1***SUBSTANCE IDENTIFICATION ***

1-1 HSDB CHEMICAL NAME           : MONOCROTOPHOS
1-2 CAS REGISTRY NUMBER          : 6923-22-4
1-3 SYNONYMS:

    C 1414 [REF-1, p.983]; Aimocron [REF-2, p.C 235]; AZODRIN INSECTICIDE ; BILOBRAN [REF-3, p.A284/AUG 87]; CIBA 1414 ; CRISODRIN [REF-3, p.A284/AUG 87]; CROTONAMIDE, 3-HYDROXY-N-METHYL-, DIMETHYLPHOSPHATE, (E)- ; Crotos [REF-4, p.581]; N-DESMETHYL BIDRIN [REF-5, p.181]; 3-Dimethoxyphosphinoyloxy-N-methylisocrotonamide [REF-4, p.581]; 3-(DIMETHOXYPHOSPHINYLOXY)N-METHYL-CIS-CROTONAMIDE ; 3-(DIMETHOXYPHOSPHINYLOXY)-N-METHYLISOCROTONAMIDE [REF-4, p.581]; Dimethyl (E)-3-hydroxy-N-methylcrotonamide [REF-3, p.A284/AUG 87]; O,O-DIMETHYL-O-(2-N-METHYLCARBAMOYL-1-METHYL-VINYL)-FOSFAAT (DUTCH) ; DIMETHYL 2-METHYLCARBAMOYL-1-METHYLVINYL PHOSPHATE [REF-1, p.983]; O,O-DIMETHYL-O-(2-N-METHYLCARBAMOYL-1-METHYL)-VINYL-PHOSPHAT (GERMAN) ; Dimethyl (E)-1-methyl-3-(methylamino)-3-oxo-1-propenyl phosphate [REF-3, p.A284/AUG 87]; Dimethyl-1-methyl-3-(methylamino)-3-oxo-1-propenyl phosphate [REF-6, p.537]; DIMETHYL 1-METHYL-2-(METHYLCARBAMOYL)VINYL PHOSPHATE, CIS ; Dimethyl (E)-1-methyl-2-(methylcarbamoyl)vinyl phosphate [REF-4, p.581]; O,O-dimethyl cis-1-methyl-2-methylcarbamoylvinylphosphate [REF-3, p.A284/AUG 87]; DIMETHYL PHOSPHATE ESTER OF 3-HYDROXY-N-METHYL-CIS-CROTONAMIDE ; DIMETHYL PHOSPHATE OF 3-HYDROXY-N-METHYL-CIS-CROTONAMIDE [REF-1, p.983]; O,O-DIMETIL-O-(2-N-METILCARBAMOIL-1-METIL-VINIL)-FOSFATO (ITALIAN) ; ENT 27 129 [REF-4, p.581]; ENT 27129 [REF-1, p.983]; 3-HYDROXY-N-METHYL-CIS-CROTONAMIDE DIMETHYL PHOSPHATE ; 3-HYDROXY-N-METHYLCROTONAMIDE DIMETHYL PHOSPHATE ; CIS-1-METHYL-2-METHYL CARBAMOYL VINYL PHOSPHATE ; Monocil [REF-2, p.C 235]; MONOCRON [REF-1, p.983]; Monokrotofosz (Hungarian) [REF-7, p.85/8406]; NUVACRON [REF-1, p.983]; NUVACRON 20 ; OMS 834 [REF-4, p.581]; Pandar [REF-3, p.A284/AUG 87]; PHOSPHATE DE DIMETHYLE ET DE 2-METHYLCARBAMOYL 1-METHYL VINYLE (FRENCH) ; PHOSPHORIC ACID, DIMETHYL ESTER, ESTER WITH CIS-3-HYDROXY-N-METHYLCROTONAMIDE ; PHOSPHORIC ACID, DIMETHYL ESTER, ESTER WITH (E)-3-HYDROXY-N-METHYLCROTONAMIDE ; PHOSPHORIC ACID, DIMETHYL ESTER, ESTER WITH 3-HYDROXY-N-METHYLCROTONAMIDE, (E)- ; PHOSPHORIC ACID, DIMETHYL 1-METHYL-3-(METHYLAMINO)-3-OXO-1-PROPENYL ESTER, (E)- ; Phosphoric acid dimethyl [1-methyl-3-(methylamino)-3-oxo-1-propenyl] ester [REF-1, p.983]; PILLARDRIN [REF-7, p.85/8406]; PLANTDRIN [REF-3, p.A284/AUG 87]; Rapid X [REF-2, p.C 235]; SHELL SD 9129 ; SUSVIN [REF-3, p.A284/AUG 87]

1-4 MOLECULAR FORMULA            : C7-H14-N-O5-P [REF-1, p.983]

1-5 SHIPPING NUMBER/NAME:
    IMO 6.1; Organophosphorus pesticides, liquid, toxic, not otherwise specified; Organophosphorus pesticides, liquid, toxic, flammable, not otherwise specified, flashpoint between 23 deg C and 61 deg C; Organophosphorus pesticides, solid, toxic, not otherwise specified
    UN 2783; Organophosphorus pesticides, solid, toxic, not otherwise specified
1-6 STCC NUMBER/NAME:

    49 216 76; Organophosphorus pesticide, solid, not otherwise specified (compounds and preparations) (insecticides, other than agricultural, NEC)

    49 216 77; Organophosphorus pesticide, solid, not otherwise specified (compounds and preparations) (agricultural insecticides, NEC, other than liquid)

2*** DESCRIPTION AND WARNING PROPERTIES ***

2-1 COLOR/FORM:

    Reddish brown solid [REF-8, p.340]

    Colorless to reddish-brown solid. [REF-9, p.218]

2-2 ODOR:

    Mild, ester odor. [REF-9, p.218]

3***SAFETY HAZARDS AND PROTECTION ***

3-1 DOT EMERGENCY GUIDELINES: 

  . Health: Highly toxic, may be fatal if inhaled, swallowed or absorbed through skin. Contact with molten substance may cause severe burns to skin and eyes. Avoid any skin contact. Effects of contact or inhalation may be delayed. Fire may produce irritating, corrosive and/or toxic gases. Runoff from fire control or dilution water may be corrosive and/or toxic and cause pollution. /Organophosphorus pesticide, liquid, poisonous; Organophosphorus pesticide, liquid, toxic; Organophosphorus pesticide, solid, poisonous; Organophosphorus pesticide, solid, toxic/ [REF-10, p.G-152]

  . Fire or explosion: Combustible material: may burn but does not ignite readily. Containers may explode when heated. Runoff may pollute waterways. Substance may be transported in a molten form. /Organophosphorus pesticide, liquid, poisonous; Organophosphorus pesticide, liquid, toxic; Organophosphorus pesticide, solid, poisonous; Organophosphorus pesticide, solid, toxic/ [REF-10, p.G-152]

  . Public safety: CALL Emergency Response Telephone Number. ... 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. /Organophosphorus pesticide, liquid, poisonous; Organophosphorus pesticide, liquid, toxic; Organophosphorus pesticide, solid, poisonous; Organophosphorus pesticide, solid, toxic/ [REF-10, p.G-152]

  . 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. /Organophosphorus pesticide, liquid, poisonous; Organophosphorus pesticide, liquid, toxic; Organophosphorus pesticide, solid, poisonous; Organophosphorus pesticide, solid, toxic/ [REF-10, p.G-152]

  . 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. /Organophosphorus pesticide, liquid, poisonous; Organophosphorus pesticide, liquid, toxic; Organophosphorus pesticide, solid, poisonous; Organophosphorus pesticide, solid, toxic/ [REF-10, p.G-152]

  . 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. /Organophosphorus pesticide, liquid, poisonous; Organophosphorus pesticide, liquid, toxic; Organophosphorus pesticide, solid, poisonous; Organophosphorus pesticide, solid, toxic/ [REF-10, p.G-152]

  . 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. /Organophosphorus pesticide, liquid, poisonous; Organophosphorus pesticide, liquid, toxic; Organophosphorus pesticide, solid, poisonous; Organophosphorus pesticide, solid, toxic/ [REF-10, p.G-152]

  . 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. /Organophosphorus pesticide, liquid, poisonous; Organophosphorus pesticide, liquid, toxic; Organophosphorus pesticide, solid, poisonous; Organophosphorus pesticide, solid, toxic/ [REF-10, p.G-152]

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

  . AZODRIN 5 IS EXTREMELY FLAMMABLE. [REF-11, p.C252]

4-2 FLASH POINT:

    Above 200 deg F, closed cup [REF-11, p.C252]

4-3 FIRE FIGHTING PROCEDURES: 

  . Use water, foam, carbon dioxide, or dry chemical to extinguish fires. /Malathion/ [REF-11, p.C226]

  . AREA SURROUNDING FIRE SHOULD BE DIKED TO PREVENT WATER RUNOFF. /MALATHION/ [REF-12]

  . If material on fire or involved in fire: Extinguish fire using agent suitable for type of surrounding fire. (Material itself does not burn or burns with difficulty.) Use water in flooding quantities as fog. Use "alcohol" foam, carbon dioxide or dry chemical. /Organophosphorus pesticides, solid, NOS/ [REF-13, p.807]

4-4 REACTIVITIES AND INCOMPATIBILITIES: 

  . ... Incompatible with /pesticides/ which are alkaline in reaction. [REF-14, p.708]

  . Metals, low molecular weight alcohols and glycols (Note: Corrosive to black iron, drum steel, stainless steel 304 and brass. Should be stored at 70-80 deg F). [QR] [REF-15, p.218]

4-5 DECOMPOSITION: 

  . WHEN HEATED TO DECOMPOSITION IT EMITS VERY TOXIC FUMES. [REF-16, p.2350]

  . Decomposes > 38 deg C, thermal runaway reactions can occur > 55 deg C ... Decomposes on some inert materials (care should be taken when carrying out chromatography). [REF-14, p.708]

4-6 OTHER HAZARDOUS REACTIONS: 

  . A portion of even the most flammable materials is likely to be lost by vaporization. ... The smoke from an open fire used to destroy pesticides will contain some of the poison. Burning should be attempted only in an isolated place. Inhalation of smoke must be avoided. /Pesticides/ [REF-17, p.434]

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

  . When dealing with product, wear clean rubber gloves, waterproof clothing, & goggles. Replace gloves frequently & destroy used gloves. [REF-11, p.C252]

  . Employees should be provided with and required to use ... face shields (eight inch minimum), and other appropriate protective clothing necessary to prevent repeated, or prolonged skin contact with malathion. /Malathion/ [REF-18, p.3]

  . Any employee whose work involves likely exposure of the skin to malathion or malathion formulations, eg, mixing or formulating, shall wear full body coveralls, or the equivalent, impervious gloves, and footwear. When there is danger of malathion coming in contact with the eyes, safety goggles shall be provided and worn. /Malathion/ [REF-19, p.7]

  . Wear appropriate personal protective clothing to prevent skin contact. [QR] [REF-15, p.219]

  . Wear appropriate eye protection to prevent eye contact. [QR] [REF-15, p.219]

  . Respiratory protection (supplied-air respirator with full facepiece or self-contained breathing apparatus) should be available where these compounds are manufactured or used and should be worn in case of emergency and overexposure. /Phosphorus compounds/ [REF-20, p.1684]

  . WORKERS HANDLING AND APPLYING ORGANOPHOSPHATE PESTICIDES (OPP) MUST ... BE GIVEN PERSONAL PROTECTIVE EQUIPMENT COMPRISING OVERALLS MADE OF A TIGHT FABRIC OR POLYVINYL CHLORIDE, GLOVES, AND RUBBER BOOTS. THEY MUST WEAR A RESPIRATOR WITH AN ACTIVATED-CARBON GAS FILTER CARTRIDGE AFFORDING PROTECTION FOR A DETERMINED NUMBER OF WORKING HOURS. THE EYES SHOULD BE PROTECTED BY GOGGLES. THE SIGNALMEN FOR AERIAL DUSTING OPERATIONS SHOULD BE EQUIPPED WITH A HAT AND CAPE MADE OF POLYVINYL CHLORIDE OR A FABRIC IMPREGNATED WITH A WATER REPELLENT. /PESTICIDES, ORGANOPHOSPHORUS/ [REF-20, p.1645]

5-2 OTHER PREVENTATIVE MEASURES:

  . The worker should immediately wash the skin when it becomes contaminated. [QR] [REF-15, p.219]

  . Work clothing that becomes wet or significantly contaminated should be removed and replaced. [QR] [REF-15, p.219]

  . Workers whose clothing may have become contaminated should change into uncontaminated clothing before leaving the work premises. [QR] [REF-15, p.219]

  . In some situations where personnel may become accidently contaminated ... it is necessary to provide shower bath in addition to the usual washing facilities. Special arrangements for cleaning clothing & overalls may be necessary ... /Pesticides/ [REF-20, p.1619]

  . Special aircraft should preferably be used for spraying or dusting toxic organophosphorus pesticides. ... aerial spraying or dusting gives rise to clouds which spread over larger surfaces than clouds produced by ground application. Aerial spraying should therefore be carried out on windless days only. Residential areas, water supply sources, etc must be avoided. ... When aircraft approaches, signalmen /guiding the aircraft/ should leave the windward side. ... The local population should be informed about the site & time of aerial pesticide treatment. Access of unauthorized persons & especially children to the area to be treated must be ... forbidden. Warning signs should be placed at the limits of the area. Ground spraying must be carried out with compressed-air spraying equipment towed by tractors with closed cabs. /Organophosphorus pesticides/ [REF-20, p.1645]

  . Small packages of pesticides are preferable for individual application in order to limit the quantities to be weighed & metered. A special vessel with long stirring rod for dilution & suspension of the poison must be available in order to reduce manual handling to a minimum. The strict observance of hygiene rules--no smoking & no food intake during work. Thorough washing with soap after work, changing protective clothing before going home--is of utmost importance. /Organophosphorus pesticides/ [REF-20, p.1645]

  . Containers ... should be cleaned with a suspension of bleaching powder in water or with other alkaline soln after soaking for 24 hr and then be rinsed with hot water. /Organophosphorus pesticides/ [REF-20, p.1645]

