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I. SUMMARY

,1

THIS DOCUMENT REVIEWS THE TOXICITY AND HUMAN HEALTH EFFECTS OF 
ABIENT EXPOSURE TO VINYL CHLORIDE (VC), THE RAW MATERIAL USED IN 
THE PRODUCTION OF POLYVINYL CHLORIDE <PVC). IT SUMMARIZES THE 
EXTENSIVE AND RIGOROUS FEDERAL REGULATION OF THE VC/PVC INDUS­
TRY, AND COMPARES QUANTITATIVE RISK ASSESSMENTS WITH ACTUAL 
HEALTH OBSERVATIONS OF INDIVIDUALS IN NON-OCCUPATIONAL SETTINGS.

A REVIEW OF THE WORLD SCIENTIFIC LITERATURE SHOWS NO COMMUNITY 
HEALTH IMPACTS ASSOCIATED WITH EXPOSURE TO VC EMISSIONS FROM 
VC/PVC MANUFACTURING FACILITIES.

II. INTRODUCTION

VINYL CHLORIDE IS THE BASIC BUILDING BLOCK FOR PRODUCING THE 
MOST VERSATILE PLASTIC YET DEVELOPED — POLYVINYL CHLORIDE AND 
ITS COPOLYMERS WITH OTHER MONOMERS. MOST OP THE SEVEN BILLION 
POUNDS OF VC PRODUCED ANNUALLY IN THE UNITED STATES IS CONVERTED 
INTO PVC USED IN THOUSANDS OF PRODUCTS IN THE HOME AND IN 
INDUSTRY -- PRODUCTS SUCH AS WALLCOVERINGS, UPHOLSTERY, FLOOR­
ING, HOUSE SIDING, WATER PIPES, SEWER PIPES, LUGGAGE, CLOTHING, 
AUTOMOTIVE PARTS, AND MEDICAL DEVICES, FOOD WRAP, WINDOWS, DOORS 
AND WIRE INSULATION, GARDEN HOSES, AND PHONOGRAPH RECORDS.

PYC IS A POLYMER PRODUCED FROM VC THROUGH A CHEMICAL REACTION 
CALLED POLYMERIZATION. VC IS CONVERTED INTO PVC BY SUSPENSION, 
EMULSION, BULK OR SOLUTION POLYMERIZATION METHODS. PVC RESINS 
CAN BE EXTRUDED, MOLDED OR CALENDARED INTO DIVERSE SHAPES, 
SIZES, AND COLORS. MECHANICAL CHARACTERISTICS CAN BE CONTROLLED 
TO PRODUCE FORMS THAT ARE RIGID, FLEXIBLE, OR IN A LIQUID FORM 
SUCH A LATEXES, PASTES AND ADHESIVES.

VINYL CHLORIDE BECAME OF INDUSTRIAL IMPORTANCE APPROXIMATELY 
FIFTY YEARS AGO WHEN SEMON (1933) DISCOVERED THAT THE POLYMER 
COULD BE CONVERTED INTO USEFUL ARTICLES BY PLASTICIZATION WITH 
PHTHALATE ESTERS. COMMERCIAL DEVELOPMENT BEGAN FIRST IN EUROPE 
AND THEN IN THE UNITED STATES IN THE LATE 1930'S. IT WAS NOT 
UNTIL THE EARLY 1950'S THAT WIDESPREAD CONSUMER APPLICATIONS 
DEVELOPED. PVC IS NOW A MATURE PRODUCT, AND ITS GROWTH RATE 
FALLS IN STEP WITH THE GROSS NATIONAL PROOUCT.
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III. HEALTH HISTORY 

ACUTE TOXICITY

VINYL CHLORIDE IS A STRONG ANESTHETIC AT 8-12% IN ANIMALS AND 
HUMANS. DEATH FOLLOWS RAPIDLY AFTER UNCONSCIOUSNESS SETS IN IF 
EXPOSURE IS NOT REDUCED QUICKLY (PATTY ET AL., 1930). NO MAJOR 
HISTOLOGICAL CHANGES WERE REPORTED AFTER 100 DAYS AT EXPOSURES 
OF 50,000 PPM (KUEBLER, 1964). REVERSIBLE liver effects at 
100-500 PPM LED TO A RECOMMENDATION OF A 50 PPM TWA EXPOSURE 
LIMIT (TORKELSON, OYEN, AND ROWE, 1961), BUT THE AMERICAN 
CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS ADOPTED INSTEAD 
A RECOMMENDATION BY YALE SCIENTISTS OF 500 PPM. THIS IS THE 
VALUE LATER ACCEPTED BY OSHA AND IT SERVED UNTIL 1974. LEHMAN 
AND FLURY (1943) TERMED VINYL CHLORIDE TO BE "ONE OF THE LEAST 
DANGEROUS OF THE CHLORINATED HYDROCARBONS".

