
1***SUBSTANCE IDENTIFICATION ***

1-1 HSDB CHEMICAL NAME           : 2,3,7,8-TETRACHLORODIBENZO-P-                                                                    
                                                                    DIOXIN
1-2 CAS REGISTRY NUMBER          : 1746-01-6
1-3 SYNONYMS:

    2,3,7,8-Czterochlorodwubenzo-p-dwuoksyny (Polish) ; Dibenzo(b,e)(1,4)dioxin, 2,3,7,8-tetrachloro- ; Dibenzo-p-dioxin, 2,3,7,8-tetrachloro- ; Dioksyny (Polish) ; Dioxin [REF-1, p.1305]; Dioxine ; NCI-C03714 ; TCDBD ; TCDD ; 2,3,7,8-TCDD ; Tetrachlorodibenzodioxin ; 2,3,7,8-Tetrachlorodibenzo(b,e)(1,4)dioxin [REF-1, p.1305]; 2,3,7,8-Tetrachlorodibenzo-1,4-dioxin ; Tetradioxin 

1-4 MOLECULAR FORMULA            : C12-H4-Cl4-O2 

2*** DESCRIPTION AND WARNING PROPERTIES ***

2-1 COLOR/FORM:

    COLORLESS NEEDLES [REF-2, p.V15 47]

    White crystalline solid [REF-3, p.1218]

    Colorless to white, crystalline solid [Note: Exposure may occur through contact at previously contaminated worksites]. [QR] [REF-4, p.298]

2-2 SKIN, EYE, AND RESPIRATORY IRRITATIONS:

    Acute exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin results in ... irritation of the eyes, skin, and respiratory tract. [REF-5, p.VI-1]

3*** FIRE AND REACTIVITY***
3-1 REACTIVITIES AND INCOMPATIBILITIES: 

  . UV light (decomposes) [QR] [REF-4, p.298]

3-2 DECOMPOSITION: 

  . /2,3,7,8-Tetrachlorodibenzo-p-dioxin/ begins to decompose at 500 deg C and virtually complete decomposition occurs within 21 seconds at a temp of 800 deg C. [REF-5, p.I-1]

4*** PROTECTIVE EQUIPMENT AND CONTROLS ***
4-1 PROTECTIVE EQUIPMENT AND CLOTHING:

  . For workers engaged in the decontamination process after an accident, it is recommended that they wear complete throw away equipment to protect the skin and prevent exposure to dust and vapors from the contaminated materials. /NIOSH approved respiration/ should be used if any procedure that may produce inhalation of airborne contaminated material cannot be avoided. [REF-6, p.641]

  . 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-7, p.8]

  . Wear appropriate personal protective clothing to prevent skin contact. [QR] [REF-4, p.298]

  . Wear appropriate eye protection to prevent eye contact. [QR] [REF-4, p.298]

  . 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-4, p.298]

  . 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-4, p.298]

  . Recommendations for respirator selection. Condition: At concentrations above the NIOSH REL, or where there is no REL, at any detectable concentration: Respirator Class(es): Any self-contained breathing apparatus that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode. Any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode in combination with an auxiliary self-contained breathing apparatus operated in pressure-demand or other positive-pressure mode. [QR] [REF-4, p.298]

  . Recommendations for respirator selection. Condition: Escape from suddenly occurring respiratory hazards: Respirator Class(es): Any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted organic vapor canister having a high-efficiency particulate filter. Any appropriate escape-type, self-contained breathing apparatus. [QR] [REF-4, p.298]

4-2 OTHER PREVENTATIVE MEASURES:

  . Contact lenses should not be worn when working with this chemical. [QR] [REF-4, p.299]

  . In case of an accident, that is if the process of synthesis of 2,4,5-trichlorophenol is running out of control and high levels of TCDD are present, contaminated clothing should be immediately removed, avoiding contamination of the skin or other parts of the body. Exposed parts should be washed immediately and repeatedly until medical attention is obtained. [REF-6, p.641]

  . 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. 

  . 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-7, 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-7, 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-7, 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-7, 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-7, 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-7, 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-7, 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-7, 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-7, p.11]

  . SRP: The scientific literature for the use of contact lenses in industry is conflicting. The benefit or detrimental effects of wearing contact lenses depend not only upon the substance, but also on factors including the form of the substance, characteristics and duration of the exposure, the uses of other eye protection equipment, and the hygiene of the lenses. However, there may be individual substances whose irritating or corrosive properties are such that the wearing of contact lenses would be harmful to the eye. In those specific cases, contact lenses should not be worn. In any event, the usual eye protection equipment should be worn even when contact lenses are in place. 

  . The worker should immediately wash the skin when it becomes contaminated. [QR] [REF-4, p.298]

  . The worker should wash daily at the end of each work shift. [QR] [REF-4, p.298]

  . Work clothing that becomes wet or significantly contaminated should be removed and replaced. [QR] [REF-4, p.298]

  . Workers whose clothing may have become contaminated should change into uncontaminated clothing before leaving the work premises. [QR] [REF-4, p.298]

5***STORAGE, CLEANUP AND DISPOSAL ***
5-1 STABILITY/SHELF LIFE: 

  . CHANGED CHEMICALLY WHEN EXPOSED IN ISOOCTANE OR N-OCTANOL TO UV LIGHT [REF-2, p.V15 48]

  . Tetrachlorodibenzo-p-dioxin is stable under ordinary conditions of storage. [REF-8, p.479]

  . 2,3,7,8-TCDD is considered relatively stable toward heat, acids, and alkalies. [REF-5, p.I-1]

5-2 STORAGE CONDITIONS: 

  . ... Polychlorinated dibenzo-p-dioxins should be protected from light and kept at 4 deg C during transportation and storage. [REF-9, p.3-21]

  . PRECAUTIONS FOR "CARCINOGENS": Storage site should be as close as practicable 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-7, p.13]

5-3 CLEANUP METHODS: 

  . 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-7, p.15]

5-4 DISPOSAL METHODS: 

  . Degradation by chemical means are necessary for polychlorophenol formulations because heat stable chlorodioxins are formed during incineration. Ruthenium tetroxide is a powerful oxidizing agent which reacts with a wide range of organic substances, incl those aromatic compounds which are oxidized slowly, or not at all, by permanganate. It may be safely used in soln in water or in organic solvents with no nucleophilic character, such as chloroform, nitromethane or carbon tetrachloride. Studies show that ruthenium tetroxide can be used for detoxification of glassware & artifacts, & for the periodic purging of industrial reactors to counteract the accumulation of polychloro-p-dioxin residues. Preliminary work with TCDD showed that the rate of oxidation was increased at higher temp & that the half-life was less than 15 min in carbon tetrachloride at 70 deg C (TCDD concn= 72 ug/ml carbon tetrachloride ; ruthenium tetroxide= 2X10+3 ug/ml, about 10 equiv). There is no evidence of the nature of fragments formed during oxidation of the polychlorodibenzodioxins. However, the related chlorophenols undergo extensive decomposition to yield chloride ions & no significant levels of organic products. [REF-10]

  . Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans could be degraded by ozonation in an alkaline aqueous medium, but no reaction occurred in acid solutions. Degradation rates of at least 99% were observed after the reaction conditions (pH, temperature) had been optimized. The investigated substances with three to eight chlorine atoms had different velocities of reaction depending on their number and configuration following reactions of second order. The selective detection and quantitative determination of polychlorinated dibenzo-p-dioxin and polychlorinated dibenzofuran traces was performed by capillary gas chromatography in combination with a mass selective detector. [REF-11]

  . 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-7, 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-7, 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-7, 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 sat 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-7, 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-7, p.17]

  . Incinerator operating conditions currently considered adequate for complete destruction of 2,3,7,8-TCDD and most other chlorinated organics are a temp of at least 1000 deg C with a dwell time of at least 2 sec. ... The most extensively tested method is incineration, which entails a high-temp oxidation of the dioxin molecules. [REF-12, p.159]

6***HEALTH HAZARDS AND TOXIC EFFECTS ***

6-1 NON-HUMAN TOXICITY VALUES:

    LD50 Dog oral 100-200 ug/kg [REF-13, p.25]

    LD50 Hamster oral 1,157-5,051 ug/kg [REF-13, p.25]

    LD50 Rabbit (mixed) oral 115.0 ug/kg [REF-14, p.C-12]

    LD50 Rabbit (mixed) dermal 275.0 ug/kg [REF-14, p.C-12]

    LD50 Guinea pig (female) oral 2.1 ug/kg [REF-15, p.C-12]

    LD50 Rhesus monkey (female) oral < 70.0 ug/kg [REF-16, p.C-12]

    LD50 Mouse (male) oral 114.0 ug/kg [REF-17, p.C-12]

    LD50 Guinea pig oral 0.6 ug/kg [REF-18, p.V12 312]

    LD50 Rat (male) oral 22.0 ug/kg [REF-15, p.C-12]

    LD50 Rat (female) oral 45.0 ug/kg [REF-15, p.C-12]

    LD50 Rabbit (mixed) oral 10.0 ug/kg [REF-19, p.C-12]

6-2 HUMAN TOXICITY EXCERPTS:

    ... 76 CASES OF CHLORACNE /IN WORKERS ARE REPORTED/ FOLLOWING EXPOSURE TO TCDD BETWEEN 1965-1968 IN FACTORY /PRODUCING 2,4,5-T & PENTACHLORPHENOL/ IN CZECHOSLOVAKIA ... FIFTY-FIVE PATIENTS WERE SUBMITTED TO MEDICAL FOLLOW-UPS FOR OVER 5 YEARS; SOME HAD SYMPTOMS OF PORPHYRIA CUTANEA TARDA, UROPORPHYRINURIA, ABNORMAL LIVER TESTS ... & LIVER ENLARGEMENT. THE MAJORITY ... SUFFERED ... SEVERE NEURASTHENIA & DEPRESSIVE SYNDROME. IN 17 SUBJECTS, SIGNS OF PERIPHERAL NEUROPATHY, ESPECIALLY IN LOWER EXTREMITIES, WERE CONFIRMED ... MORE THAN HALF OF THE PATIENTS SHOWED RAISED LEVELS OF BLOOD CHOLESTEROL & TOTAL LIPIDS. [REF-2, p.V15 81]

    Chloracne was found in 52% of 226 workers in a 1979 cross-sectional survey at a plant where 2,4,5-T had been manufactured from 1948 to 1969. Mean duration of residual chloracne was 26 yr, & in 29 subjects, it had been present for 30 yr. A significant increased prevalence of abnormal gamma-glutamyl transpeptidase & higher mean gamma-glutamyl transpeptidase were found in those with chloracne, compared to those without. Although mean triglyceride values were higher in those with chloracne, the difference was not statistically significant. Neurological exam showed statistically significantly higher prevalence of abnormal sensory findings in those with chloracne. Incr prevalence of angina & reported myocardial infarction in those with chloracne was not significant when age adjusted. Incr prevalence of reported sexual dysfunction & decr libido in those with chloracne compared to those without was statistically significant after age adjustment. No differences were found between those with and without chloracne in serum cholesterol, total urinary porphyrins, or in reproductive outcome. [REF-20]

    There is no report of human exposure only to TCDD. Three case control studies have shown relative risks of 5.7 (95% confidence limits, 2.9-11.3) & 5.1 (2.5-10.4) for soft-tissue sarcoma & 6.0 (3.7-9.7) for lymphoma in association with exposure to phenoxyacetic acids or chlorophenols, in which tetrachlorodibenzo-p-dioxin was a likely contaminant. In six of seven cohort studies, 37 deaths from cancer were observed with 33.3 expected in some 869 men exposed to tetrachlorodibenzo-p-dioxin during the manufacture or use of 2,4,5-trichlorophenol and/or 2,4,5-trichlorophenoxyacetic acid. There was an appreciable deficit of deaths from all causes (135 observed, 157.3 expected). Two of the deaths were from lymphomas (both Hodgkin's disease) and two from soft-tissue sarcomas. Three additional cases of soft-tissue sarcoma (& possibly 2 more) have been reported in men assoc with manufacture of 2,4,5-trichlorophenol or 2,4,5-trichlorophenoxyacetic acid, & therefore possibly to tetrachlorodibenzo-p-dioxin. Two of the 3 case-control studies ... gave evidence of an increased risk of soft-tissue sarcoma or lymphoma in assoc with exposure to phenoxyacetic acids not usually contaminated with tetrachlorodibenzo-p-dioxin. [REF-21, p.S4 238]

    To determine whether paternal exposure to TCDD or other polychlorinated dioxins might be associated with adverse pregnancy, an interviewer administration questionnaire survey was conducted among wives of Dow Michigan Division employees in Midland, MI area who had been potentially exposed to dioxins. Control group consisted of wives of employees who had no dioxin exposure & whose hire dates were comparable to those of men in exposed group. Total of 737 conceptions, which resulted in 637 live births & 100 stillbirths & spontaneous abortions, were identified as having paternal exposure; 2031 conceptions, resulting in 1785 live births & 246 stillbirths & spontaneous abortions, were identified as having no paternal exposure to any isomer of dioxin. Overall, no statistically significant association was found between any exposure & pregnancy outcome, either before or after stratification by pertinent sets of up to 9 covariables. [REF-22]

    Human keratinocyte line SCC-13, derived from a squamous cell carcinoma of epidermis, was examined for effects on growth & differentiation upon treatment with TCDD. Inhibition of growth was maximal in concn range of 1-100 nM TCDD, but was completely antagonized by addition of hydrocortisone to growth medium. It is concluded that the responses of SCC-13 cells to TCDD depends upon hormonal conditions in culture & that this agent can interfere with cellular responses to normal physiological conditions, thereby altering the differentiating program ordinarily observed. [REF-23]

    ... AN INCR IN NUMBER OF PERSONS WITH PRIMARY LIVER CANCER /IS REPORTED/ IN PROPORTION TO ALL CANCER PATIENTS ADMITTED TO HANOI HOSPITALS DURING ... 1962-1968 (791 LIVER CANCER CASES OUT OF 7911 TOTAL CANCER CASES, 10%) AS COMPARED TO PERIOD OF 1955-1961 (159 LIVER CANCER CASES OUT OF 5492 CANCER CASES, 2.9%) WHICH WAS PRIOR TO THE START OF HERBICIDE SPRAYING. ... THIS INCREASE WAS ATTRIBUTED TO EXPOSURE AS A RESULT OF THE SPRAYING OF HERBICIDES CONTAINING TCDD IN SOUTH VIETNAM DURING THE 1960'S (... LIMITATIONS IN REPORTING OF STUDY MAKE IMPOSSIBLE AN ADEQUATE ASSESSMENT OF THE POSSIBLE RELATIONSHIP BETWEEN THE INCIDENCE OF LIVER CANCER & HERBICIDE SPRAYING IN SOUTH VIETNAM). [REF-2, p.V15 86]

    In 1977 several patients were seen with soft tissue sarcomas and previous exposure to phenoxy acids. This clinical observation resulted in a case referent (case control) study being undertaken which showed that exposure to phenoxy acids or chlorophenols, which are chemically related, gave a roughly six fold increase in the risk for this type of tumor. A further case-referent study of soft tissue sarcomas has now been performed to confirm these earlier findings and also to obtain further information on the effects of different phenoxy acids. This new investigation gave an increase of the same magnitude in the risk for soft tissue sarcomas after exposure to phenoxy acids or chlorophenols, but this risk related also to exposure to phenoxy acids free from impurities, such as polychlorinated dibenzodioxins and dibenzofurans. [REF-24]

    A number of men with malignant lymphoma of the histiocytic type and previous exposure to phenoxy acids or chlorophenols were observed and reported in 1979. A matched case-control study has therefore been performed with cases of malignant lymphoma (Hodgkin's disease and non-Hodgkin lymphoma). This study included 169 cases and 338 controls. The results indicate that exposure to phenoxy acids, chlorophenols, and organic solvents may be a causative factor in malignant lymphoma. Combined exposure of these chemicals seemed to increase the risk. [REF-25]

    Chlorinated phenoxyacids were used in Finland since the middle of 1950's and they mainly constituted 2 to 1 mixtures of emulsified esters of 2,4-dichlorophenoxyacetic acid and 2,4,5-trichlorophenoxyacetic acid dissolved in water. Analysis of some old herbicide formulations from the 1960's showed that they contained between 0.1 and 0.9 mg/kg of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). About 500 almost exclusively male workers were involved every year with the spraying, and the annual season lasted from two to eight weeks. Many of the workers complained of irritation of the eyes, respiratory system and the skin as well as fatigue and headache during or after spraying. In a nationwide search for symptoms and signs attributable to phenoxyacids a few cases of possible chloracne emerged, and one case of mild form of chloracne was later diagnosed by a dermatologist. During recent years several epidemiological studies have shown or suggested an association between exposure to chlorinated phenoxyacids and cancer, notably soft-tissure sarcomas and lymphomas. The mortality experience of the Finnish herbicide applicators has recently been reported. This communication supplements previous information with data on cancer morbidity. [REF-26]

    In the light of Swedish studies reporting an association between exposure to phenoxyherbicides or chlorophenols and soft tissue sarcoma, a case control study was undertaken that involved interviewing 82 subjects (cases) with soft tissue sarcoma and 92 controls with other types of cancer. For those potentially exposed to phenoxyherbicides for more than 1 day not in the 5 years before cancer registration, the estimate of relative risk was 1.3, with 90% confidence limits of 0.6-2.5. The comparable relative risk estimate for chlorophenol exposure was 1.5, with 90% confidence limits of 0.5-4.5. [REF-27]

    The most commonly reported symptom related to TCDD exposure in man has been chloracne. The acneform lesions of the skin may develop a few weeks after the exposure and may persist for over a year following the cessation of exposure. Other skin problems which have been reported include hyperpigmentation, hirsutism, increased skin fragility, and vesicular eruptions on exposed areas of the skin. [REF-28, p.C-15]

    INFORMATION CONCERNING EFFECTS OF HERBICIDES, & ESPECIALLY SO-CALLED 'AGENT ORANGE' ... ON HUMANS IS GIVEN IN NATIONAL ACADEMY OF SCIENCES REPORT (COMMITTEE ON ADVERSE EFFECTS OF HERBICIDES IN VIETNAM, 1974). INTERVIEWS WITH MONTAGNARD PEOPLE PRODUCED REMARKABLY CONSISTENT REPORTS OF CHILD DEATHS, DIARRHEA, VOMITING, SKIN RASHES, FEVER & ABDOMINAL PAIN FOLLOWING EXPOSURE AFTER 'SPRAY MISSIONS' WITH 'AGENT ORANGE'. [REF-2, p.V15 85]

    An evaluation of mortality among industrial employees accidentally exposed to TCDD was conducted. The cohort consisted of 247 workers who had been exposed to TCDD formed in an uncontrolled decomposition reaction at a Badische Soda Fabrick facility in Ludwigshafen, Federal Republic of Germany on March 17, 1953. The cohort was subdivided into three subcohorts: C1 with 69 subjects formed in 1954, C2 with 84 subjects formed in 1983, and C3 with 94 subjects formed in 1987. The vital status of the cohort on December 31, 1987 was determined. Standardized mortality ratios were computed using national mortality rates in the Federal Republic Germany as the reference. Seventy-eight subjects in the total cohort had died as of December 31, 1987. The standardized mortality ratios for all cancer in C1 was moderately, nonsignificantly elevated to 130. The standardized mortality ratio for all cancer in C2 was 238 during the
    first 20 years of follow-up. No standardized mortality ratios were significantly elevated in C3. When the mortality experience of 114 subjects who developed chloracne was examined, a nonsignificant increase in all cancer mortality for the entire 34 year period was observed (standardized mortality ratio 139). The standardized mortality ratio for all cancer for the chloracne group for the first 20 years of follow-up was 201, a statistically significant increase. This reflected excess mortality from lung cancer and colorectal cancer. In the entire cohort total mortality and all cancer mortality were not significantly elevated, standardized mortality ratios of 95 and 117, respectively. Problems with assessing the health risk of TCDD were discussed. It was concluded that the evaluation does not support a strong association between cancer mortality and TCDD in the BASF workers. [REF-29]

    The effects of TCDD on human embryonic palatal shelves were studied in vitro and compared with results from previous studies on mouse and rat organ cultures. Palatal shelves aged 52, 53 or 54 gestational days were cultured for 4, 3 and 3 days, respectively, to achieve the fusion stage. Cultures were grown in the presence of dimethyl sulfoxide or 5x10(-11), 1x10(-8) or 1x10(-7) molar TCDD dissolved in dimethyl sulfoxide. Labeling with tritiated thymidine was done for 16 hr prior to culture termination. Tissues were evaluated by autoradiography, electron microscopy and immunohistochemistry. The lowest concentration of TCDD had little effect on palatal shelves, with one of four shelves demonstrating inhibition of normal medial cell degeneration. TCDD at 5x10(-8) M inhibited medial cell degeneration in all shelves, and rounded cells covered with short microvilli were observed on medial epithelia. At 1x10(-7) M TCDD, medial epithelia revealed disorganization and debris indicating cytotoxicity. Toxic changes were noted in other epithelia and in mesenchymal cells. Medial cell proliferation was observed with TCDD at two higher concentrations. Control cultures and those exposed to 5x10(-11) M TCDD did not reveal cell proliferation. Growth factor expression was unaffected by TCDD at 5x10(-11) M. At higher levels, medial epithelial growth factor was increased, and levels of transforming growth factor beta2 were decreased in nasal epithelium. Transforming growth factor alpha was decreased in all epithelia, and transforming growth factor beta2 was decreased in nasal epithelium after exposure to 1x10(-7) M TCDD. Although these changes were identical to those noted in rat and mouse shelves, mouse palates responded at lower concentrations. /Results indicate/ that TCDD alters human embryonic palatal shelf proliferation and differentiation similar to that noted in mice but at a decreased sensitivity level. [REF-30]