  . Parathion and possibly other organophosphate insecticide residues may persist in clothing, despite repeated laundering. /Organophosphates and related compounds/ [REF-21, p.260]

  . Do not drink alcoholic beverages before or during spraying since alcohol promotes absorption of organic phosphates. /Organic phosphates/ [REF-11, p.C252]

  . If material not on fire and not involved in fire: Keep sparks, flames, and other sources of ignition away. Keep material out of water sources and sewers. /Organophosphorus pesticides, solid, NOS/ [REF-13, p.807]

  . Personnel protection: Avoid breathing dusts, and fumes from burning material. Keep upwind. Avoid bodily contact with the material. Wear appropriate chemical protective gloves, boots and goggles. Do not handle broken packages unless wearing appropriate personal protective equipment. Wash away any material which may have contacted the body with copious amounts of water or soap and water. Wear positive pressure self-contained breathing apparatus when fighting fires involving this material. If contact with the material anticipated, wear appropriate protective clothing. /Organophosphorus pesticides, solid, NOS/ [REF-13, p.807]

  . Contact lenses should not be worn when working with this chemical. [QR] [REF-15, p.219]

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

  . On hydrolysis @ 20 deg C, the calculated half-life at pH 5 = 96 days, at pH 7 = 66 days, and at pH 9 = 17 days. [REF-14, p.703]

  . It is unstable at elevated temperatures and in short-chain alcohols. [REF-14, p.708]

  . Stable in simple alcohols and glycols at room temperature. Stable when stored in glass or polyethylene containers. Relatively stable in sunlight. Unstable above 100 deg F. [REF-11, p.C252]

6-2 STORAGE CONDITIONS: 

  . DO NOT STORE /AZODRIN 5/ BELOW 70 DEG F OR ABOVE 80 DEG F FOR PROLONGED PERIODS. AZODRIN 5 IS EXTREMELY FLAMMABLE. [REF-11, p.C252]

  . Rooms used for storage only should be soundly constructed & fitted with secure locks. Floors should be kept clear & pesticides clearly identified. If repacking is carried out in storage rooms, adequate light should be available; floors should be impervious & sound ... . /Pesticides/ [REF-20, p.1617]

  . Pesticides containers must be provided with labels indicating the degree of toxicity of the product they contain. The labels must not only give a short description of how to use the prepn, but also state basic precautions to be taken when applying it. /Organophosphorus pesticides/ [REF-20, p.1645]

  . Pesticides of any degree of toxicity should be transported in containers which are clearly labelled, leak-proof, and not easily damaged. They should never be transported /or stored/ beside, or above any type of food, and all spillages should be immediately reported. /Pesticides/ [REF-20, p.1616]

6-3 CLEANUP METHODS: 

  . Spills of malathion on floors shall be absorbed with absorbing clay. Sweeping compound may be utilized to facilitate the removal of all visible traces of malathion contaminated clay. Equipment and fixtures contaminated with malathion shall be decontaminated with an alkaline solution (5% sodium hydroxide). /Malathion/ [REF-19, p.11]

  . ... Alternative treatment process for spent filter cake from malathion mfr requires the following steps: (1) hydrolysis; (2) steam stripping; (3) decantation; (4) composting; & (5) biological treatment. /Malathion/ [REF-6, p.476]

  . Ultraviolet radiation in conjunction with ozone is a highly effective degradation technique for malathion ... /Malathion/ [REF-22, p.24(84) 310]

6-4 DISPOSAL METHODS: 

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

  . Hydrolysis: The treatment of this product with water produces hydrolysis @ a rate that is almost independent of pH in the pH range of 1-7 (50% hydrolyzed @ pH 1-7 in 22-23 days @ 38 deg C). At higher pHs the rate of hydrolysis rapidly increases. Recommendable methods: Incineration & landfill. Peer-review: Large amt, incinerate in a unit with effluent gas scrubbing. (Peer-review conclusions of an IRPTC expert consultation (May 1985)) [REF-23, p.237]

  . MALATHION MAY BE DISPOSED OF BY ABSORBING IN VERMICULITE, DRY SAND, EARTH, OR A SIMILAR MATERIAL ... & /DISPOSING OF SO AS TO MEET LOCAL, STATE, & FEDERAL REGULATIONS/. /MALATHION/ [REF-18, p.4]

  . Incineration together with flammable solvent in furnace equipped with afterburner and scrubber is recommended. /Malathion/ [REF-24, p.555]

  . The following wastewater treatment technologies have been investigated for Malathion: Biological treatment and reverse osmosis. /Malathion/ [REF-25, p.E.56,90]

  . Hydrolysis: The overalls polluted with malathion should be shaken and soaked in a soap-and-soda soln for 6-8 hr. Then the overalls must be washed 2-3 times in a hot soap-and-soda soln and rinsed carefully. Containers are decontaminated with 5% caustic or washing soda (300-500 g per 10 l of water). The containers are filled with this soln, kept for 5-12 hr, then washed with ample water. If soda is not at hand, wood ash may be used instead. /Malathion/ [REF-23, p.284]

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

  . All organic pesticides, whether of botanical or synthetic origin, can be destroyed by incineration. /Organic pesticides/ [REF-17, p.434]

  . Manufacturers or formulators of very large amounts of pesticides may find it advantageous to build incinerators adequate to destroy all organic pesticides and equipped with scrubbers to remove acid wastes. /Organic pesticides/ [REF-17, p.434]

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

7-1 NON-HUMAN TOXICITY VALUES:

    LD50 Rabbit percutaneous 112-709 mg/kg [REF-26, p.426]

    LD50 Rat oral 21 mg/kg [REF-27, p.V13 447]

    LD50 Rat (male) dermal 126 mg/kg [REF-28, p.1012]

    LD50 Rat (female) dermal 112 mg/kg [REF-28, p.1012]

    LD50 Rat (male) ip 5 mg/kg [REF-28, p.1012]

    LD50 Rat (male) oral 18 mg/kg [REF-14, p.709]

    LD50 Rat (female) oral 20 mg/kg [REF-14, p.709]

    LC50 rat inhalation (4 hr) = circa 0.08 mg/L [REF-14, p.709]

    NOEL for rats = 0.5 mg/kg diet (0.025 mg/kg daily) /2-yr study/ [REF-14, p.709]

    NOEL for dogs = 0.5 mg/kg diet (0.0125 mg/kg daily) /2-yr study/ [REF-14, p.709]

    LD50 Rabbit dermal 354 mg/kg [REF-11, p.C252]

    LD50 Domestic goat oral 20.0-50.0 mg/kg, 8-12 mo old females /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

7-2 HUMAN TOXICITY EXCERPTS:

    SYMPTOMATOLOGY: 1. NAUSEA ... VOMITING, ABDOMINAL CRAMPS, DIARRHEA, EXCESSIVE SALIVATION ... 2. HEADACHE, GIDDINESS, VERTIGO & WEAKNESS. 3. RHINORRHEA & SENSATION OF TIGHTNESS IN CHEST ARE COMMON IN INHALATION EXPOSURE. 4. BLURRING OR DIMNESS OF VISION, MIOSIS ... TEARING, CILIARY MUSCLE SPASM, LOSS OF ACCOMMODATION & OCULAR PAIN ... MYDRIASIS ... SOMETIMES SEEN ... PROBABLY DUE TOSYMPATHO-ADRENAL DISCHARGE. 5. LOSS OF MUSCLE COORDINATION, SLURRING OF SPEECH, FASCICULATIONS & TWITCHING OF MUSCLES (PARTICULARLY OF TONGUE & EYELIDS), & GENERALIZED PROFOUND WEAKNESS. 6. MENTAL CONFUSION, DISORIENTATION & DROWSINESS. /PARATHION/ [REF-30, p.III-340]

    SYMPTOMATOLOGY: 7. DIFFICULTY IN BREATHING, EXCESSIVE SECRETION OF SALIVA & OF RESP TRACT MUCUS, ORONASAL FROTHING, CYANOSIS, PULMONARY RALES & RHONCHI & HYPERTENSION, (PRESUMABLY DUE TO ASPHYXIA). 8. RANDOM JERKY MOVEMENTS, INCONTINENCE, CONVULSIONS, & COMA. 9. DEATH PRIMARILY DUE TO RESP ARREST ARISING FROM FAILURE OF RESP CENTER, PARALYSIS OF RESP MUSCLES, INTENSE BRONCHOCONSTRICTION OR ALL THREE. /PARATHION/ [REF-30, p.III-340]

    POISONOUS IF SWALLOWED, INHALED OR ABSORBED THROUGH SKIN. REPEATED INHALATION OR SKIN CONTACT MAY WITHOUT SYMPTOMS PROGRESSIVELY INCREASE SUSCEPTIBILITY TO AZODRIN POISONING. [REF-11, p.C252]

    Chromosomal aberrations in peripheral lymphocytes of male Indian cotton field workers exposed to pesticides were studied in 52 nonsmokers and nonalcoholics, age range 21 to 47 years. Pesticides used in the fields included monocrotophos. Pesticides were sprayed 8 hr a day, 9 mo per year. Chromosomal aberrations like gaps, fragments, and deletions increased irrespective to duration of exposure. Breaks and dicentrics increased with the duration of exposure up to 20 yr and then remained level. A rise in polypoids was seen with the increased duration of exposure to pesticides. The total chromosomal aberrations were significantly increased regardless of exposure duration. [REF-31]

    Toxic via ingestion, inhalation, and skin absorption. [REF-32]

    When monocrotophos was admin po to 6 volunteers for 30 days at rates of 0.0036 and 0.0057 mg/kg/day, plasma cholinesterase was lowered by 15 and 24%, respectively. There was no effect on red cell cholinesterase. Plasma cholinesterase reached a steady state within 10-15 days at the lower dosage but continued to decline slightly at the higher dosage. No subject demonstrated any sign of symptom that could be ascribed to the cmpd. [REF-28, p.1013]

    ... a 19-yr-old man ... splashed about 570 mL /of monocrotophos/ on his bare chest and arms. He immediately attempted to wash off the material with water from a drum but did not remove his pants ... /or/ take a proper shower. ... He detected no effect that night but felt vaguely unwell the next morning, and he vomited during the afternoon. ... 28 hr after exposure, he became aware of difficulty in controlling his truck because of muscular weakness and blurred vision. He also had some chest pain. Somewhat later he started having "blackouts" with intervening brief, relatively lucid intervals. It was only on the second morning, 38 hr after exposure, that the man was hospitalized. At that time he could not stand unaided, and he was troubled by dry retching. He was pale, perspiring profusely, confused, and unable to give any detailed history. His pupils were constricted. Treatment with atropine and pralidoxime led to marked recovery in 48 hr, and the patient was essentially symptom-free on the third day. ... The patient continued to complain of headaches and some numbness of the hands and arms, even after discharge on the 10th hospital day. ... Red cell cholinesterase activity actually fell slightly during the first 2.5 days in the hospital and then increased very slowly, requiring 8 wk to reach the normal range ... . [REF-28, p.1013]

    ...a case of a 32-yr-old male admitted to a hospital approx 45 min after receiving a 2-in laceration above his left eyebrow caused by the shattering of a 100-mL bottle of 60% monocrotophos ... The spilled liquid was wiped off with his shirt, although the skin was not washed. Three to 4 hr after the wound was closed and oral penicillin was admin, the patient ate without washing his hands. Several hours later, an iv admin of furosemide was started after the patient experienced abdominal pain, nausea, vomiting, muscle fasciculations, excessive sweating, and small pupils. ... atropine and pralidoxime therapy commenced 22 hr after exposure, although his blood pressure was normal and pulse rate was 92/min. The initial iv admin of furosemide was discontinued following a total dose of 120 mg. During the second day, the patient developed diarrhea. Bradycardia, cyanosis, and respiratory distress started on the fourth day. ... Grade 4 weakness of the limbs was noted. Although acute cholinergic signs and symptoms subsided by day 6, respiratory difficulty and generalized muscle weakness persisted. Exam of the patient on day 10 found a continuation of grade 4 weakness of the limbs, symmetrically decr deep tendon reflexes, and a spontaneous vital capacity of 200 cu cm. The serum sodium level was 130 mmol/L, and serum potassium was 3.0 mmol/L. Capillary blood gas analysis found a bicarbonate value of 28.2 mmol/L, pH of 7.41, Po2 of 120 mm Hg, and Pco2 of 45.9 mmg Hg. Prominent U waves were also found in all leads of the ECG, which became less prominent several hours following iv admin of Hartmann's solution and large amts of king coconut water (containing high concn of potassium) via nasogastric tube. Intermittent positive-pressure ventilation was discontinued on day 15, and the patient was able to move about with near normal muscle power by day 16. However, blood cholinesterase activity remained between 37.5 and 50% of normal on day 21. [REF-28, p.1013]

    Death of a woman followed her ingestion of exactly 1200 mg of monocrotophos and smaller amounts of two other much less toxic compounds. [REF-28, p.1014]

    A ... distinct manifestation of exposure to organophosphorus ester insecticides recently has been described by clinicians in Sri lanka involved in the treatment of suicide attempts. This paralytic condition, called the intermediate syndrome, consisted of a sequence of neurological signs that appeared some 24 to 96 hours after the acute cholinergic crisis but before the expected onset of delayed neuropathy, the major effect being muscle weakness, primarily affecting muscles innervated by the cranial nerves (neck flexors, muscles of respiration) as well as those of the limbs. Cranial nerve palsies were common. There was a distinct risk of death during this time internal because of respiratory depression and distress which required urgent ventilatory support and was not responsive to atropine or to oximes. The chemicals involved in these distinctive intoxications included ... monocrotophos. There were no obvious clinical differences during the acute intoxication phase in those patients who developed the intermediate syndrome and others who did not, and all patients were treated in the same manner. [REF-33, p.657-8]

    All the organophosphorus insecticides have a cumulative effect by progressive inhibition of cholinesterase ... /Organophosphorus insecticides/ [REF-34, p.148]

    The symptoms of chronic poisoning due to organophosphorus pesticides include headache, weakness, feeling of heaviness in head, decline of memory, quick onset of fatigue, disturbed sleep, loss of appetite, & loss of orientation. Psychic disorders, nystagmus, trembling of the hands & other nervous system disorders can be observed in certain cases. Sometimes neuritis, paresis & paralysis develop. /Organophosphorus pesticides/ [REF-20, p.1639]

