
***1                      SUBSTANCE IDENTIFICATION ***

1-1 HSDB CHEMICAL NAME           : CARBOFURAN
1-2 CAS REGISTRY NUMBER          : 1563-66-2
1-3 SYNONYMS:

    D 1221 [REF-1, p.C-59]; BAY 70143 [REF-2, p.250]; 7-BENZOFURANOL, 2,3-DIHYDRO-2,2-DIMETHYL-, METHYLCARBAMATE ; Brifur [REF-3, p.C-48]; CARBAMIC ACID, METHYL-, 2,3-DIHYDRO-2,2-DIMETHYL-7-BENZOFURANYL ESTER ; Chinufur ; Crisfuran [REF-1, p.C-59]; CURATERR [REF-1, p.C-59]; 2,3-Dihydro-2,2-dimethyl-7-benzofuranol-N-methylcarbamate [REF-4, p.453]; 2,3-Dihydro-2,2-dimethyl-7-benzofuranol methylcarbamate [REF-2, p.250]; 2,3-DIHYDRO-2,2-DIMETHYLBENZOFURANYL-7-N-METHYLCARBAMATE ; 2,3-dihydro-2,2-dimethylbenzo-furan-7-yl methylcarbamate [REF-5, p.130]; 2,2-DIMETHYL-7-COUMARANYL N-METHYLCARBAMATE [REF-2, p.250]; 2,2-DIMETHYL-2,2-DIHYDROBENZOFURANYL-7 N-METHYLCARBAMATE ; 2,2-Dimethyl-2,3-dihydro-7-benzofuranyl-N-methylcarbamate [REF-2, p.250]; ENT 27164 [REF-1, p.C-59]; FMC 10242 [REF-5, p.130]; FURADAN [REF-6, p.109]; Furadan G [REF-1, p.C-60]; FURADAN 3G ; FURADAN 4F [REF-7, p.C-60]; FURODAN ; Kenofuran [REF-8, p.A060/Aug 87]; Methyl carbamic acid 2,3-dihydro-2,2-dimethyl-7-benzofuranyl ester [REF-2, p.250]; NIA 10242 [REF-2, p.250]; NIAGARA 10242 ; NIAGARA NIA-10242 ; OMS 864 [REF-5, p.130]; Pillarfuran [REF-8, p.A060/Aug 87]; YALTOX [REF-1, p.C-59]

1-4MOLECULAR FORMULA            : C12-H15-N-O3 [REF-2, p.250]

1-5 SHIPPING NUMBER/NAME:

    NA 2757; Carbofuran
    IMO 6.1; Carbamate pesticides, solid, toxic, nos; carbamate pesticides, liquid, toxic, flammable, nos, flashpoint between 23 deg C and 61 deg C; carbamate pesticides, liquid, toxic, nos; carbamate pesticides, liquid, nos
    IMO 3.2; Carbamate pesticides, liquid, flammable, toxic, nos, flashpoint less than 23 deg C
    UN 2757; Carbamate pesticides, solid, toxic, not otherwise specified; carbamate pesticides, liquid, nos
    UN 2758; Carbamate pesticides, liquid, flammable, toxic, nos, flashpoint less than 23 deg C
    UN 2991; Carbamate pesticides, liquid, toxic, flammable, nos, flashpoint between 23 deg C and 61 deg C
    UN 2992; Carbamate pesticides, liquid, toxic, nos
    IMO 6.1; Carbamate pesticides, solid, toxic, nos; carbamate pesticides, liquid, toxic, flammable, nos, flashpoint between 23 deg C and 61 deg C; carbamate pesticides, liquid, toxic, nos; carbamate pesticides, liquid, NOS
    IMO 3.2; Carbamate pesticides, liquid, flammable, toxic, nos, flashpoint less than 23 deg C
    UN 2757; Carbamate pesticides, solid, toxic, nos; carbamate pesticides, liquid, nos
    UN 2758; Carbamate pesticides, liquid, flammable, toxic, nos, flashpoint less than 23 deg C
    UN 2991; Carbamate pesticides, liquid, toxic, flammable, nos, flashpoint between 23 deg C and 61 deg C
    UN 2992; Carbamate pesticides, liquid, toxic, nos
1-6 STCC NUMBER/NAME:

    49 215 25; Carbofuran
    49 215 24; Carbofuran mixture, liquid (agricultural insecticides, nec, liquid)

*** 2                 DESCRIPTION AND WARNING PROPERTIES ***

2-1 COLOR/FORM:

    WHITE, CRYSTALLINE SOLID [REF-9, p.273]

    White or grayish, crystalline solid [Note: May be dissolved in a liquid carrier]. [REF-10, p.52]

ODOR:

    ODORLESS (PURE MATERIAL) [REF-11, p.C-70]

    Slightly phenolic. [REF-12, p.2]

*** 3                     SAFETY HAZARDS AND PROTECTION *** 

3-1 DOT EMERGENCY GUIDELINES: 

  . Health: Highly toxic, may be fatal if inhaled, swallowed or absorbed through skin. Avoid any skin contact. Effects of contact or inhalation may be delayed. Fire may produce irritating, corrosive and/or toxic gases. Runoff from fire control or dilution water may be corrosive and/or toxic and cause pollution. [QR] [REF-13, p.G-151]

  . Fire or explosion: Non-combustible, substance itself does not burn but may decompose upon heating to produce corrosive and/or toxic fumes. Containers may explode when heated. Runoff may pollute waterways. [QR] [REF-13, p.G-151]

  . Public safety: CALL Emergency Response Telephone Number on Shipping Paper. If Shipping Paper not available or no answer, refer to appropriate telephone number listed on the inside back cover. Isolate spill or leak area immediately for at least 25 to 50 meters (80 to 160 feet) in all directions. Keep unauthorized personnel away. Stay upwind. Keep out of low areas. [QR] [REF-13, p.G-151]

  . Protective clothing: Wear positive pressure self-contained breathing apparatus (SCBA). Wear chemical protective clothing which is specifically recommended by the manufacturer. Structural firefighters' protective clothing is recommended for fire situations ONLY; it is not effective in spill situations. [QR] [REF-13, p.G-151]

  . Evacuation: Spill: See the Table of Initial Isolation and Protective Action Distances for highlighted substances. For non-highlighted substances, increase, in the downwind direction, as necessary, the isolation distance shown under "PUBLIC SAFETY". Fire: If tank, rail car or tank truck is involved in a fire, ISOLATE for 800 meters (1/2 mile) in all directions; also, consider initial evacuation for 800 meters (1/2 mile) in all directions. [QR] [REF-13, p.G-151]

  . Fire: Small fires: Dry chemical, CO2 or water spray. Large fires: Water spray, fog or regular foam. Move containers from fire area if you can do it without risk. Dike fire control water for later disposal; do not scatter the material. Do not use straight streams. Fire involving tanks or car/trailer loads: Fight fire from maximum distance or use unmanned hose holders or monitor nozzles. Do not get water inside containers. Cool containers with flooding quantities of water until well after fire is out. Withdraw immediately in case of rising sound from venting safety devices or discoloration of tank. ALWAYS stay away from the ends of tanks. For massive fire, use unmanned hose holders or monitor nozzles; if this is impossible withdraw from area and let fire burn. [QR] [REF-13, p.G-151]

3-2 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. [QR] [REF-13, p.G-151]

3-3 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. [QR] [REF-13, p.G-151]

***4                                       FIRE AND REACTIVITY *** 

4-1 FIRE FIGHTING PROCEDURES: 

  . If material on fire or involved in fire: Do not extinguish fire unless flow can be stopped or safely confined. Use water in flooding quantities as fog. Solid streams of water may be ineffective. Cool all affected containers with flooding quantities of water. Apply water from as far a distance as possible. Use "alcohol" foam, dry chemical or carbon dioxide. /Carbamate pesticide, liquid, flammable, toxic, NOS; Carbamate pesticide, liquid, NOS/ [REF-14, p.197]

  . If material on fire or involved in fire: Do not extinguish fire unless flow can be stopped. Use water in flooding quantities as fog. Cool all affected containers with flooding quantities of water. Apply water from as far a distance as possible. Solid streams of water may be ineffective. Use foam, dry chemical, or carbon dioxide. /Carbamate pesticide, liquid, NOS/ [REF-14, p.197]

  . 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, dry chemical or carbon dioxide. /Carbamate pesticide, solid, toxic, NOS/ [REF-14, p.197]

4-2 TOXIC COMBUSTION PRODUCTS: 

  . Very toxic dust & irritating fumes produced at fire temperatures. Special hazards of combustion products include toxic fumes of nitrogen oxides. [REF-15]

4-3 REACTIVITIES AND INCOMPATIBILITIES: 

  . Alkaline substances, acid, strong oxidizers (e.g., perchlorates, peroxides, chlorates, nitrates, permanganates). [QR] [REF-16, p.52]

 ***5                 PROTECTIVE EQUIPMENT AND CONTROLS *** 

5-1 PROTECTIVE EQUIPMENT AND CLOTHING:

  . WEAR PROTECTIVE GLOVES, CLOTHES, GAS MASK OR RESPIRATOR, GOGGLES. [REF-1, p.C-60]

  . Personnel protection: Wear positive pressure self-contained breathing apparatus. ... Wear appropriate chemical protective clothing. /Carbamate pesticide, liquid, NOS/ [REF-14, p.197]

  . Personnel protection: Wear appropriate chemical protective gloves, boots and goggles. ... Wear positive pressure self-contained breathing apparatus when fighting fires involving this material. /Carbamate pesticide, liquid, flammable, NOS; carbamate pesticide, liquid, NOS/ [REF-14, p.197-8]

  . Wear positive pressure self-contained breathing apparatus. ... Wear appropriate chemical protective clothing. /Carbamate pesticide, liquid, flammable, toxic, NOS/ [REF-14, p.198]

  . Wear appropriate personal protective clothing to prevent skin contact. [QR] [REF-16, p.53]

  . Wear appropriate eye protection to prevent eye contact. [QR] [REF-16, p.53]

  . Eyewash fountains should be provided in areas where there is any possibility that workers could be exposed to the substance; this is irrespective of the recommendation involving the wearing of eye protection. [QR] [REF-16, p.53]

  . Facilities for quickly drenching the body should be provided within the immediate work area for emergency use where there is a possibility of exposure. [Note: It is intended that these facilities provide a sufficient quantity or flow of water to quickly remove the substance from any body areas likely to be exposed. The actual determination of what constitutes an adequate quick drench facility depends on the specific circumstances. In certain instances, a deluge shower should be readily available, whereas in others, the availability of water from a sink or hose could be considered adequate.] [QR] [REF-16, p.53]

5-2 OTHER PREVENTATIVE MEASURES:

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

  . /When using/ Furadan 4F, goggles /&/ recommended mask or respirator should be worn to avoid exposure. Note specific label cautions for handling of granular. [REF-1, p.C-60]

  . If material not on fire and not involved in fire: Keep sparks, flames, and other sources of ignition away. Keep material out of water sources and sewers. Build dikes to contain flow as necessary. Attempt to stop leak if without undue personnel hazard. Use water spray to knock-down vapors. /Carbamate pesticide, liquid, flammable, toxic, NOS; Carbamate pesticide, liquid, NOS/ [REF-14, p.197]

  . If material not on fire and not involved in fire: Keep sparks, flames, and other sources of ignition away. Keep material out of water sources and sewers. Build dikes to contain flow as necessary. Use water spray to knock-down vapors. /Carbamate pesticide, liquid, flammable, NOS/ [REF-14, p.197]

  . 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. /Carbamate pesticide, solid, toxic, NOS/ [REF-14, p.197]

  . Personnel protection: Avoid breathing vapors. Keep upwind. ... Avoid bodily contact with the material. ... 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. /Carbamate pesticide, liquid, NOS; carbamate pesticide, liquid, flammable, NOS/ [REF-14, p.197-8]

  . Personnel protection: Avoid breathing dusts, and fumes from burning material. Keep upwind. Avoid bodily contact with the material. ... 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. ... If contact with the material anticipated, wear appropriate chemical protective clothing. /Carbamate pesticide, solid, toxic, NOS; Carbamate pesticide, solid, NOS/ [REF-14, p.197-8]

  . The worker should immediately wash the skin when it becomes contaminated. [QR] [REF-16, p.53]

  . Work clothing that becomes wet or significantly contaminated should be removed and replaced. [QR] [REF-16, p.53]

  . Workers whose clothing may have become contaminated should change into uncontaminated clothing before leaving the work premises. [QR] [REF-16, p.53]

  . Contact lenses should not be worn when working with this chemical. [QR] [REF-16, p.53]

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

6-1 STABILITY/SHELF LIFE: 

  . STABLE UNDER NEUTRAL OR ACID CONDITIONS, UNSTABLE IN ALKALINE MEDIA [REF-17, p.86]

6-2 CLEANUP METHODS: 

  . Treatment techniques which may be effective in removing carbofuran from drinking water: include adsorption on granular activated carbon (GAC) or powdered activated carbon (PAC), reverse osmosis (RO), and oxidation by ozone, or ozone/ultraviolet. [REF-12, p.12]

  . A system for removing pesticides from the wash water produced by pesticide applicators as they clean their equipment has been developed. The first step is the flocculation/coagulation and sedimentation of the pesticide-contaminated wash water. The supernatant from the first step is then passed through activated carbon columns. /Pesticides/ [REF-18]

6-3 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. 

  . Mix carbofuran with excess calcium oxide (CaO) or sodium hydroxide (NaOH) and sand or other adsorbent in a pit or trench at least 0.5 m deep in a clay soil. NaOH or sodium carbonate (Na2CO3) can also be added to the mixture to help speed the reactions when CaO is used as the main alkali. The amt of CaO or Na2CO3 to use depends on the amt of pesticide to be disposed of and, to some extent, the concentration of active ingredient in the pesticide and the actual chemical nature of the active ingredient. A practical guideline, in the absence of specific directions, is to use an approx volume or weight of alkali from one-half of to the same as that of the pesticide. For dilute formulations, such as a 1% soln or dust, the amount of CaO or Na2CO3 can be reduced by one-half. For very concentrated pesticides (over 80% active ingredient) the amount of calcium oxide or sodium carbonate can be doubled, but the concentrate should be mixed first with water (or soapy water) before reaction with the alkali. For safety, a preliminary test should be made in which very small amt of the pesticide and alkali are mixed and observed briefly to make sure it does not react too vigorously. Sizable quantities of pesticides can be disposed of in several smaller batches, rather than all at once, for added safety. Recommendable methods: Alkaline hydrolysis & incineration. Peer-review: Use 10 parts by vol of 8% wt/vol soln of sodium ethoxide in 50% ethanol water solvent per part of carbofuran pesticide formulation. Leave for one hr. Incinerate product which contains heterocyclics plus methylamine. (Peer-review conclusions of an IRPTC expert consultation (May 1985)) [REF-19, p.125]

  . Hydrolysis: A decontaminant soln of sodium hydroxide in 50% aqueous ethanol is recommended to achieve sufficient carbofuran dissolution. T 0.999 (99.9% degradation time) was calculated with N=3 (3:1 hydroxide-carbofuran stoichiometry). For the 300 g/l flowable formulation T 0.999 was calculated as less than 1 min with 20:1 (vol/vol) 1 N sodium hydroxide (NaOH) or 10:1 (vol/vol) 2 N NaOH. Additional time is suggested for granular formulations to allow the carbofuran to desorb. The 10%, 5%, and 2% formulations can also be detoxified with 1 N NaOH in 50% aqueous ethanol. Bags should be thoroughly emptied and burned. Empty containers should be drained thoroughly and triple rinsed with the aqueous ethanolic alkaline decontaminant or water, if the rinsate could be used for dilution. [REF-19, p.126]

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

7-1 NON-HUMAN TOXICITY VALUES:
    LD50 Rabbit percutaneous 10,200 mg/kg [REF-1, p.C-60]

    LD50 Rabbit percutaneous 2550 mg/kg /Active ingredient as wettable powder/ [REF-5, p.130]

    LD50 Rabbit percutaneous 885 mg/kg /Technical grade/ [REF-17, p.86]

    LD50 Mouse oral 2 mg/kg [REF-2, p.250]

    LD50 Chicken 25-39 mg/kg (powder) [REF-1, p.C-60]

    LD50 Guinea pig oral 9.18 mg/kg [REF-17, p.86]

    LD50 Dog oral approximately 15.0 mg/kg [REF-17, p.86]

    LD50 Dog oral 19 mg/kg (as powder) [REF-8, p.A060]

    LD50 Rat oral 11 mg/kg [REF-1, p.C-60]

    LD50 Rat oral 8.2 to 14.1 mg/kg (in corn oil) [REF-8, p.A060]

    LD50 Rat oral 10 mg/kg /Technical grade/ [REF-17, p.86]

    LD50 Rat (male) oral 8.7 mg/kg [REF-20, p.218]

    LD50 Rat (female) oral 8.0 mg/kg [REF-20, p.218]

    LD50 Rat percutaneous 1350 mg/kg /Flowable powder, 4 lb active ingredient/gal/ [REF-21, p.100]

    MLD Rat oral 23.4 mg/kg /Flowable powder, 4 lb active ingredient/gal/ [REF-21, p.100]

    LD50 Rat ocular 21.5 mg/kg /25% Wettable powder/ [REF-21, p.100]

    LD50 Rat ocular 18.0 mg/kg /75% Wettable powder/ [REF-21, p.100]

    LD50 Rat oral 5 mg/kg [REF-22, p.84]

7-2 HUMAN TOXICITY EXCERPTS:

    Rapidly reversible inhibitor of cholinesterase. In humans initial signs of toxicity include sweating, nausea, & blurred vision. Toxic symptoms occur at a small fraction of the lethal dose. Recovery from a mild toxic exposure is rapid. Since the compound acts rapidly, terminating exposure as soon as initial symptoms appear may prevent a severe intoxication. [REF-23, p.II-305]

    Workers exposed to concn approaching 0.1 mg/cu m/day have not shown any effects. [REF-21, p.100]

    ... A flowable formulation of carbofuran was applied one evening by helicopter to 192 hectare of corn (maize) being raised for hybrid seed. Early next morning 142 boys & girls, 13 to 16 years old, entered the treated area to remove tassels from the plants. By early afternoon, 74 of them complained of dizziness, nausea, &/or blurred vision. A total of 40 were treated with atropine. Twenty-nine were hospitalized, but 28 were released in a few hours, & only 1 was kept in the hospital overnight. After the episode, it was learned that the original intent was to apply carbaryl, a compound recommended for the purpose. ... This unusual accident illustrates the rapid onset, mild illness, & quick recovery characteristic of moderate over absorption of carbamates. [REF-4, p.454]

    Investigation of cytogenetic activity of carbofuran & its 3 main metabolites formed in mammals & in environmental objects showed that the initial substance & 2 intermediate products of its biotransformation (3-hydroxycarbofuran & 3-keto-carbofuran) induced a clastogenic effect in human peripheral lymphocytes in vitro. A 3-keto metabolite had no mutagenic effect in vitro. The data obtained gave evidence for disappearance of carbofuran mutagenicity in the course of its biotransformation in mammals. [REF-24]

