***SUBSTANCE IDENTIFICATION ***

1-1 HSDB CHEMICAL NAME           : FURAN
1-2 CAS REGISTRY NUMBER          : 110-00-9
1-3 SYNONYMS:

    AXOLE [REF-1, p.698]; DIVINYLENE OXIDE ; 1,4-EPOXY-1,3-BUTADIENE [REF-2, p.C-280]; FURFURAN ; NCI-C56202 ; OXACYCLOPENTADIENE ; OXOLE ; Tetrol [REF-3, p.545]; TETROLE 

1-4 MOLECULAR FORMULA            : C4-H4-O [REF-4, p.613]

1-5 SHIPPING NUMBER/NAME:

    UN 2389; Furan
    IMO 3.1; Furan
1-6 STCC NUMBER/NAME:

    49 091 75; Furan
2***DESCRIPTION AND WARNING PROPERTIES ***

2-1 COLOR/FORM:

    Colorless liquid, turns brown upon standing [REF-5]

2-2 ODOR:

    Ethereal [REF-6, p.404]

3***SAFETY HAZARDS AND PROTECTION ***

3-1DOT EMERGENCY GUIDELINES: 

  . Fire or explosion: HIGHLY FLAMMABLE: Will be easily ignited by heat, sparks or flames. Vapors may form explosive mixtures with air. Vapors may travel to source of ignition and flash back. Most vapors are heavier than air. They will spread along ground and collect in low or confined areas (sewers, basements, tanks). Vapor explosion hazard indoors, outdoors or in sewers. Some may polymerize (P) explosively when heated or involved in a fire. Runoff to sewer may create fire or explosion hazard. Containers may explode when heated. Many liquids are lighter than water. [QR] [REF-7, p.G-127]

  . Health: Inhalation or contact with material may irritate or burn skin and eyes. Fire may produce irritating, corrosive and/or toxic gases. Vapors may cause dizziness or suffocation. Runoff from fire control may cause pollution. [QR] [REF-7, p.G-127]

  . Public safety: CALL Emergency Response Telephone Number on Shipping Paper first. 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. Ventilate closed spaces before entering. [QR] [REF-7, p.G-127]

  . Protective clothing: Wear positive pressure self-contained breathing apparatus (SCBA). Structural firefighters' protective clothing will only provide limited protection. [QR] [REF-7, p.G-127]

  . Evacuation: Large spill: Consider initial downwind evacuation for at least 300 meters (1000 feet). 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-7, p.G-127]

  . Fire: CAUTION: All these products have a very low flash point: Use of water spray when fighting fire may be inefficient. Small fires: Dry chemical, CO2, water spray or alcohol-resistant foam. Large fires: Water spray, fog or alcohol-resistant foam. Do not use straight streams. Move containers from fire area if you can do it without risk.
. Fire involving tanks or car/trailer loads: Fight fire from maximum distance or use unmanned hose holders or monitor nozzles. 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-7, p.G-127]

  . Spill or leak: ELIMINATE all ignition sources (no smoking, flares, sparks or flames in immediate area). All equipment used when handling the product must be grounded. Do not touch or walk through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways, sewers, basements or confined areas. A vapor suppressing foam may be used to reduce vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer to containers. Use clean non-sparking tools to collect absorbed material. Large spills: Dike far ahead of liquid spill for later disposal. Water spray may reduce vapor; but may not prevent ignition in closed spaces. [QR] [REF-7, p.G-127]

  . First aid: Move victim to fresh air. Call emergency medical care. Apply artificial respiration if victim is not breathing. 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. Wash skin with soap and water. Keep victim warm and quiet. Ensure that medical personnel are aware of the material(s) involved, and take precautions to protect themselves. [QR] [REF-7, p.G-127]

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

  . Highly dangerous when exposed to heat or flame [REF-8, p.1462]

4-2 NFPA HAZARD CLASSIFICATION: 

  . Health: 1. 1= Materials that, on exposure, would cause irritation, but only minor residual injury, including those requiring the use of an approved air-purifying respirator. These materials are only slightly hazardous to health and breathing protection is needed. [REF-9, p.325M-55]

  . Flammability: 4. 4= Includes flammable gases, pyrophoric liquids, and Class IA flammable liquids. The preferred method of fire attack is to stop the flow of material or to protect exposures while allowing the fire to burn itself out. [REF-9, p.325M-55]

  . Reactivity: 1. 1= Includes materials that are normally stable, but may become unstable at elevated temperatures and pressures and materials that will react with water with some release of energy, but not violently. Fires involving these materials should be approached with caution. [REF-9, p.325M-55]

4-3 FLAMMABLE LIMITS:

    Lower 2.3%, upper 14.3% (% by vol) [REF-9, p.325M-55]

4-4 FLASH POINT:

    -32 deg F (-35 deg C) (Closed cup) [REF-10, p.728]

4-5 FIRE FIGHTING PROCEDURES: 

  . Water may be ineffective fighting fires /of chemicals/ with low flash points. [REF-9, p.325M-55]

  . If material on fire or involved in fire: Do not extinguish fire unless flow can be stopped. Use water in flooding quantities as fog. Solid streams of water may spread fire. Cool all affected containers with flooding quantities of water. Apply water from as far a distance as possible. Use foam, dry chemical, or carbon dioxide. [REF-11, p.526]

4-6 EXPLOSIVE LIMITS AND POTENTIAL: 

  . Moderate when exposed to flame. The low boiling point of this material makes it easy to obtain explosive concentrations of the vapor in inadequately ventilated areas. [REF-8, p.1462]

4-7 REACTIVITIES AND INCOMPATIBILITIES: 
  . Contact with acids can initiate a violent exothermic reaction. [REF-8, p.1462]

4-8 DECOMPOSITION: 

  . Furan is a heat-stable cmpd although, @ 670 deg C in the absence of catalyst, or @ 360 deg C in the presence of nickel, it decomposes to form a mixture consisting mainly of carbon monoxide, hydrogen, and hydrocarbons. [REF-12, p.V11 516]

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

  . Personnel protection: ... Wear appropriate chemical protective gloves, boots and goggles. [REF-11, p.526]

  . Breakthrough times less (usually significantly less) than one hour reported by (normally) two or more testers for natural rubber (nat rub), neoprene (neop), neoprene/natural rubber (neop/nat rub), nitril rubber (nitril), chlorinated polyethylene (CPE), polyvinyl alcohol (PVA), and polyvinyl chloride (PVC). No data for butyl rubber (butyl), polyethlene (PE), polyurethane (PU), and viton. [REF-13, p.55]

  . PRECAUTIONS FOR "CARCINOGENS": ... Dispensers of liq detergent /should be available./ ... Safety pipettes should be used for all pipetting. ... In animal laboratory, personnel should ... wear protective suits (preferably disposable, one-piece & close-fitting at ankles & wrists), gloves, hair covering & overshoes. ... In chemical laboratory, gloves & gowns should always be worn ... however, gloves should not be assumed to provide full protection. Carefully fitted masks or respirators may be necessary when working with particulates or gases, & disposable plastic aprons might provide addnl protection. ... Gowns ... /should be/ of distinctive color, this is a reminder that they are not to be worn outside the laboratory. /Chemical Carcinogens/ [REF-14, p.8]

5-2 OTHER PREVENTATIVE MEASURES:
  . ... Adequate ventilation /must/ be provided in areas handling this chemical. Contact with liq must be avoided since this chemical /furan/ can be absorbed through the skin. [REF-8, p.1462]

  . 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. [REF-11, p.526]

  . Personnel Protection: Avoid breathing vapors. Keep upwind. ... 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. [REF-11, p.526]

  . 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. 

  . PRECAUTIONS FOR "CARCINOGENS": Smoking, drinking, eating, storage of food or of food & beverage containers or utensils, & the application of cosmetics should be prohibited in any laboratory. All personnel should remove gloves, if worn, after completion of procedures in which carcinogens have been used. They should ... wash ... hands, preferably using dispensers of liq detergent, & rinse ... thoroughly. Consideration should be given to appropriate methods for cleaning the skin, depending on nature of the contaminant. No standard procedure can be recommended, but the use of organic solvents should be avoided. Safety pipettes should be used for all pipetting. /Chemical Carcinogens/ [REF-14, p.8]

  . PRECAUTIONS FOR "CARCINOGENS": In animal laboratory, personnel should remove their outdoor clothes & wear protective suits (preferably disposable, one-piece & close-fitting at ankles & wrists), gloves, hair covering & overshoes. ... Clothing should be changed daily but ... discarded immediately if obvious contamination occurs ... /also,/ workers should shower immediately. In chemical laboratory, gloves & gowns should always be worn ... however, gloves should not be assumed to provide full protection. Carefully fitted masks or respirators may be necessary when working with particulates or gases, & disposable plastic aprons might provide addnl protection. If gowns are of distinctive color, this is a reminder that they should not be worn outside of lab. /Chemical Carcinogens/ [REF-14, p.8]

  . PRECAUTIONS FOR "CARCINOGENS": ... Operations connected with synth & purification ... should be carried out under well-ventilated hood. Analytical procedures ... should be carried out with care & vapors evolved during ... procedures should be removed. ... Expert advice should be obtained before existing fume cupboards are used ... & when new fume cupboards are installed. It is desirable that there be means for decreasing the rate of air extraction, so that carcinogenic powders can be handled without ... powder being blown around the hood. Glove boxes should be kept under negative air pressure. Air changes should be adequate, so that concn of vapors of volatile carcinogens will not occur. /Chemical Carcinogens/ [REF-14, p.8]