    A retrospective cohort mortality study was conducted in a cohort of 5,172 chemical workers from 12 facilities located in the United States. Workers had histories of exposure to phenoxy herbicides and chlorophenols contaminated with TCDD. A review of process descriptions and job duties was used along with measurement of serum TCDD levels to document occupational exposure. In this cohort the mortality from several rare cancers previously associated with TCDD contamination was not notable. In a subcohort of 1,520 workers with more than one year of exposure and more than 20 years of latency, soft tissue sarcoma mortality was significantly elevated (standard mortality ratio 922). Respiratory system cancer was also significantly (elevated standard mortality ratio 142) in this subcohort. Mortality due to all cancers combined was significantly elevated both in the cohort (standard mortality ratio 115) and the subcohort (standard mortality ratio 146). Mortality due to all accidents was also significantly elevated in the cohort (standard mortality ratio 128). It was concluded that the excess cancer mortality, especially in the subcohort, is consistent with TCDD being a carcinogen. [REF-31]

    THREE SCIENTISTS WERE POISONED /DURING/ ... PREPN OF TCDD BY HEATING POTASSIUM TRICHLOROPHENATE. TWO ... DEVELOPED TYPICAL CHLORACNE 6 & 8 WK AFTER EXPOSURE ... DELAYED SYMPTOMS, MOST LIKELY DUE TO TCDD, DEVELOPED ABOUT 2 YR /LATER IN 2 SCIENTISTS/; THESE ... INCL PERSONALITY CHANGES, MAINLY LOSS OF ENERGY & DRIVE, IMPAIRMENTS OF VISION, TASTE & MUSCULAR COORDINATION, SLEEP DISTURBANCES, GI SYMPTOMS & HIRSUTISM. HYPERCHOLESTEROLEMIA (IN EXCESS OF 300 MG/100 ML) OCCURRED IN ALL 3 PATIENTS. [REF-2, p.V15 82]

    In 1979, rice oil accidentally contaminated with a mixture of polychlorinated dibenzofuran and polychlorinated biphenyls was ingested by a large number of individuals in Taiwan. Placentas obtained from women four years after the exposure had occurred contained several polychlorinated biphenyls congeners known to be present in the rice oil as well as two toxic polychlorinated dibenzofurans congeners: 2,3,4,7,8-pentachlorodibenzofuran and 1,2,3,4,7,8-hexachlorodibenzofuran. Placentas from exposed women who had markedly elevated activities of two cytochrome Pl-450 dependent enzymes, arylhydrocarbon hydroxylase and ethoxyresorufin O-deethylase. The average magnitude of enzyme induction was 100-fold, but much interindividual variation was evident. Binding properties of epidermal growth factor to its receptor were not altered by polychlorinated biphenyls-polychlorinated dibenzofuran exposure. However, epidermal growth factor stimulated autophosphorylation of the epidermal growth factor receptor was decreased significantly in placentas from exposed women and this effect was strongly correlated with decreased birth weight. Species comparisons of effects on epidermal growth factor receptor actions and cytochrome p450 isoenzymes, coupled with data on tissue concentrations of polychlorinated dibenzofurans, suggest that humans are more sensitive than rats to some of the biochemical effects of polychlorinated dibenzofurans and TCDD. [REF-32]

    ... Conducted a follow-up study of 74 individuals who had been exposed to TCDD 27 years earlier during an accident in a plant producing trichlorophenol. Of the 21 deceased individuals, 7 had cancer, compared with 4.1 expected. Three deaths due to stomach cancer were found, compared with 0.6 expected from regional mortality data. [REF-3, p.1238]

    Accidental exposures indicate that TCDD has low toxicity for man as compared with that for certain species (e.g., guinea pig). [REF-33, p.1634]

    Serum samples from exposed persons in Seveso, Italy, have shown that all children who had serum 2,3,7,8-TCDD levels greater than 11,000 parts per trillion based on lipid content developed chloracne. A 16 year old girl with serum levels of 800 parts per trillion developed chloracne, whereas a 15 year old boy with levels of 10,400 parts per trillion did not. Chloracne was not seen in adults who had serum levels in the range of 1770-9140 parts per trillion. [REF-34, p.757]

    Epidemiologic studies have shown an increase, associated with 2,3,7,8-TCDD exposure, in several liver enzymes, but these increases did not exceed what are considered normal values for these enzymes, and they disappeared over several years. [REF-34, p.757]

    Other less consistently reported effects from dioxin exposure in humans include /asthenia/, headaches, and pain in the extremities, peripheral neuropathy, ulcers, altered liver function, enzyme induction, altered lipid metabolism, and abnormal urinary porphyrin patterns. Immune system dysfunction and altered T-cell subsets have been reported by some investigators but have not been found by others. /Polychlorodibenzodioxins/ [REF-34, p.757]

    All members of a Spanish family (father, mother and six children) developed chloracne. The causative agent was found to be the family's stock of olive oil, which had become contaminated with polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans, pentachlorophenol, and hexachlorobenzene. The more highly chlorinated polychlorinated dibenzo-p-dioxins, in particular octachlorodibenzo-p-dioxin, were the predominant congeners in the oil. Three members of the family exhibited either an overt or a sub-clinical disturbance of kidney function. The father also had a chronic respiratory problem. These changes could not be unequivocally attributed to the polychlorinated dibenzo-p-dioxins. Experimental toxicity of the oil was limited to the development of hepatic porphyria in mice. A serum sample taken after the consumption of the oil ceased, contained high levels of the polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans. Extrapolation back to ingested dose was used to validate dosage estimates. The use of toxicity equivalence factors provided estimates of cumulative dosage to produce chloracne as 0.13-0.31 ug 2,3,7,8-tetrachlorodibenzodioxin/kg (using EPA toxicity equivalence factors) or 6.7-16 ug 2,3,7,8-tetrachlorodibenzodioxin/kg (using Nordic/NATO toxicity equivalence factors). This is the first incident in which human toxicity is related primarily to ingestion of polychlorinated dibenzo-p-dioxins and for which estimates of dosage can be made. [REF-35]

6-3 NON-HUMAN TOXICITY EXCERPTS:

    HEPATIC CELL NECROSIS PRODUCED BY TCDD IS PROBABLE CAUSE OF DEATH IN RATS, WHILE HEPATIC NECROSIS & LIVER INSUFFICIENCY ARE MINIMAL IN MICE & GUINEA PIGS. IN RATS, GUINEA PIGS & MICE, CHANGES IN WT OF THYMUS APPEARED TO BE MOST SENSITIVE INDICATOR OF TCDD EXPOSURE ... IP INJECTION OF 400 UG/KG BODY WT TCDD IN MONKEYS RESULTED IN HIGH CONCN IN SKIN & PRODUCED ALOPECIA & ACNE. [REF-2, p.V15 70]

    MOST SIGNIFICANT FINDINGS IN BOTH MICE & GUINEA PIGS TREATED WITH SUBLETHAL DOSES OF 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN WERE IN LYMPHOID SYSTEM, RESULTING IN SUPPRESSION OF CELL-MEDIATED IMMUNITY. [REF-2, p.V15 71]

    During manufacture of 2,4,5-trichlorophenoxyacetic acid a number of dioxins are formed, the most prevalent of which is TCDD. The concn of TCDD in different batches of Agent Orange varied greatly but averaged about 2 ppm of 2,4,5-T. The LD50 ranges from 0.001 to 0.3 mg/kg after oral admin to various animals. Mutagenicity studies ... gave both positive & negative studies in test systems. [REF-36, p.545]

    TCDD was admin to female rats by gavage for 2 consecutive wk at daily doses of 0, 0.125, 0.5 & 2 ug/kg. After treatment females were caged with untreated males. All dams were killed on day 21 of gestation. Their reproductive statuses were recorded & live fetuses were examined for external, visceral, & skeletal malformations. At 2 ug/kg reduction of both maternal wt gain & ovulation rate, incr of pre- & postimplantation loss, & fetal growth retardation were observed. Also, malformed fetuses were observed at this level. /No information on controls is given in the abstract/. [REF-37]

    2,3,7,8-Tetrachlorodibenzo-p-dioxin was given orally to pregnant New Zealand white rabbits on 6-15 day of gestation, in dosages of 0 (control), 0.1, 0.25, 0.5 & 1 ug/kg/day. Severe maternal toxicity & embryotoxicity were evident at 0.25 ug/kg/day dose & higher. Kidney anomalies were observed in treated groups. [REF-38]

    TETRACHLORODIBENZO-P-DIOXIN (TCDD) INCR REVERSION FREQUENCY TO STREPTOMYCIN INDEPENDENCE IN ESCHERICHIA COLI SD-4 AT ... 2 UG/ML. IN SALMONELLA TYPHIMURIUM, FRAMESHIFT MUTATIONS IN STRAIN TA1532, BUT NOT BASE SUBSTITUTIONS IN STRAIN TA1530, WERE INDUCED BY TOXIC CONCENTRATIONS OF TCDD. ... INHIBITION OF MITOSIS & CHROMOSOMAL ABNORMALITIES WERE OBSERVED IN ENDOSPERM CELLS OF HEMANTHUS KATHERINAE BAKER TREATED WITH 0.2 OR 1.0 UG/L TCDD IN THE PRESENCE OR ABSENCE OF 2,4,5-T. NO CHROMOSOMAL ABERRATIONS WERE OBSERVED IN BONE MARROW CELLS OF MALE RATS TREATED WITH TCDD BY IP INJECTION (5, 10 & 15 UG/KG BODY WT) OR ORALLY (SINGLE DOSE OF 20 UG/KG BODY WT OR 5 CONSECUTIVE DAILY 10 UG/KG BODY WT DOSES). HOWEVER, WHEN RATS OF BOTH SEXES WERE TREATED TWICE WEEKLY WITH TCDD (4 UG/KG OF BODY WT) FOR 13 WEEKS, SIGNIFICANT INCREASE IN NUMBER OF CHROMOSOME ABERRATIONS WAS FOUND. TCDD DID NOT INDUCE DOMINANT LETHAL MUTATIONS IN WISTAR RATS AFTER ORAL ADMIN TO MALES AT DOSES OF 4, 8 OR 12 UG/KG BODY WT/DAY FOR 7 DAYS. [REF-2, p.V15 78]

    ... AMONG 6 GROUPS OF 10 MALE SPRAGUE-DAWLEY RATS ADMIN 5, 1, 0.5, 0.05, 0.005 OR 0.001 UG TCDD/KG OF DIET FOR 65 WK, 12 ... HAD DIED: 5 & 4 DIED IN THE 2 HIGHER DOSE GROUPS, RESPECTIVELY, & 1 IN 0.5 UG/KG GROUP & 2 IN 0.005 UG/KG GROUP. DEATH OF 3 RATS ... RECEIVING 5 UG/KG WAS ATTRIBUTED TO APLASTIC ANEMIA; 2 CARCINOMAS OF KIDNEY, 2 CARCINOMAS OF LIVER, 1 CARCINOMA OF SKIN & 1 ANGIOSARCOMA WERE OBSERVED IN 6 OF 9 REMAINING ... IN RATS THAT WERE STILL ALIVE AT TIME OF REPORTING, 2 ADDNL NEOPLASMS (1 BILE-DUCT CARCINOMA & 1 ANGIOSARCOMA) WERE DETECTED ... . /NO INFORMATION ON THE CONTROL GROUP IS GIVEN/ [REF-2, p.V15 87]

    TREATMENT OF RATS WITH 4X20 UG/KG OF TCDD LED TO 2-3 FOLD INCR IN LIVER MICROSOMAL CYTOCHROME P450 LEVELS CONCOMITANTLY WITH CHANGES IN LIVER MICROSOMAL METAB OF 4-ANDROSTENE-3,17-DIONE, 5ALPHA-ANDROSTANE-3ALPHA, 17BETA-DIOL & 4-PREGNENE-3,20-DIONE. CHANGES WERE MOST PRONOUNCED IN FEMALE RATS WHERE SOME HYDROXYLASE ACTIVITIES INCREASED 3-5 FOLD. OBSERVED EFFECTS MAY BE RELATED TO ENDOCRINE SYMPTOMS SOMETIMES SEEN AFTER TCDD EXPOSURE. [REF-39]

    FEMALE WISTAR RATS TREATED ORALLY WITH SINGLE DOSE (100 UG/KG) OF TCDD SHOWED BIPHASIC DECLINE IN BODY WT WITH CESSATION OF FOOD & WATER CONSUMPTION & URINE PRODUCTION. [REF-40]

    THREE-GENERATION REPRODUCTION STUDY OF RATS WERE GIVEN TCDD IN DIET TO EVALUATE THE EFFECTS OF CHRONIC, LOW LEVEL INGESTION. SPRAGUE-DAWLEY RATS WERE MAINTAINED CONTINUOUSLY ON DIETS PROVIDING DOSE LEVELS OF 0, 0.001, 0.01 OR 0.1 UG TCDD/KG/DAY. AT 0.01 UG TCDD/KG/DAY DECR IN LITTER SIZE, GESTATIONAL & NEONATAL SURVIVAL & GROWTH WERE OBSERVED. REPRODUCTIVE CAPACITY OF SPRAGUE-DAWLEY RATS INGESTING TCDD WAS AFFECTED AT DOSE LEVELS OF 0.01 & 0.1 UG TCDD/KG/DAY THROUGH 3 SUCCESSIVE GENERATIONS. SIGNIFICANT DECREASES IN FERTILITY AND NEONATAL SURVIVAL WERE OBSERVED IN F0 GENERATION OF 0.1 UG/DAY GROUP. AT 0.01 UG/DAY FERTILITY WAS SIGNIFICANTLY DECREASED IN F1 AND F2 BUT NOT F0 GENERATIONS. AMONG RATS RECEIVING 0.001 UG TCDD/KG/DAY, NO EFFECT ON FERTILITY, LITTER SIZE AT BIRTH, OR POSTNATAL BODY WT WAS OBSERVED IN ANY GENERATION. [REF-41]

    TCDD produced dose related increase in abnormalities in heart and aortic arches in chick embryos at 0.16 to 31 nmol/egg. [REF-42]

    Tetrachlorodibenzo-p-dioxin at 0.1 mg/l retards development of pike (Esox lucius). [REF-43]

    TCDD was evaluated for its effects on in vitro induction of sister chromatid exchange by alpha-naphthoflavone in Sprague-Dawley rats. Female rats, 9-11 wks old, were given a single oral dose of TCDD at concentrations ranging from 0.3-30 ug/kg in 0.2 ml of corn oil. Blood was withdrawn by cardiac puncture 5 or 6 days post-treatment and cells cultured for 72 hours. A 10 ul aliquot of 20 mM alpha-naphthoflavone in dimethyl sulfoxide was added to appropriate cultures at the beginning of the culture period. No effect on baseline sister chromatid exchange frequency (cultures without alpha-naphthoflavone) was detected in rats exposed to 0-30 ug TCDD/kg, while cultures incubated in the presence of alpha-naphthoflavone had significantly higher sister chromatid exchange frequencies. The potentiating effect of TCDD on sister chromatid exchange induction by alpha-naphthoflavone was dose-dependent between 0 and 3 mg TCDD/kg treatments and plateaued at higher dose levels. TCDD effects on rat liver aryl hydrocarbon hydroxylase activity were dose dependent. The dose response pattern for aryl hydrocarbon hydroxylase activity was similar to that for alpha-naphthoflavone mediated increases in sister chromatid exchange frequency. [REF-44]

    The studies of ... epidermal keratinocytes derived from genotypically segregated newborn haired and hairless HRS/J mice to TCDD exposure in in vitro cultures /were compared/. ... Results suggested that the sensitivity of HRS/J haired and hairless mouse epidermal keratinocyte cultures to TCDD exposure in vitro was very similar. In each type of cell culture, cell proliferation, epidermal transglutaminase activity, cell envelope formation, and keratin staining with Rhodanile blue were stimulated by TCDD exposure in a similar dose-dependent manner. ... Physiologic factors beyond the epidermal cells may be involved in expression of the different responses seen in the skin of mice to TCDD in vivo. [REF-45]

    2,3,7,8-Tetrachlorodibenzo-p-dioxin was given orally to pregnant rats on days 6-15 of gestation, at levels of 0 control, 0.03, 0.125, 0.5, 2.0 and 8.0 ug/kg/day. No adverse effect on the fetuses was noted at the 0.03-ug/kg level, but in the groups given doses of 0.125-2.0 ug/kg, fetal mortality, early and late resorptions and fetal intestinal hemorrhage were observed, with the incidence increasing as the dose increased. There was no evidence of maternal toxicity at 0.03 and 0.125 ug/kg/day, but at 0.5 and 2.0 ug/kg/day there was a decrease in maternal weight gain. Severe maternal toxicity and embryotoxicity were evident at the 8.0 ug/kg/day dose, maternal weight loss and early resorptions occurring in all cases. The results suggest that teratogenic effects attributed earlier to 2,4,5-trichlorophenoxyacetic acid may have been due to 2,3,7,8-tetrachlorodibenzo-p-dioxin, which was present as a contaminant at a level of about 30 ppm in the sample of the herbicide tested. [REF-46]

    The effect of TCDD on the developing embryo and fetus of CF-1 mice has been evaluated. Pregnant CF-1 mice were given TCDD by oral gavage on days 6 through 15 of gestation at dosages of 0, 0.001, 0.01, 0.1, 1, and 3 ug/kg/day. Little or no maternal toxicity was observed at any dosage. Cleft palate and dilated renal pelvis were found at 3.0 ug/kg/day. Cleft palate was found at 1.0 ug/kg/day. No malformations were found at the intermediate dosages of 0.1 or 0.001 ug/kg/day. Teratogenic effects observed, ie, cleft palate and dilated renal pelvis, were comparable to those seen in studies utilizing other strains of mice. The incidence of malformations was not statistically significant at the 0.1 ug/kg/day dosage and below. The experimental non-teratogenic dosage for TCDD in the developing embryo and fetus of CF-1 mice was estimated to be 0.1 ug/kg/day. [REF-47]

    The teratogenic potential of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), and TCDD was studied in mice and rats. CD-1-Mice, DBA/2J-mice, and CD-rats were administered technical or analytical grade 2,4,5-trichlorophenoxyacetic acid and TCDD alone or in combination on days 6 through 15 of gestation. Doses ranged up to 150 mg/kg. ... Technical grade 2,4,5-trichlorophenoxyacetic acid at a dose of 150 mg/kg significantly increased fetal mortality in CD-1-mice. Fetal viability in the other mouse strains was not affected by 2,4,5-trichlorophenoxyacetic acid. In rats, 80 mg/kg 2,4,5-trichlorophenoxyacetic acid significantly increased fetal mortality. TCDD did not increase fetal mortality in any animals. Technical grade 2,4,5-trichlorophenoxyacetic acid caused reductions in maternal weight gain in C57B1/6J mice and rats only. 2,4,5-Trichlorophenoxyacetic acid induced significant increases in relative liver weights of all mice strains. TCDD significantly increased maternal relative liver weight only in C57B1/6J mice and DBA/2J-mice. TCDD and 2,4,5-trichlorophenoxyacetic acid induced cleft palates and kidney malformations in
    all mouse fetuses. 2,4,5-Trichlorophenoxyacetic acid was not teratogenic in rats. TCDD produced kidney malformations in fetal rats. No potentiation of fetal effects occurred when TCDD and 2,4,5-trichlorophenoxyacetic acid were given together. ... [REF-48]

    The potency of TCDD to produce chloracne in the rabbit ear was tested. Threshold levels for the induction of lesions were between 1 ug for the pure compound and 160 ug when the compound was adsorbed onto charcoal. [REF-49]

    Guppies that survived exposure to 0.1 or 10 ug/l tetrachlorodibenzo-p-dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin, a highly toxic impurity in the herbicide, 2,4,5-T (2,4,5-trichlorophenoxyacetic acid) for 10 days, showed necrosis of maxillary cartilage and fins. [REF-50, p.55]

    In order to test the potential of TCDD as a promoter of hepatocarcinogenesis, rats which had received a single 10 mg/kg dose of diethylnitrosamine following partial hepatectomy were given TCDD (0.14 and 1.4 ug/kg sc once every 2 weeks) for 7 months. Animals which received (a) only a single initiating dose of diethylnitrosamine after partial hepatectomy and no further treatment or (b) TCDD alone with no initiating dose of diethylnitrosamine exhibited relatively few enzyme altered foci and no hepatocellular carcinomas. However, animals initiated with diethylnitrosamine and then given TCDD had a marked increase in enzyme altered foci. At the higher dose of TCDD, hepatocellular carcinomas were present in five of seven rats. By means of three different enzyme markers used to evaluate the phenotypes of the enzyme altered foci, a distinct phenotype heterogeneity of the foci was noted with a shift towards phenotypes exhibiting a greater deviation from normal liver when TCDD was given following diethylnitrosamine partial hepatectomy. Quantitation of the numbers of enzyme altered foci was performed by relating measurements made from two dimensional tissue sections to the numbers of foci per unit volume of liver using relationships established in the field of stereology. The total volume of the liver occupied by the enzyme altered foci, but not their number, increased with the dose of TCDD administered following diethylnitrosamine plus partial hepatectomy. [REF-51]

    Rats were maintained for 2 years on diets supplying 0.1, 0.01 and 0.001 ug TCDD/kg/day, equivalent to 2200, 210 and 22 parts per trillion of TCDD. Ingestion of 0.1 ug/kg/day caused multiple indications of toxicity, including decreased weight gain, increased mortality, slightly decreased erythroid parameters, increased urinary excretion of porphyrins and delta-aminolevulinic acid and abnormal liver function tests. Gross and histopathologic changes were noted in their hepatic, lymphoid, respiratory and vascular tissues. This high dose level caused an increased incidence of hepatocellular carcinomas and squamous cell carcinomas of the lung, hard palate/nasal turbinates or tongue, whereas a reduced incidence of tumors was noted in the pituitary, uterus, mammary gland, pancreas and adrenal. Terminal liver and fat samples from these rats given diets containing 2200 parts per trillion of TCDD contained 24,000 and 8100 parts per trillion of TCDD, respectively. Rats maintained on diets containing 0.01 ug/kg/day (210 parts per trillion ) had a lesser degree of toxicity, limited primarily to increased urinary excretion of porphyrin plus liver and lung lesions. Terminal liver and fat samples contained 5100 and 1700 parts per trillion TCDD, respectively. Ingestion of 0.001 ug/kg/day (22 parts per trillion in the diet) caused no effects considered to be of any toxicologic significance. Terminal liver and fat samples each contained 540 parts per trillion of TCDD. [REF-52]

