all in g/l at 20 deg C). [REF-152]

  . Water solubility = 7.52 ppm [REF-160]

  . In water, 7.3 ppm at 25 deg C [REF-152]

17-10 SPECTRAL PROPERTIES: 

  . Index of refraction: 1.644 @ 20 deg C/D [REF-7, p.940]

  . SADTLER REFERENCE NUMBER: 9697 (IR, PRISM) [REF-161, p.C-262]

  . SADTLER REF NUMBER FOR IR SPECTRUM (A4098): LINDANE HAS STRONGEST BAND AT 14.6 MICROMETERS; OTHER BANDS APPEAR AT 7.5, 8.0, 9.1, 10.5, 11.8, & 12.9 MICROMETERS [REF-159, p.520]

  . Intense mass spectral peaks: 181 m/z (100%), 183 m/z (98%), 109 m/z (98%), 51 m/z (91%) [REF-162, p.76]

  . IR: 574 (Sadtler Research Laboratories IR Grating Collection) [REF-163, p.V1 480]

  . NMR: 7046 (Sadtler Research Laboratories Spectral Collection) [REF-163, p.V1 480]

  . MASS: 4774 (National Bureau of Standards EPA-NIH Mass Spectra Data Base, NSRDS-NBS-63) [REF-163, p.V1 480]

  . Intense mass spectral peaks: 217 m/z, 252 m/z, 288 m/z [REF-164, p.498]

17-11 OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . Possesses more vapor activity than most organochlorine insecticides. [REF-6, p.C 234]

  . Lindane heated in steam at 102 deg C produced ... 0.13% hydrogen chloride. [REF-67, p.32-4]

  . Vapor pressure: 9.4X10-6 mm Hg @ 20 deg C [REF-7, p.940]

  . Henry's Law constant = 2.0X10-6 cu-cm/molc sec @ 23 deg C [REF-165]

  . Henry's Law constant = 3.50X10-6 atm-cu m/mol at 25 deg C [REF-166]

  . Extremely stable to light, air, temperatures up to 180 deg C, and to acids. In alkalis undergoes dehydrochlorination, half-lives at 22 deg C are 191 days at pH 7 and 11 hours at pH 9. [REF-152]
 ***18                                          REFERENCES *** 

18-1 SPECIAL REPORTS:

  . USEPA/ODW; Drinking Water Health Advisory for: Lindane (Draft) (1985)

  . EL BEIT IOD ET AL; FACTORS AFFECTING SOIL RESIDUES OF DIELDRIN, ENDOSULFAN, GAMMA-HCH, DIMETHOATE, AND PYROLAN; ECOTOXICOL ENVIRON SAF 5 (2): 135-60 (1981). FACTORS THAT AFFECT SOIL RESIDUES OF SEVERAL PESTICIDES (INCL LINDANE) ARE REVIEWED.

  . SHACTER B; TREATMENT OF SCABIES AND PEDICULOSIS WITH LINDANE PREPARATIONS: AN EVALUATION; J AM ACAD DERMATOL 5 (5): 517-27 (1981). RISKS & BENEFITS INVOLVED IN USE OF LINDANE PREPN FOR TREATMENT OF SCABIES & HEAD LICE INFESTATIONS ARE EVALUATED.

  . CHADWICK RW ET AL; COMPARATIVE EFFECT OF PRETREATMENT WITH PHENOBARBITAL, AROCLOR 1254, AND BETA-NAPHTHOFLAVONE ON THE METABOLISM OF LINDANE; PSTIC BIOCHEM PHYSIOL 15 (2): 120-36 (1981). COMPARATIVE EFFECT OF PRETREATMENT OF FEMALE SPRAGUE-DAWLEY RATS WITH PHENOBARBITAL, AROCLOR 1254, OR BETA-NATHTHOFLAVONE IS REVIEWED.

  . BARTHEL E; CANCER RISK IN PESTICIDE-EXPOSED AGRICULTURAL WORKERS; ARCH GESCHWULSTFORSCH 51 (7): 579-85 (1981). CANCER RISK WAS STUDIED IN 1658 AGRIC WORKERS WHO HAD BEEN EXPOSED TO PESTICIDES FOR AT LEAST 5 YR IN COHORT STUDY.

  . USEPA/OPTS; Suspended, Cancelled and Restricted Pesticides (1985)

  . USEPA; Ambient Water Quality Criteria Doc: Hexachlorocyclohexane (1980) EPA 440/5-80-054
  . USEPA/OPTS; Lindane Position Document No. 2/3 (1980)

  . DHHS/ATSDR; Toxicological Profile for Alpha-, Beta-, Gamma- and Delta-Hexachlororethane (Update) (1994) ATSDR/TP-93-09
  . DHEW/NCI; Bioassay of Lindane for Possible Carcinogenicity (1977) Technical Rpt Series No. 14 DHEW Pub No. (NIH) 77-814
  . WHO; Environmental Health Criteria 124: Lindane (1991)

  . DHHS/NTP; Seventh Annual Report on Carcinogens (1994)

18-2 REFERENCES:

           HAZARDOUS SUBSTANCES DATA BANK (HSDB) 
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