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STATE AND FEDERAL LISTED THREATENED AND ENDANGERED SPECIES 



North Florida Field Office 

Manatee County Federally Listed 
Species 

 

The following table lists those federally- listed species known to be present in the county. 
Code Key: E = Endangered, T = Threatened, P = Proposed, C = Candidate, CH = Critical 
Habitat 

Category Species Common Name  Species Scientific Name  Code  

Mammals West Indian (Florida) Manatee Trichechus manatus latirostris E/CH 

Audubon's Crested Caracara Polyborus plancu audubonii T 

Bald Eagle Haliaeetus leucocephalus T 

Piping Plover Charadrius melodus T 

Florida Scrub-jay Aphelocoma coeruluscens T 

Wood Stork Mycteria americana E 

Birds  

Red-cockaded Woodpecker Picoides borealis E 

Fish Gulf Sturgeon Acipenser oxyrhynchus desotoi T 

Eastern Indigo Snake Dymarchon corais couperi T 

Green Sea Turtle Chelonia mydas E 

Leatherback Sea Turtle Dermochelys coriacea E 
Reptiles 

Loggerhead Sea Turtle Caretta caretta T 

Amphibians  None     

Mollusks None     

Crustaceans  None     

Plants None     

Last modified February 16, 2005  



 

MANATEE COUNTY  
93 Total Elements Found  
Last Updated: April 2005  
 

 
Fish  E X P L A N A T I O N 

Scientific Name Common Name Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

Microphis brachyurus    
  

Opossum Pipefish  G4G5 S2 SC N 

Rivulus marmoratus    
  

Mangrove Rivulus  G3 S3 C LS 

 

Amphibians  E X P L A N A T I O N 

Scientific Name Common Name Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

Rana capito    
  

Gopher Frog  G3 S3 N LS 

 

Reptiles  E X P L A N A T I O N 

Scientific Name Common Name Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

Alligator mississippiensis    
  

American Alligator  G5 S4 SAT LS 

Caretta caretta    
 
 

Loggerhead  G3 S3 LT LT 

Chelonia mydas    Green Turtle  G3 S2 LE,LT LE 

 

 
 

 
 

 



  
Crotalus adamanteus    
  

Eastern Diamondback 
Rattlesnake  

G4 S3 N N 

Dermochelys coriacea    
  

Leatherback  G2 S2 LE LE 

Drymarchon couperi    
 
 

Eastern Indigo Snake  G3 S3 LT LT 

Gopherus polyphemus    
 
 

Gopher Tortoise  G3 S3 N LS 

Lepidochelys kempii    
  

Kemp's Ridley  G1 S1 LE LE 

Pseudemys concinna suwanniensis     
  

Suwannee Cooter  G5T3 S3 N LS 

 

Birds  E X P L A N A T I O N 

Scientific Name Common Name Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

Accipiter cooperii    
  

Cooper's Hawk  G5 S3 N N 

Aimophila aestivalis    
  

Bachman's Sparrow  G3 S3 N N 

Ajaia ajaja    
 
 

Roseate Spoonbill  G5 S2 N LS 

Aphelocoma coerulescens    
 
 

Florida Scrub-jay  G2 S2 LT LT 

Aramus guarauna    
  

Limpkin  G5 S3 N LS 

Ardea alba    
  

Great Egret  G5 S4 N N 

Ardea herodias occidentalis    
  

Great White Heron  G5T2 S2 N N 



Athene cunicularia floridana    
 
 

Florida Burrowing Owl  G4T3 S3 N LS 

Buteo brachyurus    
 
 

Short-tailed Hawk  G4G5 S1 N N 

Caracara cheriway    
  

Crested Caracara  G5 S2 LT LT 

Charadrius alexandrinus    
  

Snowy Plover  G4 S1 N LT 

Charadrius melodus    
  

Piping Plover  G3 S2 LT LT 

Coccyzus minor    
 
 

Mangrove Cuckoo  G5 S3 N N 

Dendroica discolor paludicola    
 
 

Florida Prairie Warbler  G5T3 S3 N N 

Egretta caerulea    
  

Little Blue Heron  G5 S4 N LS 

Egretta rufescens    
  

Reddish Egret  G4 S2 N LS 

Egretta thula    
  

Snowy Egret  G5 S3 N LS 

Egretta tricolor    
 
 

Tricolored Heron  G5 S4 N LS 

Elanoides forficatus    
 
 

Swallow-tailed Kite  G5 S2 N N 

Elanus leucurus    
  

White-tailed Kite  G5 S1 N N 

Eudocimus albus    
  

White Ibis  G5 S4 N LS 

Falco columbarius    
  

Merlin  G5 S2 N N 

Falco peregrinus    Peregrine Falcon  G4 S2 N LE 



  
Falco sparverius paulus    
  

Southeastern American 
Kestrel  

G5T4 S3 N LT 

Fregata magnificens    
  

Magnificent Frigatebird  G5 S1 N N 

Grus canadensis pratensis     
 
 

Florida Sandhill Crane  G5T2T3 S2S3 N LT 

Haematopus palliatus    
 
 

American Oystercatcher  G5 S2 N LS 

Haliaeetus leucocephalus    
  

Bald Eagle  G4 S3 LT,PDL LT 

Ixobrychus exilis    
  

Least Bittern  G5 S4 N N 

Laterallus jamaicensis    
  

Black Rail  G4 S2 N N 

Mycteria americana    
 
 

Wood Stork  G4 S2 LE LE 

Nyctanassa violacea    
 
 

Yellow-crowned Night-
heron  

G5 S3 N N 

Nycticorax nycticorax    
  

Black-crowned Night-
heron  

G5 S3 N N 

Pandion haliaetus    
  

Osprey  G5 S3S4 N LS* 

Pelecanus occidentalis    
  

Brown Pelican  G4 S3 N LS 

Picoides villosus    
 
 

Hairy Woodpecker  G5 S3 N N 

Plegadis falcinellus    
 
 

Glossy Ibis  G5 S3 N N 

Rallus longirostris scottii    
  

Florida Clapper Rail  G5T3? S3? N N 



Rynchops niger    
 
 

Black Skimmer  G5 S3 N LS 

Sterna antillarum    
 
 

Least Tern  G4 S3 N LT 

Sterna caspia    
  

Caspian Tern  G5 S2 N N 

Sterna maxima    
  

Royal Tern  G5 S3 N N 

Sterna sandvicensis    
  

Sandwich Tern  G5 S2 N N 

Vireo altiloquus    
 
 

Black-whiskered Vireo  G5 S3 N N 

 

Mammals  E X P L A N A T I O N 

Scientific Name Common Name Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

Corynorhinus rafinesquii    
 
 

Rafinesque's Big-eared 
Bat  

G3G4 S2 N N 

Mustela frenata peninsulae    
 
 

Florida Long-tailed 
Weasel  

G5T3 S3 N N 

Neofiber alleni    
  

Round-tailed Muskrat  G3 S3 N N 

Podomys floridanus    
  

Florida Mouse  G3 S3 N LS 

Sciurus niger shermani    
  

Sherman's Fox Squirrel  G5T3 S3 N LS 

Trichechus manatus    
 
 

Manatee  G2 S2 LE LE 

Ursus americanus floridanus    
 
 

Florida Black Bear  G5T2 S2 N LT* 

Plants  E X P L A N A T I O N 



Scientific Name Common Name Global 
Rank 

State 
Rank 

Federal 
Status 

State 
Status 

Acrostichum aureum    
  

Golden Leather Fern  G5 S3 N LT 

Bonamia grandiflora    
 
 

Florida Bonamia  G3 S3 LT LE 

Calopogon multiflorus    
 
 

Many-flowered Grass-
pink  

G2G3 S2S3 N LE 

Chrysopsis floridana    
  

Florida Golden Aster  G1 S1 LE LE 

Eragrostis pectinacea var. tracyi    
  

Sanibel Lovegrass  G5T1 S1 N LE 

Glandularia tampensis    
  

Tampa Vervain  G2 S2 N LE 

Gossypium hirsutum    
 
 

Wild Cotton  G4G5 S3 N LE 

Gymnopogon chapmanianus    
 
 

Chapman's Skeletongrass G3 S3 N N 

Helianthus debilis ssp. vestitus    
  

Hairy Beach Sunflower  G5T2 S2 N N 

Lechea cernua    
  

Nodding Pinweed  G3 S3 N LT 

Pteroglossaspis ecristata    
  

Giant Orchid  G2G3 S2 N LT 

Rhynchospora megaplumosa    
 
 

Large-plumed Beakrush  G2 S2 N N 

 

 



FNAI STATE RANK DEFINITIONS 

S1 = Critically imperiled in Florida because of extreme rarity (5 or fewer occurrences 
or less than 1000 individuals) or because of extreme vulnerability to extinction due 
to some natural or man-made factor.  