  . PRECAUTIONS FOR "CARCINOGENS": Vertical laminar-flow biological safety cabinets may be used for containment of in vitro procedures ... provided that the exhaust air flow is sufficient to provide an inward air flow at the face opening of the cabinet, & contaminated air plenums that are under positive pressure are leak-tight. Horizontal laminar-flow hoods or safety cabinets, where filtered air is blown across the working area towards the operator, should never be used ... Each cabinet or fume cupboard to be used ... should be tested before work is begun (eg, with fume bomb) & label fixed to it, giving date of test & avg air-flow measured. This test should be repeated periodically & after any structural changes. /Chemical Carcinogens/ [REF-14, p.9]

  . PRECAUTIONS FOR "CARCINOGENS": Principles that apply to chem or biochem lab also apply to microbiological & cell-culture labs ... Special consideration should be given to route of admin. ... Safest method of administering volatile carcinogen is by injection of a soln. Admin by topical application, gavage, or intratracheal instillation should be performed under hood. If chem will be exhaled, animals should be kept under hood during this period. Inhalation exposure requires special equipment. ... Unless specifically required, routes of admin other than in the diet should be used. Mixing of carcinogen in diet should be carried out in sealed mixers under fume hood, from which the exhaust is fitted with an efficient particulate filter. Techniques for cleaning mixer & hood should be devised before expt begun. When mixing diets, special protective clothing &, possibly, respirators may be required. /Chemical Carcinogens/ [REF-14, p.9]

  . PRECAUTIONS FOR "CARCINOGENS": When ... admin in diet or applied to skin, animals should be kept in cages with solid bottoms & sides & fitted with a filter top. When volatile carcinogens are given, filter tops should not be used. Cages which have been used to house animals that received carcinogens should be decontaminated. Cage-cleaning facilities should be installed in area in which carcinogens are being used, to avoid moving of ... contaminated /cages/. It is difficult to ensure that cages are decontaminated, & monitoring methods are necessary. Situations may exist in which the use of disposable cages should be recommended, depending on type & amt of carcinogen & efficiency with which it can be removed. /Chemical Carcinogens/ [REF-14, p.10]

  . PRECAUTIONS FOR "CARCINOGENS": To eliminate risk that ... contamination in lab could build up during conduct of expt, periodic checks should be carried out on lab atmospheres, surfaces, such as walls, floors & benches, & ... interior of fume hoods & airducts. As well as regular monitoring, check must be carried out after cleaning-up of spillage. Sensitive methods are required when testing lab atmospheres. ... Methods ... should ... where possible, be simple & sensitive. /Chemical Carcinogens/ [REF-14, p.10]

  . PRECAUTIONS FOR "CARCINOGENS": Rooms in which obvious contamination has occurred, such as spillage, should be decontaminated by lab personnel engaged in expt. Design of expt should ... avoid contamination of permanent equipment. ... Procedures should ensure that maintenance workers are not exposed to carcinogens. ... Particular care should be taken to avoid contamination of drains or ventilation ducts. In cleaning labs, procedures should be used which do not produce aerosols or dispersal of dust, ie, wet mop or vacuum cleaner equipped with high-efficiency particulate filter on exhaust, which are avail commercially, should be used. Sweeping, brushing & use of dry dusters or mops should be prohibited. Grossly contaminated cleaning materials should not be re-used ... If gowns or towels are contaminated, they should not be sent to laundry, but ... decontaminated or burnt, to avoid any hazard to laundry personnel. /Chemical Carcinogens/ [REF-14, p.10]

  . PRECAUTIONS FOR "CARCINOGENS": Doors leading into areas where carcinogens are used ... should be marked distinctively with appropriate labels. Access ... limited to persons involved in expt. ... A prominently displayed notice should give the name of the Scientific Investigator or other person who can advise in an emergency & who can inform others (such as firemen) on the handling of carcinogenic substances. /Chemical Carcinogens/ [REF-14, p.11]

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

  . /TURNS/ BROWN ON STANDING; COLOR CHANGE IS RETARDED IF SMALL AMT OF WATER ADDED [REF-3, p.545]

  . Unstabilized, it may form unstable peroxides on exposure to air and should always be tested before distillation. Washing with an aqueous solution of ferrous sulfate slightly acidified with sodium bisulfite will remove these peroxides. [REF-8, p.1462]

6-2 STORAGE CONDITIONS: 

  . PRECAUTIONS FOR "CARCINOGENS": Storage site should be as close as practical to lab in which carcinogens are to be used, so that only small quantities required for ... expt need to be carried. Carcinogens should be kept in only one section of cupboard, an explosion-proof refrigerator or freezer (depending on chemicophysical properties ...) that bears appropriate label. An inventory ... should be kept, showing quantity of carcinogen & date it was acquired ... Facilities for dispensing ... should be contiguous to storage area. /Chemical Carcinogens/ [REF-14, p.13]

6-3 CLEANUP METHODS: 

  . PURIFICATION OF WASTEWATER CONTAINING FURAN COMPOUNDS WAS IMPROVED BY ADDING 5-500 MG/L ALKYLARYLPYRIDINIUM TO WASTEWATER. [REF-15]

  . PRECAUTIONS FOR "CARCINOGENS": A high-efficiency particulate arrestor (HEPA) or charcoal filters can be used to minimize amt of carcinogen in exhausted air ventilated safety cabinets, lab hoods, glove boxes or animal rooms ... Filter housing that is designed so that used filters can be transferred into plastic bag without contaminating maintenance staff is avail commercially. Filters should be placed in plastic bags immediately after removal ... The plastic bag should be sealed immediately ... The sealed bag should be labelled properly ... Waste liquids ... should be placed or collected in proper containers for disposal. The lid should be secured & the bottles properly labelled. Once filled, bottles should be placed in plastic bag, so that outer surface ... is not contaminated ... The plastic bag should also be sealed & labelled. ... Broken glassware ... should be decontaminated by solvent extraction, by chemical destruction, or in specially designed incinerators. /Chemical Carcinogens/ [REF-14, p.15]

6-4 DISPOSAL METHODS: 

  . Generators of waste (equal to or greater than 100 kg/mo) containing this contaminant, EPA hazardous waste number U124, must conform with USEPA regulations in storage, transportation, treatment and disposal of waste. [REF-16]

  . A good candidate for liquid injection incineration at a temperature range of 650 to 1,600 deg C and a residence time of 0.1 to 2 seconds. Also, good candidate for rotary kiln incineration at a temperature range of 820 to 1,600 deg C and residence times of seconds for liquids and gases, and hours for solids. Also, a good candidate for fluidized bed incineration at a temperature range of 450 to 980 deg C and residence times of seconds for liquids and gases, and longer for solids. /From table/ [REF-17, p.3-13]

  . PRECAUTIONS FOR "CARCINOGENS": There is no universal method of disposal that has been proved satisfactory for all carcinogenic compounds & specific methods of chem destruction ... published have not been tested on all kinds of carcinogen-containing waste. ... summary of avail methods & recommendations ... /given/ must be treated as guide only. /Chemical Carcinogens/ [REF-14, p.14]

  . PRECAUTIONS FOR "CARCINOGENS": ... Incineration may be only feasible method for disposal of contaminated laboratory waste from biological expt. However, not all incinerators are suitable for this purpose. The most efficient type ... is probably the gas-fired type, in which a first-stage combustion with a less than stoichiometric air:fuel ratio is followed by a second stage with excess air. Some ... are designed to accept ... aqueous & organic-solvent solutions, otherwise it is necessary ... to absorb soln onto suitable combustible material, such as sawdust. Alternatively, chem destruction may be used, esp when small quantities ... are to be destroyed in laboratory. /Chemical Carcinogens/ [REF-14, p.15]

  . PRECAUTIONS FOR "CARCINOGENS": HEPA (high-efficiency particulate arrestor) filters ... can be disposed of by incineration. For spent charcoal filters, the adsorbed material can be stripped off at high temp & carcinogenic wastes generated by this treatment conducted to & burned in an incinerator. ... LIQUID WASTE: ... Disposal should be carried out by incineration at temp that ... ensure complete combustion. SOLID WASTE: Carcasses of lab animals, cage litter & misc solid wastes ... should be disposed of by incineration at temp high enough to ensure destruction of chem carcinogens or their metabolites. /Chemical Carcinogens/ [REF-14, p.15]

  . PRECAUTIONS FOR "CARCINOGENS": ... Small quantities of ... some carcinogens can be destroyed using chem reactions ... but no general rules can be given. ... As a general technique ... treatment with sodium dichromate in strong sulfuric acid can be used. The time necessary for destruction ... is seldom known ... but 1-2 days is generally considered sufficient when freshly prepd reagent is used. ... Carcinogens that are easily oxidizable can be destroyed with milder oxidative agents, such as saturated soln of potassium permanganate in acetone, which appears to be a suitable agent for destruction of hydrazines or of compounds containing isolated carbon-carbon double bonds. Concn or 50% aqueous sodium hypochlorite can also be used as an oxidizing agent. /Chemical Carcinogens/ [REF-14, p.16]

  . PRECAUTIONS FOR "CARCINOGENS": Carcinogens that are alkylating, arylating or acylating agents per se can be destroyed by reaction with appropriate nucleophiles, such as water, hydroxyl ions, ammonia, thiols & thiosulfate. The reactivity of various alkylating agents varies greatly ... & is also influenced by sol of agent in the reaction medium. To facilitate the complete reaction, it is suggested that the agents be dissolved in ethanol or similar solvents. ... No method should be applied ... until it has been thoroughly tested for its effectiveness & safety on material to be inactivated. For example, in case of destruction of alkylating agents, it is possible to detect residual compounds by reaction with 4(4-nitrobenzyl)-pyridine. /Chemical Carcinogens/ [REF-14, p.17]

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

7-1 HUMAN TOXICITY EXCERPTS:

    VAPORS ARE /CNS DEPRESSANT/. [REF-4, p.613]

