
1***SUBSTANCE IDENTIFICATION***
1-1 HSDB CHEMICAL NAME           : ENDOSULFAN
1-2 CAS REGISTRY NUMBER          : 115-29-7
1-3 SYNONYMS:

    Thiodan 50 W [REF-1, p.73]; BENZOEPIN ; BEOSIT ; BIO 5,462 ; CHLORTHIEPIN ; CRISULFAN ; CYCLODAN ; DEVISULPHAN ; ENDOSOL ; ENDOSULPHAN ; ENSURE ; ENT 23,979 ; 1,2,3,4,7,7-HEXACHLOROBICYCLO-2,2,1-HEPTEN-5,6-BISOXYMETHYLENE SULFITE [REF-2, p.254]; 1,2,3,4,7,7-HEXACHLOROBICYCLO(2.2.1)-2-HEPTENE-5,6-BISOXYMETHYLENE SULFITE [REF-3, p.516]; 6,7,8,9,10,10-HEXACHLORO-1,5,5A,6,9,9A-HEXAHYDRO-6,9-METHANO-2,4,3- BENZO(E)DIOXATHIEPIN 3-OXIDE [REF-4, p.235]; 1,4,5,6,7,7-HEXACHLORO-8,9,10-TRINORBORN-5-EN-2,3-YLENEDIMETHYL SULPHITE [REF-4, p.235]; Hildan ; HOE 2671 [REF-5, p.12]; Thiodan 4E Insecticide Liquid [REF-1, p.73]; Thiodan 4EC Insecticide [REF-1, p.72]; Thiodan Dust Insecticide [REF-1, p.73]; INSECTOPHENE ; KOP-THIODAN ; MALIX ; 6,9-METHANO-2,4,3-BENZODIOXATHIEPIN, 6,7,8,9,10,10-HEXACHLORO-1,5,5A,6,9,9A- HEXAHYDRO-, 3-OXIDE ; NCI-C00566 ; NIA 5462 ; NIAGARA 5,462 ; 5-NORBORNENE-2,3-DIMETHANOL, 1,4,5,6,7,7-HEXACHLORO-, CYCLIC SULFITE ; OMS 570 ; EPA Pesticide code 079401 [REF-6, p.115]; PFF Thiodan 4E [REF-1, p.72]; THIFOR ; THIMUL ; THIODAN ; Thiodan 4EC [REF-1, p.73]; THIOFOR ; THIOMUL ; THIONEX ; THIOSULFAN ; THIOSULFAN TIONEL ; Thiotox ; THIOTOX (INSECTICIDE) ; Tionel [REF-5, p.12]; TIONEX ; TIOVEL ; Thiodan 50 WP Insecticide [REF-1, p.72]; Thiodan 50 WP [REF-1, p.73]

1-4 MOLECULAR FORMULA            : C9-H6-Cl6-O3-S [REF-3, p.516]

    49 215 16; Endosulfan (agricultural insecticides, not elsewhere classified, liquid)

    49 215 17; Endosulfan (agricultural insecticides, not elsewhere classified, liquid)

    49 215 18; Endosulfan (insecticides, other than agricultural, not elsewhere classified)

    49 215 19; Endosulfan mixture, liquid (agricultural insecticides, not elsewhere classified, liquid)

1-5 ASSOCIATED CHEMICALS         : ALPHA-ENDOSULFAN;959-98-8      BETA-ENDOSULFAN;33213-65-9
2*** DESCRIPTION AND WARNING PROPERTIES ***

2-1 COLOR/FORM:
    Brown crystals ... [Note: Technical product is a tan, waxy, isomer mixture]. [REF-7, p.126]

2-2 ODOR:

    Similar to terpene. [REF-1, p.75]

    ... Slight, sulfur dioxide odor ... [REF-7, p.126]

2-3 SKIN, EYE, AND RESPIRATORY IRRITATIONS:

    If spilled on clothing and allowed to remain may cause smarting and reddening of skin. [REF-8]

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-9, 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-9, p.G-151]

  . Public safety: CALL Emergency Response Telephone Number on Shipping Paper. If Shipping Paper not available or no answer, refer to appropriate telephone number listed on the inside back cover. Isolate spill or leak area immediately for at least 25 to 50 meters (80 to 160 feet) in all directions. Keep unauthorized personnel away. Stay upwind. Keep out of low areas. [REF-9, 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-9, p.G-151]

  . Evacuation: 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-9, 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-9, 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-9, 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-9, p.G-151]

4*** FIRE AND REACTIVITY ***

4-1 FIRE FIGHTING PROCEDURES: 

  . If material involved in fire: Extinguish fire using agent suitable for type of surrounding fire. (Material itself does not burn or burns with difficulty.) Use foam, dry chemical, or carbon dioxide. Cool all affected containers with flooding quantities of water. Apply water from as far a distance as possible. Keep run-off watter out of sewers and water sources. /Endosulfan, liquid or solid, not otherwise specified/ [REF-10, p.429]

  . Wear self-contained breathing apparatus when fighting fires involving this material. /Endosulfan mixture, other than liquid, agricultural insecticides not elsewhere specified/ [REF-11, p.291]

4-2 REACTIVITIES AND INCOMPATIBILITIES: 

  . Alkalis, acids, water [Note: Corrosive to iron. Hydrolyzes slowly on contact with water or decomposes in the presence of alkalis and acids to form sulfur dioxide]. [REF-7, p.126]

4-3 DECOMPOSITION: 

  . When heated to decomposition it emits toxic fumes of Cl- and sulfoxides. [REF-12, p.1463]

5***PROTECTIVE EQUIPMENT AND CONTROLS ***

5-1 PROTECTIVE EQUIPMENT AND CLOTHING:

  . Applicators must wear long-sleeved shirt and long pants, unlined waterproof neoprene or rubber gloves, shoes or boots, hat, and approved mask or respirator. [REF-13, p.C-162]

  . Wear chemical protective gloves, boots, and goggles. /Endosulfan mixture, other than liquid, agricultural insecticides, not elsewhere specified/ [REF-11, p.291]

  . Wear appropriate personal protective clothing to prevent skin contact. [REF-7, p.127]

  . Wear appropriate eye protection to prevent eye contact. [REF-7, p.127]

  . Eyewash fountains should be provided in areas where there is any possbility that workers could be exposed to the substance; this is irrespective of the recommendation involving the wearing of eye protection. [REF-7, p.127]

  . Facilities for quickly drenching the body should be provided within the immediate work area for emergency use where there is a possibility of exposure. [Note: It is intended that these facilities provide a sufficient quantity or flow of water to quickly remove the substance from any body areas likely to be exposed. The actual determination of what constitutes an adequate quick drench facility depends on the specific circumstances. In certain instances, a deluge shower should be readily available, whereas in others, the availability of water from a sink or hose could be considered adequate.] [REF-7, p.127]

5-2 OTHER PREVENTATIVE MEASURES:

  . Contact lenses should not be worn when working with this chemical. 

  . SRP: Local exhaust ventilation should be applied wherever there is an incidence of point source emissions or dispersion of regulated contaminants in the work area. Ventilation control of the contaminant as close to its point of generation is both the most economical and safest method to minimize personnel exposure to airborne contaminants. 

  . Keep material out of water sources and sewers. Avoid breathing dusts, and fumes from burning material. Keep upwind. Avoid bodily contact with the material. Do not handle broken packages without protective equipment. Wash away any material which may have contacted the body with copious amounts of water or soap and water. If contact with the material anticipated, wear full protective clothing. /Endosulfan mixture, other than liquid, agricultural insecticides, not elsewhere specified/ [REF-11, p.291]

  . Provide general ventilation plus local exhaust at point of potential fume emission. Protect emulsifible concentrate from freezing. [REF-14, p.C-118]

  . 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. All contaminated clothing should not be taken home at end of shift, but should remain at employee's place of work for cleaning. 

  . Work clothing that becomes wet or significantly contaminated should be removed and replaced. [REF-7, p.127]

  . Workers whose clothing may have become contaminated should change into uncontaminated clothing before leaving the work premises. [REF-7, p.127]

  . The worker should immediately wash the skin when it becomes contaminated. [REF-7, p.127]

  . Contact lenses should not be worn when working with this chemical. [REF-7, p.127]

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

6-1 STABILITY/SHELF LIFE: 

  . STABLE TO SUNLIGHT [REF-15, p.389]

  . SLOWLY HYDROLYZED IN AQEUOUS ACIDS AND ALKALIS, WITH THE FORMATION OF THE DIOL & SULFUR DIOXIDE. [REF-15, p.389]

  . Endosulfan is stable to sunlight but is susceptible to oxidation and the formation of endosulfan sulfate in the presence of growing vegetation. [REF-16, p.98-4]

6-2 STORAGE CONDITIONS: 

  . Storage temperature greater than 20 deg F [REF-8]

6-3 CLEANUP METHODS: 

  . A PROCESS FOR REMOVING POLLUTANTS FROM DU PONT'S CHAMBERS WORKS PLANT IN DEEPWATER, NJ IS DESCRIBED. THE PROCESS CALLS FOR THE TREATMENT OF WASTES FROM ORG CHEM MFG PROCESSES BY NEUTRALIZATION AND SETTLING, FOLLOWED BY A COMBINED POWDERED CARBON-BIOL PROCESS. REMOVAL OF METALS AND NON-METALS FROM WASTEWATER IS DESCRIBED. ENDOSULFAN ISOMERS ARE LISTED AS PRIORITY POLLUTANTS. [REF-17]

  . Environmental considerations: Land spill: Dig a pit, pond, lagoon, or holding area to contain liquid or solid material. /SRP: If time permits, pits, ponds, lagoons, soak holes, or holding areas should be contained with a flexible impermeable membrane liner./ Cover solids with plastic sheet to prevent dissolving in rain or fire fighting water /Endosulfan mixture, other than liquid, agricultural insecticides, not elsewhere specified/ [REF-11, p.291]

  . Environmental considerations: Water spill: If dissolved, apply activated carbon at ten times the spilled amount in region of 10 ppm or greater concentration. Use mechanical dredges or lifts to remove immobilized masses of pollutants and precipitates. /Endosulfan mixture, liquid or solid/ [REF-10, p.430]

6-4 DISPOSAL METHODS: 

  . Generators of waste (equal to or greater than 100 kg/mo) containing this contaminant, EPA hazardous waste number P050, must conform with USEPA regulations in storage, transportation, treatment and disposal of waste. [REF-18]

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

  . Peer-review: Large amt should be incinerated @ high temp in a unit with effluent gas scrubbing. (Peer-review conclusions of an IRPTC expert consultation (May 1985)) [REF-20, p.218]

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

7-1 NON-HUMAN TOXICITY VALUES:

    LD50 Rat oral 18 mg/kg [REF-12, p.1463]

    LC50 Rat ihl 80 mg/cu m/4 hr [REF-12, p.1463]

    LD50 Rat skin 34 mg/kg [REF-12, p.1463]

    LD50 Rat ip 8 mg/kg [REF-12, p.1463]

    LD50 Mouse oral 7360 ug/kg [REF-12, p.1463]

    LD50 Mouse ip 7 mg/kg [REF-12, p.1463]

    LD50 Dog oral 76,700 ug/kg [REF-12, p.1463]

    LD50 Cat oral 2 mg/kg [REF-12, p.1463]

    LD50 Rabbit oral 28 mg/kg [REF-12, p.1463]

    LD50 Rabbit skin 90 mg/kg [REF-12, p.1463]

    LD50 Rabbit sc 360 mg/kg [REF-12, p.1463]

    LD50 Hamster oral 118 mg/kg [REF-12, p.1463]

    LD50 Hamster ip 80 mg/kg [REF-12, p.1463]

7-2 HUMAN TOXICITY EXCERPTS:

    SYSTEMIC POISONING CAUSES NERVOUSNESS, AGITATION, TREMORS, & CONVULSIONS. [REF-21, p.II-286]

    A 70 YR OLD WOMAN DIED ABOUT 3 HR AFTER SHE HAD TAKEN ONLY "DROPS" OF AN ENDOSULFAN FORMULATION FOR STOMACH PAINS ... THE CLINICAL PICTURE ... INVOLVED GAGGING, VOMITING, DIARRHEA, AGITATION, TONIC CLONIC CONVULSIONS, FOAMING AT THE MOUTH, DYSPNEA, APNEA, CYANOSIS, & LOSS OF CONSCIOUSNESS. [REF-22, p.253]

    NINE WORKERS SUFFERED ONE OR MORE CONVULSIONS FOLLOWING EXPOSURE TO ENDOSULFAN MAINLY IN CONNECTION WITH BAGGING 50% WATER WETTABLE POWDER. FIVE OF THE MEN WERE SAID TO HAVE USED A RESPIRATOR & PROTECTIVE CLOTHING; TWO DID NOT USE A RESPIRATOR, & THE PRACTICES OF THE OTHERS WERE UNKNOWN. SIX OF THE MEN HAD NO HISTORY OF A PREVIOUS SEIZURE, & NO HISTORY OF ANY SORT WAS AVAILABLE FOR THE OTHERS. IN THE ONLY THREE OF THESE CASES DESCRIBED ... PRODROMAL SYMPTOMS (MALAISE, VOMITING, DIZZINESS, WEAKNESS, OR CONFUSION) BEGAN WHILE THE MAN WAS AT WORK & SEVERAL HR BEFORE THE FIRST SEIZURE, WHICH SOMETIMES OCCURRED AT HOME OR ON THE STREET. AT LEAST IN ONE INSTANCE, A CONVULSION WAS FOLLOWED BY UNCONSCIOUSNESS LASTING AN HR; THE SEIZURE WAS SO VIOLENT, THAT IT RESULTED IN FRACTURES OF THE FOURTH & FIFTH DORSAL VERTEBRAE. ONE PATIENT REMAINED CONFUSED FOR ABOUT 24 HR & THEN RECOVERED RAPIDLY. [REF-22, p.253]

    /IN/ THREE CASES ... ASSOCIATED WITH FILLING BAGS WITH FRESHLY GROUND ENDOSULFAN POWDER ... THE OUTSTANDING PRODROMAL SYMPTOM WAS HEADACHE, & THE INITIAL SIGN WAS FAINTING. THE FAINTING WAS ASSOCIATED WITH OR FOLLOWED BY EPILEPTOID TWITCHING & FOAM AT THE MOUTH. ONE MAN BIT HIS TONGUE, BUT APPARENTLY A FULL CONVULSION DID NOT DEVELOP. EEG CHANGES THAT PROMPTLY REVERTED TO NORMAL ACCOMPANIED THE ILLNESS. [REF-22, p.253]

    A MAN WAS EMPLOYED BY A CHEMICAL PLANT WHERE HIS MAIN ASSIGNMENT WAS CLEANING VATS CONTAINING RESIDUES OF ENDOSULFAN. ... HE FAINTED SEVERAL TIMES ... CONVULSION /NOTED/ DURING SLEEP. HIS CONSCIOUSNESS WAS CLOUDED BUT VITAL SIGNS NORMAL. THE PATIENT RECEIVED DIAZEPAM & APPEARED TO RECOVER RAPIDLY ... AT HOME HIS FAMILY FOUND HIM DISORIENTED & OCCASIONALLY AGITATED OR ABUSIVE. THE AGITATION WAS ESSENTIALLY ELIMINATED BY PHENOTHIAZINE TRANQUILIZERS, BUT /HE/ ... COULD NOT CONVERSE EXCEPT FOR ANSWERING SIMPLE QUESTIONS. ... HE WAS OCCASIONALLY INCONTINENT OF URINE. [REF-22, p.253]

    HUMAN LYMPHOID CELLS OF LAZ-007 CELL LINE, INCUBATED WITH 1X10-4 TO 1X10-6 MOLAR OF 8 DIFFERENT ORGANOCHLORINE PESTICIDES HAD DOSE RELATED CYTOTOXICITY, MITOTIC DEPRESSION AND CELL CYCLE TRAVERSE INHIBITION. THE FREQUENCY OF M3 METAPHASES IN CULTURES INCUBATED WITH 1X10-6 MOLAR CONCN WERE 15% FOR ENDOSULFAN COMPARED TO 17% IN CONTROL CULTURES. STATISTICALLY SIGNIFICANT INCR IN SISTER CHROMATID EXCHANGE FREQUENCY WAS SEEN IN CELLS EXPOSED TO ENDOSULFAN. [REF-23]