S2 = Imperiled in Florida because of rarity (6 to 20 occurrences or less than 3000 
individuals) or because of vulnerability to extinction due to some natural or man-
made factor.  

S3 = Either very rare and local in Florida (21-100 occurrences or less than 10,000 
individuals) or found locally in a restricted range or vulnerable to extinction from 
other factors.  

S4 = Apparently secure in Florida (may be rare in parts of range).  

S5 = Demonstrably secure in Florida.  

SH = Of historical occurrence in Florida, possibly extirpated, but may be 
rediscovered (e.g., ivory-billed woodpecker).  

SX = Believed to be extirpated throughout Florida.  

SU = Unrankable; due to a lack of information no rank or range can be assigned.  

SNA = State ranking is not applicable because the element is not a suitable target 
for conservation (e.g. a hybrid species).  

SNR = Element not yet ranked (temporary).  

 

STATE LEGAL STATUS  
   
   

Provided by FNAI for information only.  
For official definitions and lists of protected species, consult the relevant federal 

agency. 

 

Animals:  Definitions derived from “Florida’s Endangered Species and Species of 
Special Concern, Official Lists” published by Florida Fish and Wildlife Conservation 
Commission, 1 August 1997, and subsequent updates.  

LE        Endangered: species, subspecies, or isolated population so few or depleted in 
number or so restricted in range that it is in imminent danger of extinction.  
LT        Threatened: species, subspecies, or isolated population facing a very high 
risk of extinction in the future.  



LS         Species of Special Concern is a species, subspecies, or isolated population 
which is facing a moderate risk of extinction in the future.  
PE        Proposed for listing as Endangered.  
PT        Proposed for listing as Threatened.  
PS         Proposed for listing as Species of Special Concern.  
N          Not currently listed, nor currently being considered for listing.  
   

Plants:  Definitions derived from Sections 581.011 and 581.185(2), Florida Statutes, 
and the Preservation of Native Flora of Florida Act, 5B-40.001. FNAI does not track 
all state-regulated plant species; for a complete list of state-regulated plant species, 
call Florida Division of Plant Industry, 352-372-3505 or see: 
http://doacs.state.fl.us/~pi/5b-40.htm#.0055.  

LE         Endangered: species of plants native to Florida that are in imminent danger 
of extinction within the state, the survival of which is unlikely if the causes of a 
decline in the number of plants continue; includes all species determined to be 
endangered or threatened pursuant to the U.S. Endangered Species Act.  
LT         Threatened: species native to the state that are in rapid decline in the 
number of plants within the state, but which have not so decreased in number as to 
cause them to be Endangered.  
PE         Proposed for listing as Endangered.  
PT         Proposed for listing as Threatened.  
N           Not currently listed, nor currently being considered for listing.  
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Toxicity Summary for COPPER 

Prepared by: Rosmarie A. Faust, Ph.D., Chemical Hazard Evaluation and Communication Group, 
Biomedical and Environmental Information Analysis Section, Health and Safety Research 
Division, *, Oak Ridge, Tennessee.  

Prepared for: Oak Ridge Reservation Environmental Restoration Program.  

*Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy under 
Contract No. DE -AC05-84OR21400.  

Copper occurs naturally in elemental form and as a component of many minerals. Because of its 
high electrical and thermal conductivity, it is widely used in the manufacture of electrical 
equipment. Common copper salts, such as the sulfate, carbonate, cyanide, oxide, and sulfide are 
used as fungicides, as components of ceramics and pyrotechnics, for electroplating, and for 
numerous other industrial applications (ACGIH, 1986). Copper can be absorbed by the oral, 
inhalation, and dermal routes of exposure. It is an essential nutrient that is normally present in a 
wide variety of tissues (ATSDR, 1990; U.S. EPA, 1987).  

In humans, ingestion of gram quantities of copper salts may cause gastrointestinal, hepatic, and 
renal effects with symptoms such as severe abdominal pain, vomiting, diarrhea, hemolysis, 
hepatic necrosis, hematuria, proteinuria, hypotension, tachycardia, convulsions, coma, and death 
(U.S. AF, 1990). Gastrointestinal disturbances and liver toxicity have also resulted from long-term 
exposure to drinking water containing 2.2-7.8 mg Cu/L (Mueller-Hoecker et al., 1988; Spitalny et 
al., 1984). The chronic toxicity of copper has been characterized in patients with Wilson's 
disease, a genetic disorder causing copper accumulation in tissues. The clinical manifestations of 
Wilson's disease include cirrhosis of the liver, hemolytic anemia, neurologic abnormalities, and 
corneal opacities (Goyer, 1991; ATSDR, 1990; U.S. EPA, 1987). In animal studies, oral exposure 
to copper caused hepatic and renal accumulation of copper, liver and kidney necrosis at doses of 
>=100 mg/kg/day; and hematological effects at doses of 40 mg/kg/day (U.S. EPA, 1986; 
Haywood, 1985; 1980; Rana and Kumar, 1978; Gopinath et al., 1974; Kline et al., 1971).  

Acute inhalation exposure to copper dust or fumes at concentrations of 0.075-0.12 mg Cu/m3 
may cause metal fume fever with symptoms such as cough, chills and muscle ache (U.S. AF, 
1990). Among the reported effects in workers exposed to copper dust are gastrointestinal 
disturbances, headache, vertigo, drowsiness, and hepatomegaly (Suciu et al., 1981). Vineyard 
workers chronically exposed to Bordeaux mixture (copper sulfate and lime) exhibit degenerative 
changes of the lungs and liver. Dermal exposure to copper may cause contact dermatitis in some 
individuals (ATSDR, 1990).  

Oral or intravenous administration of copper sulfate increased fetal mortality and developmental 
abnormalities in experimental animals (Lecyk, 1980; Ferm and Hanlon, 1974). Evidence also 
indicates that copper compounds are spermicidal (ATSDR, 1990; Battersby et al., 1982).  

EPA established an action level of 1300 ug/L for drinking water (56 FR 26460, June 7, 1991).  

No suitable bioassays or epidemiological studies are available to assess the carcinogenicity of 
copper. Therefore, EPA has placed copper in weight-of-evidence group D, not classifiable as to 
human carcinogenicity (IRIS 2005).  
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Toxicity Summary for LEAD 

December 1994  

Prepared by Kowetha A. Davidson, Ph.D., Chemical Hazard Evaluation and Communication 
Program, Biomedical and Environmental Information Analysis Section, Health Sciences Research 
Division, *, Oak Ridge, Tennessee.  

Prepared for OAK RIDGE RESERVATION ENVIRONMENTAL RESTORATION PROGRAM.  

*Managed by Martin Marietta Energy Systems, Inc., for the U.S. Department of Energy under 
contract No. DE -AC05-84OR21400.  

Lead occurs naturally as a sulfide in galena. It is a soft, bluish-white, silvery gray, malleable metal 
with a melting point of 327.5C. Elemental lead reacts with hot boiling acids and is attacked by 
pure water. The solubility of lead salts in water varies from insoluble to soluble depending on the 
type of salt (IARC, 1980; Goyer, 1988; Budavari et al., 1989).  

Lead is a natural element that is persistent in water and soil. Most of the lead in environmental 
media is of anthropogenic sources. The mean concentration is 3.9 ug/L in surface water and 
0.005 ug/L in sea water. River sediments contain about 20,000 ug/g and coastal sediments about 
100,000 ug/g. Soil content varies with the location, ranging up to 30 ug/g in rural areas, 3000 ug/g 
in urban areas, and 20,000 ug/g near point sources. Human exposure occurs primarily through 
diet, air, drinking water, and ingestion of dirt and paint chips (EPA, 1989; ATSDR, 1993).  