    Gastrointestinal congestion, liver damage, low blood pressure, fatigue, and headache are potential adverse effects following overexposure to furan. [REF-18, p.7]

    A total of 39 molders and coreloakers exposed to furan resin sand and 27 unexposed local controls were examined by lung-function tests before and after a work shift. In all, 28 of the subjects exposed to furan resin sand and the control group were evaluated by dynamic spirometry and nitrogen washout. The remaining 11 subjects exposed to furan resin sand were studied using both static and dynamic spirometry and the CO single-breath technique. The time-weighted average exposure to furfuryl alcohol was about 7 mg/cu m, with peak values exceeding the present Swedish short-term exposure limit (40 mg/cu m). The exposure to respirable dust and formaldehyde as time-weighted over the shift was <2 mg/cu m and 0.4 mg/cu m, respectively, in all groups. During the work shift studied, the 28 exposed subjects had more complaints of airway symptoms than did the controls, showing an average decrease of 0.21 in forced vital capacity but no fall in any other lung-function variable. The remaining 11 exposed subjects demonstrated a post-shift decrease in total lung capacity. The results indicate an acute restrictiveness induced by exposure to furan resin sand, but the underlying mechanism is unclear. Chronic impairment of lung function was not observed. [REF-19]

7-2 NON-HUMAN TOXICITY EXCERPTS:

    FURAN IS ... HIGHLY TOXIC BY INHALATION IN ANIMALS ... SYMPTOMS OF INTOXICATION ... WITH INHALATION /ARE/ INCREASE IN RESPIRATORY RATE, FALL OF BLOOD PRESSURE, CONVULSIVE MOVEMENTS, COMPLETE ANESTHESIA, DEATH FROM ASPHYXIA DUE TO PARALYSIS OF THE MEDULLA. IT HAS BEEN SUGGESTED, ON BASIS OF ITS RESEMBLANCE TO DIVINYL ETHER, THAT IT MIGHT BE SUITABLE AS SURGICAL ANESTHETIC, BUT IT HAS MARKED TOXIC EFFECT ON CNS AND CAUSES MARKED FALL IN BLOOD PRESSURE AND INCREASE IN MUSCULAR TONUS AS ANESTHESIA DEEPENS. ... DOGS AND RABBITS COLLAPSED AND DIED AFTER 2 INHALATIONS FROM SATURATED COTTON WAD. [REF-1, p.699]

    IT HAS A CORROSIVE EFFECT ON MUCOUS MEMBRANES OF MOUTH WHEN GIVEN ORALLY ... WITH ORAL ADMIN, A COPIOUS FLOW OF BLOODY SALIVA & WATERY FLUID FROM NOSE /OCCURRED/. ... WITH IV INJECTION /IT/ CAUSES SYMPTOMS AND POST-MORTEM CHANGES SIMILAR TO THOSE OF ACUTE CYANIDE POISONING. ... CONVULSIONS /WERE/ FOLLOWED RAPIDLY BY DEATH. [REF-1, p.699]

    CHANGES IN THE ORGANISM /ARE/ (1) GI TRACT HEMORRHAGES, WITH PARTIAL DESTRUCTION OF MUCOSA FOLLOWING ORAL ADMIN. (2) LUNGS MARKEDLY HYPEREMIC. (3) BLOOD VESSELS MUCH DILATED; BLOOD CHERRY RED. (4) KIDNEYS SOFT & SWOLLEN. (5) LIVER RESEMBLED FIRST STAGES OF CHLOROFORM POISONING. [REF-1, p.699]

    WHEN APPLIED IN 1-50% SOLUTIONS TO GUINEA PIG SKIN, FURAN WAS IRRITATING & ALLERGENIC. [REF-20]

    RESP TRACT RETENTION OF FURAN WAS STUDIED IN DOGS AS PART OF BROAD INVESTIGATION OF COMPOUNDS FOUND IN VAPOR PHASE OF CIGARETTE SMOKE. APPARENTLY, FURAN IS HIGHLY TOXIC & IT IS READILY ABSORBED BY INHALATION ROUTE. [REF-21]

    Serum transaminases (glutamic-oxalacetic transaminase (GOT), glutamic-pyruvic transaminase (GPT) and ornithine carbamyltransferase) were determined in rats treated with subtoxic doses of furan. Only glutamic-oxalacetic transaminase increased in rats treated with furan. [REF-22]

    Furan was found to be negative when tested for mutagenicity using the Salmonella/microsome preincubation assay, using the standard protocol approved by the National Toxicology Program (NTP). Furan was tested in as many as 5 Salmonella typhimurium strains (TA1535, TA1537, TA97, TA98, and TA100) in the presence and absence of rat and hamster liver S-9 fractions, at doses of 0.0333, 0.100, 0.3333, 1.000, and 3.3333 mg/plate. The highest ineffective dose tested in any S typhimurium strain was 3.3333 mg/plate. Precipitate was found in cultures containing the two highest doses. [REF-23]

    ... Male ICR Swiss mice ... were given a single ip injection of 5.1 mmol/kg of furan dissolved in sesame oil. Controls received an equivalent dose of sesame oil. Mice were sacrificed 24 hr postdosing. ... Furan induced massive centrilobular necrosis in the liver and slight proximal tubular necrosis in the kidneys. [REF-24, p.9]

    ... Male ddY mice, 7 wk of age, SPF-grade, received a single ip injection (0.2 mg/kg) of furan. ... Mice were sacrificed 24 hr after dosing. ... Severe coagulation necrosis of tubular cells of the kidney cortex, tubular precipitate, and slight atrophy of glomeruli were observed. Medullary cells appeared normal. The kidney lesions were accompanied by elevated levels of kidney calcium and plasma urea. The liver showed a massive coagulation necrosis of centrilobular parenchymal cells. /This was/ ... accompanied by elevated levels of liver calcium content and plasma glutamate pyruvate transaminase activity. The damaging effects ... on the kidneys and liver were prevented by pretreatment with inhibitors of microsomal enzymes, carbon disulfide, and diethyldithiocarbamate, admin orally 1 hr prior to furan admin. [REF-25, p.12]

    ... In male ICR mice ... furan caused lung damage at an ip dose of 5.15 mmol/kg in 5 ml sesame oil. Severe bronchiolar necrosis was observed in the lungs 24 hr postdosing. [REF-26, p.13]

    Lethal concn for rats in air: 30400 ppm [REF-4, p.613]

    Subchronic gavage studies /were conducted/ on furan and used F-344 rats and B6C3F1 mice for 13 weeks at doses ranging from 0-60 mg/kg furan in corn oil, 5 days/week. Groups of 10 male and 10 female rats and 10 female mice received doses of 60, 30, 15, 8, 4 and 0 mg/kg. Groups of 10 male mice received doses of 30, 15, 8, 4, 2 and 0 mg/kg. Gross necropsy was performed on all animals and data regarding mortality, body weight, organ weights, and clinical and histopathological signs of toxicity were evaluated. Complete histopathology was performed on all rats at the 60 and 30 mg/kg levels, all control rats and mice, female mice at the 60 mg/kg level and male mice at the 30 mg/kg level. Clinical signs of toxicity were mostly confined to male and female rats and female rats and female mice in the high-dose (60 mg/kg) group. Mortality occurred in 9/10 male and 4/10 female rats at the high-dose level. High-dose male and female rats and high-dose (30 mg/kg) male mice had treatment-related reduced rates of body weight gain. In rats, a dose-related increase in liver size was reported in all treated groups of males and in all but the low-dose group of females. Histopathological examination revealed a dose-related increased severity in liver lesions in the rats, with mild to minimal lesions observed at 4 mg/kg, the lowest level tested. Liver alterations associated with administration of furan included cytomegaly, degeneration, necrosis and nodular hyperplasia of the hepatocytes, cholangiofibrosis, hyperplasia of the bile duct epithelium and a pigment deposition in Kupffer cells. Additional lesions found only in high-dose animals that were considered treatment related were atrophy of the thymus and gonads, renal tubular dilatation and degeneration and necrosis of the renal tubular epithelium. In mice, treatment-related increases in liver weight were reported in males at a dose of greater than or equal to 15 mg/kg and in females at doses of greater than or equal to 30 mg/kg. The histopathological examination revealed a dose-related toxic hepatitis at greater or equal to 15 mg/kg in females and at greater than or equal to 8 mg/kg in males. Liver lesions were not found in male mice receiving doses of less than or equal to 8 mg/kg. In addition to the hepatic alterations reported above in rats, other liver changes reported in mice were focal fibrosis, focal cytological alteration, focal necrosis and focal supportive inflammation. [REF-27, p.15-16]

    Furan ... produced incubation time and concn dependent decr in the glutathione (GSH) content and viability of freshly isolated F344 rat hepatocytes in vitro. Since furan itself did not significantly react with GSH, these data indicate the formation of a reactive metabolite of furan in hepatocyte suspensions. Treatment of the hepatocyte suspensions with the cytochrome p450 inhibitor 1-phenylimidazole delayed GSH depletion but did not alter furan induced (4-12 mM) cytolethality. The furan concentrations required to produce measurable hepatocyte lethality in vitro within 6 hr (4-12 mM) were several orders of magnitude greater than the predicted maximal liver concentrations of furan in vivo following hepatotoxic doses. In order to study the mechanisms involved in the cytolethality of furan toward hepatocytes in vitro at concentrations relevant to hepatotoxicity in vivo, a hepatocyte suspension culture system was developed that utilized furan concentrations and incubation times similar to hepatic dosimetry in vivo. Freshly isolated rat hepatocytes ... were incubated with furan (2-100 uM) for 1-4 hr and placed into culture, and viability was determined after 24 hr by lactate dehydrogenase release. Furan produced cytolethality (5-70%) and modest GSH depletion in an incubation time and concn dependent manner. Both GSH depletion and cytolethality induced by furan were prevented by 1-phenylimidazole and enhanced by acetone pretreatment in rats. /The results indicate/ that oxidation of furan by cytochrome p450 is required for GSH depletion and cytolethality, indicating that a reactive metabolite is involved in cell death. ... [REF-28]