    ... 2,3,7,8-Tetrachlorodibenzo-p-dioxin has been reported to be mutagenic in the yeast Saccharomyces cerevisiae in both in vitro assay with S-9 and the host mediated assay. [REF-53, p.42]

    The cmpd TCDD causes hepatocellular damage and porphyria in C57B1/6J mice, among a wide range of toxic effects. ... The effect of TCDD toxicity in iron deficient mice with that in mice receiving a normal diet /were compared/. Porphyria did not develop in the iron deficient animals, and these animals were also protected from hepatocellular damage and certain other toxic effects of TCDD. [REF-54]

    State of the art quantitative risk assessment techniques, including consideration of new time to response data, have been applied to chronic animal bioassay data on the dietary intake of 2,3,7,8-tetrachlorodibenzo-p-dioxin. The nonlinear shapes of the dose response relation for the hepatocellular carcinogenic responses have been estimated. The estimated virtually safe dose for an increase of 1 in a million in the probability of hepatocellular neoplastic nodule and/or carcinoma in a female rat is 0.1 ng/kg/day in the diet. The estimated mean free dose, corresponding to a reduction in the expected amt of time without hepatocellular neoplastic nodule and/or carcinoma proportional to 1 week in 70 yr, is in the range 1-5 ng/kg/day in the diet of a female rat. No species to species extrapolations nor human exposure assessments have been made. [REF-55]

    TCDD has been recognized as a kidney teratogen. This study examines C57BL/6N fetal mouse kidneys from day 14 of gestation through day 17. Pregnant females received a single dose of 0 or 12 ug TCDD/kg by gavage on day 10 of pregnancy. Fetal urinary systems were examined on days 14, 15, 16 (am), 16 (pm), and 17 (pm). The patency of the ureteric lumen was examined by injection of dye into the bladder. TCDD treatment did not delay or prevent breakdown of the ureteric membrane between days 15 and 16. On days 16 through 17, the ureteric lumina of TCDD exposed fetuses were narrow and tortuous when compared to the control lumens. Sections of ureter were observed by light microscopy. On day 15 the lumina of TCDD exposed ureters were occluded by epithelial cells. As a result of hyperplasia of the ureteric luminal epithelium, hydroureter and hydronephrosis became pronounced by day 17. [REF-56]

    Frequencies of sister chromatid exchanges and chromosomal aberrations were examined in peripheral lymphocytes of Rhesus monkeys which had been fed a diet containing 25 parts per trillion 2,3,7,8-tetrachlorodibenzo-p-dioxin for a period of 4 years. When compared to non-exposed control animals, no significant differences were noted for either of these cytogenic endpoints. In addition, there was not a significant difference in sister chromatid exchange response to a challenge dose of mitomycin C in cells from 2,3,7,8-TCDD exposed animals, compared to controls. [REF-57]

    TCDD dissolved in corn oil was administered intragastrically to two groups of 6 to 8 female Sprague-Dawley rats at doses of 0, 40, or 400 ug/kg/day for 3 days each. The animals were killed 6 days after treatment. Relative to controls, the 40 ug/kg dose produced a 4.4-fold increase in hepatic lipid peroxidation and a 4.2-fold increase in aryl hydrocarbon hydroxylase (AHH) activity. This dose also produced a 64% inhibition of glutathione peroxidase (GSH-PX) activity. It also reduced thymus weight by about 80% and caused a 20% loss of body weight. In the kidneys, 400 ug/kg/day of TCDD did not produce lipid peroxidation nor alter glutathione peroxidase activity relative to the contol group. There were no changes in kidney weight. [REF-58]

    2,3,7,8-Tetrachlorodibenzo-p-dioxin tumor incidence is increased by TCDD in female Sprague-Dawley rats but not male rats in chronic carcinogen bioassays. /New/ studies have investigated this finding by evaluating histological and biochemical parameters in a two-stage model for hepatocarcinogenesis in female Sprague-Dawley rats (intact and ovariectomized), using diethylnitrosamine as the initiating agent and TCDD as the promoting agent. Increases in gamma-glutamyl transpeptidase-positive foci were greater in intact female rats than in ovariectomized animals. For example, in intact rats receiving both diethylnitrosamine and TCDD, the percentage of liver occupied by gamma-glutamyl transpeptidase-positive foci was 0.37, compared to 0.08 in ovariectomized rats. Values for intact or ovariectomized rats receiving either diethylnitrosamine or TCDD only were 0.04 or less. Similar results were obtained when using placental glutathione-S-transferase to detect hepatic ... /preneoplatic/ lesions. Cell proliferation data, obtained using bromodeoxyuridine in osmotric minipumps, were consistent with preneoplastic foci data in that the hepatocyte labeling index was increased in diethylnitrosamine/TCDD intact rats but not in diethylnitrosamine/TCDD ovariectomized rats. Analysis of data from individual animals revealed a strong correlation (p < 0.01) between cell proliferation and placental glutathione-S-transferase-positive foci/cu m in liver. These findings did not reflect effects of ovariectomy on TCDD tissue distribution, since livers of ovariectomized rats contained more TCDD than livers of intact rats, although both groups of rats received a dose of 1.4 ug TCDD/kg once every 2 weeks for 30 weeks. Hepatic cytochrome p450d (IA2) was induced approximately 6 to 8-fold in all TCDD-treated groups, and the magnitude of induction was not influenced by ovariectomy. This cytochrome efficiently catalyzes metabolism of 17beta-estradiol to catechol estrogens. Data suggest that ovarian hormones (probably estrogens) play a significant role in the hepatocarcinogenic actions of TCDD. [REF-59]

    Treatment of wild-type Hepa 1c1c7 cells with 1 nM (3)H-17 beta-estradiol resulted in the rapid accumulation of the nuclear estrogen receptor complex whose levels were maximized within 1 hr. Cotreatment of the cells with 10 nM TCDD and (3)H-17 beta-estradiol did not affect the nuclear estrogen receptor levels 1 hr after addition of the radioligand; however, pretreatment of the cells for 1, 6, 24 or 42 hr with 10 nM TCDD prior to the addition of the radiolabeled hormone caused a greater than 50% decrease in nuclear estrogen receptor levels (determined by velocity sedimentation analysis) 1 hr after the addition of (3)H-17 beta-estradiol. In parallel experiments in which 10 nM TCDD was added 6 hr prior to the radiolabeled hormone, TCDD caused a
    63% and 74% decrease in immunodetectable cytosolic and nuclear estrogen receptor protein levels, respectively, in the wild-type Hepa 1c1c7 cells. The nuclear estrogen receptor was also detected in two Hepa 1c1c7 mutant (class 1 and class 2) cell lines which have been characterized previously as TCDD non-responsive due to either decreased aryl hydrocarbon receptor levels or a defect in the accumulation of transcriptionally active nuclear aryl hydrocarbon receptor complexes, respectively. Treatment of these mutant cell lines with TCDD and (3)H-17 beta-estradiol caused only a minimum (class 1) or non-detectable (class 2) decrease in nuclear estrogen receptor binding activity or immunodetectable protein levels. These results, coupled with the structure-dependent differences in the activities of TCDD (a strong aryl hydrocarbon receptor agonist) and 2,8-dichlorodibenzo-p-dioxin (a weak aryl hydrocarbon receptor agonist) in this assay system, support a role for the aryl hydrocarbon receptor in the TCDD-mediated decrease of the nuclear estrogen receptor in mouse Hepa 1c1c7 cells. In addition, actinomycin D and cycloheximide both inhibited the TCDD mediated decrease of nuclear estrogen receptor levels in the Hepa 1c1c7 wild-type cells, and these results suggest that TCDD may induce specific gene products which are involved in this process. [REF-60]

    TCDD and retinoic acid are both teratogenic in mice. TCDD is a highly toxic, stable environmental contaminant, while retinoic acid is a naturally occurring form of vitamin A. Exposure to TCDD induces hydronephrosis and cleft palate, and exposure to retinoic acid induces limb defects and cleft palate. Teratology studies previously have shown that the incidence of clefting is higher after exposure to retinoic acid + TCDD than would be observed for the same doses of either compound given alone. This study examines the cellular effects which result in cleft palate, after po administration on gestation day 10 or 12 of retinoic acid + TCDD in corn oil (10 ml/kg total volume). Exposure on gestation day 10 to 6 ug TCDD + 40 mg retinoic acid/kg inhibited early growth of the shelves and clefting was due to a failure of shelves to meet and fuse. This effect on mesenchyme was observed in previous studies to occur after exposure on gestation day 10 to 40 mg/kg retinoic acid alone but not after TCDD alone. After exposure on gestation day 12 to 6 ug TCDD + 80 mg retinoic acid/kg, clefting was due to a failure of shelves to fuse after making contact, because the medial cells differentiated into an oral-like epithelium. This response was observed in previous studies to occur after exposure to TCDD alone, but retinoic acid alone on gestation day 12 resulted in differentiation toward nasal-like cells. The interaction between TCDD and retinoic acid results in retinoic acid-like clefting after exposure on gestation day 10 and TCDD-like clefting after exposure on gestation day 12, and this clefting occurs at higher incidences than would occur after the same levels of either agent alone. After exposure on either gestation day 10 or 12 to retinoic acid + TCDD, the programmed cell death of the medial cells does not occur, and these cells continue to express EGF receptors and to bind 125I-EGF. The effects of retinoic acid and TCDD may involve modulation of the cells responses to embryonic growth and differentiation factors. [REF-61]

    TCDD is a potent cleft palate inducing teratogen in mice. /Studies have investigated/ factors which modify teratogenicity of TCDD in mice. In a series of experiments using JC1-ICR mice, in which exencephaly occurs spontaneously at a low rate, /it was found/ in a litter treated with TCDD at 40 ug/kg at day 12.5 of gestation (VP-day 0) that an exencephalic fetus had a closed palate whereas the remaining non-exencephalic litter mates had cleft palates. This experience prompted /a study to/ examine whether exencephalic fetuses are really resistant to the cleft palate inducing action of TCDD or not. Pregnant JC1:ICR mice were pre-treated with cadmium chloride once at 6 mg/kg at day 7.5 (group A) ip or at 2 mg/kg three times at days 7.5, 8.5, and 9.5 (group B) ip to induce exencephaly in embryos. Then the dams were treated with TCDD at 40 ug/kg at day 12.5 by gavage and fetuses were examined for malformations at day 18.5. In group A, 75% of live fetuses had exencephaly. None of the exencephalic fetuses had cleft palate, whereas all the fetuses without exencephaly had cleft palate. In group B, 29% of live fetuses had exencephaly without any case of cleft palate, whereas 84% of non-exencephalic fetuses had cleft palate. Thus resistance of exencephalic fetuses to the cleft palate inducing action of TCDD was demonstrated in mice. [REF-62]

    The interactions of TCDD with hormones and hormone receptors have important implications for TCDD toxicity. Evidence suggests that TCDD modulates receptors for glucocorticoids, prolactin, thyroxine, low density lipids, epidermal growth factor, and estrogens. Estrogen receptor modulation and the animal's physiological responses to this modulation appear to be particularly important effects and can explain much of the toxicity observed in TCDD-treated animals. Susceptibility of different species to TCDD correlates with their steroid glucuronidation capicity. Because of the close interactions and interdependent regulation of hormonal systems, other hormones may have a similar role in TCDD toxicity. [REF-63]

    Prenatal exposure of experimental animals to the environmental contaminant TCDD leads to thymic atrophy and a suppression of cell-mediated immunity that is more severe and persistent than that caused by adult exposure, suggesting that events involved in the maturation of the immune system are particularly sensitive to TCDD. We report here that perinatal TCDD exposure produces an alteration in the lymphocyte stem cell population in the fetus and neonate, as evidenced by a significant reduction in the lymphocyte stem cell-specific enzyme terminal deoxynucleotidyl transferase. After maternal treatment with a single dose of TCDD (10 ug/kg of body weight) on gestational day 14, terminal deoxynucleotidyl transferase biosynthesis and specific mRNA were reduced more than 50% in fetal liver lymphoid cells on gestation day 18. An even more extensive reduction was seen in neonatal bone marrow through postnatal day 18. In contrast, thymic terminal deoxynucleotidyl transferase synthesis appeared to be relatively unaffected on a per cell basis by perinatal TCDD exposure, although the actual number of terminal deoxynucleotidyl transferase-synthesizing thymocytes was diminished due to extensive thymic atrophy. Those effects occurred at concentrations of 1-31 femtogram of TCDD/mg of thymus. Flow cytometric analysis of thymocyte surface marker expression revealed a slight decrease in the percentage of Lyt-2+L3T4+ thymocytes on gestation day 18 and postnatal day 4. This alteration was no longer apparent by postnatal day 11, when marrow terminal deoxynucleotidyl transferase biosynthsis was most suppressed. These results suggest that TCDD-induced thymic atrophy during the perinatal period may be due, in part, to an effect on the prothymocyte. [REF-64]

    TCDD is an extremely toxic chemical pollutant which bioaccumulates in maternal adipose tissue, and is transferred to the developing organism during gestation and lactation. Long-term cognitive deficits have been reported following perinatal exposure to polychlorinated biphenyls, which are structurally and toxicologically similar to TCDD. In the current study, monkeys exposed to TCDD perinatally were later tested in two cognitive paradigms, discrimination-reversal learning and delayed spatial alteration. Discrimination-reversal learning detected effects; whereas delayed spatial alternations, as analyzed, did not. Discrimination-reversal learning consisted of a series of simple spatial reversals, followed by spatial reversals with color and shape as irrelevant cues, then by color reversals and finally by shape reversals. TCDD-exposed monkeys exhibited retarded learning of the shape reversals. The deficit was most pronounced on the first reversal following overtraining. There were no group differences on the spatial or color reversals. However, the number of trials the TCDD-exposed monkeys individually took to learn the spatial reversals was positively correlated with TCDD concentration in body fat. Conversely, the number of trials they took to learn the color reversals was negatively correlated with TCDD in body fat. [REF-65]

    Exposure of neonatal rats to TCDD during the lactation period was studied. Dams, directly exposed to TCDD, and neonates, exposed to TCDD via the milk, showed drastic changes in liver vitamin A content and strong enzyme induction. Neonates seemed to be more sensitive to low level exposure of TCDD, compared to the dams. [REF-66]

    Behavioral effects that were detected in TCDD-exposed monkey offspring included alterations in the social behavior of the mother-infant dyad and of peer groups of the offspring after weaning. Performance on learning tasks was correlated with TCDD concentration in body fat. [REF-67]

    TCDD, an extremely potent mouse teratogen, causes malformations in the kidney and hard palate. TCDD is stored in adipose tissue and mobilized during lactation. The objective of this study was to compare in utero and lactational exposure on the induction and persistence of hydronephrosis. Pregnant C57BL/6N mice were treated po with a single dose of 0, 3, or 12 ug TCDD/kg on gestation day 6. All dams were allowed to litter and each litter was culled to a standard size of 6. Litters were reciprocally cross-fostered on the day of birth, postnatal day 0, resulting in four experimental groups: pups not exposed by either route, pups exposed only in utero, pups exposed only lactationally, and pups exposed by both routes. Pups were sacrificed at weaning (postnatal day 25) and puberty (postnatal day 67). Neither sex nor postnatal day of sacrifice had any significant effect on incidence or severity of hydronephrosis, both of which were greatest for pups receiving dual exposure. Hydronephrotic incidence and severity was essentially the
    same for gestational vs lactational exposure. Severity of the renal lesion was always greater in the right kidney than in the left. In summary, lactational exposure can both induce or exacerbate exisiting hydronephrosis. The renal lesion appears to persist from weaning through puberty. However, preliminary data suggests that reversal may occur to some extent between gestation day 18 and postnatal day 25. [REF-68]

    /It was/ hypothesized that changes in expression of fetal lymphocyte surface antigens after in utero exposure to immunotoxic compounds might be a predictor of impaired immune function observed in neonates. To test this hypothesis TCDD was injected daily sc (0 or 2 ug/kg body weight in corn oil) into C57B1/6N dams from gestational day 6-14. Thymocytes were evaluated from the fetuses on gestation day 17, 18, and 19, postnatally in 4, 5 and 7 week old pups. Fluorescence activated cell sorting was used to quantitate the number of lymphocytes expressing various surface antigens. The total number of fetal thymic cells decreased significantly and the CD8+, suppressor/cytotoxic T cell population increased significantly. These changes returned to normal levels postnatally. Pups from the same F1 population were then tested for selected immune functions at 7, 8, or 10 weeks of age. The cytotoxic T lymphocyte activity in splenocytes was signficantly suppressed at weeks 7 and 8; by week 10, there was no difference as compared to controls. In conclusion, administration of the immunotoxic compound, TCDD, induced a change in cell surface marker expression in prenatal mice that may prove to be an indicator of altered immune function in adult life. [REF-69]

    Perinatal exposure to small amounts of TCDD appears to cause an androgenic deficiency in male rats that from birth into adulthood. The purpose of this study was to determine if male reproductive function in also adversely affected. On day 15 of pregnancy, female rats were dosed orally with TCDD (0.0-1.0 ug/kg), exposing their offspring to TCDD in utero as well as through lactation. Dose-related decreases in testis and epididymis weights were observed in the 32, 49, 63, and 120 day-old offspring. Testicular daily sperm production rate, evaluated on days 49, 63, and 120 also declined in a dose-related fashion which appeared to become less severe with time. Cauda epididymal sperm count and concentration, determined on days 63 and 120, were decreased at doses of TCDD as low as 0.064 ug/kg. Epididymal sperm motility and morphology, however, remained unaltered. When caged with control females, the fertility of TCDD exposed male offspring (measured at 70 and 120 days of age) was not affected. Because male rats normally ejaculate far more sperm than are necessary to impregnate females, the decreases in daily sperm production rate and cauda epididymal sperm reserves caused by perinatal TCDD exposure were not severe enough to impair the ability of these rats to reproduce. [REF-70]

    Following sexual maturation, the reproductive system of male rats is relatively resistant to TCDD. This study was designed to determine the sensitivity of male rats to perinatal TCDD exposure. Female rats were given TCDD (0.0, 0.064, 0.16, 0.40, or 1.0 ug/kg, po) on day 15 of pregnancy, thus exposing their offspring in utero and via lactation. The percentage of live births was slightly decreased (highest dose only), while no effects on maternal weight gain, litter size, or offspring survival were seen. A decrease in body weight seen in day-old pups was maintained into adulthood (typically 10-15% at the highest dose). Of the developmental indices measured (time to pinna detachment, incisor eruption, eye opening, testis descent), only testis descent was delayed. Dose-related decreases in the weights of androgen-dependent organs (seminal vesicles and ventral prostate) were seen on days 32, 49, 63, and 120; plasma testosterone and dihydrotestosterone concentrations were similarly affected. Dose-related decreases in anogenital distances of 1- and 4-day old males also suggest the presence of an androgenic deficiency. Thus, male rats are sensitive to perinatal TCDD exposure; maternal doses as low as 0.16 ug/kg appeared to cause a perinatal androgenic deficiency that persisted into adulthood. [REF-71]

    29 Adult Rhesus and 18 offspring were exposed to relatively low doses of TCDD. There were no clinically significant abnormalities in the immune response of surviving adults. Offspring had increased responses to antigen which correlated with TCDD tissue levels. [REF-72]

    The incidence of ... endometriosis was determined in a colony of rhesus monkeys clinically exposed to 2,3,7,8-tetrachlorodibenzo-p-dioxin ... for a period of 4 yr. Ten years after termination of dioxin treatment, the presence of endometriosis was documented by surgical laparoscopy and the severity of disease was assessed. The incidence of endometriosis was directly correlated with dioxin exposure and the severity of disease was dependent upon the dose administered (p< 0.001). Three of the seven animals exposed to 5 parts per trillion dioxin (43%) and 5 of 7 animals exposed to 25 parts per trillion dioxin (71%) had moderate to severe endometriosis. In contrast, the frequency of disease in the control group was 33%, similar to an overall prevalence of 30% in 304 monkeys housed at The Harlow Primate Center with no dioxin exposure. This 15 yr study indicates that latent female reproductive abnormalities may be associated with dioxin exposure in the rhesus. ... [REF-73]

    In the late 1960s a chemical company in southern Missouri, which had produced 2,4,5-trichlorophenoxyacetic acid, ceased production and leased the facilities to another company which produced hexachlorophene and 2,4,5-trichlorophenol. Between Feb and Oct 1971, an estimated 21,500 gallons of contaminated waste oil were removed from this plant for disposal. Much of this material was used for spraying roads and horse arenas for dust control. A number of 57 horses became ill and subsequently died. These horses exhibited extreme weight loss and alopecia. There were 26 known abortions, and many foals, exposed only in utero, died at birth or shortly after. Postmortem examinations showed severe emaciation , hepatic damage, gastric ulcers, atrophy of the spleen, and skin lesions. Many cats and dogs straying in the arena areas died with the same symptoms. [REF-3, p.1219]

    Monkeys poisoned by TCDD at a dietary level of 0.5 ppb showed weight loss, blepharitis, loss of fingernails and eyelashes, facial alopecia with acneform eruptions, mild anemia, neutropenia, lymponia, and a decrease in serum cholesterol with increased serum triglycerides. At necropsy, the liver, kidneys, and adrenals showed a relative increase in weight, whereas the thymus was reduced dramatically. There were hyperplastic and metaplastic changes of the sebaceous glands and epithelial hyperplasia of the renal pelvis, stomach, gallbladder, and bile duct. Erythroid elements of the bone marrow were reduced. Female monkeys receiving the same dietary concentration showed reproductive difficulties as they became generally incapacitated. TOXICITY VALUES - TOXV [REF-3, p.1221]

    Male Sprague-Dawley rats were treated by oral gavage with 1 umol/kg TCDD dissolved in corn oil and were killed 3 days later. Purification of hepatic microsomal cytochrome p450 showed that 2,3,7,8-tetrachlorodibenzo-p-dioxin remained specifically bound to cytochrome p450 throughout purification. The binding could not be measured spectrally, but 2,3,7,8-tetrachlorodibenzo-p-dioxin inhibited estradiol 2-hydroxylase activity catalyzed by the cytochrome. [REF-74]