    SYMPTOMATOLOGY: (Onset of symptoms between 20 min and 12 hr after ingestion): 1. Malaise, headache, nausea, vomiting, dizziness, and tremors. 2. Clonic and tonic convulsions, sometimes without premonitory symptoms. 3. Convulsive episodes may alternate with periods of severe central nervous depression. Death from respiratory arrest may occur during coma, which commonly outlasts the convulsive phase and may persist for a few days. 4. During the acute phase, leukocytosis, rise in blood pressure, tachycardia, arrhythmias, metabolic acidosis, and fever have been described. Presumably they represent the consequences of hyperactivity of the sympathetic nervous system. 5. Disturbances of sleep, memory and behavior may persist for several days or weeks after the acute phase of ... poisoning. 6. Generalized cerebral dysrhythmia persisting for months, and both hematuria and albuminuria of about 2 weeks duration have been described in one aldrin poisoning in man. Transient hematuria occurred on the second day of an acute dieldrin poisoning. /Dieldrin/ [REF-21, p.III-144]

    IN ITS ACUTE TOXIC ACTION ENDOSULFAN IS SIMILAR TO DIELDRIN BUT POSSIBLY LESS TOXIC THAN ENDRIN. [REF-24, p.143]

    AS DUST ... IS PROBABLY ONLY MODERATELY TOXIC BY INHALATION, BUT IN SOLN, ESP IN ALCOHOL OR AROMATIC SOLVENTS LIKE XYLENE, IT IS CONSIDERED TOXIC BY INGESTION & BY PERCUTANEOUS ABSORPTION ... [REF-21, p.II-286]

    STOMACH, SMALL INTESTINE CONTENTS, BLOOD, LIVER, KIDNEY & URINE OF A 28 YR OLD MAN, WERE ANALYZED FOR RESIDUES OF ENDOSULFAN. THE ANALYSIS RESULTS SHOWED THE PRESENCE OF HIGH CONCN OF THE TWO ENDOSULFAN ISOMERS IN ALL SAMPLES. SINCE ALCOHOL WAS ALSO PRESENT IN ALL THE TISSUES ANALYZED, IT WAS CONCLUDED THAT THE VICTIM DIED OF A COMBINED ENDOSULFAN-ALCOHOL POISONING. [REF-25]

    Ten patients ingested 50-500 ml of the 35% concentrate (17.5-175 g endosulfan). Patients experienced vomiting within half an hour, hypotension, tonic-clonic seizures, fever, metabolic acidosis, and elevation in liver function enzymes. ... Five out of 10 patients died in 4 to 60 hours. [REF-26, p.1626]

    The usual symptoms include headache, giddiness, nervousness, blurred vision, weakness, nausea, cramps, diarrhea, and discomfort in the chest. Signs include sweating, miosis, tearing, salivation and other excessive respiratory tract secretion, vomiting, cyanosis, papilledema, uncontrollable muscle twitches followed by muscular weakness, convulsions, coma, loss of reflexes, and loss of sphincter control. The last four signs are seen only in severe cases but do not preclude a favorable outcome if treatment is prompt and energetic. Cardiac arrhythmias, various degrees of heart block, and cardiac arrest may occur ... /Organic phosphorus pesticides/ [REF-27, p.938]

7-3 NON-HUMAN TOXICITY EXCERPTS:

    ... DOGS SHOWED SIGNS OF CMPD EFFECT AT 200 & 500 MG/KG /ACUTE ORAL/. LEVELS INCLUDE SALIVATION, EMESIS & GENERALIZED TONIC & CLONIC CONVULSIONS. DOGS WHICH VOMITED RECOVERED. NO CONSISTENT CMPD RELATED RESPONSES WERE SEEN AT ANY OF THE LOWER LEVELS. [REF-2, p.254]

    CHRONIC /EXPOSURE/ ... ORAL RAT UP TO 30 PPM /IN THE DIET/ FOR 2 YR NO SYMPTOMS. [REF-2, p.254]

    ABOUT 8 G OF /ENDOSULFAN/ KILLED CATTLE WITHIN 15 HR AND A DOSE OF 8 MG/KG DAILY FOR 2 DAYS HAS PRODUCED SIGNS OF POISONING IN A SHEEP. ... CATTLE ACCIDENTALLY SPRAYED WITH 0.1% EMULSION ... SHOWED LISTLESSNESS, STAGGERING, HYPEREXCITABILITY, EXAGGERATED GAIT & CONVULSIONS, AND 20% OF THE AFFECTED ANIMALS DIED. IN SOME CASES THERE WAS A 48 HR DELAY BEFORE THE ONSET OF CLINICAL SIGNS. [REF-28, p.151]

    ACUTE /ORAL/ SYMPTOMS /FOR MALE MALLARDS 3-4 MONTHS OLD/: ... HIGH CARRIAGE, WINGS CROSSED HIGH OVER BACK, TAIL POINTED DOWN ... TREMORS (POSSIBLY SHIVERING) ... FALLING ... SYMPTOMS OCCURRED AS SOON AS 10 MIN AFTER TREATMENT & PERSISTED UP TO A MONTH IN A FEW ANIMALS. [REF-29, p.114]

    ENDOSULFAN WAS ADMIN ORALLY TO MALE ALBINO RATS AT 0, 11, 22, 36, OR 55 MG/KG DAILY FOR 5 DAYS. THE HIGHEST DOSES WERE ASSOCIATED WITH CLINICAL SIGNS OF INSECTICIDE POISONING & DEATH. CYTOGENETIC ANALYSIS OF BONE MARROW CELLS & SPERMATOGONIAL CELLS DID NOT REVEAL ANY SIGNIFICANT EFFECT ON CHROMOSOMES. THE MITOTIC INDEX & FREQUENCY OF CHROMATID BREAK IN THE TWO CELL TYPES HAD NO CORRELATION WITH THE DOSES TESTED & WERE NOT DIFFERENT FROM THOSE OF THE CONTROL GROUP. [REF-30]

    A SUDDEN FISH KILL IN THE UITHOORNSE POLDER WAS ATTRIBUTED TO A DISCHARGE OF ENDOSULFAN INTO THE WATER. THE ENDOSULFAN CONTENT IN THE WATER FELL FROM 30.9 TO 0.01-6.5 UG/L IN 4 DAYS OWING TO ABSORPTION ONTO MUD. THE ENDOSULFAN CONTENT OF THE DEAD FISH WAS GREATER THAN 200 MG/KG ON A FAT BASIS. [REF-31]

    ENDOSULFAN INTERFERES WITH ENERGY METABOLISM IN VIVO OF THE FRESH WATER TELEOST FISH, CHANA GACHUA, FOLLOWING CHRONIC EXPOSURE TO VARIOUS SUBLETHAL CONCENTRATIONS. THE MARKED SENSITIVITY OF MITOCHONDRIAL MAGNESIUM(2+) ATPASE TO ENDOSULFAN IS SUGGESTIVE OF THE POTENTIAL FOR ENDOSULFAN TO INTERFERE MARKEDLY WITH VARIOUS ENERGY REQUIRING PROCESSES IN THE FISH BODY. [REF-32]

    ... GIVEN ORALLY ON DAYS 6 THROUGH 14 IN DOSES OF 5 & 10 MG/KG TO RATS ... NO SOFT TISSUE DEFECTS WERE FOUND. SOME DELAYED OSSIFICATION OCCURRED WITH TREATMENT. [REF-33, p.231]

    ... ATAXIA ... /WHICH/ PROGRESSED TO COMPLETE INABILITY TO STAND BUT NEVER INVOLVED OBSERVED CONVULSIONS WAS REPORTED IN PIGS & LAMBS THAT GRAZED IN A FIELD THAT HAD BEEN SPRAYED WITH ENDOSULFAN. ... BLINDNESS ... WAS OBSERVED IN SHEEP ... ONSET OF BLINDNESS WAS DELAYED 1 WK AFTER FIRST EXPOSURE TO PASTURE SPRAYED WITH ENDOSULFAN; SOME RECOVERY WAS NOTED AFTER AN ADDITIONAL 2 WK, WITH FULL RECOVERY AT THE END OF THE MONTH. [REF-22, p.252]

    TECHNICAL GRADE ENDOSULFAN WAS ADMIN IN THE FEED: 952 AND 408 PPM FOR 50 MALE RATS, 445 AND 223 PPM FOR 50 FEMALE RATS, 6.9 AND 3.5 PPM FOR 50 MALE MICE, & 3.9 AND 2.0 PPM FOR 50 FEMALE MICE. THE CMPD WAS ADMIN FOR 74 WK (HIGH DOSE MALE RATS), 82 WK (LOW DOSE MALE RATS), OR 78 WK (FEMALE RATS & ALL MICE). AFTER AN ADDNL OBSERVATION PERIOD OF 33 WK (FEMALE RATS) OR 14 WK (MICE), THE ANIMALS WERE SACRIFICED. CARCINOGENICITY COULD NOT BE EVALUATED IN MALE RATS & MICE BECAUSE OF THE HIGH MORTALITY RATE EARLY IN THE STUDY. ENDOSULFAN WAS NOT CARCINOGENIC IN FEMALE RATS OR MICE UNDER CONDITIONS OF THE BIOASSAY. [REF-34]

    THE MUTAGENICITIES OF VARIOUS PESTICIDES WERE TESTED IN MICE VIA THE MICRONUCLEUS TEST WITH 1/3 LD50 DOSES OF EACH CMPD. WHEN MICE WERE ADMIN ENDOSULFAN (43.3 MG/KG) IN STERILE DISTILLED WATER IN 2 DOSES SEPARATED BY A 24 HR INTERVAL, NO SIGNIFICANT EFFECT ON THE FREQUENCY OF MICRONUCLEI OCCURRED. [REF-35]

    THE PORPHYRINOGENIC ABILITY OF 4 PESTICIDES WAS INVESTIGATED IN 17 DAY OLD CHICK EMBRYO LIVER IN OVO. ENDOSULFAN PROMOTED REMARKABLE INCR IN HEPATIC PORPHYRIN ACCUMULATION. WHEN DELTA-AMINOLEVULINIC ACID SYNTHETASE ACTIVITY WAS ANALYZED IN THE CHICK EMBRYOS NO ALTERATION COULD BE FOUND IN SPITE OF PRODUCING NOTICEABLE ACCUM OF PORPHYRINS. [REF-36]

    THE RELATIVE TOXICITY /SRP: LC50 IN A CONTINUOUS-FLOW SYSTEM/ OF TECH ENDOSULFAN, ITS ISOMERS ENDOSULFAN A AND B, AND 2 FORMULATED PRODUCTS (35% EC AND 4% DUST) TO LABEO ROHITA DECR IN THE ORDER: ENDOSULFAN A GREATER THAN EC GREATER THAN ENDOSULFAN GREATER THAN DUST GREATER THAN ENDOSUFAN B IN A 96 HR EXPOSURE. ENDOSULFAN A WAS APPROX 20 TIMES MORE TOXIC THAN ENDOSULFAN B. /ENDOSULFAN A AND B/ [REF-37]

    ENDOSULFAN WAS TESTED FOR ITS ABILITY TO INDUCE MUTATION, MITOTIC CROSSING OVER, AND GENE CONVERSION IN THE YEAST SACCHAROMYCES CEREVISIAE. TREATMENT OF CELLS WITH 1.0% DID NOT INDUCE MITOTIC CROSSOVERS BUT REDUCED SURVIVAL AND INCR THE % OF ABERRANT COLONIES AS WELL AS THE FREQUENCY OF GENE CONVERTANTS AND REVERTANTS OVER CONTROLS TREATED WITH 10% ACETONE. ENDOSULFAN WAS NOT ONLY TOXIC TO YEAST CELLS BUT ALSO GENETICALLY EFFECTIVE WITHOUT ACTIVATION. THE GENOTOXIC EFFECTS WERE MORE PRONOUNCED WITH INCR DURATION OF CELL EXPOSURE. [REF-38]

    228 PESTICIDES INCL ENDOSULFAN WERE TESTED FOR MUTAGENICITY IN BACTERIAL REVERSION-ASSAY SYSTEMS WITH 5 STRAINS (TA100, TA98, TA1535, TA1537 AND TA1538) OF SALMONELLA TYPHIMURIUM AND A STRAIN (WP2 HCR) OF ESCHERICHIA COLI. ENDOSULFAN TESTED NEGATIVE IN EACH SYSTEM. [REF-39]

    ... Concentrations of 0.035 to 0.14% were phytotoxic to all but one species of Cucurbitae. Phytotoxicity was estimated by necrotic spots on the leaves. [REF-40, p.37]

    Endosulfan reduced the germination of cucumber pollen to 54.6% of control levels at a concn of 1000 mg active ingredient/l, half of the recommended concn for field use. At the same concn pollen tube length was 8.1% of controls. [REF-41, p.37]

    ... Exposure of germinating Cicerarietinum seeds to endosulfan resulted in a fall in pectin, hemicellulose, and cellulose contents of cell walls at all stages of germination compared with untreated controls. [REF-42, p.40]

    Vingna radiata (green gram) was exposed to four concentrations of endosulfan between 0.35 g/kg and 3 g/kg. Toxic effects were dose dependent. At 0.35 g/kg and 0.7 g/kg, no adverse effects were observed in any of the parameters studied. ... At higher concentrations of 1.5 g/kg and 3 g/kg, symptoms of toxicity ... included coiling of radical, inhibition of root growth, stunting of shoots, burning of root growth, and burning of the tips and margins of the leaves. Plants were dwarfed and chlorotic, having damaged pollen grains and low productivity. [REF-43, p.37]

    The harbor seal population in the Dutch Wadden Sea decreased significantly and its pup production was low compared to the more stable population in Schleswig-Holstein, Germany, and a correlation was made associating an assumed inverse trend of contaminant residue levels in seal tissues. Dead stranded animals are collected in both areas and blubber, liver, brain and kidney are analyzed for ... endosulfan. ... High levels of all contaminants /including endosulfan were found/. [REF-44]

    Eight insecticides were identified from 43 samples of honey bees (Apis mellifera) obtained from 35 beekeepers in 1981 and 1982. A total of 268 colonies were documented to have been contaminated from May through early October. Insecticides detected in honey bees included endosulfan, chlordane, malathion, diazinon, and acephate. [REF-45]

    Two studies have been undertaken on the toxicity and carcinogenicity of endosulfan, a chlorinated cyclodiene - the NCI Endosulfan Rat Study and the NCI Endosulfan Mouse Study. Histological sections have been examined and the results of this review are based on diagnosis. Endosulfan is highly toxic for male and female Osborne-Mendel rats, particularly for male rats. The chemical causes interstitial fibrosis or acute tubular necrosis of the kidney and death. These lesions, as well as atrophy of the testes, polyarteritis, parathyroid hyperplasia, osteitis fibrosis of bone, and abscesses of the lung, interfere with health of the animals. [REF-46]

    FORTY-EIGHT HR LC50 VALUES FOR ENDOSULFAN & ITS METABOLITES, INCLUDING ENDOSULFAN SULFATE, WERE DETERMINED IN 11 MARINE FISH, INSECTS, MOLLUSKS, CRUSTACEANS, & TUBIFEX TUBIFEX. THE ESPECIALLY HIGH TOXICITY TO FISH WAS DECREASED BY METABOLIC REMOVAL OF SULFUR FROM THE MOLECULE TO A LEVEL IN THE SAME RANGE AS FOR THE INVERTEBRATES (LC50 1-10 PPM). [REF-47]

    Fish were 1x10+4 times more sensitive to endosulfan and its metabolites than worms and snails. The increasing order of sensitivity was worms <snails <crabs <insects <fish. /Endosulfan and metabolites/ [REF-1, p.43]

    Histopathological lesions were produced by endosulfan (0.001 ppm, for 20 days) in the hypothalamo-hypophysial complex-ovarian axis of the fish, Sarotherodon mossambicus. The aquatic medium in which the fish lives when it is contaminated with endosulfan may result in changes in oxygen content and pH. [REF-48]

    Single exposure of endosulfan (5 mg/kg) to pigeons (Columba livia) caused neuronal hyperexcitability as evidence by spike discharges of 200-500 muV in the electroencephalograms from the telencephalon and hyperstriatum, but there was no effect on the ectostriatal area. Cholinergic (muscarinic) receptor binding study using (3)H-quinuclidinyl benzilate as a specific ligand indicated that a single exposure to 5 mg endolsulfan/kg caused a significant increase in (3)H-quinuclidinyl benzilate binding to the striatal membrane. Behavioral study further indicated that a single dose of 200 ug/kg oxotremorine produced a significant induction in the tremor in endosulfan pretreated pigeons. [REF-49]