    Organophosphate insecticides ... are potent cholinesterase enzyme inhibitors that act by interfering with the metabolism of acetylcholine, which results in accumulation of acetylcholine at neuroreceptor transmission sites. Exposure produces a broad spectrum of clinical effects indicative of massive overstimulation of the chlorinergic system, including muscarinic effects (parasympathetic), nicotinic effects (sympathetic and motor), and CNS effects. These effects present clinically as feeling of headache, weakness, dizziness, blurred vision, psychosis, respiratory difficulty, paralysis, convulsions, and coma. Typical findings are given by the mnemonic "SLUD." which stands for salivation, lacrimation, urination, and defecation. A small percentage of patients may fail to demonstrate miosis, a classic diagnostic hallmark. Onset of clinical manifestation of organophosphate poisoning usually occurs within 12 hr of exposure. /Organophosphate insecticides/ [REF-35, p.936]

    A woman at 34 to 35 weeks' gestation presented in acute respiratory distress with cyanosis and tachypnea and bilateral rhonchi and crepitation. Her heart rate was 78 beats per min and her blood pressure 120/80 mm Hg, with a fetal heart rate of 140 beats per min. The mother was salivating markedly and her pupils were reduced to "pinpoint size." An uncorrected metabolic acidosis was diagnosed. Serum and erythrocyte acetylcholinesterase determinations were near zero. Cholinesterase inhibitor poisoning was felt to be the likely cause of her disorders. Administration of atropine 2.4 mg iv bolus with infusion of 0.02 mg/kg/hr lead to unacceptable fetal tachycardia. The woman had shown increased cooperativeness and secretion control until the atropine had to be stopped. A cesarean section was performed for delivery of a hypotonic infant with a 1 min Apgar score of 3. The baby was mechanically ventilated for 2 days and required atropine therapy at 0.1 mg/kg/hr for 8 days. The mother required 8 days of mechanical ventilation and 11 days of atropine therapy. In this case, the infant appeared relatively less poisoned than the mother by a presumed organophosphate exposure. /Organophosphate poisoning/ [REF-36, p.430]

    A follow-up study of 232 people three years after a history of organophosphorus pesticide poisoning disclosed only one person with slight residual blurring of vision that might have been related to the earlier poisoning, though at the time of poisoning over one third of the people had blurring, which lasted only a day or two after
    exposure was discontinued. The possile exceptional case had findings suggestive of basilar artery insufficiency, rather than effects of poisoning. /Organophosphorus pesticide poisoning/ [REF-37, p.679]

    The effects of acute intoxication by anti-cholinesterase agents are manifested by muscarinic and nicotinic signs and symptoms and, except for compounds of extremely low lipid solubility, by signs referable to the CNS. Local effects are due to the action of vapors or aerosols at their site of contact with the eyes or respiratory tract, or due to the local absorption after liquid contamination of the skin or mucous membranes, including those of the gastrointestinal tract. Systemic effects appear within minutes after inhalation of vapors or aerosols. In contrast, the onset of symptoms is delayed after gastrointestinal and percutaneous absorption. The duration of effects is determined largely by the properties of the compound: its lipid solubility, whether it must be activated, the stability of the organophosphorus-AChE bond, and whether "aging" of the phosphorylated enzyme has occurred. /Anticholinesterase agents/ [REF-38, p.169]

    Ocular effects include marked miosis, ocular pain, conjunctival congestion, diminished vision, ciliary spasm, and brow ache. With acute systemic absorption, miosis may not be evident due to sympathetic discharge in response to the hypotension. /Anticholinesterase agents/ [REF-38, p.170]

    In addition to rhinorrhea and hyperemia of the upper respiratory tract, respiratory effects consist of "tightness" in the chest and wheezing respiration, caused by the combination of bronchoconstriction and increased bronchial secretion. /Anticholinesterase agents/ [REF-38, p.170]

    Gastrointestinal symptoms occur earliest after ingestion, and include anorexia, nausea and vomiting, abdominal cramps, and diarrhea. /Anticholinesterase agents/ [REF-38, p.170]

    With percutaneous absorption of liquid, localized sweating and muscular fasciculation in the immediate vicinity are generally the earliest manifestations. /Anticholinesterase agents/ [REF-38, p.170]

    ... Severe intoxication is manifested by extreme salivation, involuntary defecation and urination, sweating, lacrimation, penile erection, bradycardia, and hypotension. /Anticholinesterase agents/ [REF-38, p.170]

    The time of death after a single acute exposure may range from less than 5 minutes to nearly 24 hours, depending upon the dose, route, agent, and other factors. The cause of death is primarily respiratory failure, usually accompanied by a secondary cardiovascular component. Muscarinic, nicotinic, and central actions all contribute to respiratory embarrassment; effects include laryngospasm, bronchoconstriction, increased tracheobronchial and salivary secretion, compromised voluntary control of the diaphragm and intercostal muscles, and central respiratory depression. Blood pressure may fall to alarmingly low levels and cardiac irregularities intervene. These effects usually result from hypoxemia; they often are reversed by assisted pulmonary ventilation. /Anticholinesterase agents/ [REF-38, p.170]

    ACCUMULATION OF ACETYLCHOLINE IN CNS IS BELIEVED TO BE RESPONSIBLE FOR TENSION, ANXIETY, RESTLESSNESS, INSOMNIA, HEADACHE, EMOTIONAL INSTABILITY, & NEUROSIS, EXCESSIVE DREAMING & NIGHTMARES, APATHY, & CONFUSION ... DESCRIBED AFTER ORGANOPHOSPHATE POISONING. /ORGANOPHOSPHATE INSECTICIDES/ [REF-39, p.528]

    Three clinical syndromes of organophosphate toxicity have been described: immediate, intermediate (1 to 4 days), and delayed (8 to 14 days) after exposure. /Organophosphates and related compounds/ [REF-21, p.260]

    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-28, p.938]

    Acute emphysema, pulmonary edema, pink froth in the trachea and bronchi, and considerable congestion of the organs are found at autopsy. Slight microscopic changes may occur in the liver and kidneys ... Petechial hemorrhages in the organs may be present, especially if convulsions occurred during life. The findings are not diagnostic. In a few cases in which death occurred unexpectedly after several days of survival, multiple pericapillary and periprecapillary hemorrhages were noted in the myocardium and medulla oblongata ... . /Organic phosphorous pesticides/ [REF-28, p.950]

    ... The serum cholinesterase activity of 14 men and 16 women at seven approximately equal intervals throughout one 24 hr day was measured. The lowest average value, ... was 92% of the mean of all values at other sampling times. The next lowest value was 98.7% of the same mean. /It was/ concluded that the small variation observed did not take the form of a regular curve but was entirely individual without correspondence to hour. /Organic phosphorus pesticides/ [REF-28, p.943]

7-3 NON-HUMAN TOXICITY EXCERPTS:

    MUTAGENICITY: MUTATION RESEARCH 76: 169 (1980). ESCHERICHIA COLI WP2,UVRA - REVERSE MUTATION STUDIES WITH METABOLIC ACTIVATION: NEGATIVE. [REF-40]

    Rats given monocrotophos by mouth for 2 yr at concentrations of 0, 1.0, 10 & 100 ppm in diet were relatively unaffected. Treatment groups of 50 each, equally divided between males & females, & a control group ... did not differ in survival or general health. Both males & females in the 100 ppm group failed to gain as much weight as the controls, but there were no significant findings on post mortem. Plasma & erythrocyte cholinesterase were unaffected at 1 ppm, but significantly decreased at 10 & 100 ppm monocrotophos in the diet. In the groups exposed to the upper 2 dose levels, brain cholinesterase was also affected. [REF-26, p.416]

    Purebred beagles ... were given 0, 0.16, 1.6, & 16 ppm ... in their diet for period of 2 yr. ... Cholinesterase was not affected at 0.16 & 1.6 ppm, but was severly reduced at 16 ppm. [REF-26, p.416]

    Dogs survived dietary levels ... starting at 135 ppm for 8 wk & increasing by steps to 1080 ppm /by/ the 13th wk of feeding. Decreased body wt & marked cholinesterase inhibition were present at end of 10 wk when dogs were receiving 270 ppm (about 5.67 mg/kg/day). Even a dietary level of 100 ppm for 1 yr caused tremors, increased salivation, & cholinesterase inhibition. A dietary level of 16 ppm (about 0.03 mg/kg/day) for 2 years caused only marginal inhibition of brain cholinesterase. [REF-28, p.1013]

    Signs of intoxication /from oral acute admin/: Birds--fluffed feathers, eyes closed, ataxia, lacrimation, salivation, polydipsia, dyspnea, tracheal congestion, defecation, mydriasis, hyperactive nictitating membrane, tremors, wing-beat convulsions, tetany or opisthotonos. Mammals--ataxia, miosis, hyporeactivity, constant quivering, immobility, tracheal congestion, tachypnea, dyspnea, phonation. Mortalities usually occurred 1 to 60 hr after treatment. /cis-isomer/ [REF-29, p.56]

    AZODRIN, A METABOLITE OF BIDRIN, IS TERATOGENIC IN HEN EGGS WHEN INJECTED INTO YOLK SAC. [REF-41]

    ... Teratogenicity /was observed/ in avian embryos with exposure levels of as little as 0.4 mg/kg. [REF-42, p.31]

    Snails (Thiara torulosa) were exposed in 2 liter tanks to monocrotophos at concncausing 5 to 95% mortality. Oxygen consumption was measured before and after 24 hr of exposure to the insecticide. At 24 and 96 hr of monocrotophos exposure the LD50 (mg/ml) and 95% fiducial limits, respectively, were as follows: 18.68 (16.87-20.68) and 12.07 (11.09-13.13). Oxygen consumption values after insecticide exposure showed a significant incr at sublethal concn, but decr at concn > LC50. [REF-43]

    The use of monocrotophos for the control of Levant voles has caused secondary poisoning in birds of prey. Spray drift contamination has caused intoxication in domestic geese. [REF-44, p.168]

    The binding of monocrotophos and its two thion analogues (coded as RPR-II and RPR-V) to rat hepatic microsomal cytochrome p450 were investigated in vitro by difference spectroscopy. These three organophosphorus insecticides were found to bind stoichiometrically to hepatic microsomal cytochrome p450 with very high affinity. RPR-V showed the highest binding affinity followed by RPR-II and monocrotophos. Association of these cmpd with hepatic microsomal cytochrome p450 occurred within 2 min of addition in the cuvette and therefore, appeared to be tight binding ligands of cytochrome p450. In vivo studies at equitoxic doses of the three cmpd 24 hr after treatment in rats revealed that they all caused reduction in microsomal cytochrome p450 content in liver, lung, kidney and brain, as against induction in cardiac and splenic cytochrome p450. These in vivo results suggest organ specificity in modulating the microsomal cytochrome p450 content of hepatic and extra-hepatic tissues by the three cmpd. Apparently, their binding affinity with hepatic microsomal cytochrome p450 is strongly correlated with their LD50 value and has a substantial co-relationship with the cytochrome p450 level in the liver. [REF-45]

    The genotoxicity of monocrotophos was studied in chickens. One week old white leghorn chicks were administered (route not specified) 167 ug/kg monocrotophos daily for 30 days. The animals were observed for clinical signs of toxicity. Body weights were measured weekly. Twenty four hours after the last dose the chickens were killed and the bone marrow and wing blood were collected. The erythrocytes were isolated and examined for micronuclei. No signs of toxicity were observed. Monocrotophos caused sharp increases in the frequency of bone marrow and peripheral blood micronuclei. The micronucleated cells usually contained one micronucleus. Vacuolated nuclei, binucleated cells, reticulated nuclei, and other nuclear anomalies were also observed. Body wt gain was decreased by monocrotophos, but the decreases were not statistically significant. It was concluded that monocrotophos is strongly genotoxic in chicks. This finding indicates that chronic exposure to monocrotophos, a common environmental pollutant, may present a serious human health hazard. [REF-46]

    The effect of subacute monocrotophos administration on parameters of brain protein metabolism was investigated in rats. Male albino rats were treated with 9 mg/kg body wt monocrotophos on the first day followed by 6 mg/kg body wt for 15 days. Biochemical estimations of brain total and soluble proteins, free amino acid content, proteases, and phosphatases were done at 1, 3, 7, 11, and 16 days of daily treatment. The symptoms of cholinergic toxicity were most severe between days four and nine of dosing, and the majority of symptoms decreased after 10 or 11 days. The predominant symptoms observed included salivation, sweating, tremors, urination, defecation, and convulsions. A progressive, significant decrease in total and soluble proteins, and an increase in free amino acid content were observed in all areas of the brain for the duration of exposure. The levels of acidic, neutral, and alkaline proteases significantly increased in all areas of the brain, and a maximum increase was observed on day 16 of treatment. Acidic and alkaline phosphatases rapidly increased until the seventh day of dosing, then increased more slowly. It was concluded that monocrotophos administration significantly disturbs protein metabolism and related enzymes in the brain. [REF-47]

    Monocrotophos, an organophosphate insecticide, was given orally in sublethal doses to male albino rats for different durations ranging from 1 hr to 16 days. The effects of monocrotophos on aspartate aminotransferase, alanine aminotransferase and glutamate dehydrogenase activities in different brain areas (cerebral cortex, cerebellum, hippocampus and medulla) were studied. The results showed that monocrotophos causes elevation in aspartate aminotransferase and alanine aminotransferase activities and inhibition glutamate dehydrogenase activity. The effect was progressive as the dosing was continued. Maximum effect on these enzyme activities was seen in the cerebral cortex. The results suggest that monocrotophos is a potent neurotoxicant which affects the activities of other enzymes also, besides its cholinergic effect. [REF-48]

    IT IS HIGHLY TOXIC TO BEES. [REF-14, p.709]

    In adult cattle the minimum toxic oral dose of organophosphate pesticides varies from 1 to 125 mg/kg; the minimum toxic dermal concentration varies from 0.5 to 3%, but these figures are not sacred. The literature is not complete with regard to animal toxicity of organophosphates; even if it were, toxicity values would not be reliable because of the number of factors that influence toxicity of these chemicals under different conditions of use. /Organophosphorus pesticides/ [REF-49, p.985]