    Groups of 50 male and 50 female B6C3F1 mice, eight weeks of age, were administered 0, 8 or 15 mg/kg body weight furan (purity, > 99%) by gavage in corn oil on five days per week for 104 weeks. The numbers of surviving animals at the end of the study were reduced: 33/50 male controls, 17/50 at the low dose and 16/50 at the high dose (p= 0.009); and 29/50 female controls, 25/50 at the low dose and 2/50 at the high dose (p < 0.001). The incidence of hepatocellular adenomas was increased, with 20/50 among male controls, 33/50 at the low dose (p= 0.001, logistic regression analysis) and 42/50 at the high dose groups (p < 0.001). The incidence of hepatocellular carcinoma was also increased, occurring in 7/50 male controls, 32/50 at the low dose and 34/50 at the high dose (p < 0.001); and in 2/50 female controls, 7/50 at the low dose (p= 0.08) and 27/50 at the high dose (p < 0.001). All treated groups had high incidences of biliary hyperplasia, cholangiofibrosis, hepatocellular necrosis and focal hyperplasia. [REF-29, p.V63 396]

    Groups of 70 male and 70 female Fischer 344/N rats, seven to eight weeks of age, were administered 0, 2, 4 or 8 mg/kg body weight furan (purity, > 99%) dissolved in corn oil by gavage on fire days a week for 102 weeks. Interim evaluation were made on 10 rats from each group at 9 and 15 months. The numbers of animals still alive at the end of the study were 33/50 male controls, 28/50 at the low dose, 26/50 at the middle dose and 16/50 at the high dose (p < 0.001); and 24/50 female controls, 32/50 at the low dose, 28/50 at the middle dose and 19/50 at the high dose (p= 0.006). The incidence of hepatocellular adenomas was increased, and many rats had multiple adenomas; adenomas were found in 1/50 male controls, 4/50 at the low dose, 18/50 at the middle dose (p < 0.001, logistic regression analysis) and 27/50 at the high dose (p < 0.001); and in none of 50 female controls, 2/50 at the low dose, 4/50 at the middle dose (p= 0.048) and 7/50 at the high dose (p= 0.002). Hepatocellular carcinomas occurred only in males; 0/50 controls, 1/50 at the low dose, 6/50 at the middle dose (p= 0.009) and 18/50 at the high dose (p<0.001). Cholangiocarcinomas were found in none of the control animals and in 43/50 males a the low
    dose, 48/50 at the middle dose and 49/50 at the high dose; and in 49/50 females a the low dose, 50/50 at the middle dose and 49/50 at the high dose (p < 0.001 for any group and either sex in comparison with controls). Biliary hyperplasia, cholangiofibrosis, hepatocellular necrosis and hyperplasia occurred in treated rats of each sex. The incidence of mononuclear-cell leukemia increased with does, occurring 8/50 male control, 11/50 at the low dos, 17/50 at the middle dose (p=0.022) and 21/50 at the high dose (p < 0.001). Cholangiocarcinomas, but no other tumors of the liver, were observed at 9 and 15 months, the incidence increasing with dose up to 100% at the high dose. In a 'stop-exposure' experiment, 50 males received 30 mg/kg body weight furan for 13 weeks, and 10 rats were killed and examined at 13 weeks and at 9 and 15 months; all animals were observed for two years. In addition to the lesions seen previously, cholangiocarcinomas were seen in all treated rats that survived for at least nine months, and 6/40 had hepatocellular carcinomas. [REF-29, p.V63 396]

    Repeated treatment of male Fischer 344 rats with furan by gavage at daily doses of 8 mg/kg body weight in corn oil, five days per week, resulted in a sustained, approximately 35 fold increase in the percentages of hepatocytes in S-phase over that in controls at weeks 1, 3 and 6. Northern blot analysis of mRNA expression in the livers showed up to a doubling of Ha-ras expression, but no measurable expression of fos, at weeks 1, 3 and 6. A the end of week 6, but not earlier, at approximately 10-fold increase in the expression of myc was observed. [REF-29, p.V63 400]

    Groups of 10 male and female Fischer 344/N rats and 10 female B6C3F1 mice received furan (purity, 99%) in corn oil at doses of 0, 4, 8, 15, 30 or 60 mg/kg body weight by gavage on five days per week for 13 weeks. Groups of 10 male mice received doses of 0, 2, 4, 8, 15 or 30 mg/kg body weight. In rats, dose-dependent bile-duct hyperplasia and cholangiofibrosis were observed, and animals at the high dose had renal tubular necrosis and dilatation and atrophy of the thymus, testes or ovaries. Mice had dose-dependent hepatic lesions with cytomegaly, degeneration, necrosis and bile-duct hyperplasia. [REF-29, p.V63 400]

    Furan administered by gavage to young adult male Fischer 344 rats at a dose of 60 mg/kg body weight per day five times per week for 10-14 days was highly toxic and induced marked atrophy of the right liver lobe. The cholangiolar-like structures that developed in this region consisted of biliary epithelial cells and ductular hepatocytes in various stages of maturation. Immunohistochemical and other phenotypic features of the cells were considered to be considered to be consistent with the development of rare bile ductular-like cell types from hepatocytes; in contrast, less severe treatment with furan led to the development of small intestinal-like glands. [REF-29, p.V63 400]

    Groups of male Fischer 344 rats were administered furan (purity, 99%) at 45 mg/kg body weight by gavage daily on five days per week for up to 32 days. Animals were killed on day 1, 3, 5, 7, 9, 12, 16, or 32. Severe hepatocellular necrosis was evident in the right and caudate lobes at the time of early sacrifices, and was followed by inflammatory cell infiltration, obvious bile-duct hyperplasia and then by development of metaplastic glands, ending with cholangiofibrosis by day 32. [REF-29, p.V63 399]

    Groups of five male Fischer 344 rats were administered furan (purity, 99%) in corn oil be gavage at does of 0, 15, 30, 45, or 60 mg/kg body weight daily on five days per week for three weeks; liver lesions were assessed by histology and histo- and immunochemistry. Animals at the two highest doses showed rapid development of severe cholangiofibrosis in the caudate liver lobe. Histologically, the lesion was characterized by well-differentiated hyperplastic bile ductules and numerous metaplastic intestinal glands supported by fibrous tissue. At the highest dose, cholangiolar-like structures were also observed. Phenotypic analysis of the hyperplastic ductular structures and of the metaplastic intestinal glands in the cholangiofibrotic areas suggested a precursor relationship between the ductular cells and the metaplastic cells. [REF-29, p.V65 399]

    In a study to characterize the histopathogenesis of intrahepatic cholangiocarcinomas induced by furan, groups of 10-12 young adult male Fischer 344 rats, weighing 160-190 g, were treated with 30 mg/kg body weight furan (purity, > 99%) in corn oil by gavage on five days a week for 6-13 weeks and observed up to 16 months. Lesions described as 'hepatic adenocarcinomas' occurred in the right caudate lobe of 4/9 rats treated for six weeks, 6/8 treated for nine weeks, 5/7 treated for 12 weeks and 9/10 treated for 13 weeks. Most of the tumors showed small intestinal differentiation, as reflected by the presence of goblet, Paneth and serotonin-positive cells. Two hepatocellular carcinomas were also found in the animals treated for 13 weeks. Cells from the adenocarcinoma cells did not contain TGF-alpha, but hepatocellular carcinoma cells did. [REF-29, p.V63 397]

    Furan was not mutagenic to Salmonella typhimurium after preincubation in the presence or absence of an exogenous metabolic activation system. It was reported in an abstract that furan was not mutagenic in a vapor-phase protocol. [REF-29, p.V63 401]

    Furna did not induce sex-linked recessive lethal mutations in Drosophila melanogaster when administered to adult flies by feeding or abdominal injection. [REF-29, p.V63 401]

    It was reported ... that furan did not induce unscheduled DNA synthesis in rat or mouse hepatocytes after treatment in vitro or in vivo. It induced gene mutation at the thymidine kinase locus of L5178Y mouse lymphoma cells in the absence of metabolic activation. Furan induced sister chromatid exchange and chromosomal aberrations in Chinese hamster ovary cells both in the presence and absence of metabolic activation. In another study, a positive response for the induction of chromosomal aberration was observed only at comparatively high dose in the presence of a live activation system from Arocolor 1254-pretreated male Swiss rats. [REF-29, p.V63 401]

    No sister chromatid exchanges or chromosomal aberrations were induced in bone-marrow cells of B6C3F1 male mice injected intraperitoneally with furan at doses up to 350 mg/kg body weight in vivo; however, chromosomal aberrations were induced at 250 mg/kg body weight in a extended protocol involving a late harvest time. [REF-29, p.V63 401]

    ras Proto-oncogene activation was studied in liver adenomas and carcinomas induced in B6C3F1 mice by furan. The frequency of activated H-ras and K-ras oncogenes was similar in hepatocellular tumors from 12/29 treated nice and in 15/27 vehicle controls, but the spectrum of activating mutations in the H-ras gene differed significantly. Although mutations occurred at codon 61 in tumors from both treated and untreated animals, mutations ... were observed in codon 117 only in animals treated with furan. [REF-29, p.V63 401]

    Groups of 10 Swiss albino mice (GP strain) given furan (purity not given) at a single dose of 300 mg/kg body weight in 0.9% sodium chloride intraperitoneally had centrilobular hepatic necrosis and coagulative necrosis of the proximal convoluted tubules of the outer renal cortex. Treatment of mice with the cytochrome p450 inhibitor piperonyl butoxide reduced the extent of liver necrosis and totally inhibited the renal necrosis. [REF-29, p.V63 398]