    The potency of carbofuran to inhibit human complement activities of a panel of normal human sera was investigated in a modified assay using human complement mediated lysis of sheep red cells (1) incorporating suboptimal concn of sensitizing antibody, and (2) exhibiting incr sensitivity to serine esterase inhibitors. Carbofuran was added to diluted sera 2 hr prior to incorporation into human complement reaction mixtures. Potencies to inhibit human complement and serum cholinesterase (ChE) were compared to potencies of diisopropylfluorophosphate (DFP), a potent serine esterase inhibitor and a standard probe for human complement esterases. At 0.5 to 3.0 mM, carbofuran produced a dose dependent inhibition of lysis. Mean IC50 for inhibition of ChE (a marker for occupational exposure to organophosphates and carbamates) by carbofuran was 3.3x10-6 M. Potency of the insecticide to inhibit ChE did not predict absolute or relative potency to inhibit serum human complement activity. [REF-25]

    The kinetic method was applied in estimating an entry interval for carbofuran applied to citrus and grapes as Furadan 4F. No allowance was made for the more transient carbamylation of cholinesterase attributed to N-methyl carbamates compared with the phosphorylation of the enzyme by organic phosphates. Residues were obtained from discs punched at random from orange or grape foliage, and dislodgeable and bound residues determined by gas chromatography analysis. For orange foliage, the rate of disappearance of dislodgeable residues was first order over the first two wk, with a rate constant of 0.133/day; after two weeks, the decay rate changed to 0.029/day, but remained first order. Considerations of an entry interval were based on the assumption that workers would be in the orange groves for five consecutive days 8 hr/day. For an initial residue deposit level of 98 ppm, an entry interval of three days could result in an average plasma cholinesterase activity loss of 5%. For one grape type and location, the residue decay rate constant was 0.208/day throughout the measurement period. For 2 other grape types and sites, the residue loss was first order for only one week, with an increased rate of disappearance over the second week and some lessening thereafter. For the first week, the decay rate constant was 0.133/day. An entry interval of two days should produce an average plasma cholinesterase loss of 5% after five consecutive 8 hr days. [REF-26]

    ... Formulator and applicators /exposed via inhalation/ experienced blurred vision, nausea, excessive perspiration, and a sense of weakness. Air concn of carbofuran were not measured. Recovery was complete in a few hours without treatment but was distinctly faster when atropine was administered. [REF-20, p.218]

    Seventy-four of 142 boys and girls (13-16 years old) experienced dizziness, nausea, and /or blurred vision approximately 5 hours after beginning work in a field of corn treated erroneously with carbofuran instead of carbaryl. Recovery was complete within a few hours in all but one of the children. The air concentrations of carbofuran were not measured. [REF-20, p.218]

7-3 NON-HUMAN TOXICITY EXCERPTS:

    /CARBOFURAN IS A/ RAPIDLY REVERSIBLE INHIBITOR OF CHOLINESTERASE. ... EXPERIMENTAL ANIMALS, UNTREATED AFTER HIGH, NON-LETHAL DOSES, RETURN TO NORMAL ACTIVITY IN 4-6 HR. ... HAS CAUSED TERATOGENIC LESIONS IN CHICK EMBRYOS. [REF-23, p.II-305]

    Several carbamates (carbofuran, aldicarb, pirimicarb) cross the rat placenta & inhibit acetylcholinesterase in fetal tissues to a greater extent than in corresponding maternal tissues. [REF-23, p.III-88]

    DERMAL DOSING AT 1000 MG/KG CAUSED NO DEATHS & ONLY MINIMAL SYMPTOMS IN RATS OF BOTH SEXES. ... AT /AIR/ CONCN LEVELS EQUIVALENT TO 0.56 MG/CU M OF CARBOFURAN 75% WETTABLE POWDER, NO CHOLINESTERASE DEPRESSION WAS NOTED IN THE RHESUS MONKEY FOLLOWING A 6-HR EXPOSURE. SLIGHT BUT SIGNIFICANT CHOLINESTERASE /INHIBITION/ OCCURRED AT 0.86 MG/CU M. (AS WITH OTHER CARBAMATE-TYPE ANTICHOLINESTERASES, THERE IS A VERY SHORT TIME LAG BETWEEN EXPOSURE & ONSET OF SYMPTOMS FOR CARBOFURAN). IN A CHRONIC FEEDING STUDY IN THE RAT, THE HIGHEST DIETARY LEVEL HAVING NO EFFECT WAS 25 PPM; FOR THE DOG, 20 PPM. DIETARY LEVELS OF 50 PPM PRODUCED SIGNIFICANT INHIBITION OF PLASMA, ERYTHROCYTE, & BRAIN CHOLINESTERASE LEVELS. [REF-21, p.100]

    IN 2-YR FEEDING TRIALS NO EFFECT WAS OBSERVED IN RATS RECEIVING 25 MG/KG DIET, IN DOGS RECEIVING 20 MG/KG DIET, NOR IN RATS RECEIVING 10 MG/KG DIET FOR 3 GENERATIONS NOR IN DOGS RECEIVING 50 MG/KG DIET FOR ONE GENERATION. [REF-5, p.130]

    ... /It has been/ reported that although no increase in defects occurred in the offspring of treated rats, rabbits & dogs, a reduced survival rate was seen in rat offspring exposed to 100 ppm /carbofuran/ in the diet. ... /In another study/ this dietary dose level /was repeated/ in mice & ... a reduced survival rate /was observed/ but the difference was not significant. Fetal weights were not reduced. Postnatal plasma corticosterone levels were elevated in the offspring of mice exposed in utero to 0.01 or 0.50 mg/kg/day. A transplacental effect on activity of acetylcholinesterase of the day 18 rat fetus has been shown. [REF-27, p.96]

    One day after oral admin of 1.4 mg carbofuran/kg (0.1 LD50), adrenaline, dopamine, & homovanillic acid decr in rat brain homogenates were observed, whereas noradrenaline & 3,4-dihydroxyphenylacetic acid, tryptophan, 5-hydroxytryptophan, & 5-hydroxyindoleacetic acid were increased. Blood cholinesterase, but not brain acetylcholinesterase, was inhibited. Daily oral admin of 0.05 LD50 for 30 days inhibited brain acetylcholinesterase, decr brain noradrenaline & glutamate, & incr dopamine, glutathione & gamma-aminobutyric acid (GABA). [REF-28]

    Rats were fed carbofuran in the diet at 10 & 25 ppm for 180 days & histopathological exam & enzymological investigations were used to compare cumulative effect with conditions in control group. No evidence of cumulative effect was found. An incr in lactate dehydrogenase activity in serum at 10 ppm & in hepatic homogenate at 25 ppm were found. No effects were observed for other enzymes & histopathological changes were insignificant. [REF-29]

    The effect of multiple ip doses of Furadan (0.25 mg/kg) on concn of brain neurotransmitters in mice were studied. Furadan caused a significant decr in acetylcholinesterase activity & a significant incr in acetylcholine, gamma-amino-butyric acid, epinephrine, norepinephrine, dopamine & 5-hydroxytryptamine concn. The incr concn of the neurotransmitters in mouse brain might be assoc with CNS depressant action induced by the insecticide. [REF-30]

    Multiple ip doses of Furadan (0.25 mg/kg) in mice caused significant decr in hemoglobin content, total count of red blood cells, platelet count, erythrocyte sedimentation rate & hematocrit value. It prolonged the clotting time & caused an incr in total count of white blood cells. Among white blood cells, there was an increase in neutrophils & basophils & a decr in lymphocyte count. Bone marrow depression & splenic hyperplasia were observed. [REF-31]

    Pregnant F2 dihybrid mice received vehicle control or 1 of 2 doses of carbofuran (0.01 or 0.50 mg/kg) in diet daily throughout gestation. Results suggest that prenatal exposure may result in moderate disturbances of serum concn of immunoglobulins in apparently normal mice. Determinations of 5 different classes of serum immunoglobulin (Ig) concn (IgG1, IgG2a, IgG2b, IgA, IgM) at 101, 400 & 800 days of age indicated transient but consistent disturbances of two Ig classes. IgG1 concn of male offspring /of mothers exposed to 0.50 mg/kg were significantly elevated at 101 days. IgG1 concn of female offspring /of mothers exposed to 0.01 mg/kg/ were significantly depressed at 101 days. Changes in IgG2b levels generally were similar to those recorded for IgG1 but of smaller magnitude. There were no significant effects on serum IgG2b or IgM concn, & only equivocal effects on IgA, as a consequence of prenatal exposure. Little evidence of any permanent impairment of immunocompetence was observed in this experiment. [REF-32]

    The levels of carbofuran observed in small birds & mammals at a field site, the residues present in the digestive tract of a female red-shouldered hawk (Buteo lineatus) found near death at the field site, & the nature of the toxic symptoms observed in the above hawk & a second red-shouldered hawk with similar but less severe symptoms found in the same field, suggest that the 2 hawks were poisoned by carbofuran acquired from small vertebrate prey taken or scavenged from the treated areas. [REF-33]

    Food intake, body wt, & locomotor activity were monitored on adult male bobwhites (Colinus virginianus) which were provided diets that contained sublethal levels of carbofuran typical of natural exposure under agricultural conditions in Kansas. Diets containing 26 ppm had no effect, but 131 ppm significantly (p < 0.05) reduced food intake, body wt, & locomotor activity. [REF-34]

    Signs of intoxication /in Fulvous whistling ducks, mallard ducks, bobwhite quail, or pheasants admin an acute oral LD50 dose of technical grade carbofuran (98.8% pure)/ were ataxia, wings crossed high over back, nutation, diarrhea, phonation, salivation, lacrimation, immobility with wings spread, dyspnea, miosis, terminal wing-beat convulsions or opisthotonos. Signs in survivors persisted up to 7 days. Mortalities occurred as soon as 5 min after treatment. /Technical grade, 98.8%/ [REF-35, p.19]

    /An empirical value that represented the minimum repeated oral dosage (in mg/kg/day) that was lethal in 30-day tests, was determined. This value was found by orally admin the chem daily for 30 days to 3 males & 3 females of the test species. Such groups of 6 were treated at geometrically spaced dosage levels until levels were found that produced the following: in 30 days, no deaths, 1 or 2 deaths, & 3 to 6 deaths. The lowest daily oral dosage that produced 1 or 2 deaths by the end of the 30-day period is called the 30-day empirical minimum lethal dosage (EMLD)/. The 30-day EMLD is 0.2 mg/kg/day for mallards of both sexes (n= 12), indicating little or no cumulative toxicity. The 30-day EMLD for pheasants of both sexes (n= 12) is 4.2 mg/kg/day. The resulting cumulative toxicity index is 5.15/4.2= 0.99, indicating no cumulative action for carbofuran in pheasants. As little as 2 mg/l carbofuran in the drinking water of fulvous whistling-ducks (n= 15) was lethal in 7-day exposures, & 1 mg/l produced signs of intoxication. /Technical grade, 98.8%/ [REF-35, p.19]

    Acetylcholinesterase activity measurements were made on the brains of the mortalities & sacrificed survivors of the pheasant empirical minimum lethal dosage (EMLD) determination. When compared with their controls (n= 6, change in pH/45 minutes= 1.331, s= 0.029, range= 1.299 to 1.366), pheasants that had received 2.10 mg/kg/day for 30 days showed 4.9% inhibition (n= 6, change in pH/45 minutes= 1.266, s= 0.124, range= 1.025 to 1.363). When compared with their controls (n= 6, change in pH/45 minutes= 1.097, s= 0.068, range= 0.996 to 1.159), sacrificed survivors that had received 4.20 mg/kg/day for 30 days showed no inhibition (n= 4, change in pH/45 minutes= 1.209, s= 0.177, range= 1.065 to 1.446), whereas mortalities from the treatment level at 4.20 mg/kg/day showed 47.6% inhibition (n= 2, change in pH/45 minutes= 0.575, s= 0.016, range= 0.564 to 0.586). /Technical grade, 98.8%/ [REF-35, p.19]

    /In acute oral toxicity studies/ the 1 year old male mallard /ducks orally admin LD50 dose of 0.480 mg/kg/ were in active breeding condition. ... it appears that the breeding condition of mallards has little effect on their sensitivity to acute oral admin of carbofuran. /Technical grade, 98.8%/ [REF-35, p.19]

    Comparative toxicities of Thiotox, dichlorvos, & carbofuran were evaluated to determine the 50% tolerance limits, acute toxicity ranges, relative toxicities, relative susceptibilities, safe concn, regression equations, heterogeneity factors, & 95% confidence limits for the period of 24, 48, 72, & 96 hr. Two fresh water teleosts, Mystus vittatus & Ophiocephalus punctatus, were used as test animals. Thiotox was the most toxic & dichlorvos the least toxic, whereas carbofuran was in between these extremes for both fishes. [REF-36]

    Biochemical changes in air breathing catfish, Clarias batrachus, exposed to 0.5 ppm carbofuran in ambient water for 30 days were assessed. A sharp inhibition of acetylcholinesterase activity in brain was observed. Ratio of levels of calcium/phosphorus in serum showed significant diminution. Level of ammonia in serum was markedly incr while excretion of ammonia by fish showed concomitant decr. Small reduction in growth rate was observed in fish treated with 0.5 ppm for 60 days although no mortality or any apparent symptom of toxicity could be noted. Bioaccumulation level of carbofuran & its degraded product, 3-hydroxycarbofuran, in liver tissue was measured by gas chromatography. [REF-37]

    The toxic & teratogenic effects of fenitrothion, benzene hexachloride, & carbofuran on the embryos & tadpoles of the frog, Microhyla ornata, were investigated for a period of 96 hr. Fenitrothion was found to be most toxic & teratogenic & carbofuran the least toxic while benzene hexachloride was intermediate. Abnormalities observed in embryos &

    tadpoles were the occurrence of blisters on body, distention of body cavities, curvature of the body axis, poor blood circulation, poor pigmentation, retarded growth, loss of balance, & abnormal behavior. [REF-38]

    Mutagenic effects of carbofuran and hexachlorocyclohexane (BHC) were studied on the reversion system of the het- nif- (non-heterocystous, non-nitrogen fixing) mutant of the blue-green alga, Nostoc muscorum. Commercial grades of Furadan (3% carbofuran) and Gamaxene. (5% BHC) were used at rates of 60 mug/ml and 6 mug/ml for 10, 5 and 3 hr, respectively. Mutagenic effects were compared to those of NTG (100 mug/ml), a known mutagen for blue-green alga. The results of the study showed that carbofuran was mutagenic and BHC was not. This is the first report of the mutagenic action of carbofuran in blue-green algae. The insecticide is commonly applied within the range of 1-10 ppm. It was suggested that the insecticide be used with caution so that it will not create genetic hazards in microorganisms which are widely found in wet or waterlogged habitats. [REF-39]

    There was no indication of cumulative or delayed adverse effects on mortality, food consumption, reproduction, or development of young in two strains of wild mice fed carbofuran in their diets at 19.6 and 12.2 mg/kg/day, respectively, for eight months. The highest no observable adverse effect level (NOAEL) was defined as ... 19.6 mg/kg/day. [REF-40, p.5]

    Carbofuran applied up to 10 mg/plate was mutagenic in Salmonella typhimurium strains TA98 and TA1538 with rat liver S-9 activation. [REF-41, p.7]

    Rats were fed carbofuran in their diet at 10 and 25 ppm levels for 180 days and histopathological examinations and enzymological investigations were used to compare the cumulative effect of the pesticide with conditions in a control group. No evidence of a cumulative effect was found. An increase in lactate dehydrogenase activity in serum at 10 ppm and in hepatic homogenate at 25 ppm was found. No effects were /observed/ for other enzymes and only insignificant histopathological changes were observed. [REF-42]

    AChE activity as a diagnostic tool was used to investigate the sublethal effects of carbofuran on channel catfish (Ictalurus punctatus). Concentrations as low as 0.19 mg/l inhibited AChE activity in fish by 50% under static pool conditions. /Symptomology included/: hypoactivity, body paralysis, scoliosis, hemorrhaging, loss of equilibrium, opercular and mouth paralysis, and death. [REF-43, p.137]

    Carbofuran was negative in the mutagenicity assay using Salmonella typhimurium TA1535, TA1537, TA1538, TA98, and TA100) by means of the Aroclor 1254-induced rat liver metabolic activating system. /Dose not specified/ [REF-44, p.110]

    Earthworms /exposed/ to a 9.05X10-6 M carbofuran solution, most were killed within 4 hr. Intoxication in the worms included rigidity, immobility, sores, and segmental swellings. ... Behavioral changes such as spasms, coiling, and disorientation /were observed/. [REF-45, p.64]

    Carbofuran applied at 1000 mg (approximately 16 oz active ingredient/100 gallons of water) in vitro ... pollen germination and pollen-tube elongation were inhibited ... /in corn plants/. [REF-46, p.37]

    In simulated field experiments /using the Colorado potato beetle/, Leptinotarsa decemlineata ... 93% mortality was recorded when /carbofuran/ was applied at 0.07 kg active ingredient/hectare, and 100% at 0.14 kg active ingredient/hectare. [REF-47, p.34]

    Single broadcast applications of carbofuran granules at 0.56 kg active ingredient/hectare, applied two or three weeks after rice seedlings were flooded, reduced populations of larvae of the rice water weevil, Lissorhoptrus oryzophilus, by 81 and 88%, respectively. [REF-48, p.34]

    Carbofuran was toxic at a pH of 6.5 and 7.5 to the nematode, Pratylenchus penetrans, but /was not toxic/ at a pH of 5.5, except at the highest concn of 8 mg/active ingredient/kg of soil. [REF-49, p.33]

    Coleoptera, diptera, symphylans, and nematodes all exhibit varying degrees of susceptibility to amounts within the range of recommended field application rates (less than 6 kg active ingredient/hectare) incorporated into the soil. Beetles and caterpillars are readily killed by foliar sprays, and sap-sucking aphids and leafhoppers are susceptible both to the contact action, and to carbofuran, and its metabolites translocated, especially from soil applications, to the sap stream of plants. [REF-50, p.33]

    Nostoc muscorum (blue-green algae) exposed to carbofuran at 25 mg/l, displayed enhanced survival, growth and nitrogen fixation. Gradual inhibition /was observed/ from 50-1000 mg/l. At 1200 mg/l it was algicidal. [REF-51, p.339]

    Fertilized eggs of common carp, Cyprinus carpio, were exposed to two concentrations each of three pesticides, carbofuran, dimethoate, and DDT to investigate egg mortality and effects on hatching at room temperature. Controls were maintained simultaneously. Maximum egg mortality was recorded for carbofuran (68%) followed by DDT (38%), dimethoate (26%) and control (12%). Exposure to these pesticides induced early hatching in dimethoate (60-68 hr) followed by DDT (70-74 hr), and control (76-80 hr). Egg mortality and hatching time has been correlated with the concn and type of pesticide used. [REF-52]

    ... /A study was conducted to determine/ the in vitro effect of carbofuran and phenthoate on brain acetylcholinesterase of two freshwater teleosts, Ictalurus punctatus and Anabas testudineus. Both of these insecticides have been found to have delayed effect on fishes even at lower concentration. A dose dependent inhibition of brain acetylcholinesterase was recorded in both of the fishes treated with both the insecticides, during exposure periods. However, on transfer to freshwater, there was recovery of acetylcholinesterase activity in both species within 30 days. [REF-53]

