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DISCLAIMER 

These p r o f i l e s  have not undergone f i n a l  review w i t h i n  

EPA, and they are for EPA use and distribution only. They 

should not be construed t o  represent EPA p o l i c y .  
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INTRODUCTION 

Early i n  1 9 8 4 ,  Clement Associates was requested under Subcon- 

t r a c t  No. 1-625-999-222-003 t o  GCA Corporation t o  provide support 

t o  the EPA O f f i c e  of Waste Programs Enforcement (OWPE) i n  prepar- 

i n g  a catalog of chemicals of concern a t  hazardous waste s i t e s .  

Clement was given primary r e s p o n s i b i l i t y  for two phases of t h i s  

task. F i r s t ,  Clement was t o  a s s i s t  GCA i n  developing an on-line 

catalog of chemicals present a t  hazardous waste s i t e s .  Second, 

Clement was t o  prepare p r o f i l e s  summarizing the chemical, physi- 

cal ,  and b i o l o g i c a l  properties of these chemicals. The chemical 

p r o f i l e s  are intended t o  serve as a concise reference w i t h  infor- 

mation on the physicochemical properties, transport and f a t e ,  tox- 

i c i t y ,  and regulatory standards for individual  chemicals identi-  

f ied by OWPE a t  hazardous waste s i t e s .  They are not meant t o  be 

thorough, quantitative  reviews and should not be used a s  substi-  

tutes  for a good l i t e r a t u r e  review on the c h a r a c t e r i s t i c s  of the 

s p e c i f i c  chemicals of concern a t  a particular s i t e .  

During the f i r s t  phase, Clement s t a f f  searched the consent 

decrees, administrative orders, and complaint f i l e s  obtained from 

OWE for  the names of t o x i c  chemicals detected a t  enforcement 

s i t e s .  They recorded the chemicals present a t  each s i t e ,  the 

media i n  w h i c h  the chemicals were detected, and the highest con- 

centration of each chemical i n  a particular  medium. 

t ion was sent t o  GCA for inclusion i n  a computer data base. 

during this phase of the task,  Clement developed dichotomous 

This informa- 

Also 
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scores for each chemical indicating whether or not it had any o 

the following characteristics: carcinogenicity, reproductive 

toxicity/teratogenicltyr  mutagenicity, acute toxicity, chronic 

toxicity, toxicity to domestic animals, and toxicity to terres- 

trial and aquatic wildlife. The list of chemicals compiled and 

the criteria used for reaching these dichotomous determinations 

are included in Appendix A to this report. 

During the second phase, Clement prepared profiles on the 

toxic chemicals that had been detected at hazardous waste sites. 

These profiles are based mainly on secondary sources, but the pri- 

mary literature was consulted when necessary. Each chemical pro- 

file has five sections: Chemical and Physical Properties, Trans- 

port and Fate, Health Effects, Toxicity to Wildlife and Domestic 

Animals, and Regulations and Standards. A short summary; an 

introduction presenting the CAS registry number, chemical formula, 

IUPAC name, synonyms and trade names of the compound, and back- 

ground information (where needed); and a reference list were also 

included . 
These profiles can be used in conjunction with the Toxicology 

and Endangerment Assessment Handbooks. 

concepts and information that are important in understanding the 

health effects and other properties of pollutants identified at 

hazardous waste sites. 

These handbooks present 

Brief descriptions of the various sections of the profiles 

and a general list of references are presented below. 

m 
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Chemical and Physical Properties 

Information on the following chemical and physical properties 

were obtained for each of the profiled compounds: 

Atomic or Molecular Weight: The weight of an atom or mole- 

cule of a chemical expressed in atomic mass units. One atomic 

mass unit equals one-twelfth the mass of a carbon-12 atom. 

Boiling Point: The temperature in degrees Celsius at which 

the vapor pressure of the compound is equal to or slightly greater 

than the atmospheric pressure ( 7 6 0  mm of mercury(Hg)). 

Melting Point: The temperature in degrees Celsius at which a 

material changes from a solid state to a liquid state at atmos- 

pheric pressure. 

Specific Gravity: The weight of a given volume of the com- 

pound at a specified temperature relative to the weight of an 

equal volume of water at Q’degrees Celsius. 

Solubility in Water: The maximum amount of the chemical that 

will totally dissolve in water at a given temperature. 

Solubility in Organics: The ability of the chemical to dis- 

solve in specified organic compounds at a given temperature. 

Log Octanol/Water Partition Coefficient: The log of the 

ratio of the amount of the chemical that will totally dissolve in 

n-octanol to the amount that will dissolve in water. 

Vapor Pressure: The pressure (usually expressed in milli- 

meters of mercury) exerted by the vapor phase of the chemical in 

equilibrium with the solid or liquid form at a given temperature. 

. 
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Vapor Density: The weight of a given volume of the chemical 

relative to the weight of the same volume of air. 

Henry's Law Constant: An expression of the distribution of 

the chemical between air and wa'ter at equilibrium. Usually 

defined as the ratio of the partial pressure of the compound in 

air measured in atmospheres to the mole fraction of the compound 

in a water solution. 

p~a: A measure of the extent of dissociation of a material, 

which is defined as the pH at which half of the compound is ion- 

ized. pH is defined as the logarithm of the reciprocal of the con- 

centration of hydrogen ions in a solution and ranges from 0 for 

the most acidic solution to 14 for the most basic. 

Flash Point: The temperature at which a flammable liquid or 

solid gives off enough vapor to allow ignition of the vapor and 

air mixture. 

Transport and Fate 

The transport and fate of chemicals in the environment 

depends on the properties of both the chemical and the environmen- 

tal medium in which it occurs. Because of the effects of the lat- 

ter, the transport and fate of a compound can only be discussed in 

general terms when specific information on the characteristics of 

the environmental medium in which it is present is not available. 

Therefore, the transport and fate section in the profiles only 

provides general background information and will not apply in all 

cases. For a more thorough treatment of the principles governing 

4 



chemical movement and fate in the environment, one of the general 

references listed at the end of this section should be consulted. 

At any specific hazardous waste facility, the transport and 

fate of chemical Contaminants must be assessed or modeled based on 

site-specific environmental information. Such assessment or mod- 

eling is often a complex task and requires expertise in a variety 

of scientific disciplines, including environmental chemistry and 

modeling . 
Health Effects 

The adverse health effects of greatest concern are those that 

cause death or are irreversible and seriously impair the normal 

functioning of the individual. Cancer is of concern because it is 

so often fatal and because of the broad agreement that there is no 

safe dose for many types of, carcinogens. Mutagenicity, or genetic 

toxicity, is primarily important because an alteration in the 

genes of a cell may be the first step in tumor formation and may 

cause reproductive toxicity or teratogenicity. Reproductive tox- 

icity decreases the individual's ability to produce viable young, 

while teratogenicity leads to the production of malformed off- 

spring. Chronic toxicity involves effects that develop after 

long-term exposure (for several years) to a chemical. Acute tox- 

icity refers to the effects that result from very short-term, 

usually single dose, exposure to a material. 

falls between chronic and acute exposure and usually involves 

exposure to a toxic agent for weeks or months. For chronic, sub- 

chronic, or acute toxicity, the effects of greatest concern are 

Subchronic exposure 
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those that cause serious impairment and are irreversible. For a 

detailed description of these toxic effects, see the Toxicology 

Handbook or one of the general references listed at the end of 

this section. 

For the purposes of these profiles, Clement scientists 

attempted to identify those effects of a particular chemical most 

likely to cause serious harm to exposed human populations. 

Because the profiles are primarily intended for use by EPA per- 

sonnel dealing with hazardous waste sites, the toxic effects 

considered were those most likely to affect the two potentially 

exposed populations: on-site workers and people living near the 

site. 

for short periods, the effects caused by acute or subchronic 

For on-site workers who are exposed to site contaminants 

exposure are most important. For populations surrounding a site 

that are exposed to low levels of contamination for long periods, 

chronic effects are the greatest concern. 

Toxicity to Wildlife and Domestic Animals 

Toxic chemicals are a major concern as environmental contami- 

nants if they cause either a potentially irreversible decline in 

one or more species or a decline in the aesthetics of an area. 

Toxicants can adversely affect a species by poisoning its members 

or by reducing their food supply. 

direct exposure in a contaminated area or# for predators or scav- 

engers, by secondary exposure via contaminated prey or carrion. 

The latter method of exposure is of major concern because many 

Poisoning can occur either by 
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persistent chemicals can be biomagnif ied t o  t o x i c  l e v e l s .  '- 728 3 
Furthermore, predators and scavengers near the top of the food 

chain are fewer i n  n'umber than prey species and may also be 

l e s s  able to  adjust t o  a declining population by increasing 

reproductive output. The c l a s s € c  example of t h i s  type of e f f e c t  

i s  the decline i n  predatory birds i n  the United States  and 

Europe due t o  the ingestion of prey contaminated w i t h  the per- 

s i s t e n t  organochlorine pesticides,  such as DDT. I n  addition 

to species a t  the top of the food chain, endangered or threatened 

species are of major concern because even a small decline i n  

the population of a species may be enough t o  cause i t s  extinction.  

Regulations and Standards 

Several federal agencies and a t  l e a s t  one p r i v a t e  associa- 

tion have established recoyended or mandatory maximum exposure 

l e v e l s  for t o x i c  chemicals. The U.S. Environmental Protection 

Agency (EPA) has developed health e f f e c t s  assessments (HEAS) 

for chemicals commonly detected a t  hazardous waste s i t e s .  

These HEAs contain acceptable d a i l y  intake l e v e l s  for subchronic 

and chronic exposure t o  noncarcinogens by either  inhalation 

or oral  routes of exposure and contain CAG u n i t  r i s k s  for car- 

cinogens. 

Drinking Water Standards, w h i c h  specify  the maximum l e v e l s  

of various chemicals allowable i n  water used for public  consump 

tion. 

pollutants,  which specify  the maximum concentrations of these 

chemicals i n  ambient water a t  w h i c h  the water can be regarded 

I n  addition, EPA has established the Interim Primary 

EPA has a l s o  prepared c r i t e r i a  documents on 1 2 9  p r i o r i t y  
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, 
as acceptable for the protection of aquatic organisms and human 

health. 

The Carcinogenesis Assessment Group (CAG) at EPA has per- 

formed carcinogenic risk assessments on many compounds. The 

"unit risks" (excess risk of cancer associated with lifetime 

exposure to 1 mg/kg/day of the chemical) calculated for - these 

chemicals can be used to determine levels of exposure that 

are likely to have a low probability of causing cancer. A 

list of the unit risks developed by CAG and a brief description 

of this measure is included in Appendix B to this report. 

Several agencies have developed allowable exposure levels 

for occupational exposure (40 hours per week) to airborne chem- 

icals. The National Institute for Occupational Safety and 

Health (NIOSH) has reviewed the available data on numerous 

industrial materials and published criteria documents that 

contain recommended maximum levels of exposure to these materials 

in the workplace. The Occupational Safety and Health Adminis- 

tration (OSHA) has established regulations governing exposure 

to hazardous materials in the workplace. These standards differ 

from NIOSH recommendations in that they are mandatory. The 

American Conference of Governmental Industrial Hygienists (ACGIH), 

a nongovernmental association, has also recommended allowable 

exposure limits for workplace chemicals; many of these recom- 

mended limits, or Threshold Limit Values (TLVs), have been 

adopted as standards by OSHA. 



The regulations, standards, and recommended exposure levels 

pertaining to each chemical have been included in the chemical 

profiles. 

available scientific information, but they may change as improved 

data become available. EPA is currently finalizing the health 

These regulations were established using the best 

effects assessments, proposing recommended maximum contaminant 

levels for drinking water, and developing health advisories 

for several of the chemicals presented in these profiles. 

Therefore, the values presented in the profiles may not reflect 

current scientific information in every case, although they 

will be generally applicable. 
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CHEMICAL PROFILES 1 2 8 3  

Chemical 

Acenaphthene 

Acenaphthylene 

'Acetic acid 

iAcetone 

Acrolein 

Acrylonitrile 

Aldtin/Dieldrin 

Alkanes 

Alkyl benzenes 

Anthracene 

Ant imon y 

AArsenic 

Asbestos 

Barium 

4 Benzene 

Benz i U i ne 

Benzo (a) anthracene 

Benzothiazole 

Beryllium 

Butanol 

J, Cadmium 

Carbon tetrachloride 

Chlordane 

CAS Number 

83-32-9 

208-96-8 

64-19-7 

67-64-1 

107-02-8 

107-13-1 

309-00-2 
60-57-1 

120-12-7 

7 4 40-3 6-0 

74 4 0-3 8-2 

1332-21-4 

74 40-3 9-3 

71-43-2 

92-07-5 

56-55-3 

95-16-9 

74 4 0-41-7 

7 1-3 6-3 

7440-43-9 

56-23-5 



Chemical. 
728% 

CAS Number 

Chlor ine 

Chlorobenzene 

Chlorobenzilate 

Chloroethane 

bis(2-Ch1oroethoxy)ethane 

bis(2-Chloroethy1)ether 

Chloroform 

p-Chloro-m-cresol 

1-Chloro-3-nitrobenzene 

Chromium 

Chrysene 

Cobalt 

Copper 

Cr esolr 

Cyanide 

Cyanuric acid 

DDT 

Dibromochloropropane 

Dichlorobenzenes 

1,l-Dichloroethane 

1,2-Dichlorocthane 

1,l-Dichloroethylene 

1,2-trans-~ichlotocthylene 

2,4-Dichlorophenol 

2r~-Dichlorophenoxyacetic acid 

77 02- 50-5 

108-90-7 

5 10-1 5-6 

75-00-3 

112-2605 

111-44-4 

67-66-3 

59-50-7 

121-73-3 

74 4 0-4 7-3 

218-01-9 

7 4 4 0- 4 8-4 

74 40-SO-8 

1319-77-3 

57-12-5 

108-80-5 

50-29-3 

96-12-8 

75-34-3 

107-06-2 

75-35-4 

156-60-5 

120-83-2 

94-75=7 



Chemical 

1,2-DiChlOroprOpane 

1,3-Dichloropropene 

DiCOfOl 

Diethyl phthalate 

Diisobutyl ketone 

Dimethylaminoethyl methacrylate 

Dimethylaniline 

Dimethylnitrosamine 

2,4-bimethylphenol 

n-D i oc t yl phthalate 

1,l-Dioxane 

Diphenylethane 

Endrin 

j Ethanol 

Ethanolamine 

Ethyl acetate 

JE t hylben zene 

Ethylene/diathylcne glycol 

CAS Number’ ’ L- - ~ 2 8 3  

78-87-5 

542-75-6 

115-3202 

84-66-2 

108-83-8 

2 4 3 9-3 5-2 

121-69-7 

62-75-9 

105-67-9 

117-84-0 

12 3-9 1- 1 

1103-29-7 

72-20-8 

64-17-5 

141-43-5 

141-78-6 

100-41-4 

Ethyl ether 

Ethyl hexanediol 

bir(2-Ethylhcxy1)phthalate 

Pluoranthcne 

Formaldehyde 

Heptachlor 

107-21-1 
111-216-6 

60-29-7 

94-96-2 

11 7-81-7 

206-44-0 

50-00-0 

76-44-8 
, 



7283 
Chemical 

Hexachlorobenzene . 

Hexachlorobutadiene 

Hexachlorocyclohexane 

Hexachloroethane 

Hexachlorophene 

!Hexane 

Iron 

Isobutyl alcohol 

Afsoptopyl ether 

-Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Methacrylic acid 

Methanol 

11 8-74-1 

87-68-3 

60 8-73-1 

67-72-1 

70-3 0-4 

110-54-3 

743 9-89-6 

78-83-1 

108-20-3 

74 3 9-92-1 

743 9-93-2 

7139-95-4 

7439-96-5 

7439-97-6 

79-41-4 

67-56-1 

Methyl chloride 74-87-3 

Methylene chloride 75-09-2 

Methyl ethyl ketone ( 2 - k t m @ * )  78-93-3 

Methyl isobutyl ketone ( J - 4 - a - p e - J  108-10-1 
Methyl parathion 298-00-0 

' Naph t hslene 
Nickel 

Nittocelluloae 

Nitrophenol 

91-20-3 

7440-02-0 

9004-70-0 



Chemical 

pentachlorophenol 

Phenanthrene 

Phenol 

Phenyl ether 

Phosphoric acid 

Phosphorus (white) 

Picric acid 

polychlorinated biphenyls 

Polychlorinated dibenzo-p-dioxins 

Polycyclic aromatic hydrocarbons 

1 Selenium 

Silver 

Sodium 

Sodium chlorate 

Stoddard solvent 

1,2,4,5-Tetrachlorobenzene 

2,3,7,8-Tetrachloro- 
di benzo-p-dioxin 

1,1,2,2-Tetrachloroethane 

Tetrachloroethylene 

Tetraethyl lead 

Tetrahydrofuran 

Thallium 

Titanium 

Toluene 

87-86-5 

85-01-8 

108-95-2 

101-84-8 

7664-38-2 

772 3-14-0 

8 8-8 9-1 

1336-36-3 

7782-4 9-2 

7440-22-4 

74 4 6-23-5 

7775-09-9 

8052-41-3 

95-94-3 

1746-01-6 

79-34-5 

127-18-4 

78-00-2 

109-99-9 

7440-28-0 

74 40-32-6 

108-88-3 
, 
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Chem i cal 
CAS Number 7283 I 

Toxaphene 8001-35-2 

.. Trichlorobenzenes 
2,3,6-Trichlorob~nzoic acid 50-3 1-7 

1,1,1-Trichloroethane 71-55-6 

1,1,2-Trichlotoethane 79-00-5 

Trichloroethylene 79-01-6 

Trichlorofluoromethane 75-69-4 

2,4,5-Trichlorophenol 95-95-4 

2,4,5-Trichlorophenoxyacetic acid 93-76-5 

2,4,5-Trichlorophenoxy propionic acid 93-72-1 
tris(2,3-Dibromopropyl)phosphatc 126-7207 

Vanadium 7 4 4 0-62-2 

Vinyl chloride 75-01-4 

Xylenes 13 3 0-2 0-7 

Zinc 7440-66-6 



ACENAPHTHENE 728 3 
Summary 

(PAA),. 
is dvailable, information on related O M S  suggests that acenaph- 
thene'is notyery persistent in the environment and that biodegra- 
dation is the ultimate'fate procesb. Acenaphthene has not 
been shown to be carcinogenic or mutagenic, but it does cause 
liver and - kidney damage at high exposure levels. 

Acenaphthene is a two-ringed polycyclic aromatic hydrocarbon 
Although little specific information on acenaphthene 

CAS Number: 83-32-9 

Chemical Formula: C12€I10 

IUPAC Name: Acenaphthene 

Chemical and Physical Properties 

Molecular Weight: 154.21 

Boiling Point: 279% 

Melting Point: 96.2% 

Specific Gravity: 1.225 at O°C 

S-olubility in Water: 3.42 mg/liter at 25OC 

Splubility in Organics: Soluble in ethanol toluene, chloroform, 

Log Octanol'/Water Partition Coefficient: 4.33 

Vapor Pressure: Le88 than 0.02 nm Bg at 20.C 

benzene, 'and acetic acid 
. 

- 4  Transmrt and Fate 

( P A W ,  can be emitted into the environment by both natural and 
Acenaphthene, like other polycyclic aromatic hydrocarbons 

Acenaphthene 
Page 1 
October 1985 
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'528 3 
anthropogenic rources. Since very little information is avail- 
able on this compound specifically, its environmental fate 
is largely inferred from data for PAffs in general. 
acenaphthene can be transported as adsorbed matter on ruspended 
particulater. 
contained 0.07 pg/lOO m , indicating that atmospheric transport 
occurs and that individuals in urban environments m y  be exposed 
to neasureable level8. 

.ern surfap water, direct, rapid photolysis of dissolved 
acenaphthene.may be an important water-related environmental 
fate. It is probable that singlet oxygen is the oxidant and 
that the reaction products are quinones. Volatilization may 
play a role in acenaphthene transport, depending on mixing 
rates in both the water and air columns. However, adsorption 
to sediments is probably the dominant aquatic transport process. 
Considetation of the log octanol/water partition coefficient 
for acenaphthene and of the behavior of other PARS indicates 
that acenaphthene can be strongly adsorbed onto suspended and 
sedimentary particulate matter, especially particulates high 
in organic content. 

is likely that bioaccumulation of acenaphthene ir short term, 
especially for vertebrates. 
after exposure, it also 18 rapidly metabolized and excreted. 
Consequently, bioaccumulation is not considered an important 
fate procese. 
process for acenaphthene, Based on infomation for related 
compounds, it i8 probable that acenaphthene is readily degraded 
by microbes. Biodegradation'is likely to be more rapid in 
the soil than in aquatic systems. Bowever, 8tudh8 indicate 
that biodegradation may be more important in thore aquatic 
systems that are chronically affected by PAB contamination. 

In air, 

Ambient gir 8ampleS Collected in Sydney, Australia, 

y. 

Based on information concerning related compoundr, it 

Although it i8 rapidly accumulated 

Biodegradation ir considered the ultimate fate 

Health Effects 

carcinogenicity based upon ncoplartic induction in the newt 
Triturur'cristatus, but the reliability of the tert rystem 
for predicting mammalian carcinogenicity fa not ertablirhed. 
Other carcinogenicity rtudier involving exposure to acenaphthene 
ar one component of complex nixturer of P ~ I  and other rubrtances 
report both ritive and negative rerults, However, the relative 
importance o p" indiv$Uual component8 in  the aixturer teated 
cannot be determined, and no conclurions involving acenaphthene 
can be drawn. 8:tubier using revet81 diffetent bacterial tert . 
ryrtems provide no evidenc8 of mutagenicit . No information 
able. 

Negative results are reported for a test of acenapbthene 

concerning ita teratogenicity or reproduct I ve toxicity i r  avail- 

Acenaphthene 
Page 2 
October 1985 



The most thoroughly investigated effect of acenaphthene 1283  
is its ability to produce nuclear and cytological changes in 
a variety of microbial and plant species. 
such as increases in cell size and DNA content, are associated 
with a disruption of the spindle mechanism during mitosis and 
the resulting induction of polyploidy. However, there is no 
known correlation between these effects and the biological 
impact of acenaphthene on mammalian cells. 

thene. It has been shown to be irritating to the skin and 
mucous membranes and to cause vomiting if swallowed in large 
quantities. 

Most of these changes, 

Very little is known about the hunan toxicity of acenaph- 

In both rats and mice, subchronic oral exposure causes 
loss of body weight, changes in peripheral blood, increased 
aminotransferase levels in blood serum, and mild morphological 
damage to the liver and kidneys. The oral LD is 10 g/kg 
for rats and 2.1 g/kg for mice. Kidney and 1I8er damage is 
greater after subchronic exposure to acenaphthene than after 
acute exposure. 

Toxicity to Wildlife and Domestic Animals 

In acute toxicity tests for freshwater organisms, EC 
values of 41,200 and 1,700 pg/liter are reported for the s f a d o -  
ceran Daphnia magna and the bluegill, respectively. In saltwater 
species, 96-hour LC concentrations for the mysid shrimp and 
the sheepshead m i n d 8  are 970 and 2,230 pg/liter, respectively. 
A chronic value of 710 pglliter is reported for the sheepshead 
minnow, and the acute-chronic ratio for this species is 3.1. 
No other aquatic life chronic data are available. The freshwater 
alga Selenastrum capricornutum and the saltwater alga Skeletonema 
costatum are both relatively sensitive to acenaphthene exposure, 
with 96-hour EC values for chlorophyll a and cell number 
of approximatelg0525 pg/liter and 500 pg/Titer , respectively. 

in the bluegill is 387, with a tissue half-life of less than 
1 day. 
to allow for differences in lipid content, the bioconcentration 
factor for acenaphthene and the edible portions of all freshwater 
and estuarine aquatic organisms consumed by Americans is e s t i - '  
mated to be 242. Reports of accnaphthene in foods is limited. 
One study reports levels of 3.2 pg/kg (the detection limit) 
or greater in the tissues of shcllfish of an unspecified species 
and location. 

The steady state bioconcentration factor for acenaphthene 

By using the bluegill data and an adjustment factor 

A study summarizing the toxicity of a variety of compounds 
to wild and domestic bird species indicates that the Lb 
acenaphthene for the redwinged blackbird is greater tha8'lOO mg/kg. 

of 
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Furthermore, the atudy reports that acenaphthene did not sig- 7293 nificantly deter feeding by the blackbird even when it was pres- . ~ _ _  
cnt in food at relatively high concentrations. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are inadequate &ar estaY is..ing fina 
criteria. EPA did report the lowest valves known to cause 
toxicity in aquatic organisms. 

Freshwater 

Acute toxicity: 1,700 pg/liter 
Chronic toxicity: No available data 

Saltwater 

Acute toxicity: 970 pg/liter 
Chronic toxicity: 710 pg/liter 

Human Health 

The available data are inadequate for 8stablishing a human 
health criterion. 

Organoleptic criterion: 20 pg/litcr 
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ACENAPHTHYLENE 

4 -  

Summary 

(PAHs) and is produced from both anthropogenic and natural 
sources. 
lysis in water and biodegradation in soil are the most likely 
fat.e.processes. No information is available on the carcinoge- 
nicity, reproductive toxicity, or general toxicity of acenaph- 
thylene. However, it exhibited weak mutagenic activity in 
a microbial test system, and like other PAHs, it probably is 
a skin irritant. 

Acenaphthylene is one of the polycyclic aromatic compounds 

It is moderately persistent in the environment; photo- 

- 
c 

CAS Number8 208-9608 

Chemical Formula: Cl2H8 

IUPAC Name: Acenaphthylene 

Chemical and Physical Properties 

Molecular Weight: 152.21 

Boiling Point: 265 to 275.C 

Melting Point: 92.C 

Specific Gravity: 0.8988 at l6OC 

Solubility in Water: 3.93 mg/liter at 25OC 

Solubility in Organics: Soluble ’ in alcohol, ether, and benzene 

Log Octanol/Water Partition Coefficient: 4.07 (calculated value) 

Vapor Pressure: loo3 to 10” mm Hg at 2OoC (estimate based 
on data for structurally similar compounds) . 

Transport and Fate 

data for polycyclic aromatic hydrocarbons (PAHs) in general, 
because specific information for acenaphthylene is lacking. 
Rapid, direct photolysis of acenaphthylene to quinones may be 
an important process in surface waters. 
too slow to be a significant environmental process. However, 

Environmental transport and fate is largely inferred from 

Oxidation i s  probably 
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7283 data for some PAHs suggest that oxidation by chlorine or ozone 
may be a significant fate process when these oxi+:-.ts are a v a n r  
able in sufficient quantities. VOlatilfZatiOn tt  ?lay a role 
in acenaphthylene transport depending on mixing 
the water column and air column. Por acenaphthyAene, it is 
probable that adsorption generally is the most important aquatic 
bransport process. 
partition coefficient and of the behavior of other PAHs indicate 
that acenaphthylene can be strongly adsorbed onto suspended 
and sedimentary particulate matter, especially particulates 
higb-'in organic content. 
be readily transported as adsorbed matter or suspended particu- 
lates in air or water. 

3tes in both 

Consideration of its log octanol/water 

It is likely that this compound can 

Based on information concerning related compounds, it i s  
likely that bioaccumulation of acenaphthylene is short term, 
especially for vertebrates. 
lated, they also are rapidly metabolized and excreted, and 
consequently bfoaccumulatfon is not considered an important 
fate process. PARS can be metabolized by multicellular organisms 
and degraded by microbes. Degradation by mammals is likely to 
be incomplete, with parent compound and the metabolites being 
excreted by the urinary system. Biodegradation by microorgan- 
isms is probably the ultimate fate process for acenaphthylene. 
Biodegradation generally appear8 to be more efficient in soil 
than in aquatic systems. However, experimental data indicate 
that biodegradation may be more important in tbose aquatic 
systems that are chronically affected by PARI contamination. 

can be returned to aquatic and terrestrial systems by wet and 
dry deposition. Some PAHs can enter surface and groundwater8 
by leaching from polluted SOi18e 

Although PAHs are rapidly accumu- 

Atmospheric transport of PARS can occur, and these materials 

Health Effecta 

There are no epidemiological or case studies suggesting 
that acenaphthylene is carcinogenic in humans. There are no 
reports of carcinogenic, teratogenic, or reproductive effects 
in experimental animals. Acenaphthylene i8 reported to have 
weak mutagenic activity in a salmonella typhimurium test system 
(Kadcn et al. 1979). 

No information Concerning acute or chronic toxicity is 
available. Like many other P A H ~ ,  acenaphthylene may be a skin 
irritant, but little rpecific information i8 available. 
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Toxicity to Wildlife and Domestic Animals 

Adequate data for characterization of toxicity to domestic 
animals and wildlife are not avai,lable. The weighted average 
bioconcentration factor for the edible portion of all freshwater 
and estuarine aquatic organisms consumed by Americans is 119. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

The available data are inadequate for determining the 
cancer risk for acenaphthylene specifically. Estimates 
of the carcinogenic risks associated with lifetime exposure 
to various concentrations of carcinogenic PAFis in water 
are: 

Risk - Concentration 

28 ng/liter 
2.8 ng/liter 
0.28 ng/liter 
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ACETIC ACID 

Summary 

Acetic acid is a relatively weak acid with a pKa of 4.7. 
It is soluble in water. Acetic acid irritates the skin, eyes? 
and mucous membranes? and it may have adverse reproductive 
effects at high dose levels. Acetic acid vapors are known 
to form explosive mixtures and toxic fumes when combined with 
air. 

CAS Number: 64-19-17 

Chemical Formula: CH3COOX 

IUPAC Name: Acetic acid 

Important Synonyms and Trade Names: Glacial acetic acid, vinegar 
acid, ethylic acid, ethanoic 
acid, and methanecarboxylic 
acid 

Chemical and Physical Properties 

Molecular Weight: 60.05 

Boiling Point: 118OC 

Melting Point: 16.6OC 

Specific Gravity: 1.05 at 20OC 

Solubility in Water: Very soluble 

Splubility in Organics: goluble in alcohol, acetone? benzene? 
glycerin, ether, and carbon tetrachloride 

Vapor Pressure: 

Vapor Density: 2.07 

11.4 mm Hg at 2OoC 

Plash Point: 40% (closed cup) 

Transport and Pate 

Of acetic acid. 
basad on chemical and physical. properties. 

lo information was available on the transport ani'fate 
However, nome generalizations can be made 

Acetic w i d  is  
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'1283 extremely soluble in water and therefore . probably transported 
in surface and groundwater. Only a small ;mount is likely to 
volatilize from natural surface water owing to its high solubil- 
ity' in water. 

Health Effects 

Acetic acid is not considered to be a carcinogen. Mutagenic 
effects were observed in an assay using the microorganism Escher- 
ichia coli. Sex chromosome 108s and nondisjunction were reported 
in Drosophila melanogaster. Oral administration of 700 mg/kg 
to pregnant females produced behavioral effects in newborn 
rats. 

Acute toxicity depends on the chemical form; the free 
acid is more toxic than the salt. Irritant effects on the 
human gastrointestinal tract were seen at concentrations as 
low as 1,470 pg/kg after oral administration. Inhalatign pro- 
duced irritant effects at an exposure level of 100 mg/m admin- 
istered for 1 hour, whilejsevere toxic effects were associated 
with exposure to 500 mg/m for the same period. The irritation 
caused by acetic acid usually affects the r k h ,  eyes, mucous 
membranes, or the exposed teeth. Irritant effects on humans 
and animals do not appear to be cumulative. The LD in the 
rat given neutralized acetic acid orally was 3,310 &kg, while 
the LD value in mice following intravenous administration 
was d O m g / k g  . 
at peak concentrations) for 7 to 12 years, experienced short- 
term loss of sensitivity, conjunctivitis, bronchitis, pharyngitis, 
and erosion of exposed teeth. 
between 0.01Q and 0.259 (approximately 10-160 mg/kg) had no 
toxic effects when administered to rats over a 2- to &month 
period. When concentrations of O.SI, corresponding to daily 
doses of about 330 mg/kg, were administered, an immediate and 
progressive decrease in food consumption and growth was observed. 

Five workers exposed to high concentrations (196-490 mg/m3 

Ingestion of concentrations 

Acetic acid vapors are known to form explosive mixtures 
and toxic fumes when combined with air. 

Toxicity to Wildlife and Domestic Animals 

Only limited information on the toxicity of acetic acid 
to aquatic organisms is available. Acute exposure of bluegills 
and goldfish resulted in a 96-hour EC of 75 mglliter and 
100 mg/liter, rerpectively. The LC '!Or 8hrimp ranged from 
100 to 330 mg/liter when they were & o s e d  for a U-hout period 
in aerated water. The perturbation level in the protozoa Worti- 
Cella campanula) wa8 12 rg/liter. In bacteria (Pseudomonas 
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putida), cell multiplication was inhibited at 2,850 mg/liter, 
while 90 mg/liter inhibited multiplication for the algae (Micro- 
cystis aeruginosa). 

NO information on the toxicity of acetic acid to terrestrial 
wildlife or domestic animals was found in the literature reviewed. 

Regulations and Standards 

OSHA Standard: 25 mg/m3 TWA 

ACGIH Threshold Limit Values: 25 mg/m; TWA 
37 mg/m STEL 
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ACETONE - ‘5283 
summary 

Acetone is a.commonly used solvent, which probably is 
not very persistent in the environment. It is considered to 
have rather low toxicity, and no chronic health hazards have 
been associated with exposure to it. Acetone is not very toxic 
to aquatic organisms. 

CAS Number: 67-64-1 

Chemical Formula: CI13-CO-CH3 

IUPAC Name: Propanone 

Important Synonyms and Trade Names: Dimethyl ketone, 2-propanone 

Chemical and Physical Properties 

Molecular Weight: 58.08 

Boiling Point: 56.2OC 

Melting Point: -95OC 

Specific Gravity: 0.7899 at 2OoC 

Splubility in Water: miscible 

Solubility in Organics: Spluble in alcohol, ether, benzene, 
and chloroform 

~ o g  Octanol/Water Partition Coefficient: -0.24 

Vapor Pressure: 190 mm Eg at 2OoC 

Vapor Density: 2.00 

Flash Point: -16.C (closed cup) . 

Transport and Fate 

Very limited information on the transport and fate of 
acetone was found in the literature reviewed. Ewevegm, ketones 
in general are probably not very persistent. 
high vapor pressure and therefore would be expected to volatilize 
readily, but because of its high water rolubility, volatilization 
is probably limited. Once in the atmosphere, it i s  apparently 

Acetone has a 
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oxidized. 
and therefore is probably not readily adsorbed. Biodegradation 
is probably important in determining the fate of acetone in the 
environment because of its aliphatic nature. Evidence of this 
is provided by the biological oxygen demand value, which was 
72% of the theoretical value after 20 days at 20.C. 

Acetone has a low octanol/water partition Coefficient 

Realth Effects 

but gave negative results in a skin painting test and was not 
mutagenic in the Ames assay. NO studies on animals for tera- 
togenicity or reproductive toxicity have been done, but acetone 
was negative in a chicken egg injection study for teratogenicity. 

Acetone has not been tested in a carcinogenicity bioassay 

Acetone is generally regarded as having low toxicity and 
therefore has not been extensively studied. Prolonged inhalation 
of high concentrations may prodace irritation of the respiratory 
tract, coughing, headache, drowsiness, incoordination, and in 
severe cases, coma. 

In animal studies, rats consuming doses of 18 mg/kg/day 
for 4 months showed reduced food consumption and growth. 3n behavioral studies, rats exposed to 6,000 ppm (14,200 mg/m ) 
acetone for 4 hours/day, S days/week for 2 weeks showed modified 
avoidance and escape behavior after one exposure, but ng changes 
after subsequent exposures. At 16,000 ppm (37,800 mg/m ) ,  
altered responses were noted throughout the 2-week exposure 
period. No chronic health hazards have been associated with 
exposure to acetone. 

Toxicity to Wildlife and Domestic Animals 

The toxicity of acetone to aquatic organisms is low. 
The LC value for 8unfish was reported to be 14.2 g/littr, 
and thq threshold concentration for immobilization of Da hnia 

No information on the toxicity of acetone to terrestrial 
wildlife or domestic animals was found in the literature reviewed. 

magna was reported to be over 9 g/liter (McKec and Wol *. 

Regulations and Standards 

RIOSB Recommended Standard (air): 

ACGIE Threrhold Limit Values: 

250 ppm (593 mg/m3) 'IWA 

750 ppm (1,780 ~ ~ / I ~ ~ ) ~ T I Q A  
1,000 pm (2,37S rg/m ) STEL 
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ACROLEIN 

J Summary 728 3 
Acrolein is an a ldehyde  t h a t  h a s  been used as as a q u a t i c  

Acrolein 
herbicide.  I t  is hydra t ed  and t h e n  b iodegraded  i n  water and 
probably  is  not ve ry  p e r s i s t e n t  i n  t h e  environment .  
is  mutagenic  and may have t o x i c  r e p r o d u c t i v e  e f f e c t s .  I t  is 
a power fu l  i r r i t a n t  and can cause permanent l ung  damage when 
inha led .  

CAS Number: 107-02-8 

Chemical Formula: CEzCHCHO 

IUPAC Name: 2-Propenal 

Important Synonyms and Trade  Names: A c r y l i c  a ldehyde;  a l l y l a l -  
dehyde , 2-propen-1-one , 
prop-2-en-l-al, a c r y l a l d e h y d e  

Chemical and P h y s i c a l  P r o p e r t i e s  

Molecular Weight: 56.1 

B o i l i n g  Po in t :  S2.S°C 

Mel t ing  P o i n t :  -86.9OC 

s p e c i f i c  Grav i ty :  0.8410 a t  2OoC 

S p l u b i l i t y  i n  Water: 200 g l l i t e r  

S p l u b i l i t y  i n  Organics:  S p l u b l e  in e t h a n o l ,  e t h e r ,  and a c e t o n e  

Log Octanol/Water P a r t i t i o n  C o e f f i c i e n t :  -0.090 

Vapor P r e s s u r e :  220 nun Hg a t  20% 

Vapor Dens i ty :  1.94 

F l a s h  P o i n t :  -26.1% 
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Transport and Fate 

degradation, is probably the most important aquatic fate for 
acrolein. The half-life for these processes is reported to 
be less than 4 days. Although volatilization can occur, its 
relative importance as an environmental process is not known. 
NO information on the photolysis of acrolein in aquatic systems 
is available, but this process may proceed slowly in the atmos- 
phere. Some oxidation of acrolein may occur in aquatic systems 
and ifi'the atmosphere. 
and the low log octanol/partition coefficient of acrolein make 
sorption and bioaccumulation unlikely environmental processes. 

Hydration to beta-hydroxypropionaldehyde, followed by bio- 

The relatively high water solubility 

Health Effects 

There is no unequivocal evidence to suggest that acrolein 
is carcinogenic in humans or experimental animals. There are 
no reports of terat-genicity, but intravenous administration 
during gestation is zeported to increase postimplantation mor- 
tality. Acrolein also produces mutagenic effects in a variety 
of test systems. 

inhalation exposure. Acrolein is a powerful lachrymogen, and 
it is irritating to the eyes and to the mucous membranes of 
the respiratory tract. Irritant effects are observed in indi- 

* viduals exposed to 2.5 mg/m or less. Higher concentrations 
can causg persistent lung damage.. Exposure to approximately 
350 mg/m is reported to be fatal in humans within 10 minutes. 

tract are the most commonly observed effects in experimental 
animals exposed to acrolein by inhalation. This compound also 
is reported to produce severe 8 k h  irritasion. -The inhalation 
and oral LDSO values in rats are 300 mg/m 
pectively. 