The efficiency of lead absorption depends on the route of exposure, age, and nutritional status. 
Adult humans absorb about 10-15% of ingested lead, whereas children may absorb up to 50%, 
depending on whether lead is in the diet, dirt, or paint chips. More than 90% of lead particles 
deposited in the respiratory tract are absorbed into systemic circulation. Inorganic lead is not 
efficiently absorbed through the skin; consequently, this route does not contribute considerably to 
the total body lead burden (EPA, 1986a).  

Lead absorbed into the body is distributed to three major compartments: blood, soft tissue, and 
bone. The largest compartment is the bone, which contains about 95% of the total body lead 
burden in adults and about 73% in children. The half-life of bone lead is more than 20 years. The 
concentration of blood lead changes rapidly with exposure, and its half-life of only 25-28 days is 
considerably shorter than that of bone lead. Blood lead is in equilibrium with lead in bone and soft 
tissue. The soft tissues that take up lead are liver, kidneys, brain, and muscle. Lead is not 
metabolized in the body, but it may be conjugated with glutathione and excreted primarily in the 
urine (EPA, 1986a,c; ATSDR, 1993). Exposure to lead is evidenced by elevated blood lead 
levels.  

The systemic toxic effects of lead in humans have been well-documented by the EPA (EPA, 
1986a-e, 1989a, 1990) and ATSDR (1993), who extensively reviewed and evaluated data 
reported in the literature up to 1991. The evidence shows that lead is a multitargeted toxicant, 
causing effects in the gastrointestinal tract, hematopoietic system, cardiovascular system, central 
and peripheral nervous systems, kidneys, immune system, and reproductive system. Overt 
symptoms of subencephalopathic central nervous system (CNS) effects and peripheral nerve 
damage occur at blood lead levels of 40-60 ug/dL, and nonovert symptoms, such as peripheral 
nerve dysfunction, occur at levels of 30-50 ug/dL in adults; no clear threshold is evident. 
Cognitive and neuropsychological deficits are not usually the focus of studies in adults, but there 
is some evidence of neuropsychological impairment (Ehle and McKee, 1990) and cognitive 
deficits in lead workers with blood levels of 41-80 ug/dL (Stollery et al., 1991).  



Although similar effects occur in adults and children, children are more sensitive to lead exposure 
than are adults. Irreversible brain damage occurs at blood lead levels greater than or equal to 100 
ug/dL in adults and at 80-100 ug/dL in children; death can occur at the same blood levels in 
children. Children who survive these high levels of exposure suffer permanent severe mental 
retardation.  

As discussed previously, neuropsychological impairment and cognitive (IQ) deficits are sensitive 
indicators of lead exposure; both neuropsychological impairment and IQ deficits have been the 
subject of cross-sectional and longitudinal studies in children. One of the early studies reported 
IQ score deficits of four points at blood lead levels of 30-50 ug/dL and one to two points at levels 
of 15-30 ug/dL among 75 black children of low socioeconomic status (Schroeder and Hawk, 
1986).  

Very detailed longitudinal studies have been conducted on children (starting at the time of birth) 
living in Port Pirie, Australia (Vimpani et al., 1985, 1989; McMichael et al., 1988; Wigg et al., 
1988; Baghurst et al., 1992a,b), Cincinnati, Ohio (Dietrich et al., 1986, 1991, 1992, 1993), and 
Boston, Massachusetts (Bellinger et al., 1984, 1987, 1990, 1992; Stiles and Bellinger 1993). 
Various measures of cognitive performance have been assessed in these children. Studies of the 
Port Pirie children up to 7 years of age revealed IQ deficits in 2-year-old children of 1.6 points for 
each 10-ug/dL increase in blood lead, deficits of 7.2 points in 4-year-old children, and deficits of 
4.4 to 5.3 points in 7-year-old children as blood lead increased from 10-30 ug/dL. No significant 
neurobehavioral deficits were noted for children, 5 years or younger, who lived in the Cincinnati, 
Ohio, area. In 6.5-year-old children, performance IQ was reduced by 7 points in children whose 
lifetime blood level exceeded 20 ug/dL.  

Children living in the Boston, Massachusetts, area have been studied up to the age of 10 years. 
Cognitive performance scores were negatively correlated with blood lead in the younger children 
in the high lead group (greater than or equal to 10 ug/dL), and improvements were noted in some 
children at 57 months as their blood lead levels became lower. However, measures of IQ and 
academic performance in 10-year-old children showed a 5.8-point deficit in IQ and an 8.9-point 
deficit in academic performance as blood lead increased by 10 ug/dL within the range of 1-25 
ug/dL. Because of the large database on subclinical neurotoxic effects of lead in children, only a 
few of the studies have been included. However, EPA (EPA, 1986a, 1990) concluded that there is 
no clear threshold for neurotoxic effects of lead in children.  

In adults, the cardiovascular system is a very sensitive target for lead. Hypertension (elevated 
blood pressure) is linked to lead exposure in occupationally exposed subjects and in the general 
population. Three large population-based studies have been conducted to study the relationship 
between blood lead levels and high blood pressure. The British Regional Heart Study (BRHS) 
(Popcock et al., 1984), the NHANES II study (Harlan et al., 1985; Pirkle et al., 1985; Landis and 
Flegal, 1988; Schwartz, 1991; EPA, 1990), and Welsh Heart Programme (Ellwood et al., 1988a,b) 
comprise the major studies for the general population. The BRHS study showed that systolic 
pressure greater than 160 mm Hg and diastolic pressure greater than 100 mm Hg were 
associated with blood lead levels greater than 37 ug/dL (Popcock et al., 1984). An analysis of 
9933 subjects in the NHANES study showed positive correlations between blood pressure and 
blood lead among 12-74-year-old males but not females (Harlan et al., 1985; Landis and Flegal et 
al., 1988), 40-59-year-old white males with blood levels ranging from 7-34 ug/dL (Pirkle et al., 
1985), and males and females greater than 20 years old (Schwartz, 1991). In addition, left 
ventricular hypertrophy was also positively associated with blood lead (Schwartz, 1991). The 
Welsh study did not show an association among men and women with blood lead of 12.4 and 9.6 
ug/dL, respectively (Ellwood et al., 1988a,b). Other smaller studies showed both positive and 
negative results. The EPA (EPA, 1990) concluded that increased blood pressure is positively 
correlated with blood lead levels in middle-aged men, possibly at concentrations as low as 7 
ug/dL. In addition, the EPA estimated that systolic pressure is increased by 1.5-3.0 mm Hg in 
males and 1.0-2.0 mm Hg in females for every doubling of blood lead concentration.  



The hematopoietic system is a target for lead as evidenced by frank anemia occurring at blood 
lead levels of 80 ug/dL in adults and 70 ug/dL in children. The anemia is due primarily to reduced 
heme synthesis, which is observed in adults having blood levels of 50 ug/dL and in children 
having blood levels of 40 ug/dL. Reduced heme synthesis is caused by inhibition of key enzymes 
involved in the synthesis of heme. Inhibition of erythrocyte -aminolevulinic acid dehydrase (ALAD) 
activity (catalyzes formation of porphobilinogen from -aminolevulinic acid) has been detected in 
adults and children having blood levels of less than 10 ug/dL. ALAD activity is the most sensitive 
measure of lead exposure, but erythrocyte zinc protoporphyrin is the most reliable indicator of 
lead exposure because it is a measure of the toxicologically active fraction of bone lead. The 
activity of another erythrocyte enzyme, pyrimidine-5-nucleotidase, is also inhibited by lead 
exposure. Inhibition has been observed at levels below 5 ug/dL; no clear threshold is evident.  

Other organs or systems affected by exposure to lead are the kidneys, immune system, 
reproductive system, gastrointestinal tract, and liver. These effects usually occur at high blood 
levels, or the blood levels at which they occur have not been sufficiently documented.  

The EPA has established a screening level of 400 ppm (ug/g) for lead in soil (EPA, 1994).  