    For range finding tests, dietary concn of 0.5, 1.0, 1.5, and 2.0 mg lindane/g food and 0.25, 0.50, and 1.0 mg carbofuran/g food were admin to old-field mice (Peromyscus polionotus) and to cotton mice (Peromyscus gossypinus). Mortality after 96 hr on carbofuran was 20% at 0.25 mg/g and 100% on 0.50 mg/g. Levels of 0.1 mg carbofuran/g of food (0.01%) were added to the food of trapped mice for 8 mo tests of chronic effects. A residential maze consisting of 4 arms radiating from a central chamber was employed for behavioral tests. Neither of two experimental diets had an adverse effect on reproduction. There was no significant effect of either treatment on growth rate or on the rate of appearance of any of the measured developmental characteristics. A Chi-square test comparing activity in hours of darkness with hours of daylight did not indicate a significant difference between either treatment and its control. No indications of cumulative or delayed effects were found after 8 mo of treatment at the levels tested. [REF-54]

    The effects of carbofuran on the acetylcholinesterase (AChE) activity of bovine erythrocytes and butyrylcholinesterase from equine plasma were examined in vitro. The enzyme solution was mixed with carbofuran and incubated at 2 deg C and aliquots were withdrawn at precise intervals for the determination of inhibited reaction rate. Dissociation constant of enzyme-carbamate complex (Kd) and the rate constants of enzyme carbamoylation (K2) were also determined. The Kd and K2 values for the inhibition of bovine erythrocyte AChE by carbofuran at concn of 2.5x10-6, 2.5x10-5, and 2.5x10-4 moles/l were 3.5x10-5, 3.9x10-5, and 4.0x10-5 moles/l, and 1.63, 1.55, and 1.32/min, respectively. The Kd and K2 values for the inhibition of equine plasma butyrylcholinesterase by carbofuran at concn of 2.5x10-5 and 2.5x10-4 moles/l were 3.3x10-5 and 4.7x10-5 moles/l, and 1.07 and 0.96/min, respectively. [REF-55]

    Effects of carbofuran on a green alga (Scenedesmus bijugatus) and 2 cyanobacteria (Synechococcus elongatus and Nostoc linckia) isolated from a rice soil were studied in culture. While carbofuran at concentrations of 1 to 5 ug/ml significantly increased the cell number of S bijugatus at day 32 after treatment, a concentration of 5 ug/ml was lethal for S elongatus after 20 days. Carbofuran at 100 ug/ml was lethal to S bijugatus after 6 days of treatment. Although carbofuran was lethal to N linckia at 100 ug/ml, concentrations of 1-50 ug/ml of carbofuran significantly increased chlorophyll a levels in N linckia up to 25 days of treatment. [REF-56]

    Activation of the human complement (C') system, requires the participation of serine esterases. Since the anticholinesterase insecticides inhibit serine esterases, the C'-mediated lysis of sheep red blood cells was measured. At 0.5, to 3.0 mM, carbaryl, carbofuran, dichlorvos, and DFP produced a dose-dependent inhibition of lysis, whereas paraoxon was not inhibitory. On a molar basis, carbaryl was three times more potent than DFP, and inhibited lysis 15-25 and 26-45% at 1.0 and 3.0 mM, respectively. Carbofuran, dichlorovos, and DFP were equipotent. [REF-57]

    Carbofuran residues in the tissues of small mammals in fields treated with granules of this material have caused secondary poisoning in red-shouldered hawks. A dose of 200 ppm of carbofuran in the diet has caused depressed weight gain, egg production, fertility and hatchability in Japanese quail. [REF-58, p.141]

    Carbofuran ... is highly toxic, with an acute oral LD50 in rats of 5 mg/kg. It is effective against soil insects in corn, cotton insects, and pests on potatoes. It is however, not effective against spider mites. [REF-22, p.84]

    Carbofuran, given ip /to mice/ over 6 weeks modulated several hematological parameters. These were: increased clotting time, peripheral white blood cell count, splenic cellularity, and the percentage of large lymphocytes, neutrophils and basophils; and reduced percentage of small lymphocytes, the red blood cells and platelet count, and bone marrow activity. [REF-59, p.217]

    Carbofuran was administered in the diet to pregnant albino rats, white rabbits and beagle dogs at 50 ppm with no teratogenic effects in any species. Carbofuran was evaluated for effects on maternal and fetal tissue ChE in Sprague Dawley rats after a single gavage of 0-2.50
    mg/kg on gd 18 at 30 min, 1, 5, or 24 hours after dosing. ChE effects were dose related for degree, time of onset and duration of inhibition, consistent with direct exposure of the fetuses to carbofuran and/or its metabolite(s) via placental transfer. Maternal tissues were more affected than fetal tissues. [REF-59, p.246]

    In a chronic feeding study in the rat, the highest dietary level having no effect was 25 ppm; for the dog, it was 20 ppm. [REF-20, p.218]

    In a three generation reproduction study in rats, 100 ppm (approximately 5 mg/kg/day) of carbofuran in the diet of nonlactating adults caused a decrease in the weight gain of the parents and a marked reduction in the survival of the offspring. However, 50 ppm did not injure the adults or the young. [REF-20, p.218]

    Carbofuran was admin orally to adult male rats at dose levels of 0.1, 0.2, 0.4 or 0.8 mg/kg body weight 5 days/wk fir 60 days. A dose dependent decr was observed in body weights for rats treated with 0.2-0.8 mg carbofuran/kg body weight. A significant decr in the weight of the epididymides, seminal vesicles, ventral prostate and coagulating glands was observed at various test doses of carbofuran except at the lowest dose. Decr sperm motility, reduced epididymal sperm count along with incr morphological abnormalities in head, neck and tail regions of spermatozoa were observed in rats exposed to 0.2, 0.4 or 0.8 mg carbofuran/kg body weight. ... Significant alterations were observed in the activities of marker testicular enzymes, sorbitol dehydrogenase, glucose-6-P-dehydrogenase (decr), lactate dehydrogenase and gamma-glutamyl transpeptidase (incr) depending on dose. /Histologic examination/ indicated the toxicity of carbofuran on the testes depended upon dose. ... Changes predominantly consisted of moderate edema, congestion, damage to Sertoli cells and germ cells, along with the accumulation of cellular debris and presence of giant cells in the lumen of a few seminiferous tubules which showed disturbed spermatogenesis with the higher doses of carbofuran. ... A no effect level of 0.1 mg/kg body weight of carbofuran was determined. [REF-60]

    Channa punctatus a freshwater fish exposed to carbofuran (0.6 mg/l for 15 days exhibited alterations in norepinephrine, dopamine and serotonin (5-HT) levels. Norepinephrine levels incr in the cerebellum and decr in the medulla where as dopamine levels decr in the cerebral cortex relative to controls. /Results indicate/ an overall decr in the level of neurotransmitter in the cerebral cortex region of the brain. The neurotoxic effect of carbofuran was not uniform in the brain regions which regulate motor activity and behavior in fish. [REF-61]

    A study was conducted on the effects of exposure to carbofuran ... on the reproductive performance of male New Zealand White rabbits. Animals were treated with low or high doses of carbofuran ... for six wk and semen characteristics were exam weekly. The treatment was found to have significant effects on body weights, the average weekly ejaculate volume, and sperm concn. Treatment resulted in marked dose dependent incr in the percentage of abnormal and dead sperm. The most common sperm abnormalities noted were coiled tail, tapering head, small head, and double tail. A significant dose dependent incr in semen methylene blue reduction time was /observed/ along with the decline in semen quality. Other treatment alterations included a significant dose related decr in semen initial fructose and decr in semen osmolality. [REF-62]

    The objective of this investigation was to determine the changes in proteins, lipids, and lipoprotein in liver and serum of rats acutely intoxicated with carbofuran (1.5 mg/kg sc). Under the influence of acute carbofuran intoxication, analysis of globulin fractions revealed remarkable changes: in liver, the levels of alpha-2, alpha-3, and gamma were significantly elevated while alpha-1 was reduced; in serum, alpha-1 and alpha-3 fractions were elevated while alpha-2, beta, and gamma remained unchanged. A transient increase in total protein and albumin was noted only in liver. Carbofuran produced significant incr in triglycerides and cholesterol in liver that were also seen in serum. In both the liver and serum the levels of low density lipoprotein cholesterol (LDL-C) were reduced while the values of the very low density lipoprotein cholesterol (VLDL-C) were elevated. The concn of high density lipoprotein cholesterol (HDL-C) was drastically reduced in liver (23% of control) proportional rise in serum (176%). In liver, carbofuran caused a marked depletion of adenosine triphosphate and phosphocreatine (38% and 22% of controls, respectively), resulting in increased cell membrane permeability, thereby allowing leakage of cell constituents. ... [REF-63]

 *** 7                               EMERGENCY TREATMENT *** 

7-1 ANTIDOTE AND EMERGENCY TREATMENT:

    The clinical approach to carbamate toxicity is similar to that for organophosphate poisoning; the major exception is that pralidoxime usually is not recommended. /Carbamates/ [REF-64, p.1077]

    Stabilization: Assess the adequacy of the airway and ventilation and use oxygen, suction, intubation, artificial ventilation, intravenous lines, and cardiac monitors as needed. /Carbamates/ [REF-64, p.1078]

    Elimination Enhancement: No methods are recommended, because of the short clinical effect of carbamates and the presence of an effective antidote (atropine). /Carbamates/ [REF-64, p.1078]

 ***8                  METABOLISM AND PHARMACOLOGY *** 

8-1 ABSORPTION, DISTRIBUTION, AND EXCRETION:
    /IT IS/ POORLY ABSORBED FROM SKIN ... [REF-23, p.II-305]

    EXCRETION OF (14)C CARBOFURAN ... AND ITS (14)C ALFALFA RESIDUES HAVE BEEN STUDIED IN DAIRY COW. ABOUT 3% WAS EXCRETED IN MILK IN 4 DAYS, MAINLY IN 48 HR. [REF-65, p.145]

    Two earthworms, Lumbricus terrestris and Eisenia foetida, excreted <10% and >95% of ingested carbofuran, respectively, 48 hr after uptake of the pesticide from 20 ml of an aqueous solution. [REF-66, p.66]

    Uptake and excretion of the two carbamates, oxamyl and carbofuran, which differ greatly in their toxicity to earthworms, were studied in one worm species; the metabolism of oxamyl was studied in six worm species. Carbofuran was taken up by the worms at a much higher rate (13 times greater) than oxamyl when the worms were dipped in aqueous solutions of the pesticides. The relative rates of elimination were the same (half-life 2.5 hr). Metabolism of oxamyl was low in all the earthworms studied. [REF-67]

    In the freshwater clam Elliptio, injected carbofuran was rapidly excreted as a conjugate that was refractive to hydrolysis by glucosidases and other hydrolases but not 0.5 N HCL. [REF-6, p.109]

8-2 METABOLISM/METABOLITES:

    MALE SWISS MICE WERE ADMINISTERED ORALLY A SOLN OF LABELED FURADAN IN PROPYLENE GLYCOL. URINE WAS COLLECTED CHROMATOGRAPHED. IN ADDITION TO (14)C-CARBON DIOXIDE, 3-HYDROXY FURADAN (MAJOR COMPONENT) AND 3-KETO FURADAN WERE IDENTIFIED. AFTER ACID HYDROLYSIS OF THE AQUEOUS PORTION OF ETHER EXTRACTED URINE, THE 3-KETO-FURADAN PHENOL, FURADAN PHENOL, 3-HYDROXY FURADAN & 2 UNIDENTIFIED COMPOUNDS WERE FOUND. [REF-68, p.216]

    IN ... STUDIES WITH LABORATORY RATS, AFTER ORAL ADMIN OF LABELED FURADAN IN TWEEN 20, 6 METABOLITES WERE IDENTIFIED. ANALYSES ALSO INDICATED THE PRESENCE OF CONJUGATES & 3 UNIDENTIFIED COMPOUNDS. FOUND & IDENTIFIED WERE: 3-HYDROXY-N-HYDROXYMETHYL FURADAN & ITS CONJUGATE; N-HYDROXYMETHYL FURADAN; 3-HYDROXY FURADAN & ITS CONJUGATE; 3-KETO FURADAN; 3-HYDROXY FURADAN PHENOL AS A CONJUGATE; 3-KETO FURADAN PHENOL & ITS CONJUGATE; & FURADAN PHENOL & ITS CONJUGATE. [REF-68, p.216]

    WHEN EXPOSED TO FURADAN, THE DAIRY COW EXCRETED 12, 1.0, & 2.6% OF THE CARBONYL-(14)C LABEL IN URINE, FECES, & MILK, RESPECTIVELY. RING-(14)C WAS EXCRETED TO THE EXTENT OF 83, 2.9, & 0.5%, RESPECTIVELY. IN THE URINE 7 METABOLITES WERE IDENTIFIED: 3-HYDROXY FURADAN (5%); 2,3-DIHYDRO-2,2-DIMETHYL-7-BENZOFURANYL SULFATE (38%) & GLUCURONIDE (7%); 2,3-DIHYDRO-2,2-DIMETHYL-3-OXO-7-BENZOFURANYL SULFATE (9%) & GLUCURONIDE (1%); 2,3-DIHYDRO-2,2-DIMETHYL-3-HYDROXY-7-BENZOFURANYL SULFATE (3%) & GLUCURONIDE (12.5%). [REF-68, p.216]

    In cows, following oral admin, carbofuran is metabolized in the liver & 95% of the metabolites are excreted in the urine. Oxidation occurs at C-3 by way of hydroxylation & ketone formation; there is hydroxylation of the N-group & hydrolysis of the ester bond. 2,3-Dihydro-2,2-dimethyl-3-keto-7-hydroxybenzofuran is found in the milk. [REF-8, p.A060/Aug 87]

    THE FATE OF CARBOFURAN WAS OBSERVED AFTER ADMIN TO A HEN. IN THE LIVER ... /N-HYDROXYMETHYLFURADAN, 3-HYDROXY-N-HYDROXYMETHYLFURADAN, & 3-HYDROXYFURADAN/ WERE OBSERVED IN FREE & CONJUGATED FORMS. IN FECES, IN ADDITION TO THE FOREGOING, /FURADAN PHENOL, 3-HYDROXYFURADAN PHENOL, 3-KETOFURADAN, & 3-KETOFURADAN PHENOL/ & 5 UNKNOWN COMPOUNDS WERE FOUND. [REF-69, p.79]

    Carbofuran was metabolized by the microsomal reduced nicotinamide adenine dinucleotide phosphate system in fish, Trichogaster pectoralis (paddifield fish): oxidative N-hydroxylation was the major route of metabolism ... . [REF-70, p.V1 95]

    EXPOSURE OF INTACT COTTON PLANTS TO FURADAN GAVE RISE TO 3-HYDROXY-FURADAN WHICH WAS OXIDIZED READILY TO KETO ANALOG. THIS WAS FOLLOWED BY HYDROLYSIS AND CONJUGATION OF RESULTING PHENOLS. A COMPOUND BELIEVED TO BE CONJUGATE OF 3-KETO-6-HYDROXY-FURADAN WAS ALSO OBSERVED. [REF-68, p.217]

    TWENTY-ONE DAYS AFTER APPLICATION OF CARBOFURAN AT RATE OF 0.5 LB ACTIVE INGREDIENT/ACRE TO ALFALFA THERE WAS NO DETECTABLE RESIDUE OF CARBOFURAN. METABOLITE 3-HYDROXYCARBOFURAN WAS PRESENT AT LEVEL OF 0.55 PPM. AFTER APPLICATION OF CARBOFURAN TO SOIL OF POTTED ALFALFA PLANTS, EIGHT METABOLITES WERE OBSERVED. FOUR WERE GLYCOSIDES, FROM WHICH, AFTER ACID HYDROLYSIS THE FOLLOWING AGLYCONES WERE OBTAINED: CARBOFURAN PHENOL, 3-KETOPHENOL, 3-HYDROXYPHENOL AND 3-HYDROXYCARBOFURAN. THESE ... WERE ALSO FOUND IN UNBOUND STATE. [REF-69, p.79]

    The influence of carbofuran metabolism on acetylcholinesterase inhibition was defined after low dose (50 ug/kg iv and oral) carbonyl-(14)C carbofuran exposures to male Sprague-Dawley rats. Red blood cell acetylcholinesterase (RBC AchE) inhibition (83% at 2 minutes, 37% at 15 minutes for iv and oral, respectively, with recovery by 3 hr), was correlated with carbofuran plasma concentrations (r= 0.97). Eight hour sample collection indicated that ultimate fate 41-47% (14)CO2, 14-15% urine, <1% feces, & 30-31% carcass) was independent of exposure route. Carbofuran absorption (peak plasma levels less than 7 min), distribution, & elimination (half life= 29 + or - 5 min) occurred rapidly. 3-Hydroxycarbofuran a significant oxidative metabolite of carbofuran with anticholinesterase activity, was rapidly formed and subject to enterohepatic circulation (plasma half-life= 64 + or - 5 min). Rapid AchE recovery closely paralleled carbofuran metabolism and the primary in vivo disposition of 3-hydroxycarbofuran was metabolic conjugation. [REF-71]

    The N-nitrosocarbamates are potent mutagens & carcinogens, & have been synthesized under acid conditions that prevail in the human stomach. Using (14)C-labeled carbofuran, attempts were made to isolate the nitroso derivatives from the stomach contents of rats & guinea pigs treated orally with the carbamate & sodium nitrite. Only trace quantities of nitrosocarbamate were recovered from rat stomach, whereas 0.5 to 2.0% of dose was isolated as the nitroso derivative from guinea pig stomach. Higher rates of synthesis were indicated by incubating carbofuran with sodium nitrite in presence of stomach contents at 37 deg C for 15 min. About 30% nitrosation occurred with guinea pig & 0.5% with rat. The difference was attributed to pH of gastric contents. For rat, the pH ranged from 3-5; guinea pig had pH between 1 & 2. Since the pH of human stomach is in range of 1-2, it is likely that nitrosation of carbamates in humans would be similar to that in guinea pig. [REF-72]

    The main degradation reaction of carbofuran occurs at the 3-position of the dihydrobenzofuran structure to give hydroxyl & the resulting ketone derivatives, in addn to N-methyl hydroxylation & hydrolysis of the ester linkage. All the metabolites undergo conjugation reactions. [REF-73, p.120]

    When applied to soybean foliage, carbofuran gave rise to 3-hydroxycarbofuran which was observed in extracts of seeds. In mungbean plants exposed to carbofuran, the 3-hydroxy- & 3-keto- carbofuran were observed in the leaves & the 3-hydroxycarbofuran in seeds. Metabolism of carbofuran by bean plants produced some water-soluble conjugated metabolites, including 3-hydroxycarbofuran glucoside & some carbofuran phenolic derivatives. When these conjugates were fed to rats, the 3-hydroxycarbofuran glucoside was cleaved at the glucoside linkage. The carbamate ester was hydrolyzed & the 3-hydroxy was oxidized to the 3-keto form. The free hydroxy groups formed by hydrolysis of glucosides were in part conjugated again as glucuronides before being excreted. [REF-6, p.109]