Most reports of acrolein toxicity are associated with 

Lacrimation and irritation of the eyes and respiratory 

and 46 mg/kg, res- 

Toxicity to Wildlife and Domestic Animals 

Available information indicates that acute and chronic 
toxicity to freshwater aquatic life occurs at concentrations 
as low as 68 and 21 pg/liter, respectively. Acute toxicity 
to saltwater aquatic life is reported to occur at concentra- 
tions as low as 55 pg/liter. Toxicity would occur at lower 
concentrations among species more sensitive than those tested. 

Acrolein 
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Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Criterion: 320 pg/liter 

OSHA S-tandard: 0.25 mg/m3 

ACGIH Threshold Limit Values: 0.25 mg/m3 TWA 
0.8 mg/m3 STEL 
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ACRYLONITRILE 

Summary 

Acrylonitrile is an important chemical intermediate used 
in the plastics industry. It is fairly soluble in water and 
id also quite volatile. Photooxidation in the atmosphere and 
biodegradation are probably important fates in the environment. 
IARC. has classified acrylonitrile as a suspected human carcinogen. 
It causes lung tumors in humans and animals exposed by inhalation 
and kumors at'other sites in experimental animals exposed orally. 
Acrylonitrile is mutagenic and teratogenic, and it can damage 
the central nervous system, liver and kidneys. 

CAS Number: 107-13-1 

Chemical Formula: CHZCACN 

IUPAC Name: 2-Propenenitrile 

Important Synonps and Trade names: Vinyl cyanide, cyanoethylene, 
properenitrile 

Chemical and Physical Properties 

Molecular Weight: 53.06 

Boiling Point: 77.5 to 77.9OC 

Melting Point: -83.55OC 

Specific Gravity: 0.8060 at 20°C 

Solubility in Water: 73,500 mglliter at 2OoC 

Solubility in Organics: Soluble in alcohol, ether, acetone, and 

Log OctanolFOater Partition Coefficient: -0.14 

benzene . 

Vapor Pressure: 80 nm Rg at 20.C 

Vapor Density: 1.83 

Plash Point: 0.C 
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Transport and Fate ,7283 
Direct ptrotolysis Of acrylonitrile in aquatic environments 

is unlikely. However, it may react with some naturally occurring 
aromatic rings in the presence of photosensitizing plant pigments 
or industrially produced dyes. 
highly polluted surface waters or at a waste site. 
tion is a major environmental transport process for acrylonitrile. 
Acrylonitrile can be volatilized from aquatic and terrestrial 
systemis, and transported in the atmasphere as a vapor or adsorbed 
to particulates. Although acrylonitile can return to aquatic 
and terrestrial systems in precipitation, photooxidation in the 
troposphere is a significant environmental fate process. 
lysis and sorption probably are not important fate processes 
under natural conditions. 

Such conditions might occur in 
Volatiliza- 

Hydro- 

Bioaccumulation of acrylonitrile is not expected to be 
a significant process, but the cyanoethylation of proteins 
in aquatic biota may occur. 
sewage sludge, but there may be an insufficient population of 
microorganisms in the water column and insufficient contact 
time for biodegradation to be effective in aurface waters. 
In terrestrial mammals, acrylonitrile can be metabolized to 
thiocyanate' and eliminated in the urine. Conaidarable species 
and organ differences in mammalsg ability to detoxify acry- 
lonitrile have been observed. 

Acrylonitrile is biodegraded by 

Health Effects 

The International Agency for Research on Cancer (IARC) 
classifies acrylonitrile as a suspected human carcinogen. 
Epidemiologic studies of persons occupationally exposed to 
this compound revealed an excess of cancer at a number of rite& 
but particularly in the lung. In a two-year study with acrylo- 
nitrile incorporated in the drinking water of ratr, increased 
incidences of subcutaneous tumors in the mammary region, Zymbal 
gland carcinomas, central nervous system astrocytomas, and 
squamous cell papillomas of the forestomach were observed in 
animals receiving doses as low as 35 ppm (approximately 8.75 
mg/kg/Uay). Acrylonitrile also appear8 to be carcinogenic 
in experimental animals exposed by inhalation# it produces 
lung tumors in these animals. Acrylonitrile f a  mutagenic in 
a variety of test systems. It also produces maternal toxicity 
and teratogenicity'in rats after oral or inhalation exposure8 
and in hamrtera after intraperitoneal administration. 

and gastrointestinal tractu8 and through the intact akin. 
Several studies report toxic effects of acrylonitrile due to 
occupational and accidental exposures. These rerults must 
be interpreted with caution, however, because the exposures 

. 
Acrylonitrile is readily absorbed from the respiratory 
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are often to a combination of substances. Some of the subjective 
complaints reported are headache, fatigue, vertigo, nausea, 
weakness, and insomnia. The clinical symptoms observed include 
anemia, jaundice, conjunctivitis, mild liver injury, abnormal 
blood and urine values, and functional disorders of the cardiovas- 
cular, hemopoietic, and central nervous systems. Contact aller- 
gic dermatitis, toxic epidermal necrosis, disturbed immunological 
reactivity, and sensftfzation have also been seen. Impaired 
pulmonary function and mortality have been reported in cases 
of acute exposure to very high concentrations of acrylonitrile. 

Acrylonitrile, administered by various routes, can cause 
edema in the body organs of mice, rats, and guinea pigs8 as 
well as damage to the central nervous system, liver, and kidneys. 
An oral LD of 82 mg kg i s  reported for rats. Rats and rabbits 

exhibited changes in peripheral blood patterns; functional 
disorders in the respiratory, cardiovascular, and renal systems; 
and neuronal lesions in the central nervous system. 
the same changes were observed at concentrations of 50 mg/m 
(23 ppm). 
for 4 hours is reported for rats. 

that i n h a d  250 mg/m i (114 ppm) of acrylonitrile for 6 months 

Some 05 
An inhalation LCLo of 500 ppa (approximately 1,100 mg/m3) 

Toxicity to Wildlife and Domestic Animals 

water invertebrata Daphnia magna. Among freshwater fish, 96-hour 
LC values are 11,800 pg/liter for the bluegill, 18,100 pg/liter 
fo9'the fathead minnow, and 33,500 pg/liter for the guppy. 
A 30-day LC value of 2,600 pg/liter is reported for the fathead 
minnow. 
has a definite chronic or cumulative effect and that adverse 
effects can be expected to occur at concentrations below 2,600 pg/ 
liter in fish exposed for more than 30 days. 

A 48-hour EC of 7,550 pg/iiter is reported for the fresh- 

Das8 obtained during this study suggest that acrylonitrile 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Estimates of the carcinogenic risk8 a88oCiated with lifetime 
exposure to various concentrations of acrylonitrtle in 
water are: 

088040 
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Risk - Concentration l a83  
0.58 &liter 
0.058 pg/liter 

;;-7 0.006 pg/liter 

- 5  
10-6 

CAG Unit Risk (USEPA): 

NIOSH Recommended Standard: 

0.24 (mg/kg/day)-l 

4 ppm Ceiling Level 

OSHA Standard: 2 ppm TWA (cancer hazard) 
16 ppm (15-min Ceiling Level) 
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ALDRIN/DIELDRIN 

summary 

Aldrin degrades to dieldrin, which is very persistent 
in the environment. Both pesticides are carcinogenic in rats 
and mice and are teratogenic and reproductive toxicants. Aldrin 
and dieldrin cause liver toxicity and central nervous system 
abnormalities following chronic exposure. Both are also acutely 
toxic,,with oral LD values of about 50 mg/kg. Both pesticides 
are ve'ry toxic to aafiatic organisms and have been associated 
with large-scale kills of terrestrial wildlife in treated areas. 

Background Information 

tained from aldrin under normal environmental conditions and 
by metabolism in animals. 

Dieldrin is the 6,7-epoxide of aldrin and i s  readily ob- 

CAS. Number:. Aldrin: 309-00-2 
Dieldrin: 60-57-1 

Chemical Formula: Aldrin: C H C1 
Dieldrin: 18,#86160 

IUPAC Name: Aldrin: 1,2,3,4,10,10-hexachloro-l,4, la, 5,8,8a- 
hexahydro-l,4:5,8-exo-dimethanonaphthalene 

Dieldrin: 1,2,3,4,10,10-hexachloro-6,7-epoxy- 
1,4,4a,5,6,7,8,8a-octahydr~endo,exo-1,4:5,8-di 
methanonaphthalene 

Chemical and Physical Properties 

Molecular Weight: Aldrin: 365 
Dieldrin: 381 

Melting Points Aldrint 104% 
Dieldr tn: 176% 
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Solubility in Water: Aldrin: 20 pg/liter at 25OC 

Splubility in Organics: 

Dieldrin: 200 pg/liter at 25.C 

Spluble in most organic solvents 

~ o g  Octanol/Water Partition Coefficient: No data found; probably 
greater than 5 for 
both chemicals 

Vapor'Pressure: Aldrin: 2.31 x lo-' mm Hg at 20.C . Dieldrin: 2.8 x loo6 mmn Hg at 2OoC 

Transport and Fate 

Aldrin evaporates rapidly from aquatic environments and 
also probably from soil, Photolysis probably occurs in the 
atmosphere after volatilization. Adsorption, especially by 
organic materials, is also an important fate process for this 
chemical, 
a factor of 10 to 10 . Biotransformation by aquatic organisms 
and biodegradation are also important fate processes, 

Aldjin is Pioconcentrated by aquatic organisms by 

The primary product of aldrin degradation is its epoxide, 
dieldrin, 
of photoaldrin, photodieldrin, and a polymerization product, 
Dieldrin is considered to be at least as toxic as aldrin and 
is quite persistent in the environment. Therefore, transfor- 
mation of aldrin represents only a change of state and not 
detoxification of the chemical, 

hydrocarbons. Volatilization and possibly subsequent photolysis 
to photodieldrin are important transport and fate processes from 
surface water and probably from soil. 
especially organic materials, and bioaccumulation are also 
important in removing dieldrin fran water. Biotransformation 
and biodegradation of dieldrin occur very slowly but may be 
the final fate processes in sediment, 

Photolysis of aldrin also produces small amounts 

Dieldrin is one of the most persistent of the chlorinated 

Adsorption to sediments, 

Health Effects 

in a variety of tumors in rats at low but not at high doses 
and producing a higher incidence of liver tumors in mice. 
The reason for this reversed dose-response relationshi 
unclear, 
number of rystem8, Aldrin and dieldrin are both toxic to the 
reproductive system and teratogenic, 
include decreased fertility, increased fetal death, and effects 
on gestationt while teratogenic effects include cleft palate, 

Both aldrin and dieldrin are carcinogens, causing increases 

is 

Reproductive effects 

Neither appears to be mutagenic when tested P n a 
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webbed foot, and skeletal anomalies. Chronic effects attributed 
to aldrin and dieldrin include liver toxicity and central nervous 
system abnormalities. Both chemicals are acutely toxic; the 
oral LD 
100 mg/58. 

iS around 50 mg/kg, and the dermal LDSO is about 

Toxicity to Wildlife and Domestic Animals 

Aldrin and dieldrin are both acutely toxic to freshwater 
species at low concentrations. Tests in fish showed that the 
two chemicals had similar toxicities, with LC values ranging 
from 1 to 46 pg/liter for different species. 'Pinal acute values 
for freshwater species were determined to be 2.5 pg/liter for 
dieldrin and 3.0 pg/liter for aldrin, Saltwater species were 
also quite sensitive to aldrin and dieldrin. The range of LC 
values was similar to that for freshwater species: 
liter for aldrin and 1 to 34 pg/liter for dieldrin. The salt- 
water Final Acute Values were 1.3 pg/liter for aldrin and 0.71 pg/ 
liter for dieldrin. 

2 to 100 ad /  

Chronic studies have been conducted on the effects of 
dieldrin on freshwater and saltwater species. For freshwater 
organisms, chronic values as low as 0.2 pg/liter were obtained. 
The Final Acute Chronic Ratio was determined to be 8.5, and the 
calculated Freshwater Final Chronic Value was 0.29 )rg/liter. 
Only one chronic study was done on saltwater species. Therefore, 
the saltwater Final Chronic Value of 0.084 vg/liter was deter- 
mined by dividing the Final Acute Value by the acute-chronic 
ratio. No chronic studiesawere performed on aldrin, but because 
its acute toxicity is comparable to that of dieldrin and because 
it is readily converted to dieldrin in animals and in the environ- 
ment, it probably has similar chronic toxicity. 

Both pesticides, and especially dieldrin, have been associ- 
ated with large-scale bird and mammal kills in treated areas. 
Experimental feeding studies have shown that the chemicals 
are quite toxic to terrestrial wildlife and domestic animals 
at low levels. 

Requlations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

Freshwater 

Acute toxicity: Aldrin: 3.0 pg/liter 
Dieldrins 2.5 pg/lftcr 
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Chronic toxicity: Aldrin: No available data, p- 
Dieldrin: 0.0019 pg/liter 

Saltwater 

Acute toxicity: Aldrin: 1.3 pg/liter 
Dieldrin: 0.71 pglliter 

Chronic toxicity: Aldrin: No available data 
Dieldrin: 0.0019 pg/liter 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations in water are: 

Aldrin Dieldrin 
Concentration Concentration 

0.74 ng/liter 0.71 nglliter 
0.074 ng/liter 0.071 nglliter 
0.0074 ng/liter 0.0071 ng/liter 

CAG Unite Risk (USEPA) : Aldrin: 11.4 (mg/kg/day)" 
Dieldrin: 30.4 (rng/kg/day)-' 

ACGIR Threshold Limit Value:' 0.25 mg/m3 3 TWA 

0.75 mg/m STEL 

OSHA Standard (air):' 250 pg/m3 TWA 
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ALKANES 

7283 
Summary 

The high molecular weight alkanes (C and greater) are 
major constituents of petroleum. Their tfansport and fate in 
the environment and their toxicity depend on both their chain 
length and branching. In general, the high molecular weight 
alkanes are rather persistent in the natural environment and 
biodegradation is probably an important fate process. These 
long chain alkanes generally are not wery toxic, but they are 
irritants and several may be neurotoxic. 
1 0 0  mg/liter of pentane, hexane, or heptane were not toxic to 
young coho salmon, but they did cause irritation. 

Concentrations of 

CAS Number: 

Chemical Formula: CnH2n+2 

Chemical and Physical Properties 

Molecular Weight: 

Boiling Point: 

Melting Point: 

14 x number of carbons + 2 
Increases with increasing molecular weight 

Variable, depending on whether there is an 
even or an odd number of carbons and on branching 
(-91 to 2 O O C )  

Increases with increasing molecular weight 
(0.7 to 0.8 at 2OOC) 

Specific Gravity: 

Solubility in Water: Essentially insoluble in water; solubility 
decreases with increasing molecular weight 

Splubility in Organics: Soluble in benzene, carbon tetrachloride, 
chloroform, and other alkanes 

Log Octanol/Water Partition Coefficient: Approximately 0.5 . 
multiplied by the nudber 
of carbons in the 
range of C to C 
and increasing m&Pe 
slowly thereafter (calculated 

Vapor Pre8sure: Decreases with increadng molecular weight 
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Transport and Fate 

Only limited information on the transport and fate of 
alkanes with high molecular weiqhts (i.e., C and greater) 
was found in the literature reviewed. 
estimates of likely transport and fate processes can be deter- 
mined from information on 6horter chain alkanes, the chemical 
and physical properties of the specific compounds, 8nd some 
limited data on biodegradation. 

Howevar, aome 

Alkanes are relatively nonreactive compounds and therefore 
are probably rather persistent in the environment. 
tends to increase stability bo that the alkane degrades even 
more slowly. The alkanes with the higher molecular weights 
have low vapor pressures and probably are not very volatile. 
However, their low solubility in aqueous media and consequent 
high level of activity may make them at least somewhat volatile. 
Once in the atmosphere, and in the presence of NO , slow photo- 
oxidation to alkanones will occur. 
six carbons have fairly high log octanol/water partition coeffi- 
cients and probably bind readily to organic materials in soil 
and sediment.' They are unlikely to be very motile in the en- 
vironment, The principal fate of alkanes in aquatic and ter- 
restrial environments is probably biodegradation by roil and 
aguatic microorganisms (Haines and Alexander 1974). These 
microorganisms can convert the alkanes to long-chain carboxylic 
acids such as oleic acid (Merdinger and Merdinger 1970). 

Branching 

Alkanes with aore than 

Health Effects 

NO information was found suggesting that the alkanes are 
likely to be carcinogenic or mutagenic, or to cause reproductive 
toxicity. 
chronically exposed workers and has induced peripheral nerve 
damage in animal studies. However, there is no evidence that 
longer chain or branched alkanes have this same effect. In 
tests examining suppression of the action potential in nerve 
cells, longer chain alkanes were progressively less active 
than shorter chain alkanes (Baydon et al. 1977). In LD 
studies on 13 c to c alkane6 injected into mice, JepbQQon 
(1975) noted that toxizity was generally positively correlated 
with the number of carbons up to C 
toxicity urually declined, 
with the effect becoming more severe as the number of carbons 
increaser, at least up to Cg (the heaviest alkane tested). 

n-Hexane has been associated with polyneuropathy in 

(n-octane), after which 
The alRancs are also irritants, 

Toxicity to Wildlife and Domestic Animals 

Morrow (1974) reported that pentane, hexane, and heptane 
at levels of 100 ng/liter in aerated reawater were not lethal 
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to young Coho salmon but did cause irritation. No deaths 
in mosquito fish exposed for 96 hours to n-heptane at a nominal 
concentration of 5,600 rng/liter in aerated, turbid water. 
(The actual concentration of alkane in these experiments may 
have been lower because of their insolubility, binding to particu- 
l a t e ~ ~  and volatilization). A 24-hour LD Value of 4 mg/liter 
was reported for goJdfish exposed to citha! n-hexane or n-heptane. 
No other information on the toxicity of alkanes to wildlife 
or domestic animals was found in the literature reviewed. 

Regulations and Standards 

NIOSH Recommended Standard: 360 mg/m3 TWA 

OSHA Standard: 

ACGIH Threshold Limit Values: 

1,450 mg/m3 TWA (octane) 

1,450 mg/mi TWA (octane) 
1,800 mg/m STEL (octane) 
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ALKYL BENZENES 
1 2 8 3  

Summary 

aromatic ring with one or more aliphatic chains attached. 
They are not very persistent in the environment. 
are not very toxic, but at high doses they are irritants and 
can cause central nervous system anomalies. They are generally 
toxic to fish at concentrations greater than 4 mg/liter. 

Alkyl benzenes. are a class of compounds that have a single 

Alkyl benzenes 

Introduction 

Several individual alkyl benzenes, specifically toluene, 
xylene, and ethylbenzene, are discussed in separate profiles. 
Because the information on other alkyl benzenes is rather limited 
and these compounds are likely to behave rather similarly, 
they are considered together in a general profile. Information 
on specific chemicals is provided in the attached table. 

Chemical Formula: C6HX(CR), 

Chemical and Physical Properties 

Boiling Point: Directly related to number of carbons--100-190°C 

Melting Point: Variable,' generally around 2S°C 

Specific Gravity: Approximately 0.9 at 2OoC 

Solubility in Water: Inversely related to number of carbons: 
C8--approximately 160 mg/lfter 
CP--approximately 70 mg/liter 
Clo--approximately 15 mg/liter 

Solubility in Organics: Soluble in acetone, benzene, and ether 

Log Octanolfiater Partition Coefficient: Directly related 
to number of carbons. 
Cg-approximately 3 
C9--approximately 3.6 
CIO--approximately 4.2 

Vapor Pressure: Inversely related to number of carbons. 
C8--approrinately 8 nun Hg 

Clo--approximately 1 mm Hg 
Cg--approximately 3 lam Rg -. 
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Transport and Fate 

both the roil and surface water. Once in the air, they are 
attacked by hydroxyl radicals to form aldehydes, hydrooxalkyl- 
benzenes, and nitroalkylbenzenes; they are also oxidized, and 
the chief product is peroxyacetylnitrate (PAN). The alkyl 
benzenes have log octanol/water partition coefficients of 3 
to I and therefore are probably adsorbed by organics in soil 
and sediments. 
microorganisms. 
in the environment. 

Alkyl benzenes will volatilize into the atmosphere from 

They are also biodegraded by soil and aquatic 
Alkyl benzenes probably are not very persistent 

Health Effects 

The information on the potential health effects associated 
with exposure to the alkyl benzenes with 9 or more carbons 
is extremely limited. No data were available on the carcino- 
genicity of the alkyl benzenes. The results of mutagenicity 
assays on both ethylbenzene and xylene were negative. Ethyl- 
benzene and xylene, and presumably the larger alkyl benzenes, 
are not teratogenic, but they do retard growth somewhat. The 
primary effects associated with exposure to the alkyl benzenes 
are narcosis, central nervous system anomalies, and irritation, 
particularly of the mucous membranes. Oral LD values in the 
rat for the larger alkyl benzenes are: 
isopropyl benzene--1,400 mg/kg; trimethylbenzene--5,000 mg/kg; 
diethylbenzene--S,OOO mg/kg; and tetramethylbenzene--6,000 mg/kg. 

ethyldPuene--5,000 mg/kg; 

Toxicity to Wildlife and Domestic Animals 

Very limited information was available on the toxicity 
of alkyl benzenes to wildlife, and none was found on their 
toxicity to domestic animals. In fish, 96-hour LCso values 
were generally in the range of 10 to 100 mg/liter. Invertebrate 
species were apparently affected at ~imilar concentrations. 
However, 8ensitioc rpecies were stressed at concentrations 
as low as 4 mg/liter, and young fry were often adversely affected 
at still lower concentrations. These studies were conducted 
on toluene, ethylbenzene, and xylene, and not on the longer 
chain or more 8ub8tituted alkybenzenes. It appears that, in 
general, toxicity increases with increases in the number of 
attached 8lkyl groups and in chain length. However, these 
results did not hold in all 8tudie8. It is possible that de- 
creased rolubility and increaaad adsorption to particles would 
effectively limit the toxicity of larger alkyl benzenes to 
aquatic organisms. 
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Regulations an8 Standards 

OSHA Standard (skin): 245 mg/m3 TWA (isopropyl benzene) 

ACGIH Threshold Limit Values (skin): 

Isopropyl benzene: 245 mg/m: TWA 

Trimethyl benzene: 125 mg/m3 TWA 

365 mg/m STEL 

170 mg/m STEL 

3 

REFERENCES 

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH) . 
1980. Documentation of the Threshold Limit Values. 4th 
ed. Cincinnati, Ohio. 488 pages 

DOULL, J., KLAASSEN, C.D., and AMDUR, M.O.8 ads. 1980. Casarett 
and Doull's Toxicology: 
2nd ed. Macmillan Publishing Coo# New York. 778 pages 

The Basic Science of Poisons. 

LYMAN, W . J O r  REEHL, W.P., and ROSENBLATT, D.R. 1982. Handbook 
of Chemical Property Estimation Methods: 
Behavior of Organic Compounds. McGraw-Rill Book Co., 
New York 

Environmental 

'. 
THE MERCK INDEX. 1976. 9th ed. Windholz, M., ed. Merck 

NATIONAL INSTITUTE FOR OCCUPATIONAL SAE'ETY AND HEALTH (NIOSH). 

and Co., Rahway, New Jersey 

1984. Registry of Toxic Effects of Chemical Substances. 
Data Base. Washington, D.C. October 1984 

NATIONAL RESEARCH COUNCIL (NRC). 1981. The Alkyl Benzenes. 
Committee on Alkyl Benzene Derivatives, Assembly of Life 
Sciences, NRC. National Academy Press, Washington, D.C. 

SAX, I.1. 1975. Dangerous Properties of Industrial Materials. 
4th ed. Van Nostrand Reinhold coo# New York. 1,258 pages 

L 

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water- 
Related Envitonmcntal Pate of 129 Priority Pollutants. 
Washington, D.C. December 1979. EPA 440/4-79-029 

WEAST, R.E., ed. 1981. Handbook of Chemirtry and Physics. 
62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages 

Alkyl benzenes 
Page 3 
October 198 5 



ANTHRACENE r 

Summa r y . -  ?283 
Anthracene is a three-ringed polycyclic aromatic hydrocar- 

bon (PAH). It i s  probably moderately stable in the environment. 
Anthracene causes dermatitis and other skin disorders in humans. 

CAS. Number: 120-12-7 

Chemical Formula: C14H10 

XUPAC Name: Anthracene 

Important Synonyms and Trade Names: Paranaphthalene 

Chemical and Physical Properties 

Molecular Weight: 178.22 

Boiling Point: 340 to 355OC 

Melting Point: 217OC 

Specific Gravity: 1.24 at 27OC 

Splubility in Water: 

S,olubility in Organics: 

Log Octanol/Water Partition Coefficient: 4.45 

Vapor Pressure: 

Vapor Density: 6.15 

0.073 mg/liter at 25OC 

Spluble in acetone and benzene 

1 . 9 5 ~ 1 0 ~ ~  nun Hg at 2OoC 

Transport and Fate 

Huch of the information concerning transport and fate 
is inferred from data for polycyclic aromatic hydrocarbons 
(PAHs) in general, because specif ic information for anthracene 
is lacking. 
may occur in a ueous solution. Oxidation is probably too slow 

The available data 
suggest that volatilization may be a significant transport 

Rapid, direct photolysis of anthracene to quinones 

to be a signif 9 cant environmental process. 

Anthr a c m e  
Page 1 
October 1985 



process under some conditions. 
partition coefficient of 4.45 indicates that anthracene should 
be strongly adsorbed onto particulate matter, especially par- 

compound can be transported as adsorbed matter on suspended 
particulates in air or water. 
cate that anthracene will accumulate in the sediment and biota 
of. the aquatic environment. 
adsorption and subsequent sedimentation are probably slower 
than photolysis and degradation, but may be competitive with 
volatilization. 

a short-term process, and that long-term partitioning into the 
biota is not a significant fate process. Anthracene can be 
metabolized by multicellular organisms and degraded by microbes. 
Degradation by mammals is likely to be incomplete, with parent 
compound and the metabolites being excreted by the urinary 
system. Biodegradation by microorganisms is probably the ulti- 
mate fate process. Biodegradation generally appears to be more 
efficient in soil than in aquatic systems. However, it may be 
more important in those aquatic systems which are chronically 
affected by PAH contamination. Anthracene is stable enough 
in air to be transported over relatively great distances. 

The calculated log octanol/water 

&a 720; ticulates high in organic content. It is likely that this 
&/-- LI 

Data for PAHs, in general, indi- 

Removal rates associated with 

.- 
Data for a variety of PAHs suggest that bioaccumulation is 

Health Effects 

There are no epidemiologic studies available suggesting 
that anthracene is carcinogenic in humans. This compound generally 
is not considered to be carcinogenic in experimental animals 
(IARC 1983). Rowevcr, there, is equivocal evidence suggesting 
weak carcinogenic potential. In rats, tumors were reported 
to develop at the injection site after subcutaneous administration, 
and in the liver after oral administration. Anthracene exhibits 
mutagenic activity in some test systems but not in others. 
There are no reports of teratogenic or reproductive effects 
due to exposure. 

Little information concerning acute and chronic toxic 
effects is available. Specific data concerning exposure to 
anthracene are not available, but workers exposed to materials 
containing this compound may exhibit dermatitis, hyperkeratoses, 
and other skin dirorders. Anthracene produces mild erythema 
and edema after application to the skin of mice. 
peritoneal LDSO of 430 mg/kg 1 8  reported. 

An intra- 

Toxicity to Wildlife and Domestic Anima18 

Adequate data for characterization of toxicity to domestic 
animals and wildlife are not rvailable. A 1-hour 9OQ lethal 
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photodynamic response Concentration of 0.1 pg/liter is reporte 1;* gzS3 

is 478 .  

for the freshwater protozoan Paramecium caudatum. The weighted 
average bioconcentration factor for the edible portion of all 
freshwater and estuarine aquatic organisms consumed by Americans 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

The available data are not adequate for establishing criteria. 
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ANTIMONY 

. ' 1283 
Summary 

Antimony production has been associated with an increase 
An inhalation study using in-lung cancer in exposed workers. 

rats yielded suggestive evidence that antimony trioxide causes 
lung and liver tumors, and several antimony compounds were 
mutagenic when tested.using bacterial test systems. 
worker-s exposed to antimony compounds had an increased incidence 
of gynecological disorders and spontaneous abortions; similar 
effects were observed in an animal study. 
cardiovascular changes in humans and may damage the myocardia. 

Female 

Antimony also causes 

Background Information 

Antimony exists in a variety of chemical formu. It is 
found in any of four valence Btater (-3, 0 ,  +3, or +5). In 
the environment, rtibnite (Sb S ) iu the most common naturally 
occurring form of antimony, altaough it is aluo found as the 
native metal, as antimonides of heavy metals, and as antimony 
oxides. 

CAS Number: 7440-36-0 

Chemical Formula: Sb 

IOPAC Names Antimony 

Chemical and Physical Properties (Metal) 

Atomic Weights 121.75 

Boiling Point: 1750.C 

Melting Point: 630.74°C 

Specific Gravity: 6.684 at 25.C 

Solubility in Watcrr Insoluble; some compounds ate 8oluble 

.. . 

Antimony 
Page 1 
October 198 5 



,Transport and Fate c 

Antimony is present as the soluble oxide or antimonite 

Stibine is a gas at 
(+3) ualt in most natural waters. In reducing environments, 
volatile stibine (SbA3) may be formed. 
room temperature, and it is quite-soluble in water. However, 
i.t is not utable in aerobic waters ot air and is oxidized to 
form Sb 0 . The formation of stibine in bed sediments, which 
usually2p?ovide a reducing environment, may of fer a mechanfsm 
for'remobilization of antimony previously removed from solution. 
Bioaethylation processes resulting in the formation of volatile 
stibine derivatives may also cause some remobilization of anti- 
mony. The extent to which sorption reduces the aqueous transport 
of antimony is unknown, but it is clear that sorption to clays 
and minerals is normally the most important mechanism resulting 
in the removal of antimony from solution. There also is a 
possibility that heavy metals in solution could react with 
antimonite or antimonate (+SI to form insoluble compounds. 
The importance of such processes is unknown, but it is likely 
that most species of antimony in natural waters are soluble 
and quite mobile and are eventually transported in solution 
to the oceans. Bioaccumulation appears to be only a minor 
fate process for antimony. Airborne transport of antimony 
in the form of particulates can also occur. 

Health Effects 

-.. 
in lung cancer among exposed workers, and one inhalation study 
in rats also indicated that*antimony trioxide might produce 
lung and liver tumors. Several studies in bacterial test sys- 
tems report that various antimony compounds, including antimony 
trioxide, antimony trichloride, and antimony pentachloride, 
may be mutagenic. 
Among the effects on reproduction reported for humans are impair- 
ments to the female reproductive system. Female workers exposed 
to metallic antimony dust, antimony trioxide, and antimony 
pentoxide had an increased incidence of gynecological disorders 
and late spontaneous abortions. Antimony was found in the 
breast milk, placental tissue, amniotic fluid, and blood of 
the umbilical cord in exposed workers. Decreased weight gain 
was observed in children born of workers exposed to antimony. 
The same paper reports a study in which intraperitoneal admini- 
atration of antimony produced change8 in rats that support 
the finding8 of human reproductive effects. 

Cardiovascular changes associated with exposure to anti- 
mony represent a serious health effect. 
trivalent or pentavalent antimonial compounds can produce cleCtr0- 
cardiogram (ECG) changes in humans. Histopathological evidence 

Antimony production has been associated with an increase 

Reports of effects on reproduction are limited. 

Exposure to either 
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of cardiac edema, myocardial fibrosis, and other signs of myocar- 
dial structural damage indicates that antimony may produce 
even more severe, possibly permanent myocardial damage in humans. 
Parallel findings of functional changes in ECG patterns and 
of histopathological evidence of myocardial structural damage 
have also been obtained in animal toxicity studies. 
in response to inhalation exposure and dermatitis in response 
to skin exposure have also been observed among individuals 
exposed to antimony or its compounds. 

Pneumoconiosis 

Toxicity to Wildlife and Domestic Animals 

Tests with antimony 'potassium tartrate and antimony tri- 
chloride in Daphnia magna reveal no difference in the toxicity 
of these two compounds. The LC and EC values for Daphnia 
magna and the fathead minnow, bath freshalter species, range 
from 9,000 to 21,900 pg/liter. Chronic values for the fathead 
minnow and Da hnia ma na are 1,600 and 5,400 pg/liter, respectively. 

are 14 and 3.5, respectively. The freshwater alga Selenastrum 
capricornutum is more sensitive than the animal species tested, 
with a 96-hour EC 
of chlorophyll a. 'ON0 detectable bioconcentration of antimony 
by the bluegill-was observed. 
the toxicity of antimony to saltwater species or to other rildlife 
or domestic animals are available. 

Acute-chron f--rs- c rat os for the fathead minnow and Daphnia magna 

of 610 pg/liter for inhibition of the synthesis 

No definitive data concerning 

Regulations and Standards, 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 
However, EPA did report the lowest values known to be toxic 
in aquatic organisms. 

Freshwater 

Acute toxicity: 9,000 pg/.liter 
Chronic toxicity: 1,600 pg/liter 

Saltwater 

Acute toxicity: NO available data 
Chronic toxicity: No available data 

Human Health 
~ 

Criterion: 146 pg/liter 
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728 3 NTOSH Recommended Standard:  0 . 5  rng/m- TWA ~ a n ~ ~ r ~ ~ ~ ~ ~ ~  
and all antimony compounds 
except stibine) 

OSHA Standard: O . S  mg/m3 TUA 

ACGIH Threshold Limit Value: 0.5 ag/m3 TWA (antimony and its 
compounds as Sb) 
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ARSENIC 

Summary 

as a constituent of organic and inorganic compounds; it also 
occurs in a number of. valence states. Arsenic is generally 
rather mobile in the natural environment, with the degree of 
mobility dependent on its chemical form and the properties 
of-t-he surrounding medium. Arsenic is a human carcinogen; 
it eauses skin tumors when it is ingested and lung tumors when 
it is inhaled. Arsenic compounds are teratogenic and have 
adverse reproductive effects in animals. Chronic exposure 
to arsenic is associated with polyneuropathy and skin lesions. 
It is acutely toxic to some early life stages of aquatic organisms 
at levels as low as 40 VgJliter. 

Arsenic is a metal that is present in the environment 

Background Information 

Arsenic can be found in the environment in any of four 
valence states (-3, 0, +3, and +5) depending on the pH, Eh, 
and other factors. It can exist as either inorganic or organic 
compounds and often will change forms as it move8 through the 
various media. 
the state of the metalloid.. Only the properties of metallic 
arsenic have been listed; properties of other arsenic compounds 
are often quite different. 

The chemical and physical properties depend on 

CAS Number : 7440-38-2 

Chemical Pormular As 

IUPAC Name: Arsenic 

Chemical and Physical Properties 

Atomic Weight: 74.91 

Boiling Point: 613.C 

Melting Point: 817.C 

Specific Gravity: S.72 at 20.C 
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Solubility in Water: Insoluble: some salts are soluble 

Transport and Fate 

In the natural environment, arsenic has four different 
oxidation rtates, and chemical speciation is important in deter- 
mining arsenic's distribution and mobility. 
of the +3 and +5 states as well as organic complexation, are 
the-most important. 
en3ironment.. 
important when biological activity or highly reducing conditions 
produce arsine or methylarsenics. 
is an important fate for the chemical. Arsenic is metabolized 
to organic arsenicals by a number of organisms1 this increases 
arsenic's mobility in the environment. Because of its general 
mobility, arsenic tends to cycle through the environment. 
Its ultimate fate is probably the deep ocean, but it may pass 
through numerous stages before finally reaching the sea. 

Interconversions 

Arsenic ir generally quite mobile in the 
In the aquatic enoironmegt, volatilization is 

Sorption by the sediment 

Health Effects 

Arsenic has been implicated in the production of skin 
cancer in humans. There is also extensive evidence that inha- 
lation of arsenic compounds cause8 lung cancer in workers. 
Arsenic compounds cause chromo8ome damage in animals, and humans 
exposed to arsenic compounds have been reported to have an 
elevated incidence of chromoaome aberrationis. Arsenic compounds 
have been reported to be teratogenic, fetotoxicr and embryotoxic 
in several animal species, hnd an increased incidence of multiple 
malformations among children born to women occupationally exposed 
to arsenic has been reported. Arsenic compounds also cause 
noncancerous, possibly precancerous, skin changes in exposed 
individuals. Several cases of progressive polyneuropathy in- 
volving motor and sensory nerves and particularly affecting 
the extremities and myelinated long-axon neurons have been 
reported in individuals occupationally exposed to inorganic 
arsenic. Polyneuropathies have also been reported after the 
ingestion of arsenic-contaminated foods. 

Toxicity to Wildlife and Domestic Animal8 

levels of toxicity# they all meem to be much more toxic than 
organic form8. 
occur8 at levels of arrenic trioxide a8 low a8 812 pg/liter 
and at levels a8 low as 40 vg/liter in early life rtager of 
aquatic organi8ms. Acute toxicity to raltwater fiah occur8 
at levels around 15 mg/liter, while some invertebrate8 are 
affected at much lower level8 (508 pg/liter). Arrenic toxicity 

Variaur inorganic formr of arsenic appear to have aimilar 

Acute tonicity to adult frerhwater animals 
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does not appear to increase greatly with chronic exposure, 728 
and it does not seem that arsenic is bioconcentrated to a great 
degree. 

Arsenic poisoning is a rare but not uncommon toxic syndrome 
among domestic animals. 
of the gastrointestinal tract, hemorrhage of the cardiac serosal 
surfaces and peritoneum, and pulmonary congestion and edema; 
and it may cause liver necrosis. 
to terrestrial wil.dlife was not reported in the literature 

Arsenic causes hyperemia and edema 

Information on arsenic toxicity 

' reviewed. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

Freshwater 

Acute toxicity: 440 pg/liter 
Chronic toxicity: No available data 

Spl t wa t e r 

Acute toxicity: 508 pg/liter 
Chronic toxicity: No available data 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of arsenic in water 
are: 

- Risk Concentration 

22 ng/liter 
2.2 ng/liter 
0.22 ng/liter 

CAG Unit Risk (USEPA) : 15 (mg/kg/day)" . 
National Interim Primary Drinking Water Standard (USEPA) : 
50 pg/liter 

NIOSH Recommended S-tandard (air) : 2 p9/m3 Ceiling Level 

OS-EA Standard (air): 500 pg/m3 TWA 

ACCIH Threshold Limit Value: 
a8 AS) 

200 vg/m3 (soluble 'compounds, - 

. 
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ASBESTOS 
+- 

Summary 

Asbestos is a collective term applied to numerous fibrous 
mineral compounds of natural origin. 
stable in the environment and may move either by wind dispersion 
or- by being transported in surface water. Asbestos is a human 
carcinogen and causes lung tumors and mesotheliomas in persons 
exposed by inhalation* Asbestosis, a progressive, irreversible 
lung-'disease is also caused by exposure to asbestos fibers. 

These compounds are quite 

Background Information 

Asbestos is a collective mineralogical term applied to 
numerous fibrous mineral silicates composed of silicon, oxygen, 
hydrogen, and metal cations such as sodium, magnesium, calcium, 
and iron. There are two major groups of asbestos: serpentine 
(chrysotile) and amphibole (amosite, crocidolite, anthophyllite, 
tremolite, and actinolite). The chemical composition of dif- 
ferent asbestos fibers varies widely, as do the physical and 
chemical properties. Asbestos fibers are resistant to fire 
and to most solvents, but they will deteriorate rapidly in 
some reagents (strong acids and bases) at temperatures greater 
than about 95 to 100OC. 