Inorganic lead and lead compounds have been evaluated for carcinogenicity by the EPA (IRIS 
2005). The data from human studies are inadequate for evaluating the potential carcinogenicity of 
lead. Data from animal studies, however, are sufficient based on numerous studies showing that 
lead induces renal tumors in experimental animals. A few studies have shown evidence for 
induction of tumors at other sites (cerebral gliomas; testicular, adrenal, prostate, pituitary, and 
thyroid tumors).  
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1,1,2,2-Tetrachloroethane (CAS No. 79-34-5) is a two-carbon chain molecule with two chlorine 
atoms on each carbon atom. Uses of 1,1,2,2-tetrachloroethane have been as a chemical 
intermediate, industrial solvent, and extractant. 1,1,2,2-Tetrachloroethane was found on at least 
278 of the hazardous waste sites on the United States Environmental Protection Agency's 
National Priorities List. Chemical degradation occurs by the loss of chlorine atoms, and the half-
life of 1,1,2,2-tetrachloroethane in air is about 2 months and in groundwater 1 to 3 months. 
Bioaccumulation of 1,1,2,2-tetrachloroethane in fish and other aquatic organisms is not expected 
to be significant (ATSDR;1994). 

Two human studies suggested that between 50 and 97% of inspired 1,1,2,2-tetrachloroethane 
was retained (Lehman and Schmidt-Kehl 1936, Morgan et al. 1970). Mouse and rat gavage 
studies indicated that 100% of 1,1,2,2-tetrachloroethane was absorbed (Dow Chemical Company 
1988). Animal metabolites were trichloroethane, trichloroacetic acid, dichloroacetic acid, glyoxylic 
acid, and oxalic acid (Ikeda and Ohtsuji 1972, Mitoma et al. 1985, Yllner 1971). Vinyl chloride is 
another possible metabolite (Hallen et al. 1986). Human and animal studies indicate that the 
majority of 1,1,2,2-tetrachloroethane is metabolized (ATSDR 1994). Ten percent or less of the 
parent compound is exhaled in humans and animals. 

Humans acutely exposed by the oral route had clinical signs inclusive of pulmonary congestion 
and edema (Hepple 1927, Mant 1953), lung collapse (Mant 1953) shallow breathing during 
unconsciousness, low blood pressure, a faint pulse (Sherman 1953, Ward 1955), and epicardial 
and endocardial anoxic hemorrhage (Mant 1953). Acute inhalation exposure studies of humans to 
concentrations ranging from 116 to 262 ppm for 10 to 30 minutes resulted in mucosal irritation, 
nausea and vomiting, eye mucosal irritation, and dizziness (Lehman and Schmidt-Kehl 1936). 

A man died after cleaning a spill of 1,1,2,2-tetrachloroethane with his bare hands. His spleen was 
found to be enlarged with nodular areas on the surface (Coyer 1944). Chronic exposures in 
humans have resulted in reports of headache, tremors, dizziness, numbness, drowsiness, 
gastrointestinal distress, liver destruction, fatty degeneration in the liver (Hamilton 1917, Koelsch 
1915, Lobo-Mendonca 1963, Minot and Smith 1921, Willcox et al. 1915). Jaundice and enlarged 
livers have also been reported in exposed workers (Coyer 1944, Horiguchi et al. 1964, Jeney et 
al. 1957, Koelsch;1915). 

Acute oral lethal concentrations in rats range from 200 to 330 mg/kg (ATSDR 1994). Centrilobular 
swelling was observed in mice after an oral dose of 75 mg/kg/day given for 4 days (Dow 
Chemical Company 1988). Body weight loss and central nervous system depression and 
debilitation occurred in 16% of the rats receiving 300 mg/kg/day for 3 to 4 days (Dow Chemical 
Company 1988). Rats orally administered a single dose of 100 mg/kg displayed necrosis and 
fatty degeneration of the liver, increased serum leucine aminopeptidase, increased liver ascorbic 
acid, and increased liver triglyceride levels (Schmidt et al. 1980a). Rats orally treated for 17 
weeks with a dose of 3.2;mg/kg/day exhibited chronic inflammation of the kidney (Gohlke et al. 



1977). Rats had a body weight loss of 38% for the males and 24% for the females after 6 weeks 
of 178 mg/kg/day but apparently recovered by the end of the 78-week treatment regiment (NCI 
1978). At the 280 mg/kg/day dosage, rats died after 70 weeks. At the end of the 78 weeks of 284 
mg/kg/day, male mice died of tubular nephrosis and female mice demonstrated hydronephrosis 
(NCI 1978). [These NCI (1978)dosages were time-weighted averages of the different doses 
given.]  

Lethal exposure concentrations and exposure times for rats were approximately 1000 ppm after 4 
to 6 hours (Carpenter et al. 1949, Deguchi 1972, Schmidt et al. 1980b, Smyth et al. 1969) and 
5100;ppm after 30 minutes (Price et al. 1978). One of 10 rats exposed to 6300 ppm for 30 
minutes exhibited myocardial damage (Price et al. 1978). Mice exposed to 600 ppm for 3 hours 
developed fatty changes in the liver (Tomokuni 1969, 1970; Hayrack et al. 1962). Exposure of 
rats to 130 ppm for 15 weeks resulted in increased liver weights, granulation and vacuolization of 
the liver, and liver hyperplasia (Truffert et al. 1977). Rabbits exposed to 15 ppm for 7 to 11 
months exhibited signs of liver degeneration (Navrotskiy et al. 1971). One monkey exposed to a 
time-weighted average of 1974;ppm for 2 hours/day, 6 days/week for 9 months (no control) had 
transient diarrhea, anorexia, centrilobular vacuolization, and fatty degeneration of the liver 
(Hayrack et al. 1962).  

The dermal LD50 value in rabbits was determined to be 6.36 g/kg (Smyth et al. 1969). Thickening 
of the cellular nucleus and pseudoeosinophilic infiltration was observed after dermal application of 
514 mg/cm2 for 16 hours on guinea pigs (Kronevi et al. 1981). 

Army workers exposed to 1,1,2,2-tetrachloroethane vapor in a clothing processing plant had a 
very slight increase in death due to genital cancers, leukemia, or other lymphomas than workers 
not employed in a clothing plant (Norman et al. 1981). Male and female mice orally administered 
142 and 284 mg/kg/day for 78 weeks had an increase in hepatocellular carcinomas (NCI 1978). 
Based on these results, 1,1,2,2-tetrachloroethane has been classified as Group C, possible 
human carcinogen (IRIS 2005).  
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The toxicity of inorganic arsenic (As) depends on its valence state (-3, +3, or +5), and also on the 
physical and chemical properties of the compound in which it occurs. Trivalent (As+3) compounds 
are generally more toxic than pentavalent (As+5) compounds, and the more water soluble 
compounds are usually more toxic and more likely to have systemic effects than the less soluble 
compounds, which are more likely to cause chronic pulmonary effects if inhaled. One of the most 
toxic inorganic arsenic compounds is arsine gas (AsH3). It should be noted that laboratory 
animals are generally less sensitive than humans to the toxic effects of inorganic arsenic. In 
addition, in rodents the critical effects appear to be immunosuppression and hepato-renal 
dysfunction, whereas in humans the skin, vascular system, and peripheral nervous system are 
the primary target organs.  

Water soluble inorganic arsenic compounds are absorbed through the G.I. tract (>90%) and 
lungs; distributed primarily to the liver, kidney, lung, spleen, aorta, and skin; and excreted mainly 
in the urine at rates as high as 80% in 61 hr following oral dosing (U.S. EPA, 1984; ATSDR, 
1989; Crecelius, 1977). Pentavalent arsenic is reduced to the trivalent form and then methylated 
in the liver to less toxic methylarsinic acids (ATSDR, 1989).  

Symptoms of acute inorganic arsenic poisoning in humans are nausea, anorexia, vomiting, 
epigastric and abdominal pain, and diarrhea. Dermatitis (exfoliative erythroderma), muscle 
cramps, cardiac abnormalities, hepatotoxicity, bone marrow suppression and hematologic 
abnormalities (anemia), vascular lesions, and peripheral neuropathy (motor dysfunction, 
paresthesia) have also been reported (U.S. Air Force, 1990; ATSDR, 1989; Franzblau and Lilis, 
1989; U.S. EPA, 1984; Armstrong et al., 1984; Hayes, 1982; Mizuta et al., 1956). Oral doses as 
low as 20-60 g/kg/day have been reported to cause toxic effects in some individuals (ATSDR, 
1989). Severe exposures can result in acute encephalopathy, congestive heart failure, stupor, 
convulsions, paralysis, coma, and death. The acute lethal dose to humans has been estimated to 
be about 0.6 mg/kg/day (ATSDR, 1989). General symptoms of chronic arsenic poisoning in 
humans are weakness, general debility and lassitude, loss of appetite and energy, loss of hair, 
hoarseness of voice, loss of weight, and mental disorders (Hindmarsh and McCurdy, 1986). 
Primary target organs are the skin (hyperpigmentation and hyperkeratosis) [Terada et al. 1960; 
Tseng et al., 1968; Zaldivar 1974; Cebrian et al., 1983; Huang et al., 1985], nervous system 
(peripheral neuropathy) [Hindmarsh et al., 1977, 1986; Valentine et al., 1982; Heyman et al., 
1956; Mizuta et al., 1956; Tay and Seah, 1975], and vascular system [Tseng et al., 1968; 
Borgano and Greiber, 1972; Salcedo et al., 1984; Wu et al., 1989; Hansen, 1990]. Anemia, 
leukopenia, hepatomegaly, and portal hypertension have also been reported (Terada et al., 1960; 
Viallet et al., 1972; Morris et al., 1974; Datta, 1976). In addition, possible reproductive effects 
include a high male to female birth ratio (Lyster, 1977).  