    TCDD is a highly potent inducer of cytochrome p450. The role of the induced p450 in TCDD toxicity has been obscure as p450 neither detoxifies TCDD nor activates it to genotoxic or cytoxic metabolites. ... Using a chick embryo model, /results indicate/ that TCDD causes major increases in the reduced form of nicotinamide-adenine dinucleotide phosphate dependent metabolism of arachidonic acid, a predominant cell membrane fatty acid, that it does so with extremely high potency (ED50, 6.3 pmol per egg) and that this metabolism is catalyzed by TCDD-induced cytochrome p450 species. Thus, TCDD treatment increased by six to ten fold the p450 mediated hepatic microsomal metabolism of arachidonic acid to epoxides and monohydroxyeicosatetraenoic acids, products whose diverse biological activities suggest links to TCDD's toxic effects. In contrast only omega and omega-1 hydroxyi arachidonic acid, inactive products, were significantly formed by the controls. These findings open a new perspective on how p450 induction could be related to the diverse toxic effects of TCDD. They lead to the novel hypothesis that TCDD-induced cytochrome p450 metabolizes an endogenous fatty acid to reactive products that mediate or modulate varied manifestations of TCDD toxicity. [REF-75]

    Different halogenated dibenzo-p-dioxins differ greatly in toxicity but, ... a comparison ... the toxicity of the compounds corresponds with their ability to induce delta-aminolevulinic acid synthetase and aryl hydrocarbon hydroxylase. [REF-8, p.479]

    Chemical thyroidectomy effectively protected athyroid rats from mortality during 45 days after dosing with 100 ug TCDD/kg, whereas 70-80% of nonthyroidectomized-euthyroid & thyroidectomized-T4 (thyroxine)-maintained-euthyroid rats died within same period of time. There was significant decr in body wt of all TCDD treated groups compared to controls. TCDD significantly reduced feed intake in nonthyroidectomized-euthyroid & thyroidectomized-T4-euthyroid rats, but no altered feed consumption was observable in thyroidectomized-athyroid animals. Data indicate that thyroid hormones play an important role in mediating toxicity of TCDD. [REF-76]

6-4 EVIDENCE FOR CARCINOGENICITY:

    Evaluation: There is limited evidence in humans for the carcinogenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin. There is sufficient evidence in experimental animals for the carcinogenicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin. Overall Evaluation: 2,3,7,8-tetrachlorodibenzo-p-dioxin is carcinogenic to humans (Group 1). In making the overall evaluation, the Working Group took into consideration the following supporting evidence: (1) 2,3,7,8-TCDD is a multi-site carcinogen in experimental animals that has been shown by several lines of evidence to act through a mechanism involving the Ah receptor; (2) this receptor is highly conserved in an evolutionary sense and functions the same way in humans as in experimental animals; (3) tissue concentrations are similar in both heavily exposed human populations in which an increased overall cancer risk was observed and in rats exposed to carcinogenic dosage regimens in bioassays. [QR] [REF-77, p.69 342]

6-5 NATIONAL TOXICOLOGY PROGRAM REPORTS:

    A bioassay of TCDD for possible carcinogenicity was conducted by applying an acetone suspension of this substance dermally to groups of 30 male and female Swiss-Webster mice 3 days per week for 104 weeks. Similar groups were pretreated with 1 application of 50 ug dimethylbenzanthracene in 0.1 ml acetone 1 week before TCDD administration began. Female mice received 0.005 ug TCDD per application, and the male mice received 0.001 ug TCDD. As vehicle controls, 45 mice of each sex received 0.1 ml acetone three times per week. Thirty animals of each sex were used as untreated controls. ... Mean body weights of dosed and vehicle control groups of the females were less than those of untreated control group thoughout the study and for the males were less than mean body weights of untreated controls during the first 80 weeks. In female mice, the incidence of fibrosarcoma in the integumentary system in groups dosed with TCDD and TCDD following dimethylbenzanthracene was significantly higher than that in the corresponding controls. [REF-78]

    A bioassay of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a contaminant in several herbicides, for possible carcinogenicity was conducted by administering the test material by gavage to Osborne-Mendel rats and B6C3F1 mice for 104 weeks. Fifty rats and mice of each sex were administered TCDD suspended in a vehicle of 9:1 corn oil-acetone 2 days per week for 104 weeks at doses of 0.01, 0.05, or 0.5 ug/kg/wk for rats and male mice and 0.04, 0.2, or 2.0 ug/kg/wk for female mice. Seventy-five rats and 75 mice of each sex served as vehicle controls. One untreated control group containing 25 rats and 25 mice of each sex was present in the TCDD treatment room, and one untreated control group containing 25 rats and 25 mice of each sex was present in the vehicle control room. All surviving animals were killed at 105 to 107 weeks. ... In male rats, increased incidences of follicular cell adenomas or carcinomas in the thyroid were dose related and were significantly higher in the mid and high dose groups than in the vehicle controls. In female rats, the incidences of follicular cell adenomas of the thyroid and hepatocellular carcinomas or neoplastic nodules of the liver were dose related, and the incidence of hepatocellular carcinomas in the high dose group was significantly higher (p= 0.001) than that in the vehicle controls. In both male and female mice, incidences of hepatocellular adenomas or carcinomas were dose related and the incidences in the high dose groups were significantly higher than those in the corresponding controls. In female mice, follicular cell adenomas in the thyroid and histocytic lymphomas in the hematopoietic system occurred at dose related incidences, and the incidences of the follicular cell adenomas were significantly higher in the high dose groups than those in the vehicle controls. [REF-79]

7***EMERGENCY TREATMENT ***
7-1 ANTIDOTE AND EMERGENCY TREATMENT:

    Persons with recent exposure to polychlorodibenzodioxins ... should have the chemicals removed from their skin as quickly as possible to prevent additional absorption of the compounds. Exposed person should be asked for an exposure history, including onset of exposure, duration of exposure, and type of exposure. Physical examinations, including a thorough examination of the skin, should be given. Routine blood and liver laboratory tests should be carried out. In most situations, however, evidence of exposure and disease relatable to the exposure will be lacking. Because chloracne is the only human effect documented thus far, no other specific abnormality can be considered pathognomonic for exposure. /Polychlorodibenzodioxins/ [REF-34, p.758]

7-2 MEDICAL SURVEILLANCE:
    There is no need to monitor persons for levels of polychlorodibenzodioxins ... in their blood, serum, or adipose tissue unless they are thought to have been excessively exposed. /Polychlorodibenzodioxins/ [REF-34, p.758]

    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-7, p.23]

8*** METABOLISM AND PHARMACOLOGY ***

8-1 POPULATIONS AT SPECIAL RISK: 

    Exposure to dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin) triggered a clinically manifest chronic hepatic porphyria (porphyria cutanea tarda) in patients with hereditary uroporphyrinogen decarboxylase deficiency. Investigations showed that a hereditary disposition was necessary for biochemical & clinical expression of chronic hepatic porphyria after a unique dioxin exposure. [REF-80]

    Prevalence rate ratios for peripheral neuropathy & assoc 95% confidence limits were calculated for subgroups determined by the presence of (i) predisposing factors to neuropathy (alcoholism, diabetes, occupational exposure to neurotoxic agents, etc) or (ii) conditions thought to result from exposure to dioxin TCDD such as chloracne or abnormal serum hepatic enzyme levels. The prevalence rate of peripheral neuropathy among those subjects with predisposing factors & among those with chloracne or abnormal serum hepatic levels was nearly 3 times greater than among those without these manifestations. The results derived from this study may be useful qualitative pointers for identifying subjects at risk in the neurological follow-up. [REF-81]

8-2 ABSORPTION, DISTRIBUTION, AND EXCRETION:

    ... RATS ... /WERE/ FED (14)C-/TCDD/ ... AT DOSAGES OF 0.45 & 1.3 UG/KG/DAY. ON DAYS 14, 28, & 42 OF TRIAL, TOTAL ACCUM, MAINLY IN LIVER, WAS 5.5, 7.5 & 10 TIMES DAILY INTAKE. [REF-82, p.219]

    FOLLOWING SINGLE ORAL ADMIN OF 50 UG/KG BODY WT (14)C-TCDD TO RATS, ALMOST 30% WAS ELIMINATED IN FECES DURING FIRST 48 HR; EXCRETION OF (14)C ACTIVITY VIA FECES AFTER THIS TIME WAS FROM 1-2%/DAY. AFTER ITS ABSORPTION IN THE BODY, MOST OF THE ACTIVITY DERIVED FROM (14)C-TCDD IS LOCALIZED IN LIVER & FAT: THE LEVEL IN THESE TISSUES IS 10 TIMES THAT IN OTHER TISSUES. A TOTAL OF 53.2% OF THE DOSE WAS ELIMINATED VIA FECES & 13.2% & 3.2% VIA URINE & EXPIRED AIR RESPECTIVELY WITHIN 21 DAYS. [REF-2, p.V15 72]

    (3)H-TCDD ADMIN BY IP INJECTION TO MALE MICE AT LD50 DOSE (120 UG/KG BODY WT) WAS NOT MEASURABLY CONVERTED TO WATER-SOL PRODUCTS & WAS ELIMINATED MAINLY IN FECES & POSSIBLY VIA BILE. TRACES OF TRITIUM ACTIVITY WERE DETECTED IN URINE. LARGE PROPORTION OF ADMIN DOSE PERSISTED UNMETABOLIZED IN LIVER, PARTIALLY CONCENTRATED IN MICROSOMAL FRACTION, 11-20 DAYS AFTER TREATMENT. [REF-2, p.V15 73]

    IN FEMALE GUINEA PIGS ADMIN A SINGLE ORAL DOSE OF 2,3,7,8-TCDD ONLY 1/2 OF DOSE WAS ABSORBED. 22 DAYS AFTER DOSING, FAT, LIVER, ADRENALS & THYMUS CONTAINED 0.75, ... 0.40, ... 0.33, ... & 0.72% ... RESPECTIVELY. [REF-83]

    Radiolabelled TCDD was taken up by mouse livers when injected IP. The proportion of the total dose taken up by the liver was higher in inducible mouse strains than in non-inducible mouse strains. [REF-84, p.116]

    ... Distribution of (14)C-TCDD in the young following a single oral dose to the mother at the rate of 0.005 mg/kg was consistent with enzyme induction following a single oral dose. TCDD was found in fetuses sampled on gestation days 14, 18, or 21 but at far lower concentrations than in young examined 3, 7, 10, or 14 days after birth. Cross fostering tests indicated that TCDD was excreted in milk, and this accounted for the greater transfer to the neonate. [REF-8, p.482]

    Metabolites of TCDD were extracted from bile of TCDD treated dogs & admin by gavage to bile duct cannulated rats & to intact rats. Rapid clearance of TCDD metabolites indicated that bioaccumulation does not occur. Biliary excretion was most important route of elimination; minor route was by kidneys. Enterohepatic circulation was exhibited by intact animals. Results from this study indicate that metabolism is the rate limiting step in elimination from liver. [REF-85]

    The liver concentration of TCDD was measured as a means of following the uptake of this chemical by the intestinal and dermal routes. Accumulation of the (radiolabelled) compound in the liver was found to provide a good and reproducible method of comparing TCDD uptake from different formulations. After oral administration of 14.7 ng TCDD using 50% ethanol as vehicle, 36.7% of the total dose was found in the liver after 24 hr. When the cmpd was administered in a mixture with soil particles, adsorption occurred and only about half of this amount was found in the liver. The liver level also decreased with increasing duration of contact between the soil and the dioxin. Adsorption onto activated carbon almost completely prevented uptake of the cmpd. Similar effects were observed after dermal application of TCDD in the various formulations. The highest liver content, 14.8% of the dose, was found after contact of the pure cmpd with the skin surface. The inhibiting effects of soil and activated carbon were even more pronounced. After incorporation of the dioxin into vaseline (a lipophilic ointment), 1.4% of the dose was found in the liver, wheras, after incorporation into polyethylene glycol 1500 (a hydrophilic ointment) containing 15% water, 14.1% was found in the liver. [REF-86]

    Rats were given a single oral dose of 1.0 ug of (14)C-2,3,7,8-tetrachlorodibenzo-p-dioxin (14)C-TCDD/kg/day, or repeated oral doses of 0.01, 0.1, or 1.0 ug of (14)C-TCDD/kg/day Monday through Friday for 7 weeks. Following a single oral dose of 1.0 ug of (14)C-TCDD/kg, (14)C activity could be detected only in feces, but not in urine. The half-life of (14)C activity in the body was 31 + or - 6 days. Twenty-two days after the single oral dose, concentrations of (14)C activity were located principally in liver and fat. Following repeated oral doses the major route of excretion was via the feces; urine contained 3-18% of the cumulative dose of (14)C activity by 7 weeks. The half-life of (14)C activity in the body of these rats was 23.7 days. Assuming a one compartment open model, 76.2% of steady state concentrations were achieved in the whole body after 7 weeks. (14)C activity in liver and fat approached steady state values at a rate similar to the whole body. Radioactivity in the liver was identified as TCDD by gas chromatography-mass spectrometry and could be extracted from liver tissue with organic solvents. [REF-87]

    The metabolism and disposition of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was investigated in guinea pigs for 45 days following a single ip injection of tritiated TCDD (0.56 ug/kg). Data were presented only for guinea pigs which exhibited no gross signs of toxicity during the study. Approximately 61% of the administered dose of radioactivity remained in the guinea pig 45 days following exposure; 36% in adipose tissue, 7% in the liver, 7% in the pelt and 7% in skeletal muscle and carcass. Most of the TCDD derived radioactivity in tissues represented unchanged TCDD, but from 4 to 28% was associated with metabolites of TCDD. The urinary and fecal excretion of TCDD derived radioactivity followed apparent first order kinetics, with an elimination half-life of 93.7 +/- 15.5 days. Analysis of urine and bile showed that all the radioactivity represented metabolites of TCDD. In fecal samples, 70 to 90% of the radioactivity represented unmetabolized TCDD. TCDD is primarly eliminated unchanged in the feces of guinea pigs, indicating that the metabolism of TCDD does not play a major role in the ultimate elimination of the toxin from the guinea pig. [REF-88]

    When fed to rats, 2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD) was stored primarily in the liver. Total retention was dose dependent and varied from 5.5 to 10.0 times daily intake between 14 and 42 days. At steady state, analyses indicated that retention would approximate 10.5 times daily intake. [REF-89, p.76]

    The influence of age on dermal absorption and disposition of TCDD and 2,3,4,7,8-pentachlorodibenzofuran was examined in rats. Young, middle aged, or senescent male Fischer-344 rats, 10, 36 and 64, and 96 and 120 weeks old, were administered 0 or 0.1 um/kg 14(C) labeled TCDD or 2,3,4,7,8-pentachlorodibenzofuran topically. The treated areas were covered with stainless steel caps for 3 days. Urine and feces samples were collected during this time and assayed for 14(C) activity. The rats were killed 3 days after application to determine the tissue distribution of TCDD and 2,3,4,7,8-pentachlorodibenzofuran and the amount of each dose absorbed. The greatest amount of TCDD or 2,3,4,7,8-pentachlorodibenzofuran absorption occurred in 10 week old rats. The amount of either compound absorbed was significantly less in 36 and 96 week old rats. Rats that were 120 weeks old revealed a significant increase in 2,3,4,7,8-pentachlorodibenzofuran absorption. Most of the TCDD and 2,3,4,7,8-pentachlorodibenzofuran derived radioactivity was noted in the liver, adipose tissue, skin, and muscle. Less than 2% of the absorbed dose was noted in other tissues. The amounts of TCDD accumulated in the liver, fat, and skin were not affected by age. The liver/fat TCDD ratio was approximately 4:1 in each group. Ten week old rats had significantly higher muscle TCDD concentrations than older rats. Liver 2,3,4,7,8-pentachlorodibenzofuran accumulation was significantly less in 10 week old rats than in older rats. The liver/fat 2,3,4,7,8-pentachlorodibenzofuran ratio generally decreased with age. Skin 2,3,4,7,8-pentachlorodibenzofuran concentrations were significantly higher in 10 day old rats than in older animals. Only small amounts of TCDD and 2,3,4,7,8-pentachlorodibenzofuran were eliminated by the urine or feces. The extent of excretion generally did not vary with age. It was concluded that percutaneous absorption of TCDD and 2,3,4,7,8-pentachlorodibenzofuran decreases in older animals. The tissue distribution of the absorbed doses depends on the compound and tissue. [REF-90]

    The objectives of this study were to examine the pharmacokinetic behavior of (125)I labeled 2-iodo-3,7,8-trichlorodibenzo-p-dioxin in mice under TCDD induced and noninduced states, and to further refine the pharmcologically based pharmacokinetic (PB-PK) dioxin model for predicting tissue concentrations under various dosing conditions at environmentally relevant concentrations. Female C57BL/6J-mice were used in this study. The animals were maintained on a diet designed to inhibit 2-iodo-3,7,8-trichlorodibenzo-p-dioxin deiodination. Two days after starting the diet one group of animals was injected intraperitoneally with 0.1 micromole/kilogram of TCDD. Three days later the animals were given intraperitoneally 0.1 nanomole/kilogram 2-iodo-3,7,8-trichlorodibenzo-p-dioxin. The PB-PK model indicated that there was a time delay between tissue elimination of 2-iodo-3,7,8-trichlorodibenzo-p-dioxin and excretion of metabolites from the body. Incorporation of an intermediate compartment for metabolite storage with a first order excretion rate constant of 0.02 per hour gave excellent correspondence to rate observed data. 2-iodo-3,7,8-trichlorodibenzo-p-dioxin offered a convenient ligand for studying the pharmacokinetics of TCDD analogs at noninducing doses. The highest 2-iodo-3,7,8-trichlorodibenzo-p-dioxin derived radioactivity in naive mice was found in the fat while in the pretreated animals the highest concentration was in the liver. The pattern of TCDD distribution in the naive animals mimicked that observed in humans environmentally exposed to low levels of TCDD. These findings suggest that the most important factor responsible for the sequestration of TCDD into the liver at most experimental doses was attributed to enzyme induction and
    particularly to the increased capacity of the hepatic microsomal TCDD binding protein. The PB-PK model showed that TCDD concentration in the liver was most sensitive to the binding capacity of the hepatic microsomal protein. [REF-91]

    ... Inasmuch as 2,4,5-T contains <0.05 ppm TCDD, treated pasture grasses could have a maximum initial TCDD concentration of 5 parts per trillion. Since the half-life of TCDD on grass is somewhere between 4 hr and 1 wk, the amount of TCDD on grass after 1 month would drop to between <0.001 and 0.3 parts per trillion. This concentration would not be expected to adversely affect body weight gain or feed consumption. Even the artificially exaggerated feeding level of 24 parts per trillion. TCDD did not adversely affect body weight or feed consumption in beef cattle. [REF-92, p.1105]

    Male Sprague Dawley rats were given a single, usually lethal, dose of 2,3,7,8-TCDD (125 ug/kg ip in corn oil), or vehicle alone. Twenty-four hours after ip administration of TCDD, the animals received an ip injection of (14)C labeled glucose, and the time course and amount of exhalation of (14)CO2 were monitored for 8 hr continuously and once daily for 20 minutes for the subsequent 5 days. TCDD treatment reduced the amount of (14)CO2 exhaled within 8 hr after the injection of (14)C glucose by 33%, as compared to pair fed controls. Blood levels of radioactivity were affected by TCDD accordingly. No particular organ appeared to act as a sink for the radioactivity not exhaled during these 8 hr by the treated animals. TCDD (125 ug/kg) induced significant changes in the disposition of radioactivity in heart and brown adipose tissue between 25 and 125 minutes after the iv injection in the blood of TCDD treated rats, allowing direct comparison of experiments with iv or ip injection (14)C glucose. The half-lives of radioactivity in the exhaled air and in feces of treated animals were greatly elevated during the 5 days following administration of (14)C glucose. [REF-93]

    Soil environmentally contaminated with TCDD was given by gavage to guinea pigs and rats. The development of a characteristic clinicopathologic syndrome in guinea pigs, the induction of aryl hydrocarbon hydroxylase in rats, and the presence of TCDD in the livers of both species show that TCDD in soil exhibits high biological availability after ingestion. [REF-94]

8-3 METABOLISM/METABOLITES:

    THIS STUDY PRESENTS EVIDENCE FOR THE IN VIVO BIOTRANSFORMATION OF TCDD IN THE RAT. THREE MALE RATS WERE IMPLANTED WITH INDWELLING BILE LOOP CANNULAS. THEY WERE THEN GIVEN ORAL DOSES OF 15 UG (14)C-TCDD PER KG. AFTER 2, 4, OR 6 DOSES, THE BILE LOOP OF ONE RAT WAS OPENED AND BILE WAS COLLECTED FOR 24 HR. BILIARY (14)C WAS EXCRETED AT A RATE SIMILAR TO THE EXCRETION OF (14)C IN THE FECES OF RATS FED (14)C-TCDD IN A PREVIOUS STUDY. SELECTIVE SOLVENT EXTRACTION REVEALED THAT THE BILIARY (14)C ACTIVITY WAS DUE TO CMPD MORE POLAR THAN TCDD ITSELF. INCUBATION OF BILE WITH BETA-GLUCURONIDASE RESULTED IN THE EXTRACTION OF MORE (14)C ACTIVITY, IMPLYING THE PRESENCE OF GLUCURONIDE CONJUGATES OF (14)C-TCDD METABOLITES. LIQUID CHROMATOGRAPHY OF BILE HAS REVEALED THE PRESENCE OF AT LEAST 5 DISTINCT RADIOACTIVE PEAKS, NONE OF WHICH WAS DUE TO (14)C-TCDD. THE DATA DID NOT INDICATE EXTENSIVE ENTEROHEPATIC CIRCULATION OF RADIOACTIVITY DERIVED FROM (14)C-TCDD. THESE RESULTS, IN CONJUNCTION WITH THE RESULTS OF PREVIOUS STUDIES, INDICATE THAT TCDD IS SLOWLY METABOLIZED IN THE LIVER TO A VARIETY OF POLAR METABOLITES, WHICH ARE THEN EXCRETED IN THE BILE. [REF-95]