CAS Number: 1332-21-4 

Transport and Fate 

Asbestos is stable and is not prone to significant chemical 
or biological degradation in the aquatic environment. After 
introduction into surface waters, it remains in suspension 
until physical degradation or chemical coagulation allows it 
to settle into the sediment layer. The importance of transport 
from the surface of aquatic environments by wind-activated 
aerosol formation i r  not known. However, mobilization of asbestos 
from terrestrial surfaces and soils into the atmosphere by 
wind is known to occur. Of 243,527 metric tons of asbestos 
discharged to the environment in the United States in 1975, 
98.3N was discharged to land, 1.5% to air, and 0.26 to water. 
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Health Effects 

depends on several factors including fiber length and diameter, 
the nmber of fibers, fiber degradation and retention, and 
asbestos type. The relative pathogenicity of asbestos fibers 
wi.th different characteristics appears to be variable. However, 
all asbestos produces adverse health effects, and therefore, 
it is generally considered as a single entity. 

Asbestos.is a recognized human carcinogen causing lung 
cancir and mesothelioma, a form of neoplasm of the lining of 
the chest and abdominal cavities, in workers exposed by inhala- 
tion. Mesotheliomas have also been identified in individuals 
living near asbestos plants. Excesses of cancers of the gastro- 
intestinal tract have been identified in asbestos-exposed workers; 
it is unclear if exposure is via ingestion or via the passage 
of phagocytized particles through the body from the lung. 
Cancer of the larynx has also been associated with exposure 
to asbestos. Cigarette smoking potentiates the risk of lung 
cancer in individuals exposed to asbestos. All commercial 
forms of asbestos are carcinogenic in experimental animals. 

The severity of health effects associated with asbestos 7288 

No data exist on the teratogenicity of asbestos, although 
transplacental transfer of asbestos has been reported. In 
a study using several chrysotile and crocidolite sampler, both 
'transformation' of morphology and positive genetic responses 
resulted from passive inclusion of arbestos in the culture 
media of Chinese hamster cells, although very fine fibrous 
'glass produced the same abnOtm8litie8. No mutagenicity has 
been observed in any bacterial test systems. 

a progressive, irreversible lung disease characterized by diffuse 
interstitial fibrosis. Acute effects are of little consequence 
after exposure to high concentrations via inhalation although 
some temporary breathing difficulty has occasionally been re- 
ported by workers. Although human data on initial changes 
are unavailable, local inflammatory lesions are found in the 
terminal bronchioles of rats following inhalation. Progressive 
fibrosir follows within a few week8 of the direct exposure 
to dust. In experiments with rats, cellular proliferation 
and DNA Synthe8i8 in the stomach, duodenum, and jejunum appear 
to be an immediate response to asbestos ingestion. Structural 
changes in the ileum, particularly the villi, are also observed. 

Long-term exposure to asbestos dust also causes asbestosis, 

Toxicity to Wildlife and Domestic Animals 

No data concerning the effects of a8beSt08 on wildlife 
and domestic animals are available. Tissue samples of freshwater 
fish sp+c.rlif 1 . :  tom water with known arbestos contamination contain 
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asbestos fibers identical to those in the water. 
concentrations were about one-twelfth of the average water 
concentrations, but liver and kidney fiber concentrations were 
500 times greater than muscle tissue concentrations. 

Muscle tissue 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Estimates of carcinogenic risks associated with lifetime 
exposure to various concentrations of asbestos in water 
are: 

- Risk Concentration 

300,000 fibers/liter 
30,000 fibers/liter 
3,000 f ibers/liter 

NIOSH Recommended Standards: 

0.1 fiberslml as an 8-hr TWA 
0.5 fibers/ml as a 15-min Ceiling Level 

OSHA Standards: 

2 fibers longer than 5 pm in length per ml of air as an 
&hour TWA 
10 fibers/ml as a 10-min Ceiling Level 

ACGIH Threshold Limit Values: 

Amosite, 0.5 fibers greater than 5 pm in length/ml 

Chrysotile, 2 fibers greater than 5 pm in length/ml 

Crocidolite, 0.2 fibers greater than 5 pm in length/ml 

Other forms, 2 fibers greater than 5 pm in length/ml 

Asbestos is considered 8 recognized human carcinogen. 
_ t  

I -. 
.. 
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BARIUM 

S ummar y 

In i t s  pure form, barium is an extremely reactive metal 
that decomposes in water. In natural waters ft forms insoluble 
carbonate or sulfate salts and is usually present at concentra- 
tions of less than 1 mg/liter. Insoluble forms of barium are 
not very toxic; but soluble barium salts are highly toxic after 
acute exposure, and they have a prolonged stimulant effect 
on muscles. A benign pneumoconiosis, baritosis, can result 
from inhaling barium dusts. 
Water Standard is 1 mg/liter. 

The EPA Interim Primary Drinking 

CAS Number: 7440-39-3 

Chemical Formula: Ba 

IUPAC Name: Barium 

Chemical and Physical Properties 

Atomic Weight: 137.3 

Boiling Point: l,640°C 

Melting Point: 725OC 

Specific Gravity: 3.5 

Splubility in Water: Decomposes; combines with sulfate 
present in natural waters to form 
BaSO which has a solubility of 
1.6 &/liter at 2 0 0 ~  

Splubility in Organics: Soluble in alcohol1 insoluble in benzene 

Transport and Fate 

Barium i a  extremely reactive, decomposes in water, and 
readily forms insoluble carbonate and eulfate ealts. Barium 
is generally present in solution in surface or groundwater 
only in trace amounts. 
natural waters usually contain sulfate, and the solubility 
of barium Bulfate ia generally low. Barium i8 not 8Ol.Uble 
at more than a few parts per million in water that .contains 
sulfate at more than a few parts per 8illiOn. 
sulfate pay become considerably mote 8oluble in the prercnce 

Large amount8 will not dissolve because 

However, barium 
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of .chloride and other anions. Monitoring programs show thab: V283 
it: is rate to find barium in drinking water at concentrations 
greater than 1 mg/litet. 
in the form Of particulates, can occur. 
not an important process for barium. 

Atmospheric transport of barium, 
Bioaccumulation is 

Health Effects 

There are no reports of carcinogenicity, mutagenicity, 
or teratogenicity associated with exposure to barium or its 
compounds. Effects on gametogenesis and on the reproductive 
organs are reported in male and female rats after inhalation 
of barium carbonate; intratesticular injection of barium chloride 
affects the male reproductive organs. 

Insoluble forms of barium, particularly barium sulfate, 
are not toxic by ingestion or inhalation because only minimal 
amounts are absorbed. However, soluble barium compounds are 
highly toxic in humans after cxposure by either route, The 
most important effect of acuce barium poisoning i s  a strong, 
prolonged stimulant action on muscle. Smooth, cardiac, and 
skeletal muscles are all affected, and a transient increase 
in blood pressure due to vasoconstriction can occur. 
on the hematopoietic system and cerebral.cortex have also been 
reported in humans. Accidental ingestion of soluble barium 
salts has resulted in gastroenteritis, muscular paralysis, 
and ventricular fibrillation and extra systoles. Potassium 
deficiency can occur in cases of acute poisoning. Doses of 
barium carbonate and barium chloride of 57 mg/kg and 11.4 mg/kg, 
respectively, have been reported to be fatal in humans, Digi -  
talis-like toxicity, muscle stimulation, and effects on the 
hematopoietic and central nervous systems have been confirmed 
in experimental animal). TF'ore are no adequate animal data 
available for determining t. chronic effects of low level 

Effects 

exposure to barium by inges an. I 

Baritosis, a benign pneumoconiosis, is an occupational 
disease arising from the inhalation of barium sulfate dust, 
barium oxide dust, and barium carbonate. The radiologic changes 
produced in the lungs are reversible with cessation of exposure. 
Other reports of industrial exposure to barium compounds describe 
pulmonary nodulation with or without a decrease in lung function. 
Dusts of barium oxide are considered potential agents of dermal 
and nasal irritation. The biological half-life for barium 
is less than 24 hours. 

Toxicity to Wildlife and Domestic Animals 

Adequate data for characterization of toxicity to wildlife 
and domestic animals are not rvailab1e. 
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Regulations and Standards 

Interim Primary Drinking Water Standard: 

OSHA S-tandard: 

1 mg/liter 

0.5 mg/m3 (soluble compounds, a6 Ba) 
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BENZENE 

Summary 

Benzene is  an impor t an t  i n d u s t r i a l  s o l v e n t  and chemical 
intermediate.  
d a t i o n  is p robab ly  an impor t an t  f a t e  process. Benzene is  a 
known human c a r c i n o g e n r  caus ing  leukemia  i n  exposed i n d i v i d u a l s .  
I t  also a d v e r s e l y  . a f f e c t s  t h e  hematopoietic system. 
has  been shown t o  be fetotoxic and t o  c a u s e  e m b r y o l e t h a l i t y  
i n  e x p e r i m e n t a l  an ima l s .  
benzene  i n  t h e  a i r  c a u s e s  c e n t r a l  ne rvous  sys t em d e p r e s s i o n  
and  c a r d i o v a s c u l a r  e f f e c t s ,  and dermal e x p o s u r e  may cause  derma- 
t i t i s .  

I t  i s  ra ther  v o l a t i l e r  and a t m o s p h e r i c  photooxi-  

Benzene 

Exposure t o  h i g h  c o n c e n t r a t i o n s  of 

CAS Number: 71-43-2 

IUPAC Name: Benzene 

C h e m i c a l  Formula: C6H6 

Chemical  and P h y s i c a l  P r o p e r t i e s  

Molecular  Weight: 78.12 

B o i l i n g  Poin t :  80.1OC 

Mel t ing  P o i n t :  5.56OC 

Specific Grav i ty :  0.879 a t  2OoC 

S o l u b i l i t y  i n  Water: 1,780 m g / l i t e r  a t  25OC 

S o l u b i l i t y  i n  Organics :  Miscible witb e t h a n o l ,  e t h e r ,  acetic 
a c i d ,  a c e t o n e ,  ch loroform,  carbon 
d i s u l f i d e ,  and ca rbon  te ttachlor ide 

Log O c t a n o l f i a t e r  P a r t  i t i o n  Coef f i c i e n t :  l e  95-2.13 

Vapor Pressure: 75  mm Hg a t  2OoC 

Vapor Density: 2.77 

Flash Po in t :  -11 . 1.C 
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V o l a t i l i z a t i o n  a p p e a r s  t o  be tf. major t r a n s p o r t  process 
of benzene from s u r f a c e  w a t e r s  to  t: ambient  a i r ,  and atmos- 
p h e r i c  t r a n s p o r t  of benzene occurs : ad f ly  (USEPA 1979) .  A l -  
t h o u g h  direct  o x i d a t i o n  of benzene in e n v i r o n m e n t a l  w a t e r s  
is u n l i k e l y ,  c loud chamber data i n d i c a t e  t h a t  it may be photo- 
o x i d i z e d  r a p i d l y  i n  ' t h e  a tmosphere .  Inasmuch a s  v o l a t i l i z a t i o n  
is l i k e l y  t o  be t h e  main t r a n s p o r t  process a c c o u n t i n g  f o r  t h e  
removal of benzene from water, t h e  a t m o s p h e r i c  destruct ion 
of benzene is p r o b a b l y  the mst l i k e l y  fa te  process. V a l u e s  
for  b e n z e n e ' s  l o g  o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t  i n d i c a t e  
t h a t  adsorption o n t o  o r g a n i c  material may be s i g n i f i c a n t  under 
c o n d i t i o n s  of c o n s t a n t  exposure .  S o r p t i o n  processes are l i k e l y  
removal mechanisms i n  b o t h  surface water and groundwater .  
A l t h o u g h  t h e  b ioaccumula t ion  po ten t ia l  f o r  benzene appears 
t o  be low, g r a d u a l  b i o d e g r a d a t i o n  by a v a r i e t y  of microorganisms 
probably occurs. 
enhanced by t h e  presence of other hydrocarbons .  

The rate of benzene b i o d e g r a d a t i o n  may be 

H e a l t h  E f fec t s  

Benzene is a r e c o g n i z e d  human c a r c i n o g e n  (IARC 1982). 
S e v e r a l  epidemiological studies p r o v i d e  s u f f i c i e n t  e v i d e n c e  
of a c a u s a l  r e l a t i o n s h i p  between benzene e x p o s u r e  and leukemia  
i n  humans. Benzene is a known i n d u c e r  of aplasttc anemia i n  
humans, w i t h  a l a t e n t  period of up  t o  10 y e a r s .  It produces 
l e u k o p e n i a  and thrombocytopenia ,  which  may progress to  pancyto-  
p e n i a .  Similar a d v e r s e  effects on  the blood-ce l l -producing  
sys t em occur in a n i m a l s  exposed  t o  benzene. I n  b o t h  humans 
and a n i m a l s ,  benzene exposirre  is  associated w i t h  chromosomal 
damage, a l t h o u g h  it is n o t  mutagenic  i n  microorganisms.  Benzene 
was f e t o t o x i c  and caused  e m b r y o l e t h a l i t y  i n  e x p e r i m e n t a l  an ima l s .  

Exposure t o  v e r y  h i g h  c o n c e n t r a t i o n s  of benzene  [ abou t  
20,000 ppm (66,000 mg/m ) i n  a i r ]  can  be f a t a l  w i t h i n  m i n u t e s  
(IARC 1982). The p rominen t  s i g n s  are c e n t r a l  n e r v o u s  sys t em 
d e p r e s s i o n  and c o n v u l s i o n s ,  w i t h  death u s u a l l y  f o l l o w i n g  as 
a consequence  of c a r d i o v a s c u l a r  collapse. Milder exposures 
c a n  produce v e r t i g o ,  d r o w s i n e s s ,  headache, n a u s e a ,  and e v e n t u a l l y  
u n c o n s c i o u s n e s s  If e x p o s u r e  c o n t i n u e s .  Deaths from cardiac 
s e n s i t i z a t i o n  and cardiac a r r h y t h m i a s  have also been reported 
a f t e r  e x p o s u r e  to unknown c o n c e n t r a t i o n s .  A l though  most benzene 
h a z a r d s  are associated w i t h  i n h a l a t i o n  e x p o ~ u r e ,  dermal absorp- 
t i o n  of l i q u i d  benzene  may o c c u r ,  and p r o l o n g e d  or repeated 
s k i n  c o n t a c t  may produce b l i s t e r i n g ,  e ry thema,  and  a d r y ,  s c a l y  
derma t it is. 

. .  3 .  
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Toxicity t o  Wildlife  and Domestic A n i m a l s  - . -  2'283 
The EC 

a'nd vertebrake freshwater aquatic species range from 5,300 pg/liter 
t o  386,000 pg/l i ter  (USEPA 1 9 8 0 ) .  However, only values for 
the rainbow trout (5 ,300  pg/l i ter)  were obtained from a flow 
through test and were based on measured concentrations. 
based on unmeasured 'concentrations i n  s t a t i c  t e s t s  are l i k e l y  
to underestimate t o x i c i t y  for r e l a t i v e l y  v o l a t i l e  compounds 
l i k e  benzene. 
w i t h  no adverse e f f e c t s  observed a t  t e s t  concentrations a s  
h i g h  as 9 8 , 0 0 0  p g / l i t s r .  

values for benzene i n  a v a r i e t y  of  invertebrate 

Results 

A chronic t e s t  w i t h  Daphnia magna was incomplete, 

For saltwater species,  acute values for one f i s h  and f i v e  
invertebrate species  range from 1 0 , 9 0 0  pg/l i ter  t o  9 2 4 , 0 0 0  pg/l i ter.  
Freshwater and saltwater plant  species t h a t  have been studied 
e x h i b i t  toxic e f f e c t s  a t  benzene concentrations ranging from 
2 0 , 0 0 0  pg/l i ter  to 525,000 p g / l i t s r .  

Regulations and Standards 

Ambient Water Q u a l i t y  C r i t e r i a  (USEPA): 

Aquatic L i f e  

The a v a i l a b l e  data are not adequate for establishing c r i t e r i a .  
However, EPA did report the lowest concentrations of benzene 
known t o  cause toxic e f f e c t s  i n  aquatic organisms. 

Freshva ter 

Acute t o x i c i t y :  5,300 pg/l i ter  
Chronic t o x i c i t y :  No available  data 

Saltwater 

Acute t o x i c i t y :  5,100 pg/l i ter  
Chronic t o x i c i t y 2  No a v a i l a b l e  data  

Human Health.. 

Estimates of the carcinogenic risk8 associated w i t h  l i f e t i m e  
expomare to various concentrations of benzene i n  water 
arer 

- R i s k  Concentration 

10:: 
3 7  
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0.66 pg/l i ter  
0.066 pg/l i ter  
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C A G ' U n i t  Risk (USEPA) : 

OSHA S t a n d a r d s :  3Q m g / m i  TWA 

2 . 9 ~ 1 0 - ~  (mg/kg/day) -' 
7283 75 mg/m 3 C e i l i n g  Level  

ACGIB Thresho ld  L i m i t . V a l u e s :  S u s p e c t  d human c a r c h o g e n  

150 mg/m 10-min Peak Level  9 .  
SY $ 

.. 4 
i 

9 30 mg/m3 TWA 
- '  p 75 mg/m STEL 
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BENZIDINE 

Summary 

environment by the degradation of benzfdine-based dyes. 
is rapidly oxidized by metal cations in natural waters to form 
radical cations which may be fairly persistent. Benzidine 
is considered to be a human carcinogen; ep~dem~olog~cal studies 
show-that it causes bladder cancer. It has a b 0  caused liver 
and-bladder tumors in animals and it is mutagenic in bacterial 
test systems. Exposure to benzidine causes noncarcinogenic 
liver and kidney damage in animals exposed by various routes. 
Benzidine i s  toxic to auuatic life at concentrations as low 
as 2,500 pg/liter. 

Benzidine is an aromatic amine that can be formed in the 
It 

CAS Number: 92-87-5 

Chemical Formuhit C12As(NR2)2 

IUPAC Name: Benzidine 

Important Synonyms and Trade Names: p-Benzidhe; 4,4'-Diamino- 
biphenyl 

Chemical and Physical Properties 

Molecular Weight: 184.23 

Boiling Point: 402.C 

Melting Point: 129.C 

Specific Gravity: 1.250 

Solubility in Water: 400 mg/liter at 12.C 

Solubility in-Organics: Soluble in alcohol and ether 

Log Octanol/Water Partition Coefficientt 1.81 

vapor Density: 6.36 
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Transport and Fate 1283 
The physical and chemical properties of benzidine suggest 

that direct photolysis of this compound probably occurs in 
aquatic systems. 
molecular oxygen or hydroperoxy radicals probably are significant 
fates for benzidine.. However, oxidation by the metal cations 
of natural waters, such as Fe 111, A1 111, and Cu If, is probably 
the'most rapid fate process in aquatic systems. Hydrolysis 
and;.volatilization do not appear to be important environmental 
fate processes. 
tion coefficient of benzidine suggests little potential for 
sorption by organic particulates, adsorption to clay minerals 
and metal cation complexes is very rapid and may be the most 
important environmental transport process for this compound. 
It is suggested that intercalation of a benzidine radical-cation 
into clay particles may increase its stability in environmental 
waters. 
sediment or could be transported in surface water systems without 
being detected by most analytical methods for measuring benzi- 
dine levels. Bioaccumulation does not appear to be an important 
environmental process for benzidine. Benzidine is metabolized 
by mammals, and detoxification probably proceeds by acetylation 
of the amino groups. 
contribute slightly to the degradation of benzidine during 
sewage plant treatment. 
of benzidine in natural waters is unknown. 

Photooxidation and direct interaction with 

Although the moderate log octanol/water parti- 

These particles could then become part of the bed 

Biodegradation by activated 8ludge may 

The extent of microbial degradation 

Health Effects 

Benzidine is considered a human carcinogen. Epidemiological 
studies show a strong association between occupational exposure 
to benzidine and development of bladder cancer. 
occur through ingestion, inhalation, or percutaneous absorption. 
Benzidine is also carcinogenic in experimental animal8. For 
example, oral exposure produces liver tumors in the rat and 
hamster, and bladder tumors in the dog. Benzidine has been 
shown to be mutagenic in a variety of test systems. 
on its teratogenicity or reproductive effects are available. 

Exposure can 

No reports 

Relatively lftte information is available concerning the 
noncarcinogenic effects of benzidine because most experimental 
work is concerned with evaluating the carcinogenic risk of the 
compound. laurea, vomiting, and possibly liver and kidney 
damage are reported to be possible effects due to ingestion. 
In experimental animals, liver and kidney damage are often 
observed after chronic or subchronic exposure by various routes. 
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Toxicity to Wildlife and Domestic Animals ‘ 6- 7 2 8 2  
Available data indicate that acute toxicity to freshwater 

aquatic life occurs at Concentrations as low as 2,500 vg/liter 
and would occur at lower concentrations among species more 
sensitive than those tested. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for es-ablishing cri-eria. 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of benzidine in water 
are: 

Risk - Concentration 

1.2 ng/liter 
0.12 ng/liter 
0.01 ng/liter 

CAG Unit Risk (USEPA) : 

NIOSH Recommended Standard: Human carcinogen 

234 (mg/kg/day)” 

OS-HA S.tandard: Human carcinogen 

REFERENCES 

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS. (ACGIH). 
1980. Documentation of the Threshold Limit Values. 4th 
ed. Cincinnati, Ohio. 488 pages 

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). 1982. 
IARC Monographs on the Bvaluation of the Carcinogenic 
Risk of Chemicals to Humans. Vol. 29: Spme Industrial 
Chemicals and Dyestuffs. 
Prance. 

1984. 
Data Base. Washington, D.C. April 1984 

World Health Organization, Lyon, 

a .  

MATIONAL INSTITUTE FOR OCCUPATIONAL SApSW AND HEALTH (NIOSH). 
Registry of Toxic Effects of Chemical S,ubstances. 

SpX,  S.1. 1975. Dangerous Properties of Industrlal naterialr. 
4th ad. Van Nostrand Reinhold Coo, law York. 1,258 prges 

Benzidine 

. 1 .  * October 1985 
I.. Page; 3 



7283 ? . ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. W&er- 
Related Environmental Fate of 129 Priority Pollutants. 
Washington, D.C. December 1979. EPA 440/4-79-029 

U . S .  ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1985. Health 
Assessment Document for Dichloromethane (Methylene Chloride). 
Office of Health and Environmental Assessment. Washington, 
D.C. February 1985. EPA 600/8-82/004F 

Chemicals. Van Nostrand Reinhold Co., New York. 659 
pages. 

WEAST, R.E., ed. 1981. Handbook Of Chemistry and Physics. 
62nd ed. CRC Press, Cleveland, Ohio. 2332 pages 

VERSCHUEREN, K. 1977. Handbook of Environmental Data on Organic 

Benzidine 
Page 4 
Oct o h  r 19 8 5 



BENZO (a)ANTHRACENE 

Summary 

Benzo(a)anthracene is a four-ringed polycylic aromatic hydro- 
carbon (PAH). It is readily absorbed to organic matter and 
is probably moderately persistent in the environment. 
anthracene is carcinogenic in mice 'and is reported to be muta- 
genic in several test systems. 
anthracene cause immunosuppression and aermal exposure causes 
chron*c dermatitis and other skin disorders. The very limited 
information on its toxicity to aquatic life indicates that 
benzo(a)anthracene is chronically toxic to fish at concentrations 
of less than 1,000 pg/litcr. 

Benzo(a) 

Carcinogenic PAAs such as benzo(a) 

CAS. Number: 56-55-3 

Chemical Formula: Cl8Hl2 

IUPAC Name: 1, 2-benzanthracene 

Important Synonyms and Trade Namest 182-Benzanthracene; 2,3-Benzo- 
phenanthrene; Benzo(b)phenanthrene 

Chemical and Physical Properties 

Molecular Weight: 228.28 

Melting Point: 155-157OC 

S-olubility in Water: 

Solubility in Organics: S,oluble in alcohol, ether, acetone, 
and benzene 

0.009 to 0.014 mg/liter at 25OC 

Log Octanolflater Partition Coefficient: 5.61 

Vapor Pressure: 

Transport and Fate 

5 x loog m ~g at 20.c 
- _  

Dissolved benzo(a)anthracene can undergo rapid, direct 
photolysis, and this process may be an important environmental 
fate in aquatic systems. Studies indicate that oinglet oxygen 
is the oatidant and that quinones are the products in the photo- 
lytic reactions. The free-tadical oxidation of benzo(a)anthra- 
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cene in the environment is rapid and may be competitive wiih- 
photolysis as a chemical fate process. 
are present in aquatic systems in sufficient quantities, oxid- 
ation reactions resulting in the formation of quinones may 
be significant fate processes. Becquse benzo(a)anthracene 
does not contain groups amenable to hydrolysis, this process 
is not thought to be a significant environmental fate. Vola- 
tllization does not appear to be an important transport process 
either. 

.~vailable information indicates that benzo(a)anthracene 
will: accumulate in the sediment and biotic portions of the 
aquatic environment and that adsorption to suspended matter 
is the dominant transport process. Sorption onto sediments, 
soil particles, and biota is strongly correlated with the organic 
carbon levels present . Although benzo (alanthracene is readily 
and rapidly bioaccumulated, it is also rapidly metabolized and 
excreted. Therefore, bioaccumulation is short term and is 
not considered an important fate process. Benzo(a)anthracene 
is degraded by microbes and readily metabolized by multicellular 
organisms. Degradation by mammals is considered to be incom- 
plete; the parent compound and metabolites are excreted by 
the urinary system. Biodegradation is probably the ultimate 
fate process for benzo (a) anthracene. 
in soil than in aquatic systems and is relatively fast in those 
systems chronically affected by polycyclic aromatic hydrocarbon 
contamination. 

When chlorine and ozone 

It generally is more rapid 

Atmospheric transport of benzo(a)anthracene can occur, and 
the chemical can be returned to aquatic and terrestrial systems 
by atmospheric fallout or with precipitation. Benzo(a)anthra- 
cene can also enter surface and groundwater by leaching from 
polluted soils. 

Health Effects 

Benzo(a)anthracene administered by different routes is 
carcinogenic in the mouse. 
adenomas following repeated oral administration and bladder 
tumors following implantation. Benzo (a) anthracene can also 
produce tumors In mice following subcutaneous injections. 
Although benzo(a1anthracene is a complete carcinogen for mouse 
skin, it produces less skin ttrmors with a longer latency than 
does benzo (a)pyrene. Benzo (a) anthracene has not been adequately 
tested in other rpecies. 

It can produce hepatomas and lung 

Benzo(a)anthracene i 8  reported to be mutagenic in a variety 
of teat ryrtems. In some caaa8, a correlation is obreroed 
between mutagenicity and carcinogenic potency for benzo(a)anthra- 
cene and other polycyclic aromatic hydrocarbonr. In other 
words, those compounds exhibiting greater mutagenic activity 

I i . i  
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often have higher carcinogenic potency as well. 
information concerning the teratogenic effects of benzo(a)anthracene 
in humans or experimental animals is available. 

No adequate 

Application of the Carcinogenic polycyclic aromatic hydro- 
carbons, including benzo(a)anthracene, to mouse skin leads 
to the destruction of sebaceous glands, hyperplasia, hyperkera- 
tosis, and ulceration. Workers exposed to materials containing 
polynuclear aromatic hydrocarbons may exhibit chronic dermatitis, 
hyperkeratoses, and other ikin disorders. Repeated subcutaneous 
injections of bento (a) anthracene to mice and rats produces gross 
changes in the lymphoid tissues. 
many carcinogenic polycyclic aromatic hydrocarbons can produce 
an immunosuppressive effect, although specific results with 
benzo (a) anthracene have not been reported. 

It has also been shown that 

Toxicity to Wildlife and Domestic Animals 

Adequate data for characterization of toxicity to wildlife 
and domestic animals are not available. One study involving 
freshwater fish reported an 878 mortality rate in bluegills 
exposed to 1,000 pg/liter benzo(a)anthracene for 6 months. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of carcinogenic PARS 
in water are: 

. .  
‘ Bcnzo.(a) anthracene 

Concentration 

20 ng/liter 
2.8 ng/liter 
0.28 ng/liter 
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BENZOTHIAZOLE 

Summary 

Benzothiazole has a moderate acute toxicity. 

CAS, Number: 95-16-9 

Chemical Formula: CsHiSCHN 

IUPAC Name: 2-Benzothiazole 

Important Synonyms and Trade Names: Benzosulfonaxole, 0-2857, 
l-Thia-3-azaindener USAF 
EK-4812, and 2-benzoth-iazole 

Chemical and Physical Properties 

Molecular Weight: 135.19 

Boiling Point: 227OC 

Specific Gravity: 1.246 at 2OoC 

Solubility in Water: Slightly soluble in water 

Solubility in Organics: Freely soluble in alcohol and carbon 
d'isulf ide 

Log Octanol/Water Partition Coefficient: 2.01 

Transport and Fate 

was available in the sources reviewed. 
No information on the transport and fate of benzothiazole 

Health Effects 

Very few data on the toxicity of benzothiazole were found 
in the literature searched. 
900 mg/kg, and the intravenous i n J e c t i ~ n ~ f i D ~ ~  value is 95 mg/kg. 

The oral LD in the mouse is  

Toxicity to Wildlife and Domestic Animals 

No information on the toxicity of benzothiazole to wildlife 
and domestic animals was found in the 80utces reviewed. 
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BERYLLIUM 

Summary . .. ... 

Beryllium is a metal with a complicated coordination chem- 
istry, and it can form complexes, oxycarboxylates, and chelates 
with a variety of materials. 
causes lung and bone cancer in animals, and epidemiological 
studies suggest that it may cause lung cancer in humans. Acute 
respipatory effects are associated with inhalation of beryllium, 
and dermal exposure can cause contact dermatitis. Chronic expo- 
sure to beryllium was reported to have adverse effects on aquatic 
organisms at levels as low as 5.3 pg/liter. 

Inhalation exposure to beryllium 

CAS Number: 7440-41-7 

Chemical Formula: Be 

XUPAC Name: Beryllium 

Chemical and Physical Properties (Metal) 

Atomic Weight: 9.012 

Boiling Point: 297OOC 

Melting Point: 1278OC 

Specific Gravity: 1.85 at 2OoC 

Solubility in Water: Insolbble; most salts are 8oluble 

Solubility in Organics: Splbble in dilute acid and alkali; 
insoluble in alcohol, ethet, and CCll 

Transport and Fate 

Most common beryllium compounds are readily soluble in 
water. However, in water, soluble beryllium salt8 are hydro- 
lyzed to form beryllium hydroxide. The solubility of beryllium 
hydroxide i8 quite low (2 mg/liter) in the pH range of most 
natural waters. Pormation.of hydrated complexes may increase 
the solubility of beryllium somewhat, especially at higher pH 
where polynuclear hydroxibe complexes may form, 
however, that in most natural aquatic environment8 beryllium 
is present in particulate rather than disrolved form, 

It is probable, 

Beryllium 
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7285 -':Although little information concerning adsorption of beryl- 
lium is available, based on its geochemical similarity to a l p  
minum it is expected to be adsorbed onto clay mineral surfaces- 
at low pA and to be complexed into some insoluble compounds 
at high p ~ .  In most natural environments, beryllium is likely 
to be present in sorbed or precipitated, rather than dissolved, 
form. 

Beryllium may be accumulated to- a slight extent by aquatic 
orgpnisms. 
possible that benthos could accumulate beryllium from sediment 
and'thereby transfer the metal to higher organisms via the 
food chain. However, there is no evidence for food chain mag- 
nification. Airborne transport of beryllium, generally in 
the form of particulates, may also occur. 

Although it has a low solubility in water, it is 

Health Effects 

The results of some epidemiological studies of workers 
occupationally exposed to beryllium indicate that beryllium 
may cause lung cancer in humans. Although this evidence is 
equivocal, beryllium and many of its compounds are known to 
be carcinogenic in several animal species. Inhalation exposure 
to beryllium has resulted in the development of lung or bone 
cancer in animals, and exposure by injection has produced bone 
cancer. Although beryllium compounds may impair DNA polymeri- 
zation, there is no other evidence of mutagenic or clastogenic 
activity. However, the number of compounds tested and the 
types of tests conducted have been limited. There is little 
information concerning the possible teratogenic effects of 
beryllium. It is reported t o  inhibit embryonic development 
of the snail and regeneration of the limbs of the salamander. 

Acute respiratory effects due to beryllium exposure include 
rhinitis, pharyngitis, traCheObronChiti8, and acute pneumonitis. 
Dermal exposure to soluble beryllium compounds can cause contact 
dermatitis. Ocular effects include inflammation of the conjunc- 
tiva from splash burns or in association with contact dermatitis. 
The most common clinical symptoms caused by chronic beryllium 
exposure are granulomatous lung inflammation, with accompanying 
cough, chest pain, and general weakness. Systemic effects 
include rlght'heart enlargement with accompanying cardiac fail- 
ure, liver and spleen enlargement, cyanosis, digital clubbing, 
and kidney atone development. 

Toxicity to Wildlife and Domestic Animals 

Data for several'fre8hwater fish rpecie8 indicate that 
the acute toxscity of beryllium decreases by about two orders 
of magnitude with an increase in hardness from about 20 to 

. -  * 
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128s . .  
, 400 mg/liter calcium carbonate. For example, acute values 

* .for the fathead minnow range from 150 to 20,000 pg/liter over 
this range of hardness. 
ation in sensitivity among the fish species tested at similar 
levels of hardness. Acute and chronic values for the inverte- 
brate Da hnia ma na .in the same test water (hardness equal 
to 220 s7---e- mg liter) were reported to be 2,500 and 5.3 pglliter, 
respectively, indicating a very large difference between acute 
and chronic toxicity. Only limited, inconclusive data exist 
concerning beryllium toxicity in saltwater species. 
of the green alga Chlorella vannieli is inhibited at a beryllium 
concentration of 100,000 pg/litet. 
of 19 with a half-life of one day in the whole body is reported 
for the bluegill. 

There does not appear to be much vari- 

Growth 

A bioconcentration factor 

Some toxicity due to beryllium has been seen in domestic 
animals. One of the earliest observed effects of beryllium 
toxicity was the development of rachitic bone changes after 
the addition of soluble beryllium salts to the diet of poultry 
and livestock. Approximately 0.1258 beryllium carbonate in 
the food or water is required to produce a mild case. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

The available data ate not adequate for establishing criteria. 
However, EPA did report the lowest concentrations of beryl- 
lium known to cause toxic effects in aquatic organisms. 

Freshwater 

Acute toxicity: 130 pg/liter 
Chronic toxicity: 5.3 vg/liter 

Saltwater 

Acute toxicity: No available data 
Chronic toxicity: No available data 

Human Health 

Estimates of the carcinogenic risks associated with l’ifetime 
exposure to various concentrations of beryllium in water 
are: 

Beryl1 ium 
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- R i s k  Concentration 

37 ng/littr 
3.7 ng/liter 
0.37 ng/liter 

sri 7283 

CAC Unit Risk (USEPA) : 

OSHA Standards (air): 

2.6 (mg/kg/day)” 

2 pg/m; TWA 
5 pg/m 3Ceiling Level 
25 pg/m /30 min Peak Concentration 

ACGIH Threshold Limit Value: Suspecsed human carcinogen 
2 irgh 
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. .  1-BUTANOL 

Summa r y 

It is very soluble in water and is likely to be moderately 
persistent in the environment. 
eyes and mucous membranes. It is not very toxic to aquatic 
life; the lowest dose reported to adversely affect fish was 
1,000 mg/liter in the creek chub. 

1-Butanol, or n-butyl alcohol, is a short-chain alcohol. 

Butanol is irritating to the 

CAS. Number: 71-36-3 

Chemical Formula: CqH90A 

IUPAC Name: 1-Butanol 

Important Synonyms and Trade Names: n-Butanol, n-butyl alcohol, 
propyl carbinol 

Chemical and Physical Properties 

Molecular Weight: 74.12 

Boiling Point: 117.7OC 

Melting Point: -89.9OC 

Specific Gravity: 0.810 at 2OoC 

Solubility in Water: 

Splubility in Organics: 

77,000 mg/liter at 25OC 

Miscible with alcohol, ether, and many 
other organic solvents 

Log OctanollWater Partition Coefficient: 1.0 (calculated) 

Vapor Pressure: 4.4 mm Hg at 2OoC 

Vapor Density: 2.55 

Flash Point: 36-38.C 

Transport and Fate 

No information on the transport and fate of butanol_ras.- 
Bowevclr, based on tbe general found in the iourcas reviewed. 

reactions of alcohols and . .  thc.rpecific chemical and phyrical 
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properties OX rne maceiAab, d-,,b- A - -  - . - -  - 
can be determined . 

Alcohols are very soluble in water and therefore prob- 

Oxidation is likely to be an important fate process in both&,- 
surface water and the atmosphere. In soil, butanol is probably 
biodegraded by ooil microorganisms. 

' ably- are not very volatile, although some evaporation may o ~ r ~ 7 2 8  3 - 

Health Effects 

The information on the health effects of butanol is limited. 
No data on the carcinogenicity, mutagenicity, or reproductive 
toxicity of butanol were found in the literature reviewed. 
Workers exposed to butyl alcohol had greater hearing loss than 
unexposed individuals. After several hours of exposure, 600 mg/kg 
of butanol irritates the eyes and mildly irritates the mucous 
membranes in humans. 
be 790 mg/kg. 

The oral LDS0 in tats was reported to 

Toxicity to Wildlife and Domestic Animals 

The 24-hour LDO and LD values for butanol in the creek 
chub were 1,000 and 1,400 mb9fitcr, respectively. 
was toxic to the alga Ehlorella pyrenoidosa at 8,500 mg/liter. 

wildlife or domestic animals was found in the sources examined. 

Butanol 

No information on the toxicity of butanol to terrestrial 

Requlations and Standards . 
0S.W S.tandard (air): 

ACGIH Threshold Limit Value: 

300 mg/m3 TWA 

150 mg/m3 Ceiling level 
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CADMIUM r 

Summary 

Cadmium is  a metal tha t  can be p r e s e n t  i n  a v a r i e t y  of 
chemical forms i n  wastes or i n  t h e  environment.  Some forms 
are  i n s o l u b l e  i n  water, b u t  cadmium is  r e l a t i v e l y  mobile i n  
t h e  a q u a t i c  environment.  
exposed by i n h a l a t i o n  and may also be i n  humans. 
whether  i t  i s  c a r c i n o g e n i c  i n  a n i m a l s  or humans exposed v i a  
i n g e s t i o n .  Cadmium is a known an ima l  t e r a t o g e n  and r e p r o d u c t i v e  
t o x i n .  I t  has c h r o n i c  e f f e c t s  on t h e  k idney ,  and background 
l e v e l s  of human exposure  a re  though t  t o  p r o v i d e  o n l y  a r e l a t i v e l y  
sma l l  margin of s a f e t y  f o r  these e f f e c t s .  

Cadmium is c a r c i n o g e n i c  in a n i m a l s  
I t  is u n c e r t a i n  

Back ground I nfo'rma t i o n  

Cadmium is a sof t ,  b l u i s h  w h i t e  metal that  is o b t a i n e d  as 
a by-product from t h e  t r e a t m e n t  of t h e  ores of copper, l e a d ,  
and i r o n .  Cadmium has a v a l e n c e  of +2 and h a s  properties s imilar  
to  those of z inc .  Cadmium forms both o r g a n i c  and i n o r g a h i c  
compounds. Cadmium su l fa te  is the most common sa l t .  