    Biologic factors also influence toxicity of organophosphates. Species is very important here. ... Age of the animal is another biologic factor that alters toxicity of organophosphate pesticides. Compounds that do not require enzymatic activation are more toxic in very young animals in which the enzymes of pesticide degradation are deficient. Compounds that require enzymatic activation are not so toxic for very young animals because the enzymes of activation are deficient during the early weeks of life. Sex of the animals can also alter toxicity of organophosphates ... . /Organophosphate pesticides/ [REF-49, p.986]

    Some anticholinesterase organic phosphorous compounds interfere with temperature control and make the body temperature of rats and mice abnormally dependent on the environmental temperature ... No such effect was observed in guinea pigs or rabbits. The effect in rats .. and in mice ... was partially prevented by atropine, suggesting that it is related to cholinesterase inhibition. /Organic phosphorous pesticides/ [REF-28, p.929]

    The cause of death in poisoning by organic phosphorous compounds is usually respiratory failure and consequent anoxia but may be cardiovascular in origin. Four factors (excessive secretion of the respiratory tract, bronchoconstriction, weakness of the muscles of respiration, and failure of the respiratory center) may contribute to respiratory failure. ... In a few instances, death has followed profound brain damage that occurred, usually early in the course of poisoning, as a result of severe anoxia ... . /Organic phosphorous pesticides/ [REF-28, p.930]

    Some organic phosphorous compounds produce an immediate /CNS depressant/ effect, ranging from incoordination to deep anesthesia following iv injection. At the same time respiration may be affected. A large dosage is required for all compounds for which the effect has been demonstrate and, by necessity, all of them are of low toxicity. /Organic phosphorous pesticides/ [REF-28, p.971]

    Although some anticholinergic compounds are teratogenic, most are not. /Organic phosphorous pesticides/ [REF-28, p.971]

    The mutagenic potential of an organophosphate pesticide, monocrotophos, was evaluated in the chick in vivo system using the chromosome aberration assay in bone marrow cells and the micronucleus test in both bone marrow and peripheral blood erythrocytes. A significant induction of chromosome
    aberrations was observed only after 24 hours of exposure with the highest dose (5 mg/kg). In general, monocrotophos induced a significantly higher incidence of micronuclei in bone marrow and peripheral blood erythrocytes over controls. From the present results it is concluded that monocrotophos is genotoxic in this in vivo test system. [REF-50]

    The total phosphorylase and active phosphorylase enzyme activity in the muscle and hepatopancreas tissues of the Barytelphusa guerini considerably increased on exposure to monocrotophos pesticide, but the inactive form of phosphorylase activity did not show considerable change. The phosphorylase activity levels are restored to normal during recovery period. [REF-51]

    To evaluate the clastogenic potentail of /monocrotophos/, in vivo and in vitro micronucleus assay experiments were carried out on Swiss mice and on Chinese hamster ovary cells, respectively. Nuvacron administered at doses of 2.5 and 5.0 mg/kg induced a statistically significant increase in the frequencies of micronucleus detected in polychromatic bone marrow erythrocytes form animals (six/group) treated ip 24 hours before. Exponentially growing Chinese hamster ovary cells were treated continuously (16 hours) with Nuvacron out using the cytokinesis-block method and a total of 6000 binucleated cells were scored to determine micronucleus with 1 and 10 ug/ml Nuvacron. A marked decrease in cell proliferation rates was observed fro Chinese hamster ovary cultures treated with higher concentrations. These data demonstrate that Nuvacron has a genotoxic effect on both in vivo and in vitro mammalian test systems. [REF-52]

    A study was conducted on rats and mice to assess the acute behavioral toxicity of oral monocrotophos. Monocrotophos produced hypothermia, reduced locomotor activity and affected the ability of trained mice to ride on the rotarod. Doses as lowas 2, 1, and 4 mg/kg were required for thse effects respectively. Monocrotophos (1-4 mg/kg) caused potentiation of pentobarbital (40 mg/kg, ip) sedation and haloperidol (1 mg/kg, ip) induced catalepsy. However, pentylenetetrazole (90 mg/kg sc) induced tonic-clonic convulsions and mortality were not affected. Monocrotophos at these doses per se had no hypnotic, cataleptic, or convulsant effects. These results suggest that monocrotophos is a potent CNS depressant compound which may cause adverse neurobehavioral effects in mammals. [REF-53]

8***EMERGENCY TREATMENT***
8-1 ANTIDOTE AND EMERGENCY TREATMENT:

    Antidote: Atropine combined with oxime preparation, e.g. PAM or Toxogonin. Atropine is the emergency antidote for Azodrin poisoning. 2-PAM is also antidotal and may be used in conjunction with atropine. Do not use morphine. [REF-11, p.C252]

    A comatose patient who is diaphoretic, has pinpoint pupils and the odor of an insecticide on clothing or breath, and is noted to have muscle fasciculations represents the classic presentation of organophosphate poisoning. ... Specific steps in management include the following. 1. Decontamination. ... 2 Airway. Establish an airway if necessary. ... 3. Respiratory Status. Respiratory distress, in fact, is commonly found in these patients from multiple causes. ... 4. Cardiac Monitoring. ... 5. Cholinesterase Level. ... 6. Pralidoxime. Pralidoxime is the treatment of choice for organophosphate poisoning and should be used for nearly all patients with clinically significant orgnophosphate poisoning, particularly whose patients with muscular fasciculations and weakness. ... 7. Atropine. Atropine is the physiologic antidote for organophosphate poisoning. A trial dose of atropine should be instituted on clinical ground when one suspects organophosphate intoxication. /Organophosphate poisoning/ [REF-36, p.1079]

    For immediate first aid: ensure that adequate decontamination has been carried out. If victim is not breathing, start artificial respiration, preferably with a demand-valve resuscitator, bag-valve-mask device, or pocket mask as trained. Perform CPR if necessary. Immediately flush contaminated eyes with gently flowing water. Do not induce vomiting. If vomiting occurs, lean patient forward or place on left side (head-down position, if possible) to maintain an open airway and prevent aspiration. Keep victim quiet and maintain normal body temperature. Obtain medical attention. /Organophosphates and related compounds/ [REF-21, p.258]

    For basic treatment: Establish a patent airway. Suction if necessary. Aggressive airway control may be needed. Watch for signs of respiratory insufficiency and assist ventilations if necessary. Administer oxygen by nonrebreather mask at 10 to 15 L/min. Monitor for pulmonary edema and treat if necessary ... Monitor for shock and treat if necessary ... Anticipate seizures and treat if necessary ... For eye contamination, flush eyes immediately with water. Irrigate each eye continuously with normal saline during transport ... Do not use emetics. For ingestion, rinse mouth and administer ... water for dilution if the patient can swallow, has a strong gag reflex, and does not drool. Administer activated charcoal ... /Organophosphates and related compounds/ [REF-21, p.259]

    Preservative-free atropine should be used to avoid toxicity from preservative agents. Mydriasis may occur early in the administration of atropine; however the endpoint for atropine administration is the drying of pulmonary secretions. /Organophosphates and related compounds/ [REF-21, p.260]

    Never give morphine, theophylline, and theophylline ethylenediamine ... Large amounts of iv fluids generally are contraindicated because of the threat of pulmonary edema. /Organic phosphorous pesticides/ [REF-28, p.952]

    Succinylcholine, other cholinergic agents, and aminophylline are contraindicated. /Organophosphates and related compounds/ [REF-21, p.260]

8-2 MEDICAL SURVEILLANCE:

    Workers handling & applying pesticides must undergo an annual medical examination at the beginning of each agricultural season. Contraindications /meaning further clinical evaluations/ for work with /organophosphorus pesticides/ are organic diseases of the central nervous system, mental disorders & epilepsy, pronounced endocrine & vegetative disorders, pulmonary tuberculosis, bronchial asthma, chronic respiratory diseases, cardiovascular diseases & circulatory disorders, gastrointestinal diseases (peptic ulcer), gastroenterocolitis, diseases of liver & kidneys, eye diseases (chronic conjunctivitis & keratitis). The blood cholinesterase activity must be determined before work starts. In the event of prolonged work periods, this activity should be determined at intervals of 3-4 days. Persons exhibiting a fall in cholinesterase activity of 25% or more must be transferred to other work where they are not exposed to organophosphorus pesticides until this activity is completely restored. Persons with initial signs of indisposition should /be protected from exposure from/ pesticides. /Organophosphorus pesticides/ [REF-20, p.1646]

    ... Surveillance of workers could be carried out through measurement of blood or urinary levels of the cmpd to which they are exposed, or through measurement of a metabolite. /Organic phosphorus pesticides/ [REF-28, p.949]

    ... There is no change in red blood cell cholinesterase activity in adults associated with age. ... Activity of this enzyme increases progressively during the first year of life, it is higher in children under 3 yr of age than in older children, and it is markedly higher in 5 yr old children than in 3 yr olds. /Organic phosphorus pesticides/ [REF-28, p.943]

    Cholinesterase activity of plasma is significantly higher in men than in women, and this is true no matter which of several choline esters are used as substrate in measuring the enzyme activity. According to some, the difference is confined to young people. There is no sex difference in the red cell enzyme activity. Serum cholinesterase activity of blacks tends to be lower than whites of the same sex. /Organic phosphorus pesticides/ [REF-28, p.943]

9***METABOLISM AND PHARMACOLOGY ***

9-1 POPULATIONS AT SPECIAL RISK: 

    Young persons under 18 yr, expectant or nursing mothers, /alcoholics/, or persons for whom work with toxic chemicals is contraindicated on account of their state of health /are at elevated risk from the toxic effects of organophosphorus pesticides. Those individuals with/ organic diseases of the CNS, mental disorders & epilepsy, pronounced endocrine & vegetative disorders, pulmonary tuberculosis, bronchial asthma, chronic respiratory diseases, cardiovascular diseases and circulatory disorders, gastrointestinal diseases (peptic ulcer), gastroenterocolitis, diseases of the liver & kidneys, eye diseases (chronic conjunctivitis and keratitis) /are at elevated risk from exposure/. /Organophosphorus pesticides/ [REF-20, p.1646]

    Those individuals who are exposed to organophosphorus pesticides with pre-existing/ organic diseases of the central nervous system, mental disorders & epilepsy, pronounced endocrine & vegetative disorders, pulmonary tuberculosis, bronchial asthma, chronic respiratory diseases, cardiovascular diseases & circulatory disorders, gastrointestinal diseases (peptic ulcer), gastroenterocolitis, diseases of liver & kidneys, eye diseases (chronic conjunctivitis & keratitis) /are at elevated risk from exposure/. The blood cholinesterase activity must be determined before work starts. In the event of prolonged work periods, this activity should be determined at intervals of 3-4 days. Persons exhibiting a fall in cholinesterase activity of 25% or more must be transferred to other work where they are not exposed to organophosphorus pesticides until this activity is completely restored. Persons with initial signs of indisposition should cease work with pesticides. /Organophosphorus pesticides/ [REF-20, p.1646]

9-2 ABSORPTION, DISTRIBUTION, AND EXCRETION:
    GOATS TREATED ORALLY WITH ... AZODRIN EXCRETED IN URINE HIGH PROPORTION OF ADMIN ... N-METHYL (14)C LABEL. TRACE AMT OF ... AZODRIN, N-HYDROXYMETHYLAMIDE ANALOG OF AZODRIN, AND UNSUBSTITUTED AMIDE WERE PRESENT IN URINE. LABELED CMPD APPEARED IN GOAT MILK AFTER TREATMENT WITH ... (14)C-LABELED ... AZODRIN. ... TRACES OF N-HYDROXYMETHYLAMIDE & UNSUBSTITUTED AMIDE WERE ALSO PRESENT. [REF-54, p.55]

    AFTER INJECTION INTO STEMS ... (32)P AZODRIN ... TRANSLOCATED IN BEAN PLANTS AND PERSISTED FOR SEVERAL WK UNDER GREENHOUSE CONDITIONS. ... TRACES OF N-HYDROXYMETHYLAMIDE & UNSUBSTITUTED AMIDE WERE PRESENT AT 8 DAYS BUT ONLY AZODRIN ... PRESENT AFTER 20 DAYS. [REF-54, p.56]

    Excretion of radioactive phosphorus by rats injected ip with (32)P monocrotophos was rapid. In 6 hr, 45% was excreted, and in 24 hr, 58.4 and 5.1% had been recovered from urine and feces, respectively. [REF-28, p.1013]

    When radioactive monocrotophos was applied to human skin, the rate of excretion was maximal during the first 24-48 hr period, and it decr only slightly during the third and fourth days. A total of 14.7% of the radioactivity was recovered in the urine within 120 hr and only a small correction factor was involved. [REF-28, p.1013]

    Following ingestion /by a woman/ of 1200 mg of monocrotophos the concentrations of it found it tissues were: 12 ppm in blood, 13 ppm in lungs, 13 ppm in brain, 11 ppm in kidney, and 1.8 ppm in liver ... . [REF-28, p.1014]

    Dermal penetration parameter of monocrotophos = 15% @ 5 days /Human, forearm, excretion analysis; from table/ [REF-17, p.140]

    Most organophosphate compounds are ... absorbed from skin, conjunctiva, gastrointestinal tract, & lung. /Organophosphate compounds/ [REF-55, p.1071]

    The rate of dermal absorption /of organophosphorus pesticides/ may be ... influenced by the solvent used. /Organophosphorus pesticides/ [REF-34, p.147]

    Many of the organophosphorus insecticides are excreted in the milk ... /Organophosphorus insecticides/ [REF-34, p.148]

    Following their absorption, most organophosphorus cmpd are excreted almost entirely as hydrolysis products in the urine. /Anticholinesterase agents/ [REF-38, p.169]

    TOXICANTS CAN BE ABSORBED BY INHALATION, INGESTION, AND SKIN PENETRATION. ... ALL UNDERGO HYDROLYTIC DEGRADATION IN LIVER AND OTHER TISSUES, USUALLY WITHIN HR OF ABSORPTION. DEGRADATION PRODUCTS ARE OF LOW TOXICITY, AND ARE EXCRETED IN URINE AND FECES. /ORGANOPHOSPHATE CHOLINESTERASE-INHIBITING PESTICIDES/ [REF-56, p.2]