    An enzyme that hydrolyzes the carbamate linkage of carbofuran (2,3-dihydro-2,2-dimethyl-7- benzfuranyl N-methylcarbamate) was detected in crude extracts of a carbofuran degrading Achromobacter sp. It was soluble with a molecular size of 105,000 Da. No cofactor requirement could be demonstrated. The optimum pH was broad (9.0-10.5), Km values of 56, 15, and 2800 uM were determined for carbofuran, carbaryl (1-naphthyl N-methylcarbamate), and aldicarb (2-methyl-2- (methylthio)propioinaldehyde O-(N-methylcarbamoyl)oxime), respectively. A product of carbofuran hydrolysis was identified as 2,3-dihydro-2,2-dimethyl-7- benzofuranol. A product carbaryl degradation cochromatographed with 1-naphthol. The enzyme was unable to hydrolyze parathion (O,O-diethyl O(p-nitrophenyl) phosphorothioate), or EPTC (S-ethyl dipropylthiocarbamate). [REF-74]

    In maize plants (Zea mays L.) treated with carbofuran, the major metabolite was 3-hydroxycarbofuran. Hydrolysis of the organosoluble plant extract also gave carbofuranphenol and 3-hydroxycarbofuranphenol, indicating the presence of glycosidic conjugates. There was an indication of the presence of 3-ketocarbofuranphenol. [REF-6, p.109]

    When corn was treated with carbofuran, more than 90% of the carbofuran was metabolized to 3-hydroxy- and 3-oxo- carbofuran. The 3-hydroxycarbofuran comprised more than 80% of the metabolite residue. Most of the residue was in the leaves. Lesser amounts were in cob and stalk and only trace amounts were in the grain. Unchanged carbofuran predominated in the cob and stalk. [REF-6, p.109]

    Carbofuran was applied to strawberries and berries and leaves were sampled. Residue analyses indicated the presence of 3-ketocarbofuran and the 3,7-diol (3-hydroxycarbofuranphenol). [REF-6, p.109]

    Carbofuran was applied with carrot seed at time of planting. The carrot plants were treated at several intervals and then removed for analysis. Little or no parent compound was found. The 3-hydroxycarbofuran was found primarily in peel of the top 3 cm of the carrot. [REF-6, p.109]

    Soils which have been pretreated with carbofuran can degrade the insecticide more rapidly than untreated soils, with a consequent loss of efficacy. In laboratory studies, soils pretreated with carbofuran were found to degrade the chemical more rapidly tan soils which were not so pretreated. When pretreated soils were sterilized, the rate of carbofuran degradation was much reduced. ... The results suggest that the major metabolic route for carbofuran in pretreated soils involves hydrolysis of the ester bond leading to the release of carbofuran phenol which rapidly binds to soil organic soil matter and release of the carbofuran moiety which quickly degrades to generate carbon dioxide. [REF-75]

8-3 BIOLOGICAL HALF/LIFE:

    TOBACCO PLANTS WERE EXPOSED TO CARBOFURAN BY ROOT ABSORPTION. IN THE LEAVES, THE HALF-LIFE WAS ABOUT 4 DAYS ... WHEN CARBOFURAN WAS APPLIED TOPICALLY TO TOBACCO LEAVES THE HALF-LIFE WAS CONSIDERABLY MORE THAN 4 DAYS. [REF-69, p.80]

8-4 MECHANISM OF ACTION:

    The carbamate insecticides are reversible cholinesterase-inhibitors. They cause this effect by reversible carbamylation of the enzyme acetylcholinesterase, allowing accum of acetylcholine, as with the organophosphate insecticides. ... While the organophosphate insecticides cause irreversible inhibition of the cholinesterase enzymes, the carbamyl-enzyme complex is reversible & dissociates far more readily than the organophosphate complex. The clinical syndrome is more benign & of much shorter duration with the carbamate insecticides. /Carbamate insecticides/ [REF-76, p.711]

8-5 INTERACTIONS:

    House crickets (Acheta domesticios) were exposed to atrazine & then to carbofuran. Carbofuran phenol, 3-hydroxycarbofuran & 2 unidentified metabolites were observed. Controls exhibited a statistically higher percentage of hydroxylated compounds than did those preexposed to atrazine. Carbofuran degradation was apparently inhibited at the level of carbon-3 hydroxylation. [REF-6, p.110]

    ... Carbofuran inhibited the metabolism of the herbicide propanil (3',4'-dichloropropionanilide) /in/ excised leaf tissues that were vacuum-infiltrated with 1x10-6, 1x10-5, and 1x10-4 solutions and the herbicide residues were determined 2-20 hr after incubation. ... The amount of inhibition was about 60% for each of the three solution concentrations. [REF-77, p.145]

    Male Sprague-Dawley rats admin a sublethal acute dose of carbofuran (1.5 mg/kg, sc) developed observable toxic anticholinesterase signs within 5 to 7 min. These signs included tremors, generalized muscle fasciculations, and convulsions and were evident after 15 min to 1 hr and lasted for 2 hr. Thereafter, signs were seen up to 3 hr with reduced intensity and had completely subsided by the end of 3.5 hr. Maximal acetylcholinesterase (AChE) inactivation occurred at 1 hr in discrete brain regions (cortex, stem, striatum, and hippocampus) and hemidiaphragm muscle, when most severe signs of toxicity were also evident. Carbofuran with an acute dose (1.5 mg/kg sc) caused significant and maximal inhibition of carboxylesterase in all 4 brain regions, hemidiaphragm, liver, and plasma within 1 hr of its admin. Pretreatment with memantine alone or in combination with atropine significantly protected carboxylesterase activity from inhibition caused by carbofuran. A single sc dose of memantine HCl (18 mg/kg) and atropine sulfate (16 mg/kg) 60 and 15 min, respectively, prior to carbofuran admin completely prevented the expected gross toxic signs and significantly attenuated carbofuran induced inhibition of acetylcholinesterase activity. When given therapeutically, this combined treatment completely reversed clinical evidence of carbofuran toxicity within 15 min and also markedly reduced acetylcholinesterase inactivation. Memantine or atropine when given alone was less effective compared to their combined admin; memantine primarily protected nicotinic receptor associated effects while atropine protected primarily muscarinic receptor associated effects. [REF-78]

    Pretreatment of rats with the nonspecific esterase inhibitor tetraisopropylpyrophosphoramide (isoOMPA) (1 mg/kg subcutaneously) 1 hour before administration of carbofuran (0.5 mg/kg subcutaneously) potentiated carbofuran toxicity by more than threefold. Neither tetraisopropylpyrophosphoramide nor carbofuran produced any gross toxic signs at these dosages. Rat receiving combined treatment, however, showed severe hypercholinergic signs (salivation, tremors, muscle fasciculations, and convulsions) within 5 to 10 min after carbofuran administration. The severity was comparatively greater than that observed with an acute dose of carbofuran (1.5 mg/kg subcutaneously). Rats pretreated with tetraisopropylpyrophosphoramide died within 10 to 15 min after the acute dose of carbofuran (1.5 mg/kg). Each drug when given alone (1.0 mg/kg tetraisopropylpyrophosphoramide, 0.5 mg/kg carbofuran) caused a significant (p < .01) inhibition of carboxylesterase activity in brain structures, skeletal muscle, liver, and plasma, whereas acetylcholinesterase activity remained significantly (p > .01) unchanged. Maximal carboxylesterase inactivation in plasma following either drug was <14% remaining activity. Tetraisopropylpyrophosphoramide pretreatment markedly potentiated carbofuran's anticholinesterase activity both in neuronal and in nonneuronal tissues. [REF-79]

    The toxicity of chlordane (C), malathion (M) and furadan (F) was determined separately and in different combinations to a test fish, Notopterus notopterus ... /which/ provided a simple, sensitive and quantitative index of synergism, antagonism and additivity. Of the twelve combinations, (C+F)/M was found to be most synergistic while (M+F)/C was antagonistic and (F+C)/M combination was additive in nature. [REF-80]

    Gupta RC, Dettbarn WD; Chem Biol Interact 87 (1-3): 295-303 (1993)] Pretreatment of rats with tetraisopropylpyrophosphoramide (iso-OMPA) one hour prior to ... carbofuran ... potentiated the toxicity of /this/ N-methylcarbamate insecticide three fold. ... Carboxylesterase activity in a variety of organs including brain, muscle, liver and plasma was significantly reduced, while acetylcholinesterase activity (AChE) activity was unchanged. Significant inhibition of AChE was observed after the combination of iso-OMPA and carbofuran. ... 

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

9-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:

    Carbofuran is directly released to the environment during its use as a pesticide on many crops. If released to the atmosphere, carbofuran should exist in both the vapor and particulate phases in the ambient atmosphere based on a measured vapor pressure of 4.85X10-6 mm Hg at 19 deg C. Vapor-phase carbofuran is degraded in the atmosphere by reaction with photochemically-produced hydroxyl radicals with a half-life of about 13 hours. Particulate phase carbofuran may be physically removed from the air by wet and dry deposition. Direct photolysis may be an important removal process for carbofuran in the atmosphere. Measured Koc values ranging from 0-160 indicate that carbofuran will have high to very high mobility in soil. Volatilization from soil surfaces is not expected to be significant. A review of literature reported half-lives for carbofuran disappearance in soil of 2-86 days for flooded soils and 26-110 days for field soil. Chemical hydrolysis and microbial degradation appear to be important degradation processes for this compound in both soil and aquatic systems. Chemical hydrolysis of carbofuran is expected to occur more rapidly in alkaline than acidic or neutral environments. Results of various degradation studies comparing sterile versus non-sterile soil indicate the importance of biodegradation in soil, and by extension of these results, in water; half-lives from approximately two to four weeks have been reported in non-sterile soil. Carbofuran exhibits enhanced biodegradation on soils previously treated with this pesticide. The major metabolites of carbofuran degradation in soil are 3-hydroxycarbofuran, 3-ketocarbofuran and carbofuran phenol. Direct photolysis and photooxidation (via hydroxyl radicals) may contribute to carbofuran's removal from natural water. Half-lives for the degradation of carbofuran in river, lake, and seawater samples which were irradiated with sunlight are approximately 2, 6, and 12 hours, respectively. Carbofuran is not expected to adsorb to sediment in water given its measured Koc values or to volatilize from water surfaces based on an estimated Henry's Law constant. Bioconcentration of this compound should not be a major fate process. Occupational and general population exposure to carbofuran may occur by inhalation and dermal routes. (SRC) 

9-2 ECOTOXICITY VALUES:

  . LD50 MALLARD DUCK (ANAS PLATYRHYNCHOS) FEMALES 3 TO 4 MONTHS OLD ORAL (THROUGH GLASS TUBING TO CROP) 0.397 MG/KG (95% CONFIDENCE LIMIT, 0.315-0.500 MG/KG) /TECHNICAL GRADE SAMPLE PURITY, 98.8%/ [REF-35, p.19]

  . LD50 Mallard duck (Anas platyrhynchos) females 12 months old (active egg-laying condition) oral (through glass tubing to crop) 0.510 mg/kg (95% confidence limit, 0.410-0.635 mg/kg) /Technical grade sample purity, 98.8%/ [REF-35, p.19]

  . LD50 Mallard duck (Anas platyrhynchos) males 12 months old (active breeding condition or had gonads in early stage of regression) oral (through glass tubing to crop) 0.480 mg/kg (95% confidence limit, 0.381-0.604 mg/kg) /Technical grade sample purity, 98.8%/ [REF-35, p.19]

  . LD50 RING-NECKED PHEASANT (PHASIANUS COLCHICUS) FEMALES 3 MONTHS OLD ORAL (THROUGH GLASS TUBING TO CROP) 4.15 MG/KG (95% CONFIDENCE LIMIT, 2.38-7.22 MG/KG) /TECHNICAL GRADE SAMPLE PURITY, 98.8%/ [REF-35, p.19]

  . LD50 Pheasant oral 960 mg/kg diet/10 days /Active ingredient as 10% granule/ [REF-5, p.130]

  . LD50 BOBWHITE QUAIL (COLINIS VURGINIANUS) FEMALES 3 MONTHS OLD ORAL (THROUGH GLASS TUBING TO CROP) 5.04 MG/KG (95% CONFIDENCE LIMIT, 3.63-6.99 MG/KG) /TECHNICAL GRADE SAMPLE PURITY, 98.8%/ [REF-35, p.19]

  . LD50 FULVOUS WHISTLING DUCK (DENDROCYGNA BICOLOR) FEMALES 3 TO 6 MONTHS OLD ORAL (THROUGH GLASS TUBING TO CROP) 0.238 MG/KG (95% CONFIDENCE LIMIT 0.200-0.283 MG/KG) /TECHNICAL GRADE SAMPLE PURITY, 98.8%/ [REF-35, p.19]

  . LC50 Japanese quail (Coturnix japonica) 14 days old oral (5-day diet ad libitum) 438 ppm (95% confidence limit 356-529 ppm) /Technical grade, 99%/ [REF-81, p.13]

  . LC50 Ring-necked pheasant (Phasianus colchicus) 10 days old oral (5-day diet ad libitum) 573 ppm (95% confidence limit 492-666 ppm) /Technical grade, 99%/ [REF-81, p.13]

  . LC50 Mallard duck (Anas platyrhynchos) 10 days old oral (5-day diet ad libitum) 190 ppm (95% confidence limit 156-230 ppm) /Technical grade, 99%/ [REF-81, p.13]

  . LC50 Coho salmon (Oncorhynchus kisutch) wt 0.6 g, 530 ug/l/96 hr at 12 deg C; static bioassay (95% confidence limit 432-650 ug/l) /Technical material, 99%/ [REF-82, p.18]

  . LC50 Rainbow trout (Salmo gairdneri) wt 1.5 g, 380 ug/l/96 hr at 12 deg C; static bioassay (95% confidence limit 272-531 ug/l) /Technical material, 99%/ [REF-82, p.18]

  . LC50 Brown trout (Salmo trutta) wt 0.5 g, 560 ug/l/96 hr at 12 deg C; static bioassay (95% confidence limit 475-660 ug/l) /Technical material, 99%/ [REF-82, p.18]

  . LC50 Lake trout (Salvelinus namaycush) wt 0.5 g, 164 ug/l/96 hr at 12 deg C; flow-through bioassay (95% confidence limit 119-226 ug/l) /Technical material, 99%/ [REF-82, p.18]

  . LC50 Fathead minnow (Pimephales promelas) wt 1.3 g, 872 ug/l/96 hr at 17 deg C; static bioassay (95% confidence limit 479-1590 ug/l) /Technical material, 99%/ [REF-82, p.18]

  . LC50 Channel catfish (Ictalurus punctatus) wt 1.0 g, 248 ug/l/96 hr at 20 deg C; static bioassay (95% confidence limit 94-649 ug/l) /Technical material, 99%/ [REF-82, p.18]

  . LC50 Yellow perch (Perca flavescens) wt 0.6 g, 147 ug/l/96 hr at 12 deg C; static bioassay (95% confidence limit 115-188 ug/l) /Technical material, 99%/ [REF-82, p.18]

  . LC50 Bluegill (Lepomis macrochirus) wt 0.8 g, 240 ug/l/96 hr at 18 deg C; static bioassay (95% confidence limit 186-310 ug/l) /Wettable powder, 50%/ [REF-82, p.18]

  . LC50 Mosquito fish (Gambusia affinis) 0.52 mg/l/72 hr; static bioassay [REF-51, p.339]

  . LC50 Green sunfish (Lepomis cyanellus) 0.16 mg/l/72 hr; static bioassay [REF-51, p.339]

  . LC50 Sheepshead minnow (Cyprinodon variegatus) 386 ug/l/96 hr; flow-through bioassay [REF-51, p.339]

  . LC50 Japanese quail (Coturnix japonica) oral (5 day diet ad libitum) 746 ppm (95% confidence limit 549 to 1,014 ppm) /Technical grade, 99% AI/ [REF-83, p.39]

9-3 ENVIRONMENTAL FATE:

  . TERRESTRIAL FATE: No appreciable degradation of carbofuran occurred in kari soil (pH 4.8; organic matter 11.8%) until 30 days after flooding, but at the end of 40 days, more than 81% of carbofuran degraded followed by steady increase in recovery of nonextractable soil bound residues. Autoradiographic analysis showed that carbofuran phenol (major) & 3-hydroxycarbofuran were carbofuran metabolites in soil. The mechanism of degradation in flooded soils was studied by using (14)C-carbofuran. [REF-84]

  . TERRESTRIAL FATE: Carbofuran was incorporated in soils & its disappearance monitored. Disappearance of 95% of carbofuran varied between 145 & 434 days as a function of temperature, moisture, & soil pH & followed first-order kinetics. [REF-6, p.110]

  . TERRESTRIAL FATE: In 4 soils with known insecticide use, the technical carbofuran had a calculated half-life of 11-13 days (pH 6.5) & the granular formulation had a half-life of 60-75 days (pH 6.5). Time of disappearance from the soil at 3.1 to 5.6 kg/hectare was 145 to 434 days. [REF-51, p.339]

  . TERRESTRIAL FATE: The persistence of carbofuran /in the soil/ will increase as 1) the application rate increases; 2) the clay content of the soil increases; 3) the organic matter content of the soil increases; 4) the pH decreases; 5) the moisture content of soil decreases. [REF-50, p.53]

  . TERRESTRIAL FATE: Carbofuran behavior was studied in 2 drained cornfield soils (clay and loamy clay) for 2 successive yr. The persistence values (total residence time) obtained were 56 and 63 days for the first and second yr. Drained water from soil rich in organic matter was found to have a higher carbofuran content, with 7.1-13.7% and 2.5-5.0% of the applied dose for clay and loamy clay soils, respectively. The major part of these percentages arose from the drained waters associated with rainfall occurring during the first 2-3 wk after application. [REF-85]

  . TERRESTRIAL FATE: Half-life in soil is about 30-60 days. [REF-8, p.A060/Aug 87]

  . TERRESTRIAL FATE: According to a suggested classification scheme(3), experimentally measured Koc values ranging from 0 to 160(1,2) indicate that carbofuran will have high to very high mobility in soil; its detection in water table aquifers beneath sandy soils in NY and WI(4) indicates that leaching has occurred. Leaching did not occur in an onion field containing a high organic matter content (65%) during 10 weeks of monitoring(5). Carbofuran is subject to degradation by both chemical and biological processes(6). A review of available literature reported the half-lives for carbofuran disappearance in soil as follows: 2-72 days in laboratory studies, 2-86 days for flooded soils, and 26-110 days for soil in the field(7). Chemical hydrolysis (in aqueous solution) occurs much more rapidly under alkaline conditions(8); several studies have shown that carbofuran is decomposed more quickly in alkaline soils as compared to neutral or acidic soils(6). Results of various degradation studies comparing sterile versus non-sterile soil indicate the importance of soil biodegradation(9,10). Major metabolites of carbofuran degradation in soil are 3-hydroxycarbofuran, 3-ketocarbofuran and carbofuran phenol(6). The rate of degradation of carbofuran in soil is greatly increased by pretreatment with carbofuran(1,11). Volatilization from soil is not expected to be significant(12), although some volatilization may occur from plants(13). [REF-86]