THERE ARE NO OTHER KNOWN ACUTE HUMAN PHYSIOLOGICAL EFFECTS FROM 
VINYL CHLORIDE EXPOSURE. THE ODOR THRESHOLD IS ABOUT 1,000 PPM. 
THE HIGH HEAT OF VAPORIZATION CAUSES A SUBSTANTIAL PART OF A 
LARGE SPILL TO LIQUIFY AND PRESENTS THE DANGER OF FROSTBITE. 
VINYL CHLORIDE IS FLAMMABLE OVER THE RANGE OF 3.6-33% IN AIR, 
AND EXTREME CARE MUST BE TAKEN TO AVOID SPILLS AND LEAKS FOR 
THAT REASONS. MOST MEASUREMENT AND WARNING SYSTEMS WERE DE­
SIGNED TO HOLD PLANT ATMOSPHERES BELOW THE FLAMMABLE LIMITS. 
RETROSPECTIVE ESTIMATES OF TYPICAL TIME-WEIGHTED AVERAGE PERSON­
AL EXPOSURES FOR POLYMERIZATION WORKERS IN ENGLAND HAVE BEEN 
ESTIMATED (BARNES, 1980) AS FOLLOWS!

IN SOME J08S, PARTICULARLY THE CLEANING OF POLYMERIZATION 
REACTORS, EXPOSURES IN THE THOUSANDS OF PPM RANGE WERE EXPERI­
ENCED FOR SHORT PERIODS. (SEE PURCHASE, ET AL, 1985 AND BARR, 
1986 FOR REVIEWS OF THE TOXICITY OF VC).

CHROMIC HEALTH EFFECTS

THE FIRST CLEAR INDICATION OF CHRONIC HEALTH PROBLEMS ASSOCIATED 
WITH VC CAME IN THE 1960*S IN MEN WHO ENTERED VC POLYMERIZATION

1945 TO 1955 
1955 to 1960 
1960 to 1970 
Mid 1973

1,000 ppm (or above)

400 to 500
300 to 400
150
51975
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REACTORS TO REMOVE BUILD-UP OF POLYMER FROM THE WALLS. SOME OF 
THESE MEN DEVELOPED ACRO-OSTEOLYSIS, A DISEASE RESULTING IN 
SOFTENING OF BONES IN THE FINGERS (SUCIU, ET AL, 1963; HARRIS 
AND ADAMS, 1967; COOK, ET AL 1981). MODIFICATION OF WORKING 
PRACTICES HAS LEO TO THE ELIMINATION OF THIS DISEASE IN WORKERS 
IN PVC PLANTS. IN THE LATE 1960'S, PROFESSOR P.L. VIOLA OF THE 
SOLVAY COMPANY TRIED TO REPRODUCE ACRO-OSTEOLYSIS IN RATS BY 
EXPOSING THEM TO HIGH CONCENTRATIONS OF VC FOR LONG PERIODS. HE 
FAILED TO PRODUCE ACRO-OSTEOLYSIS, BUT HE REPORTED AN INCREASE 
IN INCIDENCE OF A VARIETY OF TUMORS AT VARIOUS SITES. FOR THE 
FIRST TIME, IT HAD BEEN SUGGESTED THAT VC WAS AN ANIMAL 
CARCINOGEN. (VIOLA, 1960, 1970; VIOLA, BIGOTTI AND CAPUTO, 
1971).

AS A DIRECT RESULT OF THE VIOLA WORK, FOUR WEST EUROPEAN VC/PVC 
MANUFACTURING COMPANIES IN ITALY, FRANCE, BELGIUM AND ENGLAND 
SUPPORTED A COMPREHENSIVE STUDY OF THE ANIMAL TOXICOLOGY OF VC 
BY PROFESSOR C. MALTONI, DIRECTOR OF THE INSTITUTE OF ONCOLOGY 
AT BOLOGNA. MALTONIrS WORK WHICH EXTENDED OVER EIGHT YEARS HAS 
PROVED TO BE THE MOST COMPREHENSIVE STUDY OF VC TOXICOLOGY 
(MALTONI ET AL, 1984). BY THE END OF 1972, MALTONI HAD FOUND A 
RARE TUMOR, ANGIOSARCOMA OF THE LIVER <ASL> , IN SOME OF THE 
EXPOSED RATS AND CONFIRMED THAT VC IS INDEED AN ANIMAL 
CARCINOGEN. THESE EARLY FINDINGS WERE REPORTED AT AN INTERNA­
TIONAL SYMPOSIUM IN 1973 (MALTONI, 1977). MALTONI RECOMMENDED
EPIDEMIOLOGICAL INVESTIGATIONS AND MEDICAL CONTROLS OF EXPOSED
WORKERS AND EARLY IN 1974, A U.S. COMPANY ANNOUNCED THAT THEY 
HAD FOUND THREE ASL CASES IN EMPLOYEES AT ONE OF THEIR PVC 
POLYMERIZATION PLANTS. THIS FINDING LED TO THE CONCLUSION THAT 
VC WAS A HUMAN CARCINOGEN BECAUSE IT GAVE RISE TO A RARE TUMOR 
WHOSE ONLY OTHER KNOWN ETIOLOGICAL AGENTS IN MAN WERE THORIUM 
DIOXIDE, ARSENIC AND POSSIBLY ANABOLIC STERIODS.