    /THEY/ ... ARE RAPIDLY ABSORBED THROUGH MUCOUS MEMBRANE OF DIGESTIVE SYSTEM, RESPIRATORY SYSTEM & THE SKIN, & CONVEYED BY THE BLOOD TO VARIOUS BODY TISSUES. ... THE MAIN ROUTE OF ELIMINATION ... /IS/ THE KIDNEYS. /ORGANOPHOSPHORUS PESTICIDES/ [REF-20, p.1638]

    Organic phosphorous insecticides are absorbed by the skin, as well as by the respiratory and GI tracts. Absorption by the skin tends to be slow, but, because the insecticides are difficult to remove, such absorption is frequently prolonged. Skin absorption is somewhat greater at higher temperatures and may be much greater in the presence of dermatitis. /Organic phosphorous pesticides/ [REF-28, p.937]

9-3 METABOLISM/METABOLITES:

    SIGNIFICANT AMT OF N-HYDROXYMETHYLAMIDE ANALOG OF AZODRIN APPEARED FOLLOWING ADMIN TO RATS OF ... AZODRIN ... AND UNSUBSTITUTED AMIDE ... /WAS ALSO PRESENT/. IN RATS ADMIN AZODRIN ONLY TRACE AMT OF AZODRIN ACID WERE DETECTED IN EXTRACTS, INDICATING MINIMAL HYDROLYTIC DEGRADATION BY AMIDASE ACTION. DIMETHYL PHOSPHATE & O-DEMETHYL AZODRIN WERE MAJOR DEGRADATION PRODUCTS OF AZODRIN. IT WAS FELT THAT DEGRADATION FOLLOWED FORMATION OF N-HYDROXYMETHYL AZODRIN ... . THE FINDING OF ONLY TRACE AMOUNTS OF N-DEMETHYL AZODRIN & THE STABILITY OF THE PURE COMPOUND SEEMED TO INDICATE THAT DEMETHYLATION WAS MINOR REACTION. [REF-54, p.55]

    HOUSEFLIES & AMERICAN COCKROACHES ... METABOLIZED ... AZODRIN TO FORM N-HYDROXYMETHYL & N-DEMETHYLATED DERIVATIVES. [REF-54, p.56]

    ... ABSORBED AZODRIN WAS METABOLIZED MORE RAPIDLY IN HOUSEFLIES THAN IN WEEVILS. N-HYDROXYMETHYL AZODRIN WAS DETECTED AFTER 4-8 HR IN HOUSEFLIES BUT NOT UNTIL AFTER 24 HR IN WEEVILS. DIMETHYL PHOSPHATE WAS MAJOR HYDROLYSIS PRODUCT IN HOUSE FLIES; O-DEMETHYL AZODRIN PREDOMINATED IN WEEVILS. [REF-54, p.56]

    In plants, N-hydroxy compound is formed in small amounts. [REF-14, p.709]

    Most crops treated in the field contained no detectable residues of neutral conjugates of the N-hydroxymethyl metabolite. Occasionally, residues of 0.05 to 0.35 ppm were found in carrots, olives and oranges. [REF-57, p.47]

    Metabolite of dicrotophos. [REF-58, p.1069]

    Plasma and tissue enzymes are responsible for hydrolysis /of organophosphorus compounds/ to the corresponding phosphoric and phosphonic acids. However, oxidative enzymes are also involved in the metabolism of some organophosphorus compounds. /Anticholinesterase agents/ [REF-38, p.169]

    The organophosphorus anticholinesterase agents are hydrolyzed in the body by a group of enzymes known as A-esterases or paraoxonases. These enzymes are found in the plasma and liver and hydrolyze a large number of organophosphorus compounds ... by cleaving the phosphoester, anhydride, P-F, or P-CN bonds. /Anticholinesterase agents/ [REF-38, p.169]

9-4 BIOLOGICAL HALF/LIFE:

    AFTER INJECTION INTO STEMS ... (32)P AZODRIN ... TRANSLOCATED IN BEAN PLANTS ANDPERSISTED FOR SEVERAL WK UNDER GREENHOUSE CONDITIONS. HALF-LIFE ... 14 DAYS. [REF-54, p.56]

9-5 MECHANISM OF ACTION:

    Cholinesterase inhibitor. [REF-14, p.708]

    The signs of poisoning due to organophosphorus cmpd are those due to accumulation of acetylcholine & hence overstimulation of parasympathetic nervous system. It is usual to divide them under 3 headings: muscarinic, nicotinic & central. Muscarinic signs ... consist of hypersalivation, lacrimation, sweating & nasal discharge. Miosis, dyspnea, vomiting, diarrhea & frequency of urination ... Nicotinic effects consist of fasciculation of muscles, weakness & paralysis. Central nervous system effects include nervousness, apprehension, ataxia, convulsions & coma. Death is due to resp failure, or sometimes cardiac arrest. There is little difference between signs produced by different organophosphorus compounds, but route of absorption may influence one system more than another. /Organophosphorus cmpd/ [REF-34, p.153]

    The characteristic pharmacological effects of the anti-ChE agents are due primarily to the prevention of hydrolysis of ACh by AChE at sites of cholinergic transmission. Transmitter thus accumulates, and the response to ACh that is liberated by cholinergic impulses or that is spontaneously released from the nerve ending is enhanced. With most of the organophosphorus agents ... virtually all the acute effects of moderate doses are attributable to this action. /Anticholinesterase agents/ [REF-38, p.163]

    The cardiovascular actions of anticholinesterase agents are complex, since they reflect both ganglionic and postganglionic effects of accumulated ACh on the heart and blood vessels. The predominant effect on the heart from the peripheral action of accumulated ACh is bradycardia, resulting in a fall in cardiac output. Higher doses usually cause a fall in blood pressure, often as a consequence of effects of anticholinesterase agents on the medullary vasomotor centers of the CNS. /Anticholinesterase agents/ [REF-38, p.168]

    Organophosphorus derivatives act by combining with and inactivating the enzyme acetylcholinesterase. ... The inactivation of cholinesterase by cholinesterase inhibitor pesticides allows the accumulation of large amounts of acetylcholine, with resultant widespread effects that may be ... separated into 4 categories: (1) Potentiation of postganglionic parasympathetic activity. ... (2) Persistent depolarization of skeletal muscle ... (3) Initial stimulation following depression of cells of central nervous system ... (4) Variable ganglionic stimulation or blockade ... /Cholinesterase inhibitor pesticides/ [REF-59, p.113]

    The main feature of the toxic mechanism of organophosphorus pesticides is inhibition of the esterase enzyme activity, in particular of cholinesterase, which plays an important physiological part. Organophosphorus pesticides can also indirectly interact with the biochemical receptors of acetylcholine. /Organophosphorus pesticides/ [REF-20, p.1638]

    Phosphorylated enzymes, like acetylated acetylcholinesterase, are esters and may be hydrolyzed by nucleophilic agents, including water. The rate at which phosphorylated enzymes are reactivated by water is extremely low, compared to the rate for acetylcholinesterase combined with acetate. When inhibition is by isopropyl phosphate, the rate is essentially zero. /Organic phosphorous pesticides/ [REF-28, p.932]

    Organophosphates poison insects and humans primarily by phosphorylation of the acetylcholinesterase enzyme at nerve endings. /Organophosphate Cholinesterase-inhibiting pesticides/ [REF-56, p.2]

9-6 INTERACTIONS:

    Some phenothiazines may antagonize & some may potentiate the toxic anticholinesterase effects of ... /organophosphorus insecticides/. /Organophosphate cholinesterase inhibitors/ [REF-60, p.552]

    In long term therapy, adrenocorticoids antagonize the antiglaucoma effects of anticholinesterases (incr ocular pressure). ... Anticholinergics antagonize the miotic (antiglaucoma) & other muscarinic effects of anticholinesterases on the autonomic & central nervous systems. Tricyclic antidepressants (anticholinergic effects) antagonize the antiglaucoma (miotic) effects of anticholinesterases in glaucoma. ... Antihistamines with anticholinergic effects antagonize the miotic (antiglaucoma) & CNS effects of anticholinesterases. Anticholinesterases potentiate tranquilizing & behavioral changes induced by antihistamines. The actions of anticholinesterase agents on autonomic effector cells, & to some extent those on CNS, are antagonized by atropine, an antidote of choice. Barbiturates are potentiated by anticholinesterases. ... Dexpanthenol potentiates the effects of anticholinesterases. Fluorophosphate insecticides potentiate the effects of other anticholinesterases. /Anticholinesterases/ [REF-60, p.422]

    BARBITURATES ARE POTENTIATED BY ANTICHOLINESTERASES. ALTHOUGH BARBITURATES MAY BE USED CAUTIOUSLY IN TREATING CONVULSIONS, EXTREME CARE IS ESSENTIAL IN HANDLING POISONINGS DUE TO ANTICHOLINESTERASES, PARTICULARLY ORGANOPHOSPHORUS PESTICIDES. ECHOTHIOPHATE, A CHOLINESTERASE INHIBITOR USED AS MIOTIC, POTENTIATES OTHER SUCH INHIBITORS ... USED FOR OTHER PURPOSES (ADDITIVE EFFECTS) OR POSSIBLY SYNERGISTIC. THOSE EXPOSED TO ORGANOPHOSPHATE INSECTICIDES MUST TAKE STRICT PRECAUTIONS. ... ORGANOPHOSPHORUS INSECTICIDES: ADDITIVE ANTICHOLINESTERASE EFFECTS. HAZARDOUS. PATIENTS ON ANTICHOLINESTERASES (EVEN TOPICAL, SUCH AS EYE DROPS) SHOULD AVOID AREAS WHERE ORGANOPHOSPHORUS INSECTICIDES ... RECENTLY ... USED. /ANTICHOLINESTERASE/ [REF-60, p.422]

    ANTICHOLINESTERASE (ORGANOPHOSPHORUS) INSECTICIDES ANTAGONIZE POLARIZING MUSCLE RELAXANTS. PHENOTHIAZINES /AND THIOXANTHENES/: ... MAY ENHANCE TOXIC EFFECTS OF ORGANOPHOSPHORUS INSECTICIDES. /INSECTICIDES, ORGANOPHOSPHORUS/ [REF-61, p.637]

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

10-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:
    Monocrotophos' (Azodrin) use as an insecticide and acaricide will result in its release to the environment. If released to the atmosphere, monocrotophos is expected to exist in both the particulate and vapor phases in the ambient atmosphere, based on an experimental vapor pressure of 2.2X10-6 mm Hg. Vapor-phase monocrotophos will be readily degraded by reaction with photochemically-produced hydroxyl radicals and ozone(estimated half-lives, 9.1 and 24 hours, respectively). Particulate-phase monocrotophos may be physically removed from the air by wet and dry deposition. If released to soil, monocrotophos is expected to have very high mobility based on an estimated Koc of 19. Monocrotophos is expected to be rapidly biodegraded in soils. Volatilization from both wet and dry soil surfaces is not expected based on an estimated Henry's Law constant of 6.5X10-13 atm-cu m/mole and an experimental vapor pressure of 2.2X10-6 mm Hg at 20 deg C, respectively. If released into water, monocrotophos is not expected to adsorb to suspended solids and sediments in water based on an estimated Koc of 19. Volatilization and bioconcentration are not expected to be environmentally important removal processes. Occupational exposure to monocrotophos may occur through inhalation and dermal contact with this pesticide during or after its application to foliage or at workplaces where it is produced. Limited monitoring data indicate that non-occupational exposure can occur from inhalation of ambient air or ingestion of contaminated food. (SRC) 

10-2 ECOTOXICITY VALUES:

  . LC50 Gammarus fasciatus 0.3 mg/l/96 hr, mature. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. /Technical material 100%/ [REF-62, p.14]

  . LC50 Fathead minnow greater than 50 mg/l/96 hr, wt 0.9 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. /Technical material, 100%/ [REF-62, p.14]

  . LC50 Bluegill 12.1 mg/l/96 hr (95% confidence limit 7.2-10.1 mg/l) /as stated in source/, wt 1.0 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. /Technical material, 100%/ [REF-62, p.14]

  . LC50 Rainbow trout 5.2 mg/l/96 hr, wt 0.5 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. /Dispersible liq, 3.2 lb/gal/ [REF-62, p.14]

  . LC50 Channel catfish 4.93 mg/l/96 hr (95% confidence limit 2.58-9.43 mg/l), wt 1.4 g. Static bioassay without aeration, pH 7.2-7.5, water hardness 40-50 mg/l as calcium carbonate and alkalinity of 30-35 mg/l. /Dispersible liquid, 3.2 lb/gal/ [REF-62, p.14]

  . LD50 Canada geese oral 1.58 mg/kg (95% confidence limit 1.10-2.28 mg/kg) /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

  . LD50 Mallard duck oral 4.76 mg/kg (95% confidence limit 3.43-6.60 mg/kg), 4 mo old males /Purity greater than 80%; Z-isomer/ [REF-29, p.56]

  . LD50 Golden eagle oral 0.188 mg/kg (95% confidence limit 0.094-0.376 mg/kg), 1 mo old /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

  . LD50 Bobwhite oral 0.944 mg/kg (95% confidence limit 0.749-1.19 mg/kg), 12-24 mo old males /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

  . LD50 California quail oral 0.763 mg/kg (95% confidence limit 0.438-1.33 mg/kg), 12 mo old females /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

  . LD50 Japanese quail oral 3.71 mg/kg (95% confidence limit 2.73-5.03 mg/kg), 2-3 mo old males /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

  . LD50 Pheasant oral 2.83 mg/kg (95% confidence limit 2.00-5.03 mg/kg), 7-8 mo old females /Purity greater than 80%; Z-isomer/ [REF-29, p.56]

  . LD50 Chukar oral 6.49 mg/kg (95% confidence limit 5.01-8.42 mg/kg), 4 mo old females /Purity greater than 80%; Z-isomer/ [REF-29, p.56]

  . LD50 Gray partridge oral 6.40-12.8 mg/kg, adult /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

  . LD50 Turkey oral 2.00-3.16 mg/kg, 6-18 mo old /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

  . LD50 Rock dove oral 2.83 mg/kg (95% confidence limit 1.39-5.75 mg/kg), adult /Purity greater 75%; Z-isomer/ [REF-29, p.56]