  . AQUATIC FATE: Based on a recommended classification scheme(1), measured Koc values ranging from 0 to 160(2,3); indicate that carbofuran should not adsorb to suspended solids and sediment in water(SRC). Carbofuran was found only in the dissolved state and not adsorbed onto sediment in experiments at three locations in California(4). Major fate processes for carbofuran in water include hydrolysis, biodegradation, and photodegradation(SRC). The hydrolysis half-lives of carbofuran in water are about 690, 8.2 and 1.0 weeks at pH 6.0, 7.0 and 8.0, respectively, at 25 deg C indicating that hydrolysis in alkaline water will be important(5). The approximate half-lives observed for degradation of carbofuran in sterile and non-sterile natural water (pH = 7.8-8.0 and 7.8, respectively) collected from Holland Marsh, Ontario, were 2.5 and 3 weeks, respectively; degradation was due primarily to chemical processes(6). Direct photolysis(7) and photooxidation (via hydroxyl radicals)(8) may contribute to carbofuran's removal from natural water. The half-lives for degradation of carbofuran in river, lake, and seawater samples which were irradiated with sunlight are approximately 2, 6, and 12 hours, respectively(9). Carbofuran is not expected to volatilize from water surfaces based on an estimated Henry's Law constant of 4.4X10-9 atm-cu m/mole(SRC), determined from experimental values for water solubility(10) and vapor pressure(11). [REF-87]

  . AQUATIC FATE: Biodegradation of carbofuran is expected to be an important fate process in water based on results from soil studies. From 77-100% CO2 production was reported in soils incubated for 14 days with radiolabeled carbofuran(1); 33% of 14C-ring labeled carbofuran was present as CO2 while carbonyl-labeled carbofuran had a recovery of 62% CO2 after 32 days incubation in soil(2). The major metabolites formed during biodegradation reactions in soil are 3-hydroxycarbofuran, 3-ketocarbofuran, and carbofuran phenol(3). Bioconcentration in aquatic organisms will not be an important fate process for this compound(4-6). [REF-88]

  . ATMOSPHERIC FATE: According to a model of gas/particle partitioning of semivolatile organic compounds in the atmosphere(1), carbofuran, which has a measured vapor pressure of 4.85X10-6 mm Hg at 19 deg C(2), should exist in both the vapor and particulate phases in the ambient atmosphere. Vapor-phase carbofuran is degraded in the atmosphere by reaction with photochemically produced hydroxyl radicals(SRC); the half-life for this reaction in air is estimated to be about 13 hours(3,SRC). Particulate-phase carbofuran may be physically removed from the air by wet and dry deposition(SRC). Direct photolysis may be an important removal process for carbofuran in the atmosphere(4). [REF-89]

9-4 BIODEGRADATION:

  . In soils containing high levels of actinomycetes, carbofuran degradation was rapid. At 20 deg C, about 50% was gone within approx 4 weeks. 3-Hydroxycarbofuran incubated in soil under similar conditions was not detectable after 4 weeks. Carbofuran degradation was most rapid in soils under flooded conditions. A bacterium, not identified, was isolated from flooded soil & found capable of degrading carbofuran under static conditions. [REF-6, p.110]

  . Degradation of carbofuran was greatly increased by a single 10 ppm carbofuran pretreatment of a sandy loam soil with no previous history of pesticide use. Thorough mixing was required to distribute homogeneously the active agent(s). Bacteria & fungi were not affected by pretreatment. [REF-90]

  . Streptomyces nigellus ... degrades carbofuran in pure culture. /Dose range not specified/ [REF-50, p.51]

  . Aspergillus terreus is capable of extensively modifying carbofuran in synthetic nutrient media. Eight degradation products were detected in the dichloromethane extracts of a culture medium. /Metabolites/ positively identified included: carbofuran and 3-hydroxycarbofuran phenol. Tentatively identified products included: 3-ketocarbofuran phenol, N-hydroxymethyl carbofuran, and 3-hydroxycarbofuran. [REF-91, p.51]

  . Carbofuran added to soil samples from fields previously treated with this insecticide for soil insect control broke down much faster than in soil from fields with no history of carbofuran use. In experimental field plots, a second annual application of carbofuran or fensulfothion broke down much faster than the first, and a laboratory application broke down more rapidly than the second field treatment. Sequences of treatments of carbofuran after fensulfothion or fensulfothion after carbofuran resulted in faster breakdown of the second than of the first field treatment but breakdown was slower than following the second application of the same compound. The increased rate of breakdown, which was assumed to be caused by selected degradative bacteria, was essentially stopped by sterilizing the soil or by lowering the pH of the test bioassay. [REF-92]

  . Microbial involvement in carbofuran degradation in soils was investigated. The disappearance of the insecticide in a sandy loam having no history of insecticide treatment and the effects of carbofuran pretreatments on disappearance rates of subsequent applications of carbofuran and other chemicals were studied. Carbofuran degradation rates were greatly increased by a single 10 ppm pretreatment of a sandy loam soil. Numbers of bacteria and fungi were not affected by the pretreatment, but the drastic reduction in activity produced by heat sterilization, freezing, or drying suggests soil microorganisms are active agents. Increased degradation rates for a variety of carbamate formulations were observed. [REF-93]

  . Cauliflower (cv. Alpha-balanza), Brussels sprouts, and Chinese cabbage were planted in different fields. Just after planting (4-6 leaf stage) carbofuran was applied onto the soil by pouring an emulsion around the stem. Doses were 50 mg/plant for cauliflower, 50 mg/plant (in 1986) and 25 mg/plant (in 1987) for brussels sprouts, and 30 mg/plant for Chinese cabbage. Soil was sampled, and at normal harvest, cauliflower flowers, Brussels sprouts self, and the whole Chinese cabbage were analyzed. Sugar beet was sown with 750 g carbofuran/ha. During growth of each crop, there were four replicate samplings. In the soil, carbofuran was metabolized into the insecticide compounds, 3-hydroxycarbofuran and 3-ketocarbofuran, and into the non-insecticide carbofuran phenol and 3-ketocarbofuran phenol. When the field history of monoculture and insecticide treatments was one yr, the mean half life times in soil of carbofuran, the sum of the insecticide carbamate compounds, and the sum of carbofuran plus all its identified metabolites were 18.3, 32.3, and 47.7 days, respectively . With a similar 2 years history, the values were 17.2, 28.8, and 53 days. With a 6 years history, values were 8.3, 14.3, and 44.0 days. With a 18 years history, values were 7.7, 13.7, and 43.3 days. [REF-94]

  . Pseudomonas sp was isolated from a pesticide-waste disposal site and grown in minimal medium agar plates containing carbofuran (1000 g/ml) as a sole source of carbon. To determine degradation, the medium was supplemented with (14)C-carbofuran (ring labeled). Pseudomonas sp also degraded carbofuran (labeled concn = 0.1 uCi/ml and unlabeled concn = 100 ug/ml) in water samples from an oligotrophic lake (100% in 3.5 days), groundwater (50% in 3 days), and trickling filter sewage effluent (100% in 2.5-3 days). Carbofuran in eutrophic lake water was not degraded. When a culture grown in the presence of glucose as carbon source was used to inoculate minimal medium containing carbofuran, the bacterium did not metabolize it; however it recovered its ability to degrade carbofuran after several hr of adaptation. [REF-95]

  . Soils from two sites in MO planted in corn and treated a different times with carbofuran and other pesticides were examined for microbial populations and efficacy of residual insecticide treatment on ten-day old house crickets, Acheta domesticus. Site 1 in Andrew County was treated at planting time with carbofuran during 1981-83. Site 2 in Buchanan County was treated with EPTC in 1981. Four insecticides, three herbicides and control were replicated three times according to split block design in plots consisting of four rows. Granular carbofuran and other insecticides were applied at planting (May 17, 1984 and May 15, 1985) in an 18 cm band over the row at a rate of 0.75 g/m (1.12 kgai/ha). Plots were planted to corn in rows perpendicular to the direction of the previously applied herbicides. Soil samples were collected at weekly intervals for seven wk from the date of pesticide application. The average root rating values for the carbofuran treated plots was 3.02. In 1985, carbofuran treatment at Site 2 significantly reduced corn root damage compared to no insecticide treatment. Soil bacteria counts correlated well in 1984 with the biological persistence in the cricket bioassay at Site 1. In 1985, the number of significant correlations incr substantially at both sites. Actinomycetes dominated the relationships of various degradation bioassay curves at Site 2 in 1985. [REF-96]

  . Under laboratory conditions and 8 weeks of incubation, 77% of applied carbofuran remained in sterile muck while only 25% remained in non-sterile muck; 50% remained in sterile loam while none remained in non-sterile loam(1). The rate of CO2 release two weeks after incubating a vineyard soil with carbofuran was 40 times greater than when the soil had been autoclaved(2). Carbofuran was rapidly lost from cornfield soils both with and without a history of carbofuran use, but virtually no loss was observed when the soil was autoclaved(3). The main metabolite of carbofuran in soil is 3-ketocarbofuran; small amounts of 3-hydroxycarbofuran, carbofuran phenol, and 3-ketocarbofuran phenol were also present(4). The dominant fate of the carbonyl group of carbofuran, once added to non-history soils, is hydrolysis of the carbamate bond followed by rapid mineralization of the methylamine(5). Non-sterile samples exhibited a lag phase followed by a period of rapid hydrolysis; the reaction is essentially complete after 14 days with CO2 production from 77.6-100% of the added labeled carbofuran(5). A half-life of 8-10 days was determined for carbofuran in paddy soils. In pond water, a biodegradation half-life of 2 days was reported for early rice and 5-6 days for late rice treated with carbofuran(6). Carbofuran dissipation from paddy water was rapid with an estimated DT50 of 3 days and a DT95 of 13 days; the DT50 from paddy soil was about 10 days and the DT95 was 42 days(7). Dissipation was due to both hydrolysis and biodegradation(7). [REF-97]

  . The rate of degradation of carbofuran in soil is greatly increased by pretreatment with carbofuran(1-4,6,7,9,11); this does not appear to be due to an increase in the microbial population(9). 90% of the initial carbofuran added to a previously untreated soil remained after 1 day; only 3% remained after the same time in a soil which had been treated with carbofuran 13 weeks previously(2). Heat sterilization, freezing or drying of this soil drastically reduced the rate of degradation, suggesting that degradation is due to biological processes(2). The rate of degradation was dependent upon the mixing the samples received; 7 and 25% of the initial carbofuran treatment remained in soil which was mixed or unmixed, respectively(2). Soil previously treated with tri-allate gave an enhanced degradation rate for carbofuran(5). The degradation of 14C-ring carbofuran was not enhanced in soils pretreated with its hydrolysis product, carbofuran phenol(8). Biodegradation of phenyl-14C-carbofuran initially proceeds through the hydrolysis of the ester bond with the release of carbofuran phenol. This compound rapidly binds to soil organic matter, releasing the carbonyl moiety which quickly degrades to CO2(7). Enhanced biodegradation of carbofuran was not seen using a Lima silt loam; degradation of this compound may occur through cometabolic processes as no increase in the microbial population is seen in acclimated soils and as there is little incorporation of 14C-label into cellular biomass(10). [REF-98]

  . C14-Ring labeled carbofuran, incubated at 1 ug/g in silt loam soil, had recoveries of 16, 27, 32 and 33 % as 14CO2 after 4, 11, 21, and 32 days; 14C-carbonyl labeled carbofuran, at the same concentration, had recoveries of 13, 36, 47, and 62% 14CO2 after 4, 11, 21, and 32 days(1). Biodegradation of carbofuran in soil may proceed in two steps: hydrolysis of the carbonyl sidechain followed by the adsorption of the primary metabolite, causing a decrease in ring breakdown(1,4). Degradation of soluble and sorbed carbonyl-14C-carbofuran at differing soil moistures was measured; rates of degradation were comparable at 20 and 17.5% moisture with greater than 97% degradation within 14 days and 14CO2 recoveries of 90%(2). Rates decreased with diminishing moisture content until only 7% of 14CO2 was recovered after 5 weeks at 7.5% moisture(2). The decrease in biodegradation with decreasing soil moisture content was due to dessication and not to decreasing availability of the pesticide(2). Carbofuran was mineralized in all subsoil samples of Monchengladbach soil showing a decrease in mineralization with depth(3). Carbofuran biodegradation was studied under field conditions at three different depths; half-lives of 14;14; and 73 days were reported for 2, 20, and 60 cm depth, respectively(5). In another soil, 0.2, 4.6, 30.7, and 40.3% of the initial carbofuran was extracted following 5 months of incubation at 0-10, 20-30, 50-60, and 90-100 cm depth, respectively(6). [REF-99]

9-5 ABIOTIC DEGRADATION:

  . WHEN FURADAN WAS EXPOSED TO SUNLIGHT, DECOMPOSITION GAVE RISE TO 3-HYDROXYFURADAN, FURADAN PHENOL, AND TWO UNIDENTIFIED COMPOUNDS. [REF-68, p.218]

  . When carbofuran was added to a model ecosystem, hydrolysis ensued rapidly to produce the phenol analog & N-methylcarbamic acid. The latter degraded rapidly to carbon dioxide & other compounds. 3-Ketocarbofuran, 3-hydroxycarbofuranphenol, N-hydroxymethylcarbofuran & 3-hydroxycarbofuran were also observed. In the freshwater clam (Elliptio), injected carbofuran was rapidly excreted as a conjugate that was refractive to hydrolysis by glucosidases & other hydrolyases but not 0.5 N hydrochloric acid. [REF-6, p.109]

  . Carbofuran hydrolyzed, primarily chemically, to the phenol in 5 days in paddy water. While autoclaving did not affect the hydrolysis, further degradation was inhibited. In flooded soils, under anaerobic conditions, carbofuran phenol & 3-hydroxycarbofuran accumulated. In aerobic soils, these compounds did not accumulate. The hydrolysis half-life in rice paddy water was 1.2 hr at pH 10 & 864 hr at pH 7. [REF-6, p.110]

  . Alfalfa stalks were cut, sprayed with a Furadan 4 Flowable aqueous formulation, dried in the dark, & then exposed to artificial UV irradiation (GE germicidal lamps, G15T8). 3-Hydroxycarbofuran increased most dramatically in the dark. In these studies, 3-ketocarbofuran, 3-hydroxycarbofuran, 3,7-diol, & 3-keto-7-phenol increased. Maximum loss of all compounds occurred after about 10 days exposure. [REF-6, p.110]

  . Photodecomposition will probably not be an important pathway because of the incorporation of the pesticide into the soil. [REF-50, p.59]

  . Laboratory studies ... indicate that conversion of carbofuran to the phenol derivative by hydrolysis ... is ... a major degradative pathway in soils. [REF-50, p.49]

  . Carbofuran phenol together with 3-ketocarbofuran phenol, 3-ketocarbofuran, and an unidentified metabolite /was found/, when a soil treated with granular carbofuran (0.6 kg active ingredient/hectare) was subjected to acid hydrolysis (0.25 N HCl) before solvent extraction. [REF-100, p.49]

  . The relative importance of chemical and biological processes in the degradation of twelve insecticides in water was studied by comparing their persistence in 4 types of water-natural, distilled, sterilized natural, and sterilized distilled. DDT, lindane, and parathion disappeared fairly quickly in the natural water, but were very persistent in the other types, indicating the importance of microbial action in their degradation. There was little indication of chemical degradation of any of the organochlorine insecticides. The 4 compounds most stable in water were dieldrin, endrin, ethion, and leptophos. Generally the other organophosphorus insecticides (chlorpyrifos, diazinon, and mevinphos, and parathion) and both carbamates (carbofuran and carbaryl) disappeared form all 4 types of water, demonstrating that chemical processes played a major role in their degradation, with biological processes having a secondary role for chlorpyrifos, diazinon, and carbaryl. The observed order of persistence after 8 wks in natural water was dieldrin > endrin > ethion > leptophos > lindane > chlorpyrifos > diazinon > mevinphos > carbofuran > p,p'-DDT > carbaryl > parathion. The random occurrence of the chemical types in this list demonstrates that generalization on persistence in the environment cannot be made on the basis of chemical structure. [REF-101]

  . /Nature & fate of insecticide residues inhaled by rats in cigarette smoke/: Pyrolysis in a horizontal quartz tube, with a movable variable temperature oven, closely approximated mainstream smoke resulting from burning cigarettes. When carbofuran was added to the cigarette, carbofuran phenol & 2-methyl-7-benzofuranol were observed in about 90% yield. The remainder consisted of 3 unidentified materials, methane, carbon monoxide, carbon dioxide, & methyl isocyanate. [REF-6, p.110]

  . The hydrolysis half-lives of carbofuran in sterile water-ethanol (99:1) were found to be 170, 690, 690, 8.2, and 1.0 weeks at pHs of 4.5, 5.0, 6.0, 7.0, and 8.0, respectively, at 25 deg C(1). The aqueous hydrolysis half-life at 27 deg C was found to be 5.1 weeks at pH 7.0 and 1.2 hours at pH 10(2). Degradation in deionized water at pH 7.0 was approximately 10% faster during sunlight exposure as compared to dark conditions; degradation in natural water (paddy and drainage ditch water) was 30-50% faster in sunlight than in the dark(2). The presence of hydroxyl radicals in sunlit water significantly increased the photodecomposition rate of carbofuran(3); a hydroxyl radical rate constant in aqueous solution was measured as 7X10+9 /M-sec(7). The half-lives for degradation of carbofuran in river, lake, and seawater from Greece following irradiation with sunlight were approximately 2, 6, and 12 hours, respectively; it was not reported whether the degradation was due to direct photolysis, indirect photooxidation or other processes(4). Direct photolysis may be an important removal process for carbofuran as it strongly absorbs light at wavelengths between 295 and 305 nm(5). The approximate half-lives for degradation of carbofuran in sterile and non-sterile natural water (pH = 7.8-8.0 and 7.8, respectively), collected from the Holland Marsh, Ontario, were 2.5 and 3 weeks, respectively; the half-lives in sterile and non-sterile distilled water (pH = 7.0-7.2 and 6.8, respectively) were 2 and 3.8 weeks, respectively(6). These results indicate that carbofuran degradation in this system is primarily due to chemical processes(6). [REF-102]

  . The photochemical degradation of carbofuran in pure aqueous solution at wavelengths >290 nm proceeded very slowly; in the presence of soil particles, photodegradation rates increased(1). Carbofuran irradiated by sunlight in water for 5 days formed 2,3-dihydro-2,2-dimethyl benzofuran-4,7-diol as the main photoproduct(2). The rate constant for the vapor-phase reaction of carbofuran with photochemically produced hydroxyl radicals has been estimated as 2.9X10-11 cu cm/molecule-sec at 25 deg C(SRC) using a structure estimation method(3,SRC). This corresponds to an atmospheric half-life of about 13 hours at an atmospheric concentration of 5X10+5 hydroxyl radicals per cu cm(3,SRC). [REF-103]

9-6 BIOCONCENTRATION:

  . Carbofuran is not expected to bioconcentrate in fish. [REF-50, p.133]

  . Carbofuran 10G granules were applied to sandy loam soil (pH 5.0, 54% sand, 30% silt, 8% clay) surrounding the roots of mugho pine trees at rates in the range of 0.4-2.0 g ai/tree. At the highest application rate, carbofuran was found to persist in pine needles at insecticidally active concentrations for at least two years. The concentrations in needles were about 100 times higher than in the buds. [REF-104, p.47]