CAS Number: 7440-43-9 

Chemica l  Formula: Cd 

IUPAC Name: Cadmium 

Chemical  and P h y s i c a l  P r o p e r t i e s  

.- Atomic Weight:  112.41 

B o i l i n g  P o i n t :  765OC 

Mel t ing  P o i n t :  3210C 

Specific Grav i ty :  8.642 

S o l u b i l i t y  i n  Water: S a l t s  are water s o l u b l e ;  metal is i n s o l u b l e  

S o l u b i l i t y  i n  Organics:  Variable I based on compound 

Vapor P r e s s u r e :  1 ma Hg a t  394.C 

Cadmium 
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T r a n s p o r t  and F a t e  

Cadmium is r e l a t i v e l y  mobile i n  t h e  a q u a t i c  envi ronment  corn- 
pared  t o  other heavy m e t a l s  (USEPA 1979) .  
aqueous  media by complexing w i t h  o r g a n i c  mater ia ls  and Subsequen t ly  
be ing  adsorbed t o  t h e  sediment .  
s l o w l y  th rough  so i l ,  b u t  o n l y  l i m i t e d  i n f o r m a t i o n  o n  r o i l  t r a n s p o r t  
is a v a i l a b l e .  
mechanism for d e p l e t i o n  of soil a c c u m u l a t i o n s  b u t  may be s i g n i -  
f i c a n t  for human exposure .  

I t  i s  removed from 

I t  a p p e a r s  t h a t  cadmium moves 

Cadmium uptake  by p l a n t s  i s  n o t  a s i g n i f i c a n t  

Health E f f e c t s  

T h e r e  i s  s u g g e s t i v e  e v i d e n c e  l i n k i n g  cadmium wi th  c a n c e r  
of t h e  p r o s t a t e  i n  humans (USEPA Z980).  I n  animal studies, 
exposure to  cadmium by i n h a l a t i o n  caused l u n g  tumors i n  r a t s ,  
and exposure by in jec t ion  produced i n j e c t i o n - s i t e  sarcomas 
an3/or  L e y d i g - c e l l  tumors  (Takenaka 1983,  USEPA 1981). An 
increased i n c i d e n c e  of tumors  has n o t  been s e e n  i n  a n i m a l s  
exposed  t o  cadmium o r a l l y ,  b u t  f o u r  of the f i v e  a v a i l a b l e  s t u d i e s  
were i n a d e q u a t e  by c u r r e n t  s t a n d a r d s  (Clement 1983)  

The e v i d e n c e  from a l a r g e  number of s t u d i e s  on  the muta- 
g e n i c i t y  of cadmium is e q u i v o c a l ,  and it has been  hypothes ize’d  
t h a t  cadmium is n o t  d i r e c t l y  mutagenic  b u t  impedes repair (Clement 
1983) .  Cadmium is  a known a n i m a l  t e r a t o g e n  and r e p r o d u c t i v e  
t o x i n .  I t  has  been  shown t o  c a u s e  r e n a l  d y s f u n c t i o n  i n  both. 
humans and animals. O t h e r  t o x i c  e f f e c t s  a t t r ibu ted  to  cadmium 
i n c l u d e  immunosuppression ( i n  a n i m a l s )  , anemia ( i n  humans) , 
pulmonary disease ( i n  humans) ,  possible e f f e c t s  on  t h e  e n d o c r i n e  
sys t em,  d e f e c t s  i n  s e n s o r y  f u n c t i o n ,  and bone damage. 
o r a l  LDso i n  t h e  r a t  was 225 mg/kg (NIOSE 1983) .  

The 

T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

L a b o r a t o r y  e x p e r i m e n t s  s u g g e s t  t h a t  cadmium may have a d v e r s e  
effects  o n  r e p r o d u c t i o n  i n  f i s h  a t  l e v e l s  p r e s e n t  i n  l i g h t l y  to  
m o d e r a t e l y  p o l l u t e d  waters. 

The a c u t e  LC for freshwater f i s h  and i n v e r t e b r a t e s  gene r -  
a l l y  ranged from 380 to 1,000 pg / l i t e r ;  s a lmon ids  are much 
more s e n s i t i v e  t h a n  other o r g a n i s m s  (USEPA 1980) Saltwater 
species were i n  g e n e r a l  IO-fold more t o l e r a n t  t o  t h e  a c u t e  
e f f e c t s  o f  cadmium. C h r o n i c  tests have been performed and 
show t h a t  cadmium h a s  c u m u l a t i v e  t o x i c i t y  and a c u t e - c h r o n i c  
ra t ios  t h a t  r a n g e  of from 66 t o  431. 
were g e n e r a l l y  less t h a n  1,000 b u t  were a s  h i g h  a s  10,.000 f o r  
-me freshwater f i s h  rpecies. 

B i o c o n c e n t r a t i o n  f a c t o r s  

No a d v e r s e  effects on  domestic or wild animalm were reported 
in;th@ 8.fudies rev iewed 

Cadmium 
Page  2 
Oc t obe r 19 8 5 063009S 



R e g u l a t i o n s  and S t a n d a r d s  . .  
Ambient Water Q u r l i t v  C r i t e r i a  (USEPA): 

A q u a t i c  L i f e  (Proposed 1984) 

Freshwater  

A c u t e  t o x i c i t y :  

C h r o n i c  t o x i c ' i t y :  

e (1.30 [ l n ( h a r d n e s s ) l  - 3.92) pQ/liter 

e (O .87 t ln (ha rdness ) ]  - 4.38) ,,Q/liter 

S a l t w a t e r  

Acute  t o x i c i t y :  38 p g / l i t e r  
Chron ic  t o x i c i t y :  1 2  p g / l i t e r  

Human Health. 

Criter ion:  10 p g / l i t e r  

CAG U n i t .  R i s k  for i n h a l a t i o n  exposure (USEPA) : 6.1 (mg/kg/day)-l 

I n t e r i m  Pr imary  Dr ink ing  Water S t a n d a r d  (USEPA): 

NIOSH Recommended S tanda rds :  40  V ~ / ~ ~ ~ T W A  

1 0  p g / l i t e r  

200 pg/m /15 min C e i l i n g  Leve l  

OSHA Standa rds :  200 pg/mz TWA 

ACGIH Thresho ld  L i m i t  Values :  

600 pg/m. C e i l i n g  L e v e l  

50 pg/m3 TWA 
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CARBON TETRACHLORIDE 

Summary 

Carbon tetrachloride is used as an industrial solvent 
and chemical intermediate. 
l'iver tumors in mice, rats, and hamsters. 
also causes liver and kidney damage in animals and humans. 

It is an animal carcinogen, causing 
Carbon tetrachloride 

. .  

Chemical Formula: CClq 

IUPAC Name: Tetrachloromethane 

Important Synonyms and Trade Names: Tetrachloromethane, per- 
chloromethane 

Chemical and Physical Properties 

Molecular Weight: 153.8 

Boiling Point: 76.7OC 

Melting Point: 22.9OC 

Specific Gravity: 1.59 at 2OoC (liquid) 

Splubility in Water: 800 mg/liter 

Solubility in Organics: 

5.3 vapor (gas) specific gravity 

Miscible with alcohol, benzene, chloro- 
form, ether, and carbon disulfide 

Log Octanol/Water Partition Coefficient: 2.64 

Vapor Pressure: 90 mm Bg at 20% 

Vapor Density: 5.32 

Transport and Fate 

Carbon tetrachloride has a high vapor pressure and therefore 
volatilizes rapidly into the atmosphere from surface water 
and probably froin soil. It is relatively soluble in water 

Carbon tetrachloride 
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and therefore would be expected to be transporreo in y ~ ~ ~ ~ ~ ~ ~ ~ , , , .  
Because of its high specific gravity, it may move independently 
from the groundwater as a nonaqueous phase liquid. 

Health Effects ’_ 7289 
Carbon tetrachloride was carcinogenic in mice, rats, and 

hamsters; in all cases‘liver tumors were induced (IARC 1979, 
USEPA 1980). 
of .tumors of the adrenal gland (Weisburger 1977). S.tudies 
discussed by.EPA (1980) on the mutagenic and teratogenic effects 
of carbon tetrachloride and. its impact on reproduction are 
inconclusive. Carbon tetrachloride also causes both liver 
and kidney damage in animals and humans. One study in which 
guinea pigs were repeatedly exposed to carbon tetrachloride 
vapor for several months provided evidence of damage to the 
optic nerve and degeneration of the myelin sheath of the sciatic 
nerve (Smyth et al. 1936). 

In addition, mice also displayed a high incidence 

Toxicity to Wildlife and Domestic Animals 

Carbon tetrachloride has been shown to be acutely toxic 
to aquatic species at concentrations as low as 35 mg/liter. 
No data on chronic toxicity to aquatic life were reported in 
the literature reviewed. Fish bioconccntrate carbon tetrachlor- 
ide by a factor of less than 50. No studies on the toxicity 
of carbon tetrachloride to domestic animals or terrestrial 
wildlife were found in the literature reviewed, 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) 8 

Aquatic Life 

The available data are not adequate for establishing criteria. 
However, EPA did report the lowest values known to cause 
toxicity in aquatic organisms, 

Freshwater 

Acute toxicityt 35,200 pg/liter 
Chronic toxicity: No available data 

S a1 t wa tar I 

Acute toxicity: 50,000 (rg/litcr 
Chronic toxicity: No available data 

Carbqn tetrachloride 
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Human Health 
. -  

Estimates of the carcinogenic risks associated with lifetime 
exposure to carbon tetrachloride at various concentrations 
in water are: 
Risk Concentration - 

4.0 pg/liter 
0.4 pg/liter 
0.04 pg/liter 

CAG Unit Risk (USEPA) : 1 . 3 ~ 1 0 ~ ~  (mg/kg/day)-’ 

OSHA Standards (air): 10 ppm TWA 
25 ppm Ceiling Level 
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CHLORDANE 
r 

I .  . Summary 

Chlordane is an organochlorine pesticide that was formerly 
used on field crops and is presently used to control structural 
sts in homes. Technlcal chlordane is a complex mixture that 

Ecludes two isomers of chlordane, heptachlor, and two isomers 
of nonachlor. It is very persistent in the environment and is 
stroqgly bioaccumulated in fish and other aquatic organisms. 
Chlordane causes liver tumors in mice, and the results of a 
mutagenicity assay were positive. It also has adverse repro- 
ductive effects in mice, and chronic exposure causes liver 
changes and adversely affects the central nervous system. 
Chlordane is very toxic to aquatic organisms. 

Background Information 

nents of which are cis-chlordane and trans-chlordane. The 
technical product also contains a variety of other chlorinated 
hydrocarbons, including heptachlor. It is a viscous amber- 
colored liquid. Much of the available literature does not 
distinguish between the chlordane isomers and appears to discuss 
mixtures of  these compounds. 

Technical chlordane is a complex mixture, the major compo- 

CAS Number: Chlordane (mixture) : 57-74-9 
cis-Chlordane: 5103-74-2 
trans-Chlordane: 5103-71-9 

Chemical Formula: Clo?f6C18 

IUPAC Name: lr2,4,5,6,7,8,8-O~tachlor~2,3,3a,4,7,7a~hexahydr~ 
4,7-methamoindene 

Important Synonyms and Trade Names: cis-Chlordane: alpha-Chlordane 
trans-Chlordane: gamma-Chlordane 

Chemical and Physical Properties 

Molecular Weights 409.8 

Boiling Point: 17S.C at 2 nun Hg 

Melting Point: ci8-Chlordane: 107-109°C, 
trans-Chlordane: 103-10S°C 

Specific Gravity: 1.59-1.635 at 16.C (technical chlordane) 

Chlordane 
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solubility in Water: From 0.056 to 1.85 mg/liter at 25OC 
, ' *  

Solubility in Organics: Miscible in aliphatic and aromatic 1283 solvents (technical chlordane) 

Log Octanolfiater Partition Coefficient: 2.78 

Vapor Pressure: 

Plash. Point: Minimum Bloc (technical chlordane) 

1 x loo5 mm Rg at 2OoC (refined product) 

.I* 

Transport and Fate 

Chlordane is very persistent in the environment, resisting 
chemical and biological degradation into harmless substances. 
Chlordane in clear water is somewhat volatile, and this may be 
an important loss process. Less loss of chlordane from aquatic 
systems occurs when organics are present, and residue concentra- 
tions in sediment are often much higher than in water. There- 
fore, sorption to sediments is probably important in removing 
the chemical from the aquatic environment. Chlordane binds 
tightly to soil particles and persists for years in soil after 
surface application. However chlordane applied as an emulsi- 
fiable concentrate is more readily volatilized than when it 
is applied as a granular formulation. Certain food and feed 
crops accumulate residues by absorption from the soil. Atmos- 
pheric transport of vapors and contaminated durt particles 
from soil application sites can occur. 

Health Effects 

Mixtures of cis-chlordane and trans-chlordane produce 
liver cancer in mice. Chlordane also ha8 mutagenic effects 
in at least one test system. Reproductive effects, including 
developmental defects and neonatal metabolic and biochemical 
disorders, are observed in the offspring of mice exposed to 
chlordane. Tests with laboratory animals, primarily rodents, 
demonstrate acute and chronic toxic effects. Either isamer 
alone, or a mixture of the two, appears to exhibit approxi- 
mately equal toxicity. 
loss, tremora, c ~ n v u l s i o n ~ ~  and death. Cbronic exporure to 
chlordane causes liver changes and induces or suppresacs a 
variety of e n m e  systems. 
a cumulative neurotoxin. The oral LD in the rat is 283 mg/kg. 
Oxychlordane, an epoxide metabolite fdpmed fram either chlordane 
isomer, 48 significantly more acutely toxic than chlordane. 
The oral LD of oxychlordane administered to rats in aorn 
oil i8 19 maykg, and it is 43 mg/kg when administered in an 
aqueous su8pension. 

Acute effects include anorexia, weight 

In addition, chlordane may act a8 

r '  - ' .' 
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Acute oral or akin exposure to chlordane can cause vomiting, 
seizures, electroencephalographic dysrhythmia, convulsions, and 
death in humans. However, moet reports of human toxicity are 
inconclusive. Oxychlordane has been found in a high percentage 
of human adipose tissue samples and also in human milk samples. 

Toxicity to Wildlife and Domestic Animals 

low concentrations in some fish and invertebrate species. 
Chlordane also shows strong tendencies for bioaccumulation in 
some aquatic and terrestrial organisms. 
at levels thousands of times greater than the surrounding water 
medium in a variety of aquatic organisms, including bacteria, 
algae, daphnids, and fish. The EPA criteria for acute exposure 
to freshwater species is 2.4 pg/liter, and it is 0.17 pglliter 
for chronic exposure. The corresponding Acute and Chronic 
values for saltwater species are 0.09 pg/liter, 0.0064 pg/liter, 
and 0.0040 pg/liter. The Final Acute-Chronic Ratio is 14. 
Very little information exists concerning the biotransformation 
of chlordane. Although biotransformations may be important for 
the ultimate degradation of chlordane, these processes are 
likely to be very slow. 

The toxic effects.of chlordane are seen at relatively 

It can concentrate 

Chlordane or oxychlordanc residues have been found in 
a wide variety of wildlife and domestic animal species, but 
usually at relatively low levels. Chlordane does not appear 
to be extensively concentrated in the higher members of the 
terrestrial food chain. Studies indicate that chlordane may 
produce toxic effects in certain soil invertebrates after surface 
application. 
lation in these organisms is available, the potential bioconcen- 
tration of chlordane or oxychlordane by terrestrial insectivores 
is of concern. Little information on the toxic effects of 
chlordane to mammalian wildlife and domestic animal species 
is available. Chlordane or oxychlordane residues have been 
found in crops, meat, fish and poultry, dairy products, and 
eggs. Oral LD values for chlordane ranging frum 331 to 858 ppm 
in the diet (a&oximately 25-50 mg/kg) are reported for a 
variety of wild bird Species. Oral LD values ranging from 
100 to 1,000 mg/kg are reported for a gblriety of animals, including 
rodents, goats, sheep, and chickens. 

Although little information concerning bioaccumu- 

Regulations and Standards 

Ambient Water Quality Criteria (US--A): 
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Aquatic Life 

Freshwater 

Acute toxicity: 2.4 vg/liter 
Chronic toxicity: 0.0043 pg/liter 

Saltwater 

Acute toxicity: 0.09 vg/liter 
Chronic toxicity: 0.0040 pg/liter 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of chlordane in water 
are: 
- Risk Concentration 

4.6 ng/liter 
0.46 ng/liter 
0.046 ng/liter 

CAG Unit Risk (USEPA) : 

OSHA S.tandard ( s k i n ) :  

1.6 (mg/kg/day)O1 

0.5 mg/m3 TWA 

ACGIH Threshold Limit Values (skin): 0.5 mg4m) TWA 
2 mg/m STEL 

Department of Transportation: Combustible liquid 
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CHLORINE 
f 

Summary 

Chlorine is a volatile gas that reacts in the atmosphere 
to produce hydrochloric acid, a strong acid. 
4nd therefore is not,persistent in the environment. Chlorine 
gas is a strong irritant, and exposure to high concentrations 
will damage the lungs. Chlorine, measured as either total 
residyal chlorine or chlorine-produced oxidants, is quite toxic 
to aquatic organisms. - 

It is very reactive 

CAS Number: 7782-50-5 

Chemical Formula: C1 

Chemical and Physical Properties 

Atomic Weight: 35.453 

Boiling Point: -34.6OC 

Melting Point: -100.98OC 

Specific Gravity: 1.41 (liquid at 2OoC) 
i 

Solubility in Water: Soluble (7.3 glliter at 20OC) 

Vapor Pressure: 4,800 mm Hg at 20°C 

i .-Vapor Density: 2.49 

Transport and Fate 

Volatilization of chlorine from aquatic or terrestrial 
systems can occur. In the atmosphere, chlorine can react with 
hydrocarbons,to produce HCl, which can return to the earth 
with precipitation. Some researchers suggest that chlorine 
atoms can act as a catalyst in the degradation of the atratos- 
pheric ozone layer. 

In water, chlorine reacts quickly to form hypochlorous 
acid (HOCl), which is weakly dissociated, and HC1. Depending 
on the pR level, R O C L  OClo, Cl-, or Cl may predominate in 
aqueous systems. 
organic matter and oxidizable inorganic matter. Chloroform 

Chlorine readily reach with many types of 
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and other chlorinated hydrocarbons are known to be formed as 
a result of the reaction of chlorine with humic substances 
and other organic materials. The presence of ammonia or ask 
along with chlorine can result in the formation sf chloramines. 
These compounds generally are much more persistent than chlorine, 
hypochlorite, and many chlorinated hydrocarbons. In freshwater, 
the combination of combined (chloramines) and free chlorine 
SZI 'total residual chlorine." In.saltwater, several other 
chlorination products are also included, and chlorine levels 
are reported as "chlorine produced oxidantsom 

flealth Effects 

There are no reports of carcinogenic, teratogenic, or 
reproductive effects due to chlorine exposure in humans or 
experimental animals. One study reported the Occurrence of 
chromosomal aberrations in cultgred human lymphocytes after 
exposure to chlorine at 60 mg/m . 

7283 

I .  

As a gas, chlorine is extremely irritating to the mucous 
membranes of the eyes and respiratory tract. Acute inhalation 
exposure to relatively high concentrations can damage the lungs 
and result in decreased lung capacity, pulmonary congestion, 
edema, and sometimes death. Other signs and 8ymptom8 include 
dyspnea and cough, cyanosis, corrosion of the teeth, severe 
headache, nausea, and syncope. Experiment8 with animals confirm 
the occurrence of irritant effects and lung damage a8 a result 
of acute or chronic exqsure to chlorjne. One-hour inhalation 
LC values of 879 mg/m and 400 mg/m are reported for the 
raz'and mouse, respectively. 

Toxicity to wildlife and Domestic Animals 

The acute toxicity of chlorine, measured as total residual 
chlorine (TRC) in freshwater and as chlorine produced oxidants 
(cPO) in saltwater, ranged from 17 pg/liter to 710 pg/liter for 
31 freshwater species and from 25 pg/liter to 1,418 pg/liter 
for 23 saltwater species. Fish and invertebrate 8pecie8 gener- 
ally had comparable ranges of sensitivity. Chronic 8tudies 
have been conducted on 3 freshwater rpecies and 1 saltwater 
species. 
from 5 to 17 pg/liter, with acute-chronic ratio8 from 4 to 
20. Chronic effects occurred in the aaltwater organirm at 
47 pg/liter, and the acute-chronic ratio for thi8 rpecie8 was 
1.2. 

No information on the toxicity of chlorine to terrestrial 
wildlife or domestic animal8 war found in the literature reviewed. 

Chronic value8 for the freshwater organisms ranged 
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Regulations and Standards 

Proposed Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

Freshwater 

Acute toxicity: 14 pg/liter 
Chronic toxicity: 8.3 pg/liter 

Saltwater 

Acute toxicity: 13 pg/liter 
Chronic toxicity: 7.4 pg/liter 

NIOSH Recommended Standard: 1.5 ppm 

OSHA Standard: 3 mg/m 3 

3 3 mg/m3 TWA 
9 mg/m STEL 

ACGIH Threshold Limit Values: 
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CHLOROBENZENE 

. Summary - 

i n  chemical manufac tur ing .  I t  is p e r s i s t e n t  i n  t h e  environment  
and can be adsorbed  t o . o r g a n i c  material i n  soil,  Chlorobenzene 
may cause l i v e r  tumors i n  male mice. 
benzene have e x h i b i t e d  l i v e r  and kidney damage, 
is noC 've ty  toxic to a q u a t i c  organisms;  none of t h e  LCSn v a l u e s  
a re  less than  1 0  m g / l i t e r .  

Chlorobenzene is used as  a s o l v e n t  and as a raw material 

A n i m a l s  exposed t o  chloro- 
Chlorobenzene 

CAS Number: 108-90-7 

Chemical  Formula: C6H5Cl 

IUPAC Name: Chlorobenzene 

I m p o r t a n t  Synonyms and T r a d e  Names: Monochlorobenzene, benzene 
c h l o r i d e ,  phenyl  c h l o r i d e  

Chemical and P h y s i c a l  Properties 

Molecular Weight: 112.6 

B o i l i n g  P o i n t :  131OC 

Mel t ing  P o i n t :  -46OC 

S p e c i f i c  G r a v i t y :  1.11 a t  2OoC ( l i q u i d )  

S . o l u b i l i t y  i n  Water: 500 m g / l i t e r  

S o l u b i l i t y  i n  Organics :  S o l u b l e  i n  a l c o h o l ,  benzene,  ch lo ro fo rm,  
e t h e r ,  and carbon t e t r a c h l o r i d e  

Log Oc tano l fWate r  P a r t i t i o n  C o e f f i c i e n t :  2.83 

Vapor P r e s s u r e :  8.8 mrn Hg a t  2OoC 

Vapor Dens i ty :  3.88 

Henry ' s  Law Cons tan t8  

F l a s h  P o i n t :  28OC 

3.56 x loo3 atm m3/mOle a t  25OC. 
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Transport and Fate 

Chlorobenzene is probably removed frc- surface water pri- 
marily by volatilization, although adsorption and bioaccumulation 
may also be factors. 
move slowly in soil because of its high octanol/water partition 
coefficient and consequent adsorption to soil organic material. 

Monochlorobenzene would be expected to 

Health Effects 

completed by the National Toxicology Program and preliminary 
results show that chlorobenzene caused neoplastic nodules in 
the liver of male rats but was not carcinogenic in female rats 
or in mice. 

-.-A study .of the carcinogenicity of chlorobenzene was recently 

Occupational studies suggest that chronic exposure to 
monochlorobenzene vapor may cause blood dyscrasia, hyperlipide- 
mia, and cardiac dysfunction in humans. Like many organic 
solvents, monochlorobenzene is a central nervous system depres- 
sant in overexposed humans, but no chronic neurotoxic effects 
have been reported. Animals exposed to chlorobenzene have 
exhibited liver and kidney damage and atrophy of the seminiferous 
tubules in the testes. The oral LDS0 value for rats was 2910 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

Chlorobenzene was acutely toxic to fish at levels greater 
than 25 mg/liter and to aquatic invertebrates at levels greater 
than 10 mg/liter. No chronic studies on the toxicity of chloro- 
benzene to aquatic life were found in the literature reviewed. 
Monochlorobenzene was shown to have a bioaccumulation factor 
of about 1,000 in freshwater species. No studies on terrestrial 
wildlife or domestic animals were reported in the literature 
reviewed. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establi8hing criteria. 

Human Health 

Health criterion: 488 pglliter 
Organoleptic criterion: 20 pg/liter 

Chlor obe nzene 
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OSHA Standard (air): 

ACGIH Threshold Limit Value: 350 mg/m3 TWA 

350 mg/m3 TWA 
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CHLOROBENZ ILATE 

Summary 

control mites. 
Chronic ingestion of chlorobenzilate caused testicular atrophy 
in male rats, enlarged livers in female rats and liver cancer 
in several strains of mice. It is moderately toxic to aquatic 
organisms, with acute 'toxicity values as low as 550 pg/liter. 

Chlorobenzilate is an organochlorine pesticide used to 
It is moderately persistent in the environment. 

CAS Number: 510-15-6 

Chemical Formula: C16HlrC1203 

IUPAC Name: Ethyl-4,4-dichlorobenzilate 

Important Synonyms and Trade Names: Akar, Benzilan, Folbex 

Chemical and Physical Properties 

Molecular Weight: 325.2 

Boiling Point: 141-142OC at 0.06 mm Hg 

Melting Point: 35-37OC 

Specific Gravity: 1.2816 ,at 2OoC 

Splubility in Water: Practically insoluble 

Solubility in Organics: Spluble in most organic solvents and 
petroleum oils 

Log Octanol/Water Partition Coefficient: Approximately S (calcu- 

Vapor pressure: 

lated) 

6 . 8 ~ 1 0 ~ ~  mm ~g at 2 0 0 ~  

Transport and Fate 

Little information on the transport and fate of chloro- 
benrilate was found in the oources reviewed. However, rame 
generalizations can be made based on its chemical and physical 
properties and on the information available about related chemi- 
cals. Chlorobenzilate appears to be moderately persistent. 
Although it has a low vapor pressure, as in the case of other 
organochloride compounds, volatilization i 8  probably an important 
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transport pr0C;caa. . ..- a .  - 
cient indicates that chlorobenzilate is p r o b a b l y  readily B O r ~ e a  
by soil miterials and sediment and will not move easily through 
groundwater or surface water. Chlorobenzilate has been shown 
to be metabolized in dogs and may therefore be biodegraded by 
other organisms. Based on this information and data on the l)- 

in the fate of chlorobenzilate. 

1288 degradation of DDT, boil bacteria may play an important role +p= - 

Health Effects 

Chlorobenzilate produced hepatocellular carcinomas in 
both males and females in one Strain of mice (NCI  1978) and 
in male mice in two other strains ( IARC 1983). A slightly 
increased incidence of adrenocortical adenomas wag seen in 
rats of both sexes, but these data were considered inadequate 
for evaluation by IARC (1983). Chlorobenzilate does not appear 
to be mutagenic and did not adversely affect reproduction in 
a three-generation study. 

Female rats fed 100 ppm chlorobenzilate (approximately 
5 mg/kg bw/day) for 4 weeks developed enlarged livers. Male 
rats fed 1,600 or 3,000 ppm of chlorobenzilate (approximately 
135 mg/kg bw/day) for 78 weeks experienced testicular atrophy. 
The acute oral LDS0 value for rats, mice, and hamsters was 
700 mg/kg . 
Toxicity to Wildlife and Domestic Animals 

Rainbow trout exposed to chlorobenzilate for 48 hours had 
an LC value of 710 pg/liter. A 48-hour LC of 550 pg/liter 
was daeermined for water fleas. 
toxicity of chlorobenzilate to wildlife or domestic animals 
was found in the literature reviewed. 

No other inl8rmation on the 
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CHLOROETHANE 

summary 

Ch lo roe thane  is used as  a S o l v e n t ,  as  a r e f r i g e r a n t ,  and  
a s  a raw m a t e r i a l  i n  t h e  manufac tu re  of t e t r a e t h y l  lead .  It 
is f a i r l y  v o l a t i l e  i n  t h e  environment .  
headaches and d i z z i n e s s  in workers exposed to  h igh  l e v e l s .  
I t  c a u s e s  kidney damage and l i v e r  changes i n  c h r o n i c a l l y  exposed 
an imals .  

Ch lo roe thane  caused  

C h S  Number: 75-00-3  

Chemical Formula: C2H5Cl 

IUPAC Name: Ch lo roe thane  

Impor t an t  Synonyms and T r a d e  Names: E t h y l  c h l o r i d e ,  .monochloro- 
e t h a n e  

Chemical  and P h y s i c a l  Properties 

Molecular  Weight :  64.52 

a o i l i n g  Po in t :  12.3OC 

Mel t ing  P o i n t :  -136.4OC A 

S p e c i f i c  Grav i ty :  0.8978 a t  2OoC 

S p l u b i l i t y  i n  Water: 

S o l u b i l i t y  i n  O r g a n i c s t  Spluble i n  alcohol and e t h e r  

5740 m g f l i t e r  a t  2OoC 

Log Octanol /Water  P a r t i t i o n  C o e f f i c i e n t :  1.54 

Vapor P r e s s u r e :  1 ,000 mm Hg a t  2OoC 

Vapor Dens i ty :  2.23 

T r a n s p o r t  and Fate 

Ch lo roc thane  i s  p r o b a b l y  not  v e r y  p e r s i s t e n t  i n  t h e  env i ton -  
mcnt. I t  v o l a t i l i z e s  r a p i d l y  from water; o n c e  in t h e  atmosphere,  
it is pho toox id ized ,  and fo rmyl  c h l o r i d e  i s  the i n i t i a l  o x i d a t i o n  
p roduc t .  
soil. B i o d e g r a d a t i o n ,  r o r p t i o n ,  and bioaccrrmulation p r o b a b l y  are 
not  important fa te  processes for c h l o r o e t h a n c .  

E y d r o l y s i s  may a l so  occur in surface water or i n  moist 
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Health Effects - 

Chloroethane is presently being tested by the Nationalp: 728p 
Toxicology Program (NTP) for carcinogenicity and genetic todi- 
city. 
or teratogenicity was found. Chloroethane caused minor neuro- 
logical effects (e.g., headache, dizziness) in workers exposed 
to high levels. 
caused kidney damage and fatty changes in the liver, and at 
high levels upset cardiac rhythm. 
to be the least toxic of the chlorinated ethanes. 

No information evaluating its reproductive toxicity 

In animals, chronic exposure to chloroethane 

Honochloroethane is considered 

Toxicity to Wildlife and Domestic Animals 

No information was found on the toxicity of chloroethane 
to wildlife or domestic animals. The toxicity of other chlori- 
nated ethanes to aquatic organisms generally declines with 
decreasing chlorine content. Therefore, chloroethane is probably 
less toxic than l,2-dichloroethaner which causes acute toxicity 
at about 120 mg/liter and chronic toxicity at 20 mg/liter. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

criteria . 
OSHh S,tandard (air): 

ACGIR Threshold Limit Values: 

The available data were not adequate for establishing 

2,600 mg/m3 TWA 

2,600 mg/mi TWA 
3,250 mg/m STEL 
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BIS (2-CHLOROETHOXY) ETHANE 

summary 

bis(2-Ch1oroethaxy)ethane is probably somewhat persistent 
in the environment. It has oral LD values in rats and guinea 
pigs of 250 mg/kg and 120 mg/kg, reisectively. 

CAS Number: 112-26-5 

Chemical Formula: C6H12C1202 

IUPAC Name: 1,2-bis-2-Chloroethoxyethane 

Important Synonyms and Trade Names: Triglycol dichloride, 
triethylene glycol dichloride 

Chemical and Physical Properties 

Molecular Weight: 187 

Boiling Point: 241.3OC 

Melting Point: -31.5OC 

Specific Gravity: 1.2 at 2OoC 

Solubility in Water: Approximately 5,000 mg/lfter (calculated) 

Log Octanol/Water Partition Coefficient: 1.92 (calculated) 

Vapor Pressure: Probably less than 0.1 mm Hg at 2OoC 

Flash Pointr 121°C 

Transport and Fate 

No information is available on the transport and fate 
of bis(2-ch1oroethoxy)ethane. However, this information can 
be extrapolated from data on bis(2-ch1orotthoxy)methane data 
and from the chemical and physical properties of bis(2-chloro- 
ethoxy ) ethane . 

bis(2-Ch1oroethoxy)ethane is probably rathet persistent 
in the environment. It has a low vapor pressure and therefore 
probably is not very volatile. 
partition coefficient (1.92) and solubility ruggest that it may 
leach through the roil if it i r  not biodegraded. There is no 

Its calculated log octanol/water 
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information on the biodegradation of b~s(2~chloroetnox~~~ril4lit. 
Based 06 information for bis(2-chloroethoxy)methane, the most 
likely fate processes for bis(2-ch1oroethoxy)ethanc are slow 
hydrolysis and oxidation to peroxides, 728 8 
Health Effects 

Limited information is available on the health effects 
of bis(2-ch1oroethoxy)ethane. Three acute studies indicated 
that the chemical had oral LD values of 250 mg/kg in rats 
and 120 mg/kg in guinea pigs JRd an LDSO of 1,410 mg/kg when 
applied to the skin of mice. 

ethane can be inferred from studies on bis(2-ch1oromethoxy)ethane. 
This chemical produced local sarcomas when applied dermally, 
by subcutaneous injection, or intraperitoneally. 

More information on the potential effects of bis(2-chloroethoxy) 

Toxicity to Wildlife and Domestic Animals 

No information.on the toxicity of bis(2-ch1oroethoxy)ethane 
to wildlife or domestic animals was found in the sources reviewed. 
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BIS(2-CHLOR0ETHYL)ETHER 

Summary 

bis(2-Chloroethy1)ether was used in the past as a soil 
fumigant and is now used as a solvent and chemical reagent. 
It. is fairly soluble in water and i-s probably moderately per- 
sistent in the environment. bis(2-Chloroethy1)ether caused 
an increased incidence of lfver tumors in male mice following 
oral administration, and it was found to be mutagenic using 
the Ames assay. In the air, it if3 irritating to the eyes and 
nasal passages and when inhaled can damage the lungs, liver, 
kidneys, and brain. 

CAS, Number: 111-44-4 

Chemical Formula: ClCH2CH20CH2CH2Cl 

IUPAC Name: bis (beta-Chloroethyl) ether 

Important Synonyms and Trade Names: sym-Dichloroethyl ether; 
2,2'-Dichloroethyl ether; 
l-Chloro-2- (beta-ch1oroethoxy)- 
ethane; DCE; l,l@-oxybis- 
(2-chloroethane) 

Chemical and Physical Properties 

Molecular Weight: 143.02 

Boiling Point: 178OC 

Melting Point: -24.5OC 

Specific Gravity: 1.22 at 2OoC 

Splubility in Water: 10,200 mg/liter 

Solubility in Organics: 

Log Octanol/Water Partition Coefficient: 1.58 

Vapor Pressure: 0.71 mm Hg at 2OoC 

Xfscible with most organic solvents 

Vapor Density: 4.93 

Flash Point: 5S.C 

bi 8 t 2-Chlor oe t h yl) ether 
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Transport and Fate 

There is little information available concerning the environ- 
mental transport and fate of bis(2-chloroethy1)cther and the 
relative importance of the various transport and fate processes. 
Some volatilization of this compound from aquatic and terrestrial 
systems, and subsequent atmospheric transport probably can 
accur. Because it is somewhat soluble in water, bis(2-chloroethy1)- 
ether can migrate through the roil. Direct photolysis is not 
expected to take place in the atmosphere or in surface waters. 
RoweVet, photo oxidation of the bis(2-chloroethy1)ether that 
reaches the troposphere is likely to occur. Slow hydrolytic 
cleavage of the carbon-chlorine bonds can occur and is probably 
the most important aquatic fate, 

Adsorption on particulate matter does not appear to be 
a significant environmental transport process. A limited amount 
of indirect evidence suggests that bis(2-chloroethy1)ether 
has little potential for bioaccumulation. Available information 
is not adequate to characterize the importance of biodegradation 
as a fate process, It is reported that significant degradation 
can occur in aquatic systems after a period of acclimation. 

Health Effects 

hepatomas in male mice following oral administration. It is 
also reported to be mutagenic in Salmonella tester strains. 
No data concerning teratogenic or reproductive effects are 
available, 

bis(2-Chloroethy1)ether caused an increased incidence of 

bis(2-Chloroethy1)ether concentrations of 100 ppm (600 mg/m3) 
and possibly lower are irritating to the eyes and nasal passages, 
and may cause coughing ang nausea. Exposure to concentrations 
above 550 ppm (3,300 m g h  ) is considered to be intolerable. 
Concentrations of 500 ppm and 250 ppm are reported to be fatal 
in guinea pigs and rats, respectively. The most severe toxic 
effects are seen in the lungs, although the kidneys, liver, 
and brain may also be affected. No serious toxic effects were 
noted following 5hronic exposure of guinea pigs and rats to 
69 ppm (420 mg/m 1 of bis(2-chloroethyl)ethcr, 

bis(2-Chloroethy1)ether ir a mild skin irritant. However, 
acutely toxic and lethal amounts may be absorbed through the 
skin. An oral LD50 of 75 mg/kg ir reported for the rat, 

Toxicity to Wildlife and Domestic Animals 

Data adequate to characterize the toxicity of bis(2-chloro- 
cthy1)ethcr to wildlife and domestic animals are not available. 

r i .  
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Acute toxicity of chloroalkyl ethers, in general, to freshwater 
aquatic life is reported to occur at concentrations as low 
as 238,000 pg/liter and would occur at lower concentrations 
among species more sensitive than those tested. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of bis(2-chloroethy1)ether 
in water are: 

- Risk Concentration 

0.3 pg/liter 
0.03 pg/liter 
0.003 vg/liter 

CAG Unit Risk (USEPA) : 

0S.m S-tandard: 

ACGIH Threshold Limit Values: 

1.14 (mg/kg/day)-l 

90 mg/m3 Ceiling Level 

30 mg/mi TLV 
60 mg/m STEL 
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CHLOROFORM 

Summary 

Chloroform ( t r i c h l o r o m e t h a n e )  is o f t e n  produced d u r i n g  
t h e  c h l o r i n a t i o n  o f  d r i n k i n g  water and t h u s  is a common d r i n k i n g  
water  contaminant .  ‘It is v o l a t i l e  i n  s u r f a c e  waters and is 
n o t  l i k e l y  to  be p e r s i s t e n t  i n  t h e  environment .  Chloroform 
caused an i n c r e a s e  i n  kidney e p i t h e l i a l  tumors  in rats and 
i n  h e p a t o c e l l u l a r  carc inomas  in mice. 
s u g g e s t i v e  e v i d e n c e  from e p i d e m i o l o g i c a l  s t u d i e s  t h a t  exposure 
t o  ch loroform and other t r i h a l o m e t h a n e s  is a s s o c i a t e d  w i t h  
a n  i n c r e a s e d  i n c i d e n c e  of  bladder  tumors  i n  humans. O t h e r  
toxic  e f f e c t s  of ch lo ro fo rm i n c l u d e  c e n t r a l  ne rvous  sys t em 
d e p r e s s i o n ;  eye ,  s k i n ,  and g a s t r o i n t e s t i n a l  i r r i t a t i o n ;  and 
damage to  t h e  L ive r ,  hear t ,  and kidney. 