ASL IS A VERY RARE TUMOR. LESS THAN 20 CASES. PER YEAR FROM ALL 
THESE CAUSES OCCUR IN THIS COUNTRY. A REVIEW (POPPER, ET AL, 
1978) OF ALL CASES REPORTED IN THE UNITED STATES FOR THE PERIOD 
1964-1974 REVEALED 167 CASES, OF WHICH 19 WERE ASCRIBED AT THAT 
TIME TO OCCUPATIONAL VC EXPOSURE, 26 TO THORIUM DIOXIDES GIVEN 
MEDICALLY, AND 9 TO ARSENIC IN FOWLER'S SOLUTION, ALSO USED 
MEDICALLY. THE REMAINDER WERE OF UNKNOWN ETIOLOGY, WITH NO 
CONNECTION TO VC. THE HIGH LEVEL OF INTEREST IN THIS SPECIFIC 
TUMOR IS SUCH THAT ANY SUBSEQUENT CASES ASSOCIATED WITH ENVIRON­
MENTAL EXPOSURE TO VC WOULD MOST CERTAINLY HAVE BEEN REPORTED, 
AND NONE HAVE. FOR A TIME NIOSH PUBLISHED A SUMMARY OF
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VC-RELATED CASES (FALK, ET AL 1981), BUT THIS TASK WAS TAKEN 
OVER FIRST BY JOHN STAFFORD OF ICI, ENGLAND (FOREMAN, ET AL 
1985) AND LATER BY BRIAN BENNETT ALSO OF ICI. THE 1986 UPDATE 
OF VC-RELATED ASL CASES SHOWS A TOTAL OF 38 CASES IN THE UNITED 
STATES AND 120 WORLDWIDE. ALL OF THESE CASES INVOLVE HIGH 
OCCUPATIONAL EXPOSURES TO VC.

THE AVERAGE ASL LATENCY PERIOD (YEARS FROM FIRST EXPOSURE TO 
DIAGNOSIS) IN THE UNITED STATES HAS BEEN 25 YEARS, BUT WITH A 
MEDIAN OF ABOUT 22 YEARS. THE LATENCY PERIOD IN EUROPE, PARTIC­
ULARLY IN GERMANY, HAS BEEN SOMEWHAT SHORTER, APPROXIMATELY 19 
YEARS. ALL THE U.5. OCCUPATIONAL CASES, AND ALMOST ALL SUCH 
CASES IN THE REST OF THE WORLD ARE CLOSELY ASSOCIATED WITH THE 
JOB OF REACTOR CLEANING, WHICH WAS ONCE DONE MANUALLY AT THE END 
OF THE POLYMERIZATION CYCLE. THERE IS CLUSTERING OF CASES IN 
RELATIVELY FEW PLANTS AND THE MAJORITY OF PLANTS HAVE HAD NO 
CASES. DIFFERING WORK PROGRAMS AND JOB PROGRESSIONS MAY HAVE 
HAD SOME EFFECT ON REDUCING RATES AT VARIOUS PLANTS.

AN INDUSTRY-SPONSORED EPIDEMIOLOGICAL SURVEY OF WORKERS ZN THE 
VC/PVC INDUSTRY COVERED 8,384 MEN WITH AT LEAST ONE YEAR OF 
EXPOSURE BEFORE 1973 (TABERSHAU AND GAFFEY, 1974). THE EXPECTED 
EXCESS OF ASL WAS FOUND. THERE WAS ALSO SUGGESTIONS OF AN 
EXCESS OF CANCERS AT OTHER SITES. THIS STUDY WAS EXPANDED TO 
10,173 WORKERS (COOPER, 1981), WHERE SUGGESTED EXCESS OF BRAIN 
AND RESPIRATORY CANCERS CONTINUED TO BE SEEN WITHOUT, HOWEVER, 
AN ASSOCIATION BETWEEN THE BRAIN CANCER AND EXPOSURE. IN 
ADDITION, MOST OF THE LUNG CANCER CASES COME FROM THE SAME 
FACILITY, WITH MANY PLANTS HAVING NO CASES. A FOLLOW-UP STUDY 
OF THIS EXPANDED COHORT TO DETERMINE THe STATUS OF THE WORKERS 
AS OF THE END OF 1980 ZS UNDERWAY.