In animals, acute oral exposures can cause gastrointestinal and neurological effects (Heywood 
and Sortwell, 1979). Oral LD50 values range from about 10 to 300 mg/kg (ASTDR, 1989; U.S. Air 
Force, 1990). Low subchronic doses can result in immunosuppression, (Blakely et al., 1980) and 
hepato-renal effects (Mahaffey et al., 1981; Brown et al., 1976; Woods and Fowler, 1977, 1978; 
Fowler and Woods, 1979; Fowler et al., 1979). Chronic exposures have also resulted in mild 



hyperkeratosis and bile duct enlargement with hyperplasia, focal necrosis, and fibrosis (Baroni et 
al., 1963; Byron et al., 1967). Reduction in litter size, high male/female birth ratios, and 
fetotoxicity without significant fetal abnormalities occur following oral exposures (Schroeder and 
Mitchener, 1971; Hood et al., 1977; Baxley et al., 1981); however, parenteral dosing has resulted 
in exencephaly, encephaloceles, skeletal defects, and urogenital system abnormalities (Ferm and 
Carpenter, 1968; Hood and Bishop, 1972; Beaudoin, 1974; Burk and Beandoin, 1977).  

Acute inhalation exposures to inorganic arsenic can damage mucous membranes, cause rhinitis, 
pharyngitis and laryngitis, and result in nasal septum perforation (U.S. EPA, 1984). Chronic 
inhalation exposures, as occurring in the workplace, can lead to rhino-pharyno-laryngitis, 
tracheobronchitis, (Lundgren, 1954); dermatitis, hyperpigmentation, and hyperkeratosis (Perry et 
al., 1948; Pinto and McGill, 1955); leukopenia (Kyle and Pease, 1965; Hine et al., 1977); 
peripheral nerve dysfunction as indicated by abnormal nerve conduction velocities (Feldman et 
al., 1979; Blom et al., 1985; Landau et al., 1977); and peripheral vascular disorders as indicated 
by Raynaud's syndrome and increased vasospastic reactivity in fingers exposed to low 
temperatures (Lagerkvist et al., 1986). Higher rates of cardiovascular disease have also been 
reported in some arsenic-exposed workers (Lee and Fraumeni, 1969; Axelson et al., 1978; 
Wingren and Axelson, 1985). Possible reproductive effects include a high frequency of 
spontaneous abortions and reduced birth weights (Nordström et al., 1978a,b). Arsine gas (AsH3), 
at concentrations as low as 3-10 ppm for several hours, can cause toxic effects. Hemolysis, 
hemoglobinuria, jaundice, hemolytic anemia, and necrosis of the renal tubules have been 
reported in exposed workers (ACGIH, 1986; Fowler and Weissberg, 1974).  

Animal studies have shown that inorganic arsenic, by intratracheal instillation, can cause 
pulmonary inflammation and hyperplasia (Webb et al., 1986, 1987), lung lesions (Pershagen et 
al., 1982), and immunosuppression (Hatch et al. (1985). Long-term inhalation exposures have 
resulted in altered conditioned reflexes and CNS damage (Rozenshstein, 1970). Reductions in 
fetal weight and in the number of live fetuses, and increases in fetal abnormalities due to retarded 
osteogenesis have been observed following inhalation exposures (Nagymajtenyi et al., 1985).  

Epidemiological studies have revealed an association between arsenic concentrations in drinking 
water and increased incidences of skin cancers (including squamous cell carcinomas and 
multiple basal cell carcinomas), as well as cancers of the liver, bladder, respiratory and 
gastrointestinal tracts (U.S. EPA, 1987; IARC, 1987; Sommers et al., 1953; Reymann et al., 1978; 
Dobson et al., 1965; Chen et al., 1985, 1986). Occupational exposure studies have shown a clear 
correlation between exposure to arsenic and lung cancer mortality (IARC, 1987; IRIS 2005). The 
U.S. EPA has placed inorganic arsenic in weight-of-evidence group A, human carcinogen (IRIS, 
2005).  
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Tetrachloroethylene (CAS No. 127-18-4) is a halogenated aliphatic hydrocarbon with a vapor 
pressure of 17.8 mm Hg at 25C (U.S. EPA, 1982). The chemical is used primarily as a solvent in 
industry and, less frequently, in commercial dry-cleaning operations (ATSDR, 1990). 
Occupational exposure to tetrachloroethylene occurs via inhalation, resulting in systemic effects, 
and via dermal contact, resulting in local effects. Exposure to the general population can occur 
through contaminated air, food and water (ATSDR, 1990). 

The respiratory tract is the primary route of entry for tetrachloroethylene (NTP, 1986; U.S. EPA, 
1988). The chemical is rapidly absorbed by this route and reaches an equilibrium in the blood 
within 3 hours after the initiation of exposure (Hake and Stewart, 1977). Tetrachloroethylene is 
also significantly absorbed by the gastrointestinal (g.i.) tract, but not through the skin (Koppel et 
al., 1985; ATSDR, 1990). The chemical accumulates in tissues with high lipid content, where the 
half-life is estimated to be 55 hours (Stewart, 1969; ATSDR, 1990), and has been identified in 
perirenal fat, brain, liver, placentofetal tissue, and amniotic fluid (Savolainen et al., 1977). The 
proposed first step for the biotransformation of tetrachloroethylene is the formation of an epoxide 
thought to be responsible for the carcinogenic potential of the chemical (Henschler and Hoos, 
1982; Calabrese and Kenyon, 1991). Tetrachloroethylene is excreted mainly unchanged through 
the lungs, regardless of route of administration (NTP, 1986). The urine and feces comprise 
secondary routes of excretion (Monster et al., 1979; Ohtsuki et al., 1983). The major urinary 
metabolite of tetrachloroethylene, trichloroacetic acid, is formed via the cytochrome P-450 system 
(ATSDR, 1990).  

The main targets of tetrachloroethylene toxicity are the liver and kidney by both oral and 
inhalation exposure, and the central nervous system by inhalation exposure. Acute exposure to 
high concentrations of the chemical (estimated to be greater than 1500 ppm for a 30-minute 
exposure) may be fatal to humans (Torkelson and Rowe, 1981). Chronic exposure causes 
respiratory tract irritation, headache, nausea, sleeplessness, abdominal pains, constipation, 
cirrhosis of the liver, hepatitis, and nephritis in humans; and microscopic changes in renal tubular 
cells, squamous metaplasia of the nasal epithelium, necrosis of the liver, and congestion of the 
lungs in animals (Chmielewski et al., 1976; Coler and Rossmiller, 1953; Stewart et al., 1970; von 
Ottingen, 1964; Stewart, 1969; NTP, 1986). 

Some epidemiology studies have found an association between inhalation exposure to 
tetrachloroethylene and an increased risk for spontaneous abortion, idiopathic infertility, and 
sperm abnormalities among dry-cleaning workers, but others have not found similar effects 
(Kyyronen et al, 1989; van der Gulden and Zielhuis, 1989). The adverse effects in humans are 
supported in part by the results of animal studies in which tetrachloroethylene induced fetotoxicity 
(but did not cause malformations) in the offspring of treated dams (Schwetz et al., 1975; Beliles et 
al., 1980; Nelson et al., 1980).  