I n  a d d i t i o n ,  there  is 

CAS Number: 67-66-3 

Chemical  Formula: CHC13 

IUPAC Name: Tr i ch lo romethane  

C h e m i c a l  and P h y s i c a l  Properties 

Molecular Weight: 119.38 

B o i l i n g  Po in t :  61.7OC 

Mel t ing  P o i n t :  -63.5OC 

Specific Grav i ty :  1.4832 a t  2OoC 

S o l u b i l i t y  i n  Water: 8,200 mg/l i ter  a t  20°C 

S o l u b i l i t y  i n  Organics :  

Log Octanol/Watcr P a r t i t i o n  C o e f f i c i e n t :  1.97 

Va2or P r e s s u r e :  

Vapor Dens i ty :  4.12 

S o l u b l e  i n  a c e t o n e ;  miscible wi th  
alcohol, e t h e r ,  benzene, and l i g r o i n  

lSO.S mm 89 a t  2OoC 
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T.ransport and Pate 

v o l a t i l i z a t i o n  into the atmosphere is the major tran 
process for 'removal of chloroform from aquatic systems t(U 283 - 
1 9 7 9 ) .  Once in the troposphere, chloroform i s  attacked by 
hydroxyl radicals  w i t h  the subsequent formation o f  phosgene 
(CoCl ) rnd possibly chlorine oxide (C10) r a d i c a l s .  Neither 
of thase reaction products is l i k e l y  t o  p e r s i s t :  phosgene is 
readily  hydrolyzed t o  hydrochloric acid and carbon dioxide. 
Reaction w i t h  hydroxy radicals  is thought to  be the primary 
environmental f a t e  of chloroform. However, chloroform that 
remains i n  the troposphere may return t o  earth i n  p r e c i p i t a t i o n  
or adsorbed on particulates,  and a small amount may d i f f u s e  
upward to the stratosphere where it  photodissociates v i a  inter- 
action w i t h  u l t r a v i o l e t  l i g h t .  

P h o t o l y s i s ,  hydrolysis,  and sorption do not appear t o  
be s i g n i f i c a n t  environmental f a t e  processes for chloroform. 
However, sorption processes may have some importance as a removal 
mechanism i n  groundwater and s o i l .  The l o g  octanol/water p a r t i -  
t i o n  c o e f f i c i e n t  indicates that  thdis compound m y  bioaccumulate 
under conditions of constant exposure. Studies w i t h  marine 
organisms provide evidence for only weak t o  moderate bioaccumu- 
l a t i o n .  Although chloroform is somewhat l i p o p h i l i c  and tends 
t o  be found a t  higher concentrations i n  f a t t y  t i s s u e s ,  there 
is no evidence for biomagnificat.ion i n  aquatic food chains. 

Health E f f e c t s  

Chronic administration of chloroform by gavage is reported 
t o  produce a dose-related increase i n  the incidence o f  kidney 
e p i t h e l i a l  tumors i n  r a t s  and a dose-related increase i n  the 
incidence of  hepatocellular carcinomas i n  mice (IARC 1979, 
USEPA 1 9 8 0 ) .  Epidemiological studies suggest that  higher con- 
centrations of chloroform and other trihalomethanes i n  water 
supplies may be associated w i t h  an increased frequency of bladder 
cancer i n  humans. However, these r e s u l t s  are not s u f f i c i e n t  
t o  e s t a b l i s h  c a u s a l i t y .  An increased' incidence of  f e t a l  abnor- 
m a l i t i e s  was reported i n  o f f s p r i n g  of  pregnant r a t s  exposed 
t o  chloroform by inhalation. Oral doses of chloroform that  
caused maternal t o x i c i t y  produced r e l a t i v e l y  m i l d  f e t a l  t o x i c i t y  
i n  the form of reduced birth weights. There are l i m i t e d  data 
suggesting that  chloroform has mutagenic a c t i v i t y  i n  8ome t e s t  
systems. However, negative r e s u l t s  have k e n  reported for 
b a c t e r i a l  mutagenesis assays. 

Humans may be exposed to chloroform by inhalation,  inges- 
t i o n ,  or s k i n  c o n t a c t .  Toxic e f f e c t s  include l o c a l  i r r i t a t i o n  
of the s k i n  or eyes, c e n t r a l  nervous Bystem depression, gastro-  
i n t e s t i n a l  i r r i t a t i o n ,  l i v e r  and kidney damage, cardiac arrhyth- 
mia, v e n t r i c u l a r  tachycardia, and bradycardia. Death from 
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x288 
chloroform ove rdos ing  can  occur and is a t t r i b u t e d  t o  ventr Eula-r 
f i b r i l l a t i o n .  Chloroform a n e s t h e s i a  can produce de layed  d e a t h  

' a s  a r e su l t  of l i v e r  n e c r o s i s .  

Exposure t o  chloroform by i n h a l a t i o n ,  i n t r a g a s t r i c  ad- 

Values  for  t h e  r a t  are 908 mg/kg and 3#?000 mg/m 

m i n i s t r a t i o n ,  or i n t r a p e r i t o n e a l  i n j e c t i o n  p r o d u c e s  l i v e r  and 
kidney damage in l a b o r a t o r y  animals. The o r a l  LD and inhg- 
l r t i o n  LC 
per 4 h o u k g ,  r e s p e c t i v e l y  (ACGIB 1980) .  

T o x i c i t y  to  W i l d l i f e  and Domestic Animals 

L i m i t e d  i n f o r m a t i o n  is a v a i l a b l e  conce rn ing  t h e  t o x i c i t y  
of chloroform t o  organisms exposed a t  known c o n c e n t r a t i o n s  
(USEPA 1980)  . Median effect  c o n c e n t r a t i o n s  for two f r e s h w a t e r  
and one i n v e r t e b r a t e  species range  from 28,900 t o  115,000 p g / l i t e r .  
Twenty-seven day LC 
reported f o r  embryos fa rva l  tests wi th  rainbow t rou t  i n  water 
u t  two l e v e l s  o f  hardness .  The o n l y  reliable r e s u l t  . conce rn ing  
t h e  t o x i c i t y  of ch lo ro fo rm to  saltwater a q u a t i c  l i f e  is  a 96-hour 
LCs0 v a l u e  of  81,500 p g / l i t e r  f o r  p ink  shrimp. 

h a l f - l i f e  of less t h a n  1 day  was de termined  for t h e  b l u e g i l l .  
Al though ch lo ro fo rm is n o t  s t r o n g l y  b ioaccumula ted ,  it. is t h o u g h t  
t o  be wide ly  d i s t r i b u t e d  i n  the environment  and can  be detected 
i n  f i s h ,  w a t e r  b i r d s ,  mar ine  mammals, and v a r i o u s  c r o p s .  

v a l u e s  of 2,030 and 1,240 p g l l i t e r  were 

A n  e q u i l i b r i u m  b i o c o n c e n t r a t i o n  f a c t o r  of s i x  w i t b . a  tissue 

R e g u l a t i o n s  and S t a n d a r d s .  

Ambient Water Q u a l i t y  Criteria (USEPA) : 

A u u a t i c  L i f e  

The a v a i l a b l e  data  are n o t  adequa te  for e s t a b l i s h i n g  cr i ter ia .  

Human H e a l t h  

Estimates o f  the c a r c i n o g e n i c  risks associated w i t b  l i f e t i m e  
exposure to  v a r i o u s  c o n c e n t r a t i o n s  of chloroform i n  water 
are: 

C o n c e n t r a t i o n  

1.90 p g / l i t e r  
0.19 p g / l i t e r  
0.019 p g l l i t o r  

CAG U n i t  R i s k  (USEPA) : 8 = 1 ~ 1 0 ~ ~ ( ~ g / k g / d ~ y ) ~ ~  

Chloroform 
Page 3 
Oc t obe r 19 8 5 . .  

, . .A . .  
, .. 



. ,  
' pr imary  D r i n k i n g  Water S t a n d a r d :  0.10 mg/li ter ( t o t a l  t r i h a l o -  

methane s) 

NIOSH Recommended S tanda rd :  

OSHA S t a n d a r d :  2 4 4  mg/m C e i l i n g  L e v e l  

9.8 mg/m3 1-hr C e i l i n g  Leve l  
c 3 

A C G I H  T h r e s h o l d  L i m i t . .  Value: 50 mg/m3 ( s u s p e c t e d  human 
car c i nog en)  
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Summary 

D-CHLORem-CRESOL 

p-Chloro-m-cresol i s  modera t e ly  8 o l u b l e  i n  water and is 
r e a d i l y .  degraded d u r i n g  a e r o b i c  sewage treatment. However0 it 
is- probab ly  m o d e r a t e l y -  persistent i n  t h e  n a t u r a l  environment .  
p-Chloro-m-cresol causes dermatit is  and n a t u r a l  a l l e r g i c  reac- 
t ions  i n  s e n s i t i v e  i n d i v i d u a l s .  I t  c a u s e s  kidney damage i n  
mice..--'p-Chloro-m-cresbl was a c u t e l y  t o x i c  t o  f a t h e a d  minnows 
a t  c o n c e n t r a t i o n s  of 30 v g / l i t e r .  

CAS Number: 59-50-7 

Chemical  For mu1 a t c 68 3CH 3C1OH 

IUPAC Name: 4-Chloro-m-cresol 

I m p o r t a n t  Synonyms and Trade Names: 

Chemical and P h y s i c a l  ProDerties 

Molecular Weight: 142.59 

B o i l i n g  Po in t :  253OC 

Mel t ing  P o i n t :  66-68OC 

4-Chloro-3-methylpheno10 
3-chloro-5-hydroxy t o l u e n e  
3-me thyl -4-chlorophenol  

S p e c i f i c  G r a v i t y :  1.215 a t  l S ° C  

S o l u b i l i t y  i n  Water: 3,850 m g / l i t e r  

S o l u b i l i t y  i n  Organics :  S o l u b l e  in alcohol and ether 

~ o g  O c t a n o l D a t e r  P a r t i t i o n  C o e f f i c i e n t :  2.95 ( c a l c u l a t e d )  

T r a n s p o r t  and Fate 

c o n s i d e r a t  i o n s  s u g g e s t  t h a t  i n t r a m o l e c u l a r  p h o t o l y s i s  is t h e  
most l i k e l y  e n v i r o n m e n t a l  fate f o r  pChlorO-m-Ctesol.  These 
r e a c t i o n s  c o u l d  p roduce  a m i x t u r e  of compounds from i n i t i a l  
i n t e r m e d i a t e s  i n  whdch the methyl  g r o u p  becomes c h l o r i n a t e d  
or becomes o x i d i z e d  to  a b e n z y l  hydroperoxide .  Although l i t t l e  
i n f o r m a t i o n  c o n c e r n i n g  other e n v i r o n m e n t a l  processes is a v a i l -  

Expe r imen ta l  e v i d e n c e  wi th  related compounds and theoretical 
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a b l e ,  i t  a p 2 e a r s  t n a t  o x i a a f i o n  ano n y o r o r y s r s  a~t: I A O L  
t o  be i m p o r t a n t  f a t e s ,  and t h a t  v o l a t i l i z a t i o n  and sorption 
a r e  n o t  l i k e l y  t o  be i m p o r t a n t  t r a n s p o r t  processes. 

The l o g  o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t  of 2 -  :hloro- - 
m-cresol s u g g e s t s  t h a t  it. may have a tendency  t o  bioacctnnulate, 
bu t  t h a t .  it is p r o b a b l y  n o t  a n  i m p o r t a n t  f a t e  process. 
chloro-m-cresol i s  r e a d i l y  deg raded  d u r i n g  aerobic sewage t r e a t -  
ment  and is p a r t i a l l y e d e g r a d e d  by adapted mixed c u l t u r e s  of 
s o i l  and water microorganisms.  Eowever, t h e  p o t e n t i a l  for 
b i o d e g r a d a t i o n  i n  ambient surface waters or i n  so i l  is unknown. 

i 

Y 2 $ 3  
Para- 

H e a l t h  E f f e c t s  

NO i n f o r m a t i o n  c o n c e r n i n g  t h e  c a r c i n o g e n i c i t y  , mutap e n  i c i t y  , 
or t e r a t o g e n i c i t y  of p-chloro-m-cresol i n  humans or e x p e r i m e n t a l  
animals i s  a v a i l a b l e .  Para-chloro-m-cresol, i n  a 1.59 aqueous  
s o l u t i o n ,  is r e p o r t e d  t o  p roduce  p r u r i t i c  v e s i c u l a r  d e r m a t i t i s  
i n  s e n s i t i v e  i n d i v i d u a l s .  Sys t emic  r e a c t i o n s  t o  mucous h e p a r i n  
p r e s e r v e d  w i t h  0.15% of an u n s p e c i f i e d  chlorocresol, l i k e l y  
t o  be pchloro-m-cresol, i n c l u d e  collapse, pallor,  s w e a t i n g ,  
h y p o t e n s i o n  , tachycard i a, and g e n e r a l i z e d  u r t  i car i a1  rash . 
I n  a n o t h e r  case, s e v e r e  b u r n i n g  p a i n  o c c u r r e d  a t  t h e  s i t e  of 
i n j e c t i o n  w i t h  h e p a r i n  p r e s e r v e d  w i t h  0.158 chlorocresol. 
S h o r t l y  afterwards, nausea ,  l i g h t h e a d e d n e s s ,  and d r o w s i n e s s  
accompanied by pallor and s w e a t i n g  appeared. 

I n t r a v e n o u s  or s u b c u t a n e o u s  a d m i n i s t r a t i o n  of p-chloro- 
m-cresol p roduced  s e v e r e  musc le  tremors and death i n  mice and 
rats.  Damage t o  r e n a l  t u b u l e s  was also obse rved .  In the m u s e ,  
t h e  reported i n t r a v e n o u s  and s u b c u t a n e o u s  LD v a l u e s  are both 
70 mg/kg. A s u b c u t a n e o u s  LD. 
of 500 mg/kg are reported fo?'the rat .  

of 400 mg/kg a8d a n  oral  LDS0 

T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

An a c u t e  t o x i c i t y  v a l u e  of 30 u g / l i t e r  is reported for 
t h e  fa thead  minnow, a freshwater species. An LC v a l u e  d u e  
t o  chlorosis of 95,488 p g / l i t e r  is reported for afickweed, a 
freshwater p l a n t  species. 

No other i n f o r m a t i o n  c o n c e r n i n g  the t o x i c i t y  of p-chloro- 
m-cresol to terrestr ia l  w i l d l i f e  and domestic a n i m a l s  is aoail- 
able. 

m .  
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R e g u l a t i o n s  and S t a n d a r d s  
- 

Ambient Water Q u a l i t y  C r i t e r i a  (USEPA) : 

Aquatic L i f e  

The a v a i l a b l e  d a t a .  a re  n o t  adequate  for e s t a b l i s h i n g  c r i t e r i a .  

Human H e a l t h  

O r g a n o l e p t i c  c r i te r ion :  3,000 p g / l i t s r  
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1-CHLORO-3-NITROBENZENE 

Summary 

728 8 

1-Chloro-3-nitrobenzene is used in the manufacture of 
d y e s .  
fate of the chemical suggests that biodegradation is an important 
fate processr but one that occurs slowly. 
is probably moderately persistent in the environment. 
3-nitrobenzene was mutagenic in the Ames assay. It causes 
methemoglobinemia in experimental animals and was reported 
to induce hemolytic activity in rats. 

The limited information available on the transport and 

Consequentlyr it 
l-Chloro- 

CAS Number: 121-73-3 

Chemical Formula: C6flqC1N02 

IUPAC Name: l-Chloro-3-nitrobenzene 

Important Synonyms and Trade Names: Chloro-m-nitrobenzene, 
m-chloronitrobenzene, nitrochlorobenzene 

Chemical and Physical Properties 

Molecular Weight: 157.56 

Boiling Point: 235-236.C ' 

Melting Point: 46OC 

Specific Gravity: 1.534 at 20.C 

Solubility in Water: Insoluble in water 

Solubility in Organics: Soluble in alcohol, ether, and carbon 
disulf ide 

Log OctanollWater Partition Coefficient: 2.43 

Transport and Fate 

The only information on the transport anb fate of l-chloro-3- 
nitrobenzene indicates that biodegradation by soil bacteria 
ir an important fate process but that it occurs 810Wly. 
on this data, on information for nitrobenzene and chlorobenzenes, 
and on the chemical and physical properties of the compound, 
it would appear that l-chloto-3-nitrobenzene i 8  quite persistent 
in the environment. Besides biodegradation, other potential 

Based 
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fate processes may include p n o t o r e a u c L A u r r  u L  --.., ..A _ _  _ .  
$€,.the compound is adsorbed to humic material near the s b i l  
er water surface. 
- -  -- 1283 
Health Effects 

l-Chloro-3-nitrobenzene has not been tested for Carcinogeni- 
city in animal bioassays. Eowever, both l-chloro-4-nitrobenzene 
and 1-chloro-2-nitrobenzene were reported to be carcinogenic 
in mice (Weisburger et al. 1978). 1-Chloro-3-nitrobenzene 
was found to be mutagenic using the Ames assay without metabolic 
activation in strain TA100. NO information was available on 
the teratogenicity, embryotoxicity, or fetotoxicity of l-chloro-3- 
nitrobenzene. 

It has been reported that l-chloro-3-nitrobenzene causes 
methemoglobunemia in experimental animals. 
mation of sulfhemoglobin in rats and was reported to have a 
hemolytic action, with resulting anemia and cyanosis. 
3-nitrobenzene i s  probably reduced to chloroaniline in the 
body. 

LD50 is 380 mg/ka? 

It led to the for- 

l-Chloro- 

The oral LD in the rat is 470 mg/kg, and the mouse oral 

Toxicity to Wildlife and Domestic Animals 

to wildlife or domestic animals was available in the literature 
reviewed. 

No information on the toxicity of l-chloro-3-nitrobenzene 

Regulations and Standards 

No regulations or standards have been established fot 
l-chloro-3-ni trobenzene . 
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CHROMIUM 

Summary 

Chromium is a heavy metal t h a t  g e n e r a l l y  exists i n  e i ther  
a t r i v a l e n t  or h e x a v a l e n t  o x i d a t i o n  s ta te .  Hexavalen t  chromium 
( O r  V f )  i s  rather s o l u b l e  and is q u i t e  mobile i n  groundwater  
and surface water. However, i n  t h e  p r e s e n c e  of r e d u c i n g  a g e n t s  
i t  is rapidly converted t o  t r i v a l e n t  chromium (Cr I f f ) ,  which 
is s t r o n g l y  adsorbed  t o  s o i l  components and c o n s e q u e n t l y  is 
much less mobile. A number of s a l t s  of h e x a v a l e n t  chromium 
are c a r c i n o g e n i c  i n  ra t s .  I n  a d d i t i o n ,  a n  i n c r e a s e d  i n c i d e n c e  
of l u n g  cancer was s e e n  i n  workers o c c u p a t i o n a l l y  exposed t o  
chromium V I .  Hexava len t  chromium also c a u s e s  k idney  damage 
i n  animal8 and humans. T r i v a l e n t  chromium is less t o x i c  t h a n  
hexava len t  chromium; its main effect i 8  c o n t a c t  dermati t is  
in s e n s i t i v e  i n d i v i d u a l s .  

CAS. Number: 7440-47-3 

Chemical  Formula: C r  

IUPAC Name: Chromium 

Chemical  and Phys ica l  Properties (Metal) 

A t o m i c  Weight: S1.996 

B o i l i n g  Po in t :  2672OC 

Mel t ing  P o i n t :  1857 2 2OoC 

Specific G r a v i t y :  7.20 a t  28OC 

Splub i l i t y  i n  Waters  I n s o l u b l e ;  some compounds are s o l u b l e  

T r a n s P o r t  and Fate 

Hexava len t  C r  is q u i t e  s o l u b l e ,  e x i s t i n g  i n  s o l u t i o n  as 
a component of a complex an ion .  I t  is not sorbed to  any  s i g n i f i -  
c a n t  d e g r e e  by clays or hydrous  metal o x i d e s .  
form v a r i e s  a c c o r d i n g  to  pa and may be a chramate, hydrochromatc,  
or dichromate. Because a l l  a n i o n i c  forma ate 80 so lub . l e ,  t h e y  
are q u i t e  mobile i n  t h e  a q u a t i c  envi ronment .  

The a n i o n i c  

C r  V I  i8 e f f i c i e n t l y  
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3 - 
a ,  

728 3 -" removed by activated carbon and thus may have 8018 affinity 
for organic materials in natural water. 
strong oxidizing agent and reacts with reducing materials to 

* form trivalent chromium. Most Cr I11 in the aquatic environment 
is hydrolyzed and precipitates as chromium hydroxide. Sprption 
to sediments and bioaccumulation will remove much of the remain- 
ing Cr I11 from solution. 
inorganic materials. Cr 111 and Cr VI are readily interconver- 
tible in nature depending on microenvironmental conditions 
such as pH, hardness, and the types of other compounds present. 
Soltl6le forms of chromium accumulate if ambient conditions 
favor Cr VI.. Conditions favorable for conversion to Cr Iff 
lead to precipitation and adsorption of chromium in sediments. 

In air, chromium is associated almost entirely with particu- 
late matter. Sources of chromium in air include windblown 
soil and particulate emissions from industrial processes. 
Little information is available concerning the relative amounts 
of Cr Iff and Cr VI in various aerosols. Relatively small 
particles can form stable aerosols and can be transported many 
miles before settling out. 

Cr XI1 tends to be adsorbed strongly onto clay particles 
and organic particulate matter, but can be mobilized if it 
is complexed with organic molecules. Cr I11 present in minerals 
is mobilized to different extents depending on the weatherability 
and solubility of the mineral in which it is contained. Hexa- 
valent compounds are not strongly adsorbed by Soil components 
and Cr VI is mobile in groundwater. Cr VI is quickly reduced 
to CR Iff in poorly drained soils having a high content of 
organic matter. Cr VI of natural origin is rarely found in 
soils . 

Cr VI is a moderately 

Cr fII.is adsorbed only weakly to 

Health Effects 

The hexavalent form of chromium is of major toxicological 
importance in higher organisms. A variety of chromate (Cr V I )  
salts are carcinogenic in rats and an excess of lung cancer 
has been observed among workers in the chromate-producing indue- 
try. Cr VI compounds can cause DNA and chromsome damage in 
animals and humans, and Cr (VI) trioxide is  teratogenic in the 
hamster. Inhalation of hexavalent chromium salts causes irri- 
tation and inflammation of the nasal mucosa, and ulceration 
and perforation of the nasal septum. Cr VI also produces kidney 
damage in animals and humans. The liver is also sensitive 
to the toxic effects of hexavalent Cr, but apparently less 
so than the kidney6 or respiratory system. Cr I11 is less 
toxic than Cr VI# its main effect in humans i6 a form of contact 
dermatitis in sensitive individuals. 
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T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

Chromium is an e s s e n t i a l  n u t r i e n t  and is accumulated i n  
a v a r i e t y  o f , a q u a t i c  and mar ine  biota,  e s p e c i a l l y  b e n t h i c  organ- 
isms, t o  l e v e l s  much h i g h e r  t h a n  i n  ambient  water. L e v e l s  
i n  b io ta ,  however, u s u a l l y  are lower t h a n  l e v e l s  i n  t h e  sedi- 
ments .  Pas sage  of chromium through t h e  food c h a i n  can  be demon- 
s t ra ted .  The  food c h a i n  appears t o  be a more e f f i c i e n t  pathway 
for chromium up take  t h a n  d i r e c t  up take  from seawater. 

. '.Water h a r d n e s s ,  t e m p e r a t u r e ,  d i s s o l v e d  oxygen, species, 
and -age of t h e  t e s t  organism a l l  modify t h e  t o x i c  e f f e c t s  of 
chromium on aquatic l i f e .  C r  I11 appears to  be more a c u t e l y  
toxic t o  f i s h  t h a n  C r  V I :  t h e  r e v e r s e  is t r u e  i n  l o n g  term 
c h r o n i c  exposure  s t u d i e s .  

None of t h e  p l a n t s  normal ly  used as food or animal  feed 
a r e  chromium accumula to r s .  Chromium absorbed by p l a n t s  t e n d s  
t o  remain p r i m a r i l y  i n  t h e  roots and is p o o r l y  t r a n s l o c a t e d  
t o  t h e  l e a v e s .  T h e r e  is l i t t l e  t endency  for chromium t o  accumu- 
l a t e  a long  food c h a i n s  i n  t h e  t r i v a l e n t  i n o r g a n i c  form. O r g a n i c  
chromium  compound^, a b o u t  which l i t t l e  is known, c a n  have s i g n i f i -  
c a n t l y  d i f f e r e n t  b ioaccumula t ion  t e n d e n c i e s .  L i t t l e  i n f o r m a t i o n  
conce rn ing  t h e  t o x i c  effects of chromium o n  mammalian w i l d l i f e  
and domestic an ima l  species i8 available.  

R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  Criteria (USEPA): 

C r  V I :  

A q u a t i c  L i f e  (Proposed Criteria) 

Freshwater 

Acute  t o x i c i t y :  11 y g / l i t e r  
C h r o n i c  t o x i c i t y :  7.2 y g / l i t e r  

Sp 1 t wa te  r 

Acute  t o x i c i t y :  1 ,200 y g / l i t e r  
C h r o n i c  t o x i c i t y :  54 p g / l i t e r  

Human Rea l th  

C r i t e r i o n :  50 p g l l i t e r  

- 
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C r  111: P r  1283 

Aquatic  L i f e  (Proposed  C r i t e r i a )  

F r e s h w a t e r  

.. 4 -  - 

A c u t e  t o x i c i t y :  ( 0 . 8 1 9 ( l n ( h a r d n e s s ) ]  t3.568) C1g/liter e 
(0.819 [ l n  ( h a r d n e s s ) ]  ) +O. 537) ,,g/liter C h r o n i c  t o x i c i t y :  e 

* .  
S a l t w a t e r  

The a v a i l a b l e  d a t a  are  n o t  a d e q u a t e  f o r  e s t a b l i s h i n g  
c r i t e r i a .  

Human H e a l t h  

Criterion: 170 m g / l i t e r  

CAG U n i t  R i s k  f o r  icpalat ion exposure t o  CR V I  (USEPA): 
4 1  (mg/kg/day) 

National I n t e r i m  P r i m a r y  D r i n k i n g  Water S t a n d a r d :  

N I O S H  Recommended S t a n d a r d s  f o r  CR VI :  

50 p g / l i t e r  

1 pg/m 3 3 c a r c i n o g e n i c  
25 pg/m3 n o n c a r c i n o g e n i c  TWA 
50 pg/m n o n c a r c i n o g e n i c  

(15-min sample) 

OSHA S t a n d a r d s :  OSHA a i r  s t a n d a r d s  have been  set for several 
chromium compounds. Most r e c o g n i z e d  or suspected carcing- 
g e n i c  chromium compounds have c e i l i n g  l i m i t s  of 100  pg/m . 

ACGIH Thresho ld  L i m i t  V a l u e s :  S e v e r a l  Shramium compounds have 
TWAs r a n g i n g  from 0.05 t o  0.5 mg/m . Chromi te  ore proces- 
s i n g  ( c h r o m a t e ) ,  cer ta in  water i n s o l u b l e  C r  V I  compounds, 
and chromate8  of lead and z i n c  are rcjcognized or s u s p e c t e d  
human c a r c i n o g e n s  and have 0.05 mg/m TWAs. 
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. .  . -, . : h CHRY SENE 

Summary 

Chrysene is a f ive-ringed polycyclic aromatic hydrocarbon 
(PAH). It is rather persistent in the environment; biodegrada- 
tion is probably the ultimate fate process. Dermal application 
of chrysene produces skin tumor8 in mice, and subcutaneous 
inject-ion produces local sarcomas. Chrysene was found to be 
mutagenic using several test systems. Although there is little 
information on other toxic effects of chrysene, carcinogenic 
PAHs as a group cause skin disorders and have an immunosuppres- 
sive effect. 

CAS Number: 218-01-9 

Chemical Formula: c18H12 

XUPAC Name: Chrysene 

Important Synonyms and Trade Names: 1,2=BenzOphenanthtene; 
benz (a) phenanthrene 

Chemical and Physical Properties 

Molecular Weight: 228.28 , 

Boiling Point: 448OC 

Melting Point: 256OC 

Specific Gravity: 1.274 at 2OoC 

Solubility in Water: 0.002 mg/liter at 25OC 

Solubility in Organics: Soluble in ether, alcohol, glacial 
and acetic acid 

Log Octanol/Water Partition Coefficient: 5.61 

Vapor Pressure: to loo6 mm Hg at 20°C' 
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Transport and Fate 
It' L 7283 -- - -  

-, very little specific information concerning the envi?on- 
mental transport and fate of chrysene is available. However, 
data can be derived with reasonable confidence from information 
concerning benzo(a)anthracene and other related polycyclic 
aromatic hydrocarbons. (PAHs). Dissolved chrysene may undergo 
r.apid, direct photolysis in aquatic systems. However , the 
relative importance of this process as an environmental fate 
is unknown. 
the.*products in photolysis reactions involving polycyclic aro- 
matic hydrocarbons. Free-radical oxidation of chrysene is 
likely to be slow and is not likely to be a significant fate 
process. Because chrysene does not contain groups amenable 
to hydrolysis, this process is not thought to be a significant 
environmental fate. Volatilization does not appear to be an 
important transport process. 

Singlet oxygen is the oxidant and quinones are 

Chrysene probably accumulates in the sediment and biota 
portions of the aquatic environment, and adsorption to suspended 
matter is likely to be the dominant transport process. It is 
probable that sorption onto sediments, soil particles, and 
biota is strongly correlated with the organic carbon levels 
present. Bioaccumulation of chrysene is expected to be short 
term and is not an important fate process. Although poljrcyclic 
aromatic hydrocarbons with four or less aromatic ring8, like 
chrysene, are readily and quickly bioaccumulated, they also 
are rapidly metabolized ana excreted. These kinds of PARS are 
degraded by microbes and readily metabolized by multicellular 

. organisms. Degradation by mammals i8 considetad to be incom- 
plete; the parent compound and metabolites are excreted by 
the urinary system. Biodegradation is probably the ultimate 
fate process for chrysene. However, the speed and extent of 
this process are unknown. 
occurs more rapidly in soil than in aquatic systems and is 
also faster in those systems chronically contaminated with 
these compounds. 

Biodegradation of PAIIs generally 

Atmospheric transport of chrysene can occur, and chrysene 
can be returned to aquatic and terrestrial system8 by atmospheric 
fallout and with precipitation. It can enter surface and ground- 
waters by leaching from polluted soilis. 

Health Effect8 

The potential' for polyc alic aromatic hydrocarbons to 
induce malignant transformat x on dominate8 the consideration 
given to health hazard8 resulting from exposure. 
overt sign8 of toxicity are often not produced until the dose 
is sufficient to produce a high tumor incidence. 

This ir because 
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1283 'NO case reports or epidemiological studies on the signi- 
ficance of chrysene exposure to humans are available. However, 
coal tar and other materials known to be carcinogenic to humans 
may contain chrysene. 
following repeated dermal application. High rubcutuneous doses 
are reported to result in a low incidence of tumors with a 
long induction time in mice. 
weak carcinogenic activity compared to benzo(a)pyrene. 
is reported to be mutagenic in a variety of test rystems. 
No information concerning the teratogenic effects of chrysene 
in humans or experimental animals is available. 

Chrysene produces skin tumors in mice 

Chrysene is considered to have 
Chrysene 

Although there is little information concerning other 
toxic effects of chrysene, it is reported that applying the 
Carcinogenic PAHs to mouse skin leads to the destruction of 
sebaceous glands, hyperplasia, hyperkeratosis, and ulceration. 
Workers exposed to materials containing these compounds may 
exhibit chronic dermatitis, hyperkeratoses, and other rkin 
disorders. Although specific results with chrysene are not 
reported, it has been shown that many carcinogenic PARS have 
an immunosuppressive effect. 

Toxicity to Wildl'ife and Domestic Animals 

Adequate data for characterization of the toxicity of 
chrysene to domestic animals and wildlife are not available. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data age not adequate for establishing cri- 
teria. 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of carcinogenic PMS 
in water are: 

- Risk Concentration 

10:; 
3 7  
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COBALT 

Summary 

Cobalt generally occurs in the 0 or +2 oxidation states. 
Elemental cobalt is relatively unreactive and is quite rtable 
in a i r  or water. Cobalt caused injection site aarcomas in rats, 
but the results of other studies were negative; it is not con- 
sidered to pose a carcinogenic risk to humans. 
exposure causes goiter,’ decreased thyroid function, increased 
heart and respiratory rates, and blood lipid changes. Cobalt 
causes respiratory disease among occupationally exposed workers. 

Chronic oral 

CAS Number: 7440-48-4 

Chemical Formula: Co 

IUPAC Name: Cobalt 

Chemical and Physical Properties (Metal) 

Atomic Weight: 58.933 

Boiling Point: 2,870°C 

Melting Point: 1#495°C 

Specific Gravity: 8.9 

Splubility in Water: Insoluble; some salts are soluble 

Transport and Fate 

Very little cobalt appears to occur in soluble form in 
natural aquatic systems. 
frequently is not detectable and that concentrations greater 
than 10 vg/liter are rare. The most important control on mobility 
of cobalt in aquatic and terrestrial systems is probably adsorp- 
tion to the clay minerals and hydrous oxides of iron, manganese, 
and aluminum that are often present in the clay fractions of 
rediments and roils. 
tion and desorption processes are pa, Eh, and the concentrations 
of cobalt and competing compounds. Chelation of cobalt with 
rome organic compounds can a160 occur. 
ray be solubilized by bacteriological activity. 
an e8sential element and can be accumulated by plants and animals, 
--tbo,ugh generally not to excessive concentrations. 
volatilization, and biotransfotmation are not important environ- 
mental fate processes for cobalt. 
transpgrt of cobalt and cobalt compounds can occur. 

Several surveys show that cobalt 

The principal factors controlling adsorp 

Small amounts of cobalt 
Cobalt ir 

Photolysis, 

However, romc atrorpheric 
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Health E f f e c t s  

Cobalt metal and cobalt oxide have been reported to cause 
injection site rarcomas in rats (Gilman 1962, Heath 1960). - 7283 nowever, this type of response by itself is not generally con-* -- a 
sidered adequate evidence of a chemical’s carcinogenicity. 
absence of positive carcinogenic responses in other rtudies 
with experimental animals and the lack of epidemiologic evidence 
suggest that cobalt and’its compounds are unlikely to pose a 
carcinogenic risk to humans. Limited data indicate that cobalt 
chloride has mutagenic activity in a variety of test mystems. 
This compound was also reported to cause craniofacial develop- 
mental abnormalities in the offspring of mice exposed by intra- 
peritoneal injection during pregnancy. No other information 
indicating carcinogenic, mutagenic, or teratogenic activity 
is available. 

The 

Ingestion of excessive amounts of cobalt as a result of 
therapeutic administration was reported to produce vomiting, 
diarrhea, and a sensation of warmth in humans. A lethal dose 
of 1,500 mg/kg was reported for a child. Intravenous adminis- 
tration may cause flushing of the face, increased blood pressure, 
slowed respiration, giddiness, tinnitus, and deafness due to 
nerve damage. Chronic oral exposure to cobalt can cause goiter 
and decreased thyroid function, increased heart and respiration 
rates, and blood lipid changes. These effects were reported 
to occur in children receiving between 1 and 6 mg/kg per day 
as part of a treatment for anemia. 
after cessation of therapy. Cobalt salts included in a beer 
formulation at concentrations of 1.2 to 1.S mg/liter were reported 

heart failure. Intake of this amount of cobalt is well below 
the amount that can normally’be ingested safely by humans. 
However, studies with experimental animals show that ethanol 
potentiates the toxic effects of cobalt. 

some workers occupationally exposed to dust during the 
manufacture and use of tungsten carbide developed respiratory 
disease. Cobalt metal is currently thought to be the causative 
factor in these cases. Two types of disease developed: The 
first is a nonprogressive, asthma-like reaction that does not 
persist after cessation of exposure. The mcond is .hard metal 
disease.. This disease is progressive, and after a certain 
stage, the changes in lung atructure and function become irte- 
versible, with death from cardiopulmonary insufficiency usually 
occur ring . 
The oral LD 
range from aflout 150 mg/kg for cobalt fluoride to 503 mg/kg 
for cobalt acetate (Speijcra et al. 1982). 

The symptoms did not persist 

to be responsible for a number of deaths due to congestive t 

The oral LD value for cobalt is 1,500 mg/kg in the rat. 
oafEes for a oariety of inorganic cobalt compounds 
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* '  Toxicity to Wildlife and Domestic Animals 

Little information regarding toxic effects of exposure to 
cobalt or cobalt compounds is available. Acute cobalt toxicity 
is seen in chickens at 50 ppm in the diet (approximately 3 mg/kg 
of body weight) per day. and in sheep at 6 mg/kg of body weight 
per day. In sheep, daily doses of 3 mg/kg of body weight, 
which is about 1,000 times the normal daily intake of cobalt, 
do not produce harmful effects, even after several weeks. 

Regulations and Standards 

OSHA Standard: 0.1 mg/m3 TWA 

ACGIH Threshold Limit Value: 0.05 mg/m3 TWA 
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COPPER 128 3 
Summary 

Copper 
I t  is toxic 

i s  among the more mobile metals i n  t h e  environment .  
to humans -a t  h igh  l e v e l s ;  it c a u s e s  i r r i t a t i o n  

fo l lowing  a c u t e  exposure  and anemia f o l l o w i n g  c h r o n i c  exposure .  
Sheep are v e r y  susceptible t o  copper toxidosis,  as  are  many 
aquatic organisms.  

Bac kg round 1 nf or mat i o n  

Copper ex i s t s  i n  a v a l e n c e  s t a t e  of +1 or +2. I t  is a 
lustrous,  r e d d i s h  metal. The p h y s i c a l  properties of copper 
i n c l u d e  d u c t i l i t y  and c o n d u c t i v i t y  of h e a t  and e l e c t r i c i t y .  
Copper is found i n  n a t u r e  a s  s u l f i d e ,  o x i d e ,  or c a r b o n a t e  ore. 

CAS Number: 7440-50-8 

Chemica l  Permula: Cu 

XUPAC Name: Copper 

Chemical  and P h y s i c a l  Properties 

A t o m i c  Weight: 63.546 

B o i l i n g  Po in t :  2,567OC 

Mel t ing  P o i n t :  1 , 0 8 3 O C  

Specific Grav i ty :  8.92 

S o l u b i l i t y  i n  Water: Most copper s a l t s  are i n s o l u b l e ,  w i t h  
t h e  e x c e p t i o n  of CuSO 8 Cu(N0 ) , and 
CuCl ( t h e  more cornmod copper3s~l ts) .  
The ihetal i s  i n s o l u b l e  i n  water. 

Vapor P r e s s u r e :  1 mm Eg a t  1,628.C 

T r a n s p o r t  and Fate 

Copper h a s  two o x i d a t i o n  rtates, +I (cuprous)  and +2 ( c u p r i c ) .  
. Cuprous copper i 8  u n s t a b l e  i n  aerated water over t h e  pH r ange  

S e v e r a l  procerbes de te rmine  the fa te  of copper i n  t h e  
fo rma t ion  of complexes,  e s p e c i a l l y  w i t h  

of most n a t u r a l  water8 (6  t o  8) 8nd o x i d i z e s  to  the cupric 
r t a t e .  
a q u a t i c  environment:  
bumic s u b s t a n c e s ;  s o r p t i o n  to hydrous metal oxides, c l a y s ,  

', and o r g a n i c  materials; 8nd b i o a c c m u l a t i o n .  I n  waters p o l l u t e d  
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2 " w i t h  soluble organic material,  complexation w i t h  organic ligands 
' can occur, thus favoring the prolonged dispersion of copper - -' 1283 c1 

i n  solution.  
the mobiliz8tion of copper from the sediments t o  m l u t i o n .  
Copper has a rtrong a f f i n i t y  for hydrous iron and manganese 
oxides, c l a y s ,  carbonate minerals, and organic matter. Sorption 
t o  these materials,  b a t h  suspended i n  the water column and 
i n  the sediment, r e s u l t s  i n  r e l a t i v e  enrichment of the s o l i d  
phase and reduction i n  dissolved l e v e l s .  Sorption processes 
are quite e f f i c i e n t  i n  scavenging dissolved copper and i n  con- 
t r o l l i n g  i t s  mobility i n  natural unpolluted rtreams. The amounts 
of the various copper compounds and complexes that a c t u a l l y  
e x i s t  i n  solution depend on the p€?, temperature, a l k a l i n i t y ,  
and concentrations of other chemical species.  The l e v e l s  o f  
coaper able t o  remain i n  s o l u t i o n  are d i r e c t l y  dependent on 
water chemistry. Generally, ionic  copper is  more soluble i n  
low pH waters and l e s s  soluble in high pH waters. 