  . The uptake of carbofuran by southern corn rootworm, Diabrotica undecimpunctata howardii Barber, larvae was measured at different concentrations of insecticide and in four soil types of varying organic content (0.46%, 1.76%, 1.85%, 3.50%). A 5.0 fold difference was found between the LC50 of the low organic soil an that of the high organic soil; a 8.4 fold difference in the LC95. Uptake of radiolabeled insecticide by the larvae was maximum at 24 hours and stabilized thereafter. Uptake was significantly correlated with organic content of soil, more carbofuran being absorbed in the soils with less organic carbon content. Desorption of carbofuran from the soil with least organic content was significantly greater than desorption from the soil with the highest organic content. [REF-105]

  . Carbofuran residues were not detected on any sampling day in zooplankton, black bullheads, or bluegill in a pond ecosystem treated with the insecticide(1). Carbofuran residues were not detected in caterpillars, freshwater clams, freshwater crabs, or frogs following the application of 5 mg of carbon-labelled carbofuran to a laboratory aquatic ecosystem(2). Only low residual amounts of carbofuran were found in mosquito larvae and fish (Gambusia) in a model ecosystem treated with the insecticide(3). Carbofuran did not bioconcentrate in caddisfly eggs during over 120 hours of observation(4). Measured BCF values of 117 and 10 were reported for the fish Tilapia nilotica and the snail Pila luzonica, respectively(5). The addition of carbofuran to a rice/fish model ecosystem after 30 days equilibration resulted in higher BCF values than when carbofuran was initially mixed with the soil in the ecosystem; residue concentrations were highest 2 to 3 days following carbofuran treatment(9). Water from a rice paddy was drained into an adjacent fish pond; carbofuran residues were concentrated in the fish entrails with highest concentrations reported within 5-10 days(10). There was no evidence for the concentration of carbofuran in fish using a rice/fish model ecosystem(11). An estimated BCF value of 24 was calculated for carbofuran(SRC), using a measured water solubility of 320 mg/l(6) and a recommended regression-derived equation(7). According to a classification scheme(8) and the experimental data above, this BCF value suggests that bioconcentration in aquatic organisms will not be an important fate process(SRC). [REF-106]

9-7 SOIL ADSORPTION/MOBILITY:

  . The adsorption of carbofuran was highest in laterite soil & decreased sequentially in black alluvial & red soils. Soil organic matter was a more potent adsorber than the mineral fraction. Multiple linear regression analysis showed that soil organic matter alone contributed 98% of the total adsorption of carbofuran in soils. [REF-107]

  . Residues of (14)C-carbofuran in silt loam and sandy loam soils incubated under greehouse conditions for 1 year were essentially non-leachable. [REF-50, p.141]

  . Carbofuran behavior was studied in 2 drained cornfield soils (clay and loamy clay) for 2 successive yr. The persistence values (total residence time) obtained were 56 and 63 days for the first and second yr. Drained water from soil rich in organic matter was found to have a higher carbofuran content, with 7.1-13.7% and 2.5-5.0% of the applied dose for clay and loamy clay soils, respectively. The major part of these percentages arose from the drained waters associated with rainfall occurring during the first 2-3 wk after application. [REF-85]

  . The effect of molecular structure on the adsorption of carbofuran and other arylcarbamate pesticides was determined in 5 different types of soil and various model organic adsorbents (including cellulose, cellulose acetate phthalate, nylon, and polyvinylpyrrolidone). The results were correlated with several molecular parameters: The Hammett electronic parameter (sigma) reflecting the electron density on the aromatic ring; Hildebrand's solubility constant (delta); and the Hansch hydrophobicity constant (pi) which was determined by reversed phase HPLC. The most significant correlation was obtained with a multilinear combination of the hydrophobicity constant pi and the Hildebrand's constant. [REF-108]

  . Carbofuran Koc values of 60-160 were measured in three soils with an organic content ranging from 0.68 to 2.01%(1). A mean Koc value of 29.4 was determined for 5 different soils(2). A Koc value of 100 was determined by a soil-slurry method(3). Based on measured Rf values, carbofuran was found to be mobile to very mobile in sandy soil, sandy loam, silty clay, and silty loam soil, moderately mobile in silty clay and silty clay loam soil, and only slightly mobile in muck soil(4). Koc values ranging from 14 to 72 were determined for sand, sandy loam, creek sediment, and an organic soil(5). According to a recommended classification scheme(3), these measured Koc values indicate that carbofuran has high to very high mobility in soil(SRC). Carbofuran applied to an onion field (soil organic matter content of 65%) did not significantly leach during 10 weeks of monitoring(6). Laboratory studies found carbofuran leached through soil, but tests in a corn field found that carbofuran traveled only to a depth of 7.5 cm over 22 weeks which included periods of heavy rain; the formulated product was found to leach less than the technical product(7). Carbofuran adsorbed more strongly to red loam soil than sandy loam soil with adsorption due to organic matter and clay content of the soil(8). Carbofuran was detected in agricultural drain water from a rice growing area at a total of 1.72-11.03% during a 54-80 day period after flooding(9). [REF-109]

  . Water collected from a subsurface tile drain system overlain by Clermont silt loam soil contained carbofuran within 3 weeks of pesticide application; a Koc value of 41 was measured for carbofuran in this soil(1). Carbofuran behavior was studied in 2 drained cornfield soils (clay and loamy clay) for 2 successive yr. The persistence values (total residence time) obtained were 56 and 63 days for the first and second yr. Drained water, from soil rich in organic matter, was found to have a high carbofuran content, 7.1-13.7% and 2.5-5.0% of the applied dose for clay and loamy clay soils, respectively(2). Koc values for carbofuran of 0, 0, 27.03, and 29.28 were measured for four rice-growing soils in India, a laterite (pH = 7.2, % organic carbon=0.62), a alluvial soil (pH = 6.2, % organic carbon = 1.62), an acid sulfate Pokkali (pH = 3.6, % organic carbon=7.1), and an acid sulfate Kari soil (pH = 2.7, % organic carbon=8.8)(3). [REF-110]

9-8 VOLATILIZATION FROM WATER/SOIL:

  . The loss of carbofuran was studied from rice paddy water treated with a granular formulation of the insecticide and from ponds filled with drainage from the paddy. Samples were extracted, evaporated, and analyzed by gas liquid chromatography. The average half-life for carbofuran loss was 57 hr. Controlled experiments indicated that pH was the predominating factor governing carbofuran loss from water in the environment studied. The loss due to hydrolysis was over 700 times more rapid at pH 10 (half-life= 1.2 hr) than at pH 7 (half-life= 864 hr) in buffered deionized water. The average pH of the rice paddy was 8, but diurnal fluctuations of 7 to 9.5 are common in similar environments. Impurities in the water, sunlight, and temperature influence the rate of carbofuran loss but not nearly so much as pH. There was no evidence for significant loss due to evaporation or oxidation. The results have important implications for the duration of the insecticide's activity and the effect on fish within or downstream from treated paddies. [REF-111]

  . Volatilization at 25 deg C from soils in the laboratory: sandy loam, 0.5% after 60 days; sand, 36.2% after 60 days. [REF-51, p.339]

  . Based on the solubility (700 mg/l) and vapor pressure of carbofuran at 25 deg C (3.4x10-6 mm Hg) ... the volatilization rate constant /is calculated to be/ 1.95x10-5/day/m. [REF-50, p.130]

  . The Henry's Law constant for carbofuran is estimated as 4.4X10-9 atm-cu m/mole(SRC) from its experimental values for vapor pressure, 4.85X10-6 mm Hg(1), and water solubility, 320 mg/l(2). This value indicates that carbofuran will be essentially non-volatile from water surfaces(3,SRC). It has been speculated that evaporation losses of carbofuran from soil, even at temperatures up to 35 deg C, would be insignificant(3). In glass chamber laboratory tests, 5.8% of carbofuran applied to rice seedlings was lost by volatilization during 10 days of observation(4). Only 0.01-0.03% of the original 14C-carbofuran activity was lost by volatilization following application to soil during plant growth(5). Carbofuran's values for vapor pressure(1) and Henry's Law constant(1,2,SRC) indicate that volatilization from dry and moist soil surfaces will not occur(SRC). [REF-112]

 ***10                 SOURCES AND CONCENTRATIONS *** 

10-1 ARTIFICIAL SOURCES: 

  . Carbofuran is directly released to the environment(SRC) during its use as a pesticide on many crops in the United States(1). [REF-113]

  . Air emissions from carbofuran manufacture have been reported to consist of 1.5 kg of hydrocabons & 0.5 kg of carbofuran per metric ton of pesticide produced. [REF-114, p.146]

10-2 WATER CONCENTRATIONS: 

  . GROUNDWATER: Carbofuran has been found in ground water in WI and NY in areas with sandy soils and water table aquifers at levels typically between 1 and 5 ppb(1). Carbofuran was detected (detection limit 1 ppb), not quantified, in well water samples taken in 1984 from 5 to 91 farms in Southern Ontario, Canada(2). The Ground Water Data Base 1988 Interim Report lists three confirmed states (NY, MA, RI) in which carbofuran has been found due to agricultural use and point source contamination(3). The max concn of the confirmed detections is 176 ppb and the median concn is 5.30 ppb(3). 4085 of 27453 wells monitored in the United States, including New York state, contained measureable concentrations of carbofuran (detection limit not given); 4031 of 21027 wells in New York state contained carbofuran at concentrations from 0.01-176 ug/l(4). [REF-115]

  . GROUNDWATER: Carbofuran was detected in groundwater from the Almeria area, Spain at 0.32 ug/l(1). 4 of 67 private drinking water wells in Maine contained carbofuran from 0.20 to 1.2 ng/ml(2). Wells in Maryland, New York, and Wisconsin contained carbofuran at concentrations from 1.0-50.0 ug/l; groundwater from California, Massachusetts, Wisconsin contained carbofuran at a maximum concentration of 5.0, 36.6, and 15.0 ug/l(3). 30% of 5100 groundwater samples collected on Long Island contained carbofuran(4). 0 of 1502 wells sampled in Nebraska contained carbofuran (detection limit=2.5 ppb)(5). 783 rural domestic wells and 566 community water system wells tested for the presence of pesticides contained carbofuran at a maximum concentration of 40 ug/l (unknown number of positive samples)(6). [REF-116]

  . SURFACE WATER: Carbofuran has been detected (concn not reported) in surface waters associated with Lake Erie and Lake Huron(1). An overall mean carbofuran concn of less than 0.1 ng/l was detected in 11 agricultural watersheds in Ontario during 1976-77 with the highest monitored concn being 1.80 ng/l; the presence of the carbofuran in the watersheds was thought to be from storm water runoff, soil drainage and spills(2). Carbofuran was found in samples from the following Michigan Rivers in 1985 at the indicated concn ranges in the positive samples: Black 0.100-0.473 ppb; Belle, 0.009-0.266 ppb; Pine, 0.056-0.250 ppb; and Clinton, 0.18-0.413 ppb(3). Water collected from Suisun Bay, Carquinez Strait, and Chipps Island in California contained carbofuran at below detection (<1 ng/l), 27-29 ng/l, and 43-143 ng/l, respectively(4). Following a spill, 0.01 ug/l of carbofuran was found in pond water(5). Carbofuran was detected in Sacramento-San Joaquin Delta water at a maximum concentration of 1.33 ug/l(6). Water samples collected from surface water supplies in the Valencia Community, Spain, contained carbofuran at 0.543-1.632 ug/ml(7). [REF-117]

  . DRINKING WATER: Between May-July 1986, carbofuran was detected (detection limit 0.1 ppb) in 9 of 33 treated (finished) public water supplies using surface water as a source at a concn of 0.18-14.0 ppb and at an avg concn of positive detections of 3.76 ppb(1). Carbofuran was detected also in 5 of 15 of the surface water sources at a concn of 0.72-17.0 ppb and at an avg concn of positive detections of 7.1 ppb(1). The water samples in the above study were taken after rainfall(1). [REF-118]

  . RAIN/SNOW: Samples of rainwater collected during spring and summer 1985 were analyzed for the presence of carbofuran(1). Carbofuran was detected at a concn range of 0.1-0.5 ppb in the samples of rainwater from the following locations (number of samples at indicated concn): West Lafayette, IN (2 of 14 samples), Tiffin, OH (1 of 25 samples), Parsons, WV (1 of 20 samples), and Potsdam, NY (1 of 21 samples)(1). Carbofuran also was detected, not quantified, in 1 of 21 samples from Potsdam, NY(1). [REF-119]

  . Waters from 21 wells and 2 springs located in a typically farmed, mostly agricultural PA watershed (the Mahantango Creek Watershed) were analyzed for 11 pesticides, including carbofuran. Pesticides were selected according to a farm use survey, and samplings were made during Dec 1985, Aug 1986, and Mar/Apr 1987. Carbofuran was not applied in 1985, but was applied to about 85% of the area at 1.2 kg/ha in 1986. No carbofuran was found in any sampling (< 15 ng/l). [REF-120]

10-3 EFFLUENTS CONCENTRATIONS: 

  . Concn of carbofuran in runoff into a hydroelectric lake in GA from a carbofuran-treated pine seed orchard ranged from not detected to 6580 ppb; the runoff event with the maximum detected concn produced a minor fish kill in the lake(1). Thirty-one tailpits collecting irrigation runoff from corn and sorghum fields in Haskell County KS in 1974 were found to contain a mean concn of 24.1-35.2 ppb carbofuran in the tailpit water(2). [REF-121]

10-4 SEDIMENT/SOIL CONCENTRATIONS: 

  . Sediment from 31 tailpits collecting irrigation runoff from corn and sorghum fields in Haskell County KS in 1974 were found to contain mean carbofuran concn of 30.6-50.0 ppb(1). Carbofuran residues were measured in soil on 1 of 12 farms in the Fraser Valley, British Columbia, Canada in 1989 at 78 ppb(2). [REF-122]

10-5 ATMOSPHERIC CONCENTRATIONS: 

  . A spray drift study was conducted in Utah to estimate potential human exposures to carbofuran following aerial applications. ... Atmospheric concentrations of the pesticide averaged in the range of 0.067-3.3 mg/cu m. Maximum inhaled doses estimated for two application sites were 2.0 and 0.7 mg. [REF-123]

  . URBAN/SUBURBAN: Weekly atmospheric deposition samples collected near Regina, Sasketchewan, Canada, in 1985, 1986, and 1987, contained <2.5, trace-6.8, and <2.5 ppb carbofuran, respectively(1). [REF-124]

10-6 FOOD SURVEY VALUES: 

  . Carbofuran was detected in 1 of 86 samples (detection limit 10 ppb) of Ontario, Canada-grown vegetables sampled in 1980-1985; the positive sample (1 of 9 tomato samples tested) contained 60 ppb of carbofuran; carbofuran was not detected in asparagus, cauliflower, cucumber, and potatoes(1). The range of concn (depending on the method of irrigation used) of carbofuran on the external and edible leaves of outdoor crisp lettuce were 6.78-10.81 and 1.65-1.75 ppm, respectively, immediately after spraying with a single dose of carbofuran(2). The values after 21 days for the external leaves had declined to <5 to 30 ppb and the concn in the edible leaves declined to <5 ppb within 14 days(2). The range of concn of carbofuran on the external and edible leaves of lettuce were 2.16-2.48 and 6.18-10.85 ppm, respectively, immediately after spraying with a single dose of carbofuran(2). The values after 21 days for the external and edible leaves had declined to 0.14-0.25 ppm and <0.005 ppm, respectively(2). Carbofuran residues in the kernal of trapa fruit ranged from 0.56-2.82 ug/g; corresponding values for peels ranged from 0.34-1.71 ug/g(3). The flour prepared from trapa kernel contained 0.28 ug/g carbofuran(3). [REF-125]

  . The ten-year accumulated frequency of carbofuran found in 234 ready-to-eat foods was 0.0251 ug/g (detected 6 times in 3 different foods)(1). During a pesticide survey of 6970 produce samples, carbofuran was detected in 1 of 147 cucumbers (detection limit = 0.4 ppm)(2). Carbofuran was detected in unreported concns and in unreported samples during a 1978-1982 FDA study measuring pesticide residues in raw agricultural commodities (n = 49877 samples)(3). Carbofuran was detected in unreported concns and in unreported samples during a 1983-1986 FDA study measuring pesticide residues in raw agricultural commodities (n = 49055 samples)(4). Carbofuran was detected during the 1992(5) and 1994(6) FDA regulatory and incidence/level monitoring of pesticide residues from 16428 and 11348 domestic and imported agricultural commodity samples. 7 of 13980 samples of food collected in 1988-1989 contained measurable concns of carbofuran(7). 6 and 9 of 13230 agricultural food samples collected either in Canada or from imported produce, respectively, contained carbofuran at unreported concentrations(8). Carbofuran was detected in brown rice grains grown in Korea at an average concn of 0.17 ppm(9). [REF-126]

10-7 PLANT CONCENTRATIONS: 

  . Carbofuran was applied to strawberries & the berries & leaves were sampled. Residue analyses indicated the presence of 3-ketocarbofuran & the 3,7-diol (3-hydroxycarbofuranphenol). In maize plants (Zea mays L) treated with carbofuran, the major metabolite was 3-hydroxycarbofuran. Hydrolysis of the organosoluble plant extract also gave carbofuranphenol & 3-hydroxycarbofuranphenol, indicating the presence of glycosidic conjugates. There was an indication of the presence of 3-ketocarbofuranphenol. [REF-6, p.109]

  . Carbofuran was applied with carrot seed at time of planting. The carrot plants were treated at several intervals & then removed for analysis. Little or no parent compound was found. The 3-hydroxycarbofuran was found pirmarily in peel of the top 3 cm of the carrot. When carbofuran was applied to radishes, it was rapidly bound in the tissues. Hydrolysis by enzymes & hydrochloric acid only released 5 to 15% of the bound residues. The aglycones were identified as carbofuran & 3-hydroxycarbofuran. When corn was treated with carbofuran, more than 90% of the carbofuran was metabolized to 3-hydroxy- & 3-oxo- carbofuran. The 3-hydroxycarbofuran comprised more than 80% of the metabolite residue. Most of the residue was in the leaves. Lesser amounts were in cob & stalk & only trace amounts were in the grain. Unchanged carbofuran predominated in the cob & stalk. [REF-6, p.109]

  . When applied to soybean foliage, carbofuran gave rise to 3-hydroxycarbofuran which was observed in extracts of seeds. In mungbean plants exposed to carbofuran, the 3-hydroxy- & 3-keto- carbofuran were observed in the leaves & the 3-hydroxycarbofuran in seeds. [REF-6, p.109]

  . In addition to unchanged carbofuran, residues of the 3-hydroxy analog were observed in mushrooms (Agaricus bisporus) when cultivated in soil to which carbofuran had been added. [REF-6, p.110]

  . Carbofuran was applied over seeded rutabaga and residues of the insecticide and its metabolites were measured in harvested specimens. Chemical concentrations in the roots averaged 0.15 ppm carbofuran, 0.23 ppm hydroxycarbofuran, and 0.07 ppm 3-ketocarbofuran. Combined residues were below the 0.5 ppm tolerance established for this crop. [REF-127]

  . Foliar carbofuran residues indicated some spray drift; concentrations ranged from 0.9-10.3 mg/kg. [REF-123]