    Mouse liver cytochrome p450 mediated monooxygenase system slowly metabolized TCDD to reactive intermediates that bind to cellular macromolecules in vitro. [REF-96]

    Thin layer and gas chromatographic examination of the bile of dogs which were given tritium labelled TCDD revealed the presence of several polar biotransformation products. The structure of 5 phenolic metabolites was elucidated by combined gas chromatography-mass spectrometry. A metabolic breakdown scheme for TCDD in the dog is proposed /which includes 1,3,7,8-tetrachloro-2-methoxydibenzo-p-dioxin, 2,7,8-trichloro-3-methoxydibenzo-p-dioxin, trichloro-dimethoxydibenzo-p-dioxins, tetrachloro-dimethoxy diphenylether, and 1,2-dichloro-4,5-dimethyoxybenzene/. [REF-97]

    Marked interspecies variability exists in the acute toxicity of TCDD, with the rat having an LD50 about 25 fold greater than the guinea pig. The metabolism of TCDD was examined by incubating hepatocytes isolated from these animals with purified (14)C-TCDD (2.2 uM) for 8 hr. Quantitative differences were observed in the rate of (14)C-TCDD metabolism, with hepatocytes from control rats metabolizing TCDD at a rate 2.8 fold greater than hepatocytes from control guinea pigs. The role of the hepatic cytochrome p450-448 dependent monooxygenase system in the metabolism of TCDD was examined through the use of hepatocytes isolated from animals pretreated with either TCDD (5 ug/kg, ip; 72 hr prior to hepatocyte isolation) or phenobarbital (80 mg/kg, ip x 3 days; 24 hr prior to isolation). The rate of (14)C-TCDD metabolite formation in hepatocytes from TCDD pretreated guinea pigs (0.26 + or - 0.14 pmol/mg cell protein/hr) was unchanged from the control rate (0.25 + or - 0.07), while the rate in hepatocytes from TCDD pretreated rats (2.26 + or - 0.43 pmol/mg cell protein/hr) was 3.2-fold greater than control (0.70 + or - 0.10) and nine times greater than in hepatocytes from TCDD pretreated guinea pigs. In addition, significant differences were observed in the profiles of the metabolites formed by hepatocytes from TCDD-pretreated rats and guinea pigs. On the other hand, phenobarbital pretreatment produced little change in the rate of (14)C-TCDD metabolism in rat hepatocytes (0.98 + or - 0.13 pmol/mg cell protein/hr). [REF-98]

    The in vitro metabolism of 2,3,7,8-tetrachlorodibenzo-p-dioxin in isolated rat hepatocytes /was investigated/. ... The metabolites were ... identified as 1-hydroxy-2,3,7,8-TCDD and 8-hydroxy-2,3,7-trichlorodibenzo-p-dioxin. [REF-99, p.III-3]

    The major metabolite /of 2,3,7,8-TCDD in dogs/ is 1,3,7,8-tetrachloro-2-hydroxydibenzo-p-dioxin. [REF-100, p.I-3]

    Some animal studies of 2,3,7,8-TCDD have shown that a large proportion of the administered compound persists in an unmetabolized form in the liver, suggesting that toxicity is due to the compound itself and not a metabolite. Other metabolic studies in various species have shown that 2,3,7,8-TCDD gives rise to monohydroxy, dihydroxy, and monomethoxy metabolites. Administration of these metabolites from dogs to guinea pigs showed that the metabolites were at least 100 times less acutely toxic than 2,3,7,8-TCDD itself. [REF-34, p.757]

8-4 BIOLOGICAL HALF/LIFE:

    (14)C-LABELED TETRACHLORODIBENZO-P-DIOXIN WAS ADMIN BY GAVAGE TO GUINEA PIGS. HALF-LIFE FOR ELIMINATION WAS ESTIMATED TO BE BETWEEN 22 AND 43 DAYS. [REF-83]

    Rats were given a single oral dose of 1.0 ug of (14)C-2,3,7,8-tetrachlorodibenzo-p-dioxin (14)C-TCDD/kg/day, or repeated oral doses of 0.01, 0.1, or 1.0 ug of (14)C-TCDD/kg/day Monday through Friday for 7 weeks. Following a single oral dose of 1.0 ug of (14)C-TCDD/kg, (14)C activity could be detected only in feces, but not in urine. The half-life of (14)C activity in the body was 31 + or - 6 days ... . [REF-87]

    Dioxins are present in milk of dairy cattle following feeding of technical grade pentachlorophenol. A dioxin concentration as high as 85 ug/kg is found in milk after feeding pentachlorophenol for 10 days at 20 mg/kg/day and then for an additional 60 days at 10 mg/kg/day. The elimination half-life of dioxin in milk is approximately 50 days. [REF-92, p.1105]

    After removal of TCDD from the diet /of rats/, the half-life for elimination was 12 and 15 days for males and females, respectively. [REF-89, p.76]

    The half-life of 2,3,7,8-TCDD in humans has been shown in two studies to be 7 years or more; the primary route of elimination was the feces. ... Rates of elimination of 2,3,7,8-TCDD in small animals following a single dose was found to range from 11 days (mouse) to 30 days (guinea pig). [REF-34, p.757]

8-5 MECHANISM OF ACTION:

    It has been shown by thiobarbituric acid & conjugated diene methods that TCDD induces lipid peroxidation in rats. A 5-6 fold increase in lipid peroxidation occurs within 6 days following admin of 40 ug TCDD/kg body wt/day for 3 days in rats. The toxicity of TCDD may be caused in part by free radical-mediated lipid peroxidation that leads to general cell membrane damage which ultimately produce death. [REF-101]

    The responsiveness of 5 human squamous cell carcinoma lines derived from tumors of epidermis & tongue to TCDD was assessed by measuring induction of cytochrome p450 mediated monooxygenase activity, 7-ethoxycoumarin O-deethylase. In 4 of the squamous cell carcinoma lines the EC50 for this response was approx 1X10(-9) M, whereas in 1 line the EC50 was 1X10-10 M. In each of the less sensitive lines a concn of 1X10(-10) M TCDD elicited less than 5% of the maximal enzyme activity. Specific binding of radiolabeled TCDD was detected in the cytosol fraction from all the squamous cell carcinoma lines. The relative amt of receptor measured in each line correlated with maximally-induced 7-ethoxycoumarin O-deethylase activity. Data indicate that human cell lines derived from target tissue for TCDD toxicity contain the TCDD receptor & show differential sensitivity to TCDD analogous to the murine strain differences in sensitivity regulated by the Ah locus. [REF-102]

    Studies have shown that topical treatment of hairless mice with TCDD induces hyperproliferation & hyperkeratinization in epidermis. This study demonstrated that such TCDD induced morphological changes in skin in vivo are accompanied by incr in activity of epidermal transglutaminase, the enzyme assoc with terminal epidermal differentiation. Thus one mechanism of TCDD in inducing cutaneous changes appears to relate to the stimulation of incr epidermal transglutamine levels. [REF-103]

    Using sucrose density gradient centrifugation in a vertical rotor, three major binding components contained in hepatic cytosols from C57BL/6 mice and Sprague-Dawley rats /have been identified/. Using this preparative method ... after a 3 hr run of 2.4 ml of crude cytosol from 1,4-bis(2-(3,5-dichlorodipyridyloxy))benzene treated C57BL/6 mice (50 mg of protein: 10,000 fmol of Ah receptor) 50 and 75% yields of isolated Ah receptor and carcinogen binding protein (4S binding protein), respectively. A third binding component was recovered from the top fractions of gradients. This large complex was sequentially converted to its subcomponents by lipoprotein lipase, proteinase K, and phospholipases. Only the phospholipases are able to abolish the binding capacity of this light density component for (3)H-2,3,7,8-tetrachlorodibenzo-p-dioxin: hence, phospholipids are the true binders of this radioligand. In vitro, the lipoprotein irreversibly binds many hydrophobic and radioligands (2,3,7,8-TCDD, 3-methylcholanthrene, benzo(a)pyrene, 7,12-dimethylbenz(a)anthracene, and dexamethasone). Using single vertical spin density gradient ultracentrifugation, the major part (80%) of light density component was characterized as a very low density lipoprotein, and a minor part (20%) as a low density lipoprotein. [REF-104]

    TCDD IS A POTENT INDUCER OF HEPATIC & RENAL MICROSOMAL DRUG METABOLIZING ENZYMES. ... /IT/ CAN SIMULTANEOUSLY ACTIVATE & SUPPRESS CERTAIN MICROSOME-ASSOCIATED FOREIGN-COMPOUND- & STEROID-HORMONE-METABOLIZING ENZYME SYSTEMS. IT INCR ACTIVITY OF BOTH RENAL & HEPATIC GLUTATHIONE-S TRANSFERASE ... IT IS MOST ACTIVE OF CHLORINATED DIBENZO-PARA-DIOXINS IN INDUCING HEPATIC DELTA-AMINOLEVULINIC ACID SYNTHETASE & ARYL HYDROCARBON HYDROXYLASE ... IN CHICK EMBRYO LIVER PREPN. [REF-2, p.V15 76]

    The halogenated aromatic hydrocarbon TCDD is a persistent, widespread, potentially toxic environmental contaminant, which is a potent inducer of aryl hydrocarbon hydroxylase activity in the liver and other tissues. TCDD induces hydroxylase activity by increasing the rate of transcription of the CYP1A1 gene. Activation of CYP1A1 transcription requires the binding of TCDD to an intracellular protein, the Ah receptor, followed by the binding of the liganded receptor to a dioxin-responsive enhancer that is located upstream from the CYP1A1 gene. The liganded receptor recognizes a specific DNA sequence, which is present in multiple copies within the enhancer. The receptor-enhancer interaction occurs within the major groove of the DNA helix. DNA methylation in vitro interferes with the receptor-enhancer interaction and, therefore, has the potential to inhibit the biological response to TCDD. [REF-105]

8-6 INTERACTIONS:

    NURSING SPF SWISS-WEBSTER MICE, IN PRESENCE OF 50 UG/KG TCDD TREATED WITH 10, 100, OR 500 UG ENDOTOXIN (ESCHERICIA COLI, LPS) SUFFERED HIGH MORTALITIES, MARKED INCR IN SUSCEPTIBILITY OVER CONTROLS. [REF-106]

    Paw edema formation after subplantar injection of carrageenan was enhanced in rats treated with TCDD. It also enhances dextran-induced paw edema, which follows a time course different from that of carrageenan induced edema & is produced by a different mechanism. [REF-107]

    IN MICE, INCR INCIDENCES IN FREQUENCY OF CLEFT PALATES ... /WERE/ NOTED IN COMBINATION EXPERIMENTS INVOLVING TCDD & OTHER TERATOGENS SUCH AS 2,4,5-T, DEXAMETHASONE, CYCLOPHOSPHAMIDE & 6-AMINONICOTINAMIDE, ADMIN AT 'SUB-THRESHOLD' & 'THRESHOLD' DOSES DURING DAYS 6-15 OF PREGNANCY. WHEN 30 MG/KG BODY WT 2,4,5-T, WHICH PRODUCED NO SIGNIFICANT INCR IN INCIDENCE OF CLEFT PALATE COMPARED WITH THAT OF CONTROLS, OR HALF THIS DOSE, WAS COMBINED WITH 2 UG/KG BODY WT TCDD, POTENTIATING EFFECTS WERE OBSERVED. HOWEVER, 1/10 OF TCDD DOSE (0.2 UG/KG BODY WT) INDUCED NO DETECTABLE EFFECT WITH EITHER DOSE OF 2,4,5-T. [REF-2, p.V15 75]

    Tumor initiating activity in Sencar mice of 6 monofluoro derivatives of 7,12-dimethylbenz(a)anthracene was determined. Pretreatment with TCDD effectively inhibited tumor initiation with all of monofluoro derivatives of 7,12-dimethylbenz(a)anthracene tested. Results indicated that structural modifications that alter tumor initiating activity do not alter ability of TCDD to inhibit tumorigenesis by 7,12-dimethylbenz(a)anthracene. [REF-108]

    Since 2,3,7,8-tetrachlorodibenzo-p-dioxin is not a mutagen & does not bind appreciably to DNA in vivo, it has been suggested that it is not a complete carcinogen, but rather acts as a tumor promoter, enhancing neoplastic expression in already initiated cells. It has been shown to be a potent tumor promoter in two-stage model of carcinogenesis in rat liver, but has proven ineffective in classical model in mouse skin (using CD-1 & Swiss-Webster mice). In this study the capacity of TCDD to promote tumor formation in skin of HRS/J hairless (hr/hr) mice & their congeneic, haired (hr/+) littermates was determined. Following application of an initiating dose of a carcinogen 7,12-dimethylbenz(a)anthracene repeated skin application of TCDD produced papillomas in hr/hr mice but not hr/+ mice. In HRS/J hairless mice, tumor promotion by TCDD elicits same incidence & multiplicity of skin papillomas as does the classical tumor promoter, 12-O-tetradecanoylphorbol-13-acetate, but at 1/100th the dose. [REF-109]

    The induction of cleft palate in C57BL/6N mice ... was used to look for potential interactions between two polychlorinated biphenyl congeners and TCDD. Both 2,3,4,5,3',4'-hexachlorobiphenyl and 2,4,5,2',4',5'-hexachlorobiphenyl are of relatively low toxic potency, but their biological properties differ. Pregnant mice were treated with TCDD and either hexachlorobiphenyl on gestation days 10 through 13, and the fetuses examined for the presence of cleft palate and renal abnormalities on gestation day 18. At a dose of TCDD which caused a low level of cleft palate, moderate hydronephrosis was observed. No renal or palatal anomalies were detected after 2,4,5,2',4',5'-hexachlorobiphenyl treatment, and the combination of this isomer with TCDD had no effect on the incidence of TCDD induced cleft palate. 2,3,4,5,3',4'-Hexachlorobiphenyl caused mild renal toxicity, but no cleft palate. However, treatment of pregnant mice with a combination of TCDD and 2,3,4,5,3',4'-hexachlorobiphenyl resulted in a 10 fold increase in the incidence of cleft palate. [REF-110]

    Administration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) to 21 day old female Long Evans rats resulted in a dose dependent decrease in uterine and hepatic estrogen receptor levels. At a dose level of 80 ug/kg 2,3,7,8-TCDD, uterine and hepatic estrogen receptor levels were 54 and 41% of values observed in untreated animals. 2,3,7,8-TCDD also antagonized the estrogenicity of estradiol in the 21 day old rat. For example, administration of estradiol (15 ug/kg) resulted in a 194 and 155% increase in cytosolic and uterine estrogen receptor levels and a 42% increase in uterine wet weight 148 hr after treatment. Pretreatment of the rats with 2,3,7,8-TCDD (80 ug/kg) prior to administration of estradiol (15 ug/kg) completely blocked the estrogenic effects of estradiol. In fact, after cotreatment, the uterine and hepatic estrogen receptor levels were 51 and 54% lower than observed in the controls and the uterine wet weight was 20% lower than in the control animals. [REF-111]

    TCDD is one of the most toxic man-made compounds and an extremely potent teratogen in mice. Many of its toxic symptoms resemble those seen during vitamin A deficiency. Vitamin A and its derivatives, such as trans-retinoic acid, are also teratogenic in mice, as well as many other species. Both TCDD and retinoic acid produced cleft palate in susceptible strains of mice. However, while TCDD produces hydronephrosis, retinoic acid does not, and TCDD does not produce limb bud defects while retinoic acid does. To determine whether TCDD and retinoic acid would enhance or antagonize the teratogenic effects of the other compound, C57BL/6N dams were treated po on gestation day 10 or 12 with 10 ml corn oil/kg containing TCDD (0.18 ug/kg), retinoic acid (0-200 mg/kg), or combinations of the two chemicals. Dams were killed on gestation day 18 and toxicity and teratogenicity assessed. Coadministration of TCDD and retinoic acid had no effect on maternal or fetal toxicity beyond what would be expected by either compound alone. Cleft palate was induced by retinoic acid at lower doses on gestation day 10 than on gestation day 12, but by TCDD at lower doses on gestation day 12 than on gestation day 10. Sensitivity to TCDD-induced hydronephrosis was similar on both gestation day 10 and 12. The limb bud defects were only observed when retinoic acid was administered on gestation day 10, not when given on gestation day 12. No other soft tissue or skeletal malformations were related to administration of TCDD or retinoic acid. No effect of TCDD was observed on the incidence or severity of limb bud defects induced by retinoic acid, nor did retinoic acid influence the incidence or severity of hydronephrosis induced by TCDD. However, the incidence of cleft palate was dramatically enhanced by coadministration of the xenobiotic and vitamin. On both gestation day 10 and 12, the dose-response curves for cleft palate induction were parallel, suggestion some similarities in mechanism between the two compounds. However, combination treatment resulted in a synergistic response that varied with the stage of development and was tissue specific. [REF-112]

    At doses as high as 750 to 1000 umol/kg, 2,2',4,4',5,5'-hexachlorobiphenyl did not cause fetal cleft palate, suppress the splenic plaque-forming cell response to sheep red blood cells, or induce hepatic microsomal ethoxyresorufin O-deethylase in C57BL/6J mice. Despite the lack of activity of 2,2',4,4',5,5'-hexachlorobiphenyl in eliciting any of these aryl hydrocarbon receptor-mediated responses, competitive binding studies indicated that 2,2',4,4',5,5'-hexachlorophenyl competitively displaced 2,3,7,8-(3)H TCDD from the murine hepatic cytosolic receptor. Cotreatment of C57BL/6J mice with TCDD (3.7 nmol/kg) and 2,2',4,4',5,5'-hexachlorobiphenyl or 4,4'-diiodo-2,2',5,5'-tetrachlorobiphenyl (400 or 1000 umol/kg) showed that both compounds partially antagonized TCDD-mediated cleft palate and immunotoxicity (ie, suppression of the splenic plaque-forming cell response to sheep red blood cells), and 2,2',4,4',5,5'-hexachlorobiphenyl antagonized TCDD-mediated hepatic microsomal ethoxyresorufin O-deethylase induction. Thus, 2,2',4,4',5,5'-hexachlorobiphenyl and 4,4'-diiodo-2,2'-5,5'-tetrachlorobiphenyl, like the commercial polychlorinated biphenyl mixture Aroclor 1254, were partial antagonists of TCDD action in C57BL/6J mice; however, it was also apparent from the results that Aroclor 1254 was the more effective antagonist at lower doses. Using (3)H TCDD, it was also shown that some of the effects of 2,2',4,4',5,5'-hexachlorobiphenyl on TCDD mediated cleft palate may be due to the decreased levels of TCDD found in the fetal palates after cotreatment with TDCC and 2,2',4,4',5,5'-hexachlorobiphenyl. 4,4'-(125)I2- diiodo-2,2',5,5'-tetrachlorobiphenyl 4,4'-diiodo-2,2',5,5'-tetrachlorobiphenyl of high specific activity (3350 Ci/ mmol) was synthesized and used to investigate the direct binding of this compound to the murine hepatic aryl hydrocarbon receptor or other cytosolic proteins. No direct specific binding was observed between (125)I 4,4'-diiodo-2,2',5,5'-tetrachlorobiphenyl and any cytosolic proteins using a sucrose density gradient assay procedure. These results contrasted with previous studies with Aroclor 1254 that suggested that this mixture acted as a competitive aryl hydrocarbon receptor antagonist. [REF-113]

    Both Aroclor 1254, a commercial polychlorinated biphenyl, and TCDD elicit common aryl hydrocarbon receptor-mediated effects including the induction of aryl hydrocarbon hydroxylase, acytochrome p450-dependent monooxygenase, the inhibition of the T-cell dependent plaque forming cells in response to sheep red blood cells (in C57BL/6 mice) and cleft palate in C57BL/6 mice. However based on ED50 values from dose-response studies with Aroclor 1254 and 2,3,7,8-TCDD, it was apparent that the latter compound is at least 10(5) times more potent. Cotreatment of rat hepatoma H-4-II cells or C57BL/6 mice with ED80-100 dose of 2,3,7,8-TCDD plus various sub-toxic (or effective) doses of Aroclor 1254 clearly shows that the commercial polychlorinated biphenyl can significantly antagonize 2,3,7,8-TCDD-mediated aryl hydrocarbon hydroxylase induction (in vivo and in vitro), immunotoxicity and teratogenicity. In vitro aryl hydrocarbon receptor binding studies suggests that Aroclor 1254 competitively inhibits the aryl hydrocarbon receptor binding of 2,3,7,8-TCDD and this may account for the antagonist activity of the commercial polychlorinated biphenyl. [REF-114]

    Pregnant C57BL/6J mice were treated by oral gavage
    with either (1) corn oil (10 ml/kg), (2) Aroclor 1254 (244 mg/kg), (3) 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (20 ug/kg), (4) Aroclor 1254 (244 mg/kg) followed by TCDD (20 ug/kg), (5) dexamethasone (90 mg/kg), or (6) Aroclor 1254 (244 mg/kg) followed by dexamethasone (90 mg/kg) to study the antagonistic effects of Aroclor 1254 on TCDD. Aroclor 1254 alone was administered on day 9 of pregnancy; corn oil and TCDD were administered on day 10 and dexamethasone was given on day 13. For the mixtures, chemicals were administered one day apart: Aroclor 1254 was given on day 9 and TCDD on day 10; Aroclor 1254 was given on day 12 and dexamethasone on day 13. All chemicals and mixtures were administered in corn oil. Controls were either untreated or treated with corn oil. Each treatment group resulted in ten or more litters. The animals were sacrificed, fetal and maternal weights were recorded, and the number of resorptions and dead and live fetuses were counted. The percent live fetuses and resorptions per litter were not affected by treatments. The percentages of fetuses with hydronephrosis per litter were: untreated (1.3), corn oil (5.7), Aroclor 1254 (33.4), TCDD (87.8), Aroclor 1254 + TCDD (96.0), dexamethasone (3.2), and Aroclor 1254 + dexamethasone (3.7). Both Aroclor 1254 and TCDD caused hydronephrosis and at this dose level Aroclor 1254 did not antagonize the effects of TCDD. Percentages of fetuses with cleft palate per litter were: untreated (1.3), corn oil (0.0), Aroclor 1254 (0.0), TCDD (61.8), Aroclor 1254 + TCDD (8.2), dexamethasone (69.9), and Aroclor 1254 + dexamethasone (85.8). [REF-115]