As an e s s e n t i a l  nutrient,  copper is accumulated by plants 
and animals, although apparently it i s  not generally biomagni- 
f ied.  Because copper i s  strongly bioaccumulated and. because 
biogenic ligands play an important role  i n  complexin3 copper, 
b i o l o g i c a l  a c t i v i t y  is a major factor  i n  determining the d i s t r i -  
bution and occurrence of copper i n  the ecosystem. For example, 
bioaccumulation patterns may e x h i b i t  seasonal v a r i a t i o n s  related 
t o  b i o l o g i c a l  a c t i v i t y .  

soluble, copper is among the more mobile heavy metals i n  s o i l  
and other surface environments. The major process that  limits 
the environmental m o b i l i t y  of copper is  adsorption t o  organic 
matter, c l a y s ,  and other materials.  Atmospheric transport 
of copper compounds can a l s o  occur. 

The presence of organic acids a l s o  can lead to*  

Because many copper compounds and complexes are r e a d i l y  

Health E f f e c t s  

Copper appears to increase the mutagenic a c t i v i t y  of triose 
reductone and ascorbic acid i n  b a c t e r i a l  t e s t  systems. However, 
copper i t s e l f  does not appear t o  have mutagenic, teratogenic,  
or carcinogenic e f f e c t s  i n  animals or humans. Dietary l e v e l s  
of trace elements such as molybdenum, s u l f u r ,  z inc,  and iron 
can a f f e c t  the l e v e l  of copper that  produces c e r t a i n  d e f i c i e n c y  
or t o x i c i t y  rymptoms. In general, more a t t e n t i o n  is given 
to the problems associated w i t h  copper d e f i c i e n c y  than t o  prob- 
lems of eltce8s copper i n  the environment. However, high l e v e l s  
o f  copper can be toxic to humans. 

Exporutt to m e t a l l i c  copper dust can cause a rhort-term 
i l l n e s s  rimflar to metal fume fever that  is  characterized by 
chills,  fever,  8ching 8u0cle8, dryness of mouth and throat,  
8nd headache. Exposure to copper fumes can produce upper 
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v 2 8 3  
nauset- respiratory t rac t  i r r i t a t ion ,  a metallic or rweet tas te ,  

metal  fume fever, and eometimes discoloration of r k i n  and hair- 
I n d i v i d u a l s  exposed to  d u s t s  and mists of copper r a l t s  may 
exhibit congestion of nasal  mucous membranes, sometimes of 
t h e  pharynx, 8nd occasionally ulceration w i t h  perforation of 
t h e  nasa l  reptum. 

If suf f ic ien t  concentrations of copper o a l t s  reach the gastro- 
in tes t ina l  t rac t ,  they act  a s  i r r i t a n t s  and can produce s a l i v a t i o n ,  
nausea, vomiting, gas , t r i t is ,  and diarrhea. Elimination of 
ingested ionic copper by vomiting and diarrhea generally protects 
the patient from more serious systemic toxic e f fec ts ,  which 
can include hemolysis, hepatic ncctosls, gastrointest inal  bleed- 
i n g ,  oliguria,  azotemia, hemoglobinuria, hematuria,' proteinuria, 
hypotension, tachycardia, convulsions, and death. Chronic 
exposure may result  i n  anemia. 

eczema. Conjunctivitis or even ulceration and turbidi ty  of 
the cornea may result  from di rec t  contact of ionic copper w i t b  
the eye. 

Copper s a l t s  act as s k i n  i r r i t ~ n t s  producing an i t c h i n g  

Toxicity to Wildlife and Domestic Animals  

Mean acute toxicity values for a large number of freshwater 
animals range from 7.2 pg/li ter for Daphnia pulicaria to  10,200 
pg/li ter  for the bluegill.  Toxicity tends to  decrease as hard- 
ness, a lkal ini ty ,  and t o t a l  organic carbon increase. Chronic 
values for a variety of f reshmter  species range from 3.9 pg/liter 
for brook trout to  60.4 rg / l i t e r  for northern pike. Eardness 
does not appear to af fec t  clitonic toxicity. The acute-chronic 
ra t ios  for different  species range from 3 t o  156. The =re 
sensit ive species tend to  have lower ra t ios  than  the less sensi- 
t ive species. I n  addition, the ra t io  seems to  increase w i t b  
hardness. Acute toxicity values for saltwater organisms range 
from 17 pg/li ter for a calanoid copepod t o  600 )rg/liter for 
the shore crab. A chronic value of 54 pg/liter and an acute- 
chronic r a t io  of 3.4 i s  reported for the mysid shrimp. Long- 
term exposure to 5 y g / l i t c r  is f a t a l  to  the bay scallop. 

Bioconcentration factors  i n  freshwater species range from 
zero for the bluegill  t o  2,000 for the alga Chlorella reqularis. 
Among saltwater rpecies, the highest bioaccumulation factors  
are those for the bivalve molluscs. Oysters can bioaccumulate 
copper up to  28,200 times wi tbout  any r i g n f f  icant mortality. 

Sheep are very ru8ceptible to copper t o ~ i c o s i s ,  and pois- 
oning may be acute or chronic. Acu te  poisoning i r  caused by 
d i rec t  action of copper s a l t s  on the gaotrointer t inal  - t ract ,  
resulting i n  gastroenter i t is ,  s h o c k ,  and death. The toxic 
dose $8 about 200 mg/kg and is usually obtained through an 
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accidental  o v e r d o s e  of a n  a n t i h e l m i n t h i c .  
copper  o v e r  a l o n g  period of  time r e s u l t s  i n  a b s o r p t i o n  and 
a c c u m u l a t i o n  o f  copper by t h e  l i v e r .  T h i s  t y p e  o f  c h r o n i c  4 -- - 
c u m u l a t i v e  p o i s o n i n g  may s u d d e n l y  d e v e l o p  i n t o  an  acute hemoly t i c  
c r i s i s .  Copper i n t a k e  of 1.5 g/day for 30 day8 is known t o  
be f a t a l  for many breeds of sheep. E x c e s s i v e  copper -may be 
s tored i n  t h e  l i v e r  as  a r e s u l t  of excess copper i n g e s t i o n ,  
a s  a consequence  of ixhpaircd l i v e r  f u n c t i o n ,  or i n  c o n n e c t i o n  
w i t h  a d e f i c i e n c y  or e x c e s s  of  other trace e l emen t s .  Sheep 
e l imina  te accumula ted  copper v e r y  s l o w l y  a f t e r  cessation of 
exposure. 

I n g e s t i o n  of excess 
7285 

Swine develop copper p o i s o n i n g  a t  l e v e l s  o f  250 mg/kg in 
t h e  d i e t  u n l e s s  z i n c  and i r o n  l e v e l s  are i n c r e a s e d .  T o x i c o s i s  
develops w i t h  hypochromic m i c r o c y t i c  anemia,  j a u n d i c e ,  and 
marked i n c r e a s e s  i n  l i v e r  and serum copper l e v e l s  a s  w e l l  a s  
serum aspartate  amino t r a n s f e r a s e .  
f o u n d  i n  swine  b e c a u s e  of t h e  practice of f e e d i n g  them h i g h  
coppe r  d i e t s  i n  order t o  i n c r e a s e  d a i l y  weight  g a i n .  
swine r a p i d l y  e l i m i n a t e  copper o n c e  it is removed from t h e  
d i e t .  C a t t l e  are much nore r e s i s t a n t  to  copper i n  the d i e t  
t h a n  sheep or swine.  
teracted by i n c l u d i n g  molybdenum and s u l f a t e  i n  the d i e t .  

High copper l e v e l s  may be 

However, 

Copper t o x i c i t y  i n  r u m i n a n t s  c a n  be coun- 

R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  Cri ter ia  (USEPA) : 

Auuat ic  L i f e  (Proposed)  

Preshvater 
(0 .905  f l n ( h a r d n e s s ) l  - 1.413) Acu te  t o x i c i t y :  e 

C h r o n i c  t o x i c i t y :  e (0.905 [ l n ( h a t d n e s s ) ]  - 1.785) (rg/liter 

Saltwater 

Acute  t o x i c i t y :  3 . 2  p g / l i t e r  
Chzon ic  t o x i c i t y :  2.0 p g / l i t e r  

Human Heal th  

O r g a n o l e p t i c  c r i t e r i o n :  1 m g / l i t c r  

N a t i o n a l  Secondary  D r i n k i n g  Water S t a n d a r d s  (USEPA) : 1 m g / l i t c r  

OSHA S t a n d a r d s :  1.0 mg/mi TiUA ( d u s t  and mist) 
0.1 mg/m TWA ( f m e )  
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3 A C G I H  Threshold  L i m i t  Values: 1.0 mg/m3 TWA ( d u s t s  and mists) 
0 .2  mg/m3 TWA (fume) 
2.0 mg/m STEL ( d u s t s  and mists) 

- 
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CRESOLS 

Summary 

Dermal application of cresols promotes skin tumors in 
mice. 
branes, and eyes. 
and cause central nervous system disturbances. 

Cresols are highly irritating to the skin, mucous mem- 
They can impair liver and kidney function 

CAS Number: 1319-77-3 

Chemical Formula: CX3C6H40H 

IUPAC Name: ?Cresol, 2-cresol, p-cresol 

Important Synonyms and Trade Names: Cresylic acid, cresylol, 
tr icr esol 

Chemical and Physical Properties 

Molecular Weight: 108.13 

Boiling Point: 191-203°C 

Melting Point: 10.3-35.5% 

Specific Gravity: 1.030-1.038 at 25OC 

Splubility in Water: - m-Cresol: 23,500 mg/liter at 2OoC - o-Cresol: 31,000 mg/liter at 4OoC 
pCresol: 24,000 mg/liter at 40.C 

Solubility in Organics: Miscible with alcohol, benzene, ether, 
and glycerol 

Log OctanollWater Partition Cocff icicntr 2 (calculated) 
Vapor Pressure: 1 mm Eg at 38-53% 

Vapor Density: 3.72 

pka: 10 

?lash Point: 80% 
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7283 Transport and Fate 
L ) -  

From the available information, it appears that cresooti- 
is not very volatile and that the main transport process in 
the environment is movement in water. In aerated 8urface waters, 
it is photooxidized; and it may also be nonphotolytlcally oxi- 
dized by a mctal-catalyzed reaction in Borne of these environ- 
ments. In addition, biodegradation by water and roil microor- 
ganisms is apparently an important fate process. 
the two competing fate processes, cresol probably is not very 
persistent in the environment. 

Because of 

Health Effects 

None of the cresol isomers i s  regarded as a carcinogenic 
initiator. However, it has been reported that e, p# and - m-cresol administered to mice as 208 solutions T n  benzene twice 
weekly for 20 weeks promoted papillomas initiated by a single 
dermal application of 9,10-dimethyl01,2-benZanthraCene (DMBA) 
(Boutwell and Bosch 1959). The mutagenicity and teratogenicity 
of the cresols have not been adequately assessed. 

Cresols are highly irritating to the akin, mucous membranes, 
and eyes. 
burns and eczema. Although cresol isomers have relatively 
low vapor pressures, airborne cresols have reportedly caused 
headache, vomiting, and digestive disorders. 

kidney and liver functioning and cause central nervous system 
and cardiovascular disturbances. 
for g-, P, and m-cresol are 135 mg/kg, 180 mg/kg, and 202 mg/kg, 
respectively. TEe dermal LD values for rabbits are 1,380 mg/kg 
and 2,050 mg/kg for the =- aafl ,” isomers of cresol, respectively. 

Occupational exposure to cresols has caused severe 

w. 

In addition to being strong irritants, cresols may impair 

The rat oral LDSO values 

Toxicity to Wildlife and Domestic Animals 

Waterborne cresol isomers are toxic to fish and other 
forms of aquatic life. 
sitive 8peCiesr with 24-hour median threshold limits (TL,) 
of 2 mg/liter for ?cresol, 7 mg/liter for 

mately 21.5 mglliter for o-cresol and 11.8 ag/liter for the 
p irmcr. 

no evidence available that the cresols bi&ccumulate in the 
tissues of wildlife apecies. 
capabilities or othet subtle change8 in wildlife apecics have 
been attributed to these compounds. 

Trout embryos are one of the most sen- 

cresol, and 4 mg/liteE 
for g-cresol. The 24- to 96-hour TI, for t f e bluegill is approxi- 
for g- and p isom 8 rs but 6 ng/liter for m-cresol. The LD oalue-for the alga Scenedesmus is 40 mg/liter 

There i s  

lo alterations in reprodpctive 

. .  
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Regulations and Standards 

NIOSH Recommended S-tandard: 

OSHA Standards (rkin) t 

ACGIH Threshold Limit Value: 

10 mg/rn3 TWA 

20 mg/rn3 

22 mg/m3 
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CYANIDE FL 

summary 

Cyanide can be present in many forms in the environment. 
The transport, fate, and toxicity of the chemical is quite 
dependent on the specific form. Hydrogen cyanide and its simple 
salts are highly toxic following acute exposure by humans, 
experimental animals, and both aquatic and terrestrial wildlife. 

- *  

Background Information 

and its salts. The chemical/physical properties, transport 
and fate, and toxicity of cyanide are quite dependent on the 
form of cyanide present. 

. Cyanide (CN-) is usually defined as hydrogen cyanide (HCN) 

CAS. Number: 151-50-8; 143-33-9 

Chemical Formula: CN- 

IUPAC Name: Cyanide 

Chemical and Physical Properties 

Molecular Weight: 27 (HCN) 

Boiling Point: 26.7OC (HCN) 

Melting Point: -14OC (HCN) 

Specific Gravity: 0.699 at 22OC (HCN) 

Splubility in Water: Spluble (RCN) 

Solubility in Organics: 

Vapor Pressure: 657.8 mm Rg at 21.9OC (HCN) 

Spluble in alcohol and ether 
. 

Transport and Pate 

The transport and fate of cyanide in the environaent is 
dependent on the chemical compound containing the cyanide. 
Mort free cyanide will be HCN in aquatic environment8 and will 
probably evaporate, although biodegradation is another posrible 
fate process. Metal cyanides are generally insoluble and for 
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that reason w i l l  accumulate in t n e  searmen;. a ~ b t ( L I V . .  
but is not considered an important transport or fate process. 
Cyanides move rather freely in soils but biodegradation would 
probably significantly decrease the amount present in the ground- 
water. Volatilization of HCN and nitriles may occur from soil 
surf aces. 

Health Effects 

Bydrogen cyanide and its simple salts, such as sodium 
cyartjde, are highly toxic by all routes. Many reports are 
available regarding acute poisoning in humans. Hydrogen cyanide 
vapor is irritating at very  OW concentrations, is considered 
dangerous at 20 ppm 420 mg/m ) ,  and is fatal at Concentrations 
of 100 ppm (100 mg/m ) for one hour. NIOSH notes reports of 
chronic poisoning resulting in fatigue, weariness and other 
subjective symptoms in workers, but these findings have been 
disputed by other investigators. Chronic exposure to low levels 
of cyanide salts has been reported to cause enlargement of 
the thyroid gland in humans, apparently due to inefficient 
elimination of the cyanide metabolite thiocyanate, NIOSH (1976) 
concluded that there was no evidence of carcinogenicity, muta- 
genicity, or teratogenicity for cyanides. Cyanide has been 
shown to produce chromosome breaks in a plantr Vicia faba. 
Because of its mechanism of action, inhibition of the election 
transport system in oxidative phosphorylation, cyanide is acutely 
toxic to almost all orms of life. A reduction in3the TLV 
for HCN from 10 mg/m to a ceiling value of 3 mg/m has been 
recommended by several investigator8, to prevent the various 
nonspecific effects noted by several investigators (ACGIB 1980). 

5 

Toxicity to Wildlife and Domestic Animals 

Cyanide is acutely toxic to both freshwater and saltwater 
organisms, causing death at levels of about 50 pg/liter in 
sensitive species and being fatal to many species at levels 
above 200 pg/liter, Final acute values were determined to 
be 44.7 pg/liter for freshwater species and 2.03 pg/liter for 
saltwater species, Effects such as reduced survival and reduced 
reproduction were seen in fish chronically exposed to free 
cyanideiconcentrations of from 10 to 50 pg/liter, The final 
acute chronic ratios were determined to be 10.7 and 3.5 for 
freshwater and saltwater organisms, respectively. The final 
chronic values were determined by dividing the acute values 
by the acute-chronic ratio, and were determined to be 4.2 for 
freshwater rpecies and 0.57 for saltwater organ~sms, An acci- 
dental spill of cyanide caused the death of 4,800 fish in Oak 
Ridge, Tennersee, 
not reported, 
caused by high level8 of cyanide leaching from a drum disposal 
site in Illinoir. 

The long-term effects of this spill were 
Lhm8tock death and tnvfronmental damage were 
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R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  Cr i t e r i a  (USEPA) : 

A q u a t i c  L i f t  (Proposed)  

Freshwater  

A c u t e  t o x i c i t y :  22 p g / l i t e r  
Chron ic  t o x i c i t y :  4.2 v g / l i t e r  

S .a l twater  

A c u t e  t o x i c i t y :  1.0 y g / l i t e r  
Chron ic  t o x i c i t y :  0.57 p g / l i t e r  

Human H e a l t h  

C r i t e r i o n :  200 p g / l i t e r  

Pr imary  Dr ink ing  Water S t a n d a r d  (USEPA) : 200 p g / l i t e r  

ACGIH Thresho ld  L i m i t  Value :  5 mg/m3 TWA 
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CYANURIC ACID 

- Summary 

Cyanuric acid has been used hs a rclective berbicide. 
There i s  limited evidence that it may cause tumor8 in mice 
and rats. Chronic exposure to high doses can c a u ~ e  kidney 
damage . 
CAS Number: 108-80-5 

Chemical Formula: C3H3N303 

IUPAC Name: Cyanuric acid 

Important Synonyms and Trade Names: lsocyanuric acid; rym-triazine- 
triol; 1,3 5-triazine-2r4 6 

h y d r o ~ y - 1 ~ 3 ~  5-triazine; tricyanic 
acid; trihydroxycyanidine 

(1Ef,3Hr%)-trione; 28486-tri- 

Chemical and Physical Properties 

Molecular Weight: 129.08 

Boiling Point: Decomposes 

Melting Point: Higher than 36OoC (decomposes) 

Specific Gravity: 2.5 at 20.C 

Solubility in Watetr 2.5 to S gllfter 

s,olubility in Organics: Insoluble in cold methanolr etherr acetoner 
benzener chloroform; 8oluble in hot alcohols 

Transport and Pate 

Cyanuric 8cid exists primarily in two equilibrating taut- 
8 trioxo form and a trihydroxy fora. meric rpccierr 

form is thought to predominate in the cry8talline form of this 
compound 8nd in rolution. 
in basic rolution. 
mental tranrport and fate i r  available. 
8cid is chemically 8t8bh 8nd relatively inert. 
8nd atmospheric transport are not likely to be rignifScant 
environmental procerm~. 
rolvcntr, rorption to organic particulate8 8nd bio8ccurulrtion 

The trioxo 

The trihydroxy form predominates 
Very little information concerning environ- 

Volatilization 
In generalr cyanuric 

B88Cd on it8 low mlubility in organic 
’ ,  ~ 
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probably do not occur to any significant extent. When admin,isr,- 128 - 3 
tered to experimental animals at high doses, most of the Compound 
is excreted unchanged. 
to occur, and it may be the predominant fate process for cyanuric 
acid 

Some biodegradation has been reported 

Health Effects 

Cyanuric acid exhibited a low tumorigenic potential in 
one study with rats and mice exposed by subcutaneous, oral, 
and dermal routes. Tumors appeared after latent periods of 
more than 18 months. The study was conducted without concurrent 
controls, and the results must be considered equivocal. No 
mutagenic, teratogenic, or reproductive effects resulting from 
exposure to cyanuric acid have been reported. In general, 
cyanuric acid appears to have a low degree of toxicity. 
exposure at high doses has produced kidney changes. 
LDS0 value for the rat is 500 mglkg. 

Chronic 
The oral 

Toxicity to Wildlife and Domestic Animals 

and domestic animals are not available. 
Adequate data to characterize the toxicity to wildlife . 
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* Summary 

DDT is an'organochlorine pesticide, which together with 
its metabolites, is very persistent in the environment. DDT, 
DDE, and DDD have been shown to be carcinogenic in mice. They 
primarily cause liver tumors, but they also increase the inci- 
dence of lung tumors and lymphomas. 
reproductive toxin. Chronic exposure can damage the central 
nervoys.system and liver. DDT and other organochlorine pesti- 
cides'are highly toxic to aquatic otganisms and are responsible 
for the decreased reproductive muccess of many bird rpecies. 

Zn addition, DDT' is a 

Background Information 

Technical DDT is u mixture containing 65-80% ~,~'-DDT, 15- 
208 o,p'-DDT, up to 48 p,p'-DDD, and traces of other materials. 
Metabolites of DDT include p,p'-DDE and o,p'-DDD. 
isomers and metabolites are usually found together and generally 
have similar propertiest therefore, they will be considered 
together. Where differences occur the specific isomer will 
be identified. DDT will be used to refer to the combination 
of technical material and metabolites. Specific DDT homers 
will be identified a8 such. 

The DDT 

CAS Number: p,p'-DDTz 50-29-3 
0.P '-DDT: 789-02-6 
p,p'-DDD: 72-54-8 

p rp'-DDE t 72-55-9 
O., p ' -DDD 8 53-19-0 

Chemical Formula: p,p'- 8nd orp'-DDT: C14RpClS 

IUPAC Name8 p,p'-DDT: l,l,l-Tr~chloro-2,2-bir(l-chlorophenyl) 
ethane 

orp'-DDTt l,l,l-Trichloro-2- (2=chlorophcnyl)-Z- 

p,p'-DDD: l,l-Dichloro-2,2-bir(4-chlorophenyl)- 

o,p'-DDm l,l-~ichloro-2,2-b~8(4-c~lorophenyl)- 

. (I-chloropheny1)ethane 

ethane 

ether18 
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Important Synonyms and Traoe Names: 

DDT: Dichlorodiphenyltrichloroethanc, dicophane, 
7283 chlorophenothane, Gesarol, Neocid a 

\ *-- c p,p'-DDD: TDE, Rothane 

Chemical and Physical Properties 

Molecular Weight: 0,P'- and p,p'-DDT: 354.9 
DDD: 320 

- .  ODE: 318 

Boiling Point: DOT: 260.C 

Melting Point: DDT: 109.C 
ODD: 112.C 
DDE: 90.C 

Solubility in Water: P,P'-DDT: 5.5 pg/liter 
o,p'-DDT: 26 (Ig/litet 
p,p'-DDD: 20 pg/litOr 

DDE: 14 (Iglliter 

Solubility in Organics: DOT: Solubl8 in acetone, benzene, 
cyclohexanane, morpholine, pyri- 
dine, and dioxane 

Log Octanolfiater Partition Coefficient: 

DOT: 4098 
p,p'-DDTt 3098 
1 .t>'-DDD: 5.99 
o,p'-DDD: 6.08 

DOE: S.69 

Vapor Presrure: 

Transport and ?ate 

DDT and it8 metabolites are very perrirstent in the environ- 
ment. Volatilization ir probably tho mort important tranrport 
ptoce88 from roil 8nd water for p,p'-DDT and o,p'-DDT, a8 eVi- 
dcnced by the ubiquitou8 nature of DDT in the envitonment. 

DDT 
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1288 
sorption and bioaccumulation are the most important transport 
processes for the DDT isomers. Although it only occurs slowly, 
the ultimat,e fate process for p,p'-DDT, o,p'-DDT, and DDD is 
biotransformation to form bis(2-chloropheny1)methanone (DDCO). 
Indirect photolysis may also be important for p,p'-DDT and 
o,pg-DDT in aquatic environments. For DDE, direct.photolysis 
.is the most important ultimate fate process in the environment, 
although biotransformation may also be important. 

-.  
Hgalth Effects 

DDT, DDE, and DDD have been shown to be carcinogenic to 
mice, primarily causing liver tumors, but also causing lung 
tumors and lymphomas. DDT does not appear to be mutagenic, 
but it has caused chromosomal damage. There is no evidence 
that DDT is a teratogen; but it is a reproductive toxin, causing 
reduced fertility, reduced growth of offspring, and fetal mor- 
tali ty. 

Chronic exposure to DDT causes a number of adverse effects, 
especially to the liver and central netvous system (CNS) .  DDT 
induces various microsomal enzymes and therefore probably affects 
the metabolism of steroid hormones and exogenous chemicals. 
Other effects on the liver include hypertrophy of the parenchymal 
cells and increased fat deposition. In the CNS, exposure to 
DDT causes behavioral effects such as decreased aggression 
and decreased conditional reflexes. Acute exposure to large 
doses or chronic exposure to lower doses causes seizures. 
The oral LD is between 113 and 450 mg/kg for the rat and 
is generalla higher for other animals. 

DDT, DDD, and DDE are bioconcentrated and stored i n  the 
adipose tissues of most animals. 

Toxicity to Wildlife and Domestic Animals 

DDT has been extensively studied in freshwater inverte- 
brates and fishes and is quite toxic-to most species. The range 
of toxicities was 0.18 to 1,800 pg/liter and the freshwater 
final acute value for DDT and its isomers was determined by 
EPA to be 1.1 pg/liter. Saltwater species were somewhat more 
sensitive to DDTt the saltwater final acute value for the DDT 
isomers was 0.13 pg/liter. 
on aquatic species was reported. 
the acute-chronic ratio for DDT might be high (65 in the reported 
study), but the data were insufficient to allow calculation 
of a final acute-chronic rasio. 
centrated by a factor of 10 to 10 . 

Only one chronic toxicity test 
This test' indicated that 

DgT, DDD, and DDE are biocon- 
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pesticides are primarily responsible for the g r e a t  decrease 
in the rcproductlve capabilities and consequently in the popu- 
lationr of firh-eating birds, ruch 88 the bald eagle, brown 
pelican, rnd osprey. DDT har also been 8hoWn to decrease t h w  - 1285 
population8 of numerous other rpecier of waterbirds, raptors, 
rnd passerine8 rignificantly. 

*- 

Ambient Water Quality criteria (USEPA): 

Amlatic L i f e  

DDT: Freshwater 

Acute toxicity: 1.1 pg/liter 
Chronic toxicity: 0.001 pg/liter 

S,a 1 two t e r 

Acute toxicity: 0.13 )rg/liter 
Chronic toxicity: 0.001 )Ig/liter 

DDD and ODE: The available data are not adequat8 for ertablirhing 
criteria. 
valuer known to be toxic in aquatic organirmr. 

Bowever, 8PA did report the lwert 

Freshwater 

Acute toxicity: DDD: 0.6 rQ/liter 

Chronic toxicity: ODD L ODE: #O aoaihbl8 data 
ODE: 1OSO )Ig/lit8r 

Spltwater 

Acute toxicity: DDD: 3.6 )Ig/liter 

Chronic toxicity: DDD L DDE: No aVai18bh d8t8 
ODE: 14 pg/liter 

Buman Ffealth 

trtirnater of the carcinogenic ziakm rrrociated with lifetime 
8xporure to variour concentration# of D n  in wat8r are:‘ 

loos 
10:; 
10 

Concentration 

0.24 ng/liter 
0.024 ng/liter 
0.0024 ng/liter 
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CAG Unit Risk (USEPA) : 

OS.HA Standard (air): 

ACGIH Thrcbhold Limit Value: 

0 . 34 (mg/kg/day)’l 
1 mg/m3 TWA 

1 mg/m3 TWA 
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DIBROMOCHLOROPROPANE 

Summary 

fumigant and nematocide. 
in mice and tats. ft.causes mammary tumors (in female rats 
only) and forestomach tumors when administered orally, and nasal, 
tongue, and lung tumors when given by inhalation. 
tionally exposed to DBCP had abnormally low sperm counes. 

Dibromochlotopropane (DBCP) was formerly used as a soil - 
It has been found to be carcinogenic 

Hen'-occupa- 
Ani- byL 

mals studies have shown that dibromochloropropane has ad-vtrse 
effects  on the liver, kidneys, and blood cells. b/ 

7.. 

\ 

CAS Number: 96-12-8 

Chemical Pomula: C3H5Br2C1 

IUPAC Name: 1,2-Dibromo-3-chloropropane 

Important Synonyms and Trade Names: DBCP, Pumazone, Nemagon 

Chemical and Physical Properties 

Molecular Weight: 236.36 

aoiling Point: 196OC 

Melting Point: 6OC 

Specific Gravity: 2.093 at l4OC 

Splubility in Water: Slightly soluble (probably 5-10 g/liter) 

. Solubility in Organics: Miscible with oils, dichloropropane, 
and isopropyl alcohol 

Vapor Pressure: 0.8 m Eg at 21% 

Transport and Fate 

There was no information available on the transport and 
fate of 1,2-dibramo-3-chloropropane (DBCP) at the time of this 
review. Bowever, there ir iome information on the transport 
and fate of rtructurally similar compounds that may be relevant 
to the environmental fate of DBCP. 

1,2,3-Trichloropropane was found to have a half-life of 
51 minutes in stirred water, 8uggesting volatilization of DBCP 

Dibromochlotopropane 
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from water could be significant. However, DBCP i s  conaAat,a,,, 

likely to volatilize. 
cient, 2.28, of 1,2-dichloropropane suggests that it will r e a h y  7283 
adsorb to organic com 

of brominated aliphatics to have higher log octanol/water portion 
coefficients than chlorinated aliphatics ruggest DBCP will 
adsorb to a greater degree than 1,2-diChlOrOprOpane. Because 
of its water solubility, density, and low vapor pressure, DBCP 
is a likely groundwater contaminant. 
that it would settle to the bottom of a contaminant plume and 
ultimately to the bottom of the aquifer. 

DBCP may be oxidized in the troposphere by hydroxyl radicals 
and hydrolyzed in an aqueous environment. Biodegradation of 
1,2-dichloropropane does occur by soil microorgan~sms. 
the amount and speed of biodegradation and chemical degradation 
of DBCP is unknown. 

heavier than 1,2,3-trichloroptopane and thus somewhat less 
i The log octanol/water partition coeffi- 

nents of soils and sediments and, there- 
fore,  be transported ‘p n dust and ruspended rolids.‘ The tendency 

Its high density suggests 

Based on information of one and two carbon aliphatics, 

However, 

Health Effects 

DBCP has been found to be carcinogenic in two animal bio- 
assays and mutagenic in the Ames assay sy8tem. In a gavage. 
study, DBCP was found to produce significantly increased inci- 
dences of squamous-cell carcinomas of the forestomach of mice 
and rats and of mammary adenocarcinomas in female rats. In an 
inhalation study, rats had increased incidences of nasal cavity 
tumors and tumors of the tongue, while mice had increased inci- 
dences of nasal cavity tumqrs and lung tumors. 

Hen occupationally exposed to DBCP during its manufacture 
were found to have abnormally low sperm counts. Hale t a t s  ex- 
posed to DBCP during subchronic toxicity studies were also found 
to have abnormally low sperm cells as well as degenerative changes 
in the seminiferous tubules, decreased weight of the testes, and 
an increased proportion of abnormal sperm cells. Liver and kidney 
effects have also been noted in animal studies. Effects range 
from dilatation of the sinusoids and centrilobular congestion to 
cirrhosi8 and necrosis in the liver. Cloudy swelling of the epi- 
thelium of the proximal convoluted tubules and increased amounts 
of inter8titial tir8uc have been found in the kidneys. Effects on 
blood cell8 were also noted in oeveral 8tudit8. These effects 
include 8evere leukopenias and anemias in exposed monkeys and 
decreased activity of phagocytic cells in exposed rats. 

Dibromochloropropane 
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Tox'icity to Wildlife and Domestic Animals 

The oral LD value of DBCP to young mallards is 66.5 mg/kg, 
which is lower t88n the oral LD 
and 257 mg/kg, respectively. 
of 1 mgfliter DBCP for 24 hours produced a 90% mortality in 
clam larve. At a use concentration of 20 gallons DBCP per 
acre, 100% of exposed earthworms died in 1 day. At a use rate 
of S pounds per acre, DBCP killed 879 of the Lumbricus and 
28% of the Helodrilus sp. in 32 days. 

value for the rat and mouse--173 
djosure to a water concentration 

Standards and Regulations 

NIOSB Recommended SJandard: 

OSgA Standard (air): 

10 ppb (0.1 mg/m3) 

1 ppb (9.6 pg/m3) TWA 
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Summary b- 1283 
L -  

Dichlorobenzene (DCB) is probably persistent in the natural 
environmenti In rats, chronic oral exposure to dichlorobenzene 
caused liver and kidney damage and changes in the hematopoietic 
system. 
exposure causes nausea and irritates the membranes. 

In humans, DCB is a skin and eye irritant; inhalation 

CAS Number: 1,2-Dichlorobenzene (1,2-DCB) 95-50-1 
1,3-Dichlorobenzene (1,3-DCB) 541-73-1 
1,4-Dichlorobenzene (1,4-DCB) 106-46-7 

Chemical Formula: CgHqc12 

IUPAC Name: Dichlorobenzene 

Important Synonyms and Trade Names: Dichlorobenzene, DCB 

Chemical and Physical Properties 

Molecular Weight: 147.01 

Boiling Point: 1,2-DCB: 180.5°C 
1,3-DCB and 1,l-DCB: 173.C 

Specific Gravity: 1.3 at 20.C 

Solubility in Water: lr2-DCB: 145 mg/liter at 25.C 
lr3-DCB: 123 mg/liter at 25OC 
1,i-DCB: 80 mglliter at 25.C 

Solubility in Organics: Soluble in alcohol, ether, acetone, 
benzene, carbon tetrachloride, and 
ligroin 

Log Octanol/Water Partition Coefficient: 3.38 

Vapor Pressure: 1 mm Hg at 20% 

Vapor Density: S.05 

Dichlorobenzene 
Page 1 
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3 Henry's Law Constant: 1.99 x loo3 atm m /mole 

Flash Point: 71°C 

Transport and Fate 

fate of dichlorobenzene (DCB) is available. DCB is expected 
to volatilize at a relatively rapid rate, and atmospheric trans- 
port -can occur. 
agitited surface water of 9 hours or less. Dichlorobenzenes are 
reported to be reactive toward hydroxyl radicals in air with a 
half-life of about 3 days, but indirect evidence suggests that 
DCB does not hydrolyze at a significant rate under normal envi- 
ronmental conditions. The high log octanol/water partition co- 
efficient for DCB suggests that adsorption to organic matter in 
aquatic systems and soil is probably an important environmental 
fate process. Indirect evidence suggests that bioaccumulation 
may also be an important fate process. DCB appears to be resis- 
tant to biodegradation. However, it may be broken down to some 
degree by pollutant-acclimatized microorganisms. Sorption, bio- 
accumulation, and volatilization with subsequent atmospheric 
oxidation are likely to be competing processes, with the dominant 
fate being determined by local environmental conditions, If 
volatilization doesn't occur, dichlorobenzene is probably tather 
persistent. 

Relatively little information concerning the environmental 

It has an estimated half-life for removal from 

Health Effects 

It is generally thought that the available data are inade- 
quate for assessing the carcinogenic potential of DCB in animals 

' and humans. One case study suggests an association between 
exposure to dichlorobenzene and sevezal cases of leukemia. 
DCB is reported to be nomutagenic in Salmonella tYRhimurium 
tester strain8, 
occurs in some plant test systems. No data are available for 
evaluating the teratogenic or reproductive effects in animals 
or humans . 

Mutagenic and clastogcnic activity reportedly 

Symptoms of acute inhalation intoxication in humans include 
headache, nausea, and throat irritation. DCB is also a skin 
and eye irritant. 

A variety of other symptoms, including weaknes8, fatigue, 
and anemia, have been observed after chronic dermal and inhalation 
exposure to dichlorobenzene. 

Inhalation of DCB causes eye and upper respiratory tract 
irritation, central nervoui system -?pression, and liver and 
kidney damage in experimental anima . An LCz0 cf approximately 
Dichlorobenzene 
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4,.9,00 mg/m3/7 hours is reported for the r a t .  
were observ d after daily 7-hour inhalation exposures of up 
to 560 mg/mf for as much as 7 months in several rpecies of 
experimental 8nfmals. Hepatic porphyria is reporteg to occub- 
in rats after daily tracheal intubation of 455 mg/m for up - 
to 15 days. Oral exposure results in stimulation of liver 
microsomal enzyme systems and cumulative toxicity. The oral 
LD for the rat is 500 mg/kg. Chronic oral exposure to 188 
mg?@g/day causes liver and kidney damage in rats. Exposure 
to 0.01-0.1 mg/kg/day produces changes in the hematopoietic 
system, increased prothrombin time, and altered conditioned 
reflexes and enzyme activities in chronically exposed rats. 
In general, toxicity increases in the order l,l-DCB, 1,3-DCB, 

No t o x i c  tssects 

83 

1,2-DCB 

Toxicity to Wildlife and Domestic Animals 

The 48-hour and 96-hour LC values for Daphnia and blue- 
gills, respectively, tested und8P static conditions, were 2,440 
and 5,590 pg/liter (1,2-DCB); 28,100 and 5,020 pg/liter (1,3-DCB) ; 
and 11,000 and 4,280 (rg/liter (lr4-DCB). N o  flow through 
96-hour t C  tests using fathead minnows and rainbow trout 
gave valueaoof about 3,000 (rg/liter. A f reshwater chronic 
value of 2,000 pg/liter is reported for the fathead minnow. 
Acute values for three saltwater species ranged from 1,970 pg/litcr 
for the mysid shrimp to 9,660 vg/liter for the sheepshead minnow. 
No saltwater chronic values are available. A whole body biocon- 
centration factor of about 80 is reported for the bluegill. 

The 96-hour median effect levels for chlorophyll a and cell 
number are 179,000 and 149,000 (rg/liter, respectively,-in the 
freshwater alga Selenastrum’capricornutum. In the saltwater 
alga Skeletonema costatum the corresponding values are 44,200 
and 44,100 PS/lit er, respectively. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Criterion: 400 pg/liter 

OSHA Standards 

ACGIH Threshold Limit Value: 

300 rg/rn3 Ceiling Level 

300 mg/m3 Ceiling Level 

Dichlorobenzene 
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1,l-DICHLOROETHANE 

Summary 

very persistent in aquatic environments. 
to high doses causes central nervous system depression in humans 
and may cause hepatotoxicity. 
liver and kidney damage and retard fetal development. 

1,l-Dichloroethane is quite volatile and probably is not 
Inhalation exposure 

In animals, high doses cause 

CAS Number: '15-34-3 

Chemical Formula: cA3cHC12 

IUPAC Name: 1,l-Dichloroethane 

Important Synonyms and Trade Names: Ethylidene chloride, ethylidene 
dichloride 

Chemical and Physical Properties 

Molecular Weight: 98.96 

Boiling Point: 57.3OC 

Melting Point: -97.OoC 

Specific Gravity: 1.1776 at 20°C 

Solubility in Water: 5 g/liter 

Solubility in Organics: 

Log Octanol/Water Partition Coefficientt 1.79 

Miscible in alcohol 

Vapor Pressure: 180 mm Hg at 2OoC 

Transport and Fate 

by volatilization into the troposphere, where it is subsequently 
broken down by hydroxylation. 100 studies on adsorption were 
found in the literature reviewedr but because of its water 
6olubility and relatively low log octanol/water partition co- 
ef ficient 8 181-dichloroethane potentially could move through 
roil and enter the groundwater. 