    Endosulfan, a chlorinated pesticide, is widely used to control various insect pests. Rats exposed to 1 mg and 3 mg endosulfan/kg for periods of 10, 30, and 60 days showed significant (p< 0.05) inhibition of (3)H5-hydroxytryptamine uptake by platelet rich plasma. Rats treated with endosulfan (1 and 3 mg/kg) up to 60 days elucidated a marked inhibition of ADP induced aggregatory responses of the platelets. Incubation of platelet rich plasma with 10 uM and 100 uM endosulfan for 15 min at 37 deg C also resulted in significant (p< 0.05) inhibition of platelet aggregation in vitro. [REF-50]

    Relative toxicity of technical
    and commercial formulations of malathion and endosulfan were evaluated by determining LC50 values and their 95% confidence interval end points for 24, 48, 72, and 96 hr exposure to Channa punctatus using the "trimmed Spearman-Karber method". The commercial formulation of malathion and endosulfan were 1.176 and 1.88 times more toxic than their technical materials, respectively. 96 hr LC50 values (0% trimming) of technical and commerical formulations of malathion and endosulfan (95% confidence interval in parentheses) were 4.51 (4.11-4.96) and 3.89 (3.46-4.38) mg/liter, and 5.78 (4.49-7.44) and 3.07 (2.43-3.84) ug/liter, respectively. [REF-51]

    AFTER A SINGLE ORAL DOSE OF ENDOSULFAN (40 MG/KG) A SIGNIFICANT INCR IN BLOOD GLUCOSE, BLOOD ASCORBIC ACID, AND BLOOD AND BRAIN GLUTATHIONE WAS OBSERVED IN 12 HR FASTED MALE RATS. REPEATED ORAL ADMIN OF ENDOSULFAN (0.625 TO 20 MG/KG) FOR 7 WK SIGNIFICANTLY DECR PLASMA CALCIUM, THE MAX FALL (35%) BEING OBSERVED AT 4 HR. AT 20 MG/KG, BLOOD GLUCOSE WAS SLIGHTLY INCR (16%). [REF-52]

    Chemical test results cytogenetic for effects in Chinese Hamster ovary cells in FY 1987 were negative. [REF-53, p.87]

    THE EFFECT OF ENDOSULFAN (0.5, 1.0, OR 2 MG/KG IV) WAS STUDIED IN PENTOBARBITAL ANESTHETIZED AND PARALYZED CATS. THE PESTICIDE CAUSED HYPERTENSION, PUPILLARY DILATATION & AN INCR IN CARDIAC OUTPUT & PERIPHERAL RESISTANCE. SINCE THESE CHANGES COINCIDED WITH SPIKE DISCHARGES IN THE EEG, & SINCE THERE WAS ALSO A PROFUSE SALIVATION INDICATING AUGMENTATION OF PARASYMPATHETIC ACTIVITY AS WELL, ENDOSULFAN WAS APPARENTLY ACTING WITHIN THE BRAIN TO INCR AUTONOMIC ACTIVITY. THE MICROSPHERE TECHNIQUE REVEALED THAT THE CARDIAC OUTPUT WAS PREFERENTIALLY REDISTRIBUTED TO THE HEART & THE BRAIN @ THE COST OF THE FRACTION GOING TO THE KIDNEYS, LUNGS, MUSCLES & LARGE INTESTINE. THERE WAS AN INCR IN CEREBRAL BLOOD FLOW WHICH WAS MORE MARKED IN DIENCEPHALON & CEREBRAL HEMISPHERES. [REF-54]

    Dose dependent increased activities of aminopyrine-N-demethylase and aniline hydroxylase in endosulfan treated rats suggest that endosulfan is an inducer of the mixed function oxidase system. [REF-55, p.11]

    The toxicity to mice of ip administered polychlorocycloalkane insecticides is generally correlated with their potency as in vitro inhibitors of the brain specific (35)S-t-butylbicyclophosphorothionate binding site with correction for metabolic activation and detoxification. These findings from our earlier studies are extended here to in vivo investigations relating convulsant action to inhibition of the (35)S-t-butylbicyclophosophorothionate binding site in poisoned mice. Radioligand binding assays involved brain P2 membranes washed three times with 1 mM EDTA to remove endogenous gamma-aminobutyric acid or other modulator(s) which otherwise serves as a noncompetitive inhibitor of (35)S-t-butylbicyclophosophorothionate binding at the gamma-aminobutyric acid regulated chloride ionophore. Examination of lindane, technical toxaphene, toxaphene toxicant A, and 10 polychlorocyclodiene insecticides revealed 62 + or - 4% binding site inhibition 30 min after their LD50 doses with 32 + or - 3% inhibition at one-half and 6 + or - 3% inhibition at one-quarter of their LD50 doses. This correlation between binding site inhibition and convulsant action is also evident in dose and time dependency studies with endosulfan sulfate. The brain P2 membranes of treated mice contain the parent compound with each of the polychlorcycloalkanes plus activation products of some of the cyclodienes: endosulfan sulfate from alpha- and beta-endosulfan and 12-ketoendrin from isodrin and endrin. [REF-56]

7-4 NATIONAL TOXICOLOGY PROGRAM REPORTS:

    A bioassay of technical grade endosulfan for possible carcinogenicity was conducted using Osborne-Mendel rats and B6C3F1 mice. Endosulfan was admin in the feed at either two concn, to groups of 50 male and 50 female animals of each species. The time weighted avg high and low dietary concn of endosulfan, were, respectively, 952 and 408 ppm for the male rats, and 445 and 223 ppm for the female rats. In mice the high and low time weighted avg concn were, respectively, 6.9 and 3.5 ppm for the males and 3.9 and 2.0 ppm for the females. Twenty animals of each sex and species were placed on test as controls. The bioassay of high dose male rats was terminated at wk 82, and the bioassay of low dose male rats was determined during wk 74. After a 78 wk period of chemical admin, observation of female rats continued for 33 additional wk and observation of mice continued for 14 additional wk. At the doses admin to rats in this study endosulfan was toxic, inducing a high incidence of toxic nephropathy in both sexes and testicular atrophy in males. In both species early mortality was observed in the male groups and no conclusions concerning the carcinogenicity of endosulfan can be drawn from this part of the bioassay. However, survival among females of both species was sufficient for meaningful statistical evaluation of the incidence of late developing tumors. It is concluded that under the conditions of this bioassay, technical grade endosulfan was not carcinogenic in female Osborne-Mendel rats or in female B6C3F1 mice. Levels of Evidence of Carcinogenicity: Male Rats: Inadequate Study; Female Rats: Inadequate Study; Male Mice: Inadequate Study; Female Mice: Negative. [REF-57]

7-5 TSCA TEST SUBMISSIONS:

    Endosulfan (CAS # 115-29-7) was evaluated for developmental toxicity in the offspring of primigravida Charles River-CD rats (5/group) administered single dermal applications upon clipped backs at doses of 0 (DMSO vehicle control), 450, 670, 1000, 1500, and 2250 mg/kg bodyweight on gestation Day 1 (Day 11 in a few instances due to breeder error). All surviving animals were then sacrificed on gestation Day 20 (Day 31 in a few instances due to breeder error) for observation of acute maternal, embryo-, and fetotoxicity. One female rat each died following 1500 and 2250 mg/kg exposures. Gross examination of uteri, with evaluation of number of implantation sites, number of live fetuses, early and late resorptions, fetal weight, and fetal crown-rump length, revealed no significant treatment- related abnormalities relative to vehicle control. Upon examination of fetuses, 3 and 2 instances of exoencephaly were identified among those of mothers receiving 670 and 1000 mg/kg dermal applications. Results were summarized and no further information regarding method or results was provided. [REF-58]

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. Admininister oxygen by nonrebreather mask at 10 to 15 L/min. Anticipate seizures, reduce all external stimuli, 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 ... /Aldrin, dieldrin, and related compounds/ [REF-59, p.281-2]

    Advanced treatment: Consider orotracheal or nasotracheal intubation for airway control in the patient who is unconscious or in severe respiratory distress. Monitor cardiac rhythm and treat arrhythmias if necessary ... Start an IV with D5W /SRP: "To keep open", minimal flow rate/. Use lactated Ringer's if signs of hypovolemia are present. Watch for signs of fluid overload. Treat seizures with diazepam (Valium) ... Use proparacaine hydrochloride to assist eye irrigation ... /Aldrin, dieldrin, and related compounds/ [REF-59, p.282]

8-2 MEDICAL SURVEILLANCE:

    Consider the points of attack /CNS, liver, kidneys, skin/ in preplacement and periodic physical exam. [REF-60, p.340]

    The assessment of endosulfan exposure can be accomplished through measurement of alpha- and beta-endosulfan. However, there was no information located which demonstrated a correlation between blood levels and exposure levels or the onset of adverse health effects. Whole Reference Ranges: Normal - not established; Exposed - not established; Toxic - not established; Serum or Plasma Reference Ranges: Normal - not established; Exposed - not established; Toxic - not established. Urine Reference Ranges: Normal - not established; Exposed - not established; Toxic - not established. [REF-61, p.1221]

    Respiratory Symptom Questionnaires: Questionnaires have been published by the American Thoracic Society (ATS) and the British Medical Research Council. These questionnaires have been found to be useful in identification of people with chronic bronchitis, however certain pulmonary function tests such as FEV1 (see pulmonary function test section) have been found to be better predictors of chronic airflow obstruction. [REF-61, p.1222]

    Pulmonary Function Tests: The tests that have been found to be practical for population monitoring include: Spirometry and expiratory flow-volume curves; Determination of lung volumes; Diffusing capacity for carbon monoxide; Single-breath nitrogen washout; Inhalation challenge tests; Serial measurements of peak expiratory flow; Exercise testing. [REF-61, p.1222]

    Sputum Cytology: Sputum cytology along with chest radiographs have been the standard procedures for detecting early lung cancer in asymptomatic patients. Sputum cytology has been found to be useful for detection of central tumors, especially squamous carcinomas. For this test to be effective, exfoliated respiratory mucosal cells must be present in the expectorated specimen. Pooling of sputum collected over 2-3 days may enhance the sensitivity of this test by increased the yield of exfoliated cells in the specimen. [REF-61, p.1222-3]

    Evaluation of Peripheral Neuropathy: Nerve conduction study; Electromyography (EMG); Quantitative sensory testing; Thermography. [REF-61, p.1223]

    Evaluation of Central Nervous System Effects: Evaluation of CNS effects can be performed through neuropsychological assessment, which consists of a clinical interview and administration of standardized personality and neuropsychological tests. The areas that the neuropsychology test batteries focus on include the domains of memory and attention; visuoperceptual, visual scanning, visuospatial, and visual memory; and motor speed and reaction time. There is limited data on which components of the test batteries are best indicators of early CNS effects. [REF-61, p.1223]

    Evaluation of Cranial Neuropathies: Evaluation of cranial nerve damage, as evidenced by symptoms such as loss of balance, visual function, smell, taste, or sensation on the face, can be accomplished through a physical examination focusing on tests such as: Smell assessment ... Vision assessment ... Facial and Trigeminal Nerve assessment ... Vestibular assessment ... Hearing assessment. [REF-61, p.1223]

9***METABOLISM AND PHARMACOLOGY ***

9-1 ABSORPTION, DISTRIBUTION, AND EXCRETION:

    IT IS RAPIDLY ABSORBED FROM GI TRACT ... [REF-24, p.143]

    ENDOSULFAN WAS DIFFERENTIALLY DISTRIBUTED IN CNS OF THE CAT BRAIN WITH CONCN PATTERN CHANGING WITH TIME. WHITE MATTER HAD SLOWER UPTAKE & RELEASE WITH LOWER MAX CONCN OF ENDOSULFAN THAN DID GRAY MATTER. [REF-62]

    The A and B-isomers of (14)C-endosulfan were administered to rats separately as single 2 mg/kg oral doses in corn oil. No appreciable differences were observed in the fecal (or urine) elimination of radioactivity of the two isomers. Approximately 11 and 13%, 55 and 62%, and 68 and 75% of the administered radioactivity was eliminated in the feces at 24, 48, and 120 hours after treatment with the alpha and beta-isomers, respectively. Analyses of bile collected for 48 hours showed that 47% of the alpha-endosulfan dose and 29% of the beta-endosulfan dose was eliminated by this route. [REF-63, p.3]

    In studies with sheep receiving a single oral dose of radiolabeled endosulfan, 92 percent of the dose was eliminated in 22 days. The organ with the highest concentration of radiolabeled endosulfan after 40 days was the liver. Major metabolites did not persist in the fat or in the organs. [REF-64, p.98-8]

    The principal route of excretion for endosulfan and endosulfan sulfate is in the feces. [REF-65, p.98-9]

    The beta-isomer is more readily absorbed than the alpha-isomer. [REF-66, p.96-8]

    In mice, 24 hours after oral administration of (14)C-endosulfan, residues were detected in fat, liver, kidney, brain, and blood. [REF-67, p.97-8]

    Data from autopsies of three suicides show levels of endosulfan in brain which were much lower than those in liver and kidney, which in turn, were lower than levels in blood. Data from another suicide indicate higher levels of endosulfan in liver and kidneys than in blood. [REF-68, p.97-8]

    Alcohols, oils, and emulsifiers accelerate the absorption of endosulfan by the skin. [REF-66, p.96-8]

    Most of the radioactivity is excreted within the first 48 hrs. The amounts excreted are independent of dose level, number of dosages, and isomerism. There are indications of species-specificity. [REF-15, p.390]

9-2 METABOLISM/METABOLITES:

    IN TEMP STRESSED RATS ORALLY DOSED WITH ENDOSULFAN I OR II, ENDOSULFAN SULFATE WAS THE METABOLITE MOST COMMONLY RECOVERED FROM TISSUES, ORGANS & FECES REGARDLESS OF TEMP STRESS. THE DIOL, ALPHA-HYDROXY ETHER & LACTONE ... WERE FOUND IN MOST URINE & FECES SAMPLES. [REF-69, p.133]

    ... WHITE MICE (BALB/C STRAIN) WERE FED (14)C-LABELED ENDOSULFAN. THE TWO ISOMERS WERE NOT COMPLETELY ABSORBED FROM GI TRACT BUT, ALONG WITH ENDOSULFAN SULFATE & DIOL, WERE EXCRETED IN FECES. ONLY A TRACE OF OXIDIZED ENDOSULFAN WAS FOUND IN KIDNEY & MUSCLE EXTRACTS BUT NEITHER OF THE TWO KNOWN METABOLITES NOR ENDOSULFAN WAS FOUND IN BLOOD OR BRAIN EXTRACTS. ... LARGE AMOUNTS OF ENDOSULFAN SULFATE WERE DETECTED IN THE LIVER & TRACES IN THE KIDNEY 24 HR AFTER /MICE/ ... RECEIVED SINGLE DOSES OF ENDOSULFAN. [REF-70, p.197]

    ENDOSULFAN-(14)C WAS FED TO MILK SHEEP. ANALYSIS OF MILK SAMPLES SHOWED THAT UP TO 88% OF RADIOACTIVE MATERIALS REMAINED IN CREAM. GAS LIQUID CHROMATOGRAHPY & THIN LAYER CHROMATOGRAHY SHOWED THAT THE RADIOACTIVE MATERIAL WAS ALMOST ENTIRELY ENDOSULFAN SULFATE. ANALYSES OF URINE SAMPLES SHOWED THE PRESENCE OF ENDOSULFAN ALCOHOL & ALPHA-HYDROXYENDOSULFAN ETHER. OTHER METABOLITES PRESENT WERE NOT IDENTIFIED. [REF-70, p.197]

    AFTER PERORAL, CUTANEOUS, & SUBCUTANEOUS APPLICATION OF ENDOSULFAN TO MALE IMAGOS OF THE LOCUST (PACHYTILUS MIGRATORIUS MIGRATORIOIDES), FOUR METABOLITES WERE ... IDENTIFIED AS: ENDOSULFAN SULFATE; ENDOSULFAN ETHER; ENDOSULFAN HYDROXYETHER; & ENDOSULFAN LACTONE. [REF-70, p.198]

    /IN A HUMAN ENDOSULFAN POISONING/ ... ENDOSULFAN SULFATE WAS FOUND IN THE LIVER AT A CONCN OF 3.4 PPM [REF-22, p.253]

    Metabolism of topical endosulfan in the Indian honey bee, Apis cerana indica was studied. The two endosulfan isomers were found to be inconvertable in bees. The products were endosulfan sulfate, diol, ether, hydroxyether, and lactone and two unknown compounds. Endosulfan diol, hydroxyether and lactone were found to be conjugated in the excreta of the treated bees. [REF-71]