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

9-1 ENVIRONMENTAL FATE/EXPOSURE SUMMARY:

    2,3,7,8-Tetrachlorodibenzodioxin (TCDD) is currently released to the environment primarily through emissions from the incineration of municipal and chemical wastes, in exhaust from automobiles using leaded gasoline, and from the improper disposal of certain chlorinated chemical wastes. If released to the atmosphere, vapor-phase TCDD may be degraded by reaction with hydroxyl radicals and direct photolysis. Particulate-phase TCDD may be physically removed from air by wet and dry deposition. If released to water, TCDD will predominantly be associated with sediments and suspended material. TCDD near the water's surface may experience some photodegradation. Partitioning from the water column to sediment and suspended material will occur. Volatilization from the water column may be important, but adsorption to sediment will limit the overall rate by which TCDD is removed from water. The persistence half-life of TCDD in lakes has been estimated to be in excess of 1.5 yr. Bioconcentration in aquatic organisms has been demonstrated. If released to soil, TCDD is not expected to leach. Photodegradation on terrestrial surfaces may be an important transformation process. Volatilization from soil surfaces during warm conditions may be a major removal mechanism. The persistence half-life of TCDD on soil surfaces may vary from less than 1 yr to 3 yrs, but half-lives in soil interiors may be as long as 12 years. Screening studies have shown that TCDD is generally resistant to biodegradation. The major route of exposure to the general population results from incineration processes and exhausts from leaded gasoline engines. (SRC) 

9-2 ECOTOXICITY VALUES:

  . LD50 Colinus virginianus oral 0.0150 mg/kg (95% Confidence limit 0.00919-0.0245) [REF-116, p.76]

  . LD50 Streptopelia risoria oral > 0.810 mg/kg [REF-116, p.76]

9-3 ENVIRONMENTAL FATE:
  . TERRESTRIAL FATE: Vertical distribution of TCDD has been monitored in soil at Seveso, Italy down to depth of approx 30 cm at several sites & times in 1976 & 1977. As a rule, the amt of TCDD detected more than 8 cm below the surface were approx 1/10 or less than those detected down to 8 cm. Being only slightly sol in water, its migration in soil may have occurred along with soil colloids & particles to which it may have been bound. No definite conclusions may as yet be drawn as to mechanisms responsible for TCDD vertical movement. Moreover, available data indicate that some soil stabilization of TCDD distribution occurred in 1977 as compared to 1976. [REF-117]

  . TERRESTRIAL FATE: Soil adsorption studies and monitoring of various soils contaminated by 2,3,7,8-TCDD have demonstrated that TCDD does not leach. Movement by surface erosion of soil particles or flooding may be possible, however(1). TCDD exposed to sunlight on terrestrial surfaces may be susceptible to photodegradation. Volatilization from soil surfaces during warm, summer months may be a major mechanism by which TCDD is removed from soil. Volatilization during cold, winter months or from soil depths several centimeters below the boundary layer is extremely slow. Various biological screening studies have demonstrated that TCDD is generally resistant to biodegradation. The half-life of TCDD on soil surfaces may vary from less than 1 yr to 3 yrs, but half-lives in soil interiors may be as long as 12 years(1,SRC). [REF-118]

  . AQUATIC FATE: Due to its very low water solubility, most of the 2,3,7,8-TCDD occurring in water is expected to be associated with sediments or suspended material. Aquatic sediments may be an important, and ultimate, environmental sink for all global releases of TCDD(1). Two processes which may be able to remove TCDD from water are photolysis and volatilization. The photolysis half-life at the water's surface has been estimated to range from 21 hr in summer to 118 hr in winter; however, these rates will increase significantly as water depth increases. Many bottom sediments may therefore not be susceptible to significant photodegradation. The volatilization half-life from the water column of an environmental pond has been estimated to be 46 days; however, when the effects of adsorption to sediment are considered, the volatilization model predicts an overall volatilization removal half-life of over 50 years. Various biological screening studies have demonstrated that TCDD is generally resistant to biodegradation. The persistence half-life of TCDD in lakes has been estimated to be in excess of 1.5 yr(1). TCDD has been shown to bioconcentrate in aquatic organisms(SRC). [REF-118]

  . ATMOSPHERIC FATE: Although 2,3,7,8-TCDD has an extremely low vapor pressure (7.4X10-10 mm Hg at 25 deg C)(1), it has been shown to be volatile(2) and to occur in air in both the gas-phase and particulate-phase(3). Vapor-phase TCDD reacts with photochemically produced hydroxyl radicals in air at an estimated half-life rate of 8.3 days; direct photolysis of gas-phase TCDD may occur at a faster rate than hydroxyl radical reaction. Sufficient data are not currently available to estimate the potential photolysis rate of particulate-phase TCDD. TCDD particulates may be physically removed from the atmosphere by wet and dry deposition. Monitoring data have indicated that TCDD may be transported long distances through the atmosphere. [REF-119]

  . TERRESTRIAL FATE: Preliminary results of a ... study on TCDD environmental persistence at Seveso (Milan, Italy) are presented. For this study, the most contaminated territory, Zone A, was divided into areas to fractionate the available TCDD levels in soil into data sets with reduced value spreads. In addition, various time subsets were defined for each area. ... It was estimated that at least 1.2 kg TCDD was present in Zone A shortly after the accident. On average, a considerable portion (23%) of this amount lay on vegetation; TCDD which was not photodegraded or volatilized before the heavy rains of fall 1976, was later washed off and transferred to ground by water action. From this study, mean analytical underestimations affecting Jan 1977 and Mar 1978 contamination map data were on the order of 30 and 24%. All the above figures are considered optimistic. A few years after the accident, mean TCDD half-life in soil appeared to be 9.l yr. ... [REF-120]

9-4 BIODEGRADATION:
  . A 31 day aquatic model ecosystem study found 14-C labelled TCDD to be very stable to metabolism(1). Screening analyses using 100 microbial strains (which had previously shown the ability to degrade persistent pesticides) determined that only 5 strains showed some ability to degrade TCDD(2). In laboratory studies using aquatic sediments and lake water, TCDD was found to be recalcitrant to microbial attack(3). [REF-121]

9-5 ABIOTIC DEGRADATION:

  . ... /ONE STUDY REPORTS/ 50% DEGRADATION OF TCDD IN 5 HR; TOTAL AMT DEGRADED WERE INDEPENDENT OF AMT PRESENT. APPLICATION OF TCDD COMBINED WITH FORMULATED 2,4,5-T TO SOIL, GLASS PLATES & PLANT LEAVES RESULTED IN LOSSES OF 15, 60 & 100% OF APPLIED DOSE AFTER 6 HR EXPOSURE TO SUNLIGHT. ... THESE REPORTS SUGGEST FASTER RATE OF DEGRADATION OF LOW THAN OF HIGHER LEVELS OF TCDD. [REF-2, p.V15 60]

  . CHLORINATED DIBENZO-PARA-DIOXINS, WHEN DISSOLVED IN METHANOL, ARE DEGRADED BY EXPOSURE TO SUMMER SUNLIGHT OR IRRADIATION WITH AN ULTRA-VIOLET LAMP (300 NM). ... 2,3,7-TRICHLORODIBENZO-PARA-DIOXIN & SMALL AMOUNTS OF DICHLORODIBENZO-PARA-DIOXIN WERE PRODUCED AS BREAKDOWN PRODUCTS OF TCDD. TCDD WAS PHOTODECOMPOSED ONLY WHEN DISSOLVED IN ORG SOLVENTS. WHEN 0.1 UG/CU M TCDD WAS APPLIED TO A 250 UM LAYER OF SOIL ON GLASS PLATES & IRRADIATED FOR 96 HR, THERE WAS NO LOSS DUE TO VOLATILIZATION OR PHOTODECOMPOSITION. IRRADIATION OF TCDD IN WATER PRODUCED LITTLE CHANGE AFTER 14 DAYS; HOWEVER IRRADIATION IN AN AQUEOUS SUSPENSION DISPERSED & STABILIZED BY A SURFACTANT REDUCED THE TCDD CONTENT. [REF-2, p.V15 59]

  . The half-life for the gas-phase reaction of 2,3,7,8-TCDD with photochemically produced hydroxyl radicals in a typical atmosphere has been estimated to be 8.3 days(1). Based upon photolysis studies for TCDD dissolved in water, the photolysis half-life of TCDD at the water's surface at latitude of 40 deg N has been calculated to be 21, 27, 51 and 118 hrs during summer, spring, fall and winter, respectively(1). Sufficient data are not available to estimate the potential photolysis rate of TCDD adsorbed to airborn particulates in the atmosphere(1). An upper limit photolysis half-life of 58 min (based on quantum yield measurements in hexane) has been estimated for gas-phase TCDD in the atmosphere under summer sunlight conditions; however, the actual environmental rate may be much slower(1). TCDD does not hydrolyze in environmental waters and is not expected to react significantly with photochemically produced singlet oxygen or peroxy radicals in water(2). [REF-122]

  . PERSISTENCE ... /WAS OBSERVED/ IN SILTY CLAY LOAM IN HAGERSTOWN & IN SAND IN LAKELAND, MARYLAND, US, WHICH HAD RECEIVED UP TO 100 MG/KG TCDD. AFTER 1 YR, 71 & 56% ... WAS RECOVERED ... RESPECTIVELY. ... SUBSURFACE INJECTIONS OF A HERBICIDE CONTAINING UNSPECIFIED CONCN OF TCDD RESULTED IN OCCURRENCE OF 15 UG/KG TCDD IN SOIL ... AFTER 282 DAYS & 2.5 UG/KG TCDD AFTER 3 YEARS. IN ANOTHER PART OF THIS STUDY ... LEVELS OF UP TO 1.5 UG/KG TCDD WERE FOUND IN SOIL 10-12 YEARS AFTER AERIAL SPRAYING OF HERBICIDES CONTAINING TCDD. UNDER RELATIVELY DRY CONDITIONS (UTAH TEST AREA) ... HAS HALF-LIFE OF 330 DAYS; IN MORE MOIST, WARM CONDITIONS (FLORIDA TEST AREA) ... HALF-LIFE ABOUT 190 DAYS. RATE OF DECAY WAS APPROX CONSTANT UP TO 1150 DAYS ... THERE WAS NO INCR IN RATE OF DECAY WHEN SOIL SAMPLES WERE STIRRED AT REGULAR INTERVALS, EXPOSED TO MORE SUNLIGHT OR RECEIVED AN ADDN OF INORGANIC NUTRIENTS. NO APPRECIABLE DOWNWARD MIGRATION OF TCDD OCCURRED EVEN WITH HEAVY ANNUAL RAINFALL (150 CM). ONLY ABOUT 1% OF TCDD INITIALLY DEPOSITED AT DEPTH OF 0-15 CM WAS FOUND BELOW 30 CM AFTER 414-557 DAYS. [REF-2, p.V15 60]

9-6 BIOCONCENTRATION:

  . SEVERAL ORGANISMS WERE EXPOSED IN MODEL ECOSYSTEM TO (14)C-LABELED 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN FOR UP TO 31 DAYS ... IN AQUATIC ENVIRONMENT. TCDD ACCUM ... WAS DIRECTLY RELATED TO ITS CONCN IN WATER (0.05-1330 NG/L); AVG WERE 2.0 TO 2.6X10+4 (SNAIL, GAMBUSIA & DAPHNID) & 4 TO 9X10+3 (DUCKWEED, ALGAE & CATFISH) TIMES CONCN IN WATER, & EQUILIBRIUM CONCN WERE REACHED IN TISSUES 7-15 DAYS. [REF-2, p.V15 63]

  . Mean bioconcentration factors (BCF) of 29200 (dry wt) and 5840 (wet wt) were measured for fathead minnows over a 28 day exposure(1); the elimination half-life after exposure was found to be 14.5 days(1). Log BCFs of approximately 3.2 to 3.9 were determined for rainbow trout and fathead minnow in laboratory flow-through studies during 4-5 exposures(2). The following log BCFs have been reported for various aquatic organisms: snails, fish (Gambusia), daphnia 4.3-4.4; duckweed, algae, catfish, 3.6-3.95(3). [REF-123]

9-7 SOIL ADSORPTION/MOBILITY:
  . The rate of 2,3,7,8-TCDD movement in soil plots at Eglin Air Force Base was observed to be very slow over a 10 yr period (1972-1984) as the TCDD dispersed only 10 cm from its initial position(1). Soil cores collected from roadsides in Times Beach, MO in 1985 which had been sprayed with waste oils containing TCDD in the early 1970s indicated that most of the TCDD had remained in the upper 15 cm(2). A mean log Koc of 7.39 was determined for ten contaminated soils from NJ and MO based on TCDD concn in bulk soil and soil leachates(3). Tests conducted by the US Dept of Agric Pesticide Degradation Lab at Beltsville, MD determined that vertical movement of 2,3,7,8-TCDD did not occur in a wide range of soil types(4). [REF-124]

9-8 VOLATILIZATION FROM WATER/SOIL:
  . The Henry's Law Constant for 2,3,7,8-TCDD can be estimated to be 1.62X10-5 atm cu m/mole at 25 deg C based upon a water solubility of 19.3 ng/l and a vapor pressure of 7.4X10-10 mm Hg(1). This value of Henry's Law Constant suggests that volatilization from environmental waters may be significant, but is probably not rapid(2). Based on this Henry's Law Constant, the volatilization half-life from a model river (1 m deep flowing 1 m/sec with a wind velocity of 3 m/sec) can be estimated to be 4.3 days(3,SRC); however, this estimation neglects the potentially significant effect of adsorption(SRC). The volatilization half-life from an environmental pond, which considers the effect of adsorption, can be estimated to be in excess of 50 years(3,SRC); if parameters are introduced into the pond model to exclude the adsorption effects from TCDD's water solubility and log Kow of 7.02(4), the estimated volatilization half-life is reduced to 46 days(3,SRC). [REF-125]

  . Based upon microcosm studies and monitoring of soil at the Times Beach, MO contamination site, the following conclusions were reached pertaining to TCDD volatilization from soil: TCDD is volatile; TCDD will volatilize most rapidly during warm summer months, and not appreciably during cold winter months; over 50% of the total applied TCDD volatilized during the first summer at Times Beach(1). Volatilization of TCDD from dry soil surfaces is likely to be faster than from wet soil surfaces(2); TCDD that has been mixed into soil depths beneath the upper surface boundary will volatilize extremely slowly(2). [REF-126]

10***SOURCES AND CONCENTRATIONS ***
10-1 NATURAL OCCURRING SOURCES: 

  . 2,3,7,8-TCDD is not known to occur naturally(1). [REF-118]

10-2 ARTIFICIAL SOURCES: 

  . 2,3,7,8-TCDD is released to the environment in stack emissions from the incineration of municipal refuse and certain chemical wastes, in exhaust from automobiles powered by leaded gasoline, in emissions from wood burning in the presence of chlorine, in accidental fires involving transformers containing PCBs and chlorinated benzenes, and from the improper disposal of certain chlorinated chemical wastes(1). TCDD has been released to the environment as a low level impurity in various pesticides (such as 2,4,5-T and derivatives) which were manufactured from 2,4,5-trichlorophenol(1). [REF-118]

10-3 WATER CONCENTRATIONS: 
  . DRINKING WATER: 2,3,7,8-TCDD has not been reported to occur in drinking water(1). [REF-118]

  . SURFACE WATER: 2,3,7,8-TCDD has reportedly been detected (no concn reported) in the ecosystems of Lakes Ontario, Huron and Superior(1). TCDD has reportedly been positively detected in 0.2% of 491 USEPA STORET water observation stations(2). [REF-127]

  . OTHER WATER: 2,3,7,8-TCDD was not detected in the preliminary analysis of stormwater runoff from 15 US cities as conducted by the USEPA National Urban Runoff Program(1). [REF-128]

10-4 EFFLUENTS CONCENTRATIONS: 
  . Soot samples from six major PCB transformer and capacitor fires in the USA contained 2,3,7,8-TCDD concns of 0.6 to 3.0 ng/g(1). The 2,3,7,8-TCDD concns in flue gases from 3 incineration plants in Germany ranged from <0.02-0.7 ng/cu m with the TCDD existing at significant levels in both the gas and particulate phases(2). TCDD was detected in fly ash from 3 municipal waste incineration plants and in waste oil from diesel engines(3). Flue gas analysis of 3 industrial boiler sites co-firing with liquid hazardous waste did not find any 2,3,7,8-TCDD(4). Average emission concns of 0.97 and 3.8 ng/cu m were detected in stacks from two municipal incinerators in Belgium which corresponded to emission factors of 0.27 and 0.35 mg/ton of waste burned(5). Analysis of fly ash and cinders from 9 Japanese municipal incinerators detected 2,3,7,8-TCDD levels of 0.1-5.4 ng/g in fly ash and <0.01-1.3 ng/g in cinders(6). [REF-129]

  . A 2,3,7,8-TCDD concn of 60 ppb was detected in oil leachates from a waste dump site in Germany which had been receiving waste oils and liquid chemical wastes(1). 2,3,7,8-TCDD was not detected in auto exhaust from cars using unleaded gas, however, cars using leaded gasoline had emission rates of <0.05-0.3 ng/24.8 km driven(2); the source of TCDD in these emissions was traced to reactions via the dichloroethane used as a lead scavenger(2). Levels of 2,3,7,8-TCDD occurring in flue gas emissions from various European and US incinerators have been reported to range from 0.05 to 3.5 ng/cu m(3). The discharged wastewater effluent from Dow Chemical into the Tittabawassee River in MI was reported to contain a TCDD level of 0.015 ng/l(3). 2,3,7,8-TCDD concn in sludge from seven pulp and paper mills ranged from not detected (1pg/g) to > 400 pg/g(4). [REF-130]

10-5 SEDIMENT/SOIL CONCENTRATIONS: 

  . SUBSEQUENT TO AERIAL SPRAYING OF 2,4,5-T IN PRAN BURI REGION OF VIETNAM, SOIL SAMPLES WERE FOUND TO CONTAIN 1.2 TO 23 UG/KG TCDD. [REF-2, p.V15 56]

  . Concn of tetrachlorodibenzo-p-dioxin (TCDD) were determined in 6 storm sewer & creek sediment samples from Love Canal chem dump site area in Niagara Falls, NY. Analysis showed concn from 0.9 to 312 ng/g. None was detected in organic rich soil sample from rural New York State area (detection limit, 0.1 ng/g). [REF-131]

  . In May & June 1971, waste oil heavily contaminated with 2,3,7,8-tetrachlorodibenzo-p-dioxin (306-356 mg/kg) was sprayed on ground of 3 horse show arenas in rural Missouri in order to control dust. About 7750 l were sprayed on each of 2 arenas; concn ... in soil from 1 was 31.8 to 33 mg/kg. [REF-2, p.V15 56]

  . Concns of 2,3,7,8-TCDD in most uncontaminated soils are below current analytical detection limits of 0.0002 ng/g(1,2); however, soils from ten urban sites in the US with no obvious source of contamination were found to contain levels up to 0.0094 ng/g(1,2). Soil cores collected from roadsides in Times Beach, MO in 1985 which had been sprayed with waste oils containing TCDD in the early 1970s contained levels of 0.8-196 ppb with the concns decreasing significantly below 15 cm(3). Levels of 4.4 to 382 ng/g were detected in soil at five different sites in MO which had been contaminated by waste oil(4). As of Oct 1984, TCDD had been detected at levels of 1 ppb or greater at 40 of 251 sites in MO during analysis by the USEPA(5). Levels of 0.01-52 ng/g were found in soils from inside the Dow Chemical manufacturing facility in Midland, MI(1). [REF-132]

  . Sediment cores taken from the western basin of Lake Ontario contained measurable 2,3,7,8-TCDD levels of 3-13 ng/kg(1). Levels of 0.9-312 ng/g were detected in sediments collected from storm sewers near the Love Canal in NY in 1980(2). TCDD has reportedly been positively detected in 1.3% of 157 USEPA STORET sediment observation stations(3). [REF-133]

10-6 ATMOSPHERIC CONCENTRATIONS: 

  . Tetrachlorodibenzo-p-dioxin (TCDD) in atmospheric dust was monitored in Seveso area between 1977 & 1979 using dustfall jars & high volume samplers. Apart from sampling site in Subzone A1, sporadic TCDD levels were detected at different times & different sites throughout contaminated area. Variable amt of TCDD were constantly detected at sampling site located in most heavily contaminated subzone. All findings were in range of 0.06-2.1 ng of TCDD/g of dust, for dustfall jar specimens, & 0.17-0.50 ng of TCDD/g of dust, for samples from high volume samplers. [REF-134]

  . Ambient air monitoring in the vicinity of a Superfund cleanup site detected 2,3,7,8-TCDD levels on the order of 1.0 pg/cu m(1). Levels of 0.02-0.08 pg/cu m were detected in various ambient air samples from Sweden(2). [REF-135]

10-7 FOOD SURVEY VALUES: 

  . 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN ... /HAS BEEN/ IDENTIFIED IN SEVERAL COMMERCIAL FATTY ACIDS. [REF-2, p.V15 72]

  . 2,3,7,8-Tetrachlorodibenzo-p-dioxin was not detected in food samples of rough rice, soybeans, crawfish, or bovine fat collected in MO, AR, and LA in 1979-1980(1). [REF-136]

  . Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans in human fat and milk samples arise from a variety of sources. It is generally assumed that food intake is mainly responsible for the presence of these contaminants in man. Data on levels in food samples are, however, relatively rare. This review reports the levels found in various foodstuffs which are easily obtained in daily life. From the data, it is clear that most animal foodstuffs have already been contaminated by these contaminants even though in very small amounts. However, the plant products are free of most polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans. It is difficult to evaluate the different sources of contamination of food, but municipal solid waste incinerators and chlorophenol industries are likey to be the most important sources. [REF-137]