1,l-Dichlorocthane Uispereea from ourface water primarily 

080177 
4,l-Dichloroethane 
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Health Effects 

Limited toxicological testing of 1,l-dichloroethane; h@ 
been conducted, although the literature indicates that Ill- 
dichloroethane is one of the least toxic of the chlorinated 
ethanes. An NCI bioassay on 1,l-dichloroethane was limited 
by poor rurvival of test animals of test animals, but 60me 
marginal tumorigenic.effects were seen. 
to high doses of 1,l-dichloroethane (over 16,000 mg/m ) caused 
retarded fetal development in rats (Schwetz et al. 1974). 
1,l-Dichloroethane was not found to be mutagenic using the 
Ames assay. 
depression when inhaled at high concentrations, and evidence 
suggests that the compound is hepatotoxic in humans. Kidney 
and liver damage was seen in animals exposed to high levels 
of 1,l-dichloroethane. 
725 mg/kg. 

7285 

Inhalation cjposure 

1,l-Dichloroethane causes central nervous system 

The oral LDS0 value in the rat is 

Toxicity to Wildlife and Domestic Animals 

No information on the toxicity of l,l-dichloroethane to 
aquatic species was reported in the literature reviewed. How- 
ever, the available information on the chloroethanes indicates 
that toxicity declines with decreases in chlorination and that 
the l,l,l-isomer is less active than the 1,lr2-isomer. Therefore 
1,l-dichloroethane is probably no more toxic than 1,2-dichloro- 
ethane, which is acutely toxic at levels of 100-500 mg/liter 
and has a chronic toxicity beginning at about 20 mg/liter. 

No information on the toxicity of 1,l-dichloroethane to 
terrestrial wildlife or domestic animals was found in the sources 
reviewed. 

- 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA)% 

The available data were inadequate for establishing cri- 
teria, 

OS-= Standard (air): 

ACGIH Threrhold Limit Value: 

400 mg/m3 TWA 

810 mg/m3 TWA 
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1, z - D 1 cn LOnut L h  KI\ t 

Summary 

o r g a n i c  s o l v e n t ,  and v o l a t i l i z a t i o n  and p e r c o l a t i o n  f n t o  ground- 
water  may be r i g n i f i c a n t  r o u t e s  of transport. 
e o l u b i l i t y  i n  water and may be a component i n  nonaqueous-phase 
l i q u i d s .  
m u t a g e n i c  i n  b a c t e r i a l  test  sys tems;  it is a s u s p e c t e d  human 
ca rc inogen .  

1 ,2-Dichloroe thane  ( e t h y l e n e  d i c h l o r i d e )  i o  a v o l a t i l e 7 8 8  3 
It has  a low 

1,2-Dichloroe thane  i s  c a r c i n o g e n i c  i n  a n i m a l s  and 

CAS Number: 107-06-2 

C h e m i c a l  Permula: CH2C1CH2Cl 

IUPAC Name: 1 ,2-Dichloroe thane  

I m p o r t a n t  Synonyms and Trade  Names: E t h y l e n e  d i c h l o r i d e ,  g l y c o l  
d i c h l o r  i d e  

Chemical and P h y s i c a l  P r o p e r t i e s  

Molecular  Weight: 98.96 

B o i l i n g  Po in t :  83-84OC 

M e l t i n g  P o i n t :  -35.4OC 

S p e c i f i c  G r a v i t y :  1.253 a t  2OoC 

S o l u b i l i t y  i n  Water: 8 g / l i t c r  

S o l u b i l i t y  i n  Organics :  

Log O c t a n o l m a t c r  P a r t i t i o n  C o e f f i c i e n t :  1.48 

Va?or P r e s s u r e :  

P l a s h  P o i n t :  lSoC ( c l o s e d  cup) 

Xiscible  wi th  a l c o h o l ,  ch lo ro fo rm,  
and e t h e r  

6 1  mm Hg a t  2OoC 

1,2-Dichloroe thane  
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Transport and Fate 

The primary method of dispersion from surface water fo; 
1,2=dichlorocthane is volatilization. In the atmosphere, 1,2-di- 
chlorocthanc is rapidly broken down by hydroxylation, although 
iome may be absorbed by atmospheric water and return to the 
earth by precipitation. No studies on the adsorption of 1,2-di- 
chloroethane onto soil were reported in the literature twamined. 
However, 1,2-dichloroethane has a low octanol/water partition 
coefficient, is slightly soluble in water, and therefore leaching 
through the soil into the groundwater is an expected route of 
d i sper sal . 
Health Effects 

a variety of tumors. When administered by gavage, it produced 
carcinomas of the forestomach an5 hemangiosarcomas of the circu- 
latory system in male rats; adenocarcinomas of the mammary 
gland in female rats; lung adenomas in male mice; and lung 
adenomas, mannary adenocarcinomas, and endometrial tumors in 
female mice. It is mutagenic when tested using bacterial test 
systems. 
has been shown to cause headache, dizziness, nausea, vomiting, 

and kidney dysfunction. Dermatitis may be produced by skin 
contact. In severe cases, leukocytosis (an excess of white 
blood cells) may be diagnosed; and internal hemorrhaging and 
pulmonary edema leading to death may occur. Shilar effects 
are produced in experimental animals. 

1,2-Dichloroethane is carcinogenic in rats and mice, producing 

Human exposure by inhalation to 1,2-dichloroethane, 

. abdominal pain, irritation of the mucous membranes, and liver 

Toxicity to Wildlife and Domestic Animals 

toxic to aquatic life. For both fresh- and saltwater species, 
it is acutely toxic at concentrations greater than 118 mg/liter, 
while chronic toxicity has been observed at 20 mg/liter. 
chloroethane is not likely to bioconcentrate, as its steady 
state bioconcentration factor was 2 and its elimination half- 
life was less than 2 days in bluegill. 

1,2-Dichloroethane is one of the chlorinated ethanes least 

lr2-Di- 

No information on the toxicity of 1,2-dichloroethane to 
domestic animals or terrestrial wildlife was available in the 
literature reviewed. 

h 
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R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t q r  C r i t e r i a  (USEPA) : 

Aqua t i c  L i f e  

The a v a i l a b l e  d a t a .  are n o t  adequa te  f o r  e s t a b l i s h i n g  c r i t e r i a .  
However, EPA d i d  r e p o r t  t h e  lowest v a l u e s  known t o  be 
toxic i n  a q u a t i c  organisms.  

F reshwa te r  

Acu te  t o x i c i t y :  118 m g / l i t e r  
C h r o n i c  t o x i c i t y :  20 m g / l i t e r  

S a l t w a t e r  

Acu te  t o x i c i t y :  113 m g / l i t e r  
Chron ic  t o x i c i t y :  No a v a i l a b l e  d a t a  

Human H e a l t h  

Estimates of the c a r c i n o g e n i c  r i sks  a s s o c i a t e d  w i t h  l i f e t i m e  
exposure to v a r i o u s  concentrations of 1 , 2 - d i c h l o r o e t h a n e  
in water are: 

R i s k  - Concen t r a t f on 

9.4 r g / l i t e r  -5  
lO-6 
10-7 0.94 r g / l i t c r  
1 0  0.094 r g / l i t c r  

9 . l x  loo2 (mg/kg/day) -' CAG U n i t  R i s k  (USEPA) : 
3 OSHA Standa rds :  200 mg/m3 TWA 

400 mg/m3 C e i l i n g  L e v e l  
800 mg/m f o r  5 min e v e r y  3 h r ,  Peak C o n c e n t r a t i o n  

ACGIH Thresho ld  L imi t .Va lues :  40 mg/m: TWA 
60 mg/m STEL 
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Summary 

1,l-Dichloroethylene (VDC, vinylidene chloride) caused 
kidney tumors (in males only) and leukemia in one study of 
mice exposed by inhalation, but the results of other rtudies 
were equivocal or negative. 
and it. caused adverse reproductive effects when administered 

1,l-Dichloroethylene is mutagenic, 

to rats and rabbits by inhalation. 
liver damage, and acute exposure to 
system damage. 

CAS Number: 75-35-4 

Chemical Formula: CH2CC12 

IUPAC Name: 1,l-Dichloroethene 

Important Synonyms and Trade Names: 

Chronic exposure causes 
high doses produces nervous 

Vinylidene chloride, VDC, 
l,l-dichloroethene, 1,l-DCE 

Chemical and Physical Properties 

Atomic Weig3t: 96.94 

Boiling Point: 37OC 

Melting Point: -122.1OC ’ 

Specific Gravity: 1.218 at 20°C 

Solubility in Water: 400 mglliter at 2OoC 

Solubility in Organics: Sparingly soluble in alcohol, ether8 
acetone 8 benzene, and chloroform 

Log Oc tanol/Wa ter Part ition Coefficient: 1. 48 

Vaaor Pressure: 500 m Bg at 2OoC 
Vapor Density: 3.25 

Transport an8 Fate 

for 1,l-dichloroethylenc (VDC) 8 and its subsequent photooxida- 
Volatilization appears to be the primary transport process 

1 8  1-Dichloroethylene 
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t i o n  i n  t h e  a tmosphere  by r e a c t i o n  w i t h  hydroxy l  rad ica ls  is 
a p p a r e n t l y  t h e  predominant  f a t e  process. 
t r a n s p o r t  and f a t e  mechanisms was g e n e r a l l y  l a c k i n g  f o r  1 , l - d i -  

h y d r o l y s i s ,  sorption, b ioaccumula t ion ,  b i o t r a n s f o r m a t i o n ,  and  
b i o d e g r a d a t i o n  p r o b a b l y  a l l  occur  b u t  a t  ra tes  too rlow t o  
be of much s i g n i f i c a n c e .  

I n f o r m a t i o n  on o t h e r  

c h l o r o e t h y l c n e .  However 8 by i n f e r e n c e  from re la ted  Compounds, - 

H e a l t h  E f f e c t s  

1 , l - D i c h l o r o e t h y l e n e  c a u s e d  kidney tumors  i n  males and leu- 
k e m i a  i n  males and f e m a l e s  i n  o n e  s t u d y  of mice exposed by 
i n h a l a t i o n ,  gave  e q u i v o c a l  r e s u l t s  i n  other i n h a l a t i o n  s t u d i e s ,  
and g a v e  n e g a t i v e  r e s u l t s  i n  r a t s  and mice f o l l o w i n g  o ra l  ex-  
posure and i n  hamsters f o l l o w i n g  i n h a l a t i o n  exposure .  VDC 
was mutagenic  i n  s e v e r a l  bac te r ia l  a s s a y s .  1 , l - D i c h l o r o e t h y l e n e  
d i d  n o t  appear t o  be t e r a t o g e n i c  b u t  d id  c a u s e  e m b r y o t o x i c i t y  
and f e t o t o x i c i t y  when a d m i n i s t e r e d  to  raSs and rabbi t s  by i n -  
h a l a t i o n .  C h r o n i c  e x p o s u r e  t o  oral doses of VDC as low as  
5 mg/kg/day caused  l i v e r  changes  i n  ra ts .  Acu te  e x p o s u r e  t o  
h i g h  doses c a u s e s  c e n t r a l  n e r v o u s  sys tem d e p r e s s i o n ,  b u t  neuro-  
t o x i c i t y  has n o t  been  associated w i t h  l ow- leve l  c h r o n i c  exposure .  
The  o ra l  LD v a l u e  for the r a t  i s  1,500 mg/kg, and f o r  the 
mouse it isS9OO mglkg. 

T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

1 , l - D i c h l o r o e t h y l e n e  is not v e r y  t o x i c  t o  f r e s h w a t e r  or 
saltwater species, w i t h  a c u t e  LC v a l u e s  g e n e r a l l y  r ang ing  
from 80 to 200 m g / l i t e r .  A chro#c s t u d y  i n  which no  a d v e r s e  
effects  were o b s e r v e d  i n d i c a t e d  that t h e  a c u t e - c h r o n i c  r a t io  
was less t h a n  40; a 13-day s t u d y  t h a t  produced  a n  LC o f  29 
mg/liter i n d i c a t e d  that  the a c u t e - c h r o n i c  r a t io  is  g # a t e r  
t h a n  4. 

- 

No reports of the t o x i c i t y  of 1 , l - d i c h l o r o e t h y l e n e  t o  
t e r r e s t r i a l  w i l d l i f e  or domestic a n i m a l s  were found i n  t h e  
l i t e r a t u r e  rev iewed.  

R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  Cri ter ia  (USEPA) t 

A q u a t i c  L i f e  

The a v a i l a b l e  data. are i n a d e q u a t e  for e s t a b l i s h i n g  cri teria.  
Rowever, EPA d i d  report t h e  lowest values known to  c a u s e  
t o x i c i t y  in a q u a t i c .  o rgan i rms .  

1 , l - D i c h l o r o e t h y l c n e  
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Preshwa ter 

Acute t o x i c i t y :  11,600 p g / l i t c r  
C h r o n i c  t o x i c i t y :  No a v a i l a b l e  d a t a  

. -  S a l t w a t e r  

A c u t e  t o x i c i t y :  224,000 p g l l i t c r  
C h r o n i c  t o x i c i t y :  No a v a i l a b l e  d a t a  

Human Hea l th  

E s t i m a t e s  of t h e  c a r c i n o g e n i c  r i s k s  a s s o c i a t e d  w i t h  l i f e t i m e  
exposure  t o  v a r i o u s  c o n c e n t r a t  i o n s  o f  1, l - d i c h l o r o e t h y l e n e  
i n  water  are: 

C o n c e n t r a t i o n  

0.33 p g / l i t c r  
0.033 v g / l i t c r  
0.0033 p g / l i t e r  

CAG U n i t  R i s k  (USEPA) : 1.16 (mg/kg/day)” 
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1,2-trans-DICHLOROETHYLENE 

Summary 1 -  ir, 7283 
Chronic inhalation exposure to 1,2-trans-dichloroethylene 

(1,2-trans-DCE) causes liver degeneration, and acute exposure 
to hiqh levels has adverse effects on the central nervous system. 

- 

CAS Number: 540-59-0 

Chemical Formula: C2H2C12 

IUPAC Name: 1,2-trans-Dichloroethene 

Important Synonyms and Trade Names: trans-Acetylene dichloride, 
diof orm 

Chemical and Physical Properties 

Molecular Weight: 96.94 

Boiling Point: 47.5OC 

Melting Point: -5OOC 

Specific Gravity: 1.2565 at 2OoC 

Solubility in Water: 600 mglliter 

Solubility in Organics: Miscible with alcohol, ether, and acetonet 
very soluble in .benzene and chloroform 

Log Octanol/Water Partition Coefficient: 1.48 (calculated) 

Vapor Pressure: 200 mm Bg at l4OC 

Flash Point: 3OC (undefined isomers) 

Transport and Fate 

dichloroethylene (1,Z-trans-DCE) 8 volatilization f rum aquatic 
systems to the atmosphere is quite rapid and appear8 to be 
the primary transport proccad. 
can occur and i8 partly responsible for its relatively wide 

Due to the relatively high vapor pressure of 1,2-trans- 

Aerial transport of thi8 compound 

1, 2-trans-0 ichloroethylene 000188 
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environmental distribution. Although l i t t l e  applicaole infor- 
mation is availahle, adsorption is probably an insignificant I 

environmental fate process for 1,2-trans-DCE. The relatively;, 
low log octanol/water partition coefficient of 1,z-trans-DcE . 
suggests that bioaccumulation also is a relativel insignificant 
process. 
biodegradation of 1,Z-trans-DCE is available, results with 
similar compounds suggest that this process probably occurs 
but at a very slow rate. 

- -  photooxidation in the troposphere appears to be the dominant 
envi-ronmental- fate of 182-trans-DCE. Once in the troposphere, 
the compound is attacked at the double bond by hydroxyl radicals, 
resulting in the formation of formic acid, hydrochloric acid, 
carbon monoxide, and formaldehyde. The half-life of lr2-trans- 
DCE in the troposphere is estimated to be less than one day. 
Given the properties of similar compounds, photolysis of 1,2-trans- 
DCE in aquatic systems and photodissociation in the terrestrial 
environment are probably insignificant. 

728 3 
Although no information pertaining spe=iiically to 

Health Effects 

Very little information concerning exposure only to 182- 
trans-DCE is available. There are no reports of carcinogenic 
or teratogenic activity by 1,2-trans-DCE in animal8 or humans. 
It is reportedly nomutagenic in a variety of test systems. 
Like other members of the chlorinated ethylene aeries8 182- 
trans-DCE has anesthetic properties. Exposure to high vapor 
concentrations has been found to cause nausea, vomiting, weak- 
ness, tremor, and crangs in humans. Repeated exposure via 
inhalation of 800 mg/m (8 hours/day, 5 days/week, for 16 weeks) 
was reported to produce fatty degeneration of the liver in 
rats. The intraperitoneal injection LDSo value for the rat 

Although nephrotoxic and cardiac sensitizing ef fects are 
associated with exposure to 1,l-dichlorocthylene, the ~ , ~ - D c E  
isomers have not been investigated with respect to thi8 type 
of effects. 
demethyaation in rat liver microsomes in vitro, and it may 
thus interact with the hepatic drug-metabolizing monooxygenase 
sys tern. 

iS 7,536 mg/kg. 

1,2-tranS-DiChlOrOethylenc can inhibit aminopyrine 

ToxiCftY to Wildlife and Domestic Animals 

Practically no information concerning the toxicity of 
1,Z-trans-DCE to wildlife and domertic animal8 exists. The 
reported 96-hour LC value under rtatic condition8 is  1358000 
pg/liter for the bl&ill. Under .the rame test conditions, 
the LC value for lJ-dichlotOethylene i r  73,900 pg/liter. 
Recomm8Aded criteria for protection of aquatic life are based 
primarily on data concerning 1,l-dichloroethylene. 

* .  3 
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Regulations and Standards 

r2Q33 Ambient Water Quality Criteria (USEPA): 
L -  

The available data are not adequate for establishing triter-ia. 

0S.M Standard; 790 mg/m3 TWA 

ACCIH Threshold Limit 'Values: 790 mg/mJ FA 
1,000 mg/m S.=L 
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Summary 

2,4-Dichl6rophenol (2,I-DCP) is not very persistent in the 
environment. There is equivocal evidence suggesting that it may 
act as a tumor promoter. Subcutaneous administration of 2,4-df- 
chlorophenol to ?regnant mice induced minor teratogenic effects. 
Chronic exposure caused nonspecific liver changes in mice. 

CAS Number: 120-83-2 

Chemical Formula: C6R3Cl2OH 

IUPAC Name: 2,4-Dichlorophenol 

Important Synonyms and Trade Names: 2,l-DCP 

Chemical and Physical Properties 

Molecular Weight: 163.0 

Boiling Point: 2lOOC 

Xelting Point: 45OC 

Qecific Gravity: 1.383 at 2,5OC 

Solubility in Water8 4,500 mg/liter 

Solubility in Organicst Spluble in benzene, a 
and chloroform 

cohol, et ier I 

Log Octanolflater Partition Coefficient: 2.75 

Vapor Pressure: 0.12 mm Hg at 20% (calculated) 

Vapor Density: 5.62 

pKa: 7.40 

Plash Points 114.C 

2,4-Dichlorophcnol 
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Transport and Fate 

2,4-Dichlorophenol (2,4-DCP) is not very persistent in the 
environment, with a half-life of about 1 week. Degradation by 
soil and water microorganisms occurs readily and appears to be 
the primary fate of 2,Q-DCP. However, biodegradation rates are L 

dependent on a number of environmental factors. For example, . 

degradation will proceed much more quickly in systems contain- 
ing pollutant-adapted microflora. 
tion.do not appear to be significant transport processes for 
2,Q~~ichlorophenol. Oxidation and hydrolysis are probably not 
impoftant environmental fates. 
2,4-DCP is reported to occur under aerobic conditions, but it 
is unlikely that this process contributes significantly to its 
environmental fate. The limited data available suggest that 
2,4-DCP does not readily bioaccumulate. 

. 
7283 

Volatilization and adsorp- 

Photodegradation of aqueous 

Health Effects 

NO studies evaluating the carcinogenic potential of 2,4-DCP 
are available. However, one study provides evidence that this 
compound may have promoting activity. 
with skin applications of dimethyl-benzanthracene in benzene, 
and then received skin applications of 40.8 mg/kg Of 2r4-DCP 
two times per week, far 15 or 24 weeks, The results indicated 
that 2,4-DCP can act as a promoter in the production of papil- 
lamas. Howeverr the results must be regarded as equivocal 
because of limitations imposed by the experimental methods 
used in the study. 

2,4-DCP is reported to have some effects on mitosis and 
meiosis i n  flower buds and root cells of Vicia faba. No studies 
evaluating the mutagenic activity of DCP in other eukayotic 
organisms or bacteria are available. In mice, subcutaneous 
administration of 74 mg/kg 2,I-DCP on days 6-14 of gestation 
resulted in a significant increase in abnormal fetuses, with 
half of the anomalies consisting of extended legs. Fetal mot- 
tality was unchanged, but weights were significantly lower 
than controls. No other reports of significant teratogenic 
or reproductive effects are available. 

toxicity of 2#4-= is available. Acute toxicity following 
injection 18 characterired by initial polypnea followed by 
slowed respiration and dyspnea, hypotoniar coma, and death. 
A maximum no-effect level of 100 mg/kg/day was determined in 
a 6-month feeding study in mice, 
liver changes were observed in mice receiving 230 mg/kg/day. 
Intraperitoneal and oral LD 
respectively, are reported S8r the rat. 

Mice were initiated 

very little information concerning the acute or chronic 

Only non-specific microscopic 

values of 430 mg/kg and 580 mg/kg, 

2,4-Dichlorophenol 
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Toxicity to Wildlife and Domestic A n i m a l s  

species Daphnia magna, fathead minnow, and bluegill are 2,605j 
8,230, and 2,020 pgJiiter, respectively. A chronic value of 
365 pg/liter and an acute-chronic ratio of 23 are reported 
for the fathead minnow. The only information available con- 
cerning saltwater species indicates that the mountain bass 
Kuhlia sandvicensis exhibits a moderate reaction in response 
to 20 mg/liter 2,l-DCP. Complete destruction of chlorophyll 
and 56.49 re3uction of photosynthetic oxygen production are 
observed after exposure of the freshwater alga Chlorella py- 
renoidosa to 100 and 50 mg/liter, respectively. The weighted 
average bioconcentration factor for 2,I-DCP and the edible 
portion of all freshwater and estuarine organisms consumed 
by Americans is calculated to be 40.7. 

of cattle and chickens, and in chicken eggs. Concentrations 
of 2,4-DCP in animal tissues are reported to diminish rapidly 
sfter withdrawal of the 2,4-DCP precursor, 2,4-dichlorophenoxy- 
acetic acid (2,4-D). No information concerning toxicity of 
2,4-DCP to domestic animals is available. 

Species mean acute values reported for the freshwater 72 

2,4-DCP resi3ues have been detected in the liver and kidneys 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

The available data are not adequate for establishing criteria. 

Human Health 

Health criterion: 3.09 mg/lfter 
Organoleptic criterion: 0.3 pg/liter 
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2,4-DfCHLOROPBENOXYACETIC ACID 

summary 
128 $ 

2,4-Dichlorophenoxyacet~c acid (2,4-D) is a commonly used: 
broad spectrum herbicide. 
the defoliant most widely used in Vietnam. It promoted tumors 
after being painted on the akin of mice, and it probably is 
a weak mutagen. 
was fetotoxic when administered to pregnant rats, mice, and 
hamsters. 
neuropathy. 

It is a component of Agent Orange, 

2,4-D caused developmental abnormalities and ’* 

Dermal exposure to 214-D causes severe peripheral 

CAS Number: 94-75-7 

Chemi Gal Formula: c12c6H30CH2COOH 

IUPAC Name: 2,4-Dichlorophenoxyacetic acid 

Important Synonyms and Trade Names: Agrotect, Dicotox, Phenox, 
2,4-D 

Chemical and Physical Properties 

Molecular Weight: 221.04 

Boiling Point: 16OOC a t  0.4 mm Hg 

Melting Point: 138OC 

Splubility in Water: 620 mg/liter 

S-olubility in Organicat Spluble in organic rolvents 

Log OctanolFJatct Partition Coefficient: 2.5 (calculated) 

Vapor Pressure: <loo5 mm Eg at 25.C 

Vapor Density: 7.63 

pKa: 2.8 

Transport 8nd ?ate 

~ecause of ita low vapor premure and relatively high 
rolubility in water, 2,4-dicblorophenoxyacetic 8cid (2,400) is 
probably not very volatile. In rurface water, 2,&D undergoes 
either photolysis with oxidation to chlorophenol8 or photorc- 

2,4,-Dichlorophenoxyacetic acid 
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duction to pnenoxyaceric erru,  _ _ _ _  _ _ _  _ _  
the physical properties of the media. 
adsorbed to roil and may leach into groundwater, although studies 
indicate that this is not an important transport process.  io- 
degradation by soil bacteria may be an important fate process 
for 2.4-D. 

2,4-D is only weakly 

Health Effects 

c i nog 
incre 

2,4-Dichlorophenoxyacet~c acid has been assayed for car- 
lenicity in rats, mice, and dogs. Statistically significant 
Nases in tumor initiation have not been observed in any study. 

Increases in the number of lymphosarcomas, total sarcomas, 
and carcinomas in rats, however, suggest that it may be carci- 
nogenic. A tumor-promoting effect was observed in a skin-paint- 
ing study in mice. 

2,4-D has damaged DNA and inhibited DNA repair in several 
strains of bacteria and yeast. It caused chromosomal damage 
and induced increased rates of sister chromatid exchange (SCE) 
in cultured human lymphocytes. 
hamster ovary cells. The results of the Drosophila sex-linked 
recessive lethal assay were weakly positive. 2,4-D failed to 
induce mutation in the Ames assay. Considering all available 
test data, 2.4-D is a weak mutagen. 

2,4-D also induced SCE in Chinese 

When administered to pregnant rats, mice, and hamsters, 
2,4-D produces a pattern of developmental abnormalities, includ- 
ing skeletal anomalies and cleft palate. Fetotoxicity and 
fetal death hawe also been reported. The minimum level causing 
major developmental abnormalities in rats is approximately 
100 mg/kg. No effect on reproduction was observed in a 3-gene- 
ration rat study. 

2,4-D apparently is not very acutely toxic to humans, 
with the average oral dose likely to be fatal estimated to 
be 400 mg/kg. However8 considerable uncertainty exists regarding 
what is a minimal toxic dose; it may be as low as 80 mg/kg. 
symptoms of vomiting, fever, and profound muscle weakness are 
usually reported after ingestion of 2,4-D. 2,4-D is irritating 
to the eyes. Absorption through the skin reportedly produces 
severe peripheral neuropathy, with stiffness of extremities, 
possible motor paralysis, and parathesia. 

but the oral LD 'Ofor dogs is 100 mg/kg. Esters of 2,4-D have 
comparable tord!ty. Cardiac arrhythmia has been cited as a 
cause of death In reveral acute rtudies. Pathological changes 
have also occurred in the gastrointestinal tract, liver, lungs, 
and kidneys. The rabbit dermal LOso is 1,400 mg/kg. 

The oral LD for 2,4-D in mice and rats is 375 mg/kg, 



Contrary to ruggestions that 2,3r7,8-tetrachlorodibenzo-p- 
dioxin contamination has contributed to the toxicity of 2,4-~, 
no actual TCDD contamination of 2,4-D has been reported, although 
hexachlorobibenzo-p-dioxin and 2,7-dichlorodibenzo-p=dioxin 
have been found. There is no experimental evidence that dioxins 
are formed by photolysis of 2,4-D. 

Toxicity to Wildlife and Domestic Animals 

Studies on the effects of exposure to 2,4-D and other 
phenoxy herbicides on algae indicate that many single-celled 
plants are not very sensitive to these compounds. 
tions of 25 mg/littr 2,4-D administered for 10-12 days reduced 
the growth rate of Scenedesmus, one of the more sensitive species, 
by 428. The growth of Nostol muscorum, a blue-green algae, 
is inhibited at concentrations of 0.1 mg/liter, Various forms 
of filamentous algae, Le.# Chara, Hydrodictyon, and Pitophora, 
are controlled at concentrations above 10 mg/liter. 

Concentra- 

The 96-hour LD for Daphnia magna is 2 rg/liter. Concen- 
trations of 2 mg/li#r had no detectable effect on shell growth 
in oysters, 

2,I-D's toxicity to fish has been thoroughly studied. 
The 24- and 48-hour LC values for the bluegill were reported 
t o  be 8 mg/liter for 258-D. Esters of 2,I-D are slightly more 
toxic. Concentrations of 50 mg/liter had no observable effect 
on tadpoles of the frog, Rana temporaria. 

. 

Animal poisonings have been reported and attributed to 
herbicide formulations containing 2,4-D, but in most instances 
a definite causal relationship has not been established. 
does not bioaccumulate in the adipose tissue. 

2,4-D 

Regulations and Standards 

OS% S-tandard: 10 mg/m3 TWA 

ACGIH Threshold Limit Value: 10 rg/m3 TWA 
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S u mna r y 

1,2-Dichloro?ropane increased the incidence of combined 
adenomas and carcinomas of the liver when administered to rats 
and mice, and it was found to be mutagenic using the Ames assay. 
Hfgh concentrations can depress the central nervous system 
and adversely affect the liver, kidneys, adrenals, and heart. 

CAS. Number: 78-87-5 

Chemical Formula: CH2C1CHC1CH3 

IUPAC Nane: 1,2-Dichloropropane 

Important Synonyms and Trade Names: Propylenechloride, propylene= 
dichloride 

Chemical and Physical Properties 

Molecular Weight: 112.99 

Boiling Point: 96e8OC 

Xelting Point: -1000~ 

Specific Gravity: le16 at 24OC 

S-olubility in Water: 2,700 mg/liter at 2OoC 

Splubility in Organics: 

Log Octanol/Water Partition Coefficient8 2.28 

Miscible with organic Bolvents 

Vapor Pressure: 42 nun Hg at 20% 

Vapor Density: 3.9 

Flash Point: 21OC (open cup) 

Transport and Pate 

important environmental fate processes for 1,2-dichlotopropane. 
In surface water and S o i l ,  hydrolpBi8 M y  also be a significant 

Volatilization and subsequent photooxidation are probably 

1,2-D~chlotopropane 
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L 4 b F  e&""---, * -  - -  -. - . .  . 
particles. 
but this is l'ikely to occur more slowly than volatilization. 
1,2-Dichloropropane is probably only moderately persistent 
in the environment. 

Soil microb;?s can biodeitade 1,2-dichlotopropane, 

, 
ib - 7283 

Health Effect8 

1,2-Dichloropropane caused an increased incidence of com- 
bined adenomas and carcinomas of the liver in male and female 
mice -and cauged a slight increase in mammary adenocarcinomas 
in Mrnale rats (NTP 1 9 8 4 ) . 3  In an earlier study, 80 C3B mice 
were exposed to 1,850 mg/m 
7 hours per day 37 times and were then observed for the next 
7 months; only 3 mice survived, but all of these developed 
multiple hepatonas (Heppel et al. 1948). 1,2-Dichloropropane 
was found to be mutagenic using the Ames assay both with and 
without metabolic activation. It also increased the frequency 
of 8 azaguanine-resistant mutants in the Aspergillus nidulans 
spot test. No information was availe!?le on the reproductive 
or teratogenic effects oE this compoc-3. 

of 1,2-dichloropropane for 4 to 

Riyh concentrations of l82-dich1oro~ropane cause central 
nervous systen depression and narcosis in humans. Other human 
sy.n?toms include headache, vertigo, lacrimation, and irritation 
of the mucous membranes. Studies indicate that exposure to 
high concentrations may affect the rate of growth in rats and 
guinea pigs, and cause fatty degeneration and multilobular 
or centrilobular necrosis of the liver. Histopathological 
changes were also observed in the kidneys, adrenals, and heart. 
1,2-Dichloropropane is a mild skin irritant. It is moderately 
irritating to the eye but does not cause permanent injury. 

The oral LD for rats is 1,900 mg/kgj the oral LD for 
mice is 860 mg/ka! The dermal LDSO for rabbits i r  8,758°mg/kg. 

Toxicity to Wildlife and Domestic Animals 

Only limited data are available on the effects of l,Z- 
dichloropropane on wildlife and domestic animals. The 48-hour 
EC is 52 mg/liter in Daphnia magna. The 96-hour EC for 
tha'bluegill is 300 agfiitcr; for the *fathead minno~,~!t is 
139.3 mg/liter; and for the tidewater sliverside it is 240 mg/liter. 
In an embryo-larval test using the fathead minnow, chronic 
effects developed at 8,100 ug/liter. 

1,2-Dichlotopropane 
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Regulations arij  _ _  
Ambient Water auality Criteria (USEPA): 

The available data are not adequate for establishing cri- 
teria. 

OSHA Standard (air): 350  mg/m3 TWA r 

ACGIH Threshold Limit 'Values: 350 mg/m: THA k: 5283 
510 mg/m STEL 
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Summary 

1,3-Dichloropropene is moderately persistent in soils 
but less persistent in water. NO complete carcinogenicity 
studies are currently available, but cis-1,3-dichloropropene 
caused injection-site sarcomas in mice and was found to be 
mutagenic using the Ames assay. Chronic exposure caused liver 
and k'idney damage . 

CAS. Number: 542-7506 

Chemical Formula: CfIClCHCH2Cl 

IUPAC Name: 1,3-Dichloro-l-propene 

Important Synonyms and Trade Names: l,3-Dicbloropropylene, 
Telone, DCP 

Chemical and Physical Properties 

Molecular Weight: 110.97 

Boiling Po!rt: l04OC (cis) 
112% (trans) 

Melting Point: No available'data 

Specific Gravity: 1.217 at 2OoC (cis) 
1.224 at 2OoC (trans) 

Splubility in Water: 2,700 mg/liter at 25OC 

S.olubility in Organics: Spluble in ether, benzene, and chloroform 

Log Octanolfiater Partition Coefficient: 1.98 

Vapor Pressure: 28 mm Hg at 2S°C 

Vapor Density: 3.83 

Transport and Fate 

1,3-Dichloropropeme (DCP) i r  moderately persistent in 
soil8 but less persistent in water. 
and water into the atmosphere, where it i8 subsequently degraded 

Volatilization from soil 

lr3-Dichloropropene 
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by photooxidation, is probably the preaominanr transport ana 
fate mechanism for DCP. Although no information was found i 
on the adsorption of 1,3-dichloropropene in aquatic systems, L. 7283 sorption to soil organics is an important terrestrial process - 
and accounts for the persistence of DCP in soils. Hydrolysis 
of adsorbed material in soil and water to produce 3-chloroallyl 
alcohol occurs rather slowly but may be an important fate pro- 
cess. Biodegradation of DCP also occurs slowly, but soil bac- 
teria are probably responsible for the degradation of the 
3-chloroallyl alcohol to carbon dioxide and water. 

- *  

Heaith Effects 

A carcinogenicity bioassay of 1,3-dichloropropene is being 
conducted by the National Toxicology Program. No carcinogenicity 
studies are currently available, but cis-l,3-dichloropropene 
caused application-site sarcomas in mice following subcutaneous 
injection, and the chemical was mutagenic in the Ames assay. 
No information on the teratogenicity or reproductive toxicity 
of 1,3-dichloropropene was found fn the literature reviewed. 
Chronic exposure caysed liver and kidney toxicity at doses 
as low as 13.6 mg/m Eowever, after a 3-month recovery period, 
exposed animals showed no ill effects. 
in the rat is 250 mg/kg. 

The oral LDso value 

Toxicity to Wildlife and Domestic Animals 

chloropropene58ere about 6,000 pg/liter in two freshwater spe- 
cies, 1,770 pg/liter in a saltwater fish, and 790 pg/liter 
in a saltwater invertebrate.’ Only one chronic toxicity test 
on 1,3-dichloropropene was reported. This indicated that di- 
chloropropene was toxic at levels of 244 pg/liter to a freshwater 
fish species. 

Acute LC values for aquatic organisms exposed to 1,3-di- 

No information on the toxicity of 1,3-dichloropropene 
to terrestrial wildlife or domestic animals was found in the 
sources reviewed. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

The available data are not adequate for establishing criteria. 
Eowever, EPA did report the lowest values known to cause 
toxicity in aquatic organisms. 

1,3-Dichlotopropene 
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Acute toxicity: 6,060 pg/lfter 
Chronic toxicity: 214 pg/liter 

Saltwater 

Acute toxicity: 790 pg/liter 
Chronic toxicity: No available data 

Human Health 

Criterion: 87 pg/liter 

ACGIH Threshold Limit Values: 5 ~ ~ / I I I ~ ~ T W A  
50 mg/m STEL 
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DICOPOL 

Summary 

Dicofol (Kelthane) is an organochlorine pesticide that is 
moderately petsistent'in the environment. 
icity bioassay, it produced hepatocellular carcinomas in male 
mice, but not in rat6 or fcmalc mice. 
in the third-generation offspring in one study on mice but not 
in another. 
Chronic exposure produced liver lesions in rats. 

In an NCI carcinogen- 

Dicofol caused anomalies 

It also had reproductive effects in rats and mice. 

CAS Number: 115-32-2 

Chemical Formula: Cl4H90Cl7 

IUPAC Name: 2,2,2-Trichloro-l,l-bis(4-chlorophenyl)ethanol 

Important Synonyms and Trade Names: Kelthaner Acarin, Mitigan 

Chemical and Physical Properties 

Molecular Weight: 441.5 

Boiling Point: Not available in literature reviewed 

Melting Point: 79OC 

' Specific Gravity: 1.130 at 20°C 

Solubility in Water: 590 )rg/liter at 20.C 

Solubility in Organics: Spluble in most aliphatic and aromatic 
eolven ts 

Log Octanolfiater Partition Coefficient: 5.56 

Flash Point: 49OC (closed cup) 

Transport and Fate 

Little information was found on the transport and fate 
of dicofol in the environment. 
organochlorine pesticides and disappears faitly readily from 
roil. Bowevcrr trace amountr will persiot for up to 1 year. 
Volatilization is probably the ptimatg transport Dechanism, 
as movement through roil ir probably limited by low water solu- 
bility and binding to roil material. 

It is one of the less persistent 

Based on reuultr for 
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DDT, dicofol is probably biodegraded by soil bacteria, and 
this may be the most important fate process in soil. 
systems, sorption to sediments is probably an important fate, 
and bioaccumulation may also be important. 

., In aquatic 

Health Effects 

Dicofol caused hepatocellular carcinomas in male mice 
but not in female mice nor in rats of either sex (NCI 1978). 
In a three-generation study, continuous feeding of 7 ppm (approx- 
imately 0.8 mg/kg) dicofol to mice resulted in anomalies in 
offspring of the third generation. However, in a five-genera- 
tion study, Brown (1971) noted no fetal anomalies in mice fed 
up to 500 ppm (approximately 60 mg/kg) dicofol in their diets. 
Only litter size, weight, and viability decreased significantly 
at this concentration. Brown (1971) also reported that rats 
did not produce offspring if fed more than 100 ppm (approximately 
5 mg/kg) in their diets. Dicofol was not mutagenic in several 
microbial test systems. 