SEVERAL STUDIES HAVE BEEN MADE OF THE GENERAL POPULATION USING 
ASL AS THE MARKER DISEASE IN AN EFFORT TO DETECT AN ASSOCIATION 
WITH POSSIBLE ENVIRONMENTAL EXPOSURE TO VC. THERE WAS NO 
ASSOCIATION WITH LIVING NEAR A PLANT MANUFACTURING OR USING VC 
IN THE GENERAL U.S. SURVEY CONDUCTED BY THE CENTER FOR DISEASE 
CONTROL (POPPER ET AL, 1978; FALK, ET AL, 1981). BRADY ET AL, 
(1977) SURVEYED 26 ASL DEATHS IN NEW YORK STATE BETWEEN 1970 AND 
1975, AND FOUND FIVE WHO LIVED NEARER PLANTS HANDLING VC THAN 
DID THEIR MATCHED CONTROLS, BUT COULD NOT ESTABLISH A DIRECT 
CONNECTION WITH THE DISEASE TO EXPOSURE. TEN CASES OF ASL IN 
WISCONSIN WERE EXAMINED FOR POSSIBLE CONNECTION WITH VC EXPO­
SURE, AND NONE WAS FOUND (FZECHTNER ET AL, 1976). BAXTER ET AL,
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(1977) FOUND NO RELATIONSHIP BETWEEN DISTANCE OF RESIDENCE FROM 
VC EMITTERS AND THE 47 CASES OF ASL IN THE GENERAL POPULATION OF 
GREAT BRITAIN REPORTED IN 1963-1973. A LATER UPDATE (BAXTER ET 
AL, 1980) FOUND ONE CASE WHERE THE PERSON HAD LIVED THE LAST SIX 
YEARS OF HIS LIFE NEAR A PVC PLANT AND THREE CASE5 WHERE THE MEN 
HAD WORKED IN THE PLASTICS FABRICATING INDUSTRYf BUT FOR WHOM 
THERE WERE NO RECORDS TO INDICATE EXPOSURE TO VC.

THE LACK OF RELATIONSHIP BETWEEN RESIDENCE NEAR VINYL CHLORIDE 
OPERATIONS AND CASES OF UNKNOWN ETIOLOGY WAS CONFIRMED. SARXC 
ET AL, (1976) STUDIED THE DEATHS DURING THE YEARS 1968-1971 IN 
AN AREA SURROUNDING A PVC PLANT THAT HAD BEEN IN OPERATION SINCE 
1949 AND ZN WHICH THREE WORKERS HAD DIED OF ASL. NO RELATION­
SHIP WAS FOUND FOR LIVER OR FOR LUNCH OR BRONCHIAL CANCER AND 
PLACE OF RESIDENCE FOR THE GENERAL POPULATION. A SIMILAR STUDY 
FOR COMMUNITIES NEAR A SWEDISH PLANT THAT HAD OPERATED SINCE 
1945 AND HAD FOUND FOUR ASL CASES SHOWED (ELXNDER AND PERSHAGEN, 
1978) NO UNEXPECTED ELEVATION OF FETAL MORTALITY, DEATHS FROM 
ALL CANCERS, OR CANCER OF THE LIVER OR LUNGS DURING THE YEARS 
1961-1984. PANCREATIC CANCER IN MALES WAS ELEVATED IN THE AGE 
GROUP OVER 60. ALL ASL CASES IN HOLLAND SINCE 1950 (27 CASES) 
WERE STUDIED, AND NONE HAD ANY TRACEABLE CONTACT WITH VC 
(OALOERUP ET AL, 1976). ITURRA (1976) OBSERVED AN EXCESS OF 
CANCER DEATHS ZN A CITY IN CANADA WITH A PVC PLANT COMPARED TO A 
SIMILAR NEARBY CITY. THIS DIFFERENCE WAS PRINCIPALLY FOUND ZN 
MALES AGED 20 TO 64, WHICH IS NOT INDICATIVE OF A GENERAL 
POLLUTION EFFECT. THE AUTHOR DREW NO CONCLUSION AS TO WHY THE 
CONDITION EXISTED.

REPRESENTATIVES OF THE ENVIRONMENTAL PROTECTION AGENCY HAVE 
STATED THAT IT HAS BEEN UNABLE TO ESTABLISH A LINK BETWEEN 
LIVING NEAR VC MANUFACTURING AND USING PLANTS AND ASL.