    THE TOXICITY & METABOLISM OF ENDOSULFAN TO 3 FRESHWATER CATFISHES WERE STUDIED. THE PRINCIPAL METABOLITE WAS ENDOSULFAN SULFATE & THE PRINCIPAL DETOXIFICATION PRODUCTS WERE ENDOSULFAN ALCOHOL & ENDOSULFAN ETHER. THE LIVER WAS THE PRINCIPAL SITE OF STORAGE & DEGRADATION OF ENDOSULFAN. [REF-72]

    EXPERIMENTS WERE CONDUCTED WITH THE FRESHWATER FISH MACROGNATHUS ACULEATUM TO STUDY THE TOXICITY & METABOLISM OF ENDOSULFAN & ITS EFFECT ON OXYGEN CONSUMPTION & TOTAL NITROGEN EXCRETION. THE 96-HR MEDIAN LETHAL CONCN VALUE WAS 3.5 PPB. IN BRAIN, GILLS, GUT, LIVER, & KIDNEY, ENDOSULFAN WAS METABOLIZED TO ENDOSULFAN SULFATE, BUT THIS APPEARS TO BE ONLY AN INTERMEDIARY STEP AS THE NONTOXIC ETHER WAS FOUND ONLY IN THE LIVER & KIDNEY. ENDOSULFAN, BOTH AT SUBLETHAL & LETHAL CONCN, DECREASED OXYGEN CONSUMPTION & TOTAL NITROGEN EXCRETION. [REF-73]

    FEMALE ALBINO RATS WERE GIVEN DAILY ORAL DOSES OF 0.5 AND 100 PPM ENDOSULFAN MIXED IN THE DIET. RATS WERE FED FOR 9 AND 18 WK ON POOR RICE DIETS (5% PROTEIN) OR FOR 18 WK ON A HIGH-PROTEIN DIET. IN BOTH LOW & HIGH PROTEIN DIET GROUPS, ENDOSULFAN CAUSED ACCUM OF PERIRENAL ADIPOSE TISSUE. ADIPOSE TISSUE WAS FOUND TO CONTAIN ALPHA-ENDOSULFAN, BETA-ENDOSULFAN, AND ENDOSULFAN SULFATE; TISSUE SAMPLES FROM LOW-PROTEIN RATS CONTAINED HIGHER CONCN OF THESE METABOLITES. [REF-74]

9-3 BIOLOGICAL HALF/LIFE:

    TOTAL ENDOSULFAN RESIDUE LEVELS IN POSTMORTEM SAMPLES FROM CARCASS OF POISONED DAIRY COWS WERE 1270 PPM IN RUMEN CONTENT & 4.2, 1.1, & 0.6 PPM IN LIVER, KIDNEY, & MUSCLE TISSUE, RESPECTIVELY. ANALYSIS OF MILK FROM COWS WHICH SURVIVED THE POISONING REVEALED LEVEL OF GREATER THAN 1 PPM ENDOSULFAN IMMEDIATELY FOLLOWING THE INTOXICATION. THIS LEVEL DECREASED TO 1 PPB AT THE END OF 35 DAYS & HALF-LIFE OF APPROX 3.9 DAYS WAS CALCULATED FOR ENDOSULFAN IN MILK. [REF-75]

    ALPHA & BETA-ISOMERS OF ENDOSULFAN, FOLLOWING IV ADMIN IN RABBITS, SHOWED MARKED DIFFERENCES IN THEIR PHARMACOKINETIC PROFILE. BETA-ENDOSULFAN WAS CLEARED FROM THE PLASMA MUCH MORE RAPIDLY THAN ALPHA-ENDOSULFAN, THE TERMINAL SLOPE HALF-LIFE BEING 5.97 & 235 HR, RESPECTIVELY. THESE DISSIMILARITIES MAY PARTLY EXPLAIN REPORTED DIFFERENCES IN THEIR TOXICITY. /ALPHA & BETA ENDOSULFAN/ [REF-76]

9-4 MECHANISM OF ACTION:

    A SINGLE DOSE OF 1 AND 3 MG/KG ENDOSULFAN DID NOT SHOW ANY SIGNIFICANT EFFECT ON BINDING OF (3)H-LABELED SEROTONIN TO FRONTAL CORTICAL MEMBRANES AS WELL AS ON FOOT SHOCK INDUCED FIGHTING BEHAVIOR IN RATS, WHEREAS REPEATED EXPOSURE OF ENDOSULFAN (3 MG/KG/DAY FOR 30 DAYS) CAUSED A SIGNIFICANT INCR IN (3)H-SEROTONIN BINDING. SCATCHARD ANALYSIS SHOWED AN INCR IN THE AFFINITY OF THE RECEPTOR IN THE TREATED ANIMALS, WHILE THE NUMBER OF RECEPTOR SITES REMAINED UNALTERED. LONG-TERM EXPOSURE CAUSED AGGRESSIVE BEHAVIOR (FOOT SHOCK INDUCED FIGHTING BEHAVIOR) WHICH WAS BLOCKED BY METHYLSERGIDE. [REF-77]

    THE EFFECT OF A SINGLE ORAL DOSE OF ENDOSULFAN (5 MG/KG BODY WT) ON UPTAKE OF CERTAIN NUTRIENTS AND BRUSH-BORDER ENZYMES HAS BEEN STUDIED IN RAT INTESTINE. THE UPTAKE OF GLUCOSE AND ALANINE WAS ELEVATED BUT THAT OF LEUCINE WAS DECR IN ENDOSULFAN-FED RATS. THE ACTIVITIES OF BRUSH BORDER SUCRASE AND ALKALINE PHOSPHATASE WERE CONSIDERABLY INCR WHILE THE ACTIVITY OF SODIUM+ POTASSIUM+ ATPASE WAS REDUCED IN ENDOSULFAN EXPOSED ANIMALS. THERE WAS A SIGNIFICANT DECR IN CELLULAR LACTIC DEHYDROGENASE AND GLUTAMIC-OXALOACETIC TRANSAMINASE ACTIVITIES WITH NO CHANGE IN GLUTAMIC-PYRUVIC TRANSAMINASE ACTIVITY. [REF-78]

    ENDOSULFAN INTERFERES WITH ENERGY METABOLISM IN VIVO OF THE FRESH WATER TELEOST FISH, CHANA GACHUA, FOLLOWING CHRONIC EXPOSURE TO VARIOUS SUBLETHAL CONCENTRATIONS. THE MARKED SENSITIVITY OF MITOCHONDRIAL MAGNESIUM2+ ATPASE TO ENDOSULFAN IS SUGGESTIVE OF THE POTENTIAL FOR ENDOSULFAN TO INTERFERE MARKEDLY WITH VARIOUS ENERGY REQUIRING PROCESSES IN THE FISH BODY. [REF-32]

9-6 INTERACTIONS:

    A study was conducted to determine the cumulative toxicity of manganese chloride (MnCl2), endosulfan, and a mixture of these compounds and also to suggest a cumulative toxicity rating. Male mice were fed mixtures of endosulfan powder suspended in peanut oil and manganese chloride dissolved in water for 6 day/wk until the cumulative LD50 remained constant for three consecutive weeks. The cumulative toxic factors were: 0-3.48 for manganese chloride, 1.30-2.46 for endosulfan, and 1.30-3.34 for a mixture of these compounds. Observed cumulative toxic factors for the mixture were higher than expected values, indicating a greatly reduced toxicity when these compounds are mixed. [REF-79]

    WITHIN 7 DAYS, ORAL DOSAGES OF 2.5 MG/KG/DAY PRODUCED ... INCREASED PENTOBARBITAL SLEEPING TIME IN FEMALE RATS. [REF-22, p.252]

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

10-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:

    Endosulfan's production and use as an insecticide has resulted in its direct release to the environment. If released to air, a vapor pressure of 6.2X10-6 mm Hg at 20 deg C indicates endosulfan will exist in both the vapor and particulate phases in the ambient atmosphere. Vapor-phase endosulfan 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 2 days. Particulate-phase endosulfan will be removed from the atmosphere by wet and dry deposition. Endosulfan may undergo direct photolysis, but the kinetics of this reaction are unknown. If released to soil, endosulfan is expected to have low mobility based upon a Koc of 2,000 in soil. Volatilization from moist soil surfaces is expected to be an important fate process based upon a Henry's Law constant of 6.6X10-5 atm-cu m/mole at 20 deg C, however, adsorption may attenuate this result. Endosulfan is not expected to volatilize from dry soil surfaces based upon its vapor pressure. Biodegradation may be an important environmental fate process with reported half-lives of 32 and 150 days in aerobic and anaerobic soils, respectively. If released into water, endosulfan is expected to adsorb to suspended solids and sediment in water based upon a Koc of 3,981 obtained in sediment. Biodegradation in water is expected to be an important fate process with reported half-lives of 2 and 8 days in aerobic and anaerobic waters, respectively. Hydrolysis is expected to be an important environmental fate process with half-lives of 9 to 533 hours in river water. Volatilization from water surfaces is expected to be an important fate process based upon this compound's Henry's Law constant, however, adsorption may attenuate this process. Estimated volatilization half-lives for a model river and model lake are 20 hours and 16 days, respectively if adsorption is neglected. Measured BCF values of 2,650 and 11,583 suggest bioconcentration in aquatic organisms is very high. Occupational exposure to endosulfan may occur through inhalation and dermal contact with this compound at workplaces where endosulfan is produced or used. The general population will be exposed to endosulfan primarily through the ingestion of food products. (SRC) 

10-2 ECOTOXICITY VALUES:

  . LC50 BOBWHITE QUAIL ORAL 805 PPM (95% CONFIDENCE LIMIT 690-939 PPM), AGE 9 DAYS [REF-80, p.21]

  . LC50 JAPANESE QUAIL ORAL APPROX 1250 PPM IN 5 DAY DIET, AGE 14 DAYS [REF-80, p.21]

  . LC50 RING-NECKED PHEASANT 1275 PPM (95% CONFIDENCE LIMIT 1098-1482 PPM), IN FIVE DAY DIET, AGE 10 DAYS [REF-80, p.21]

  . LC50 MALLARD DUCK ORAL 1053 PPM (95% CONFIDENCE LIMIT 781-1540 PPM), IN FIVE DAY DIET, AGE 16 DAYS [REF-80, p.21]

  . LC50 GAMMARUS LACUSTRIS (SCUDS) 5.8 UG/L/96 HR @ 21 DEG C (95% CONFIDENCE LIMIT 4.1-8.1 UG/L), AGE MATURE, STATIC BIOASSAY /TECHNICAL MATERIAL 96%/ [REF-81, p.36]

  . LC50 PTERONARCYS CALIFORNICA (STONE FLIES) 2.3 UG/L/96 HR @ 15 DEG C (95% CONFIDENCE LIMIT 1.6-3.3 UG/L), SECOND YEAR CLASS, STATIC BIOASSAY /TECHNICAL MATERIAL 96%/ [REF-81, p.36]

  . LC50 SALMO GAIRDNERI (RAINBOW TROUT) 1.4 UG/L/96 HR @ 13 DEG C (95% CONFIDENCE LIMIT 1.2-1.6 UG/L), WT 1.3 G, STATIC BIOASSAY /TECHNICAL MATERIAL 96%/ [REF-81, p.36]

  . LC50 PIMEPHALES PROMELAS (FATHEAD MINNOW) 1.5 UG/L/96 HR @ 18 DEG C (95% CONFIDENCE LIMIT 1.1-2.0 UG/L), WT 0.7 G, STATIC BIOASSAY /TECHNICAL MATERIAL 96%/ [REF-81, p.36]

  . LC50 ICTALURUS PUNCTATUS (CHANNEL CATFISH) 1.5 UG/L/96 HR @ 18 DEG C (95% CONFIDENCE LIMIT 1.3-1.7 UG/L), WT 1.7 G, STATIC BIOASSAY /TECHNICAL MATERIAL 96%/ [REF-81, p.36]

  . LC50 LEPOMIS MACROCHIRUS (BLUEGILL) 1.2 UG/L/96 HR @ 18 DEG C (95% CONFIDENCE LIMIT 0.9-1.7 UG/L), WT 1.0 G, STATIC BIOASSAY /TECHNICAL MATERIAL 96%/ [REF-81, p.36]

  . LD50 CHANNA PUNCTATA 0.16 PPB/96 HR (ISOMER A), 2.5 PPB/96 HR (35% EC), 4.8 PPB/96 HR (TECHNICAL GRADE), 6.6 PPB/96 HR (ISOMER B), 16 PPB/96 HR (4% DUST) /CONDITIONS OF BIOASSAY NOT SPECIFIED/ [REF-82]

  . LC50 Palaemon macrodactylus 3.4 (1.8-6.5) ug/l/96 hr in a flow through bioassay [REF-83, p.914]

  . LC50 Catastomus commersoni (white sucker) 3.0 ug/l/96 hr /Conditions of bioassay not specified/ [REF-83, p.914]

  . LC50 Mugil cephalis (mullet) 0.38 ug/l/96 hr in a flow through bioassay [REF-83, p.914]

  . LC100 Bufo bufo (true toad) 15 ug/l/24 hr /Conditions of bioassay not specified/ [REF-1, p.47]

  . LC50 Chironomus plomosus larvae 53 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.47]

  . LC100 Chironomus plomosus (larvae) 140 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.47]

  . LC50 Corethra plumicornis 200 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.47]

  . LC50 Tubifex tubifex (sludge worm) 6000 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.47]

  . LC50 Ischura sp (insect) naiads 235 ug/l/24 hr at 8 deg C; 120 ug/l/48 hr at 8 deg C; 62 ug/l/120 hr at 8 deg C /From table/ [REF-84, p.47]

  . LC50 Aedes aegypti (mosquito) larvae 1000 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.47]

  . LC100 Aedes aegypti (mosquito) larvae 1500 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.47]

  . LC50 Cyprinus carpio (carp) 10 ug/l/48 hr /From table; Conditions of bioassay not specified/ [REF-1, p.44]

  . LC100 Esox lucius (northern pike) 5 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.44]

  . LC50 Carassius auratus (goldfish) 8 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.45]

  . LC100 Carassius auratus (goldfish) 10 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.45]

  . LC50 Lebistes reticulatus 5 ug/l/24 hr /From table; Conditions of bioassay not specified/ [REF-1, p.45]

10-3 ENVIRONMENTAL FATE:

  . TERRESTRIAL FATE: THE PERSISTENCE OF GREATER THAN 0.05 PPM OF TOTAL ENDOSULFAN RESIDUES UNDER NATURAL CONDITIONS OF WET & DRY CULTIVATION WAS STUDIED. WHEN THE INITIAL DOSE OF APPLICATION WAS THE SAME, THE RESIDUES PERSISTED FOR APPROX 120 DAYS IN WET SOILS & 100 DAYS IN DRY SOILS. IN 3 DRY SOILS THAT RECEIVED LOW, NORMAL AND HIGH INITIAL DOSES (41.88, 87.5, AND 350 G AI/ACRE), RESIDUES PERSISTED FOR 60, 100, AND 160 DAYS, RESPECTIVELY. ENDOSULFAN SULFATE WAS THE PRINCIPAL METABOLITE EXCEPT IN DRY SOIL RECEIVING THE HIGH DOSE, WHERE THE ENDOSULFAN ALC AND ENDOSULFAN ETHER WERE PRINCIPAL METABOLITES FOR THE FIRST 50 DAYS, AFTER WHICH ENDOSULFAN SULFATE APPEARED. [REF-85]

  . IN A CONTROLLED ENVIRONMENT, LOSSES FROM GLASS & PLANT SURFACES WERE IN THE DECREASING ORDER ENDOSULFAN ETHER, ENDOSULFAN I, ENDOSULFAN II, ENDOSULFAN SULFATE, ENDOSULFANDIOL. IN THE GREENHOUSE, HOWEVER, UNDER SEMICONTROLLED CONDITIONS, THE SEQUENCE OF LOSS FROM PLANT SURFACES WAS, IN DECREASING ORDER, ENDOSULFAN I, ENDOSULFAN ETHER, ENDOSULFAN II, ENDOSULFANDIOL, ENDOSULFAN SULFATE. UNDER CONTROLLED CONDITIONS, ENDOSULFAN SULFATE AND ENDOSULFAN ETHER WERE FOUND. PENETRATION OF THE CMPD INTO THE PLANT TISSUE AND TRANSLOCATION FROM LEAVES TO ROOTS WERE OBSERVED IN BOTH BEAN AND SUGAR BEET PLANTS. TRANSLOCATION OCCURRED AT A HIGHER RATE IN GREENHOUSE PLANTS IN THE DECREASING ORDER ENDOSULFAN II, ENDOSULFAN SULFATE, ENDOSULFAN ETHER, ENDOSULFAN I, ENDOSULFANDIOL. [REF-86]