  . Carbofuran was detected in 10 of 28 vegetables growing in soils in Southwestern Ontario in 1976 at a concn range of a trace (below 0.1 ppm) to 7.33 ppm(1). [REF-128]

10-8 FISH/SEAFOOD CONCENTRATIONS: 

  . Carbofuran was not detected (detection limit 200 ppb) in fish from a hydroelectric lake in GA sampled in 1981 and 1983 which was known to receive runoff containing carbofuran(1). [REF-129]

10-9 ANIMAL CONCENTRATIONS: 

  . Carbofuran was detected in 14% of sampled loggerhead shrikes with a median concentration of 0.64 ppm; loggerhead shrike eggs which had been abandoned did not contain measureable concentrations of this pesticide(1). [REF-130]

 ***11                    HUMAN ENVIRONMENTAL EXPOSURE *** 

11-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . A spray drift study was conducted in Maeser, UT, on June 5-6, 1980 to obtain an estimate of extraneous exposure that a bystander might be subjected to during commercial spraying. During aerial sprayings carbofuran levels did not exceed 3.3 ug/cu m at any location; this peak concn was measured over a 17 min sampling interval 20 m from the target field. Dermal exposure was estimated to exceed respiratory exposure by a very large margin. A large margin exists between the greatest potential bystander exposure & published dermal toxicities. Data from this study indicate that the potential hazard to human health is probably minor due to small, single dose incurred & the relatively low dermal toxicity of the insecticide. [REF-131]

  . General population exposure to carbofuran may occur by inhalation and dermal routes in the vicinity of aerial spraying of carbofuran as an insecticide. Exposure via oral consumption of contaminated food or drinking water also is possible. Occupational exposure by inhalation or dermal routes related to the use of carbofuran as an insecticide may be significant. (SRC) 

  . During aerial spraying of carbofuran, air levels did not exceed 3.3 ug/cu m at any location used to estimate extraneous exposure that a bystander might be subjected to during commercial spraying; this peak concn was measured over a 17 min sampling interval 20 m from the target field. Dermal exposure was estimated to exceed respiratory exposure by a very large margin(1). [REF-132]

  . Formulators, applicators, flagmen, and field hands /may be exposed/. [REF-50, p.115]

***12                     STANDARDS AND REGULATIONS *** 

12-1 ACCEPTABLE DAILY INTAKES: 

  . FAO/WHO ADI: 0.01 mg/kg bw [REF-133]

12-2 ALLOWABLE TOLERANCES: 

  . Tolerances are established for the combined residues of the insecticide carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methyl carbamate) its carbamate metabolite 2,3-dihydro-2,2-dimethyl-3-hydroxy-7- benzofuramyl-N-methylcarbamate, and its phenolic metabolites 2,3-dihydro-2,2- dimethyl-7-benzofuranol, 2,3-dihydro-2,2-dimethyl-3-oxo-7-benzofuranol and 2,3-dihydro-2,2-dimethyl-3,7-benzofurandiol in or on the following raw agricultural commodities: Alfalfa (fresh) (of which not more than 5 ppm are carbamates) 10 ppm; Alfalfa hay (of which not more than 20 ppm are carbamates): 40 ppm; Bananas: 0.1 ppm; Barley, grain (of which not more than 0.1 ppm is carbamates): 0.2 ppm; Barley, straw (of which not more than 1.0 ppm is carbamates): 5.0 ppm; Beets, sugar: 0.1 ppm; Beets, sugar (tops) (of which not more than 1 ppm is carbamates): 2 ppm; Cattle, fat (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Cattle, meat (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Cattle, meat-by-products (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Coffee beans: 0.1 ppm; Corn, fodder (of which not more than 5 ppm is carbamates) 25 ppm; Corn, forage(of which not more than 5 ppm are carbamates): 25ppm; Corn , fresh (including sweet corn) (K+CWHR) (of which not more than 0.2 ppm is carbomates): 1.0 ppm; Corn, grain including popcorn (of which not more than 0.1 ppm is carbamates): 0.2 ppm; Cottonseed (of which not more than 0.2 ppm is carbamates: 1.0 ppm; Cranberries (of which not more than 0.3 ppm is carbamates): 0.5 ppm; Cucumber (of which not more than 0.2 ppm is carbamates): 0.4 ppm; Goats, fat (of which not more than 0.02 ppm is carbamates) 0.05 ppm; Goats, meat (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Goats, meat-by-products (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Grapes (of which not more than 0.2 ppm is carbamates):0.4 ppm; Hogs, fat (of which not more than 0.02 ppm is carbamates):0.05 ppm; Hogs, meat (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Hogs, meat-by-products (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Cucumber (of which not more than 0.2 ppm is carbamates):0.4 ppm. Horses, fat (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Horses, meat (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Horses, meat-by-products (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Melons (of which not more than 0.2 ppm is carbamates): 0.4 ppm; Milk (of which not more than 0.02 ppm is carbamates): 0.1 ppm; Oats, grain (of which not more than 0.1 ppm is carbamates): 0.2 ppm; oats, straw (of which not more than 1.0 ppm is carbamates): 5.0 ppm; Peanuts (of which not more than 1.5 ppm is carbamates): 4.0 ppm; Peanuts, hulls (of which not more than 8.0 ppm is carbamates): 10.0 ppm; Peppers (of which not more than 0.2 ppm is carbamates): 5 ppm; Potatoes (of which not more than 1 ppm is carbamates): 2 ppm; Pumpkins (of which not more than 0.6 ppm is carbamates) 0.8 ppm; Rice 0.2 ppm; Rice, straw (of which not more than 0.2 ppm is carbamates): 1 ppm; Sheep, fat (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Sheep, meat (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Sheep meat-by-products (of which not more than 0.02 ppm is carbamates): 0.05 ppm; Sorghum, fodder (of which not more than 0.5 ppm is carbamates): 3 ppm; Sorghum, forage (of which not more than 0.5 ppm is carbamates): 3 ppm; Sorghum, grain 0.1 ppm; Strawberries (of which not more than 0.2 ppm is carbamates): 0.5 ppm; Soyabeans (of which not more than 0.2 ppm is carbamates): 1.0 ppm; B) Soyabean, forage (of which not more than 20.0 ppm are carbamates): 35.0 ppm; & C) Soyabean, hay (of which not m more than 20.0 ppm are carbamates): 35.0 ppm; Squash (of which not more than 0.6 ppm is carbamates); 0.8 ppm; Sugarcane: 0.1 ppm; Sunflower seeds (of which not more than 0.5 ppm is carbamates): 10. ppm; Wheat, grain (of which not more than 0.1 ppm is carbamat
  . Tolerances with regional registration are established for the combined residues of the insecticide carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methyl carbamate) its carbamate metabolite 2,3-dihydro-2,2-dimethyl-3-hydroxy-7- benzofuramyl-N-methylcarbamate, and its phenolic metabolites 2,3-dihydro-2,2- dimethyl-7-benzofuranol, 2,3-dihydro-2,2-dimethyl-3-oxo-7-benzofuranol and 2,3-dihydro-2,2-dimethyl-3,7-benzofurandiol in or on the following raw agricultural commoditie: artichokes (of which not more than 0.2 ppm is carbamates), 0.4 ppm. [REF-135]

  . A time-limited tolerance, to expire on February 22, 1998 with regional registration as defined in 180.1(n), is established for the combined residues of the insecticide carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methyl carbamate) its carbamate metabolite 2,3-dihydro-2,2-dimethyl-3-hydroxy-7- benzofuranyl-N-methylcarbamate, and its phenolic metabolites 2,3-dihydro-2,2- dimethyl-7-benzofuranol, 2,3-dihydro-2,2-dimethyl-3-oxo-7-benzofuranol and 2,3-dihydro-2,2-dimethyl-3,7-benzofurandiol in or on the following raw agricultural commodities: canola (of which no more than 0.2 ppm is carbamate), 1.0 ppm. [REF-136]

  . Pesticide chemicals that cause related pharmacological effects will be regarded, in the absence of evidence to the contrary, as having an additive deleterious action. Many pesticide chemicals within the following groups have related pharmacological effects. Chlorinated organic pesticides, arsenic-containing chemicals, metallic dithiocarbamates, cholinesterase - inhibiting pesticides. Where residues from two or more chemicals in the same class are present in the same class are present in or on a raw agricultural commodity the tolerance for the total of such residues shall be the same as that for the chemical having the lowest numerical tolerance in this class, unless a higher tolerance level is specifically provided for the combined residues by a regulation in this part. Carbofuran and its metabolites are members of the class of cholinesterase-inhibiting pesticides. [REF-137]

  . A tolerance is established for the combined residues of the insectcide carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate), its carbamate metabolite 2,3-dihydro-2,2-dimethyl-3-hydroxy-7-benzofuranyl-N-methylcarbamate, and the phenolic metabolites 2,3-dihydro-2,2-dimethyl-7-benzofuranol, 2,3-dihydro-2,2-dimethyl-7-benzofuranol and 2,3-dihydro-2,2-dimethyl-3, 7-benzofurandiol in or on the following food commodity: Raisins (of which no more than 1.0 ppm is carbamate): 2.0 ppm. [REF-138]

  . Tolerances is established for the combined residues of the insectcide carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate), its carbamate metabolite 2,3-dihydro-2,2-dimethyl-3-hydroxy-7-benzofuranyl-N-methylcarbamate, and the phenolic metabolites 2,3-dihydro-2,2-dimethyl-7-benzofuranol, 2,3-dihydro-2,2-dimethyl-3-oxo-7-benzofuranol and 2,3-dihydro-2,2-dimethyl-3, 7-benzofurandiol in or on the following food commodity: Grape pomace, dried (of which not more than 1.5 ppm are carbamates): 2.0 ppm; Peanut soapstock, fatty acids (of which not more than 3.0 ppm are carbamates, reflecting residues of 8.0 ppm phenolic metabolite and 1.0 ppm alkaline soapstock): 24.0 ppm; Raisin waste (of which not more than 3.0 ppm are carbamates): 6.0 ppm; Soyabean soapstock, fatty acids (of which not more than 1.0 ppm is carbamates, reflecting residues of 2.0 ppm phenolic metabolites and 0.33 ppm carbamates in alkaline soapstock): 6.0 ppm; Sunflower seed hulls (of which not more than 0.6 ppm is carbamates): 1.4 ppm; Sunflower seed meal (of which not more than 0.6 ppm is carbamates): 1.4 ppm; Sunflower seed soapstick (of which not more than0.5 ppm is carbamates, reflecting residues of 1.25 ppm phenolic metabolites and potential residues of 0.25 ppm carbamates in alkaline soapstock): 3.0ppm. [REF-139]

12-3 NIOSH RECOMMENDATIONS: 

  . Recommended Exposure Limit: 10 Hr Time-Weighted Avg: 0.1 mg/cu m. [QR] [REF-16, p.52]

12-4 THRESHOLD LIMIT VALUES: 

  . 8 hr Time Weighted Avg (TWA) 0.1 mg/cu m [QR] [REF-140, p.23]

  . 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-140, p.6]

  . A4. A4= Not classifiable as a human carcinogen. [QR] [REF-140, p.23]

12-5 FEDERAL DRINKING WATER STANDARDS: 

  . EPA 40 ug/l [REF-141]

12-6 FEDERAL DRINKING WATER GUIDELINES: 

  . EPA 40 ug/l [REF-141]

  . (CA) CALIFORNIA 18 ug/l [REF-141]

12-7 STATE DRINKING WATER GUIDELINES: 

  . (AZ) ARIZONA 36 ug/l [REF-141]

  . (ME) MAINE 40 ug/l [REF-141]

12-8 CLEAN WATER ACT REQUIREMENTS: 

  . Designated as a hazardous substance under section 311(b)(2)(A) of the Federal Water Pollution Control Act and further regulated by the Clean Water Act Amendments of 1977 and 1978. These regulations apply to discharges of this substance. [REF-142]

12-9 TRANSPORT METHODS AND REGULATIONS: 

  . No person may /transport,/ offer or accept a hazardous material for transportation in commerce unless that person is registered in conformance ... and the hazardous material is properly classed, described, packaged, marked, labeled, and in condition for shipment as required or authorized by ... /the hazardous materials regulations (49 CFR 171-177)./ [QR] [REF-143]

  . The International Air Transport Association (IATA) Dangerous Goods Regulations are published by the IATA Dangerous Goods Board pursuant to IATA Resolutions 618 and 619 and constitute a manual of industry carrier regulations to be followed by all IATA Member airlines when transporting hazardous materials. [QR] [REF-144, p.116]

  . The International Maritime Dangerous Goods Code lays down basic principles for transporting hazardous chemicals. Detailed recommendations for individual substances and a number of recommendations for good practice are included in the classes dealing with such substances. A general index of technical names has also been compiled. This index should always be consulted when attempting to locate the appropriate procedures to be used when shipping any substance or article. [QR] [REF-145, p.3097-1, 6193, 6194, 6195]

12-10 CERCLA REPORTABLE QUANTITIES: 

  . Persons in charge of vessels or facilities are required to notify the National Response Center (NRC) immediately, when there is a release of this designated hazardous substance, in an amount equal to or greater than its reportable quantity of 10 lb or 4.54 kg. The toll free number of the NRC is (800) 424-8802; In the Washington D.C. metropolitan area (202) 426-2675. The rule for determining when notification is required is stated in 40 CFR 302.4 (section IV. D.3.b). [REF-146]

12-11 RCRA REQUIREMENTS: 

  . P127; As stipulated in 40 CFR 261.33, when carbofuran, as a commercial chemical product or manufacturing chemical intermediate or an off-specification commercial chemical product or a manufacturing chemical intermediate, becomes a waste, it must be managed according to federal and/or state hazardous waste regulations. Also defined as a hazardous waste is any container or inner liner used to hold this waste or any residue, contaminated soil, water, or other debris resulting from the cleanup of a spill, into water or on dry land, of this waste. Generators of small quantities of this waste may qualify for partial exclusion from hazardous waste regulations (40 CFR 261.5(e)). [REF-147]

12-12 FIFRA REQUIREMENTS: 

  . Tolerances for carbofuran and its metabolites occurring in or on raw agricultural commodities are established. [REF-148]

  . Classified for restricted use, limited to use by or under the direct supervision of a certified applicator. FORMULATION: All concentrate suspensions and wettable powders 40% and greater. USE PATTERN: All uses. CLASSIFICATION: Resticted. CRITERIA INFLUENCING RESTRICTION: Acute inhalation toxicity. [REF-149]

  . Classified for restricted use, limited to use by or under the direct supervision of a certified applicator. FORMULATION: All granular formulations. USE PATTERN: Rice CLASSIFICATION: Under evaluation. [REF-149]

  . Classified for restricted use, limited to use by or under the direct supervision of a certified applicator. FORMULATION: All granular and fertilzer formulations. USE PATTERN: All uses except rice. CLASSIFICATION: Under evaluation. [REF-149]

  . Pesticide chemicals that cause related pharmacological effects will be regarded, in the absence of evidence to the contrary, as having an additive deleterious action. Many pesticide chemicals within the following groups have related pharmacological effects. Chlorinated organic pesticides, arsenic-containing chemicals, metallic dithiocarbamates, cholinesterase - inhibiting pesticides. Where residues from two or more chemicals in the same class are present in the same class are present in or on a raw agricultural commodity the tolerance for the total of such residues shall be the same as that for the chemical having the lowest numerical tolerance in this class, unless a higher tolerance lwvel is specifically provided for the combined residues by a regulation in this part. Carbofuran and its metabolites are membe rs of the class of cholinesterase-inhibiting pesticides. [REF-137]

  . A tolerance is established for the combined residues of the insectcide carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate), its carbamate metabolite 2,3-dihydro-2,2-dimethyl-3-hydroxy-7-benzofuranyl-N-methylcarbamate, and the phenolic metabolites 2,3-dihydro-2,2-dimethyl-7-benzofuranol, 2,3-dihydro-2,2-dimethyl-7-benzofuranol and 2,3-dihydro-2,2-dimethyl-3, 7-benzofurandiol in or on the following food commodity: Raisins (of which no more than 1.0 ppm is carbamate). [REF-138]

  . Tolerances is established for the combined residues of the insectcide carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate), its carbamate metabolite 2,3-dihydro-2,2-dimethyl-3-hydroxy-7-benzofuranyl-N-methylcarbamate, and the phenolic metabolites 2,3-dihydro-2,2-dimethyl-7-benzofuranol, 2,3-dihydro-2,2-dimethyl-3-oxo-7-benzofuranol and 2,3-dihydro-2,2-dimethyl-3, 7-benzofurandiol in or on the following food commodity: Grape pomace, dried (of which not more than 1.5 ppm are carbamates); Peanut soapstock, fatty acids (of which not more than 3.0 ppm are carbamates, reflecting residues of 8.0 ppm phenolic metabolite and 1.0 ppm alkaline soapstock); Raisin waste (of which not more than 3.0 ppm are carbamates); Soyabean soapstock, fatty acids (of which not more than 1.0 ppm is carbamates, reflecting residues of 2.0 ppm phenolic metabolites and 0.33 ppm carbamates in alkaline soapstock) ; Sunflower seed hulls (of which not more than 0.6 ppm is carbamates) ; Sunflower seed meal (of which not more than 0.6 ppm is carbamates) ; Sunflower seed soapstick (of which not more than0.5 ppm is carbamates, reflecting residues of 1.25 ppm phenolic metabolites and potential residues of 0.25 ppm carbamates in alkaline soapstock). [REF-139]

  . 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. Carbofuran 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: 0101; Pesticide type: Insecticide (miticide), fungicide (nematicide); Registration Standard Date: 07/18/84; Case Status: OPP is reviewing data from the pesticide's producers regarding its human health and/or environmental effects, or OPP is determining the pesticide's eligibility for reregistration and developing the Reregistration Eligibility Decision (RED) document.; Active ingredient (AI): Carbofuran; Data Call-in (DCI) Date(s): 03/09/92, 10/13/95; AI Status: The producers of the pesticide has made commitments to conduct the studies and pay the fees required for reregistration, and are meeting those commitments in a timely manner. [QR] [REF-150, p.94]

***13                      MONITORING AND ANALYSIS METHODS *** 

13-1 SAMPLING PROCEDURES:

  . Radishes, grown from seed in an environmental growth chamber, were treated by soil application at a rate of 0.2 lb/acre with Furadan 4 Flowable formulation containing (14)C-carbofuran. After three days, the radishes were harvested, the tops removed, and the roots rinsed to remove adhering soil. Radish tissues were blended in acetone and the extract collected by vacuum filtration. All blending times of 0.50 minutes or longer at maximum speed were of equal efficiency in extracting carbofuran, but the shorter times are preferred to keep the solvent temperature low. The most efficient speed ranges were at rheostat settings of 7-10 on the Model Pt-10-35 Polytron homogenizer. The Polytron homogenizer was an efficient device for extracting carbofuran from radishes, with 60% extraction possible. [REF-151]

13-2 ANALYTIC LABORATORY METHODS:

  . Carbamate residues: N-methylcarbamate insecticides residues are determined by gas chromatographic method. The method is applicable for carbofuran determination in apples, cabbage, collards, corn kernels, green beans, kale, & turnip tops. The residue is extraced from the crop with methyl cyanide, & the extract is purified by partitioning with petroleum ether & coagulating with phosphoric acid-ammonium chloride solution. Phenolic impurities are largely eliminated by partitioning methylene dichloride extraction with potassium hydroxide soln. Carbamate residues are treated with 1-fluoro-2,4-dinitrobenzene to form ether derivative. Residues may be detected at levels approx 0.05 ppm. Recoveries range from 90 to 110%. [REF-152, p.548 29.073]

  . A METHOD FOR DETERMINING CARBOFURAN RESIDUES ON FRUITS, VEGETABLES AND GRAINS IS DESCRIBED, USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY AND FLUOROMETRIC DETECTION. [REF-153]

  . A simple, direct method is described for detecting carbofuran in soils including methanol extraction followed by hexane-methanol-water (2:4:1) partition & liquid chromatographic analysis of the aqueous layer with UV detection at 280 nm. Recovery of carbofuran is approx 90% & less than 0.4 microgram/soil can be detected at medium detector sensitivity of 0.04 AUFS. [REF-154]

  . Reversed-phase high-performance liquid chromatography was used for detection of the phenolic carbofuran metabolites as their 2,4-dinitrophenyl ether derivatives. Detector wavelength was set at 280 or 300 nm. The absorption detection limits were 2-4 ng. [REF-155]

  . High-performance liquid chromatographic (HPLC) methods for the detection of carbofuran & its metabolites are described. Results obtained for carrot samples were compared with those obtained by gas chromatography & N-specific detection for carbofuran & 3-hydroxycarbofuran, & gas chromatography-mass spectrometry with selected ion monitoring for detection of the three 7-phenol metabolites. Variations in HPLC parameters for different commodities are presented. [REF-156]

  . Analytical procedures are described for the determination of carbosulfan & carbofuran residues in various crops, soil & water. Residues were detected by gas liquid chromatography using a N-selective detector. Good recoveries were achieved with check samples fortified at 0.05 ppm level with crops & soil, & at 0.01 ppm level with water. [REF-157]

  . An IR spectrophotometric method not requiring separation was developed for the analysis of carbofuran & various accompanying components. Carbofuran in concn of 5-10% can be assayed with an error of 0.3 to 0.5%. Carbofuran was measured in presence of DMF, fugran, pearl granule, & perlite. [REF-158]

  . Thin-layer chromatographic procedure was used to detect carbofuran in air. [REF-159]

  . Carbofuran & bendiocarb were detected colorimetrically by using p-nitroaniline as coupling agent instead of sulfanilic acid. The red-colored compounds obtained were stable for 24 & 6 hr, respectively, & exhibited a maximum absorption at 520 nm. The minimum amount detected was 2 ppm. [REF-160]

  . Application of high pressure liquid chromatography to the screening of several carbamate pesticides in selected food is described. The pesticides are extracted from cabbage, corn, potato, and wheat. Detection limits of 0.004-0.05 ppm are obtained for such carbamates as swep, carbaryl, zectran, matacil, and mobam, while others like landrin, carbofuran, and banol could be detected at 0.1-0.3 ppm. [REF-161]

  . Analytical method for the determination of carbofuran & its metabolite 3-hydroxy-carbofuran consists of a GLC technique using a nitrogen specific microcoulometric detector: Cook RF et al; J Agric Food Chem 17: 227-82 (1969). [REF-17, p.86]

  . A liquid chromatographic method using a 2-step purification technique for the simultaneous determination of 10 carbamates (including aldicarb, methomyl, methiocarb, and carbofuran) in bovine, swine, and duck livers was developed. Carbamates were extracted from liver samples with methylene chloride. After evaporation, the residues from the extract were dissolved in methylene chloride-cyclohexane (1 + 1) and cleaned up by gel permeation chromatography. The eluate containing carbamate residues was evaporated to dryness, reconstituted in methylene chloride, further purified by passing it through an aminopropyl Bond Elut extraction cartridge, and analyzed by liquid chromatography using post-column derivatization with o-phthalaldehyde and fluorescence detection. Excitation and emission were set at 340 and 418 nm, respectively. Liver samples for beef, pork, and duck were fortified with 5, 10, or 20 ppb of mixed carbamate standards. The avg of 10 recoveries of 10 carbamates at all 3 levels of fortification was greater than 80% with coefficients of variation less than 17%. [REF-162]

  . EMSLC Method #531.1. Measurement of N-methylcarbamoyloximes and N-methylcarbamates in Water by Direct Aqueous Injection High Performance Liquid Chromatography with Post Column Derivatization. Revision 3.0. Estimated detection limit = 1.5 ug/l. [REF-163]

  . EMSLC Method #632. Determination of Carbamate and Urea Pesticides in Industrial and Municipal Wastewater by High-Performance Liquid Chromatography. Method detection limit = 3.2 ug/l. [REF-164]

  . OSW Method# 8318. Determination of N-Methylcarbamates by High Performance Liquid Chromatography (HPLC). Method detection limit = 2.0 ug/l. [REF-165]

  . AOAC Method #975.40. N-Methylcarbamate Insecticide Residues by Gas Chromatographic Method. [REF-166, p.V1 291]

  . AOAC Method #985.23. N-Methylcarbamate Insecticide and Metabolite Residues by Liquid Chromatographic Method. [REF-166, p.V1 292]

  . AOAC Method #986.10. Carbofuran in Pesticide Formulations by Liquid Chromatographic Method. [REF-166, p.V1 215]

  . FDA Method #242.1. Organonitrogen Residues General Method for Nonfatty Food Including Acetone Extraction and Isolation in Organic Phase. [REF-167]

  . FDA method 242.2. Method for N-Methylcarbamate Residues. [REF-167]

13-3 CLINICAL LABORATORY METHODS:

  . Analytical method for the determination of carbofuran in animal tissue: Wong L, Fischer FM; J Agric Food Chem 23: 315 (1975); & Cook RF et al; J Agric Food Chem 25: 1013 (1977). [REF-17, p.86]

 ***14                   MANUFACTURING AND USE INFORMATION *** 

14-1 METHODS OF MANUFACTURING: 

  . Carbofuran may be prepared by the process ... /described/ in the flow sheet ... /of a production & waste schematic for carbofuran/, whereby 2-methallyloxyphenol was cyclized & rearranged to form a 7-hydroxybenzofuran, followed by esterification to form the carbamate. The starting material 2-methallyloxyphenol was prepared ... /from/ a stirred mixture of 322 parts of catechol in 300 parts of dry acetone ... under nitrogen atmosphere ... /to which/ 401 parts of potassium carbonate & 481 parts of potassium iodide /were added & refluxed/. ... 7-Hydroxy-2,2-dimethyl-2,3-dihydrobenzofuran was prepared ... /from/ 131 parts of 2-methallyloxyphenol /at 200 deg C/. ... The carbofuran product was prepared ... /from a/ solution of 16.4 parts 7-hydroxy-2,2-dimethyl-2,3-dihydrobenzofuran in 14 parts of ether ... treated with 5.8 parts methyl isocyanate & 0.1 part triethylamine. The mixture was stirred at room temp, & a white crystalline product precipitated. Separation of the solid yielded 17.5 parts of product ... Recrystallization from methylcyclohexane gave a purer product. (Scharpf WG, US Patent 3,474,171, October 21, 1969, assigned to FMC Corporation) [REF-114, p.145]

  . o-nitrophenol + methallyl chloride + methyl isocyanate (dehydrochlorination/nitro reduction/diazotisation/hydration/isocyanate addition) [REF-168, p.VA3 528]

  . Carbofuran is prepared by the Claisen rearrangement and cyclization of 2-methallyloxy-1-nitrobenzene to 2,3-dihydro-2,2-dimethyl-7-nitrobenzofuran. Reduction of the nitro compound gives the corresponding aniline, which is diazotized and concentrated by boiling to form the phenol. [REF-168, p.VA17 130]

14-2 FORMULATIONS/PREPARATIONS: 

  . TECHNICAL MATERIAL CONTAINS 98.8% ACTIVE MATERIAL. ... FURADAN GRANULES 10, 5, 3 AND 2% ACTIVE MATERIAL. FURADAN FLOWABLE PASTE 4 LB ACTIVE INGREDIENT/GALLON. FURADAN WETTABLE POWDER 75% ACTIVE MATERIAL. [REF-17, p.86]

  . Granule, flowable, wettable powder, flowable concentrate for seed treatments. [REF-11, p.C-70]

14-3  MANUFACTURERS: 

  . FMC Corporation, Hq, 200 East Randolph Drive, Chicago, IL 60601, (312) 861-6000; Agricultural Chemical Group, 1735 Market Street, Philadelphia, PA 19103, (215)299-6000; Production site: Institute, WV 25112 [REF-169]

14-4 OTHER MANUFACTURING INFORMATION: 

  . Types and methods of applications: Aerial and ground application as a granular or spray. [REF-170]

  . /Carbofuran/ is toxic to the carrot weevil, Listronotus oregonensis, by direct contact (0.1% w/v technical insecticide solution yielded 84% mortality). [REF-50, p.35]

  . ... /CARBOFURAN IS/ APPLIED TO FOLIAGE AT 0.25 TO 1.0 KG ACTIVE INGREDIENT/HECTARE FOR THE CONTROL OF INSECTS & MITES, OR APPLIED TO THE SEED FURROW AT 0.5 TO 4.0 KG ACTIVE INGREDIENT/HECTARE FOR CONTROL OF SOIL-DWELLING & FOLIAR-FEEDING INSECTS, OR BROADCAST AT 6-10 KG ACTIVE INGREDIENT/HECTARE FOR THE CONTROL OF NEMATODES. [REF-5, p.130]

  . PREPARATION & USE AS INSECTICIDE: NETHERLANDS PATENT APPL 6,407,316 (1964 TO BAYER), CHEM ABSTRACT 63: 583A (1965); NETHERLANDS PATENT APPL 6,500,340 CORRESPONDING TO WG SCHARPF, US PATENT 3,474,170-1 (1965, 1969 TO FMC); EF ORWOLL, US PATENT 3,356,690 (1967 TO FMC). [REF-9, p.273]

  . Discovered by Niagara Chemical Division of FMC & developed in Canada by Niagara Brand Chemicals. US patent 3,474,170-1; Canadian patent 824,686 & 824,688; West German patent 1,493,646. [REF-17, p.86]

  . Compatible with other pesticides, except those which are alkaline. [REF-171, p.153]

  . ... CANADIAN PATENT 824,686 AND 824,688 ... /SRP: EARLY PATENTS ASSIGNED TO FMC AND BAYER/. [REF-17, p.86]

  . Numerous corn producers in Illinois have reported poor control of rootworms with Furadan 10 G, a carbofuran insecticide. Results of studies conducted to assess carbofuran persistence in soils with and without histories of Furadan 10 G use are discussed. [REF-172]

  . Orwoll EF, US Patent 3,356,690, December 5, 1967, assigned to FMC Corporation; & Heiss R et al, US Patent 3,470,299, September30, 1969, assigned to Farbenfabriken Bayer AG, Germany. [REF-114, p.147]

14-5 MAJOR USES: 

  . BROAD SPECTRUM INSECTICIDE, NEMATOCIDE [REF-11, p.C-70]

  . SYSTEMIC INSECTICIDE, ACARICIDE, NEMATOCIDE [REF-9, p.273250]

  . /CARBOFURAN IS/ EFFECTIVE AGAINST A NUMBER OF MITES WITH THE EXCEPTION OF SOME TETRANYCHUS [REF-17, p.86]

  . OUTSIDE USA: OVERSEAS USES INCLUDE BANANAS, COFFEE AND SUGAR BEETS. GRANULES ARE USED IN LOWLAND RICE. [REF-11, p.C-70]

  . /In Canada/ carbofuran is registered for use in control of out-breaks of grasshoppers using aerial applications of carbofuran up to 140 g active ingredient/hectare. [REF-50, p.14]

  . Canada: Highest rate of carbofuran registered for the control of wireworms in potatoes at 5.6 kg active ingredient/hectare. [REF-50, p.6]

  . Registered uses of carbofuran in Canada: Limitations are as follows: Do not apply to crops within the following pre-harvest intervals (days): alfalfa (7); barley (21); corn (7); flax (21); mustard (21); oats (21); pastures (1); pepper, green (3); potato (7); rape (60); rutabaga (40); sweet clover (28); sunflower (60); tomato, field (30); turnip (40); wheat (21). Do not feed foliage of treated turnips to livestock; mature roots may be fed. On alfalfa, do not apply during bloom, or allow spray to drift toward beehives. Do not graze or feed to livestock within the following intervals (days) after application: alfalfa (7); barley (21); corn (3); oats (21); mustardseed (21); pastures (1); rape seed (60); sweet clover (28); wheat (21). Do not make more than the following number of applications per season: barley (2); flax (1); mustard (1 at 140 g ai/ha or 2 at 70 g ai/ha); oats (2); pastures (2); pepper, green (6); rape (1 at 140 g ai/ha or 2 at 70 g ai/ha); sunflower (2); sweet clover (2); tomato, field (3); wheat (2). Do not permit livestock to graze on road sides or headlands within 1 day after application. ... Commercial class products limited to a maximum carbofuran content of 10%. [REF-50, p.148]

14-6 CONSUMPTION PATTERNS:

    [SRI] ABOUT 82% AS AN INSECTICIDE ON CORN; ABOUT 15% AS AN INSECTICIDE ON ALFALFA; AND THE BALANCE ON TOBACCO AND OTHER FIELD CROPS (1974) 

    Applied to Alfalfa, 47.1%; Rice, 42.2%; Turf, 6.7%; Grapes, 2.4% Remainder on other grains, fruits and vegetables, and non-food crops (1984) /California use, calculated from table/ [REF-173, p.14-15]

    (1984) 9.35X10+7 g /California use, calculated from table/ [REF-173, p.14-15]

    Carbofuran use in US agriculture = 7156X1000 lbs AI/yr in 1989. [REF-174]

14-7 U.S. PRODUCTION:

    [SRI] (1972) 2.72X10+9 G 

    [SRI] (1975) 6.8X10+9 G (EST) 

14-8 U.S. EXPORTS:

    [SRI] (1972) 4.54X10+8 G 

  ***15                          CHEMICAL AND PHYSICAL PROPERTIES ***

15-1 MOLECULAR WEIGHT             : 221.26 [REF-9, p.273]

15-2 MELTING POINT                : 151 deg C [REF-175, p.3-110]

15-3 DENSITY/SPECIFIC GRAVITY     : 1.180 AT 20 DEG C/20 DEG C [REF-175, p.3-110]

15-4 VAPOR PRESSURE               : 3.4x10-6 mm Hg at 25 deg C [REF-50, p.141]

15-5 CORROSIVITY                  : Non-corrosive [REF-8, p.A060/Aug 87]

15-6 OCTANOL/WATER PARTITION COEFFICIENT:

                               log Kow= 2.32 [REF-176, p.455]

15-7 SOLUBILITIES: 

  . 700 PPM IN WATER AT 25 DEG C [REF-9, p.273]

  . AT 25 DEG C: 150 G/KG ACETONE; 140 G/KG ACETONITRILE; 40 G/KG BENZENE; 90 G/KG CYCLOHEXANONE; 270 G/KG DIMETHYLFORMAMIDE; 250 G/KG DIMETHYL SULFOXIDE; 300 G/KG 1-METHYL-2-PYRROLIDONE [REF-5, p.130]

  . It is essentially insoluble in conventional formulation solvents used in agriculture [REF-5, p.130]

  . Barely sol in xylene & petroleum ether [REF-8, p.A060/Aug 87]

  . In water 320 mg/l (20 deg C. In dichloromethane >200, isopropanol 20-50, toluene 10-20 (all in g/l, 20 deg C) [REF-171, p.152]

15-8 SPECTRAL PROPERTIES: 

  . Intensity of mass spectral peaks: 164 M/z (100%), 149 M/z (66%), 122 M/z (20%), 123 M/z (18%) [REF-177, p.227]

15-9 OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . Technical carbofuran is an odorless, white crystalline solid. Its physiochemical properties include: MP: between 150-152 deg C; vapor pressure: 2X10-5 torr at 33 deg C; its solubility at 25 deg C in water is slight, about 700 ppm /Technical grade/ [REF-20, p.218]

  . Melting point = 153-154 deg C (pure); 150-152 deg C (tech) [REF-171, p.152]

  . Vapor pressure = 0.031 mPa at 20 deg C; 0.072 mPa at 25 deg C [REF-171, p.152]

  . Unstable in alkaline media. Stable in acidic and neutral media. Decomposes > 150 deg C. Decomposition Time 50% (22 deg C): >>1 year(pH 4), 121 days(pH 7), 31 days(pH 9). [REF-171, p.152]

*** 16                                           REFERENCES *** 

16-1 SPECIAL REPORTS:

  . NATL RES COUNC CAN ASSOC COMM SCI CRITERIA ENVIRON QUAL; CARBOFURAN: CRITERIA FOR INTERPRETING THE EFFECTS OF ITS USE ON ENVIRONMENTAL QUALITY; NATL RES COUNC CAN ASSOC COMM SCI CRITER ENVIRON QUAL PUBL; 0 (16740) 1-191 (1979). MUTAGENIC, TERATOGENIC, AND CARCINOGENIC EFFECTS OF CARBOFURAN ON MICROORGANISMS, PLANTS, INVERTEBRATES, BIRDS, INSECTS AND MAMMALS ARE DISCUSSED. DETECTION OF RESIDUES IN SOIL, FOOD & AQUATIC ECOSYSTEMS IS INVESTIGATED.

  . Kearney PC; Offic Anal Chem Assoc 59 (4): 866 (1976). An International Union of Pure and Applied Chemistry commission discussed terminal pesticide residues at its eighth meeting in October 1974. Topics of reports presented include: terminal organochlorine compound residues, including chlordane, aldrin, dieldrin, endrin, and toxaphene, and decomposition of these residues; terminal organophosphorus residues, including diazinon, cyanofenphos, and leptophos, and their effects on animals, plants, and soil; terminal carbamate residues, including nitrosocarbaryl, carbaryl, carbofuran, methomyl, aminocarb, mexacarb, and meobal; terminal fumigant residues, including methyl bromide, ethylene oxide, and phosphine; and terminal herbicide residues, including phenylamide-type pesticides and chloromequat.

  . California State Dept Food and Agriculture. Pesticide Use Report Annual (1984)

  . USEPA/ODW; Health Advisory for Carbofuran (Draft) (1985)

  . Gupta Rc; J Toxicol Environ Health 43 (4): 383-418(1994)] A comprehensive review of the toxicity of carbofuran.

16-2  PRIOR HISTORY OF ACCIDENTS:

  . ... A flowable formulation of carbofuran was applied one evening by helicopter to 192 hectare of corn (maize) being raised for hybrid seed. Early next morning 142 boys & girls, 13 to 16 years old, entered the treated area to remove tassels from the plants. By early afternoon, 74 of them complained of dizziness, nausea, &/or blurred vision. A total of 40 were treated with atropine. Twenty-nine were hospitalized, but 28 were released in a few hours, & only 1 was kept in the hospital overnight. After the episode, it was learned that the original intent was to apply carbaryl, a compound recommended for the purpose. ... This unusual accident illustrates the rapid onset, mild illness, & quick recovery characteristic of moderate over absorption of carbamates. [REF-4, p.454]
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