  . LD50 House sparrow oral 1.48 mg/kg (95% confidence limit 1.07-2.04 mg/kg), adult males /Purity greater than 75%; Z-isomer/ [REF-29, p.56]

  . LD50 House finch oral 8.10-24.3 mg/kg, adult males /Purity greater than 80%; Z-isomer/ [REF-29, p.56]

  . LD50 Mule deer oral 25.0-50.0 mg/kg, 8-28 mo old females /Purity greater than 75% & 80%; Z-isomer/ [REF-29, p.56]

  . LC50 Japanese quail (Coturnix japonica), 14 days old, oral (5 day ad libitum in diet) 2.4 ppm (95% confidence intervals 1.8-2.9 ppm) /Technical grade, 82% active ingedient/ [REF-63, p.104]

  . LD50 Bee oral 0.028-0.033 mg/bee [REF-14, p.709]

  . LD50 Bee topical 0.025-0.35 mg/bee [REF-14, p.709]

10-3 ENVIRONMENTAL FATE:

  . TWO PLOTS OF MATURE VALENCIA ORANGE TREES ... SPRAYED WITH AZODRIN. ONE AT RATE OF 10 LB AND OTHER 1 LB TECHNICAL AZODRIN/ACRE. RESIDUE HALF-LIFE WAS 16 & 13 DAYS, RESPECTIVELY. AZODRIN PENETRATED INTO RIND RAPIDLY AND WAS NOT REMOVED BY WASHING FRUIT 12 DAYS AFTER TREATMENT. [REF-64, p.42]

  . Aquatic reactions: persistence in riverwater in a sealed glass jar under sunlight & artificial fluorescent light-initial concentration= 10 ug/l: % of original compound found after 1 hr 100; 1 wk 100; 2 wk 100; 4 wk 100; 8 wk 100. [REF-65, p.228]

  . TERRESTRIAL FATE: Based on a recommended classification scheme(1), an estimated Koc value of 19(SRC), determined from an experimental log Kow of -0.20(2,SRC) and a recommended regression-derived equation(3), indicates that monocrotophos is expected to have very high mobility in soil(SRC). Volatilization of monocrotophos from moist soil surfaces is not expected given an estimated Henry's Law constant of 6.5X10-13 atm-cu m/mole(SRC),determined from experimental values for vapor pressure, 2.2X10-6 mm Hg at 20 deg C(4), and water solubility, 1.0X10+6 mg/l at 20 deg C(5). Monocrotophos is not expected to volatilize from dry soil surfaces based on a measured vapor pressure of 2.2X10-6 mm Hg(4,SRC). Monocrotophos is rapidly degraded in soil with half-lives ranging from 1 to 5 days(4). [REF-66]

  . TERRESTRIAL FATE: The half-life of monocrotophos on foliage (cotton, corn, grass) ranged from 1.3 to 3.4 days(1). [REF-67]

  . AQUATIC FATE: Based on a recommended classification scheme(1), an estimated Koc value of 19(SRC), determined from an experimental log Kow of -0.20(2) and a recommended regression-derived equation(3), indicates that monocrotophos is not expected to adsorb to suspended solids and sediment in water(SRC). Monocrotophos is not expected to volatilize from water surfaces(3,SRC) based on an estimated Henry's Law constant of 6.5X10-13 atm-cu m/mole(SRC), determined from experimental values for vapor pressure, 2.2X10-6 mm Hg at 20 deg C(4), and water solubility, 1.0X10+6 mg/l at 20 deg C(5). According to a classification scheme(5), an estimated BCF value of 0.41(3,SRC), from an experimental log Kow(2), suggests that bioconcentration in aquatic organisms is low(SRC). 100% of monocrotophos persisted after eight weeks incubation in river water(7). [REF-68]

  . ATMOSPHERIC FATE: According to a model of gas/particle partitioning of semivolatile organic compounds in the atmosphere(1), monocrotophos, which has an measured vapor pressure of 2.2X10-6 mm Hg at 20 deg C(2), is expected to exist both in the vapor and particulate phases in the ambient atmosphere. Vapor-phase monocrotophos is degraded in the atmosphere by reaction with photochemically-produced hydroxyl radicals and ozone(SRC); the half-lives for these reactions in air are estimated to be about 9.1 hours and 24 hours, respectively(3,SRC). Particulate-phase monocrotophos may be physically removed from the air by wet and dry deposition(SRC). [REF-69]

10-4 BIODEGRADATION:

  . The soil algae, Chlorella vulgaris, Scenedesmus bijugatus, Synechococcus elongatus, Phormidium tenue, and Nostoc linckia, began metabolizing monocrotophos following 10 days of incubation(1). Monocrotophos is rapidly degraded in soil with half-lives ranging from 1 to 5 days(2). The half-life of azodrin in culture solution was 4.6 days(3). 100% of monocrotophos persisted after eight weeks incubation in raw river water(4). [REF-70]

10-5 ABIOTIC DEGRADATION:

  . Photolysis of monocrotophos in soils, in water, and on bean plant leaves was investigated under sunlight and ultraviolet light. On a glass surface, percent recovery of monocrotophos in the dark was 98%, while 72.8% was recovered after 8 hr sunlight, and 62% after UV light. Percent recovery of monocrotophos was 40.2 to 60.1% in soils after UV light exposure, and 52.4 to 62.0% after sunlight exposure. Photodegradation in soils was of the order alluvial < black < red loamy < laterite. Percent recovery on bean leaves was 94% after 8 hr darkness and 68% after 8 hr sunlight. The rate of degradation of monocrotophos in tap water was approx twice that in distilled water under sunlight. [REF-71]

  . The half-life of monocrotophos in a 2 ppm solution at pH 7 and 38 deg C is 23 days; at pH 4.6 and 100 deg C, the half-life is 80 min. [REF-72, p.360]

  . The rate constant for the vapor-phase reaction of monocrotophos with photochemically-produced hydroxyl radicals has been estimated as 4.2X10-11 cu cm/molecule-sec at 25 deg C(SRC) using a structure estimation method(1,SRC). This corresponds to an atmospheric half-life of about 9.1 hours at an atmospheric concentration of 5X10+5 hydroxyl radicals per cu cm(1,SRC). The rate constant for the vapor-phase reaction of monocrotophos with ozone has been estimated as 1.1X10-17 cu cm/molecule-sec at 25 deg C(SRC) using a structure estimation method(1,SRC). This corresponds to an atmospheric half-life of about 24 hours at an atmospheric concentration of 7X10+11 mol/cu cm(1,SRC). Monocrotophos is not expected to undergo direct photolysis in the environment due to the lack of functional groups that absorb light in the environmental spectrum(SRC). Organophosphate esters are highly susceptible to hydrolysis(2). Azodrin was not hydrolyzed at all during eight weeks of incubation in raw river water(3). [REF-73]

10-6 BIOCONCENTRATION:

  . An estimated BCF value of 0.41 was calculated for monocrotophos(SRC), using an estimated log Kow of -0.20(1,SRC) and a recommended regression-derived equation(2). According to a classification scheme(3), this BCF value suggests that bioconcentration in aquatic organisms is low(SRC). [REF-74]

10-7 SOIL ADSORPTION/MOBILITY:

  . The Koc of monocrotophos is estimated as approximately 19(SRC), using a measured log Kow of -0.20(1) and a regression-derived equation(2,SRC). According to a recommended classification scheme(3), this estimated Koc value suggests that monocrotophos is expected to have very high mobility in soil(SRC). [REF-75]

10-8 VOLATILIZATION FROM WATER/SOIL:

  . The Henry's Law constant for monocrotophos is estimated as 6.5X10-13 atm-cu m/mole(SRC) from its experimental values for vapor pressure, 2.2X10-6 mm Hg(1), and water solubility, 1X10+6 mg/l(2). This value indicates that monocrotophos will be essentially nonvolatile from water surfaces(3,SRC). Monocrotophos' Henry's Law constant(1,2,SRC) indicates that volatilization from moist soil surfaces is not expected(SRC). Monocrotophos is not expected to volatilize from dry soil surfaces based on a measured vapor pressure of 2.2X10-6 mm Hg(1). [REF-76]

11*** SOURCES AND CONCENTRATIONS***
11-1 ARTIFICIAL SOURCES: 

  . Monocrotophos' use as an insecticide and acaricide(1) will result in its release to the environment(SRC). [REF-77]

11-2 ATMOSPHERIC CONCENTRATIONS: 

  . Monocrotophos was detected in 0.24% of air samples collected between 1970 and 1971 in the United States, at a maximum concentration of 13.9 ng/cu m(1). [REF-78]

11-3 FOOD SURVEY VALUES: 

  . Monocrotophos was detected in agricultural commodities between October 1, 1981 and September 30, 1986 at concentrations ranging from 0.05 ppm to 1.0 ppm(1). [REF-79]

11-4 PLANT CONCENTRATIONS: 

  . Leaf surface residues of monocrotophos on mature cotton plants treated at 1.0 lb AI/acre were 12.8, 10.6, 6.3, and 4.3 mg/sq m at 0, 24, 48, and 72 hours after application(1). [REF-67]

11-5 ANIMAL CONCENTRATIONS: 

  . Monocrotophos was detected in dead blue-winged teal collected near two newly planted rice fields in Matagorda County, Texas, in March and May 1982, at levels ranging from 2 to 13 ppm wet weight(1). [REF-80]

11-6 MILK CONCENTRATIONS: 

  . Goats given labeled monocrotophos by mouth showed only traces of labeled material in milk. [REF-26, p.416]

12***HUMAN ENVIRONMENTAL EXPOSURE **

12-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . Occupational exposure to monocrotophos may occur through inhalation and dermal contact with this pesticide during or after its application to foliage or at workplaces where it is produced. Limited monitoring data indicate that non-occupational exposure can occur from inhalation of ambient air or ingestion of contaminated food. (SRC) 

  . Monocrotophos residues extracted from the hands of 5 workers after 5 hours field exposure averaged 1.16 mg and 1.71 mg, 48 and 72 hours post-application, respectively; the residue levels on the shirts of the workers averaged 13.5 and 13.4 mg, 48 and 72 hours post-application; residue levels on the pants averaged 20.2 and 28.7 mg, 48 and 72 hours post-application(1). Monocrotophos was extracted from the hands and clothing of four workers following 5 hours field exposure, 24 hours post-application, at levels ranging from 2.9 mg on the hands and 70.8 mg on the workers' pants(2). [REF-81]

13*** STANDARDS AND REGULATIONS ***

13-1 ACCEPTABLE DAILY INTAKES: 

  . FAO/WHO ADI: 0.00005 mg/kg bw [REF-82]

13-2 NIOSH RECOMMENDATIONS: 

  . Recommended Exposure Limit: 10 Hr Time-Weighted Avg: 0.25 mg/cu m. [QR] [REF-15, p.218]

13-3 THRESHOLD LIMIT VALUES: 

  . 8 hr Time Weighted Avg (TWA) 0.25 mg/cu m, skin [QR] [REF-83, p.50]

  . Excursion Limit Recommendation: Excursions in worker exposure levels may exceed three times the TLV-TWA for no more than a total of 30 min during a work day, and under no circumstances should they exceed five times the TLV-TWA, provided that the TLV-TWA is not exceeded. [QR] [REF-83, p.6]

  . A4. A4= Not classifiable as a human carcinogen. [QR] [REF-83, p.50]

  . Biological Exposure Index (BEI) adoption (1989 edition): Determinant: Cholinesterase activity in red cells; Sampling Time: Discretionary; BEI: 70% of individual's baseline. The determinant is usually present in a significant amt in biological specimens collected from subjects who have not been occupationally exposed. Such background levels are incl in the BEI value. The determinant is nonspecific, since it is observed after exposure to some other chemicals. These nonspecific tests are preferred because they are easy to use and usually offer a better correlation with exposure than specific tests. In such instances, a BEI for a specific, less quantitative biological determinant is recommended as a confirmatory test. The biological determinant is an indicator of exposure to the chemical, but the quantitative interpretation of the measurement is ambiguous (semiquantitative). These biological determinants should be used as a screening test if a quantitative test is not practical or as a confirmatory test if the quantitative test is not specific and the origin of the determinant is in question. /Organophosphorus cholinesterase inhibitors/ [QR] [REF-83, p.102]

13-4 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-84]

  . The International Air Transport Association (IATA) Dangerous Goods Regulations are published by the IATA Dangerous Goods Board pursuant to IATA Resolutions 618 and 619 and constitute a manual of industry carrier regulations to be followed by all IATA Member airlines when transporting hazardous materials. [REF-85, p.190]

  . 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-86, p.3097-1, 6193, 6194, 6195]

13-5 FIFRA REQUIREMENTS: 

  . 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. Monocrotophos 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: 0154; Pesticide type: insecticide (acaricide); Registration Standard Date: 09/13/85; Case Status: No products containing the pesticide are actively registered ... The case /is characterized/ as "cancelled." Under FIFRA, pesticide producers may voluntarily cancel their registered products. EPA also may cancel pesticide registrations if registrants fail to pay required fees or make/meet certain reregistration commitments, or if EPA reaches findings of unreasonable adverse effects.; Active ingredient (AI): Monocrotophos; AI Status: The active ingredient is no longer contained in any registered pesticide products ... "cancelled." [QR] [REF-87, p.134]

14*** MONITORING AND ANALYSIS METHODS ***

14-1 ANALYTIC LABORATORY METHODS:

  . Product analysis is by GLC or HPLC. Residues are determined by GLC using phosphorus-sensitive detectors. [REF-14, p.709]

  . MONOCROTOPHOS IS HYDROLYZED WITH SODIUM HYDROXIDE & THE FORMED ACETOACETIC ACID MONOMETHYLAMIDE IS DETERMINED COLORIMETRICALLY AS IRON III COMPLEX. [REF-88, p.404]

  . EPA Method 1618. Combined method using wide bore capillary column GC with selective ECD for the determination of organo-halide pesticides and PCBs, organo-phosphorus pesticides, and phenoxy-acid herbicides. Under the prescribed conditions for monocrotophos, the method has a detection limit of 85.00 ng/l as defined by EPA. [REF-89, p.175]