    The transplacental initiation-postnatal promotion model of mouse skin carcinogenesis is useful in studying the molecular and cellular mechanisms of perinatal carcinogenesis. Offspring transplacentally exposed to an initiating dose of a carcinogen typically do not produce any skin tumors in the absence of postnatal treatment; many skin tumors appear only when they are treated with tumor promoting agents postnatally. Tumor promoting agents alone produce no skin tumors or only a few. Thus, two stages of carcinogenesis, initiation and promotion, can be conveniently separated. Our results indicate that fetal c-Ha-ras can be transplacentally activated through a specific point mutation by a carcinogen. However, since postnatal promotion was essential for the production of tumors, they also suggest that a cell harboring such a mutation may remain dormant until it encounters a tumor promoting stimulus. Since a higher fraction of carcinomas than papillomas contained the specific mutation in Ha-ras, it is postulated that those papillomas with the point mutation have a selective advantage to progress towards carcinomas. [REF-30]

    Preliminary results from the NTP bioassays of furan given by gavage indicate the induction of hepatocellular carcinomas in male F344 rats and in both sexes of B6C3F1 mice, and cholangiocarcinomas in both sexes of rats. To assess the genotoxicity of furan, chemically induced unscheduled DNA synthesis was evaluated in the in vivo hepatocyte DNA repair assay. Furan did not induce unscheduled DNA synthesis in hepatocytes isolated after single gavage treatment of male F344 rats (5, 30, and 100 mg/kg) or male B6C3F1 mice (10, 50, 100, and 200 mg/kg). Furan induced cytotoxicity and enhanced cell proliferation were evaluated in livers of rats and mice as events that also might give rise to mutations and/or drive tumor formation. The labeling index (LI, percentage of hepatocyte nuclei in S-phase) was measured histoautoradiographically following a single gavage administration of furan (30 mg/kg, male rats; 50 mg/kg, male mice) followed by an injection of 3H-thymidine 2 hr prior to sacrifice. Hepatocellular necrosis and a sharp increase in LI (23.9 for mice and 17.8 for rats versus less than 0.5 for controls) was observed 48 hr after treatment with furan, indicative of restorative cell proliferation secondary to cytotoxicity. Hepatocyte proliferation was evaluated also at the highest NTP bioassay dose (15 mg/kg/day for mice and 8 mg/kg/day for rats, 5 days/week) by labeling with 3H-thymidine administered via a 6 day osmotic pump implanted subcutaneously. Necrosis and inflammation were observed along
    the subcapsular visceral surface of the left or caudate liver lobes, likely due to diffusion of furan directly through the stomach to the liver. After 6 weeks of furan administration, male and female rats, but not mice, exhibited bile duct hyperplasia as well as metaplasia in the areas of fibrosis along the subcapsular visceral surface of the left or caudate liver lobes. The fold increase in hepatocyte LI in treated animals relative to the combined controls measured at weeks 1, 3, and 6 ranged from 39 to 5 for male mice, 18 to 51 for male rats, and 12 to 19 for female rats. Taken together, these data suggest that mechanisms other than direct DNA reactivity might explain the profile of oncogene mutations observed in the mouse liver tumors, including selective promotion of different subpopulations of preneoplastic cells and/or mutational events secondary to sustained cell proliferation or inflammation. The extensive amount of furan-induced cell proliferation subsequent to cytotoxicity likely had a significant impact on tumor development, and such data should be considered in risk evaluations for this compound. [REF-31]

    The effect of nephrotoxic furans on urinary N-acetylglucosaminidase was examined in mice. ICR-mice were given: 100 mg/kg furan; 25, 50, or 100 mg/kg 2-ethylfuran; 250 mg/kg 3-ethylfuran; or 250 mg/kg 3-pentylfuran intraperitoneally. Sodium-salicylate, a known nephrotoxic, at 375 mg/kg and 3-methylthiopene, with no discernible nephrotoxic effects, at 500 mg/kg were given to similar mice. Results for each treated group were compared with an untreated group. Urine was collected for 24 hours after dosing and urinary N-acetylglucosaminidase was determined through absorbance of the p-nitrophenolate ion. Enzyme activity was expressed in units, representing 1 nanomole of substrate hydrolyzed per hour. Urinary N-acetylglucosaminidase was not affected by 3-methylthiopene and was increased by sodium-salicylate from 204 N-acetylglucosaminidase units to 428 N-acetylglucosaminidase units. All the furans caused a decrease in urinary N-acetylglucosaminidase. For furan, N-acetylglucosaminidase was 357 units for controls and 234 units for treated animals. Animals given 3-ethylfuran had urinary N-acetylglucosaminidase of 240 units. Those given 3-pentylfuran had 233 N-acetylglucosaminidase units in urine. Urinary N-acetylglucosaminidase was clearly dose related in animals given 2-ethylfuran. At 25 mg/kg N-acetylglucosaminidase was 187 units. At 50 mg/kg it dropped to 157 units. At 100 mg/kg it was only 60 units. The authors conclude that nephrotoxicity is associated with decreases in urinary N-acetylglucosaminidase although the mechanism is unclear. [REF-32]

    Serum transaminases (GOT and GPT) and ornithincarbamyltransferase were determined in rats treated with subtoxic doses of furan, acetylfuran, and methylene chloride. Significant increases of all enzymes were observed in methylene chloride treated rats, while only GOT increased in rats treated with acetylfuran and with furan + methylene chloride. Calculation of the GOT/GPT ratios indicated a pattern of toxic hepatitis only for rats treated with acetylfuran and furan + methylene chloride. [REF-33]

    Activated oncogenes in B6C3F1 mouse liver tumors and their relationship to carcinogenesis risk assessment were discussed. The usefulness of the B6C3F1 mouse liver bioassay in assessing potential hazards to humans was reviewed. The authors note that use of this assay is controversial because of the high incidence of liver tumors that occur with compounds that give negative results in other test systems, such as the Ames/Salmonella assay. Studies of activated oncogenes in chemically induced and spontaneously occurring B6C3F1 mouse liver tumors were reviewed. Studies with furan and furfural, two compounds that were positive in the mouse liver tumor bioassay but which gave negative results in the Ames/Salmonella assay, were described. These have indicated that the increased incidence of mouse liver tumors was due, at least in part, to the induction of weakly activating point mutations in ras oncogenes. Studies of activated oncogenes detected in hepatocellular tumors in B6C3F1 mice were discussed. These have resulted in detection of two activated raf genes and four nonras transforming genes as well as ras genes. Oligonucleotide analyses of activating mutations in ras oncogenes were considered. Mechanisms for oncogene activation in B6C3F1 mouse liver tumors were reviewed. Interpretation of mouse liver carcinogenesis data was discussed. The authors conclude that investigating patterns of oncogene activation in spontaneous and chemically induced mouse liver tumors not only provides insight into the mechanisms of tumor formation at the molecular level, but is useful for evaluating compounds, such as furan and furfural, that do not induce mutations in short term bacterial assays but give positive results in long term rodent carcinogenesis studies. [REF-34]

    Efforts were undertaken to determine 1 hour median lethal concentration data for furan, 2-methyl-furan, furfuryl-alcohol, and furfural in Sprague Dawley rats which could then be compared to the acute inhalation toxicity data as listed by the Department of Transportation under their rules for transporting Liquids Toxic by Inhalation. Each test material was administered as a vapor by using a bubbler for generation. The desired exposure level was achieved by controlling bubbler temperature and the flow rate of dilution air. Signs of toxicity observed during exposure included respiratory distress, increased secretory responses, and at higher concentrations, death. In many cases death did not result until the first or second week after exposure was completed. The median lethal dose obtained for 2-methyl-furan after 1 hour of exposure was 1,485 ppm; for furfuryl-alcohol, 592 ppm; for furfural, 1,037 ppm; and for furan, 3,464 ppm. Saturated vapor concentrations for each of the four materials at 20 deg C were as follows: furan, 650,000 ppm; 2-methyl-furan, 19,000 ppm; furfuryl-alcohol, 660 ppm; and furfural, l,400 ppm. [REF-35]

    In a 2-yr carcinogenicity bioassay, 0, 2, 4, or 8 mg furan/kg body weight was administered to male and female Fischer (F344) rats and resulted in an 86-100% incidence of cholangiocarcinomas with occasional metastasis. In a separate but concurrent study, male F344 rats dosed with 30 mg furan/kg body weight for 90 days developed marked cholangiofibrosis and cholangiohepatitis and, when subsequently maintained without further treatment for an additional 6, 12, or 18 months, the cholangiofibrosis progressed to yield a 100% incidence of cholangiocarcinomas. Transplantation of 21 primary cholangiocarcinomas into syngeneic recipients resulted in growth from 4 donors. The 4 transplanted lines were successfully transferred through 8 serial passages and resulted in metastases in the recipients. The progressive growth of these proliferative hepatocholangial lesions over time, their transplantability, and the development of metastases in some of the cases provide biological evidence of the malignant potential of the furan-induced liver changes. [REF-36]