Epidemiology studies of dry cleaning and laundry workers have demonstrated excesses in 
mortality due to various types of cancer, including liver cancer, but the data are regarded as 
inconclusive because of various confounding factors (Lynge and Thygesen, 1990; U.S. EPA, 



1988). The tenuous finding of an excess of liver tumors in humans is strengthened by the results 
of carcinogenicity bioassays in which tetrachloroethylene, administered either orally or by 
inhalation, induced hepatocellular tumors in mice (NCI, 1977; NTP, 1986). The chemical also 
induced mononuclear cell leukemia and renal tubular cell tumors in rats. Tetrachloroethylene was 
negative for tumor initiation in a dermal study and for tumor induction in a pulmonary tumor assay 
(Van Duuren et al., 1979; Theiss et al., 1977). 

Although U.S. EPA's Science Advisory Board recommended a weight-of-evidence classification 
of C-B2 continuum (C = possible human carcinogen; B2 = probable human carcinogen), the 
agency has not adopted a current position on the weight-of-evidence classification (IRIS, 2005).  
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Trichloroethene (TCE) is an industrial solvent used primarily in metal degreasing and cleaning 
operations. TCE can be absorbed through the lungs, mucous membranes, gastrointestinal tract, 
and the skin. TCE is extensively metabolized in humans to trichloroacetic acid and 
trichloroethanol, as well as to several minor metabolites, with most of the absorbed dose excreted 
in urine (ATSDR, 1989; U.S. EPA, 1985).  

Human and animal data indicate that exposure to TCE can result in toxic effects on a number of 
organs and systems, including the liver, kidney, blood, skin, immune system, reproductive 
system, nervous system, and cardiovascular system. In humans, acute inhalation exposure to 
TCE causes central nervous system symptoms such as headache, dizziness, nausea, and 
unconsciousness (U.S. EPA, 1985). Among the reported effects from occupational exposure 
studies are fatigue, light-headedness, sleepiness, vision distortion, abnormal reflexes, tremors, 
ataxia, nystagmus, increased respiration, as well as neurobehavioral or psychological changes. 
Cardiovascular effects include tachycardia, extrasystoles, EKG abnormalities, and precordial pain 
(Landrigan et al., 1987; Grandjean et al., 1955; Milby, 1968). The use of TCE as an anesthetic 
has been associated with cardiac arrhythmias (U.S. EPA, 1985). 

Cases of severe liver and kidney damage, including necrosis, have been reported in humans 
following acute exposure to TCE (Defalque, 1961), but these effects generally are not associated 
with long-term occupational exposures. In animals, TCE has produced liver enlargement with 
hepatic biochemical and/or histological changes (Nomiyama et al., 1986; Kjellstrand et al., 1981, 
1983; Stott et al., 1982; Tucker et al., 1982) and kidney enlargement, renal tubular alterations 
and/or toxic nephropathy (NTP, 1982, 1986a, 1988). Also observed in animals were 
hematological effects (Tucker et al., 1982; Mazza and Brancaccio, 1967) and 
immunosuppression (Sanders et al., 1982). Inhalation studies with rats indicate that TCE is a 
developmental toxicant causing skeletal ossification anomalies and other effects consistent with 
delayed maturation (Healy et al., 1982; Dorfmueller et al., 1979). TCE may cause dermatitis and 
dermographism (U.S. EPA, 1985).  

The carcinogen assessment for TCE has been withdrawn following further review. A new 
carcinogen summary is in preparation by the EPA (IRIS, 2005). 
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1, 4-Dioxane Fact Sheet: Support Document (CAS No. 123-9-1) 

United States Environmental Protection Agency Pollution Prevention and Toxics EPA 749-F-95-010a 

This summary is based on information retrieved from a systematic search limited to secondary sources.  
These sources include online databases, unpublished EPA information, government publications, review 
documents, and standard reference materials.  The literature search was done in February of 1995.  No 
attempt has been made to verify information in these databases and secondary sources. 

In 1985, 90 percent of 1,4-dioxane produced in the U.S. was used as a stabilizer for chlorinated solvents 
such as 1,1,1-trichloroethane (HSDB 1995).  Although this application continues to be the primary one, it 
is quickly being phased out (FerroCorp. 1995).  The primary use of 1,4-dioxane is as a solvent for various 
applications, primarily in the manufacturing sector.  Other solvent applications include those for cellulose 
acetate, dyes, fats, greases, lacquers, mineral oil, paints, resins, varnishes, and waxes.  1,4-Dioxane is 
also used in paint and varnish strippers, as a wetting agent and dispersing agent in textile processing, 
dye baths, stain and printing compositions, and in the preparation of histological slides.  Additionally, 1,4-
dioxane is used in cosmetics, deodorants, fumigants, automotive coolant liquid, and scintillation counters 
(Chemical Marketing Reporter 1988; Sax and Lewis 1993; Sittig 1991; USITC 1994).   

Systemic toxicity has been observed following oral, inhalation and dermal exposure, indicating that 
absorption occurs by these routes.  Rowe and Wolf (1981) report that 1,4-dioxane and its metabolites are 
excreted in urine, and that unchanged 1,4-dioxane is found in expired air (IARC 1976).  The major urinary 
metabolite of 1,4-dioxane is hydroxyethoxyacetic acid, as determined in studies with rats and with human 
volunteers and dioxane plant personnel (Rowe and Wolf 1982).  A second minor urinary metabolite may 
be diethylene glycol.  Dioxane has low acute toxicity.  The liquid is painful and irritating to the eyes, 
irritating to the skin upon prolonged or repeated contact, and can be absorbed through the skin in toxic 
amounts.  Dioxane vapor has poor warning properties and can be inhaled in amounts that may cause 
serious systemic injury, particularly to the liver and kidneys.  Exposure of 12 volunteers to a concentration 
of 1080 mg/m3 (300 ppm) 1,4-dioxane in air for 15 minutes produced irritation of the eyes, nose and 
throat (IARC 1976).  Five deaths due to acute inhalation exposure to 1,4-dioxane have been reported; 
hemorrhagic nephritis and liver necrosis were recorded at autopsy (IARC 1976).  Other workers in the 
same plant suffered from nausea, vomiting, and irritation of the eyes and respiratory passages (ACGIH 
1991).  Death of a worker, probably attributable to one week's inhalation exposure to about 1800 mg/m3 
has been reported.  In that case, there was also the possibility of skin absorption since the dioxane was 
also used as a solvent to remove glue from hands (IARC 1976).  Epidemiologic studies of workers 
exposed to low levels of 1,4-dioxane have not shown adverse effects.  Dose-related liver and kidney 
damage have been observed in several species of animals exposed by oral, inhalation, and dermal 
routes.  Dioxane is not considered to be a skin irritant in the workplace, but prolonged and repeated 
contact can cause eczema, as can any effective fat solvent (Rowe and Wolf 1982).  Impaired neurological 
function has been observed in humans exposed to high levels of 1,4-dioxane by inhalation, and in 
animals exposed by the inhalation, oral, or dermal routes. These effects include incoordination, narcosis, 
vertigo, behavioral effects, and coma.  Among symptoms observed in cases of fatal industrial 1,4-dioxane 
inhalation poisoning (possibly combined with dermal absorption) were drowsiness, vertigo, headache, 
and coma (Rowe and Wolf 1982). 

No evidence of adverse effects was found in chromosomal analyses performed on 6 members of a cohort 
in an epidemiologic study of dioxane workers (Rowe and Wolf 1982). 1,4-Dioxane induced DNA strand 
breaks in rat hepatocytes in vitro.  It was not mutagenic to bacteria (IARC 1976).  The chemical was 
negative in the mouse lymphoma assay, negative for the induction of chromosomal aberrations in 
cultured Chinese hamster ovary (CHO) cells and weakly positive in the CHO sister-chromatid exchange 
assay (ACGIH 1991).  There is very little information on the developmental/reproductive toxicity of 1,4-
dioxane.  There is evidence of fetal toxicity in one rat study at high doses (Rowe and Wolf 1982).  

EPA classifies 1,4-dioxane as B2, a probable human carcinogen, based on the induction of nasal cavity 
and liver carcinomas in multiple strains of rats, liver carcinomas in mice, and gall bladder carcinomas in 



guinea pigs.  Human carcinogenicity data for 1,4-dioxane are inadequate.  In three epidemiologic studies 
on workers exposed to 1,4-dioxane, no increase was observed in the number of cancer deaths over that 
expected (IRIS 2005).   
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1,1-Dichloroethane is used primarily as an intermediate in manufacturing vinyl chloride and 1,1,1-
trichloroethane; it is also used as a cleaning agent and degreaser and as a solvent for plastics, 
oils, and fats (ATSDR, 1990).  