THERE ARE ABOUT 20 CASES OF ASL PER YEAR IN.THE UNITED STATES 
THAT CANNOT BE ASCRIBED TO ONE OF THE KNOW CAUSES OF THE DIS­
EASE. THERE ARE ALSO ABOUT 5 IN EUROPE EACH YEAR. ACCORDINGLY, 
THERE WILL BE ONE CASE OF ASL AMONG THE 5 MILLION - 5 MILE 
NEIGHBORS OF VC/PVC FACILITIES ABOUT EVERY TWO YEARS BY CHANCE 
ALONE. THIS HAS BEEN SEEN IN THE STUDIES IN NEW YORK BY BRADY, 
ET AL, (1970), AND IN CONNECTICUT (HEATH AND LANDRIGAN, 1974). 
THESE STATES HAVE CANCER REGISTRIES, WHICH ARE OF GREAT VALUE. 
ZN ONE CASE, A JURY AWARD WAS MADE TO THE ESTATE OF AN INDIVIDU­
AL WHO DIED OF ASL, AND WHO HAD LIVED THE LAST FOUR YEARS OF HIS 
LIFE NEAR A PVC PLANT. INASMUCH AS THAT PERSON ALSO HAD OCCUPA­
TIONAL EXPOSURE TO VC AND EXPOSURE TO OTHER ASL CAUSATIVE 
AGENTS, IT CANNOT BE CONCLUDED THAT AMBIENT VC EXPOSURE CAUSED 
HZS ASL (IN RE GRASSO, CIVIL ACTION NO. 78-1562, D.N.J.).

AP00005120



-6-

A THOROUGH STUDY (CHIAZZE, ET AL, (1977), CHIAZZEf (1980) OF 
MORE THAN 15,000 EMPLOYEES OF PVC FABRICATORS FOUND NO EVIDENCE 
OF VC-RELATED HEALTH EFFECTS IN THAT GROUP, WHICH WAS ESTIMATED 
TO HAVE BEEN EXPOSED TO AT LEAST 15 PPM VC FOR MANY YEARS.

THE DISEASE ASL IS OFTEN DIFFICULT TO DIAGNOSE (BLOCK 1974; 
HEATH, FLAK AND CREECH, 1975), IS ALMOST INVARIABLY FATAL WITHIN 
A SHORT TIME, AND PRESENTS A VARIETY OF SYMPTOMS, INCLUDING 
PORTAL FIBROSIS AND HYPERTENSION WITH SPLENOMEGALY AND VARICES, 
PROLIFERATION OF THE SINUSOIDAL LINING, MEGALOCYTOSIA AND 
THROMBOCYTOPENIA (THOMAS AND POPPER, 1975; GEDIGK ET AL, 1975). 
METASTASIS IS FREQUENTLY INVOLVED. THESE SYMPTOMS ARE VERY 
SIMILAR TO THOSE SEEN IN THE MOUSE (SCHAFFNER, 1978) AND RAT 
(FERON AND KREES, 1979) AND THE PATHOLOGY ALSO IS SIMILAR 
(GORDON ET AL, 1975). NO REALLY ADEQUATE EARLY WARNING TESTS 
HAVE BEEN DEVISED (WHELAN ET AL, 1976; LANGBEIN ET AL, 1983; 
TAMBURRO AND GREENBERG, 1981), ALTHOUGH THE GAMMAGLUTAMYL 
TRANSPEPSIDASE TEST IS PROMISING, TOGETHER WITH ICG CLEARANCE 
AND SGOT. RADIOGRAPHIC LIVER SCANS AND TOMOGRAPHY AND 
SONOGRAPHY (KOXSCHUITZ ET AL, 1981) ARE SAID TO BE USEFUL 
CONFIRMATORY TESTS.

IN SUMMARY, VC IS A CLASSICAL PROCARCINOGEN, AND IS CLEARLY A 
HUMAN CARCINOGEN, CAUSING ASL IN A SMALL PERCENTAGE OF HIGHLY- 
EXPOSED WORKERS. THERE IS SUGGESTIVE EVIDENCE THAT IT MAY BE A 
WEAK GENERAL CARCINOGEN AT HIGH CONCENTRATIONS, PERHAPS THROUGH
AN IMMUNOSUPPRESSIVE MECHANISM, BUT MORE DATA ARE REQUIRED TO
CONFIRM THIS SUSPICION. SEVERAL STUDIES OF LARGE POPULATION 
HAVE NOT SHOWN A CONNECTION BETWEEN GENERAL AMBIENT EXPOSURE AND 
AN INCREASED INCIDENCE OF CANCER.

IV. FEDERAL REGULATION OF VC/PVC INDUSTRY

THE PRIMARY FEDERAL AGENCIES REGULATING THE VC/PVC INDUSTRY ARE 
THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION (OSHA), WHICH 
IS PART OF THE U.S. DEPARTMENT OF LABOR, THE U.S. ENVIRONMENTAL 
PROTECTION AGENCY (EPA>, AND THE FOOD AND DRUG ADMINISTRATION 
(FDA). OSHA REGULATION FOCUSES ON WORKER HEALTH WHILE EPA 
ADDRESSES THE CONTROL OF CHEMICALS OUTSIDE THE WORKPLACE. FDA 
OVERSEES USES OF PVC THAT INVOLVE FOOD, DRUGS, COSMETICS, AND 
MEDICAL DEVICES.

A, THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION

THE ALLOWABLE OCCUPATIONAL EXPOSURE FOR VINYL CHLORIDE OF 1 
PPM ON AN 8-HOUR TIME WEIGHTED AVERAGE (TWA) IS SET BY THE

AP60005i21



-7-

OSHA WORKPLACE STANDARDS AT 29CFR1910.1017. THIS WAS 
ADOPTED ZN 1974, AFTER EXTENSIVE PUBLIC HEARINGS, AND 
BECAME EFFECTIVE IN APRIL 1975. OSHA FIRST SET AN EMERGEN­
CY TEMPORARY STANDARD OF 50 PPM AND PROPOSED A PERMANENT 
LIMIT OF NONDETECTABLE EXPOSURE BY A TEST SENSITIVE TO 1 
PPM. OSHA THEN PROMULGATED A FINAL STANDARD OF AN 8-HOUR 
TWA OF 1 PPM, AND A 15-MINUTE CEILING OF 5 PPM.

IN BRIEF, THE REGULATION SETS:

1. A LEVEL OF 0.5 PPM VC BELOW WHICH NO ACTION IS RE­
QUIRED. THIS GENERALLY EXEMPTS MOST PVC FABRICATION 
PLANTS AND LABORATORIES AND MANY MONOMER PLANTS.

2. A REGULATED AREA WHERE EXPOSURES ARE ABOVE 0.5 PPM 
WHICH RESTRICTS ENTRY TO AUTHORIZED PERSONS.

3. MEDICAL EXAMINATION REQUIREMENTS AND EXPOSURE RECORD 
RETENTION FOR SPECIFIED EMPLOYEES.

4. A LIST OF ACCEPTABLE RESPIRATORS.

5. MONITORING AND ALARM SYSTEMS FOR THE WORKPLACE, AND 
ROUTINE MEASUREMENT OF WORKER EXPOSURE.

6. LABELING AND SIGNS FOR REGULATED AREAS AND CONTAINERS 
OF VINYL CHLORIDE AND PVC.

7. WORK PROCEDURES FOR HAZARDOUS OPERATIONS.

8. TRAINING PROGRAMS FOR EMPLOYEES.

OSHA ALSO HAS A HAZARD COMMUNICATION STANDARD (HCS),
29CFR1910.1200, which provides labeling requirements
COMPLEMENTARY TO THE OSHA VINYL CHLORIDE STANOARD. ARTI­
CLES MADE FROM PVC ARE EXEMPT FROM LABELING REQUIREMENTS 
UNDER THE STANDARD.

B. ENVIRONMENTAL PROTECTION AGENCY

EPA REGULATES THE RELEASE OF VINYL CHLORIDE UNDER SEVERAL 
STATUTES, INCLUDING THE CLEAN AIR ACT, CLEAN WATER ACT, 
SAFE DRINKING WATER ACT, RESOURCE CONSERVATION AND RECOVERY 
ACT
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(rcra), comprehensive environmental response, compensation
AND LIABILITY ACT (CERCLA OR SUPERFUND), AND THE TOXIC 
SUBSTANCES CONTROL ACT (TSCA).

1. AIR. STANDARD (40CFR61.60)

The epa standard established in 1976 specified the 
FOLLOWING CONDITIONS:

A. FUGITIVE EMISSIONS CONTROLS BY LEAK PATROLS AND 
DESIGN STANDARDS FOR PUMP AND COMPRESSOR SEALS, 
AGITATORS, AND LOADING DEVICES.

B. WORK PRACTICES FOR VESSEL OPENINGS AND SAMPLING.

C. STRIPPING REQUIREMENTS FOR RESIDUAL MONOMER IN 
RESINS AND WASTEWATER,

D. ABATEMENT OF SPECIFIED POINT SOURCE EMISSIONS TO 
10 PPM.

PROHIBITION OF RELIEF VALVE DISCHARGES, EXCEPT 
E* FOR EMERGENCIES.

F. EXTENSIVE MONITORING, REPORTING AND RECORDKEEPING 
REQUIREMENTS.

G. SPECIFIC ANALYTICAL PROCEDURES.

EPA ESTIMATED THAT THIS STANDARD WOULD RESULT IN A 95% 
REDUCTION OF VC EMISSIONS TO THE ATMOSPHERE FROM 
VC/PVC MANUFACTURING PLANTS AND REDUCE THE 5 MILE 
ANNUAL AVERAGE VC AM8IENT AIR CONCENTRATION FROM 17 
PARTS PER BILLION (PPB) TO LESS THAN 1 PPB.