  . AQUATIC FATE: A SURVEY OF 11 AGRICULTURAL WATERSHEDS LOCATED IN SOUTHERN ONTARIO REVEALED THAT 81 PESTICIDES WERE APPLIED ON FARMS AND RIGHTS-OF-WAY DURING 1975. BETWEEN MAY 1975-APRIL 1977, STREAM WATER DRAINING THE 11 WATERSHEDS WAS ANALYZED FOR 61 PARENT PESTICIDAL CMPD (PLUS 4 ISOMERS), 13 METABOLITES AND 2 INDUST ORG POLLUTANTS. ONLY ATRAZINE, ENDOSULFAN AND SIMAZINE PERSISTED LONG ENOUGH TO APPEAR IN WATER THROUGHOUT THE YR. [REF-87]

  . TERRESTRIAL FATE: ENDOSULFAN WAS APPLIED 3 TIMES @ RATE OF 0.5 AND 1.5 LB/ACRE TO FIELD TOBACCO. MAX TIME TO ZERO RESIDUE LEVEL WAS ESTIMATED TO BE 10 DAYS ... [REF-88, p.191]

  . TERRESTRIAL FATE: Based on a classification scheme(1), a reported Koc value of 2,000 in soil(2), indicates that endosulfan is expected to have low mobility in soil(SRC). Volatilization of endosulfan from moist soil surfaces is expected to be an important fate process(SRC) given a Henry's Law constant of 6.6X10-5 atm-cu m/mole(3), however, adsorption may attenuate this process(SRC). Endosulfan is not expected to volatilize from dry soil surfaces(SRC) based upon a vapor pressure of 6.2X10-6 mm Hg(4). Endosulfan may undergo hydrolysis in moist soil surfaces based on half-lives of 9-533 hours in river water(5). The half-life of endosulfan in aerobic soil was reported as 32 days and in anaerobic soil was 150 days(6). [REF-89]

  . AQUATIC FATE: Based on a classification scheme(1), Koc values of 3,981 and 19,953 in sediment(2), indicate that endosulfan is expected to adsorb to suspended solids and sediment in water(SRC). Volatilization from water surfaces is expected(3) based upon a Henry's Law constant of 6.6X10-5 atm-cu m/mole(4), however, adsorption may attenuate this process. Using this Henry's Law constant and an estimation method(3), volatilization half-lives for a model river and model lake are 20 hours and 16 days, respectively if adsorption is neglected(SRC). According to a classification scheme(5), BCF values of 2,650(6) and 11,583(7) in fish, suggests bioconcentration in aquatic organisms is very high. Hydrolysis is expected to be an important fate process based on hydrolysis half-lives of 9-533 hours in river water(2). The biodegradation half-life of endosulfan in aerobic and anaerobic waters was reported as 2 and 8 days, respectively(8). [REF-90]

  . ATMOSPHERIC FATE: According to a model of gas/particle partitioning of semivolatile organic compounds in the atmosphere(1), endosulfan, which has a vapor pressure of 6.2X10-6 mm Hg at 20 deg C(2), is expected to exist in both the vapor and particulate phases in the ambient atmosphere. Vapor-phase endosulfan is degraded in the atmosphere by reaction with photochemically-produced hydroxyl radicals(SRC); the half-life for this reaction in air is estimated to be 2 days(SRC), calculated from its rate constant of 8.2X10-12 cu cm/molecule-sec at 25 deg C(3). Particulate-phase endosulfan may be removed from the air by wet and dry deposition(SRC). Endosulfan absorbs light greater than 290 nm and may undergo photolysis in the environment(4,5), but the kinetics of this reaction are unknown. [REF-91]

10-4 BIODEGRADATION:

  . DEGRADATION OF ENDOSULFAN BY SOIL MICROORGANISM OF FAMILY PSEUDOMONAS WAS STUDIED. THE ALCOHOL WAS MAIN METABOLITE FROM EITHER ISOMER, BETA-ISOMER ALSO YIELDED SMALL AMT OF ENDOSULFAN ETHER AS WELL AS ISOMERIZED TO MORE STABLE ALPHA-ISOMER ... [REF-69, p.133]

  . Endosulfan sulfate is the major degradation product of endosulfan /by soil bacteria/. [REF-5, p.9]

  . Gezira soil from the Sudan was mixed with alpha-endosulfan and beta-endosulfan and incubated at 37 deg C for 42 days. The percent recoveries for alpha-endosulfan and beta-endosulfan applied at 125 ppm to unautoclaved moist soil preparations were 50.6% and 29.7%, respectively, and from the sterilized (control) moist soil preparations were 63.8% and 65.3%, respectively(1). The samples were covered and kept in the dark during the experiment. Leachates from Gezira soil columns were incubated with 125 ppm alpha-endosulfan and beta-endosulfan at 37 deg C for 42 days(1). Recoveries for alpha-endosulfan from the control and experimental samples were 34.9%. and 17.1%, respectively. Only a trace of beta-endosulfan was recovered compared to a 19.5% recovery from the control sample. Application of 280 ppm of alpha-endosulfan and beta-endosulfan to carbon-based growth medium and incubation with Gezira soil suspensions at 37 deg C for 100 days resulted in recoveries of alpha-endosulfan of 54.5% and 42.6% and recoveries for beta-endosulfan of 91.4% and 69.4% from control and experimental samples, respectively(1). The degradation products obtained in these experiments were not identified(1). [REF-92]

  . Aerobic incubation of a soil-endosulfan preparation yielded mainly endosulfan sulfate (30-60%), with some endodiol (2.6%) and endolactone (1.2%)(1). The parenthetical numbers refer to the percentage of the applied endosulfan recovered as a metabolite. Sixteen of 28 soil fungi, 15 of 49 soil bacteria and 3 of 10 actinomycetes metabolized > 30% of the applied C-14 labeled endosulfan(2). Endosulfate was the major metabolite formed by the fungi, and endodiol was the predominant product of bacteria(2). Only a small amount of C-14 labeled carbon dioxide was detected, indicating minimal mineralization(2). Controls showed that chemical hydrolysis was only significant in a limited number of cultures. [REF-93]

  . Half-life values for alpha-endosulfan and beta-endosulfan exposed to mixed cultures from a sandy loam soil incubated at 20 deg C were 1.1 and 2.2 weeks(1). The contribution of hydrolysis to this result was not determined(1). Interconversion of alpha-endosulfan and beta-endosulfan was observed and the metabolic pathway was determined to proceed through the endosulfan sulfate, endosulfan diol, endosulfan alpha-hydroxyether and finally to endosulfan lactone(1). [REF-94]

  . Under anaerobic conditions, endosulfan sulfate was the major product (11-22%), with some endodiol (2.9%) and endolactone (1.9%). In flooded samples, the products were endosulfan sulfate (3.0-8.2%), endodiol (2.3-18.4%) and endohydroxyether (1.8-4.3%). The incubation temperature was not given(1). [REF-95]

  . The half-life of endosulfan in aerobic soil was reported as 32 days and in anaerobic soil was 150 days(1). In a field experiment conducted in cotton field soil of northern India, endosulfan had a reported half-life of 39-42 days, with endosulfane-diol and endosulfan sulfate as the main metabolic products(2). Pure cultures of Trichoderma hazianum isolated from a banana plantation in Costa Rica degraded endosulfan 61-99% during a 13 day incubation period(3). The biodegradation half-life of endosulfan in aerobic and anaerobic waters was reported as 2 and 8 days, respectively(4). [REF-96]

10-5 ABIOTIC DEGRADATION:

  . THE PHOTOLYSIS OF ENDOSULFAN WAS EXAM UNDER DIFFERENT CONDITIONS. TWO NEW PHOTOMETABOLITES, PHOTO-ALPHA-ENDOSULFAN AND PHOTO-BETA-ENDOSULFAN WERE ISOLATED FROM ALPHA- AND BETA-ENDOSULFAN, RESPECTIVELY. IRRADIATION IN POLAR SOLVENTS GIVES METABOLITES FORMED UNDER BIOTIC CONDITIONS. WHEN EXPOSED TO SUNLIGHT ON PLANT LEAVES, ALPHA-ENDOSULFAN NOT ONLY FORMS THE PHOTOMETABOLITE BUT ALSO UNDERGOES ISOMERIZATION TO THE BETA-ISOMER. THE BETA-ISOMER IS RELATIVELY MORE STABLE. [REF-97]

  . Persistence in river water in a sealed glass jar under sunlight and artificial fluorescent light initial concentration: 10 ug/l; after 1 hr: 100%; 1 wk: 30%; 2 wk: 5%; 4 wk: 0%. [REF-83, p.912]

  . THE /ENDOSULFAN/ ALPHA AND BETA ISOMERS ARE RAPIDLY OXIDIZED BY PEROXIDES OR PERMANGANATE TO ENDOSULFAN SULFATE MP 181 DEG C. /ALPHA AND BETA-ISOMERS/ [REF-98, p.89]

  . THE /ENDOSULFAN/ ALPHA AND BETA-ISOMERS ARE SLOWLY CONVERTED TO THE MORE STABLE BETA-FORM AT HIGH TEMPERATURES AND BOTH ISOMERS ARE SLOWLY OXIDIZED IN AIR AND IN BIOLOGICAL SYSTEMS. [REF-98, p.89]

  . The rate constant for the vapor-phase reaction of endosulfan with photochemically-produced hydroxyl radicals has been estimated as 8.2X10-12 cu cm/molecule-sec at 25 deg C(SRC) using a structure estimation method(1). This corresponds to an atmospheric half-life of about 2 days at an atmospheric concn of 5X10+5 hydroxyl radicals per cu cm(1). Hydrolysis rate constants of 19.6X10-3 and 18.5X10-3 days-1 at pH 7 and 4.6X10-3 and 3.7X10-3 days-1 at pH 5.5 were measured for alpha-endosulfan and beta-endosulfan, respectively(1). Hydrolysis half-lives of 35.4 and 37.5 days for alpha-endosulfan and beta-endosulfan at pH 7 and 150.6 and 187.3 days for alpha-endosulfan and beta-endosulfan at pH 5.5 were calculated from these rate constants(SRC). In the presence of ferric hydroxide, a higher rate of hydrolysis was observed at pH 7 and 20 deg C. In a solution of ferric hydroxide, the hydrolysis rate constants of alpha-endosulfan and beta-endosulfan were 5.73X10-2 and 4.48X10-2 days-1, respectively(2). Hydrolysis half-lives of 12.1 and 15.5 days were calculated from these rate constants for alpha-endosulfan and beta-endosulfan, respectively(SRC). Hydrolysis rate constants of 5.9X10-4 to 550X10-4 hours-1 were measured for alpha-endosulfan in water obtained from rivers in Australia(3). These rate constants correspond to hydrolysis half-lives of 13-1,174 hours(SRC). Hydrolysis rate constants of 13X10-4 to 800X10-4 hours-1 were measured for beta-endosulfan in water obtained from rivers in Australia(3). These rate constants correspond to hydrolysis half-lives of 9-533 hours(SRC). Irradiation of alpha-endosulfan in hexane solution and a dioxane-water solution of beta-endosulfan with light greater than 300 nm resulted in partial dechlorination of the isomers(4,5). Irradiation of a thin film of alpha-endosulfan and beta-endosulfan using germicidal lamps (254 nm) produced mainly endosulfandiol(6) but this may not be environmentally relevant(SRC). The alpha-hydroxy ether, lactone and ether of endosulfan were produced in lesser amounts(6). [REF-99]

10-6 BIOCONCENTRATION:

  . After 96 hr, combined residues of alpha-endosulfan and beta-endosulfan and their metabolite, endosulfan sulfate, had concentrated by 81-245X, 1046-1,299X, 620-895X and 1000-1344X in grass shrimp, pinfish, spot, and striped mullet, respectively(1). After 28 days, the combined residues had concentrated 2249X and 2755X in edible tissues and whole fish, respectively(1). Mean endosulfan residues in two species of mussels exposed to the chemical for 36 days were 2.75X and 2.85X the level in water(2). Prior to 36 days, no beta-endosulfan was detected. The authors suggested this was due to the differential uptake of the isomers. Endosulfan accumulated 600X in the Pelecypod, Mytilus edulis after 50 hr(3). From these results, bioconcentration of alpha-endosulfan, beta-endosulfan and the metabolite endosulfan sulfate may be somewhat significant in aqueous species(SRC). [REF-100]

  . A measured BCF of 2,650 was obtained for zebra fish exposed to 0.3 ug/l of endosulfan for 21 days in a flow-through aquarium(1). A BCF value of 11,583 was measured for endosulfan in yellow tetra fish exposed to 0.3 ug/l of endosulfan for 21 days in a flow-through aquarium(2). According to a classification scheme(3), this BCF data suggests bioconcentration in aquatic organisms is very high. It was noted in both sets of experiments that endosulfan depuration by fish was rapid, with approximately 81% total endosulfan elimination within 120 hours when the fish were placed in a tank of pure water containing no endosulfan(1,2). [REF-101]

10-7 SOIL ADSORPTION/MOBILITY:

  . The alpha-Endosulfan isomer disappears more rapidly from soil than beta-endosulfan (ie, the relative quantity of the beta-isomer increases dramatically after prolonged weathering). Endosulfan residues in soil nearly one year after the last foliar application at 0.67-0.84 kg/ha contained less than 0.05 mg/kg (soil) of the alpha-isomer but up to 0.22 mg/kg (soil) of the beta-isomer. Residues of endosulfan sulfate, ... were as high as 1.06 mg/kg (soil). Under some conditions, the amount of endosulfan sulfate formed was approximately equal to the amount of alpha and beta-isomers lost. The sulfate is reported to remain in the soil for a number of seasons. [REF-1, p.15]

  . A Koc of 2,000 was reported for endosulfan in soil(1). The Koc of alpha-endosulfan in marine sediment was measured as 3,981 and the Koc for beta-endosulfan was measured as 19,953(2). According to a classification scheme(3), this Koc data suggests that endosulfan is expected to have low mobility in soil. [REF-102]

10-8 VOLATILIZATION FROM WATER/SOIL:

  . The Henry's Law constant for endosulfan is 6.6X10-5 atm-cu m/mole at 20 deg C(1). This Henry's Law constant indicates that endosulfan is expected to volatilize from water surfaces(2), however, adsorption may attenuate this process(SRC). 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 20 hours if adsorption is neglected(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 16 days if adsorption is neglected(SRC). Endosulfan's Henry's Law constant(1) indicates that volatilization from moist soil surfaces may occur(SRC). Endosulfan is not expected to volatilize from dry soil surfaces(SRC) based upon a vapor pressure of 6.2X10-6 mm Hg(3). [REF-103]

                               11***SOURCES AND CONCENTRATIONS *** 

11-1 ARTIFICIAL SOURCES: 

  . ENDOSULFAN RESIDUES WERE NONDETECTABLE (LESS THAN 0.01 PPM) IN THE 1970 & 1971 CIGARETTE TOBACCO, BUT IN 1972 THEY AVERAGED 0.4 PPM WITH 0.3 PPM AS ENDOSULFAN SULFATE, 0.1 PPM AS ENDOSULFAN II, & ONLY TRACE AMOUNTS OF ENDOSULFAN I. [REF-104]

  . Endosulfan's production and use as an insecticide(1) has resulted in its direct release to the environment(SRC). [REF-105]

11-2 WATER CONCENTRATIONS: 

  . SURFACE WATER: A SURVEY OF 11 AGRICULTURAL WATERSHEDS LOCATED IN SOUTHERN ONTARIO REVEALED THAT 81 PESTICIDES WERE APPLIED ON FARMS AND RIGHTS-OF-WAY DURING 1975. BETWEEN MAY 1975-APRIL 1977, STREAM WATER DRAINING THE 11 WATERSHEDS WAS ANALYZED FOR 61 PARENT PESTICIDAL CMPD (PLUS 4 ISOMERS), 13 METABOLITES AND 2 INDUST ORG POLLUTANTS. ONLY ATRAZINE, ENDOSULFAN AND SIMAZINE PERSISTED LONG ENOUGH TO APPEAR IN WATER THROUGHOUT THE YR. FIVE OF THE CHEM EXCEEDED THE WATER QUALITY CRITERIA ESTABLISHED BY THE INTERNATIONAL JOINT COMMISSION FOR LAKE AND STREAM WATERS ENTERING THE GREAT LAKES. THESE 5 INCL ENDOSULFAN IN 14% OF THE WATER SAMPLES. [REF-87]