10-8 PLANT CONCENTRATIONS: 

  . UPTAKE OF (14)C-LABELED ... 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN FROM NUTRIENT SOLN OR SOIL WAS MEASURED IN OATS & SOY BEANS. SOLN CONTAINED ... 0.18 MG/L TCDD; SOIL SAMPLES CONTAINED ... 0.06 MG/KG TCDD. AFTER 14 DAYS, SEEDLING OATS & SOY BEANS CONTAINED (MINUS CONTROL) ... 0.11 & 0.01 MG/KG ... AT MATURITY ... LESS THAN 0.001 & 0.001 MG/KG TCDD, RESPECTIVELY. NO TRANSLOCATION ... WAS OBSERVED AFTER ... APPLICATION TO FOLIAGE. [REF-2, p.V15 60]

10-9 FISH/SEAFOOD CONCENTRATIONS: 

  . 3-4 MO AFTER SPRAYING OF HERBICIDES IN VIETNAM WAS STOPPED, PRAWNS FROM SAIGON RIVER & FISH FROM DONG NAI RIVER WERE FOUND TO CONTAIN TCDD LEVELS AS HIGH AS 49 & 1020 NG/KG, RESPECTIVELY, AS COMPARED TO LEVELS OF LESS THAN 3 NG/KG IN FISH OBTAINED IN MARKET IN MASS, US. [REF-2, p.V15 56]

  . Monitoring of various species of fish from the Spring River in MO between 1981 and 1983 detected 2,3,7,8-TCDD levels of <1.0 to 55 ng/kg(1). TCDD was detected at levels of 2.0-38.5 ppt in seven species of commercial fish (62 total samples) collected from Lake Ontario in 1980(2). TCDD was positively detected in 26 of 36 samples of fish (5 of 6 species) taken from the Lake Michigan-Saginaw River region in 1978 at concns ranging from 4-695 ppt(3). 2,3,7,8-TCDD levels in carp (Cyprinus carpio) from the Petenwell Reservoir on the Wisconsin River range from 65-120 pg/g(4). [REF-138]

10-10 ANIMAL CONCENTRATIONS: 

  . FROM AIR FORCE STUDIES IT WOULD APPEAR THAT AFTER AERIAL SPRAYINGS OF HERBICIDES TCDD ACCUM IN LIVERS OF RODENTS, REPTILES, BIRDS & FISH. ALTHOUGH IT WAS CALCULATED THAT 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN LEVELS IN LIVERS DID NOT EXCEEED HIGHEST LEVEL FOUND IN CONTAMINATED SOIL. IN REVIEWING THESE RESULTS ... /SOME/ CAME TO DIFFERENT CONCLUSIONS. LIVERS OF WILD MICE COLLECTED FROM A ZONE IN FLORIDA TEST AREA CONTAINED AVG LEVEL OF 540 NG/KG ... IN 1973 (MALES & FEMALES TOGETHER) & 1300 NG/KG (MALES) & 960 NG/KG (FEMALES) IN 1974, COMPARED WITH AVG VALUE IN SOIL OF 340 NG/KG (INITIAL CONCN 10 YR EARLIER WERE ABOUT 2 MG/KG); THESE RESULTS POINT TO CONCN EFFECT IN MOUSE LIVERS. [REF-2, p.V15 63]

  . IN FLORIDA, AERIAL SPRAYING OF 2,4-D & 2,4,5-T CONTAINING EST 2-50 G/HA 2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN DURING 2-YR PERIOD (1962-1964) RESULTED 10 YR LATER IN DETECTABLE LEVELS OF TCDD IN TISSUES OF WILD MICE (1.3 UG/KG), MEADOW LARKS (1 UG/KG), REPTILES (0.36 UG/KG) & FISH (0.08 UG/KG). [REF-2, p.V15 56]

  . Three turtles taken from the St Lawrence River in 1984 and 1985 were found to contain 2,3,7,8-tetrachlorodibenzo-p-dioxin levels of 32-107 pg/g in liver and 232-474 pg/g in fat(1). Tern eggs collected from two sites along the Great Lakes in 1983 were found to contain 2,3,7,8-TCDD levels of 9-47 ng/kg(2). Positive TCDD levels of 8-94 ng/kg were detected in birds (cormorant, great crested grebe, grey heron) taken in the Netherlands in 1983 and 1984(3). [REF-139]

10-11 MILK CONCENTRATIONS: 

  . 2,3,7,8-Tetrachlorodibenzo-p-dioxin found in cow's milk from six locations in Switzerland ranged from below detection limits (0.01 ng/kg) to 0.049 ng/kg(1). The concn of 2,3,7,8-TCDD in human breast milk from various European countries, the US, and Vietnam has been reported to range from below detection limits to 50 pg/g with mean concns on the order of 10 pg/g(2). [REF-140]

  . Chlorinated dibenzo-p-dioxin and dibenzofuran were detected in samples of human milk collected in 1973 and 1985 in the South Vietnam and the levels compared to samples taken in 1970 and present day North American samples. In the Vietnam samples from the 3 time periods between one half and two thirds were positive for 2,3,7,8-tetrachlorodibenzo-p-dioxin. Avg levels of the positives on a lipid basis, declined from approx 484 pg/g in 1970, to 121 pg/g in 1973 and then to 12 pg/g in 1985. The latter value is higher but similar to the value of approx 5 pg/gram presently found in samples from in North American milk and much higher than that found in samples from North Vietnam where Agent Orange was not used. The avg body burden of 2,3,7,8-tetrachlorodibenzo-p-dioxin in the nursing mothers from 1970 and 1973 was est to be 3.6 and 0.98 ug, respectively. [REF-141]

11***HUMAN ENVIRONMENTAL EXPOSURE***
11-1 PROBABLE ROUTES OF HUMAN EXPOSURE: 

  . Currently, the major route of exposure of 2,3,7,8-TCDD to the general population results from municipal waste and other incineration processes and from exhausts from automobiles using leaded gasolines(1); food (contaminated fish) can only be considered a secondary route of exposure(1). Occupational exposure occurs through inhalation and dermal contact to fire fighters and cleanup workers involved with PCB transformer fires, to workers involved with incineration operations, and to workers handling pesticides, hexachlorophene, trichlorophenol, or other compounds which may contain small impurities of TCDD(2,SRC). [REF-142]

  . IN NITRO, WEST VA, USA, IN 1949 & IN ITALY, SYMPTOMS THAT SUGGESTED EXPOSURE TO TCDD (ALTHOUGH AGENT WAS NOT IDENTIFIED) WERE OBSERVED IN WORKERS IN 2,4,5-T & TRICHLOROPHENOL FACTORIES AFTER ACCIDENTAL EXPOSURES. SIMILAR SYMPTOMS WERE OBSERVED IN WORKERS IN 2 TRICHLOROPHENOL FACTORIES IN MITTLE RHINE IN FEDERAL REPUBLIC OF GERMANY IN 1952, IN A 2,4,5-T FACTORY IN USSR & IN 1 IN MIDLAND, MICH, USA IN 1964. [REF-2, p.V15 55]

  . OCCUPATIONAL EXPOSURE & ENVIRONMENTAL CONTAMINATION MAY RESULT FROM FORMATION OF DIOXINS DURING THE SYNTHESIS OF 2,4,5-T, HEXACHLOROPHENE, & /SRP: PURE/ PENTACHLOROPHENOL. [REF-143]

  . For 2,4,5-T a Joint Committee of the Food and Agriculture Organization and the World Health Organization has stated (1980) that the "no-effect level" is 3 mg/kg/day and that the ADI for man is 0.003 mg/kg/day when the TCDD content of 2,4,5-T is 0.05 ppm. No similar calculation has been made for hexachlorophene. The USEPA has calculated that, taking into account the cumulative exposure (oral, dermal, and inhalation exposure), a worker would receive 7 mg/kg of 2,4,5-T and 0.0007 ug/kg of TCDD, which is definitely below the "no observable effect level" for TCDD. Whether these values can be accepted as a permissible limit of exposure at the workplace remains, at the moment, a matter of controversy. [REF-6, p.642]

  . Cleanup workers inside the building in Binghamton, NY which experienced a PCB transformer fire in Feb 1981 were exposed to trace (detection limit not reported) inhalable levels of 2,3,7,8-TCDD two years after the transformer accident(1). A soot sample from inside the Binghamton building was found to contain a 2,3,7,8-TCDD concn of 0.6 ng/g(2). [REF-144]

  . At the Diamond Alkali Co, Newark, NJ, workers in the production of the sodium-2,4,5-trichlorophenate had potential exposure to 2,3,7,8-TCDD (a contaminant) while operating the autoclave reaction (20 ug/g), collecting samples from the reactor, operating the dilution/filtration product recovery system (10 ug/g), and operating the anisole still and product recovery system (70 ug/g)(1). Potential exposure to reslurry tank and acidification tank operators was at 20 ug/g. Pre-1967 potential exposure level for production and operator helpers performing formulations and aminizations was 20 ug/g; after 1967 these levels were 1 and 0.5 ug/g, respectively(1). [REF-145, p.52]

  . Polychlorinated dibenzodioxins and dibenzofurans were isomer-specifically detd by high resolution GC-mass spectrometry in different samples of coffee filter paper. 2,3,7,8-TCDD and tetrachlorodibenzofuran were the most abundant congeners in the lower parts per trillion range. Besides these compounds, several congeners of different alkylated tetrachlorodibenzofurans in distinctly higher concentrations were identified. About 20-35% of TCDD, tetrachlorodibenzofuran, and alkylated tetrachlorodibenzofurans passed from the coffee filter into the coffee extract in a simulated coffee brewing process. The daily intake of these compounds by a coffee drinker is estimated approx 10 pg TCDD equivalent. [REF-146]

  . /Occupational exposure/ to 2,3,7,8-TCDD may result from steel mill /operations/. [REF-147]

11-2 AVERAGE DAILY INTAKE: 

  . The maximum daily intake of 2,3,7,8-TCDD was estimated for residents of the Great Lakes region who regularly consume fish from the Great Lakes. The intake ranged from 0.39-8.4 ug/day. [REF-148, p.IV-3]

11-3 BODY BURDENS: 

  . Analysis of 46 composite samples prepared from 900 adipose tissue specimens detected a mean 2,3,7,8-TCDD concn of 5.0 pg/g with a range of not detected (1.0 pg/g) to 10 pg/g as conducted by the USEPA National Human Adipose Tissue Survey for fiscal year 1982(1). TCDD was detected in 25 of 46 Canadian human adipose tissue samples collected in 1976 at a mean concn of 6.4 pg/g(2). The concn of 2,3,7,8-TCDD in human breast milk from various European countries, the US, and Vietnam has been reported to range from below detection limits to 50 pg/g, with mean concns on the order of 1.0 pg/g(3). [REF-149]

  . The Center for Disease Control has reported that the mean serum TCDD level in Vietnam veterans (1967-8) heavily exposed to Agent Orange is 3.8 pg/g as compared to 3.9 pg/g in non-Vietnam veterans(1); serum levels in a group occupationally exposed to TCDD prior to 1970 has been reported to be 30-fold higher(1). 2,3,7,8-TCDD was detected in primapara breast milk fat at 13 parts per trillion avg, 255 samples, from preserved samples collected over a seven year period, 1978-1984, in Osaka prefecture, Japan(2). It was not detected in multipara samples(2). Food is the major source of human residues(3). The level of 2,3,7,8-TCDD in food (133 or 27 parts/quadrillion avg) accounts for the current level in the general population(3). The half-life in humans is 1 or 5 yrs, respectively(3). [REF-150]

  . Tetrachlorodibenzo-p-dioxin has been detected at levels ranging from 20 to 173 parts per trillion in adipose tissue from 3 Vietnam veterans who were "heavily exposed" to Agent Orange. Tissue samples from other Vietnam veterans & controls contained levels below 20 part per trillion. [REF-151]

  . Chlorinated dibenzo-p-dioxin and dibenzofuran were detected in samples of human milk collected in 1973 and 1985 in the south of Vietnam and the levels compared to samples taken in 1970 and present day North American samples. In the Vietnam samples from the 3 time periods between one half and two thirds were pos for 2,3,7,8-tetrachlorodibenzo-p-dioxin. Avg levels of the positives on a lipid basis, declined from approx 484 pg/gram in 1970, to 121 picograms/gram in 1973 and then to 12 pg/gram in 1985. The latter value is higher but similar to the value of approx 5 pg/gram presently found in samples from in North American milk and much higher than that found in samples from north of Vietnam where Agent Orange was not used. The avg body burden of 2,3,7,8-tetrachlorodibenzo-p-dioxin in the nursing mothers from 1970 and 1973 was est to be 3.6 and 0.98 ug, respectively. [REF-152]

  . TCDD were measured in serum specimens from Seveso, Italy, residents, who were potentially highly exposed to the 1976 explosion, and in controls. The residents were chosen so as to represent those who did and did not develop chloracne. Levels of TCDD as high as 56,000 parts per trillion were found in these serum specimens that were collected in 1976. These TCDD levels are the highest ever reported, and yet almost all clinical laboratory tests on these individuals were normal; any abnormal test result was only transitory in nature. These findings are unique in linking clinical histories to TCDD levels following an acute exposure. [REF-153]

  . A pilot study was conducted to determine whether patients could be found with elevated dioxin levels in Vietnam at the present time. Detectable levels of TCDD were found in the adipose tissue of eight of nine hospitalized female patients at the Phu San Obstetrical and Gynecological Hospital at Ho Chi Minh City in 1984 and 1985. Patients ranged in age from 22 to 52, and had been selected for study because of probable exposure to phenoxyherbicides. The adipose tissue TCDD values for these patients ranged from 4 to 103 parts per trillion, with a mean of 23 parts per trillion. The levels of TCDD were higher than currently seen levels in the general population of industrialized countries by a factor of about three to four times. The levels were significantly higher than for patients from the north of Vietnam. Agent-Orange was the most probable, and only known TCDD source. However, the existence of levels of polychlorinated dibenzodioxins and polychlorinated dibenzofurans with five through eight chlorines suggest a secondary source such as pentachlorophenol or incineration. In some cases a correlation was determined between a history of herbicide exposure, or lack of known exposure, and TCDD level. A history of nursing after exposure was sometimes associated with relatively lower TCDD tissue levels. With more extensive nursing, it appeared that the levels may be lower than with little or no nursing history in a given patient. [REF-154]

  . Review of employment and chemical production records at a Missouri chemical plant and of questionnaires with self-reported occupational exposure to 2,3,7,8-TCDD for 16 Missouri workers has explained the wide diversity of 2,3,7,8-TCDD levels previously reported in the workers adipose tissue (3.5-750 parts per trillion on whole-weight basis). /Data indicate that/ the highest exposures reported to date in the United States occurred in a group of nine production workers who made products contaminated with 2,3,7,8-TCDD. The nine workers had adipose tissue levels with a mean of 246 parts per trillion and a range of 42 to 750 parts per trillion. Seven persons who worked at the same chemical company, but not in the 2,3,7,8-TCDD-contaminated process, had a mean of 8.7 parts per trillion and range of 3.5 to 25.8 parts per trillion. ... Serum levels of 2,3,7,8-TCDD in these individuals /is provided/. The adipose tissue from a subset of four production workers with elevated levels of 2,3,7,8-TCDD and seven Missouri residents with normal 2,3,7,8-TCDD was also analyzed for other isomers of the polychlorinated dibenzodioxins and polychlorinated dibenzofurans. The mean adipose tissue level of 2,3,7,8-TCDD in the subset of production workers was 45 times higher than the mean level in the unexposed Missouri residents, but similar levels of the other polychlorinated dibenzodioxins and polychlorinated dibenzofurans were found in both groups. [REF-155]

12***STANDARDS AND REGULATIONS ***

12-1 IMMEDIATELY DANGEROUS TO LIFE OR HEALTH (IDLH): 

  . NIOSH considers 2,3,7,8-tetrachlorodibenzo-p-dioxin to be a potential occupational carcinogen. [QR] [REF-4, p.298]

12-2 NIOSH RECOMMENDATIONS: 

  . Agent recommended by NIOSH to be treated as a potential human carcinogen. Reduce exposure to lowest feasible concn. [REF-156, p.25]

  . NIOSH considers 2,3,7,8-tetrachlorodibenzo-p-dioxin to be a potential occupational carcinogen. [QR] [REF-4, p.298]

  . NIOSH usually recommends that occupational exposures to carcinogens be limited to the lowest feasible concn. [QR] [REF-4, p.298]

12-3 OTHER OCCUPATIONAL PERMISSIBLE LEVELS: 

  . One contaminant produced unintentionally during the manufacture of chlorophenols and phenoxy herbicides is TCDD. The resulting TCDD-containing wastes have been detected at many hazardous waste sites which in recent years have been in the process of remediation. Concerns about worker exposure to TCDD-contaminated soil (dust) during remediation of hazardous waste sites have produced a need for an occupational exposure limit for TCDD. The animal toxicology data and human experience with TCDD are reveiwed, and an occupational exposure limit for TCDD is proposed. The animal data support risk estimations which are based on TCDD as a nongenotoxic carcinogen. Studies on human populations have failed to demonstrate clearly any significant long-term health effects at levels to which humans have been exposed. The data indicate that an 8-hr time-weighted average limit of 2 ng/cu m is appropriate, and the associated risk would be consistent with other carcinogens at their corresponding occupational exposure limits. A preliminary occupational exposure limit of 0.2 ng/cu m (200 pg/cu m) is recommended, however, in light of other sources of exposure because of TCDD's ubiquitousness in the environment, its unclear mechanism of action, and its rather long biological half-life in humans. This limit provides an ample margin of safety to prevent chloracne following repeated, acute exposure, and it addresses those chronic effects of TCDD observed in animal studies as well as those observed after accidental human exposure. The resulting body burden caused by chronic exposure to TCDD at the proposed occupational exposure limit is examined. Its toxicological significance is compared with human tissue data and with other similarly persistent chemicals. [REF-157]

12-4 ATMOSPHERIC STANDARDS: 

  . Listed as a hazardous air pollutant (HAP) generally known or suspected to cause serious health problems. The Clean Air Act, as amended in 1990, directs EPA to set standards requiring major sources to sharply reduce routine emissions of toxic pollutants. EPA is required to establish and phase in specific performance based standards for all air emission sources that emit one or more of the listed pollutants. 2,3,7,8-Tetrachlorodibenzo-p-dioxin is included on this list. [QR] [REF-158]

12-5 FEDERAL DRINKING WATER STANDARDS: 

  . EPA 0.00003 ug/l [REF-159]

12-6 STATE DRINKING WATER GUIDELINES: 

  . FL) FLORIDA 0.000003 ug/l  [REF-159]

  . ME) MAINE 0.0000022 ug/l [REF-159]

12-7 CLEAN WATER ACT REQUIREMENTS: 

  . Toxic pollutant designated pursuant to section 307(a)(1) of the Clean Water Act and is subject to effluent limitations. [REF-160]

  . The levels that may result in an increase of cancer risk over the lifetime are estimated at 10-5, 10-6, and 10-7. The corresponding recommended criteria ... for consumption of water ... the levels are 2.2x10-6, 2.2x10-7, and 2.2x10-8 ug/l, respectively. [REF-161]

12-8 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/ [QR] [REF-7, 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/ [QR] [REF-7, p.13]

12-9 CERCLA REPORTABLE QUANTITIES: 

  . Persons in charge of vessels or facilities are required to notify the National Response Center (NRC) immediately, when there is a release of this designated hazardous substance, in an amount equal to or greater than its reportable quantity of 1 lb or 0.454 kg. The toll free number of the NRC is (800) 424-8802; In the Washington D.C. metropolitan area (202) 426-2675. The rule for determining when notification is required is stated in 40 CFR 302.4 (section IV. D.3.b). [REF-162]

13***MONITORING AND ANALYSIS METHODS ***

13-1 SAMPLING PROCEDURES:

  . EPA Method 8280. Sampling procedure for the analysis of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans. For the determination of 2,3,7,8-TCDD, grab and composite samples must be collected in glass containers. Conventional sampling practices must be followed. The bottle must not be prewashed with sample before collection. Composite samples should be collected in glass containers. Sampling equipment must be free of tygon, rubber tubing, other potential sources of contamination which may absorb the target analytes. All samples must be stored at 4 C, extracted within 30 days, and completely analyzed within 45 days of collection. [REF-163]

  . Grab samples are collected in clean amber glass bottles of 1 l or 1 quart capacity filled with screw caps lined with Teflon or aluminum foil. All samples must be extracted within 7 days and completely analyzed within 40 days of extraction. /Polychlorinated dibenzo-p-dioxins/ [REF-9, p.3-20]

13-2 ANALYTIC LABORATORY METHODS:

  . All aspects of the use of mass spectrometry for identification & quantitation of chlorodibenzo-p-dioxins (incl TCDD) are critically reviewed. [REF-164]

  . AREAL Method TO-9. Capillary Gas Chromatography/High Resolution Mass Spectrometry. Detection limit of 1 pg/m3 in air. [REF-165]

  . EPA Method 8280. Matrix-specific Extraction, Analyte Specific Clean-up, and High Resolution Capillary Column Gas Chromatography/Low-Resolution Mass Spectrometry (HRGC/LRMS) techniques. These techniques are appropriate for the determination of polychlorinated dibenzodioxins and dibenzofurans including 2,3,7,8-tetrachloro-dibenzo-p-dioxin chemical wastes. For (13)C 12-labeled 2,3,7,8-tetrachlorodibenzo-p-dioxin the method detection limit is 0.13 parts per trillion in fuel oil/sandust. The method performance results included the following: for 2,3,7,8-tetrachlorodibenzo-p-dioxin in sludge the RSD is 4.4 at a spiked analyte level of 5.0 ng/g and the mean percent recovery is 61.7 at a spiked analyte level of 5.0 ng/g. [REF-166]

  . EPA Method 613. Gas Chromatography/Mass Spectrometry for the analysis of 2,3,7,8-tetrachlorodibenzo-p-dioxin in industrial and municipal discharges. Under the prescribed conditions, the method has a detection limit of 0.002 ug/l. Precision and method accuracy were found to be directly related to the concentration of the parameter and essentially independent of the sample matrix. [REF-167]