    Furan, a rodent hepatotoxicant and hepatocarcinogen, produced incubation time- and concentration-dependent decreases in the glutathione (GSH) content and viability of freshly isolated F344 rat hepatocytes in vitro. Since furan itself did not significantly react with GSH, these data indicate the formation of a reactive metabolite of furan in hepatocyte suspensions. Treatment of the hepatocyte suspensions with the cytochrome P450 inhibitor l-phenylimidazole delayed GSH depletion but did not alter furan-induced (4 to 12 mM) cytolethality. The furan concentrations required to produce measurable hepatocyte cytolethality in vitro within 6 hr (4 to 12 mM) were several orders of magnitude greater than the predicted maximal liver concentrations of furan in vivo following hepatotoxic doses. In order to study the mechanisms involved in the cytolethality of furan toward hepatocytes in vitro at concentrations relevant to hepatotoxicity in vivo, a hepatocyte suspension/culture system was developed that utilized furan concentrations and incubation times similar to hepatic dosimetry in vivo. Freshly isolated rat hepatocytes in suspension (in Williams' Medium E) were incubated with furan (2 to 100 microM) for 1-4 hr and placed in culture, and viability was determined after 24 hr by lactate dehydrogenase release. Furan produced cytolethality (5 to 70%) and modest GSH depletion in an incubation time- and concentration-dependent manner. Both GSH depletion and cytolethality induced by furan were prevented by l-phenylimidazole and enhanced by acetone pretreatment of the rats. These data show that oxidation of furan by cytochrome P450 is required for GSH depletion and cytolethality, indicating that a reactive metabolite is involved in cell death. The results of this study underscore the importance of using in vivo toxicant concentrations and exposure times for in vitro mechanistic studies of chemically induced cytolethality. [REF-37]

    ... Conclusions: Under the conditions of these 2 yr gavage studies there was clear evidence of carcinogenic activity of furan in male and female F344/N rats based on increased incidences of cholangiocarcinoma and hepatocellular neoplasms of the liver and on increased incidences of mononuclear cell leukemia. There was clear evidence of carcinogenic activity of furan in male and female B6C3F1 mice based on increased incidences of hepatocellular neoplasms of the liver and benign pheochromocytomas of the adrenal gland. [QR] [REF-38]

7-3 EVIDENCE FOR CARCINOGENICITY:

    Evaluation: There is inadequate evidence in humans for the carcinogenicity of furan. There is sufficient evidence in experimental animals for the carcinogenicity of furan. Overall evaluation: Furan is possibly carcinogenic to humans (Group 2B). [QR] [REF-29, p.63 404]

7-4 NATIONAL TOXICOLOGY PROGRAM REPORTS:

    ... Toxicology and carcinogenesis studies were conducted by administering furan (purity > 99%) in corn oil by gavage to groups of F344/N rats and B6C3F1 mice of each sex for ... 2 yr. ... 2 Yr Studies: Groups of 70 rats of each sex were administered 2, 4, or 8 mg furan per kg body weight in corn oil by gavage 5 days/wk for 2 yr. ... Groups of 50 mice of each sex received doses of 8 or 15 mg/kg furan 5 days per week for 2 yr. Conclusions: Under the conditions of these 2 yr gavage studies there was clear evidence of carcinogenic activity of furan in male and female F344/N rats based on increased incidences of cholangiocarcinoma and hepatocellular neoplasms of the liver and on increased incidences of mononuclear cell leukemia. There was clear evidence of carcinogenic activity of furan in male and female B6C3F1 mice based on increased incidences of hepatocellular neoplasms of the liver and benign pheochromocytomas of the adrenal gland. [QR] [REF-38]

8*** EMERGENCY TREATMENT***
8-1 MEDICAL SURVEILLANCE:

    PRECAUTIONS FOR "CARCINOGENS": Whenever medical surveillance is indicated, in particular when exposure to a carcinogen has occurred, ad hoc decisions should be taken concerning ... /cytogenetic and/or other/ tests that might become useful or mandatory. /Chemical Carcinogens/ [REF-14, p.23]

9***METABOLISM AND PHARMACOLOGY ***

9-1 ABSORPTION, DISTRIBUTION, AND EXCRETION:

    Absorbed ... by way of dermal route. [REF-8, p.1462]

    RESP UPTAKE IN DOGS WAS 90-95%, VARYING INVERSELY WITH VENTILATORY RATE. RETENTION WAS NOT AFFECTED BY TIDAL VOL CHANGES BUT WAS DIRECTLY RELATED TO CONCN INHALED FROM CIGARETTE SMOKE. FURAN IS READILY ABSORBED BY INHALATION ROUTE. [REF-39]

    ... The kinetics of furan biotransformation my male F344 rats were studied in vivo and in vitro in order to understand target tissue dosimetry. A physiologically based pharmacokinetic (PBPK) model for furan in rats was developed from gas uptake studies using the initial furan concn of 100, 500, 1050, and 3850 ppm. Tissue partition coefficients for furan were determined in vitro using vial equilibration techniques. Furan gas uptake kinetics in vivo were described by a single saturable process with a V(max) of 27.0 umol/hr/250 g rat and a K(m) of 2.0 uM. Furan metabolism in vivo was inhibited by pyrazole. The furan PBPK model adequately simulated blood and liver furan concn following 4 hr inhalation exposures to 52, 107, and 208 ppm furan. The biotransformation of furan was studied in freshly isolated rat hepatocytes exhibited a K(m) of 0.4 uM and a V(max) of 0.018 umol/hr/1x10(6) cells. Inhibition and induction studies indicated that cytochrome p450 was the catalyst of furan oxidation. ... /This data/ suggests that freshly isolated hepatocytes are a valuable in vitro system for predicting chemical pharmacokinetics in vivo. [REF-40]

9-2 MECHANISM OF ACTION:
    ... Hepatic and renal injury produced by furan is the result of metabolic activation of the compound by cytochrome p450 oxygenases into chemically reactive metabolites. [REF-18, p.12]

9-3 INTERACTIONS:

    Diethyldithiocarbamate and carbon disulfide prevented mice from renal injury induced by furan as evidenced by suppression of elevations in plasma urea nitrogen concn and kidney calcium content and by morphological alterations. In carbon tetrachloride-poisoned mice, furan nephrotoxicity was augmented. The augmented furan nephrotoxicity was also prevented by diethyldithiocarbamate or carbon disulfide. Thus, furan may exert nephrotoxicity through active metabolites formed in the kidney. Diethyldithiocarbamate and carbon disulfide also protected against hepatotoxicity induced by furan. As an extension of these studies, similar experiments were undertaken with furan, bromobenzene and cephaloridine, and other nephrotoxic agents that are also thought to require metabolic activation. Diethyldithiocarbamate or carbon disulfide prevented mice from suffering renal injury induced by furan and bromobenzene, as evidenced by suppression of elevations in plasma urea nitrogen concentration and kidney calcium content and of morphologic alterations. Cephaloridine nephrotoxicity, however, was not prevented. In carbon tetrachloride-poisoned mice, furan nephrotoxicity was augmented, whereas bromobenzene and cephaloridine nephrotoxicity was suppressed. The augumented furan nephrotoxicity was also prevented by diethyldithiocarbamate or carbon disulfide. These observations suggest that furan, like chloroform and 1,1-dichloroethylene, may exert nephrotoxicity through active metabolites formed in the kidney. For bromobenzene and cephaloridine nephrotoxicity, a renal bioactivation mechanism is suspected. Diethyldithiocarbamate and carbon disulfide also protected against hepatotoxicity induced by furan and thiophene. [REF-41]

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

10-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:

    Furan occurs in oils obtained by the distillation of pine wood containing rosin. Furan has been identified in volatile emissions from sorb trees and is a constituent of tobacco smoke. Furan's production and use in organic synthesis for pyrrole and thiophene, formation of lacquers, and as a solvent for resins, may result in its release to the environment through various waste streams. For example, energy related processes such as oil refining, coal mining, and coal gasification release furan in the effluent, and it is released to air as a gas phase component of cigarette smoke, wood smoke and exhaust gas from diesel and gasoline engines. Furan has been detected in samples of river water, effluents, household waste headspace, ambient air, in food such as roasted filbert, mutton, chicken, beef and mother's milk, and in expired human air. If released to soil, furan should have high mobility. Volatilization of furan may be important from moist and dry soil surfaces given an estimated Henry's Law constant of 5.4X10-3 atm-cu m/mole and an experimental vapor pressure of 600 mm Hg. According to biodegradation studies conducted in aquifer slurries, biodegradation of furan in soil and water will be slow, except for sulfate-reducing conditions where biodegradation may occur more quickly. If released to water, furan would not adsorb to suspended solids and sediment. Furan would volatilize from water surfaces with estimated half-lives for a model river and model lake of 2.5 hours and 3.3 days, respectively. Experimental BCF values of 0.9-1.5 and <3.2-13 suggest that furan will not bioconcentrate in aquatic organisms. If released to the atmosphere, furan will exist as a vapor. Vapor-phase furan is degraded in the atmosphere by reaction with photochemically produced hydroxyl radicals with an estimated half-life of about 9.5 hours. Particulate-phase furan may be physically removed from the air by wet deposition. The most probable route of exposure to furan by the general population and workers is inhalation. (SRC) 

10-2 ECOTOXICITY VALUES:

  . LC50 Pimephales promelas (fathead minnow) 29-31 days 61 mg/l/96 hr, @ 23.2 deg C, pH 8.00, water hardness 44.5 mg/l CaCO3, flow-through bioassay [REF-42, p.85]

10-3 ENVIRONMENTAL FATE:

  . TERRESTRIAL FATE: Based on a recommended classification scheme(1), an estimated Koc value of 128(SRC), determined from an experimental log Kow(2) and a recommended regression-derived equation(3), indicates that furan should have high mobility in soil(SRC). Volatilization of furan may be important from moist soil surfaces(SRC) given an estimated Henry's Law constant of 5.4X10-3 atm-cu m/mole(SRC), calculated from experimental values for vapor pressure(4) and water solubility(5). Volatilization from dry soil surfaces should also be important(SRC) based on an experimental vapor pressure of 600 mm Hg(SRC)(4). According to biodegradation studies conducted in aquifer slurries, biodegradation of furan in soil will be slow(6-10), except for sulfate-reducing conditions where biodegradation may occur more quickly(10). [REF-43]