  . SURFACE WATER: alpha-Endosulfan was detected in the Federal Republic of Germany (April 1970-June 1971) at 10-100 ng/l while beta-endosulfan was detected at 20-95 ng/l(1). A mean concn of 0.1 ng/l was reported for both the alpha- and beta-endosulfan isomers in the Lower Niagara River, Canada(2). In the Rhine River, alpha- and beta-endosulfan were detected at concns of less than 0.01 ug/l(3) and in the Meuse River, Netherlands alpha-endosulfan was detected at 0.09, 0.03 and 0.01 ppb in 1969, 1970 and 1973, respectively(4). alpha-Endosulfan was detected in the Rhine River, Netherlands at 0.81 (1969), 0.40 (1970), 0.25 (1971), 0.03 (1972), 0.10 (1973), 0.02 (1974), 0.02 (1975), and 0.03 (1976) ppb(4). beta-Endosulfan was detected in the Rhine River, Netherlands at 0.24 and 0.03 ppb in 1969 and 1970, respectively(4). The detection limit in these studies was 0.01 ppb(4). Endosulfan was detected in the Gila River, Arizona in 1970 at a concn of 0.02 ppb(5). The mean alpha-endosulfan concn in raw water extracts of samples taken from various water treatment plants in Pennsylvania and West Virginia ranged from 0.1-0.6 ppb and maximum concns from 0.1-0.9(6). Endosulfan was detected in 9-24.5% of the samples taken from the Ohio River at concns of less than 0.1 ppb to 0.2 ppb(7). Endosulfan was detected in 16.7-44.4% of Ohio River tributaries at concns of 0.1-0.9 ppb(7). alpha-Endosulfan was detected in the Rhine River, Netherlands at 0.02-0.33 ppb and beta-endosulfan was detected at 0.2-0.19 ppb(8). The concns increased the deeper the samples and the greater the amount of silt present(8). alpha-Endosulfan was reported in the Niagara River, Canada at concns of not detected-0.0204 ppb, (9). In May 1980, alpha-endosulfan was detected in Inner Harbor Navigation Canal water at Lake Pontchartrain, New Orleans, LA at an average concn of 0.8 ng/l for 8 samples at ebb tide and at concn of 3.0 and 0.9 ng/l for individual samples at flood tide(10). Endosulfan was detected in 1 of 4 samples at a concn of 0.1 ug/l for Swedish stream waters in Apr 1985-1987(11). Of 1400 surface water samples taken across western Canada in 1973, beta-endosulfan was detected once in the Souris River, Manitoba at a concn of 0.011 ug/l(12). In 1981-85, water from the Grand River, Ontario, Canada contained endosulfan in 5 samples for 4.8% of the total with an average concn of 0.009 ug/l(13). Endosulfan was detected in 4 of 6 samples from the Segre River, Spain at 0.01 ug/l(14). Endosulfan was detected in 6 of 9 surface water samples obtained off the coast of Africa at concns of 1.3-1.9 ug/l(15). [REF-106]

  . DRINKING WATER: Endosulfan was found at 0.04 ug/l in drinking water from an unspecified source(1). Twenty-four of 154 finished water extracts in the US contained unspecified amounts of alpha-endosulfan(2). [REF-107]

  . GROUNDWATER: Samples of well water from sites in California contained alpha-endosulfan and beta-endosulfan, but no quantitative data were presented(1). [REF-108]

  . RAIN/SNOW: Samples of precipitation collected in the Great Lakes ecosystem contained alpha-endosulfan and beta-endosulfan concns of 1-10 and 1-12 parts per trillion, respectively, and mean concns of 2 and 3 parts per trillion, respectively(1). The concn of alpha-endosulfan in precipitation from Canada ranged from 0.001-0.116 ppb and that of beta-endosulfan from 0.001-0.031 ppb(2). Mean concns of alpha-endosulfan and beta-endosulfan in precipitation were 3.8 and 12.0 parts per trillion in 16 samples from Lake Ontario, 1.6 and 2.0 parts per trillion in 7 samples from Lake Erie, 0.1-2.1 in 13 samples from the Georgian Bay of Lake Huron and 0.2 and 1.0 parts per trillion in Lake Superior, respectively(3). Concns of alpha-endosulfan and beta-endosulfan in rain/snow samples collected in rural and urban areas in the US were 1-10 parts per trillion(4). The median alpha-endosulfan in the rural samples was 2 parts per trillion and the median beta-endosulfan concn in rural and urban samples were 3 and 2-5 parts per trillion, respectively(4). Endosulfan was identified, not quantified, in the ice and snow in the Arctic(5). [REF-109]

11-3 EFFLUENTS CONCENTRATIONS: 

  . Industrial effluents contained a median technical endosulfan concn of 0.010 ppb, and 14 of 44 samples (31.8%) were positive. alpha-Endosulfan was detected at a median concn of less than 0.010 ppb in 10 of the 628 samples and the median beta-endosulfan concn was less than 0.010 ppb in 6 of 630 samples(1). Endosulfan residues in treated wastewater effluents from a variety of industries were as follows(2): For alpha-endosulfan, aluminum forming - 17 samples, 29.4% pos, 0.01-28 ppb, 6.2 ppb avg; foundries - 2 samples, 100% pos, 5 ppb avg; nonferrous metals manufacturing - not detected-0.6 ppb, 0.2 ppb avg(2). For beta-endosulfan, foundries - 7 samples, 100% pos, 5 ppb avg; nonferrous metals manufacturing - not detected-0.2 ppb, 0.1 ppb avg; paint and ink formulation - 10 ppb max(2). URBAN RUNOFF: Samples of urban runoff from Washington, DC and Bellevue, WA contained 0.1-0.2 ppb alpha-endosulfan(4). AGRICULTURAL RUNOFF: concns of unspecified isomers of endosulfan in soil, water and silted water associated with runoff ranged from not detected-7.35 ppm, not detected-22.5 ppm, and not detected-132.5 ppm, respectively in 1968(3). The samples were taken in Presque Isle, ME(5). Runoff samples from Presque Isle, ME contained from trace-19 ppb endosulfan (isomer unspecified)(6). Endosulfan was detected in 20% of water samples from 11 agricultural watersheds in Ontario with a mean concn of 3.7 parts per trillion and a maximum concn of 173 parts per trillion in 1975-76(6). In 1976-77, endosulfan was detected in 18.5% of the samples, with a mean concn of 2.0 parts per trillion and a maximum concn of 52 parts per trillion(7). [REF-110]

  . Approximately 20-60 kg of endosulfan was released to the Rhine River following a fire at the Sandoz chemical warehouse in Switzerland(1). Endosulfan was detected at concns of not detected-2.18 ug/l in run-off from agricultural soils in British Columbia, Canada(2). [REF-111]

11-4 SEDIMENT/SOIL CONCENTRATIONS: 

  . /During 1972 ... a pond near/ Simcoe, Ontario, following aerial application of endosulfan to local tobacco fields ... /the sediments/ contained 0.9 ug/kg (dry weight) of a-endosulfan, 1.0 ug/kg (dry weight) of beta-endosulfan, and 1.1 ug/kg (dry weight) of endosulfan sulfate at the east end of the pond. The west end of the pond contained 1.2 ug/kg (dry weight) of endosulfan sulfate. [REF-1, p.52]

  . SEDIMENTS: alpha-Endosulfan was detected in 36% of the samples of suspended sediment from the Lower Niagara River, Canada at an avg concn of 4 ng/g avg, and beta-endosulfan was detected in 4% of the samples at a reported avg concn of less than 1 ng/g (1). Suspended solids from surface waters in the Federal Republic of Germany contained 22-24 ng/l alpha-endosulfan and 9.6 ng/l beta-endosulfan(2). Bed load (detritus and sediment) and bottom material samples collected from Big Creek in Ontario in 1973 contained less than 1 to 3 and less than 0.1 to 0.7 ppb endosulfan, respectively(3). Endosulfan was detected in suspended sediment in Yawgoo Pond, RI at a concn of 5 ppb(4). alpha-Endosulfan was detected in the Rhine River, Netherlands bottom mud at 0.24-0.33 ppb, and beta-endosulfan was detected at 0.21-0.33 ppb(5). Endosulfan was detected in suspended sediment from Sheridan Creek, Ontario Canada at 15 ppm(6). alpha-Endosulfan was reported in sediment from the Niagara River, Canada at not detected-0.025 ppm and beta-endosulfan was reported at not detected-0.021 ppm(7). [REF-112]

  . SOIL: Samples of soil collected from areas in which endosulfan was regularly used contained 0.01-4.63 ppm endosulfan unspecified as to isomer and from 9-32% of the fields tested positive for the chemical(1). Endosulfan was identified, not quantified, in 1 of 9 Colorado agricultural soil samples at 0.04 ppm(2). Endosulfan was detected in a soil from Canada (apple orchard): 0-7.5 cm depth, 0.59-4.51 ppm, 7.5-15 cm depth, not detected-0.12 ppm; Sour cherry orchard soil 0-15 cm depth not detected-0.30 ppm, 0.064 ppm avg, 15-30 cm depth not detected-0.10 ppm, 0.021 ppm avg; Sweet cherry orchard soil 0-15 cm depth not detected-0.16 ppm, 0.052 ppm avg, 15-30 cm depth not detected-0.041 ppm, 0.009 ppm avg; Peach orchard soil 0-15 cm depth 0.75-2.33 ppm, 15-30 cm depth 0.11-0.22 ppm; Peach orchard soil 0-15 cm depth not detected-4.93 ppm, 1.27 ppm avg, 15-30 cm depth not detected-0.74 ppm, 0.12 ppm avg; Vineyard soil 0-15 cm not detected-0.52 ppm, 0.07 ppm avg, 15-30 cm depth not detected-0.11 ppm, 0.02 ppm avg; Vineyard soil 0.02 avg(3). alpha-Endosulfan was detected in 1 of 65 soil samples from California at 0.01 ppm and beta-endosulfan was detected in 2 of 65 samples at 0.04-0.06 ppm(4). alpha-Endosulfan and beta-endosulfan were detected in 1 of 54 soil samples from Michigan at 0.02 ppm(4) and beta endosulfan was detected in 1 of 20 samples from New England states at 0.07 ppm (4). alpha-Endosulfan was detected in New England soil at 0.08 ppm and beta-endosulfan was detected at 0.25 ppm(5). Endosulfan was detected in farm soil in British Columbia, Canada at concns of not detected-4,716 ug/kg(6). [REF-113]

11-5 ATMOSPHERIC CONCENTRATIONS: 

  . alpha-Endosulfan was detected in 2.11% of ambient air samples from 14 states taken in 1970 and 16 states taken in 1971-72 with a mean concn of 111.9 ng/cu m for positive samples and 4.3 ng/cu m for all samples and a maximum value of 2256.6 ng/cu m(1). beta-Endosulfan was detected in 0.32% of the samples with a mean concn of 22.0 ng/cu m in the positive samples and 0.1 ng/cu m in all samples with a maximum value of 54.5 ng/cu m(1). Air samples from Columbia, SC had a reported mean endosulfan concn of 0.078 ng/cu m(2). Endosulfan was detected in Bloomington, IN at concns of 12-41 pg/cu m(3). [REF-114]

11-6 FOOD SURVEY VALUES: 

  . Endosulfan was detected in 95 of 3,281 large domestic fruits at an avg concn of 0.005 ppm and in 20 of 1,048 imported large fruits at an avg concn of 0.0008 ppm(1). Endosulfan was detected in 89 of 1,445 small domestic fruits at an avg concn of 0.007 ppm and in 720 of 2,119 imported small fruits at an avg concn of 0.122 ppm(1). Endosulfan was detected in 718 of 5,319 domestic leaf and stem vegetables at an avg concn of 0.031 ppm and in 41 of 312 imported samples at an avg concn of 0.444 ppm (1). Endosulfan was detected in 100 of 2,954 domestic vine and ear vegetables at an avg concn of 0.004 ppm and in 342 of 4,117 imported at an avg concn of 0.004 ppm(1). Endosulfan was detected in 5 of 499 domestic beans at an avg concn of 0.001 ppm and in 41 of 365 imported samples at an avg concn of 0.005 ppm(1). Endosulfan was detected in 62 of 3,248 domestic root vegetables at an avg concn of 0.0005 ppm and in 18 of 609 imported samples at an avg concn of 0.004 ppm(1). Endosulfan was detected in 27 of 631 domestic processed vegetable products at an avg concn of 0.002 ppm, and in 22 of 929 imported samples, at an avg concn of 0.003 ppm(1). Endosulfan was detected in 8 of 210 domestic processed fruit products at an avg concn of 0.002 ppm and in 36 of 634 imported samples at an avg concn of 0.004 ppm(1). Endosulfan was infrequently detected in eggs and egg products, fish, shellfish and hay(1). Seventeen of 240 food composites contained beta-endosulfan at concns ranging from 0.001-0.006 ppm and 13 of 240 food composites contained alpha-endosulfan at 0.001-0.006 ppm(2). Two of 110 toddler food composites contained from 0.001-0.004 ppm beta-endosulfan(3). [REF-115]

  . alpha-Endosulfan was found in 1 of 10 fruit and fruit juice samples for infants at a mean concn less than 0.0001 ppm and in 2 of 10 vegetable samples at a mean concn of 0.0004 ppm, with a range from 0 to 0.004 ppm(1). alpha-Endosulfan was found in 1 of 20 potato samples for adults at a mean concn of 0.0003 ppm, with a range from 0 to 0.006 ppm and in 3 of 20 leafy vegetable samples at a mean concn of 0.0005 ppm, with a range from 0.002 to 0.005 ppm(2). beta-Endosulfan was found in 4 of 20 leafy vegetable samples at a mean concn of 0.0005 ppm, with a range from 0.001 tp 0.006 ppm(2). beta-Endosulfan was found in 5 of 20 leafy vegetable samples at a mean concn of 0.0008 ppm, with a range from 0.002 to 0.004 ppm (FDA: Total Diet Study)(3). beta-Endosulfan was found in 1 of 20 legume vegetable samples at a concn of 0.011 ppm(3). alpha-Endosulfan was found in 5 of 20 leafy vegetable samples at a mean concn of 0.0008 ppm, with a range from 0.001 to 0.007 ppm and in 1 of 20 legume vegetable samples at a concn of 0.005 ppm(3). It was also found in 1 of 13 vegetable samples for infants at a mean concn of 0.0001 ppm, with a range of 0 to 0.001 ppm and in 3 of 13 potato samples at a mean concn of 0.0002 ppm with a range from 0.001 to 0.002 ppm(4). alpha-Endosulfan was found in 9 of 27 leafy vegetable samples at a mean concn of 0.0123 ppm, with a range from 0 to 0.150 ppm(5). beta-Endosulfan was found in 13 of 27 leafy vegetable samples at a mean concn of 0.0083 ppm, with a range from 0 to 0.093 ppm(5). [REF-116]

  . Endosulfan was identified, not quantified, in 7% of adult foods during an FDA survey from 1978-1982(1) and in 5% of adult foods from 1982-1986(2). During an FDA survey of domestic foods from 1985-1991 endosulfan was detected in an apple juice sample at 0.01 ppm, 222 of 2,464 apples at a max concn of 0.33 ppm, 1 of 2,739 milk samples at trace concns, and 59 of 571 pears at a max concn of 1.1 ppm(3). In an FDA survey of imported foods from 1985-1991, endosulfan was detected in 7 of 735 apples at a max concn of 0.15 ppm, 1 of 474 oranges at trace levels and 4 of 816 pears at a max concn of 0.29 ppm(3). In an FDA survey of children foods, endosulfan was detected in cereals (max concn 0.007 ppm), deserts (max concn 0.001 ppm), fruits and juices (max concn 0.053 ppm) and vegetables (max concn 0.004 ppm)(3). Endosulfan was detected in 144 of 710 domestic pears at a max concn of 1.1 ppm and in 4 of 949 imported pears at a max concn of 0.13 ppm during a 1992-1993 FDA survey(4). Endosulfan was detected in 471 of 1,219 domestic tomatoes at a max concn of 0.2 ppm and in 80 of 144 imported tomatoes at a max concn of 0.55 ppm during a 1992-1993 FDA survey(4). In an FDA survey of foods in 1993-1994, endosulfan was detected in 76 of 769 domestic apples at a max concn of 0.20 ppm and in 45 of 1,062 imported apples at a max concn of 0.10 ppm(5). [REF-117]