2. WATER REGULATIONS

VINYL CHLORIDE ZS LISTED AS A PRIORITY POLLUTANT UNDER 
SECTION 307(A) OF THE CLEAN AIR ACT, AND A WATER 
QUALITY CRITERIA DOCUMENT HAS BEEN PREPARED. THIS
SUBJECTS VC ANO PVC MANUFACTURING PLANTS TO SPECIAL 
CONSIDERATIONS WHEN WASTE WATER DISCHARGE PERMITS ARE 
ISSUED PURSUANT TO EPA REGULATIONS.
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AS PART OP ITS REGULATION OP CARCINOGENS IN ORINKING 
WATER, EPA HAS PUBLISHED A FINAL RECOMMENDED MAXIMUM 
CONTAMINANT LEVEL (RMCL - A NON-BINDING GUIDELINE) FOR 
VC IN DRINKING WATER OF ZERO (SEE 50FR46880, NOVEMBER 
13, 1985 FOR THIS AMENDMENT TO 40CFR 141.50).

HOWEVER, EPA INDICATED THAT A "JUSTIFIABLE" WAY TO 
DETERMINE THE ABSENCE OF VINYL CHLORIDE WOULD BE BY 
SETTING A DEFINED, STATE-OF-THE-ART DETECTION LIMIT 
SENSITIVE TO APPROXIMATELY 1 PPB. (49FR24,330, 24,347 
- June 12, 1984). epa has also proposed a maximum
CONTAMINANT LEVEL OF 1 PPB FOR VINYL CHLORIDE IN 
DRINKZNG WATER. (SEE 50FR46,902 - NOVEMBER 13, 1985).

3. WASTE AND SPILL REGULATION

THE EPA ISSUED A RULE UNDER WHICH CERTAIN VC MANUFAC­
TURING DISTALLATION RESIDUES ARE LISTED AS HAZARDOUS 
WASTES WHEN DISPOSED (49FR5308), THIS RULE REQUIRES 
THAT ALL SUCH WASTES ARE TO BE DISPOSED OF ONLY BY 
RCRA-APPROVED PROCEDURES.

WHEN DISPOSED OF, COMMERCIAL GRADE VC IS CLASSIFIED AS 
A HAZARDOUS WASTE UNDER THE RESOURCE CONSERVATION AND 
RECOVERY ACT (RCRA), BECAUSE OF ITS TOXIC AND XGNIT-
ABLE CHARACTERISTICS. ANY DISPOSAL IS SUBJECT TO
REGULATION UNDER RCRA.

EPA HAS PROPOSED ADDITIONAL RCRA REGULATIONS (51 FR 
21648, june 13, 1986) which apply to all wastes
CONTAINING VC. THESE PROPOSED REGULATIONS DEFINE 
WASTES AS HAZARDOUS WHEN THE VC LEVEL IN THE EXTRACT 
BY A SPECIFIED TEST METHOD EXCEEDS 50 PPB. CONGRESS 
HAS SPECIFIED AN INTERIM 1 POUND REP0RTA8LE QUANTITY 
FOR VINYL CHLORIDE. RELEASES TO THE ENVIRONMENT IN 
EXCESS OF 1 POUND ARE REGULATED UNDER CERCLA.

4. NEW PRODUCT MANUFACTURE

The epa also administers the toxic substances control
ACT (TSCA) WHICH ESTABLISHES HEALTH AND ENVIRONMENTAL 
REGULATIONS FOR BOTH NEW AND EXISTING SUBSTANCES. NO 
ONE MAY MANUFACTURE OR USE A SUBSTANCE WHICH IS NOT ON 
THE AGENCY'S OFFICIAL INVENTORY, UNLESS THE
PREMANUFACTURING NOTICE PROCEDURES ARE FOLLOWED.
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C. FOOD AND DRUG ADMINISTRATION

PVC IS WIDELY USED FOR FOOD CONTACT APPLICATIONS. IN EARLY 
1986r THE FOOD AND DRUG ADMINISTRATION (FDA) CONFIRMED THE 
SAFETY OF PVC FOR ALL FOOD-CONTACT APPLICATIONS AND WITH­
DREW AN OUTSTANDING PROPOSAL TO LIMIT ITS USE IN FOOD 
PACKAGING. (SEE 51FR4173 - FEBRUARY 3, 1986). AN ACCOMPA­
NYING NEW PROPOSAL WOULD SET VARIOUS RESIDUAL VINYL CHLO­
RIDE LEVELS FOR DIFFERENT FOOD CONTACT MATERIALS. AMONG 
OTHER THINGS, FDA FOUND THAT "VASTLY IMPROVED PRODUCTION 
TECHNOLOGY (SINCE 1975) HAS MADE IT POSSIBLE FOR MANUFAC­
TURERS TO SUCCEED IN REDUCING THE LEVEL OF RESIDUAL VINYL 
CHLORIDE MONOMER IN VINYL CHLORIDE POLYMER."