  . AQUATIC FATE: Based on a recommended classification scheme(1), an estimated Koc value of 128(SRC), determined from an experimental log Kow(2) and a recommended regression-derived equation(1), indicates that furan would not adsorb to suspended solids and sediment(SRC) in the water. Furan would volatilize from water surfaces based on an estimated Henry's Law constant of 5.4X10-3 atm-cu m/mole(SRC), calculated from experimental values for vapor pressure(3) and water solubility(4). Estimated half-lives for a model river and model lake are 2.5 hours and 3.3 days, respectively(1,SRC). Experimental BCF values of 0.9-1.5 and <3.2-13(5) suggest that furan will not bioconcentrate in aquatic organisms(SRC), according to a recommended classification scheme(6). According to biodegradation studies conducted in aquifer slurries, biodegradation of furan in water will be slow(5, 7-10), except for sulfate-reducing conditions where biodegradation may occur more quickly(10). [REF-44]

  . ATMOSPHERIC FATE: According to a model of gas/particle partitioning of semivolatile organic compounds in the atmosphere(1), furan, which has an experimental vapor pressure of 600 mm Hg at 25 deg C(2), will exist as a vapor in the ambient atmosphere. Vapor-phase furan 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 9.5 hours(3,SRC). Particulate-phase furan may be physically removed from the air by wet deposition(SRC). [REF-45]

10-4 BIODEGRADATION:

  . A four-week biodegradation study using 30 mg/l sludge and a furan concentration of 100 mg/l gave a theoretical BOD of 4%(1). In an anoxic aquifer slurry, furan did not mineralize and no transformation products were detected by HPLC(2). After 16 months incubation time, 80 percent of the initial furan remained(2). Adaptation (time to reach 5% reduction) and degradation (total time to reach <1 ug/l) times for aerobic degradation of furan (initial concentrations 150-250 ug/l and 50 times dilution) in a mixture of aromatic hydrocarbons and nitrogen, sulfur, oxygen containing compounds were 390 and 160 hours and 530 and 340 hours, for the two concentrations, respectively(3). The theoretical gas production from anaerobic biodegradation of furan in diluted primary digesting sludge was - 22% with a lag period of > 70 days(4). The disappearance of furan in sulfate-reducing and methanogenic aquifer slurries after 1, 3, and 8 months are as follows: 11, 0, 0 and 102, 58, and <3%(5). [REF-46]

10-5 ABIOTIC DEGRADATION:

  . The rate constant for the vapor-phase reaction of furan with photochemically produced hydroxyl radicals has been experimentally determined to be 4.05X10-11 cu cm/molecule-sec at 25 deg C(1). This corresponds to an atmospheric half-life of about 9.5 hours at an atmospheric concentration of 5X10+5 hydroxyl radicals per cu cm(1,SRC). [REF-47]

  . Furan is expected to be resistant to chemical hydrolysis under environmental conditions(1,SRC). The half-life for the reaction of furan with singlet oxygen in water has been estimated to be 1 hour based on a measured reaction rate constant of 1.4X10+8 L/mole-sec and assuming an ambient singlet oxygen concentration of 1X10-12 mole/l(2). The half-life for the reaction of furan vapor with photochemically generated hydroxyl radicals in the atmosphere has been estimated to be 6 hours using a experimentally derived rate constant of 4.0X10-11 cu cm/molecule-sec at 22 deg C and an average atmospheric hydroxyl radical concentration of 8.0X10+5 molecules/cu cm(3,SRC). The half-life for furan reacting with ozone in the atmosphere has been estimated to be approximately 6 days using an experimentally derived reaction rate constant of 2.4X10-18 cu cm/molecule-sec at room temperature and an average ambient hydroxyl radical concentration of 6.0X10+11 molecules/cu cm(3,SRC). The half-life for the night time reaction of furan with nitrate radicals has been estimated to be 34 minutes based on an experimentally derived reaction rate constant of 1.4X10-2 cu cm/molecule-sec at room temperature and an average night time nitrate radical concentration of 2.4X10+8 molecules/cu cm (nitrate radicals are unstable in sunlight)(3,SRC). [REF-48]

  . The half-life for the reaction of furan with photochemically generated hydroxyl radicals at 22 deg C has been calculated to be 6.0 and 2.3 hours, using experimentally devised rate constants of 4.0X10-11 and 1.05X10-10 mg/cu m/molecule-sec, respectively, and an average atmospheric hydroxyl radical concentration of 8.0X10-5 molecules/mg/cu m. The half-life for furan reaction with ozone in the atmosphere was estimated to be 3.3 days, using an experimentally derived reaction rate constant of 2.4X10-18 mg/cu m/molecule-sec at room temperature an average ambient ozone concentration of 1X10-12 molecules/mg/cu m. [REF-49]

10-6  BIOCONCENTRATION:

  . A six-week bioconcentration study using carp and furan concentrations of 1 and 0.1 mg/l gave BCF values of 0.9-1.5 and <3.2-13, respectively(1). According to a recommended classification scheme(3), these BCF values suggest that bioconcentration in aquatic organisms will not be an important fate process(SRC). [REF-50]

10-7 SOIL ADSORPTION/MOBILITY:

  . The Koc of furan is estimated as approximately 128(SRC), using an experimental log Kow of 1.34(1) and a regression-derived equation(2,SRC). According to a recommended classification scheme(3), this estimated Koc value suggests that furan should have high mobility in soil(SRC). [REF-51]

10-8 VOLATILIZATION FROM WATER/SOIL:

  . The Henry's Law constant for furan is estimated as 5.4X10-3 atm-cu m/mole(SRC) from its experimental values for vapor pressure, 600 mm Hg(1), and water solubility, 10,000 mg/l(2). This value indicates that furan will volatilize from water surfaces(3,SRC). Based on this Henry's Law constant, the volatilization half-life from a model river (1 m deep, flowing 1 m/sec, wind velocity of 3 m/sec) is estimated as approximately 2.5 hours(3,SRC). The volatilization half-life from a model lake (1 m deep, flowing 0.05 m/sec, wind velocity of 0.5 m/sec) is estimated as approximately 3.3 days(3,SRC). Furan's vapor pressure(1) and Henry's Law constant(1,2,SRC) indicate that volatilization from dry and moist soil surfaces may occur(SRC). [REF-52]

11*** SOURCES AND CONCENTRATIONS ***
11-1 NATURAL OCCURRING SOURCES: 

  . Furan occurs in oils obtained by the distillation of pine wood containing rosin(1). Furan has been identified in volatile emissions from sorb trees(2). [REF-53]

11-2 ARTIFICIAL SOURCES: 

  . Furan is a constituent of tobacco smoke. [REF-54, p.543]

  . Furan is discharged in municipal as well as industrial effluents. Energy related processes such as oil refining, coal mining, and coal gasification release furan in the effluent. [REF-55, p.8]

  . Furan is released to air as a gas phase component of cigarette smoke(1), wood smoke(2) and exhaust gas from diesel and gasoline engines(3). Furan's production and use in organic synthesis for pyrrole and thiophene(4), formation of lacquers(5), and as a solvent for resins(5), may result in its release to the environment through various waste streams(SRC). [REF-56]

11-3 WATER CONCENTRATIONS: 

  . SURFACE WATER: Furan has been qualitatively identified in the Niagara River and 2 creeks in the Niagara River watershed(1,2). [REF-57]

11-4 EFFLUENTS CONCENTRATIONS: 

  . Furan has been detected in one of seven aqueous effluents from energy-related processes. In one site, it was found at a concn of 7 + or - 4 ppb in the effluent of the aqueous condensate from low-Btu gasification of Rosebud coal, Morgantown, WV. [REF-55, p.8]

  . Furan was detected in 1/63 industrial effluents at a concentration of <10 ug/L(1). Furan was detected in aqueous condensate samples from low-Btu gasification of rosebud coal at a concentration of 7+/-4 ppb(2). It was not detected (detection limit 0.1 ppb) in groundwater or coal water prior to in situ coal gasification, product water samples obtained during in situ coal gasification, retort water from in situ oil shale processing or boiler blowdown water from in situ oil shale processing(2). [REF-58]

  . Furan was identified in the headspace above household waste in one out of 4 biodegradable (kitchen/biological) waste samples at <0.01 mg/cu m(1). [REF-59]

11-5 ATMOSPHERIC CONCENTRATIONS: 

  . Furan has been detected at trace levels in the ambient air of the Kanawha Valley, WV at South Charleston (two different dates) and at St. Albans(1). [REF-60]

11-6 FOOD SURVEY VALUES: 

  . Furan has been identified as a volatile component of roasted filberts(1). Furan has been identified in the volatile component of mutton, chicken, and beef(2). [REF-61]

11-7 PLANT CONCENTRATIONS: 

  . Furan is identified in volatile emissions from arboreous plants (Genus: Sorbus)(1). [REF-62]

11-8 MILK CONCENTRATIONS: 

  . Furan has been qualitatively identified in mother's milk from Baton Rouge(1). [REF-63]

12***HUMAN ENVIRONMENTAL EXPOSURE***
12-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . Can be absorbed through the skin and resp tract. [REF-8, p.1462]

  . The most probable route of exposure to furan by the general population and workers is inhalation(SRC). Detection of furan in 1 out of 12 samples of mother's milk suggests that a small number of breastfed infants may be exposed to this compound by ingestion (1,SRC). [REF-64]

  . NIOSH (NOES Survey 1981-1983) has statistically estimated that 35 workers (7 of these are female) are potentially exposed to furan in the USA(1). [REF-65]

12-2 BODY BURDENS: 