11-7 PLANT CONCENTRATIONS: 

  . AFTER SPRAYING ENDOSULFAN (3:2 MIXTURE OF I & II ISOMERS) ON FOLIAGE, ENDOSULFAN I DECR TO 30% OF INITIAL DEPOSIT AFTER 1 WK & TO 2% AFTER 3 WK. ENDOSULFAN II DECREASED TO 47% AFTER 1 WK & TO 2% AFTER 7 WK. ALL LEAF EXTRACTS CONTAINED A MORE PERSISTENT CMPD IDENTIFIED AS ENDOSULFAN SULFATE. 75% OF RESIDUE WAS IN THE FORM OF SULFATE AFTER 3 WK & 90% AFTER 7-11 WK. [REF-70, p.197]

  . BURLEY TOBACCO HARVESTED IMMEDIATELY AFTER TREATMENT WITH 0.5 LB/ACRE OF ENDOSULFAN & CURED FOR 4 MONTHS CONTAINED AVERAGE TOTAL ENDOSULFAN RESIDUES OF 23.2 PPM. ON THE TOP LEAVES, ENDOSULFAN I COMPRISED 13%, ENDOSULFAN II 78% & ENDOSULFAN SULFATE 9% OF THE TOTAL. THE SULFATE ACCOUNTED FOR APPROX 20% OF THE TOTAL RESIDUES ON THE MIDDLE & BOTTOM LEAVES, WITH A CORRESPONDING DECREASE IN THE CONCN OF ENDOSULFAN II. [REF-118]

  . FIFTY PERCENT OF RESIDUES ARE LOST IN 3-7 DAYS (DEPENDING ON PLANT SPECIES). [REF-15, p.390]

  . ON 3 DATES IN JAN, 1977, IN MIAMI, FL, 105 LOTS OF IMPORTED CUT FLOWERS (CARNATIONS, POMPOM CHRYSANTHEMUM, AND STANDARD CHRYSANTHEMUMS) WERE SAMPLED FOR PESTICIDE CONTAMINATION. SIXTEEN PESTICIDES OF VARYING TOXICITY WERE DETECTED; ENDOSULFAN, DIAZINON, AND PHOSPHAMIDON OCCURRED MOST FREQUENTLY. HIGH RESIDUE LEVELS, GREATER THAN 5 PPM, WERE FOUND IN FLOWERS FROM 17 OF THE 43 GROWERS, 16 FROM COLUMBIA AND 1 FROM GUATEMALA. [REF-119]

11-8 FISH/SEAFOOD CONCENTRATIONS: 

  . RESIDUES OF ENDOSULFAN INSECTICIDE (ALPHA & BETA-ISOMERS, AND ENDOSULFAN SULFATE) IN FISH & THEIR PREDATORS WERE MEASURED DURING AND AFTER OPERATION TO CONTROL TSETSE FLY IN THE OKAVANGO DELTA, BOTSWANA. SIX ULV DOSES OF ENDOSULFAN 35% EC (6-12 G AI/HA) WERE APPLIED FROM THE AIR IN A PERIOD OF 12 WK OVER 2500 SQ KM. THE CONCN OF RESIDUES FOUND IN LIVING FISH WAS LESS THAN OR EQUAL TO 0.19 MG/KG WET WT IN CAUDAL MUSCLE, & USUALLY 0.8 MG/KG WET WT IN POOLED VISCERA (MAX 2.8 MG/KG). THESE VALUES RETURNED TO NEAR-NORMAL WITHIN 3 MO AFTER CESSATION OF SPRAYING, BUT RESIDUES WERE STILL DETECTABLE AFTER 12 MO. BY COMPARISON, FISH KILLED BY SPRAYING CONTAINED A MAX RESIDUE LEVEL (WHOLE BODY) OF 1.5 MG/KG WET WT. LEAN FISH WERE MORE SUSCEPTIBLE TO POISONING THAN FAT FISH. RESIDUE LEVELS IN FISH PREDATORS (FISH-EATING BIRDS & CROCODILES) WERE SIMILAR TO THOSE IN THEIR PREY, AND THE RISK TO THEM WAS CONSEQUENTLY LOW. [REF-120]

  . Endosulfan was detected in 1 of 9 whole body tissue samples of the clam, Corbicula manilensis taken from the Apalachicola River in Florida at 0.2 parts per trillion(1). Endosulfan was detected in Gulf of Mexico oysters at 0.06-0.4 ppm(2). Endosulfan was detected in German Wadden sea cockle 0.2-0.3 ppb, soft clam 0.5-0.8 ppb, lugworm 0.3-0.5 ppb, brown shrimp 0.3-0.4 ppb, sole 0.9-1.7 ppb(3). Endosulfan has been detected in various species of African fish at concns of 0.79-14.13 mg/kg(4). [REF-121]

  . Different fish species from Abu Qir Bay, Idku Lake, and Maryut Lake in Alexandria, Egypt, were assayed for residues of organochlorine insecticides and polychlorinated biphenyls (PCBS). The lakes receive drainage from industrial, agricultural, and urban activities. The fish were obtained from commercial fishermen in 1985: Pagellus erythrinus, Sargus vulgarius, Siganus rivulatus, Sphyraena sphyraena, and Trigla hirundo from Abu Qir Bay; and Tilapia fish from Idku and Maryut Lakes. Twenty grams of dorsal fish muscle were extracted and the residues analyzed by GLC; reagent blanks and spike samples were included with each sample. With the exception of alpha-endosulfan at a low level (less than 0.1 ug/kg) in Tilapia species, endosulfan was not detected in any sample. From a health standpoint, all samples were well below permissible levels for endosulfan(1). Eggs of Chinook salmon collected from 15 females returning from Lake Michigan in the Fall of 1982 contained endosulfan at concn ranging from 0.6 to 27.8 ug/kg wet weight with an average of 10.9 ug/kg(2). Endosulfan was detected in the muscle tissue of common carp, Tench and Bleak fish in southern Italy at concn of 5, 5 and 8 ng/g of wet weight, respectively(3). [REF-122]

11-9 ANIMAL CONCENTRATIONS: 

  . ENDOSULFAN WAS APPLIED TO FORAGE CROPS ON WHICH CATTLE WERE ALLOWED TO GRAZE BEGINNING SEVEN DAYS AFTER APPLICATION. ENDOSULFAN SULFATE WAS FOUND IN THE SILAGE & IN THE FAT OF ONLY ONE ANIMAL. ... NO DETECTABLE RESIDUES WERE FOUND IN THE MILK FROM DAIRY COWS FED THE TREATED SILAGE. [REF-70, p.197]

  . Eight insecticides were identified from 43 samples of honey bees (Apis mellifera) obtained from 35 beekeepers in 1981 and 1982. A total of 268 colonies were documented to have been contaminated from May through early October. Carbaryl was detected in 65% of the samples. Methyl parathion and methoxychlor were found in 30 and 14% of the samples, respectively. Other insecticides in honey bees included endosulfan, chlordane, malathion, diazinon, and acephate. [REF-45]

  . Endosulfan was detected in 13 of 55 apiaries in CT in 1983-5 at concn up to 4.40 ppm(1). [REF-123]

12*** HUMAN ENVIRONMENTAL EXPOSURE ***

12-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . Food is the main source of exposure of the general population to endosulfan. ... Dermal exposure is another /potential route of entry/ in occupationally exposed /individuals/. /Total of alpha and beta-endosulfan and endosulfan sulfate/ [REF-124, p.45]

  . FLOWER INSPECTORS & COMMERCIAL FLORISTS HAVE BEEN EXPOSED TO ENDOSULFAN CONTAMINATED FLOWERS. [REF-119]

  . Those engaged in the manufacture, formulation and application of this material. [REF-60, p.396]

  . NIOSH (NOES Survey 1981-1983) has statistically estimated that 3,205 workers (none of these are female) are potentially exposed to endosulfan in the US(1). The NOES Survey does not include farm workers that may be exposed via application of this insecticide. Occupational exposure to endosulfan may occur through inhalation and dermal contact with this compound at workplaces where endosulfan is produced or used(SRC). The total endosulfan dermal exposure rate of workers involved in mixing insecticides for a tobacco farm located in Kentucky in 1994-1995 was 135.3 mg/hr(2). During spray applications of endosulfan on fruit orchards using air-blast equipment, a mean dermal exposure of 24.7 mg/hr (range, 0.6-95.3 mg/hr) and a mean inhalation exposure of 0.02 ng/hr (range, 0.01-0.05 ng/hr) were calculated(3). The general population will be exposed to endosulfan primarily through the ingestion of food products(SRC). [REF-125]

12-2 AVERAGE DAILY INTAKE: 

  . FOOD INTAKE: 1.18 ug - obtained by averaging the average daily intake values for the years 1971-76(1). WATER INTAKE: Insufficient data. AIR INTAKE: Insufficient data. [REF-126]

13***STANDARDS AND REGULATIONS ***

13-1 ACCEPTABLE DAILY INTAKES: 

  . FAO/WHO ADI: 0.006 mg/kg [REF-127]

13-2 ALLOWABLE TOLERANCES: 

  . FAO/WHO tolerances for endosulfan /for the following food products/ is as follows: Tea (dry manufactured): 30 mg/kg; bulb onions: 0.2 mg/kg; 0.4 mg/kg; Rice (in husk): 0.1 mg/kg. [REF-5, p.21]

  . Tolerances are established for the total residues of the insecticide endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3- benzodioxathiepin-3-oxide) and its metabolite endosulfan sulfate (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzodioxath iepin-3,3-dioxide) in or on raw agricultural commodities as follows (expressed in ppm): alfalfa, fresh 0.3; alfalfa, hay 1.0; almonds 0.2 (negligible residues); almonds, hulls 1.0; apples 2.0; apricots 2.0; artichokes 2.0; barley, grain 0.1 (negligible residues); barley, straw 0.2 (negligible residues); beans 2.0; beets, sugar, without tops 0.1 (negligible residues); blueberries 0.1 (negligible residues); broccoli 2.0; brussels sprouts 2.0; cabbage 2.0; carrots 0.2; cattle, fat, meat byproducts, and meat 0.2; cauliflower 2.0; celery 2.0; cherries 2.0; collards 2.0; corn, sweet (kernel plus cob with husk removed) 0.2; cottonseed 1.0; cucumbers 2.0; eggplant 2.0; filberts 0.2 (negligible residues); goats, fat, meat byproducts, and meat 0.2; grapes 2.0; hogs, fat, meat byproducts, and meat 0.2; horses, fat, meat byproducts, and meat 0.2; kale 2.0; lettuce 2.0; macadamia nuts 0.2 (negligible residues); melons 2.0; milk, fat (=N in whole milk) 0.5; mustard greens 2.0; mustard seed 0.2 (negligible residues); nectarines 2.0; oats, grain 0.1 (negligible residues); oats, straw 0.2 (negligible residues); peaches 2.0; pears 2.0; peas, succulent 2.0; pecans 0.2 (negligible residues); peppers 2.0; pineapples 2.0; plums 2.0; potatoes 0.2 (negligible residues); prunes 2.0; pumpkins 2.0; rape seed 0.2 (negligible residues); raspberries 0.1; rye, grain 0.1 (negligible residues); rye, straw 0.2 (negligible residues); safflower seed 0.2 (negligible residues); sheep, fat, meat byproducts, and meat 0.2; spinach 2.0; squash, summer and winter 2.0; strawberries 2.0; sugarcane 0.5; sunflower seed 2.0; sweet potatoes 0.2; tomatoes 2.0; turnips, greens 2.0; walnuts 0.2 (negligible residues); watercress 2.0; wheat, grain 0.1 (negligible residues); wheat, straw 0.2 (negligible residues). [REF-128]

  . A tolerance of 24 ppm is established for combined residues of the insecticide endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a- hexahydro-6,9-methano-2,4,3-benzodioxathiepin-3-oxide) and its metabolite endosulfan sulfate (6,7,8,9,10,10-hexachloro- 1,5,5a,6,9,9a-hexahydro-6,9-methano- 2,4,3-benzodioxathiepin-3,3-dioxide) in or on dried tea (reflecting less than 0.1 ppm residues in beverage tea) resulting from application of the insecticide to growing tea. [REF-129]

13-3 OSHA STANDARDS: 

  . Vacated 1989 OSHA PEL TWA 0.1 mg/cu m, skin designation, is still enforced in some states. [REF-7, p.364]

13-4 NIOSH RECOMMENDATIONS: 

  . Recommended Exposure Limit: 10 Hr Time-Weighted Avg: 0.1 mg/cu m. Skin. [REF-7, p.126]

13-5 THRESHOLD LIMIT VALUES: 

  . 8 hr Time Weighted Avg (TWA) 0.1 mg/cu m, skin [REF-130, p.35]

  . 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]

  . A4. A4= Not classifiable as a human carcinogen. [REF-130, p.35]

13-6 STATE DRINKING WATER GUIDELINES: 

  . (FL) FLORIDA 0.35 ug/l [REF-131]

  . (AZ) ARIZONA 74 ug/l [REF-131]

13-7 CLEAN WATER ACT REQUIREMENTS: 

  . Endosulfan is 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. This designation includes any isomers and hydrates, as well as any solutions and mixtures containing this substance. [REF-132]

  . Toxic pollutant designated pursuant to section 307(a)(1) of the Federal Water Pollution Control Act and is subject to effluent limitations. [REF-133]

13-8 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-134]

  . 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-135, p.3097-1, 6193, 6194, 6195]

13-9 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-136]

  . 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. Endosulfan is an extremely hazardous substance (EHS) subject to reporting requirements when stored in amounts in excess of its threshold planning quantity (TPQ) of 10/10,000 lbs. [REF-137]

13-10 RCRA REQUIREMENTS: 

  . P050; As stipulated in 40 CFR 261.33, when endosulfan, as a commercial chemical product or manufacturing chemical intermediate or an off-specification commercial chemical product or a manufacturing chemical intermediate, becomes a waste, it must be managed according to federal and/or state hazardous waste regulations. Also defined as a hazardous waste is any container or inner liner used to hold this waste or any residue, contaminated soil, water, or other debris resulting from the cleanup of a spill, into water or on dry land, of this waste. Generators of small quantities of this waste may qualify for partial exclusion from hazardous waste regulations (40 CFR 261.5(e)). [REF-138]

13-11 FIFRA REQUIREMENTS: 

  . Tolerances are established for the total residues of the insecticide endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3- benzodioxathiepin-3-oxide) and its metabolite endosulfan sulfate (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-6,9-methano-2,4,3-benzodioxath iepin-3,3-dioxide) in or on raw agricultural commodities as follows: alfalfa, fresh; alfalfa, hay; almonds; almonds, hulls; apples; apricots; artichokes; barley, grain; barley, straw; beans; beets, sugar, without tops; blueberries; broccoli; brussels sprouts; cabbage; carrots; cattle, fat, meat byproducts, and meat; cauliflower; celery; cherries; collards; corn, sweet (kernel plus cob with husk removed); cottonseed; cucumbers; eggplant; filberts; goats, fat, meat byproducts, and meat; grapes; hogs, fat, meat byproducts, and meat; horses, fat, meat byproducts, and meat; kale; lettuce; macadamia nuts; melons; milk, fat (=N in whole milk); mustard greens; mustard seed; nectarines; oats, grain; oats, straw; peaches; pears; peas, succulent; pecans; peppers; pineapples; plums; potatoes; prunes; pumpkins; rape seed; raspberries; rye, grain; rye, straw; safflower seed ; sheep, fat, meat byproducts, and meat; spinach; squash, summer and winter; strawberries; sugarcane; sunflower seed; sweet potatoes; tomatoes; turnips, greens; walnuts; watercress; wheat, grain; wheat, straw. [REF-128]

  . A tolerance is established for combined residues of the insecticide endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a- hexahydro-6,9-methano-2,4,3-benzodioxathiepin-3-oxide) and its metabolite endosulfan sulfate (6,7,8,9,10,10-hexachloro- 1,5,5a,6,9,9a-hexahydro-6,9-methano- 2,4,3-benzodioxathiepin-3,3-dioxide) in or on dried tea resulting from application of the insecticide to growing tea. [REF-129]