THE COMMENT PERIOD ON THE FEBRUARY 3, 1986 FDA PROPOSAL 
CLOSED ON JUNE 5, 1986 WITHOUT ANY ADVERSE COMMENTS ON THE 
HEALTH OR SAFETY OF PVC. THIS FDA PROCEEDING LENDS FURTHER 
SUPPORT TO THE INHERENT SAFETY OF HUMAN EXPOSURE TO PVC. 
FDA REGULATES THE USE OF PVC IN MEDICAL DEVICES AND DRUG 
PACKAGING ON A CASE-BY-CASE BASIS.

V. COMMUNITY HEALTH CONCERNS

AS WAS DISCUSSED IN SECTION IV, VC IS A VERY STRICTLY REGULATED 
SUBSTANCE. THE ERA ESTIMATED THAT THE 1976 STANDARD WOULD 
REDUCE THE ANNUAL AVERAGE EXPOSURE OF THE PERSONS LIVING WITHIN 
5 MILES OF VC/PVC FACILITIES BY 95% (FROM 17 PPB TO ABOUT 0.85 
PPB). AN EPA REPORT (185) STATES THAT CURRENT INDUSTRY PERFOR­
MANCE HAS RESULTED IN ACTUAL EMISSIONS THAT ARE SIGNIFICANTLY 
LESS THAN THAT PREDICTED AMOUNT.

MANY AUTHORS HAVE ATTEMPTED TO DEVELOP QUANTITATIVE RISK ASSESS­
MENTS FOR LOW LEVEL EXPOSURES TO VC. (SEE BARR, 1982 AND 
PURCHASE, 1985 FOR REVIEWS). SOME HAVE INCORPORATED HUMAN DATA 
(gehrxng, et al, 1979, anderson, et al, 1980, purchase et al,
1985) AND ONLY THESE PREDICT RESULTS WHICH ARE COMPATIBLE WITH 
THE ABSENCE OF ANY OBSERVED EFFECTS ON HUMANS FROM AMBIENT 
EXPOSURES. THE REMAINING ESTIMATES ALL USED VARIATIONS OF THE 
EPA UPPER LIMIT MODEL (ANDERSON 1983) AND OVERSTATE THE PROBA­
BILITY OF RISK BY SEVERAL ORDERS OF MAGNITUDE.

THERE IS NO CONFIRMED CASE ON RECORD IN WHICH A MEMBER OF THE 
GENERAL POPULATION HAS BEEN HARMED BY EXPOSURE TO VINYL CHLO­
RIDE. THAT FACT SETS THE UPPER LIMIT OF LIFETIME RISK AT LESS 
THAN 0.3 PREDICTED CASES OF CANCER PER 1 MILLION FOR EXPOSURE TO 
1 PPM OF VC. BECAUSE THE DATA SHOW THAT INDUSTRY EMISSIONS HAVE
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BEEN REOUCEO BY 99.99% (RATHER THAN THE 95% ESTIMATED BY EPA) , 
THE ACTUAL RISK IS LESS THAN 0.1 CASE OF CANCER IN THE NEXT 70 
YEARS AMONG THE 5 MILLION PRESUMED TO BE EXPOSED TO VC FROM 
LIVING WITHIN 5 MILES OF A VC/PVC FACILITY.

DR. RICHARD WILSON OF HARVARD (1979) HAS ATTEMPTED TO HELP 
PEOPLE UNDERSTAND THIS METHOD OF STATING THE RISKS OF EVERY DAY 
OCCURRENCES. EACH OF THE FOLLOWING ACTIVITIES FOR EXAMPLE, IS 
PREDICTED TO RESULT IN ONE DEATH PER MILLION PEOPLE! SMOKING 
1.4 CIGARETTES (DUE TO CANCER, HEART DISEASE); DRINKING 1/2 
LITER OF WINE (DUE TO CIRRHOSIS OF THE LIVER); TRAVELING 6 
MINUTES BY CANOE, 10 MILES BY BICYCLE, 300 MILES BY CAR, OR 
1,000 MILES BY JET (DUE TO AN ACCIDENT); AND HAVING ONE CHEST 
X-RAY TAKEN IN A GOOD HOSPITAL (DUE TO CANCER BY RADIATION).

WE CONCLUDE, THEREFORE, THAT THERE IS NO BASIS FOR CONCERN BY 
PERSONS LIVING NEAR VC-USING OR PROOUC2NG FACILITIES FOR ANY 
HEALTH EFFECTS FROM EXPOSURE TO AMBIENT CONCENTRATIONS OF VC NOW 
BEING EXPERIENCED.

i
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