  . EPA Method 8141. GC for the determination of various organophosphorous compounds in solid waste including monocrotophos. Prior to analysis, appropriate sample extraction techniques must be used. ... Organic liquids may be analyzed by direct injection. Detection is achieved with flame photometer or nitrogen-phosphorus detector. For monocrotophos the method detection limit in solids and in water is not determined as defined by EPA. [REF-89, p.175]

  . EPA Method 8270. Capillary Column GC/MS. This method is used for the determination of semivolatile organic compounds in extracts prepared from all types of solid waste matrices, soils, and groundwater. This method is applicable to quantify most acidic, basic, and neutral organic compounds that are soluble in methylene chloride and are capable of being eluted without derivatization as sharp peaks from a capillary column (DB-5 or equivalent). The estimated quantitation limit for monocrotophos in water is 40.00 ug/l as defined by EPA. [REF-89, p.175]

  . Analysis of a product is by IR spectrophotometry, by GLC with flame ionization detector, or by HPLC. Residues are determined by GLC with flame photometric detector. [REF-3, p.A 284/AUG 87]

  . Determination of organochlorine and organophosphorus pesticide residues by using GC. (Applicable to residues of monocrotophos in lettuce, strawberries, and tomatoes). [REF-90, p.V1 282]

  . EPA Method 3540. Soxhlet Extraction. A solid sample is mixed with anhydrous sodium sulfate and extracted using an appropriate solvent in a Soxhlet extractor. The sample is then dried and concentrated using a Kuderna-Danish apparatus. This is a procedure for extracting nonvolatile and semivolatile organic compounds from solids such as soils, sludges, and waste. [REF-91]

  . EPA Method 3550. Sonication Extraction. A 2 to 3 g solid sample is mixed with anhydrous sodium sulfate to form a free-flowing powder, then solvent extracted using a horn-type sonicator, followed by vacuum filtration or centrifugation for organic components of equal or less than 20 mg/kg. This method is applicable to the extraction of nonvolatile and semivolatile organic compounds from solids such as soils, sludges, and waste. Interferences include chlorofluorocarbons and methylene chloride. [REF-91]

15***MANUFACTURING AND USE INFORMATION ***

15-1 METHODS OF MANUFACTURING: 

  . [SRI] REACTION OF TRIMETHYL PHOSPHITE WITH N-METHYL ALPHA-CHLOROACETOACETAMIDE. 

  . Monocrotophos may be made by the reaction of trimethyl phosphite with 2-chloro-N-methyl-3-oxobutyramide. [REF-6, p.537]

15-2 FORMULATIONS/PREPARATIONS: 

  . ... CONCENTRATES (200, 400 & 600 G AI/L); 200 SCW & 400 SCW, WSC (200 & 400 G/L); 250 ULV, ULV CONCENTRATE (250 G/L); GRANULES (50 G/KG); 'NUVARON COMBI', EC MIXTURES WITH DDT (VARIOUS PROPORTIONS). [REF-92, p.366]

  . Soluble concentrate (400, 552, or 600 g/l) [REF-4, p.582]

  . (Monocrotophos +) dodine + dinocap; mevinphos; parathion-methyl; cypermethrin; parathion-methyl + sulfur. [REF-3, p.A284/AUG 87]

  . Water miscible, soluble concentrate, technical concentrate, water soluble concentrate. [REF-2, p.C 235]

  . Commercially available as a water-miscible solution. [REF-32]

  . Soluble concentrate; ultra-low volume liquid. [REF-14, p.708]

15-3 OTHER MANUFACTURING INFORMATION: 

  . Dosage rates against mites and sucking insects are 250 to 500 g/ha, against lepidopterous larvae 500-1000 g/ha. [REF-4, p.581]

  . IT IS INCOMPATIBLE WITH ALKALINE PESTICIDES. [REF-14, p.708]

15-4 MAJOR USES: 

  . The active ingredient is no longer contained in any registered pesticide products ... "cancelled." [QR] [REF-87, p.134]

  . [SRI] INSECTICIDE & ACARICIDE ON COTTON, POTATOES, PEANUTS, ORNAMENTALS, TOBACCO; & FOR SUGARCANE BORERS. /FORMER USE/ 

  . /Monocrotophos/ is a fast-acting systemic and contact insecticide of short persistence. [REF-28, p.1012]

  . ... /Used/ on cotton for bollworms, fleahoppers, boll weevil, loopers, pink bollworm, plant bugs (lygus), beet armyworm, white flies, thrips and mites. On peanuts for mites, granulate cutworms, and lesser cornstalk borers. On tobacco for tobacco hornworm, vegetable weevil, green peach aphid and tobacco budworm. [REF-2, p.C-235]

  . Control of a broad spectrum of pests, including sucking, chewing, and boring insects, and spider mites on cotton, deciduous fruits, citrus fruits, vines, olives, hops, rice, maize, sorghum, coffee, sugar cane, sugar beet, groundnuts, potatoes, tomatoes, soya beans, vegetables, ornamentals, and tobacco. [REF-3, p.A284/AUG 87]

  . Systemic insecticide and acaricide with contact and stomach action /former/ [REF-14, p.708]

15-5 CONSUMPTION PATTERNS:

    [SRI] 40% AS AN INSECTICIDE & ACARICIDE ON COTTON; 30% AS AN INSECTICIDE & ACARICIDE ON TOBACCO; AND 30% AS AN INSECTICIDE & ACARICIDE ON OTHER FIELD CROPS & VEGETABLES (1974). 

15-6 U.S. PRODUCTION:

    [SRI] (1972) 2.27X10+9 G (EST) 

    [SRI] (1974) 2.4X10+9 G (EST) 

16*** CHEMICAL AND PHYSICAL PROPERTIES ***

16-1 MOLECULAR WEIGHT             : 223.17 [REF-58, p.1069]

16-2 MELTING POINT                : 54-55 DEG C [REF-58, p.1069]

16-3 BOILING POINT                : 125 DEG C @ 760 MM HG [REF-93, p.500]

16-4 DENSITY/SPECIFIC GRAVITY     : 1.22 kg/l at 20 deg C [REF-14, p.708]

16-5 VAPOR PRESSURE               : 2.9X10-4 Pa at 20 deg C [REF-14, p.708]

16-6 CORROSIVITY                  : Non-corrosive to aluminum. [REF-3, p.A284/AUG 87]

                               CORROSIVE TO BLACK IRON, DRUM STEEL, STAINLESS STEEL 304 & BRASS. [REF-4, p.581]

16-7 OCTANOL/WATER PARTITION COEFFICIENT:

  log Kow = -0.20 [REF-94, p.35]

16-8 SOLUBILITIES: 
  . MISCIBLE WITH WATER; SOL IN ACETONE, ETHANOL; PRACTICALLY INSOL IN DIESEL OILS, KEROSINE. [REF-58, p.1069]

  . Solubility (20 deg C) 1 kg/kg water; 700 g/kg acetone; 800 g/kg dichloromethane; 1 kg/kg methanol; 250 g/kg octan-1-ol; 60 g/kg toluene. [REF-4, p.581]

  . Sparingly sol in xylene. [REF-92, p.366]

  . In water 100% at 20 deg C; in methanol 100%, acetone 70%, n-octanol 25%, toluene 6% (all at 20 deg C). Sparingly soluble in kerosene and diesel oil. [REF-14, p.708]

16-9 SPECTRAL PROPERTIES: 

  . Index of refraction 1.4738 @ 25 deg C/D [REF-3, p.A284/Aug 87]

  . Intense mass spectral peaks: 127 m/z (100%), 67 m/z (66%), 58 m/z (36%), 97 m/z (34%) [REF-95, p.280]

16-10 OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . SOL IN WATER, ETHANOL, PETROLEUM ETHER, ACETONE /TECHNICAL GRADE/ [REF-93, p.500]

  . Rapidly hydrolyzed under alkaline conditions. [REF-3, p.A284/AUG 87]

  . technical grade contains < or = 74% monocrotophos. [REF-4, p.581]

  . ... Decomposes on some inert materials. [REF-3, p.A284/AUG 87]

17*** REFERENCES ***

17-1 SPECIAL REPORTS:

  . WHO/IPCS; Pesticide Residues in Food - 1991. Part II - Toxicology (1992)

17-2 REFERENCES:

    HAZARDOUS SUBSTANCES DATA BANK (HSDB)              

    Produced by : U.S. National Library of Medicine                   

    Provided by : Canadian Centre for Occupational Health and Safety  

  REF- 1:  Budavari, S. (ed.). The Merck Index - Encyclopedia of Chemicals, Drugs and Biologicals. Rahway, NJ: Merck and Co., Inc., 1989. 

  REF- 2:  Farm Chemicals Handbook 1993. Willoughby, OH: Meister Publishing Co., 1993. 

  REF- 3:  Hartley, D. and H. Kidd (eds.). The Agrochemicals Handbook. 2nd ed. Lechworth, Herts, England: The Royal Society of Chemistry, 1987. 

  REF- 4:  Worthing, C.R. and S.B. Walker (eds.). The Pesticide Manual - A World Compendium. 8th ed. Thornton Heath, UK: The British Crop Protection Council, 1987. 

  REF- 5:  White-Stevens, R. (ed.). Pesticides in the Environment: Volume 1, Part 1, Part 2. New York: Marcel Dekker, Inc., 1971. 

  REF- 6:  Sittig, M. (ed.) Pesticide Manufacturing and Toxic Materials Control Encyclopedia. park Ridge, NJ: Noyes Data Corporation. 1980. 

  REF- 7:  U.S. Department of Health and Human Services, Public Health Service, Center for Disease Control, National Institute for Occupational Safety Health. Registry ofToxic Effects of Chemical Substances (RTECS). National Library of Medicine's current MEDLARS file. 

  REF- 8:  Sax, N.I. Dangerous Properties of Industrial Materials. 6th ed. New York, NY: Van Nostrand Reinhold, 1984. 

  REF- 9:  NIOSH. NIOSH Pocket Guide to Chemical Hazards. DHHS (NIOSH) Publication No. 94-116. Washington, D.C.: U.S. Government Printing Office, June 1994. 

  REF- 10:  U.S. Department of Transportation. 1996 North American Emergency Response Guidebook. A Guidebook for First Responders During the Initial Phase of aHazardous Materials/Dangerous Goods Incident. U.S. Department of Transportation (U.S. DOT) Research and Special Programs Administration, Office of HazardousMaterials Initiatives and Training (DHM-50), Washington, D.C. (1996). 

  REF- 11:  Farm Chemicals Handbook 1997. Willoughby, OH: Meister Publishing Co., 1997. 

  REF- 12:  U.S. Coast Guard, Department of Transportation. CHRIS - Hazardous Chemical Data. Volume II. Washington, D.C.: U.S. Government Printing Office, 1984-5.

  REF- 13:  Association of American Railroads. Emergency Handling of Hazardous Materials in Surface Transportation. Washington, DC: Association of American Railroads, Bureau of Explosives, 1994. 

  REF- 14:  Tomlin, C.D.S. (ed.). The Pesticide Manual - World Compendium. 10th ed. Surrey, UK: The British Crop Protection Council, 1994. 

  REF- 15:  NIOSH. NIOSH Pocket Guide to Chemical Hazards. DHHS (NIOSH) Publication No. 97-140. Washington, D.C. U.S. Government Printing Office, 1997. 

  REF- 16:  Lewis, R.J. Sax's Dangerous Properties of Industrial Materials. 9th ed. Volumes 1-3. New York, NY: Van Nostrand Reinhold, 1996. 

  REF- 17:  Hayes, W.J., Jr., E.R. Laws Jr., (eds.). Handbook of Pesticide Toxicology Volume 1. General Principles. New York, NY: Academic Press, Inc., 1991. 

  REF- 18:  Mackison, F. W., R. S. Stricoff, and L. J. Partridge, Jr. (eds.). NIOSH/OSHA - Occupational Health Guidelines for Chemical Hazards. DHHS(NIOSH) PublicationNo. 81-123 (3 VOLS). Washington, DC: U.S. Government Printing Office, Jan. 1981. 

  REF- 19:  NIOSH; Criteria Document: Malathion (1976) DHEW Pub. NIOSH 76-205
  REF- 20:  International Labour Office. Encyclopedia of Occupational Health and Safety. Vols. I&II. Geneva, Switzerland: International Labour Office, 1983. 

  REF- 21:  Bronstein, A.C., P.L. Currance; Emergency Care for Hazardous Materials Exposure. 2nd ed. St. Louis, MO. Mosby Lifeline. 1994. 

  REF- 22:  Kirk-Othmer Encyclopedia of Chemical Technology. 3rd ed., Volumes 1-26. New York, NY: John Wiley and Sons, 1978-1984. 

  REF- 23:  United Nations. Treatment and Disposal Methods for Waste Chemicals (IRPTC File). Data Profile Series No. 5. Geneva, Switzerland: United Nations Environmental Programme, Dec. 1985. 

  REF- 24:  Sittig, M. Handbook of Toxic and Hazardous Chemicals and Carcinogens, 1985. 2nd ed. Park Ridge, NJ: Noyes Data Corporation, 1985. 

  REF- 25:  USEPA; Management of Hazardous Waste Leachate, EPA Contract No. 68-03-2766 (1982)

  REF- 26:  American Conference of Governmental Industrial Hygienists. Documentation of the Threshold Limit Values and Biological Exposure Indices. 5th ed. Cincinnati, OH:American Conference of Governmental Industrial Hygienists, 1986. 

  REF- 27:  Kirk-Othmer Encyclopedia of Chemical Technology. 3rd ed., Volumes 1-26. New York, NY: John Wiley and Sons, 1978-1984.  (1981)

  REF- 28:  Hayes, W.J., Jr., E.R. Laws, Jr., (eds.). Handbook of Pesticide Toxicology. Volume 2. Classes of Pesticides. New York, NY: Academic Press, Inc., 1991. 

  REF- 29:  U.S. Department of the Interior, Fish and Wildlife Service. Handbook of Toxicity of Pesticides to Wildlife. Resource Publication 153. Washington, DC: U.S. Government Printing Office, 1984. 

  REF- 30:  Gosselin, R.E., R.P. Smith, H.C. Hodge. Clinical Toxicology of Commercial Products. 5th ed. Baltimore: Williams and Wilkins, 1984. 