The available evidence indicates that 1,1-dichloroethane can be readily absorbed following 
inhalation and oral exposures (ATSDR, 1990). The anesthetic effects of 1,1-dichloroethane are 
evidence that the chemical reaches the central nervous system (CNS). Acetic acid is a major 
metabolite, and 2,2-dichloroethanol, chloroacetic acid, and dichloroacetic acid are minor 
metabolites (McCall et al., 1983). In animal studies, orally administered 1,1-dichloroethane was 
excreted primarily in expired air as the unmetabolized chemical (Mitoma et al., 1985). 

No information is available on the oral toxicity of 1,1-dichloroethane to humans. In animals, a 
drinking water concentration of up to 2500 mg/L for 52 weeks caused no adverse effects in male 
mice (Klaunig et al., 1986), and maximum gavage doses of 764 mg/kg/day (male Osborne-
Mendel rats), 950 mg/kg (female Osborne-Mendel rats), 2885 mg/kg (male B6C3F1 mice), and 
3331 mg/kg (female B6C3F1 mice), 5 days/week for 78 weeks (3 weeks on, 1 week off) resulted 
in no histopathological changes (NCI, 1978).  

At high vapor concentrations (26,000 ppm), 1,1-dichloroethane induces anesthesia and can 
cause cardiac arrhythmia in humans, but no fatalities have occurred (ATSDR, 1990). Adverse 
effects following subchronic or chronic exposures to humans have not been reported. In animal 
studies, 1,1-dichloroethane did not cause developmental or reproductive effects but did delay rib 
ossification in rats (Schwetz et al., 1974). Kidney damage was observed in cats exposed to 
2025 mg/m3 (6 hours/day, 5 days/week) for 13 weeks followed by 4050 mg/m3 for an additional 
13 weeks; however, similar effects were not seen in rats, rabbits, or guinea pigs.  

1,1-Dichloroethane is placed in Group C, possible human carcinogen based on no human data 
and limited evidence of carcinogenicity in two animal species (rats and mice) (IRIS,2005).   
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1,1-Dichloroethylene (CAS No. 75-35-4), also known as 1,1-dichloroethene and vinylidine 
chloride, is a colorless liquid that is used primarily in the production of polyvinylidine chloride 
(PVC) copolymers and as an intermediate for synthesis of organic chemicals. The major 
application for PVC copolymers is the production of flexible films for food packaging such as 
Saran® wrap (ATSDR, 1993).  

1,1-Dichloroethylene does not occur naturally (IARC, 1986) but is found in the environment due to 
releases associated with its production and transport and with the production of its polymers. 
Because of its high volatility, releases to the atmosphere are the greatest source of ambient 1,1-
dichloroethylene. Smaller amounts are released to surface waters and soils (ATSDR, 1993). Loss 
of 1,1-dichloroethylene from water and soils is primarily due to volatilization. In the atmosphere, 
reaction with photochemically generated hydroxyl radicals is expected to be the predominant 
removal mechanism (EPA, 1987). Human exposure to 1,1-dichloroethylene is potentially highest 
in workplace settings and in the vicinity of hazardous waste sites where the compound may 
contaminate environmental media (ATSDR, 1993).  

The primary effect of acute exposure to high concentrations (approximately 4000 ppm) of 1,1-
dichloroethylene vapor in humans is central nervous system (CNS) depression which may 
progress to unconsciousness (Gosselin et al., 1984). Occupational exposure has been reported 
to cause liver dysfunction in workers (Tierney et al., 1979). 1,1-Dichloroethylene is irritating when 
applied to the skin and prolonged contact can cause first degree burns (Tierney et al., 1979). 
Direct contact with the eyes may cause conjunctivitis and transient corneal injury (IARC, 1986).  

In experimental animals, the liver and kidneys are target organs for the toxic effects of 1,1-
dichloroethylene. Subchronic oral exposure for 90 days to 1,1-dichloroethylene in drinking water 
produced slight hepatotoxic effects at 200 ppm (Rampy et al., 1977), and chronic oral exposure to 
drinking water for 2 years produced hepatocellular changes in males at >=100 ppm and in 
females at >=50 ppm (Quast et al., 1983). Gavage administration of 10 mg/kg/day, 5 days/week 
for 2 years produced chronic inflammation of the kidney in male and female rats and liver 
necrosis in male and female mice (NTP, 1982). Exposure by inhalation to 55 ppm 1,1-
dichloroethylene, 6 hours/day, 5 days/week for up to 1 year produced fatty liver changes in rats 
and focal degeneration and necrosis in mice (Lee et al., 1977).  

In a three-generation study, no treatment-related effects on reproduction or neonatal 
development were seen in male and female Sprague-Dawley rats administered up to 200 ppm of 
1,1-dichloroethylene in the drinking water (Nitschke et al., 1983). However, inhalation exposure 
during gestation produced increased resorptions and minor skeletal alterations in rodents at 
concentrations that caused maternal toxicity. These effects were reported in rats and mice at 
>=15 ppm (Short et al., 1977a) and in rats and rabbits at >=80 ppm and >=160 ppm, respectively 
(Murray et al., 1979).  

An epidemiology study using a small cohort found no association between the occurrence of 
cancer or cancer mortality and exposure to 1,1-dichloroethylene (Ott et al., 1976). Oral 
carcinogenicity bioassays (drinking water or gavage exposures) with experimental animals gave 



generally negative results (NTP, 1982; Quast et al., 1983; Maltoni et al., 1984, 1985). In one 
inhalation study (Maltoni et al., 1985), statistically significant increases in renal adenocarcinomas 
were noted in male Swiss mice exposed to 25 ppm for 12 months. Also observed were 
statistically significant increases in mammary gland carcinomas in females and lung tumors in 
both sexes. Results of other inhalation studies with rats, mice, and hamsters have been negative 
(Hong et al., 1981; Maltoni et al., 1984; Quast et al., 1986).  

Based on EPA guidelines, 1,1-dichloroethylene was assigned to weight-of-evidence group C, 
possible human carcinogen (IRIS, 2005).  
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Benzo[a]pyrene is a polycyclic aromatic hydrocarbon (PAH) that can be derived from coal tar. 
Benzo[a]pyrene occurs ubiquitously in products of incomplete combustion of fossil fuels and has 
been identified in ambient air, surface water, drinking water, waste water, and char-broiled foods 
(IARC, 1983). Benzo[a]pyrene is primarily released to the air and removed from the atmosphere 
by photochemical oxidation and dry deposition to land or water. Biodegradation is the most 
important transformation process in soil or sediment (ATSDR, 1990).  

Benzo[a]pyrene is readily absorbed following inhalation, oral, and dermal routes of administration 
(ATSDR, 1990). Following inhalation exposure, benzo[a]pyrene is rapidly distributed to several 
tissues in rats (Sun et al., 1982; Weyand and Bevan, 1986). The metabolism of benzo[a]pyrene is 
complex and includes the formation of a proposed ultimate carcinogen, benzo[a]pyrene 7,8 diol-
9,10-epoxide (IARC, 1983). The major route of excretion is hepatobiliary followed by elimination 
in the feces (EPA, 1991).  

No data are available on the systemic (non-carcinogenic) effects of benzo[a]pyrene in humans. In 
mice, genetic differences appear to influence the toxicity of benzo[a]pyrene. Subchronic dietary 
administration of 120 mg/kg benzo[a]pyrene for up to 180 days resulted in decreased survival due 
to hematopoietic effects (bone narrow depression) in a "nonresponsive" strain of mice (i.e., a 
strain whose cytochrome P-450 mediated enzyme activity is not induced as a consequence of 
PAH exposure). No adverse effects were noted in "responsive" mice (i.e., a strain capable of 
inducing increased cytochrome P-450 mediated enzyme activity as a consequence of PAH 
exposure) (Robinson et al., 1975). Immunosuppression has been reported in mice administered 
daily intraperitoneal injections of 40 or 160 mg/kg of benzo[a]pyrene for 2 weeks, with more 
pronounced effects apparent in "nonresponsive" mice (Blanton et al., 1986; White et al., 1985). In 
utero exposure to benzo[a]pyrene has produced adverse developmental/reproductive effects in 
mice. Dietary administration of doses as low as 10 mg/kg during gestation caused reduced fertility 
and reproductive capacity in offspring (Mackenzie and Angevine, 1981), and treatment by gavage 
with 120 mg/kg/day during gestation caused stillbirths, resorptions, and malformations 
(Legraverend et al., 1984). Similar effects have been reported in intraperitoneal injection studies 
(ATSDR, 1990).  