  . As the federal pesticide law FIFRA directs, EPA is conducting a comprehensive review of older pesticides to consider their health and environmental effects and make decisions about their future use. Under this pesticide reregistration program, EPA examines health and safety data for pesticide active ingredients initially registered before November 1, 1984, and determines whether they are eligible for reregistration. In addition, all pesticides must meet the new safety standard of the Food Quality Protection Act of 1996. Endosulfan is found on List A, which contains most food use pesticides and consists of the 194 chemical cases (or 350 individual active ingredients) for which EPA issued registration standards prior to FIFRA, as amended in 1988. Case No: 0014; Pesticide type: Insecticide (Acaricide); Registration Standard Date: 04/01/82; Case Status: OPP is reviewing data from the pesticide's producers regarding its human health and/or environmental effects, or OPP is determining the pesticide's eligibility for reregistration and developing the Reregistration Eligibility Decision (RED) document.; Active ingredient (AI): Endosulfan; Data Call-in (DCI) Date(s): 05/10/94, 10/13/95; AI Status: The producers of the pesticide has made commitments to conduct the studies and pay the fees required for reregistration, and are meeting those commitments in a timely manner. [QR] [REF-139, p.117]

14***MONITORING AND ANALYSIS METHODS ***

14-1 ANALYTIC LABORATORY METHODS:

  . THE RAMAN SPECTRA OF FIVE PESTICIDES CONTAINING THE NORBORNENE GROUP INCL ENDOSULFAN WERE RECORDED TO PROVIDE ACCURATE SPECTRA AS AN AID TO IDENTIFICATION OF THE CMPD. [REF-140]

  . DETERMINATION OF ENDOSULFAN RESIDUES IN FRESH FRUITS & VEGETABLES BY GAS-LIQUID CHROMATOGRAPHY WAS STUDIED. [REF-141]

  . A new solvent system, 1% and 2% acetone in hexane, was developed for chromatography on partially inactivated Florisil to facilitate the separation of isomers of endosulfan and its metabolites from fish tissues under tropical conditions. By using /a previously described/ colorimetric method ... the minimum detectable limit for each isomer of endosulfan in various fish tissues is 5 ug. With this solvent system, the two isomers present in the technical material can be separated, so their toxicity to fish can be assessed separately. [REF-142]

  . EPA Method 8080: Organochlorine Pesticides and PCBs. The sensitivity and reliability of Method 8080 usually depends on the level of interferences rather than on instrumental limitations. If interferences prevent detection of the analytes, Method 8080 may also be performed on samples that have undergone cleanup. Method 3620, Florisil Column Cleanup, by itself or followed by Method 3660, Sulfur Cleanup, may be used to eliminate interferences in the analysis. This method is used to determine the concentration of organochlorine pesticides and PCBs in solid waste. A representative sample is collected in a glass container equipped with a Teflon-lined cap. Due to the possibility of contamination, any contact with plastic must be avoided. Maximum sample holding time after extraction is 40 days. Detection is achieved by an electron capture detector (ECD) or a halogen-specific detector (HSD). Column 1 contains Supelcoport (100/120 mesh) coated with 1.5% SP-2250/1.95% SP-2401 packed in a 1.8-m by 4-mm ID glass column or equivalent. Colomn 2 contains Supelcoport (100/120 mesh) coated with 3% OV-1 in a 1.8-m by 4-mm ID glass column or equivalent. Under the prescribed conditions, Endosulfan I has a detection limit of 0.014 ug/l, an average recovery range of four measurements of 1.14-2.82 ug/l, and a limit for the standard deviation of 0.49 ug/l. /Endosulfan I/ [REF-143]

  . EPA Method 8080: Organochlorine Pesticides and PCBs. The sensitivity and reliability of Method 8080 usually depends on the level of interferences rather than on instrumental limitations. If interferences prevent detection of the analytes, Method 8080 may also be performed on samples that have undergone cleanup. Method 3620, Florisil Column Cleanup, by itself or followed by Method 3660, Sulfur Cleanup, may be used to eliminate interferences in the analysis. This method is used to determine the concentration of organochlorine pesticides and PCBs in solid waste. A representative sample is collected in a glass container equipped with a Teflon-lined cap. Due to the possibility of contamination, any contact with plastic must be avoided. Maximum sample holding time after extraction is 40 days. Detection is achieved by an electron capture detector (ECD) or a halogen-specific detector (HSD). Column 1 contains Supelcoport (100/120 mesh) coated with 1.5% SP-2250/1.95% SP-2401 packed in a 1.8-m by 4-mm ID glass column or equivalent. Colomn 2 contains Supelcoport (100/120 mesh) coated with 3% OV-1 in a 1.8-m by 4-mm ID glass column or equivalent. Under the prescribed conditions, Endosulfan II has a detection limit of 0.004 ug/l, an average recovery range of four measurements of 2.2-17.1 ug/l, and a limit for the standard deviation of 6.1 ug/l. /Endosulfan II/ [REF-143]

  . EPA Method 608 A gas chromatography method for the analysis of endosulfan I 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. 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 0.014 ug/l and an overall precision of 0.18 times the average recovery + 0.08, over a working range of 0.5 to 30 ug/l. /Endosulfan I/ [REF-144]

  . EPA Method 608 A gas chromatography method for the analysis of endosulfan II 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. 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 0.004 ug/l and an overall precision of 0.47 times the average recovery - 0.20, over a working range of 0.5 to 30 ug/l. /Endosulfan II/ [REF-144]

  . AOAC Method 976.23. Endosulfan, endolsufan sulfate, tetradifon, and trasul pesticide residues. Gas chromatographic method. [REF-145, p.284-5]

  . AOAC Method 983.08. Endosulfan in pesticide formulations. Gas chromatographic method. [REF-145, p.191-2]

14-2 CLINICAL LABORATORY METHODS:
  . THREE STATIONARY PHASES FOR SEPARATION OF ENDOSULFAN & METABOLITES FROM ANIMAL FAT UTILIZING GAS CHROMATOGRAPHY. [REF-146]
15 ***MANUFACTURING AND USE INFORMATION ***

15-1 METHODS OF MANUFACTURING: 

  . ... Reaction of hexachlorocyclopentadiene with cis-butene-1,4-diol to form bicyclic dialcohol followed by esterification & cyclization with SOCl2: Geering, Nelson, US patent 2,983,732 (1961 to Hooker). [REF-147, p.605]

  . PATENTS: ... USA PATENT 2,799,685; CANADIAN PATENT 544,539; GERMAN PATENT 1,015,797. [REF-2, p.254]

15-2 IMPURITIES: 

  . Technical endosulfan according to The Food and Agricultural Organization specifications must contain 94% endosulfan as the active ingredient and impurities may not exceed 2% endosulfan alcohol and 1% endosulfan ether. [REF-1, p.21]

15-3 FORMULATIONS/PREPARATIONS: 

  . ... EMULSIFIABLE CONCENTRATE (161, 357 & 480 G ACTIVE INGREDIENT/L); WETTABLE POWDER (164, 329, 470 G/KG); DUSTS (30-47 G/KG); GRANULES (10, 30, 40 & 50 G/KG); ULTRA LOW VOLUME (LESS THAN 5 L/HECTARE) (242, 497 & 604 G/L). COMBINATIONS ARE AVAILABLE WITH OTHER PESTICIDES ... DIMETHOATE & PARATHION-METHYL AT VARIOUS CONCENTRATIONS. [REF-4, p.335]

  . Grades: ... alpha-endosulfan, endosulfan (i) ... Provides 64-67% of the technical grade; beta-endosulfan, endosulfan (ii) ... Accounts for 29-32% technical endosulfan. [REF-148]

  . Different formulations contain: petroleum distillate emulsifiers, alcohol solvent emulsifiers, suspension agents and water, clay and wetting agents, and talc. /From table/ [REF-1, p.74]

  . Thiodan 4EC: emulsifiable concentrate, active ingredient: endosulfan 4 lb/gallon. /From table/ [REF-1, p.73]

  . Chipman maneb-endosulfan: emulsifiable concentrate: active ingredient 3% endosulfan, 5.6% maneb. /From table; combination pesticide/ [REF-1, p.73]

  . Thiodan Dust Insecticide: dust, active ingredient 3% endosulfan. /From table; combination pesticide/ [REF-1, p.73]

  . Thiodan 2% Zineb 5%: dust, active ingredient: 2% endosulfan, 5% zineb. /From table; combination pesticide/ [REF-1, p.73]

  . Guardsman Maneb: dust, active ingredient: 2% endosulfan, 5% maneb. /From table; combination pesticide/ [REF-1, p.73]

  . Thiodan 50 WP: wettable powder, active ingredient: 50% endosulfan. /From table/ [REF-1, p.73]

  . Chipman Zineb-Endosulfan Fungicide-insecticide, active ingredient: 2% endosulfan, 5% zineb. /From table; combination pesticide/ [REF-1, p.73]

  . Liquid Promogreen and Flower Spray: emulsifiable concentrate, active ingredient: 5.61% endosulfan, 2.24% dodine, 0.012% cycloheximide, 1.68% tetradifon. /From table; combination pesticide/ [REF-1, p.73]

  . Liquid Gardenall Spray: suspension: active ingredient: 6% endosulfan, 12% zineb. /From table; combination pesticide/ [REF-1, p.73]

  . Thiodan 50 W: wettable powder: active ingredient: 50% endosulfan. /From table/ [REF-1, p.73]

  . Thiodan 4E Insecticide Liquid: emulsifiable concentrate: active ingredient: endosulfan 4 lb/gallon. [REF-1, p.73]

  . PFF Thiodan 4E: emulsifiable concentrate, active ingredient: endosulfan 4 lb/gallon. /From table/ [REF-1, p.72]

  . Thiodan 3% dust: dust, active ingredient: 3% endosulfan. /From table/ [REF-1, p.72]

  . Later's Potato and Tomato Dust: dust, active ingredient: 3% endosulfan, 4.5% zineb. /From table; combination pesticide/ [REF-1, p.72]

  . Tree and Shrub Dust: dust, active ingredient: 2% endosulfan, 4% carbaryl. /From table; combination pesticide/ [REF-1, p.72]

  . Promogreen Dust: dust, 2% endosulfan, 4% folpet. /From table; combination pesticide/ [REF-1, p.72]

  . Gardenall Dust: dust, 2% endosulfan, 5% zineb, 4% carbaryl. /From table; combination pesticide/ [REF-1, p.72]

  . Tree and Shrub Spray: emulsifiable concentrate, 5.8% endosulfan, 2.9 ethion. /combination pesticide/ [REF-1, p.72]

  . Thiodan 50 WP Insecticide: wettable powder, active ingredient: 50% endosulfan. /From table/ [REF-1, p.72]

  . Thiodan 4EC Insecticide: emulsifiable concentrate, active ingredient: endosulfan 4 lb/imperial gallon. /From table/ [REF-1, p.72]

  . Scott's Cure: dust, active ingredient: 2% endosulfan, 4% carbaryl, 5% zineb, 10% sulfur. /From table; combination pesticide/ [REF-1, p.72]

  . Technical endosulfan according to the Food and Agricultural Organization specifications must contain 94% endosulfan as the active ingredient. [REF-1, p.21]

15-4 MANUFACTURERS: 

  . Drexel Chemical, 1700 Channel Ave, Memphis, TN 38106-1412, (901) 774-4370; Production site: Crodele, GA 31015 [REF-149, p.794]

15-5 OTHER MANUFACTURING INFORMATION: 

  . Endosulfan is most frequently applied using air blast equipment, or boom sprayers. [REF-5, p.14]

  . Endosulfan is a sulfur-containing cmpd and unlike most of the hexachlorocyclopentadiene family, sensitive to moisture, bases, and acids. It is slowly hydrolyzed to give sulflur dioxide and the corresponding diol C7Cl6(CH2OH)2. [REF-20, p.218]

15-6 MAJOR USES: 

  . Non-systemic insecticide and acaricide [REF-148]

  . Insecticide used to control the Colorado potato beetle, flea beetle, cabbageworm, peach tree borer, and the tarnished plant bug. [REF-5, p.14]

  . Controls aphids, thrips, beetles, foliar feeding larvae, Tarsonemid mites, borers, cutworms, bollworm, bugs, whiteflies, and leafhoppers on citrus, deciduous, small fruits, coffee, tea, fiber crops, forage crops, forest, grains (ceral and rice), nuts, oil crops, ornamentals, tobacco, vegetables. Controls tsetse fly. [REF-13, p.C-162]

15-7 CONSUMPTION PATTERNS:

    [SRI] INSECTICIDE USED ON DECIDUOUS FRUITS/NUTS, 50%; INSECTICIDE USED ON VEGETABLES, 50% (1982) 

    Endosulfan use in US agriculture was 1.1X10+6 kg (1989); 9.77X10+5 kg (1982); 1.653X10+6 kg (1976) 8.82X10+5 kg (1971); 7.91X10+5 kg (1966) [REF-150]

15-8 U.S. PRODUCTION:

    [SRI] (1977) PROBABLY GREATER THAN 2.27X10+6 G 

    [SRI] (1982) NOT PRODUCED COMMERCIALLY IN USA 

15-9 U.S. IMPORTS:

    [SRI] (1978) 4.41X10+8 G (PRINCPL CUSTMS DISTS) 

    [SRI] (1982) 1.82X10+8 G (PRINCPL CUSTMS DISTS) 

16*** CHEMICAL AND PHYSICAL PROPERTIES ***

16-1 MOLECULAR WEIGHT             : 406.93 [REF-151, p.3-149]

16-2 MELTING POINT                : 106 deg C [REF-151, p.3-149]

16-3 BOILING POINT                : 106 deg C at 0.7 mm Hg (with partial decomposition) [REF-151, p.3-149]

16-4 DENSITY/SPECIFIC GRAVITY     : 1.745 @ 20 DEG C [REF-151, p.3-129]

16-5 VAPOR PRESSURE               : 6.2X10-6 mm Hg @ 20 deg C [REF-148]

16-6 pH                           : pH 7.2 in tap water. [REF-1, p.75]

16-7 CORROSIVITY                  : Corrosive to iron [REF-152, p.A175/Aug 87]

16-8 OCTANOL/WATER PARTITION COEFFICIENT:

                               log Kow = 3.83 (alpha) [REF-153, p.50]

16-9 SOLUBILITIES: 

  . SOL IN XYLENE, KEROSENE, CHLOROFORM, ACETONE, & ALCOHOL [REF-154, p.230]

  . 200 g/l in ethyl acetate @ 20 deg C [REF-148]

  . 200 g/l in dichloromethane @ 20 deg C [REF-148]

  . 200 g/l in toluene @ 20 deg C [REF-148]

  . 65 g/l in ethanol @ 20 deg C [REF-148]

  . 24 g/l in hexane @ 20 deg C [REF-148]

  . In water, 0.53 mg/l @ 25 deg C /alpha-endosulfan/; 0.28 mg/l @ 25 deg C /beta-endosulfan/ [REF-155]

16-10 OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . MP: 70-100 deg C; stable toward dil mineral acids; hydrolyzed rapidly by alkalies; commercial product is a mixture of alpha-isomer, MP: 108-110 deg C, & beta-isomer, MP: 208-210 deg C /Technical/ [REF-147, p.605]

  . DECOMP IN PRESENCE OF ACIDS & ALKALIES TO FORM SULFUR DIOXIDE; CORROSIVE TO IRON; ODOR OF HEXACHLOROCYCLOPENTADIENE & MAY HAVE SLIGHT SULFUR DIOXIDE ODOR, TAN, SEMI-WAXY SOLID /TECHNICAL/ [REF-154, p.230]

  . HYDROLYZES SLOWLY ON CONTACT WITH WATER [REF-2, p.254]

  . COLORLESS CRYSTALS /ALPHA-ISOMER/ [REF-2, p.254]

  . Solubility at 22 deg C and a pH 7.2 in tap water; alpha-Endosulfan: 0.15 mg/l. [REF-1, p.75]

  . Solubility at 22 deg C and a pH 7.2 in tap water; beta-Endosulfan: 0.06 mg/l. [REF-156, p.75]

  . Henry's Law constant= 6.6X10-5 atm-cu m/mole @ 20 deg C [REF-157]

  . Endosulfan is a sulfur-containing cmpd and unlike most of the hexachlorocyclopentadiene family, sensitive to moisture, bases, and acids. It is slowly hydrolyzed to give sulflur dioxide and the corresponding diol C7Cl6(CH2OH)2. Endosulfan is said to give calcium sulfate with lime. Endosulfan is stable in sunlight. [REF-20, p.218]
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