  REF- 31:  Rupa DS et al; Environ Res 49 (1): 1-6 (1989)

  REF- 32:  Lewis, R.J., Sr (Ed.). Hawley's Condensed Chemical Dictionary. 12th ed. New York, NY: Van Nostrand Rheinhold Co., 1993 109
  REF- 33:  Klaassen, C.D., M.O. Amdur, Doull J. (eds.). Casarett and Doull's Toxicology. The Basic Science of Poisons. 5th ed. New York, NY: McGraw-Hill, 1995. 

  REF- 34:  Clarke, M. L., D. G. Harvey and D. J. Humphreys. Veterinary Toxicology. 2nd ed. London: Bailliere Tindall, 1981. 

  REF- 35:  Amdur, M.O., J. Doull, C.D. Klaasen (eds). Casarett and Doull's Toxicology. 4th ed. New York, NY: Pergamon Press, 1991. 

  REF- 36:  Haddad, L.M., Clinical Management of Poisoning and Drug Overdose. 2nd ed. Philadelphia, PA: W.B. Saunders Co., 1990. 

  REF- 37:  Grant, W.M. Toxicology of the Eye. 3rd ed. Springfield, IL: Charles C. Thomas Publisher, 1986. 

  REF- 38:  Hardman, J.G., L.E. Limbird, P.B. Molinoff, R.W. Ruddon, A.G. Goodman (eds.). Goodman and Gillman's The Pharmacological Basis of Therapeutics. 9th ed. New York, NY: McGraw-Hill, 1996. 

  REF- 39:  Doull, J., C.D.Klassen, and M.D. Amdur (eds.). Casarett and Doull's Toxicology. 3rd ed., New York: Macmillan Co., Inc., 1986. 

  REF- 40:  GENE-TOX Program: Current Status of Bioassay in Genetic Toxicology. U.S. Environmental Protection Agency, Washington, DC. Office of Toxic Substances and Pesticides.(For program information, contact Environmental Mutagen Information Center, Oak Ridge National Laboratory, Post Office Box Y, Oak Ridge, Tennessee 37830. Telephone (615) 574-7871)

  REF- 41:  ROGER JC ET AL; BIOCHEM PHARMACOLOGY 18: 373-92 (1969)

  REF- 42:  Shepard, T. H. Catalog of Teratogenic Agents. 3rd ed. Baltimore, MD.: Johns Hopkins University Press, 1980. 

  REF- 43:  Bharathi C, Prasada Rao DGV; Bull Environ Contam Toxicol 42 (5): 773-7 (1989)

  REF- 44:  Humphreys, D.J. Veterinary Toxicology. 3rd ed. London, England: Bailliere Tindell, 1988. 

  REF- 45:  Siddiqui M KJ et al; Toxicology 76 (2): 133-9 (1992)

  REF- 46:  Jena GB, Bhunya SP; In Vivo 6 (5): 527-30 (1992)

  REF- 47:  Swamy KV et al; Bull Environ Contam Toxicol 49 (5): 723-9 (1992)

  REF- 48:  Swamy KV, Mohan PM; Indian J Pharmacol 24 (2): 102-6 (1992)

  REF- 49:  Booth, N.H., L.E. McDonald (eds.). Veterinary Pharmacology and Therapeutics. 5th ed. Ames, Iowa: Iowa State University Press, 1982. 

  REF- 50:  Bhunya SP, Jena GB; Mutat Res 292 (3): 231-9 (1993)

  REF- 51:  Venkateshwarlu M, Sunita A; Uttzar Pradesh J of Zoology 16 (1) 54-6 (1996)

  REF- 52:  Petitl P et al; Brazilian J of Genetics 19 (4): 571-6 (1996)

  REF- 53:  Mandhane SN, Chopde CT; Indian J of Pharmacology 27 (4): 245-9 (1995)

  REF- 54:  Menzie, C.M. Metabolism of Pesticides. U.S. Department of the Interior, Bureau of Sport Fisheries and Wildlife, Publication 127. Washington, DC: U.S. Government Printing Office, 1969. 

  REF- 55:  Ellenhorn, M.J. and D.G. Barceloux. Medical Toxicology - Diagnosis and Treatment of Human Poisoning. New York, NY: Elsevier Science Publishing Co., Inc. 1988. 

  REF- 56:  Morgan, D.P. Recognition and Management of Pesticide Poisonings. EPA 540/9-80-005. Washington, DC: U.S. Government Printing Office, Jan. 1982. 

  REF- 57:  Menzie, C.M. Metabolism of Pesticides-Update III. Special Scientific Report- Wildlife No. 232. Washington, DC: U.S.Department of the Interior, Fish and Wildlife Service, 1980. 

  REF- 58:  Budavari, S. (ed.). The Merck Index - An Encyclopedia of Chemicals, Drugs, and Biologicals. Whitehouse Station, NJ: Merck and Co., Inc., 1996. 

  REF- 59:  Dreisbach, R.H. Handbook of Poisoning. 12th ed. Norwalk, CT: Appleton and Lange, 1987. 

  REF- 60:  Martin, E. W. (ed.). Hazards of Medication. 2nd ed. Philadelphia: J.B. Lippincott Co., l978. 

  REF- 61:  Martin E. Hazards of Medication: A Manual on Drug Interactions, Incompatibilities, Contraindications and Adverse Effects. Philadelphia: J.B. Lippincott Co., 1971. 

  REF- 62:  U.S. Department of Interior, Fish and Wildlife Service. Handbook of Acute Toxicity of Chemicals to Fish and Aquatic Invertebrates. Resource Publication No. 137. Washington, DC: U.S. Government PrintingOffice, 1980. 

  REF- 63:  Hill, E.F. and Camardese, M.B. Lethal Dietary Toxicities of Environmental Contaminants and Pesticides to Coturnix. Fish and Wildlife Technical Report 2.Washington, DC: United States Department of Interior Fish and Wildlife Service, 1986. 

  REF- 64:  Menzie, C. M. Metabolism of Pesticides, An Update. U.S. Department of the Interior, Fish, Wild-life Service, Special Scientific Report - Wildlife No. 184, Washington, DC: U.S. GovernmentPrinting Office, l974. 

  REF- 65:  Verschueren, K. Handbook of Environmental Data of Organic Chemicals. 2nd ed. New York, NY: Van Nostrand Reinhold Co., 1983. 

  REF- 66:  (1) Swann RL et al; Res Rev 85: 23 (1983) (2) Hansch C et al; Exploring QSAR. Hydrophobic, Electronic, and Steric Constants. ACS Prof Ref Book. Heller SR (consult ed) Washington, DC: Amer Chem Soc p 35 (1995) (3) Lyman WJ et al; Handbook of Chemical Property Estimation Methods. Washington DC: Amer Chem Soc pp. 4-9 (1990) (4) Tomlin C; The Pesticide Manual. A World Compendium. Incorporating the Agrochemicals Handbook. 10th ed. Bath, UK: The Bath Press(1994) (5) Shiu WY et al; Rev Environ Contam Toxicol 116: 15-187 (1990)

  REF- 67:  (1) Willis GH, McDowell LL; Reviews of Environm Contam Toxicol 100: 23-73 (1987)

  REF- 68:  (1) Swann RL et al; Res Rev 85: 23 (1983) (2) Hansch C et al; Exploring QSAR. Hydrophobic, Electronic, and Steric Constants. ACS Prof Ref Book. Heller SR (consult ed) Washington, DC: Amer Chem Soc p 35 (1995) (3) Lyman WJ et al; Handbook of Chemical Property Estimation Methods. Washington DC: Amer Chem Soc pp. 4-9, 5-4, 5-10, 15-1 to 15-29 (1990) (4) Tomlin C; The Pesticide Manual. A World Compendium. Incorporating the Agrochemicals Handbook. 10th ed. Bath, UK: The Bath Press(1994) (5) Shiu WY et al; Rev Environ Contam Toxicol 116: 15-187 (1990) (6) Franke C et al; Chemosphere 29: 1501-14 (1994) (7) Eichelberger JW, Lichtenberg JJ; Environ Sci Technol 5: 541-4 (1971)

  REF- 69:  (1) Bidleman TF; Environ Sci Technol 22: 361-367 (1988) (2) Tomlin C; The Pesticide Manual. A World Compendium. Incorporating the Agrochemicals Handbook. 10th ed. Bath, UK: The Bath Press(1994) (3) Meylan WM, Howard PH; Chemosphere 26: 2293-99 (1993)

  REF- 70:  (1) Megharaj M et al; Bull Environ Contam Toxicol 39: 251-6 (1987) (2) Tomlin C; The Pesticide Manual. A World Compendium. Incorporating the Agrochemicals Handbook. 10th ed. Bath, UK: The Bath Press(1994) (3) Furmidge CGL, Osgerby JM; J Sci Food Agric 18: 269-73 (1967) (4) Eichelberger JW, Lichtenberg JJ; Environ Sci Technol 5: 541-4 (1971)

  REF- 71:  Dureja P; Bull Environ Contam Toxicol 43 (2): 239-45 (1989)

  REF- 72:  Hayes, Wayland J., Jr. Pesticides Studied in Man. Baltimore/London: Williams and Wilkins, 1982. 

  REF- 73:  (1) Meylan WM, Howard PH; Chemosphere 26: 2293-99 (1993) (2) Megharaj M et al; Bull Environ Contam Toxicol 39: 251-6 (1987) (3) Eichelberger JW, Lichtenberg JJ; Environ Sci Technol 5: 541-4 (1971)

  REF- 74:  (1) Hansch C et al; Exploring QSAR. Hydrophobic, Electronic, and Steric Constants. ACS Prof Ref Book. Heller SR (consult ed) Washington, DC: Amer Chem Soc p 35 (1995) (2) Lyman WJ et al; Handbook of Chemical Property Estimation Methods. Washington DC: Amer Chem Soc pp. 5-4, 5-10 (1990) (3) Franke C et al; Chemosphere 29: 1501-14 (1994)

  REF- 75:  (1) Hansch C et al; Exploring QSAR. Hydrophobic, Electronic, and Steric Constants. ACS Prof Ref Book. Heller SR (consult ed) Washington, DC: Amer Chem Soc p 35 (1995) (2) Lyman WJ et al; Handbook of Chemical Property Estimation Methods. Washington DC: Amer Chem Soc pp. 4-9 (1990) (3) Swann RL et al; Res Rev 85: 23 (1983)

  REF- 76:  (1) Tomlin C; The Pesticide Manual. A World Compendium. Incorporating the Agrochemicals Handbook. 10th ed. Bath, UK: The Bath Press (1994) (2) Shiu WY et al; Rev Environ Contam Toxicol 116: 15-187 (1990) (3) Lyman WJ et al; Handbook of Chemical Property Estimation Methods. Washington DC: Amer Chem Soc pp. 15-1 to 15-29 (1990)

  REF- 77:  (1) Tomlin C; The Pesticide Manual. A World Compendium. Incorporating the Agrochemicals Handbook. 10th ed. Bath, UK: The Bath Press(1994)

  REF- 78:  (1) Lee RE Jr; in Proc Inter Clean Air Congress, 4th, S Kasuga et al (eds), Research Triangle Park, NC: U.S. EPA Health Effects Lab (1977)

  REF- 79:  (1) Luke MA et al; J Assoc Off Anal Chem 71: 415-20 (1988)

  REF- 80:  (1) Flickinger EL et al; J Assoc Off Anal Chem 67: 827-8 (1984)

  REF- 81:  (1) Ware GW et al; Arch Environ Contam Toxicol 3: 789-806 (1975) (2) Ware GW et al; Arch Environ Contam Toxicol 2: 117-29 (1974)

  REF- 82:  FAO/WHO; Pesticide Residues in Food - 1991. Joint Meeting of the FAO Panel of Experts on Pesticide Residues in Food and the Environment and the WHO Expert Group on Pesticide Residues. Geneva, September 16-22, 1991. Evaluations Part 1 - Residues. p.638 FAO Plant & Prod Protect Paper 113/1 (1992)

  REF- 83:  American Conference of Governmental Industrial Hygienists. Threshold Limit Values (TLVs) for Chemical Substances and Physical Agents Biological Exposure Indices for 1998. Cincinnati, OH: ACGIH, 1998. 

  REF- 84:  49 CFR 171.2 (7/1/96)

  REF- 85:  IATA. Dangerous Goods Regulations. 38th ed. Montreal, Canada and Geneva, Switzerland: International Air Transport Association, Dangerous Goods Board, January, 1997. 

  REF- 86:  IMDG; International Maritime Dangerous Goods Code; International Maritime Organization (1988)

  REF- 87:  USEPA/OPP; Status of Pesticides in Registration, Reregistration and Special Review (Spring, 1998) EPA 738-R-98-002
  REF- 88:  Spencer, E. Y. Guide to the Chemicals Used in Crop Protection. 7th ed. Publication 1093. Research Institute, Agriculture Canada, Ottawa, Canada: Information Canada, 1982. 

  REF- 89:  USEPA/SCC; Environmental Monitoring Methods Index (1992)

  REF- 90:  Association of Official Analytical Chemists. Official Methods of Analysis. 15th ed. and Supplements. Washington, DC: Association of Analytical Chemists, 1990 

  REF- 91:  USEPA/Office of Solid Waste (OSW); Test Methods for Evaluating Solid Waste, Physical/Chemical Methods SW846 Methods (1986)

  REF- 92:  Worthing, C. R. (ed.). Pesticide Manual. 6th ed. Worcestershire, England: British Crop Protection Council, l979. 

  REF- 93:  Sunshine, I. (ed.). CRC Handbook of Analytical Toxicology. Cleveland: The Chemical Rubber Co., 1969. 

  REF- 94:  Hansch, C., Leo, A., D. Hoekman. Exploring QSAR - Hydrophobic, Electronic, and Steric Constants. Washington, DC: American Chemical Society., 1995. 

  REF- 95:  Hites, R.A. Handbook of Mass Spectra of Environmental Contaminants. Boca Raton, FL: CRC Press Inc., 1985. 

***  END OF RECORD  ***
PAGE  
45
NIP OUT: 318      Date:  9/12/2003          Pass File: D:\NIP-Y.I.\ENDRIN.Monocrotophos.doc.