  . Clean-up techniques are described for gas chromatography-mass spectrometric measurement of parts per trillion levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin in milk, cream, grain, feed, dry plant material, wet plant material, & soil. Sensitivity of 10 parts per trillion TCDD was obtained for most types of samples. [REF-168]

  . ... Utilizing a DB-225 or DB-17 capillary column and high resolution (10,000 RP) mass spectrometry, baseline resolution has been obtained for this isomer, without recourse to more exotic columns allowing simple quantification of this isomer. A brief investigation has been made into the application of Selected Decomposition Monitoring as a quantitative alternative to high-resolution mass spectrometry on a heavily contaminated environmental sample, and comparisons in sensitivity made with similar samples run using conventional SIM high-resolution and low-resolution mass spectrometry. [REF-169]

  . CLP Dioxin Method. USEPA; Contract Laboratory Program, Statement of Work 9/86, Form IFB Series, WA86-K357, USEPA, Washington, DC 20460, August 1987. Capillary Gas Chromatography/Mass Spectrometry. Detection limits of 1 ug/kg in soil and 10 ng/L in water. [REF-170]

  . EAD Method 1613. 1600 Series Wastewater Methods. Capillary Gas Chromatography/High Resolution Mass Spectrometry. Detection limits of 1 ng/kg in soil and 10 pg/L in water. [REF-170]

  . EMSCL Method 513. Capillary Gas Chromatography/Mass Spectrometry. Detection limit 20 pg/L. [REF-171]

13-3 CLINICAL LABORATORY METHODS:

  . Clean-up techniques are described for gas chromatography-mass spectrometric measurement of part per trillion levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin in blood. Sensitivity of 10 part per trillion TCDD was obtained for most types of samples. [REF-168]

  . ... The competition enzyme linked immunosorbtion assay is able to easily detect 0.5 ng of 2,3,7,8-tetrachlorodibenzo-p-dioxin. [REF-172]

  . An analytical method to measure 2,3,7,8-tetrachlorodibenzo-p-dioxin and other 2,3,7,8-tetrachlorodibenzo-p-dioxin isomers in human serum which uses a highly specific cleanup procedure and high-resolution gas chromatography/high resolution mass spectometry was described. The 2,3,7,8-tetrachlorodibenzo-p-dioxin is quantified by the isotope dilution technique with (13)C12-2,3,7,8-tetrachlorodibenzo-p-dioxin as the internal standard. The 1.25 part per quadrillion limit of detection for 200 g samples is more than adequate for determining 2,3,7,8-tetrachlorodibenzo-p-dioxin concentrations in human serum specimens. The method is modified for analyzing 50 g and 10 g serum samples. Analytical accuracy is demonstrated by the results obtained in analyzing spiked samples. The method is shown to be unaffected by a number of potentially interfering cmpd. For 200 g samples containing 25.8 parts per quadrillion of native 2,3,7,8-tetrachlorodibenzo-p-dioxin, a coefficient of variation of 13.0% was observed (n= 20). For 10 g from a pool fortified with 2,3,7,8-tetrachlorodibenzo-p-dioxin (1.9 parts per trillion, n= 22), a coefficient of variation of 15.5% was observed. [REF-173]

  . Analytical methods for the determination of 2,3,7,8-tetrachlorodibenzo-p-dioxin and other tetrachlorodibenzo-p-dioxin congeners in human tissue samples, both on a whole weight and lipid basis were developed. Human adipose tissue samples from the anterior abdominal wall were spiked with 24 parts per trillion carbon 13 labelled 2,3,7,8-tetrachlorodibenzo-p-dioxin. After removal of any obvious nonfatty portions, five slices of the tissue sample were independently analyzed for lipids and tetrachlorodibenzo-p-dioxin using an automated mass spectrometry gas chromatography system. Determination of tetrachlorodibenzo-p-dioxin on a whole weight basis was performed on an homogenate of the remaining portion of the adipose tissue sample. Recoveries of 2,3,7,8-tetrachlorodibenzo-p-dioxin were generally greater than 85%. Agreement between duplicate tissue samples was usually within 10%. The precision associated with tetrachlorodibenzo-p-dioxin determination on a whole weight basis was better than on a lipid basis, but the lower precision of the lipid basis procedure was compensated for by analyzing multiple slices of each sample. [REF-174]

  . AN ANALYTICAL PROCEDURE HAS BEEN DEVELOPED AND UTILIZED FOR THE DETERMINATION OF APPROXIMATELY 10 TO 100 PARTS PER TRILLION CONCENTRATIONS OF TCDD IN FISH. THE TECHNIQUE INVOLVES DIGESTION AND EXTRACTION OF THE MATRIX FOLLOWED BY A SERIES OF ADSORBENT, AND CHEMICALLY-MODIFIED ABSORBENT, LIQUID COLUMN CHROMATOGRAPHIC CLEAN-UP STEPS ... AND DETECTION BY MULTIPLE ION MODE GAS CHROMATOGRAPHY-MASS SPECTROMETRY. USING 14C-LABELED TCDD AS AN INTERNAL STANDARD AND CARRIER, THE PROCEDURE HAS BEEN VALIDATED FOR RAINBOW TROUT FROM APPROXIMATELY 10 TO 100 PARTS PER TRILLION TCDD. [REF-175]

14***MANUFACTURING AND USE INFORMATION ***

14-1 METHODS OF MANUFACTURING: 

  . 2,3,7,8-Tetrachlorodibenzo-p-dioxin is produced as an unwanted contaminant during the manufacture of chlorobenzenes, chlorophenols and their derivatives such as 2,4,5-trichlorophenoxyacetic acid and 2-(2,4,5-trichlorophenoxy)propionic acid. [REF-176, p.1]

  . CONVENTIONAL METHODS FOR LAB PREPN ... INVOLVE 2 TYPES OF PROCESSES: (1) CONDENSATION OF POLYCHLOROPHENOL, OR (2) DIRECT HALOGENATION OF PARENT DIBENZO-PARA-DIOXIN OR MONOCHLORO DERIVATIVE. ... CONDENSATION BETWEEN A CATECHOL DIANION & EITHER AN APPROPRIATE POLYCHLOROBENZENE IN BOILING DIMETHYL SULFOXIDE OR AN APPROPRIATE ORTHO-CHLOROPOLYCHLORONITROBENZENE /MAY BE DONE TO INCREASE YIELD/. [REF-2, p.V15 50]

  . TETRACHLORODIBENZO-P-DIOXIN IS FORMED IN DISTILLATE /AS A BY-PRODUCT DURING SYNTH OF 2,4,5-TRICHLOROPHENOL/ BY CONDENSATION OF 2 MOLECULES OF SODIUM TRICHLOROPHENATE UNDER INFLUENCE OF HIGHLY EXOTHERMIC DECOMP OF SODIUM-2-HYDROXYETHANOL. [REF-2, p.V15 51]

  . TCDD CAN BE FORMED BY PYROLYSIS AT 500 DEG C FOR 5 HR OF SODIUM ALPHA-(2,4,5-TRICHLOROPHENOXY)PROPIONATE. [REF-2, p.V15 59]

  . Prepn by the chlorination of dibenzo-p-dioxin [REF-177, p.1436]

14-2 FORMULATIONS/PREPARATIONS: 

  . Tetrachlorodibenzo-p-dioxin has been associated with all synthetic compounds derived from 2,4,5-TCP. This includes the widely used herbicide & defoliant 2,4,5-T (2,4,5-trichlorophenoxyacetic acid). ... It is an inadvertant contaminant in herbicide precursors & thus in the herbicides themselves. Thus, it is applied in herbicide formulations, but is not used per se. [REF-178, p.835]

14-3 MANUFACTURERS: 

  . Eagle-Picher Industries, Inc, Hq, 580 Walnut St, Cincinnati, OH 45202, (513) 721-7010; Specialty Materials Division; Production site: Chemsyn Science Lab, 13605 West 96th Terrace, Lenexa, KS 66215-1297 [REF-179, p.1025]

14-4 OTHER MANUFACTURING INFORMATION: 

  . DOW CHEM CO SUPPLIED MOST OF 2,4,5-T USED IN DEFOLIATION PROGRAMS DURING VIETNAM WAR IN FORM OF CMPD KNOWN AS AGENT ORANGE, WHICH CONTAINED THE CONTAMINANT TCDD IN AMT IN EXCESS OF 30 PPM. [REF-180]

  . Thermal or chemical degradation of chlorophenols can produce ... /Polychlorodibenzoparadioxins/ [REF-181, p.VA7 5]

  . 2,3,7,8-Tetrachlorodibenzodioxin ... has not been detected in products other than 2,4,5-T and fenoprop [REF-181, p.VA7 11]

  . 2,3,7,8-Tetrachlorodibenzodioxin has never been detected in any ... chlorophenol ... products derived by chlorination. [REF-182, p.V6 161]

  . May be produced in the preparation of 2,4,5-trichlorophenol from 1,2,4,5- tetrachlorobenzene and sodium hydroxide [REF-181, p.VA7 10]

  . The hydrolysis of one of the chlorine atoms in 1,2,4,5-tetrachlorobenzene with sodium hydroxide in a suitable alcohol solvent produces 2,4,5- trichlorophenol. The reaction must be carried out under extremely restricted conditions to prevent the formation of 2,3,7,8-tetrachlorodibenzodioxin [REF-183, p.V5 798]

14-5 MAJOR USES: 

  . [SRI] RESEARCH CHEMICAL 

  . TCDD HAS BEEN TESTED FOR USE IN FLAMEPROOFING POLYMERS, EG, POLYESTERS, & AGAINST INSECTS & WOOD-DESTROYING FUNGI. IT IS HOPED THAT THESE USES HAVE NEVER BEEN EXPLOITED COMMERCIALLY. [REF-2, p.V15 51]

  . [SRI] NOT USED COMMERCIALLY IN USA 

14-6 U.S. PRODUCTION:

    [SRI] (1978) NOT PRODUCED COMMERCIALLY IN USA 

    [SRI] (1982) NOT PRODUCED COMMERCIALLY IN USA 

    (1985) Not produced commercially in the USA [REF-184, p.835]

15*** CHEMICAL AND PHYSICAL PROPERTIES ***

15-1 MOLECULAR WEIGHT             : 322 [REF-2, p.V15 46]

15-2 MELTING POINT                : 305-306 DEG C [REF-2, p.V15 47]

15-3 VAPOR PRESSURE               : 7.4x10-10 mm Hg at 25 deg C [REF-185]

15-4 OCTANOL/WATER PARTITION COEFFICIENT:

 log Kow = 6.8 [REF-186]

15-5 SOLUBILITIES: 

  . 1.4 G/L IN ORTHO-DICHLOROBENZENE [REF-2, p.V15 48]

  . 0.72 G/L IN CHLOROBENZENE [REF-2, p.V15 48]

  . 0.57 G/L IN BENZENE [REF-2, p.V15 48]

  . 0.37 G/L IN CHLOROFORM [REF-2, p.V15 48]

  . 0.11 G/L IN ACETONE [REF-2, p.V15 48]

  . 0.05 G/L IN N-OCTANOL [REF-2, p.V15 48]

  . 0.01 G/L IN METHANOL [REF-2, p.V15 48]

  . 0.04 G/L IN LARD OIL [REF-2, p.V15 48]

  . Water solubility: 19.3 ng/l [REF-185]

15-6 SPECTRAL PROPERTIES: 

  . MAX ABSORPTION (CHLOROFORM): 248 NM (E= 92.2); 310 NM (E= 173.6) [REF-2, p.V15 47]

  . Intense mass spectral peaks: 322 m/z (100%), 320 m/z (79%), 324 m/z (48%), 257 m/z (25%) [REF-187, p.127]

  . Intense mass spectral peaks: 189 m/z [REF-188, p.563]

15-7 OTHER CHEMICAL/PHYSICAL PROPERTIES: 

  . Needles, MP 295 deg C; crystals from anisole, MP 320-325 [REF-177, p.1436]

  . Dibenzodioxins occur as 75 different isomers. There are 22 possible TCDD isomers. [REF-169]
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  . Safe S, Phil D; Polychlorinated Diphenyls, Dibenzo-p-dioxins, Dibenzofurans, and Related Cmpd: Environmental and Mechanistic Considerations Which Support the Development of Toxic Equivalency Factors; Crit Rev Toxicol 21 (1): 51-88 (1990). Review of human diphenyl ethers and 2,3,7,8-Tetrachlorodibenzo-p-dioxin in-vitro and in-vivo assays.

  . Sheehan DM et al; Workshop on Risk Assessment in Reproductive and Developmental Toxicology Addressing the Assumptions and Identifying the Research Needs; Regul Toxicol Pharmacol 10 (2): 110-22 (1989). A workshop was organized to specifically define the assumptions underlyng the risk assessments for seven specific toxicants, including dioxin. This report is a summary of the workshop discussions.

  . Couture LA et al; A Critical Review of the Developmental Toxicity and Teratogenicity of 2,3,7,8-Tetrachlorodibenzo-p- dioxin: Recent Advances Toward Understanding the Mechanism; Teratology 42 (6); 619-28 (1990)

  . Skene SA et al; Hum Toxicol 8 (3): 173-204 (1989). Polychlorinated Dibenzo-P-Dioxins and Polychlorinated Dibenzofurans The Risk to Human Health A review.

  . U.S. Department of Health & Human Services/National Toxicology Program; 8th Report on Carcinogens. National Institute of Environmental Health Sciences, Research Triangle Park, NC. (1998)

  . DHHS/NTP; Carcinogenesis Bioassay of 2,3,7,8-Tetrachlorodibenzo-p-dioxin in Swiss-Webster Mice (Dermal Study) Technical Report Series No. 201 (1982) NIH Publication No. 82-1757
16-2 TEST STATUS:

  . The NTP Toxicology Research and Testing Program releases a Management Status Report on a quarterly basis. This report gives the status of chemicals studied, under study, or proposed for study by NTP. The 01/11/2000 issue indicates that the prechronic study for 2,3,7,8-tetrachlorodibenzodioxin is completed, and the chemical is in review for further evaluation. Route: topical; Species: transgenic model evaluation, mice. [QR] [REF-189, p.22]

  . The NTP Toxicology Research and Testing Program releases a Management Status Report on a quarterly basis. This report gives the status of chemicals studied, under study, or proposed for study by NTP. The 01/11/2000 issue indicates that the prechronic study for 2,3,7,8-tetrachlorodibenzodioxin is completed, and the chemical is in review for further evaluation. Route: gavage; Species: transgenic model evaluation, mice. [QR] [REF-189, p.22]

  . The NTP Toxicology Research and Testing Program releases a Management Status Report on a quarterly basis. This report gives the status of chemicals studied, under study, or proposed for study by NTP. The 01/11/2000 issue indicates that two year study is in progress for 2,3,7,8-tetrachlorodibenzodioxin. Route: gavage; Species: toxic equivalency factor evaluation, rats. [QR] [REF-189, p.22]

16-3 PRIOR HISTORY OF ACCIDENTS:

  . EXPLOSION WHICH PRODUCED CLOUD CONTAINING TCDD WHICH SETTLED OVER SEVESO, ITALY MANY WEEKS PASSED BEFORE PUBLIC WAS ALERTED TO DANGERS, CHILDREN WERE ALREADY SUFFERING FROM CHLORACNE AND MANY ANIMALS HAD DIED. EFFECTS OF TCDD ON PREGNANT WOMEN & THEIR BABIES SHOW HIGHER INCIDENCE OF SPONTANEOUS ABORTION IN TCDD EXPOSED MOTHERS. OTHER FINDINGS SUGGEST DELETERIOUS EFFECTS ON PERIPHERAL NERVOUS SYSTEM, AS WELL AS LIVER DAMAGE. [REF-190]

  . A chemical plant failure 13 miles north of Milan, Italy produced a dangerous contamination of inhabited areas. Environmental specimens were sampled & analyzed to assess distribution of tetrachlorodibenzo-p-dioxin in soil surface layer. On basis of contamination maps, 3 zones were established: Zone A, Zone B, & Zone R which enclosed the former 2. This report describes the procedure adopted to assess contamination of soil due to 2,3,7,8-tetrachlorodibenzo-p-dioxin. TCDD concn were seen to vary, ranging from less than 0.75 to approx 20X10+3 ug/m sq. TCDD levels were highest in Zone A, while Zones B & R exhibited lower levels of below 50 & below 5 ug/m sq, respectively. [REF-191]

  . TCDD WAS COMPONENT OF PRODUCTS OF EXPLOSION WHICH TOOK PLACE IN 1963 AT PHILIPS DUPHAR 2,4,5-T FACTORY IN NETHERLANDS. ... AN ESTIMATED 30-200 G TCDD WERE RELEASED ... TCDD WAS IDENTIFIED AS PRODUCT OF EXPLOSION WHICH OCCURRED IN COALITE COMPANY'S 2,4,5-TRICHLOROPHENOL FACTORY IN UK IN 1968 ... QUANTITY RELEASED WAS NOT ESTIMATED. ... [REF-2, p.V15 54]

  . Whether levels of environmental exposure to TCDD were sufficient to produce enzyme induction in man, has been investigated in Seveso, Italy where in July 1976 explosion in a factory spread toxic substances, one of which was TCDD, to the surrounding area. The hepatic microsomal enzyme activity was assessed by estimating urinary d-glucaric acid excretion in children 6-8 yr old. In 31 children, urine samples were collected between August & December 1976; in 67 other children in February 1979. As control, 60 children living in Busto Arsizio (a small industrial town near Milan) & 26 living in Cannero (a non-industrialized village on Lake Maggiore) were chosen. The study concluded that many children living in Seveso area have an increased activity of hepatic microsomal enzymes. [REF-192]

  . TETRACHLORODIBENZO-P-DIOXIN (TCDD) ... /WAS/ IDENTIFIED AS CAUSE OF OUTBREAK OF POISONING IN HUMANS ... IN 1971. EXPOSURE WAS RELATED TO THE SPRAYING OF WASTE OIL CONTAMINATED WITH TCDD ON RIDING ARENAS FOR DUST CONTROL. MOST SEVERE EFFECTS OCCURRED IN 6-YR OLD GIRL WHO PLAYED IN ARENA SOIL. HER SYMPTOMS INCL HEADACHE, EPISTAXIS, DIARRHEA, LETHARGY, HEMORRHAGIC CYSTITIS & FOCAL PYELONEPHRITIS. THREE OTHER CHILDREN & 1 ADULT WHO WERE FREQUENTLY IN THE ARENA COMPLAINED OF SKIN LESIONS. IN AT LEAST 2 OF CHILDREN, LESIONS DESCRIBED WERE ... CONSISTENT WITH CHLORACNE. INTERMITTENT ARTHRALGIAS IN 2 ADULTS HAVE BEEN ASSOCIATED WITH PREVIOUS EXPOSURE TO THE ARENA. [REF-2, p.V15 84]

  . LONG TERM FOLLOWUP OF WORKERS EXPOSED TO TCDD AS RESULT OF ACCIDENT IN 1949 AT A 2,4,5-T PRODUCTION PLANT WAS MADE. OF WORKERS PRESENT ON DAY OF REACTOR EXPLOSION, 121 CASES OF CHLORACNE, WERE IDENTIFIED. FOLLOWUP RECORDS ON 121 CHLORACNE VICTIMS 29 YR LATER WERE 100% COMPLETE; 89 WORKERS WERE STILL LIVING & 32 WERE TRACED BY DEATH RECORDS. NO EXCESS MORTALITY WAS OBSERVED AMONG COHORT WHEN COMPARED TO STD POPULATION FROM MODIFIED LIFE TABLE PROGRAM. NO STATISTICALLY SIGNIFICANT INCR IN DEATH DUE TO CIRCULATORY DISEASES OR MALIGNANT NEOPLASMS WERE FOUND IN TETRACHLORODIBENZO-P-DIOXIN EXPOSED GROUP WHEN COMPARED TO STD POPULATION. HOWEVER, BECAUSE OF SMALL SIZE OF COHORT POPULATION, RESULTS OF THIS STUDY ARE CONSIDERED INCONCLUSIVE. [REF-193]

  . Twenty-seven yr after an accident at the Badische Anilin und Soda Fabrik factory in Ludwigshafen on November 17 1953, a mortality study of persons exposed to dioxin in an uncontrolled reaction during trichlorophenol process was undertaken. Follow-up was 100% successful & involved 74 persons. Overall mortality (21 deaths) did not differ in this group from rate expected in 3 external reference populations or from that observed in 2 internal comparison groups, where 18-20 deaths were observed. Of 21 deceased persons, 7 had cancer, compared with 4.1 expected. In addn, 2 other cases of cancer (1 bronchial carcinoma, & 1 carcinoma of prostate) are still alive. Three deaths due to stomach cancer, at ages 64, 66 & 69 yr, were found, compared with 0.6 expected from regional mortality data. One stomach cancer occurred among 148 individuals in the 2 comparison cohorts. [REF-194]

  . Ten years after the incident at Coalite Oils & Chemicals Ltd, /in which/ 79 workers developed chloracne due to exposure to tetrachlorodibenzodioxin, a study was undertaken to establish current state of health of affected employees remaining in the company's employment. Half of affected subjects still had minor chloracne. Other than this there was no evidence that they had been adversely affected in any way. [REF-195]

  . In the late 1960s a chemical company in southern Missouri, which had produced 2,4,5-trichlorophenoxyacetic acid, ceased production and leased the facilities to another company which produced hexachlorophene and 2,4,5-trichlorophenol. Between Feb and Oct 1971, an estimated 21,500 gallons of contaminated waste oil were removed from this plant for disposal. Much of this material was used for spraying roads and horse arenas for dust control. A number of 57 horses became ill and subsequently died. These horses exhibited extreme weight loss and alopecia. There were 26 known abortions, and many foals, exposed only in utero, died at birth or shortly after. Postmortem examinations showed severe emaciation , hepatic damage, gastric ulcers, atrophy of the spleen, and skin lesions. Many cats and dogs straying in the arena areas died with the same symptoms. [REF-3, p.1219]
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