  . Furan was detected in the expired air of 2/3 male smokers and 4/5 male nonsmokers at the Brooks Air Force Base, TX with the rate of expiration ranging from 0.25-98 ug/hour for smokers and from 0.33-28 ug/hour for nonsmokers(1). This compound was also identified in 15/387 samples of expired air taken from 54 male and female nonsmokers from Chicago, IL mean concn 0.547 ng/L(2). Furan was qualitatively identified in 1/12 samples of mother's milk obtained from women in 4 different urban areas(3). [REF-66]

13***STANDARDS AND REGULATIONS ***

13-1 OTHER OCCUPATIONAL PERMISSIBLE LEVELS: 

  . Workplace Environmental Exposure Level (WEEL): Worker exposure by all routes should be minimized to the fullest extent possible. [QR] [REF-67, p.39]

13-2 TRANSPORT METHODS AND REGULATIONS: 

  . PRECAUTIONS FOR "CARCINOGENS": Procurement ... of unduly large amt ... should be avoided. To avoid spilling, carcinogens should be transported in securely sealed glass bottles or ampoules, which should themselves be placed inside strong screw-cap or snap-top container that will not open when dropped & will resist attack from the carcinogen. Both bottle & the outside container should be appropriately labelled. ... National post offices, railway companies, road haulage companies & airlines have regulations governing transport of hazardous materials. These authorities should be consulted before ... material is shipped. /Chemical Carcinogens/ [REF-14, p.13]

  . PRECAUTIONS FOR "CARCINOGENS": When no regulations exist, the following procedure must be adopted. The carcinogen should be enclosed in a securely sealed, watertight container (primary container), which should be enclosed in a second, unbreakable, leakproof container that will withstand chem attack from the carcinogen (secondary container). The space between primary & secondary container should be filled with absorbent material, which would withstand chem attack from the carcinogen & is sufficient to absorb the entire contents of the primary container in the event of breakage or leakage. Each secondary container should then be enclosed in a strong outer box. The space between the secondary container & the outer box should be filled with an appropriate quantity of shock-absorbent material. Sender should use fastest & most secure form of transport & notify recipient of its departure. If parcel is not received when expected, carrier should be informed so that immediate effort can be made to find it. Traffic schedules should be consulted to avoid ... arrival on weekend or holiday ... /Chemical Carcinogens/ [REF-14, p.13]

  . 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-68]

  . 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-69, p.154]

  . 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-70, p.3034-2]

13-3 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 100 lb or 45.4 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-71]

  . Releases of CERCLA hazardous substances are subject to the release reporting requirement of CERCLA section 103, codified at 40 CFR part 302, in addition to the requirements of 40 CFR part 355. Furan is an extremely hazardous substance (EHS) subject to reporting requirements when stored in amounts in excess of its threshold planning quantity (TPQ) of 500 lbs. [QR] [REF-72]

13-4 RCRA REQUIREMENTS: 

  . U124; As stipulated in 40 CFR 261.33, when furan, as a commercial chemical product or manufacturing chemical intermediate or an off-specification commercial chemical product or a manufacturing chemical intermediate, becomes a waste, it must be managed according to Federal and/or State hazardous waste regulations. Also defined as a hazardous waste is any residue, contaminated soil, water, or other debris resulting from the cleanup of a spill, into water or on dry land, of this waste. Generators of small quantities of this waste may qualify for partial exclusion from hazardous waste regulations (40 CFR 261.5). [REF-73]

14***MONITORING AND ANALYSIS METHODS ***

14-1 ANALYTIC LABORATORY METHODS:

  . HAZARDOUS GASES FROM FIRES WERE ANALYZED BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY. [REF-74]

  . WASTE GASES FROM PLANT WERE ANALYZED BY GLC, MASS SPECTROMETRY, & SECONDARY-ION MASS SPECTROMETRY. [REF-75]

15***MANUFACTURING AND USE INFORMATION ***

15-1 METHODS OF MANUFACTURING: 

  . PREPD BY DECARBOXYLATION OF 2-FURANCARBOXYLIC ACID. HAS BEEN PREPARED DIRECTLY FROM FURFURAL OVER HOT SODA-LIME OR BY DROPPING FURFURAL ON FUSED MIXTURE OF SODIUM AND POTASSIUM HYDROXIDES. [REF-10, p.672]

  . DRY DISTILLATION OF FUROIC ACID FROM FURFURAL. [REF-5]

  . By heating furfural in the liquid phase in the presence of a palladium catalyst. [REF-55, p.2]

  . High yields of furan have been obtained when butanediol is oxidized by dichromate in acidic soln, followed by dehydration. [REF-55, p.2]

15-2 FORMULATIONS/PREPARATIONS: 

  . Industrial (99%) grade [REF-76, p.82]

15-3 MANUFACTURERS: 

  . International Chemical Group, Hq, P.O. Box 438000, San Ysidro, CA 92173 (619)274-7215. Production site: International Marketing Center, 4740 La Rueda Drive, La Mesa, CA 91941 (619)441-2739. [REF-77]

15-4 MAJOR USES: 

  . [SRI] CHEMICAL INTERMEDIATE FOR TETRAHYDROFURAN 

  . ORGANIC SYNTHESIS, ESPECIALLY FOR PYRROLE, THIOPHENE [REF-5]

  . Used in production of pharmaceuticals, agricultural chemicals, stabilizers, and fine chemicals. [REF-78, p.VA12 120]

15-5 CONSUMPTION PATTERNS:
    [SRI] PROBABLY 100% CONSUMED CAPTIVELY AS AN INT FOR TETRAHYDROFURAN (FURAN ITSELF IS NOT IMPORTANT COMMERCIALLY) (1975) 

    [SRI] (1974) 3.63X10+10 G (EST-CAPTIVELY CONSUMED) 

15-6 U.S. IMPORTS:

    (1986) 9.66X10+6 lb /Furan (furfuryl type) resins/ [REF-79, p.1-539]

16***CHEMICAL AND PHYSICAL PROPERTIES ***

16-1 MOLECULAR WEIGHT             : 68.08 [REF-80, p.3-167]

16-2 MELTING POINT                : -85.6 deg C [REF-80, p.3-167]

16-3 BOILING POINT                : 31.36 DEG C AT 760 MM HG [REF-10, p.672]

16-4 DENSITY/SPECIFIC GRAVITY     : 0.9371 @ 19.4 DEG C/4 DEG C [REF-10, p.672]

16-5 VAPOR DENSITY                : 2.3 (Air= 1) [REF-81, p.325M-55]

16-6 VAPOR PRESSURE               : Vapor pressure = 600 mm Hg at 25 deg C /from experimentally derived coefficients/ [REF-82]

16-7 OCTANOL/WATER PARTITION COEFFICIENT:

  Log Kow= 1.34 [REF-83, p.8]

16-8 CRITICAL TEMPERATURE AND PRESSURE:

  Critical temp: 214 deg C [REF-6, p.404]

  Critical pressure: 5.32 mPa [REF-12, p.V11 502]

16-9 VISCOSITY                    : 0.38 cp @ 20 deg C [REF-12, p.V11 502]

16-10 HEAT OF COMBUSTION           : -500.1 kg cal/mole (at constant vol) [REF-6, p.404]

16-11 HEAT OF VAPORIZATION         : 95.5 cal/g @ 31.2 deg C [REF-6, p.404]

16-12 SOLUBILITIES: 

  . > 10% in acetone [REF-84, p.V1 647]

  . > 10% in benzene [REF-84, p.V1 647]

  . > 10% in ether [REF-84, p.V1 647]

  . > 10% in ethanol [REF-84, p.V1 647]

  . Water solubility = 1X10+4 mg/l at 25 deg C [REF-85]

16-13 SPECTRAL PROPERTIES: 

  . Index of refraction: 1.4214 @ 20 deg C/D [REF-6, p.404]

  . MAX ABSORPTION (ALCOHOL): 208 NM (LOG E= 3.9) SHOULDER [REF-86, p.C-311]

  . Furan, 99%, exhibits its two strongest infra red absorption bands at wavelengths of 10.1 and 13.5 microns. [REF-87]

  . IR: 3664 (Sadtler Research Laboratories Prism Collection) [REF-84, p.V1 647]

  . UV: 3-15 (Organic Electronic Spectral Data, Phillips et al, John Wiley & Sons, New York) [REF-84, p.V1 647]

  . NMR: 50 (Varian Associates NMR Spectra Catalogue) [REF-84, p.V1 647]

  . MASS: 51 (Atlas of Mass Spectral Data, John Wiley & Sons, New York) [REF-84, p.V1 647]

16-14 OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . Heat of formation @ 25 deg C= -14.9 kcal/mole [REF-6, p.404]

  . Dielectric constant @ 25 deg C: 2.95; dipole moment: 0.66 (gas), 0.67 in benzene @ 20 deg C (liquid) [REF-88, p.4-62]

  . Enthalpy of formation: -8.23 kcal/mole; Gibbs (free) energy of formation: 0.21 kcal/mole; entropy: 63.86 cal/deg/mole; heat capacity: 15.64 cal/deg.mole [REF-88, p.5-22]

  . Enthalpy of transition @ -123.2 deg C: 0.489 kcal/mole; enthalpy of sublimation @ 298 K: 6.61 kcal/mole; specific heat: 21.20 cal/K.mole @ 400 K, 29.31 cal/K/mole @ 600 K, 34.41 cal/K/mole @ 800 K, 37.39 cal/K/mole @ 1000 K [REF-88, p.5-59]

  . Critical molar vol: 218 cu cm/mole [REF-88, p.5-83]

  . STABLE TO ALKALIES, RESINIFIES ON EVAPORATION OR WHEN IN CONTACT WITH MINERAL ACIDS [REF-10, p.672]

  . Slowly oxidizes in air to form peroxides. [REF-78, p.VA12 120]
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