Numerous epidemiologic studies have shown a clear association between exposure to various 
mixtures of PAHs containing benzo[a]pyrene (e.g., coke oven emissions, roofing tar emissions, 
and cigarette smoke) and increased risk of lung cancer and other tumors. However, each of the 
mixtures also contained other potentially carcinogenic PAHs; therefore, it is not possible to 
evaluate the contribution of benzo[a]pyrene to the carcinogenicity of these mixtures (IARC, 1983; 
EPA, 1991). An extensive data base is available for the carcinogenicity of benzo[a]pyrene in 
experimental animals. Dietary administration of benzo[a]pyrene has produced papillomas and 
carcinomas of the forestomach in mice (Neal and Rigdon, 1967), and treatment by gavage has 
produced mammary tumors in rats (McCormick et al., 1981) and pulmonary adenomas in mice 
(Wattenberg and Leong, 1970). Exposure by inhalation and intratracheal instillation has resulted 
in benign and malignant tumors of the respiratory and upper digestive tracts of hamsters (Ketkar 
et al., 1978; Thyssen et al., 1981). Numerous topical application studies have shown that 



benzo[a]pyrene induces skin tumors in several species, although mice appear to be the most 
sensitive species. Benzo[a]pyrene is a complete carcinogen and also an initiator of skin tumors 
(IARC, 1973; EPA, 1991). Benzo[a]pyrene has also been reported to induce tumors in animals 
when administered by other routes, such as intravenous, intraperitoneal, subcutaneous, 
intrapulmonary, and transplacental.  

Based on United States Environmental Protection Agency (EPA) guidelines, benzo[a]pyrene was 
assigned to weight-of-evidence group B2, probable human carcinogen (IRIS, 2005). 
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1,2-Dichloroethene exists in two isomeric forms, cis-1,2-dichloroethene and trans-1,2-
dichloroethene, that are colorless, volatile liquids with a slightly acrid odor. Although not used 
extensively in industry, 1,2-dichloroethene is used in the production of other chlorinated solvents 
and as a solvent for dyes, perfumes, and lacquers (Sax and Lewis 1989, Budavari et al. 1989). 
Humans are exposed to 1,2-dichloroethene primarily by inhalation, but exposure can also occur 
by oral and dermal routes.  

Limited information exists on the absorption, distribution, and excretion of 1,2-dichloroethene in 
either humans or animals. In vitro studies have shown that the mixed function oxidases will 
metabolize 1,2-dichloroethene; the final metabolic products are dependent on the initial isomer of 
1,2-dichloroethene (Costa and Ivanetich 1984, Henschler 1977, Liebman and Ortiz 1977).  

Information on the toxicity of 1,2-dichloroethene in humans and animals is limited. Workers 
exposed to 1,2-dichloroethene have been reported to suffer from drowsiness, dizziness, nausea, 
fatigue, and eye irritation (ATSDR 1990). Acute and subchronic oral and inhalation animal studies 
of trans-1,2-dichloroethene and acute inhalation animal studies of cis-1,2-dichloroethene suggest 
that the liver is the primary target organ. The toxicity is expressed in increased activities of liver 
associated enzymes, fatty degeneration, and necrosis (McCauley et al. n.d., Barnes et al. 1985, 
Freundt et al. 1977). Secondary target organs include the central nervous system and lung.  

No information was available concerning the chronic, developmental, or reproductive toxicity of 
cis-1,2-dichloroethene or trans-1,2-dichloroethene. No cancer bioassays or epidemiological 
studies were available to assess the carcinogenicity of 1,2-dichloroethene. EPA has placed both 
cis-1,2-dichloro-ethene and trans-1,2-dichloroethene in weight-of-evidence group D, not 
classifiable as to human carcinogenicity, based on the lack of human or animal carcinogenicity 
data and on essentially negative mutagenicity data (IRIS, 2005).  
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Dibenz[a,h]anthracene is a polycyclic aromatic hydrocarbon (PAH) with five aromatic rings. No 
commercial production or use of dibenz[a,h]anthracene is known. It occurs as a component of 
coal tars, shale oils, and soots (IARC, 1985) and has been detected in gasoline engine exhaust, 
coke oven emissions, cigarette smoke, charcoal broiled meats, vegetation near heavily traveled 
roads, and surface water and soils near hazardous waste sites (ATSDR, 1993; IARC, 1983).  

Dibenz[a,h]anthracene is poorly absorbed from the gastrointestinal tract and is primarily excreted 
via feces (Chang, 1943). Following absorption, dibenz[a,h]anthracene is distributed to various 
tissues, with highest accumulation in the liver and kidneys (Daniel et al., 1967). 
Dibenz[a,h]anthracene is metabolized by mixed function oxidases to dihydrodiols. Epoxidation of 
the 3,4-dihydrodiol may lead to the formation of a diol-epoxide, the putative ultimate carcinogenic 
metabolite of dibenz[a,h]anthracene (Buening et al., 1979).  

No human studies were available to evaluate the toxicity of dibenz[a,h]anthracene. In animals, 
depressed immune responses were observed in mice following single or multiple subcutaneous 
injections of dibenz[a,h]anthracene (White et al., 1985). Weekly subcutaneous. injections of 
0.05% dibenz[a,h]anthracene for 40 weeks produced lymphoid tissue changes, decreased spleen 
weights, and liver and kidney lesions in mice (Hoch-Ligeti, 1941). Weekly intramuscular injections 
of 20 mg/kg promoted the development of arteriosclerotic plaques in chickens (Penn and Snyder, 
1988).  

No epidemiologic studies or case reports addressing the carcinogenicity of dibenz[a,h]anthracene 
in humans were available. In animals, dibenz[a,h]anthracene has produced tumors by different 
routes of administration, having both local and systemic carcinogenic effects.  

After oral administration, dibenz[a,h]anthracene produced tumors at several sites. Male and 
female mice fed dibenz[a,h]anthracene (0.85 mg/day for males, 0.76 mg/day for females) in an 
aqueous olive oil emulsion developed pulmonary adenomatosis, alveologenic carcinomas of the 
lung, hemangio-endotheliomas of the pancreas and mesentery/abdominal lymph nodes, and 
mammary carcinomas (females) after 200 days (Snell and Stewart, 1962). A single oral dose of 
1.5 mg dibenz[a,h]anthracene in polyethylene glycol produced a low incidence of forestomach 
papillomas in mice (Berenblum and Haran, 1955). Mammary carcinomas developed in mice 
treated by gavage with a total dose of 15 mg over a 15-week period (Biancifiori and Caschera, 
1962).  

Carcinogenic as well as tumor-initiating activity of dibenz[a,h]anthracene has been demonstrated 
in topical application studies with mice. Repeated dermal application of 0.001 to 0.01% solutions 
produced a high incidence of skin papillomas and carcinomas in mice (Wynder and Hoffmann, 
1959; Van Duuren et al., 1967). In initiation-promotion assays, the compound was active as an 
initiator of skin carcinogenesis in mice (Buening et al., 1979; Platt et al., 1990). However, no skin 
tumors were observed in Syrian golden hamsters that received topical dibenz[a,h]anthracene 
applications over a 10-week period (Shubik et al., 1960).Injection site sarcomas developed in 
mice injected subcutaneously with dibenz[a,h]anthracene (Pfeiffer, 1977). In newborn mice, a 



single subcutaneous injection of dibenz[a,h]anthracene induced local sarcomas and lung 
adenomas (Platt et al., 1990) and three intraperitoneal injections induced a high incidence of 
pulmonary tumors (Buening et al., 1979). A number of earlier studies have also demonstrated the 
carcinogenicity of dibenz[a,h]anthracene when administered by various parenteral routes in 
several animal species (IARC, 1973).  

Based on no human data and sufficient evidence for carcinogenicity in animals, EPA has 
assigned dibenz[a,h]anthracene a weight-of-evidence classification of B2, probable human 
carcinogen (IRIS, 2005).  
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