In a 2-year study in rats, p i t h  et al. (1959) noted that 
liver lesions were seen in animals administered more than 1,000 ppm 
(approximately 45 mg/kg) in their diets and that growth decreased 
in animals fed diets containing more than 500 ppm (approximately 
23 mg/kg) dicofol. 
for males and 680 mg/kg for females. 

The acute oral LDS0 in rats was 800 mg/kg 

Toxicity to Wildlife and Domestic Animals 

was 100 mg/f!ter. The 48-hour LC values for Daphnia maqna 
and stone flies were 390 and 3,00~0mg/liter, respectively. 
Fathead minnows bioconcentrate dicofol to a level 10,000 times 
that found in water, with a steady-state concentration occurring 
in 40 to 60 days (Eaton et al. 1983). 

The LC for rainbow trout exposed to dicofol for 48 hours 

The toxicity of dicofol has been studied in several wild 
bird species. The LC values for 2-week-old birds fed contami- 
nated feed for 5 days’8ete 1,500 ppm for coturnix, 3,000 ppm 
for bobwhites, 2,300 for pheasants, and 1,900 for mallard ducks. 
No information was found on the toxicity of dicofol to other 
terrestrial wildlife or to domestic animals. 
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DIETHYL PHTHALATE 

- 
Summary 

Diethyl phthalate (DEP) has not been shown to be carcino- 
genic, but it was found to be mutagenic using bacterial test 
systems. 
adverse reproductive effects. The chronic toxicity of diethyl 
phthaJate is low. 

Intraperitoneal administration to pregnant rats induces 

CAS. Number: 84-66-2 

Chenical Formula: C H 0 C6H4 (COOC2H5)2 

IU3AC Vame: 
12 14 4' 

Diethyl ester phthalic acid 

Chmical and Physical Properties 

Molecular Weight: 222.24 

aoiling Point: 298OC 

Melting Point: -4O.SOC 

Specific Gr,avity: 1.1175 at 2OoC 

Splubility in Water: 896 mg/liter at 25OC 

Solubility in Organics: Soluble in acetone and benzene1 miscible 
with alcohol, ether, ketoner, and esters 

Log Octanol/Water Partition Coefficient: 3.22 (calculated) 

Vapor Pressure: 0.05 mm Hg at 7OoC 

Flash Point: 162.78OC 

Transport and Fate 

ment and fate of diethyl phthalate (p"lP) is derived from data 
for phthalate esters in general. DEP probably hydrolyzes in 
rurface waters, but at such a slow rate that this process is not 
environmentally uignificant under mort conditions. Photolysis 
and oxidation do not appear to be important environmental fate 
processes. Volatilization i r  not an important environmental 
transport process for DEP in natural waterr. Siowcver, there 

Much of the information concerning the environiiental move- 
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is evidence that it can be slowly volatilized from DEP-containing 
materials at relatively high temperatures. Consequently, some 
atmospheric dispersion of DEP due to vaporization during manu- 
facture, use, or waste disposal probably occurs. 

and complexation with natural organic substances are probably 
the most important environaental transport processes for DEP. 
The octanol/water partition coefficient for DEP suggests that 
this conpound would be adsorbed onto particulates high in organic 
matte-c. 
estets are cdmmonly found in freshwater and saltwater sediment 
samples. DEP can be dispersed to aquatic and terrestrial systems 
by complexation with natural organic substances, 
interacts with the fulvic acid present in humic substances 
in water and soil, forming a complex which is very soluble 
in water . 

il- 1283  
Adsorption onto suspended solids and particulate matter, - 

This contention is supported by the fact that phthalate 

It readily 

A variety of unicellular and multicellular organisms take 
ua and accumulate phthalate esters, and bioaccumulation of 
DEP is considered an important fate process. Biodegradation 
is also considered an important fate process for DEP in aquatic 
system and soil. Because phthalate esters, and presumably 
DEP, are degraded under most conditions and can be metabolized 
by multicellular organisms, it is unlikely that long-term bio- 
accumulation or biomagnification occurs. 

Analysis using EPA's Exposure Analysis Modeling System 
suggests that for DEP, chemical and biochemical transforaations 
will compete favorably in ecosystems with long retention times, 
such as ponds and lakes. If input of DEP remains constant, 
its concentration is expected -to approach a steady rtate. If 
input stops, its concentration is expected to decrease relatively 
quickly. Transport is the dominant process for DBP in rivers, 
and the oceans are the ultimate sink in these ecosystems, 

aealth Effects 

There are no reports that DBP is carcinogenic in animals 
or humans. However, DEP is reported to be mutagenic in bacterial 
test systems (Seed 1982). Reduced fetal weight, resorptions 
and dose-related musculoskeletal abnormalities were observed 
among fetuses from rats exposed intraperitoneally to DBP during 
gestation, 

The acute toxicity for laboratory animals by most routes 
of administration is very low, Oral, inhalat on, and intraperi- 
-toneal LD 

The nweffect levels 
determined from chronic feeding studies of 8 i x  or more week8 
duration are 2,500 mg/kg/day for the rat, and 1,250 mg/kg/day 

values of 9,000 mg/kg, 7,510 mg/m 1 8 and 5,058 mglkg, 
resgcctiv 3! y0 are reported for the rat, 

Diethyl phthalate 
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no unusual Inciaence E ~ A  b ~ ~ U I . - s .  _ . _  .._.,_ 
vapor may produce 80me transient irritation to- the nose, throat, 
and upper respiratory tract. 

Toxicity to Wildlife and Domestic Animals 

Acute values for the freshwater species Da hnia ma na 
and the bluegill are reported to be 52,100 a n w l i t e r  
DZP, respectively. Among Saltwater species, acute values for 
the mysid shrimp and the sheepshead minnow are 7,590 and 29,600 
pg/liter, respectively. 
freshwater or saltwater species. 

No chronic values are available f o r  

In the freshwater alga Selenastrum capricornutm 96-hour 
EC values for chlorophyll& and cell number are 90,300 and 
857gOO pg/liter , respectively. 
a EC values ranged from 3,000 pg/liter in Gymnodinium breve 
To 6??500 pg/liter in Skeletonema costatum. 
values in G. breve and S. costaturn are 33,000 and 85,000 pg?fiter, 
respictively. 
for DEP and bluegills after a 21 day exposure. 
is between 1 and 2 days. 

In saltwater algae, chlorophyll 

Cell number EC 

A bioconcentration factor of 117 i s  reptted 
T.he half-life 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing criteria 
for diethyl phthalate or for phthalate esters as a group. 

Human Health 

Criterion: 350 mglliter 

ACGIH Threshold Limit Values: 3 5 mg/m 3TWA 
10 mg/m SPEL 
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Summary 

. Diisobutyl ketone is mildly irritating to the eyes, nose, 
throat, and skin in humans. fnhalation exposure to high concen- 
trations increased liver and kidney weights in rats and guinea 
pigs . 
CAS. Number: 106-8308 

Chemical Formula: 

IUPAC Name: 2,6-Dimethyl-4-heptanone 

Important Synonyms and Trade Names: Isobutyl ketone 

[ (Chg) 2C?iCH2] 2C0 

C h e m i c a l  an8 Physical Pro2erties 

Molecular Weight: 142.2 

Boiling Point: 166OC 

Melting Point: -41.5OC 

S p c i f i c  Gravity: 0.81 at 2OoC 

Splubility in Water: S O 0  mg/liter 

Solubility in Organics: 

Log Octanol/Water Partition Coefficient: 2.8 (calculated) 

Vapor Pressure: 

Miscible with most organic liquids 

le7 m Eg at 2OoC 

Vapor Density: 4.9 

Flash Point: 6OoC 

Transport and Pate 

ketone was found in the literature reviewed. Based on its 
chemical and physical properties, the compound probably is 
not very volatile. 
sediment to a w e  degree. 
redia t o  form 8econdary alcohols. 
occur in natural waters with low p R e  

to be very persistent in the environm?nt. 

No information on the transport and fate of diirobutyl 

It may be adsorbed by roil organics and 
Ketones in general react in acidic 

This reaction would ptobably 
Ketones are not likely 

Diisobutyl ketone 
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Health Effects 

animals. It does not appear to be carcinogenrz, mutagenic, pr 
teratogegic. A 3-hour exposure by human voluzreers to 290 a i r d i -  72$? 
580 mg/m slightly irritated the eyes, nose, and throat. In- 
another study of volunteers, 80me eye irritation agd unpleasant 
odor Mas reported at cgncentrations above 145 mg/m . Diiso- 
butyl ketone is also mildly irritating to the skin. 

Diisobutyl ketone is not very toxic to humans or laboratory 

- 

Rats and guinea pigs were exposed by3inhalation for 7 hours 
at varying concentrations. At 1,450 mg/m the liver and kidney 
weights of female rats increased. 
caused an increase in liver and kidney weights in both sexes, 
with mortality occurring at the 9,383 mg/m level. An 8-hour 
inhalation exposure to 11,615 mg/m killed 5 out of 6 rats. 
The rat oral LD50 is 5,750 mg/kg; the rabbit dermal LDS0 is 

Concentrations above 2,030 mg/m3 

1 7  g/kg. 

Toxicity to Wildlife and Domestic Animals ' 

wildlife and domestic animals was available in the sources 
reviewed. 

No information on the toxicity of diisobutyl ketone to 

Regulations and Standards 

NIOSF Recommended S-tandard (air) : 

OS'A S-tandard (air): 

ACGIH Threshold Limit Value: 

140 mg/m3 

300 mg/m3 TWA 

150 mg/m3 TWA 

TWA 
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DIMETHYLAMINOETHYL M E T H A L ~ C L L I ~ A L  

I Summary 9 .  

& -  

Dimethylaminoethyl methacrylate 1s irritating to the skin, 
eyes, and mucous membranes and is a strong lachrymator. 

CAS Number: 2867-47-2 

Chemical Formula: CH2C (C!i3)COXf12CH2N (CHJ) 

IUPX Name: 2-Dimethylaminaethyl-2-methylpropenoate 

ImZDrtant Synonyms and Trade Names: 2-DimWhylaainoethyl 
methacrylate 

Chemical an3 Phjsicsl ?toperties 

Molecular Weight: 157 

Boiling Point: 187OC 

Specific Gravity: 0.933 at 2S°C 

Solubility in Water: Spluble in water 

Splubility in Organics: S_oluble in organic solvents 

Vagor Density: 5.4 

Flash Point: 74OC (open cup) 

Transpart and Fate 

ethyl methacrylate was available in the sources reviewed. 
No information on the transport and fate of dimethylamino- 

Health Effects 

Only limited data on the toxicity of dimethylaminoethyl 
methacrylate were found in the literature searched. 
is an irritant to the skin, eyes, and mucous membranes, and 
it is a strong lachrymator. values for the rat are 1,750 mg/kg and 620 mg/m /4 hours, rcsp8tively. 

The compound 

The oral an9 inhalation LD 

Dimethylaminoethyl methacrylate 
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No information on tne C O X L L ~ ~ ~  _ - . _ _ -  
crylate to wildlife and domestic animals was €ound in t h e  sources 
reviewed . 

No regulations or standards have been cstabli8hcd 'for 
dimethylaminoethyl methacrylate, 
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Somar y 

Dimethylaniline is a central nervous system depressant, 
rnd it can cause tremors, convulsions, slowed respiration, 
and death due to respiratory paralysis. 
exposure has caused intense abdominal pain, unconsciousness, 
and visual disturbances. A s  little as 50 mg/kg was shown to 
be lethal in humans. , 

Acute occupational 
.. ' 

CAS Number: 121-69-7 

Chemical Formula: CsHsN (Cfi3) 

IUPAC Name: N,N-Dimethylaniline 

Important Synonyms and Ttade Names: N,N-Dimethylbenzeneaine,  
dimethylphenylamine, 
n-phenyldimethylamine 

Chemical and Physical Properties 

Molecular Weight: 121.18 

Boiling Point: 193.1OC 

Melting Point: 2.5OC 

Specific Gravity: 0.9557 at 2OoC 

Splubility in Water: Slightly soluble 

Solubility in Organics: 

Log Octanol/Water Partition Coefficient: 2.62 

Vapor Pressure: 

Spluble in alcohol, chloroform, and ether 

I mm Bg at 29.5.C 
Vapor Density: 4.17 

Flash Point: 61.C 

Transport and Pate 

and fate of dimethylaniline is available. 
tilitation of this compound can occur8 it probably is not a 

Virtually no information on the environmental transport 
Although aome oola- 

Dimethylani line 
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significant transpart process. Because it is soluble in o r g a n i c  
compounds and has a moderate log octanol/water partition coeffi- 
cient, adsorption to organic particulates in Soil or bed 6ediments 
may affect dimethylanilinens transport in environmental media. 
Some bioaccumulation of this compound may also occur. The 
available data are not adequate to characterize the importance 
of biodegradation or other fate processes. 

Health Effects 

Relatively little information on the toxicity of dimethyl- 
aniline is available. There are no reports of carcinogenic, 
muta3~nic, or teratogenic activity by this compound in haaans 
or animals. The physiological effects of dimethylaniline have 
been coinpared to those of aniline, although the former is thought 
to be quantitatively less toxic. 
as a result of ingestion, inhalation, or absorption through 
the skin. Dimethylaniline is reported to induce methemoglobin 
formation in dogs after single oral doses of S O  mg/kg. This 
compound is a central nervous system depre8sa.t and can cause 
tremors, weakness, tonic and clonic convulsiozs, 8lowed respir- 
ation, and death due to respiratory paralysis in animals and 
man. Acute occupational expsure has caused unconsciousness, 
visual disturbances, and intense abdominal pain. A lethal 
human oral dose of SO mglkg is reported. The oral LD value 
for the rat is 1,410 mg./kg. 
evaluated by the National Toxicology Program' 8 Toxicology Research 
and Testing Program. 

Toxic effects may be produced 

Dimethylaniline is curreakly being 

Toxicity to Wildlife and Domestic Animals 

Adequate data to characterize the toxicity to wildlife 
and domestic animals are not available. 

Regulations and Standards 

OS-HA Standard (skin): 25 mg/m3 TWA 

ACGIH Threshold Limit Values (skin): 2 5  mg/mi TWA 
50 mg/m S - ~ L  
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Summary 

In the absence of photolytic degradation, dimethylnitro- 
samine is probably persistent in the environment. 
samine is carcinogenic and produces lung, liver, and kidney 
tumors in rats and'mice and liver tumors in several other animal 
species. 
animals and is mutagenic and embryotoxic. Both acute and chronic 
exposure have adverse effects on the liver in humans and experi- 

Dimethylnitro- 

It also exhibits transplacental carcinogenicity in 

mental animals. _ .  

CAS Number: 62-75-9 

Chemical Formula: (CH3) 2NN0 

IUPAC Name: n-Nitrosodimethylamine 

Important Synonyms and Trade Names: n-Methyl-n-nitrosomethanamine, 
n,n-dimethylnitrosamine, 

' DMN, DMNA, NDMA 

Chemical and Physical Properties 

Molecular Weight: 74.1 

Boiling Point: lSl°C 

Specific Gravity: 1.0 at 2OoC 

Solubility in Water: Soluble in all proportions 

Solubility in Organics: Soluble in organic solvents, lipids 

Log Octanol/Water Partition Coefficient: 0.06 to -0.69 

Transport and Fate 

in aqueous solution appears to be slow photolytic degradation. 
Furthermore, although supporting data are limited, it has been 
speculated that hydrogen bonding of dimethylnitrosamine with 
humic acids or coordination with metal cations produces a photo- 
labile intermediate and could lead to moderately rapid degrada- 
tion in surface waters. Dimethylnitrosamine has been detected 

The most probable environmental fate of dimethylnitrosamine 

Dfmethylnitrosamine 
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in the atmosphere of metropolitan areas and near manufacturing 

pheric transport can occur. 
lytic degradation in air would be rapid, with a half-life of' 
less than 1 hour. Airborne concentrations in excess of a few 
parts per billion appear to be unlikely except near sources 
of direct emissions. There is no evidence to suggest that 
oxidation or hydrolysi's are important environmental fates. 

\ facilities emitting this compound, suggesting that some atmos- 3% 
However, it is reported that phoq; 

Dimethylnitrosamine is completely miscible in water and 
2s reported to be highly solvated. This information, along 
vith limited experimental data, suggest that volatilization 
from surface waters is probably not an important process. 
Dimethylnitrosamine has a log octanol/water pattition coefficient 
near 0 ;  significant sorption by organic particulates is therefore 
unlikely. Experimental evidence confirms this and further 
suggests that sorption by clay particulates in wet soil is 
also unlikely. Because dimethylnitrosamine is completely mis- 
cible in water and has a low log octc.-.ol/water partition coeffi- 
cient, bioaccumulation is probably an insignificant process. 
Although biodegradation in surface wazers does not appear to 
be an important environmental fate, slow degradation of dimethyl- 
nitrosamine in sewage and soil is reported to occur. Based 
on this information, it is likely that in the absence of photo- 
lytic degradation dimethylnitrosamine would be very persistent 
in the environment. 

Health Effects 

Dimethylnitrosamine is considered to be carcinogenic in 
many experimental animal species by various routes of exposure. 
Dose-response relationships have been established in several 
studies. This compound produces liver, lung, and kidney tumors 
in some species of mice and rats after oral and inhalation 
exposure. Increased incidences of liver tumors have also been 
observed in many other animal species after oral administration. 
Inhalation exposure in rats has produced tumors of the ethrotur- 
binals and nasal cavity. Although insufficient epidemiologic 
evidence exists to establish a causative role for dimethylnitro- 
samine in human carcinogenesis, IARC and other public health 
organizations reconmend that this compound be regarded as a 
human carcinogen. 

Dimethylnitrosamine is mutagenic in many microbial test 
systems with metabolic activation and in several other in vivo 
and in vitto test systems. 
transplacental carcinogenicity and to be embryotoxic. 
ogenic effect8 have been reported. Acute and chronic exposure 
of humans and experimental animals to dimethylnitrosamine resulted 

oral LD 
37 mg/kaOart reported. 

This compound is reported to exhibit 
No terat- 

, primarily in a variety of hepatotoxic effects. In rats, an 
value of 40 mg/kg and an inhalation LDSa value of 

Dimethylnitro8amine 
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TbxlCltY to n i L u s r b i  -..- - -  

In crayfish exposed to dimethylnf trosamine in water f& 
6 months, extensive antennal gland degeneration was observed: 
at 200,000 vg/liter and hyperplasia of hepatopancreas tubular 
cells at 100,000 pg/liter. 
for 52 weeks rhowed a dose-related increase in hepatocellular 
carcinoma at doses of 200, 400, and 800 mg/kg. The weighted 
average bioconcentration factor for the edible portion of all 
freshwater and estuarine aquatic organisms consumed by Americans 
is 0.026. 

Rainbow trout fed dimethylnitrosamine 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

Freshwater 

Acute toxicity: The available data for nitrosamines in 
general indicate that toxic effects occur at concentrations 
as low as 5,850 pg/liter and would occur at lower concentra- 
tions among species that are more sensitive than those 
tested. 

Chronic toxicity: No available data 

S.a 1 t wa te r 

Acute toxicity: 
general indicate that toxic effects occur at concentrations 
as low as 3,300,000 pg;/liter and would occur at lower 
concentrations among species that are more sensitive than 
those tested. 

The available data for nitrosamines in 

Chronic toxicity: No available data 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various levels of dimethylnitrosamine in water 

ACGIA Threshold Limit Valuer 

Dimethylnitrosamine 
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2 8 4-DIMETHYLPHENOL 

Summary 

2,4-DhethylphenOl  h a s  been  shown t o  act  as  a c a n c e r  pro- 
moter i n  s k i n - p a i n t i n g  S t u d i e s ,  b u t  i t  h a s  n o t  been tested for  
c j i r c i n o g e n i c i t y  i n  a - c o m p l e t e  b i o a s s a y .  I t  is a n  ATP b l o c k i n g  
a g e n t .  
i c a l  . changes  - .  in - .  t h e  hear t ,  l i v e r ,  and k idneys .  

3 ther  S ine thy lp ! i ano l s  have been shown t o  c a u s e  pa tho log-  

.- 

CAS, Nuaber: 105-67-9 

Chemica l  Formula: (CH3) ZCsH30H 

IUPAC Name: 2, 4-Dimethyl-1-hydroxybenzene 

Imnportant Synonyms and T r a d e  Names: m-Xylenol, c r e s y l i c  acid, 
2 , 4-xylenol  

Chemica l  and P h y s i c a l  P r o p e r t i e s  

Molecular Weight: 122.2 

B o i l i n g  P o i n t :  21OOC 

M e l t i n g  P o i n t :  27OC 

S p e c i f i c  G r a v i t y :  0.956 a i  200C 

S p l u b i l i t y  i n  Water: 17 g / l i t e r  

S o l u b i l i t y  i n  Organ ic s :  F r e e l y  soluble i n  a l c o h o l ,  ch lo ro fo rm,  
e t h e r ,  and benzene 

Log O c t a n o l n a t e r  P a r t i t i o n  C o e f f i c i e n t :  2.50 

Vapor Pressure: 0.06 mm Rg a t  20.C 

pKa: 10.60 

T r a n s p o r t  and Fate 

of 2,4-dimethylphenol  i n  clear, a e r a t e d  surface waters, a l t h o u g h  
m e t a l - c a t a l y z e d  o x i d a t i o n ,  sorption, and b i o d e g r a d a t i o n  may also 
have  some e f f e c t .  I n  murky, u n a e r a t e d  water, b i o d e g r a d a t i o n  is  

P h o t o o x i d a t i o n  i s  p r o b a b l y  t h e  primary 1nechani8m for removal 
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probably the primary fate o f  2 , 4 - a ~ m e ~ n y ~ p n e n o ~ ,  b v ~ ~ ~ ~  a u a u L p b A U ~ ,  
onto organic materials also being somewhat important. 

the soil but because of its water solubility it probably moves 
readily through soil. 

2,4=Dimethyl- 
“phenol would be expected to adsorb onto organic material in 

However, biodegradation would somewhat 
limit the amount of chemical able to enter the groundwater. 

7 t *-. %8 
Health Cffects 

.2,4-Dimethylphenol has been shown to be a cancer promoting 
ageAt,--in skin, painting studies on rats but has not been tested 
for ‘its total carcinogenic potential. No studies on the terato- 
genicity, reproductive toxicity, or mutagenicity of 2,4-dimethyl- 
phenol were found in the literature reviewed, At high doses, 
other dimethylphenols have been shown to cause pathological 
changes in the liver, kidneys, and heart. 2,4=Dimethylphenol 
is known to be an ATP blocking agent. Dermal exposure was 
more toxic to rats than oral dosing. The reported LD values 
for the rat were 1,040 mg/kg (dermal) and 3,200 mg/kgstoral) . 
Toxicity to Wildlife and Domestic Animals 

No signs of acute toxicity attributable to 2,Q-dimethyl- 
phenol were seen in freshwater species exposed to levels less 
than approximately 2,000 pg/liter. Chronic toxicity studies 
indicate that the acute-chronic ratio is probably between 5 
and 10. The bioconcentration factor in bluegills exposed to 
2,4-dimethylphenol for 28 days was lSO, but a half-life in the 
body of less than one day suggests that residues are probably 
not a significant hazard for freshwater species. No information 
on the toxicity of 2,4-dimethylphenol to other wildlife or 
domestic animals was available in the literature reviewed, 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic t’ife 

The available data are not adequate for establishing cri- 
teria. However8 EPA did report the lowest values known 
to cause toxicity in aquatic organisms. 

Freshwater 

Acute toxicity: 2,120 pg/liter 
Chronic toxicity8 No available data 

2,I-Dimethylphenol 
Page 2 
October 1985 



4cute toxicity: No available data 
. Chronic toxicity: No available data 

Human Health 

Health criterion: No 8Vailable data 
Organoleptic criterion: 400 Ug/liter 
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Summary 

n-Dioctyl phthalate (DOP) was fetotoxic and caused devel- 
opmental abnormalities in one 8tudy in rats. 
eye irritant and a mild skin irritant in rabbits, 

It i8.a severe 

CAS. Number: 117-84-0 

Chemical Formula: C6H4 (COOCgH1,) 

IUPAC Name: Di-n-octyl phthalic acid 

Important Synonyms and Trade Names: o-Benzenedicarboxylic acid, 
dioctyl ester, phthalic acid, 
dioctyl ester, DOP, octyl 

. phthalate 

Chemical and Physical Properties 

Molecular Weight: 391.0 

Boiling Point: 22OoC at 5 mm Hg 

Melting Point: -25OC 

Specific Gravity: 0.978 

Solubility in Water: 

Log Octanolfiater Partition Coefficient: 9.2 

3 mg/liter at 25OC 

Vapor Pressure: Less than 0.2 at 150°C 

Transport and Fate 

Although relatively little specific information concerning 
n-dioctyl phthalate (DOP) is available, the environmental trans- 
port and fate of this compound can be largely inferred from data 
for phthalate esters as a group. 
surface waters, but at much a slow rate that this process would 
not be significant under most conditions. Photolysis and oxida- 
tion do not appear to be important environmental fate processes. 
Spme atmospheric dispersion of MIP that is vaporized during manu- 
facture, use, or disposal can occur. However, volatilization 
does not appear to be a rignificant transport process, especially 
in aquatic rystems. 

WP probably hydrolyzes in 

n-Dioctyl phthalate 
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Adsorption onto suspended solids and particulate matter,. 
and complexation with natural organic substances are probably. 

The high log octanol/water partition coefficient for this com- 
pound suggests that it would be readily adsorbed onto particu- 
lates high in organic matter. This contention is supported by 
the fact that phthalate esters are commonly found in freshwater 
and saltwater rediment samples. DOP can be dispersed through 
aquatic and terrestrial systems by complexation with natural 
organic materials. It readily interacts with the fulvic acid 
present in humic substances in water and soil, forming a complex 
that is very soluble in water. 

the most important environmental transport processes for DOP. . 7283 

A variety of unicellular and multicellular organisms take 
up and accumulate DOP, and bioaccumulation is considered an 
important fate process. 
fate process in aquatic systems and soil. DOP is biodegraded 
under most environmental conditions, and it can be metabolized 
by multicellular organisms. It i s  unlikely that long-term 
bioaccumulation or biomagnification occurs. 

Biodegradation is also an important 

Analysis based on EPA's Exposure Analysis Hodeling System 
indicates that chemical and biochemical transformation processes 
for DOP are slow and that transport processes will predominate 
both in ecosystems that have long retention tim@s (ponds, lakes) 
and those that have short retention times (rivers). If the . 

input of DOP remains constant, its concentration is expected 
to increase in aquatic ecosystems. If input stops,.the DOP 
present is expected to persist for an undetermined length of 
time. The oceans are the ultimate sink for DOP introduced 
into unimpeded rivers. 

Health Effects 

There is no evidence to suggest that DOP is carcinogenic 
or mutagenic. Fetotoxicity and developmental abnormalities 
were observed in the offspring of rats administered 5 g/kg 
intraperitoneal injections on days 5 to 15 of gestation. No 
other evidence for reproductive or teratogenic effects has 
been reported. 

Very little information exists concerning the chronic 

DOP has a relatively low 

and acute toxicity of DOP. A chronic LD Value of 1.3 mg/kg 
was determined for mice receiving intrap8itoneal injections 
of DOP 5 dayr/week for 10 weeks. 
acute toxicity in mice with reported oral and intraperitoneal 
LD valuer of 6.5 and 65 g/kg, respectively. This chemical 
1a58 8evere eye irritant 8nd a mild akin irritant in rabbitr. 

4 
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r Toxicity to WlldAlEe Qnir u ~ I J I G ; . - - -  ....- . _ _ _  

Seven t o  e igh t -day  LC v a l u e s  for f r e s h w a t e r  rpecies - 
r ange  from 690 t o  42,000 u a h i t c r .  
149,200 p g / l i t e r  was r e p o r t e d  f o r  rainbow trout.  

A 26-day LC50 v a l u e  of 

Freshwater  s n a i l s  and mosqui to  l a r v a e  were found t o  have 
b i o c o n c e n t r a t i o n  f a c t o r s  of 13,600 and 9,400, r e s p e c t i v e l y ,  
i n  model ecosystems.  .The  b i o c o n c e n t r a t i o n  factor  for a f r e s h -  
water a l g a  is 28,5000 

R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  Cr i te r ia  (USEPA): 

The a v a i l a b l e  d a t a  are  n o t  a d e q u a t e  f o r  e s t a b l i s h i n g  c r i t e r i a .  
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1 I 4-DIOXANE 

Summsr 1 
1,l-Dioxane caused tumors of the liver and nasal. cavity 

in rats and liver and'gall bladder tumors in guinea p i g s .  
IARC has classified dioxane as a potential human carcinogen. 
Dioxane irritates the eyes and mucous membranes, and inhalation 
of high concentrations causes liver and kidney damage and edema 
of the lungs an3 brain. 

CAS Number: 123=91-1 

Chemical Formula: 0 (CHZ-CH2) 2O 

/',PAC Name: lI4-Dioxane 

Important S j n o n n s  and Trade Names: p-Dioxane, glycol ethylene 
ether, 1,4-diethylenedioxyde 

Chemical and Physical Proaerties 

Molecular Weight: 88.20 

Boiling Point: 10l°C 

Melting Point: 1 0 ° C  

Specific Gravity: 1 .033  at 2OoC 

Solubility in.Water: Spluble in 

Splubility i n  Organics: Spluble 

water 

in organic solvents 

Log Octanolfiater Partition Coefficient: -0.42 

Vapor Pressure: 30 mm 89 at 20°C 

Vapor Density8 3.03 

Flash Point: 5.C to 18.C 

Transport and Pate 

The limited information found on the transport and fate 
of 1,4-dioxane in the environment suggests that this compound 
is rather nonreactive. Dioxane would be expected to evaporate 
slowly; but once in the atmospherer it should form explosive 

lr 4-Dioxane 
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peroxides. 
acetic a c i d  and may be biodegraded in a similar fashion by 
microorganisms. 

It is metabolized by animals to beta-hydroxyethoxy- 

However, no data on biodegradation were a v a i l a b l e .  

Health Effects s. 7 2 8 3  
1,4-Dioxane has produced malignant tumors of the liver 

- 

and nasal cavity in rats after chronic exposure and tumors 
of the liver and gall bladder in guinea pigs after long-term 
oral administration.. In a two-stage carcinogenesis study per- 
formed on S,wiss-Webster mice, it was also determined that dioxane 
i s  a promoter. However, tumors did not develop when rats were 
exposed to 1,l-dioxane by inhalation. On the basis of the 
animal studies, it has been concluded that lr4-dioxane is a 
potential human carcinogen ( IARC 1976). Dioxane has been found 
to damage DNA, and the results of an in vivo DNA synthesis 
test were positive. 
of dioxane is inconclusive. 

The evidence on the teratogenic potential 

Dioxane reportedly irritates the eyes, nose, and throat 
of hunans exposed to concentrations of 1,080 mg/m3 or more 
for 1 5  minrjtes. 
1,690 mg/m has caused death, with signs of kidney damage, 
anemia, and liver necrosis. 

In inhalation studies, mice, rabbits, rats, and guinea 
pigs were exposed to concenttations above 14,400 mg/m . 
emia and edema of the lungs and brain, in addition to liver 
and kidney damage, were reported. Experiments w i t h  animals . 
indicate that dioxane is not appreciably irritating to intact 
skin, but it is readily absorbed and causes defatting of the 
skin layers. The acute LD values are 5.7 g/kg body weight 
for mice, 5.2 g/kg body weftht for rats, and 3.9 gfkg body 
weight for guinea pigs. The dermal LD for rabbits i s  7.6 g/kg. 
Several studies indicate that dioxane act synergistically 
with other chemicals. 

Prolonged exposure to concentrations above 

Eyper- 

Toxicity to Wildlife and Domestic Animals 

The data on the toxicity of l,4-dioxane to wildlife and 
domestic animals are limited. The 96-hour LC for the bluegill 
is more than 10,000 mg/liter, and it is 6,700S~g/liter for 
the tidewater silverside, a saltwater fish. The threshold 
for inhibition of cell division of the alga Microcystis aeruginosa 
is 575 mg/litcr; the threshold for inhibition of cell division 
in the bacterium Pseudomonas putida is 2,700 mg/liter. 

1,l-Dioxane I -  I , 
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Regulations and Standards 
L. 

NXOSH Recommended S-tandard: 4 m9/mS/30 min Ceiling ~imiw 
OSHA S-tandard (skin): 360 mg/m3 Tm ' 7283 
ACCIH Threshold Limit Value: 90 mg/m3 TWA 
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Summary 
L. -- '1283 

Diphenylethane was shown to be moderately toxic in mice 
after acute exposure. 

CAS Number: 103-29-7 

Chemical Formula: (C6HS)CH2CH2 (C6E5) 

IUPAC Name: 1,2-Diphenylethane 

Tm2ortant Synonyms and Trade Names: Bibenzyl, dibenzyl, and 
lr2-diphenylethane 

Chemical and Physical Properties 

Molecular Weight: 182 

Boiling Point: 284OC 

Melting Point: S2OC 

Specific Gravity: 0.978 

Solubility in Water: Insoluble in water 

Solubility in Organics: Soluble in alcohol, chloroform, ether 
and carbon disulfide 

Log Octanol/Water Partition Coefficient: 4.9 (calculated) 

Transport and Pate 

No information on the transport and fate of diphenylethane 
was available in the sources reviewed. Based on its log octan- 
ollwater partition coefficient, diphenylethane is probably 
adsorbed by the organics in 80il and sediment. 
fate in the environment is likely to be either photooxidation 
or biodegradation by soil microbes. 

Its ultimate 

Health Effects 

The available data on the toxicity of diphenylethane was 
extremely limited. The intraperitoneal and intravenous LD . 
values for mice, which are 2,SOO mg/kg and 78 mg/kg, tespe8ive- 
ly, were the only values reported. 

Diphenylethane 
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Taxicity t o  W i l d l i f e  and Domestic Animals 7283' - 
No information o n  t h e  t o x i c i t y  of d i p h e n y l e t h a n e  t o  w i l d l i f e  

and domestic animals was found i n  t h e  sources rev iewed.  
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Summary 

Endrin is a cyclodiene insecticide that is an isomer of 
dieldrin. 
is persistent in the environment. 
by aquatic organisms. 
organisms, and terrestrial wildlife after acute exposure, 
has not been shown to be carcinogenic or mutagenic, but it 
is a,potent teratogen and reproductive toxin. 

It is probably retained in soils and sediments and 

It 

It is strongly bioaccumualted 
Endrin is highly toxic to mammals, aquatic 

CAS Number: 72-20-8 

Chemical Formula: C12H8C160 

IUPAC Name: 1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a 

Important Synonyms and Trade Names: 

octahydro-endo-1,4:5,8-dimethanonaphthalene 

Endrex, hcxadrin, mendrin 

Chemical and Physical Properties 

Molecular Weight: 380.9 

Melting Point: Decomposes at 235OC 

Specific Gravity: 1.65 at 2SoC 

Solubility in Water: 

Splubility in Organics: Soluble in acetone, benzene, carbon 

250 pg/liter at 25OC 

tetrachloride, hexane, and xylene 

Log Octanolflater Partition Coefficient: 5.6 

Vapor Pressure: 2.7 x lo'' PPIP Eg at 25OC 

Transport and Fate 

tion from soil surfaces and probably from surface water is 
an important transport process (Nash 1983). Subsequent photol- 
ysis to delta-keto endrin and endrin aldehyde are apparently 
important fate processes. 

Endrin is quite persistent in the environment. Volatiliza- 

No information on the ability of 

Endrin _ .  
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endrin to adsorb to soils and sediments was found in the liter- 
ature reviewed, but the physical properties of the chemical 
suggest that sorption would be an important fate process. 
Endrin is readily bioconcenfrated by aquatic organisms, with 
concentration factors of 10 to 10 . Biotransformation and 
biodegradation may also be important fate processes for endrin. ~ 2 8 5  

Health Effects 

.Endrin has not been shown to be carcinogenic or mutagenic. 
Howecer, it is a potent reproductive toxin and teratogen in 
experimental animals. 
mortality and growth retardation, while teratogenic effects 
included cleft palate, open eye, clubbed foot, meningoencephales, 
and fused ribs. Chronic exposure to low levels of endrin pri- 
marily results in nervous system damage but also has adverse 
effects on the heart, lungs, liver, and kidneys. The acute 
toxicity of endrin is due to its effects on the central nervous 
system. The acute oral and dermal LD values for endrin to 
the rat were both approximately 15 mgjRg. 

Reproductive effects included fetal 

Toxicity to Wildlife and Domestic Animals 

Endrin is very toxic to aquatic organisms. Freshwater 
fish were generally more sensitive than invertebrates, with 
species mean acute values ranging from 0.15 to 2.1 (rg/liter. 
LC values for saltwater organisms ranged from 0.037 to 
l4?9 pglliter. Final acute values for freshwater and saltwater 
species were 0.18 pg/liter and 0.037 pglliter, respectively. 
An acute-chronic ratio of 4.0 was determined from chronic tests 
on freshwater and saltwater species. Therefore, the freshwater 
final chronic value was calculated to be 0,045 (rg/liter and the 
saltwater final chronic value was determined to be 0.0093 pg/liter. 

Endrin is acutely toxic to terrestrial wildlife and domestic 
animals and has been used as a rodenticide and an avicide. It 
can also cause central nervous system effects and reproductive 
disorders following chronic exposure. Sublethal effects observed 
in animals exposed to endrin include abnormal behavior, increased 
postnatal mortality, and increased fetal death. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) t 

I 

Endrin 
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Acute toxicity: 0.18 pg/liter 
Chronic toxicity: 0.0023 pg/liter 

Saltwater 

Acute toxicity: 0 . 0 3 7  vg/liter 
Chronic toxicity: 0.0023 pg/liter 

Human Health 

Criterion: 1.0 pg/liter 

Primary Drinking Water Standard: 

0S;iA Standard: 100 p9/m3 TWA 

1.0 pg/liter 
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Summary 

Ethanol is probably responsible for some of the -increased 
risk of cancer associated with the consumption of alcoholic 
beverages, and it has been found to be mutagenic using several 
assays. 
a number of teratogenic and reproductive effects and with liver 
cirrhosis and irritation of the mucous membranes, 

Alcohol consumption has also been associated with 

CAS Number: 64-17-5 

Chemical Formula: C2H50H 

IUPAC Name: Ethanol 

Important Synonyms and Trade Names: Ethyl alcohol, grain alcohol 

Chemical and Physical Properties 

Molecular Weight: 46 

Boiling Point: 78.4OC 

Melting Point: -114.1OC 

Specific Gravity: 0.789 at 2OoC 

Splubility in Water: Miscible in water 

Solubility in Organics: Soluble in alcohol, benzene, and ether 

Log Octanol/Water Partition Coefficient: -0.31 

Vapor Pressure: 44 mm Hg at 2OoC 

Vapor Density: 1.59 

Flash Point: 14.C (closed cup) 

Transport and Fate 

No information on the transport and fate of ethanol was 
found in the sources reviewed. However, based on the general 
reactions of alcohols and the specific chemical and physical 
properties of the material, likely transport and fate processes 
can be determined. 

000240 
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Alcohols are very soluble in water and therefore probably 

7283 are not very volatile. Some evaporation is likely to occur, 
however, especially for a compound such as ethanol with a &la- 
tively high vapor pressure. Oxidation is probably an importaxt 
fate process in both surface water and the atmosphere, 
soil, ethanol is probably biodegraded by soil microorganisms. 

In 

Health Effects 

The consumption of alcoholic beverages has been associated 
with the development in humans of cancer of the esophagus, 
stomach, colon, and rectum. Excessive consumption of alcohol 
also appears to act synergistically with smoking to increase 
the risk of cancer of the mouth, larynx, esophagus, and respir- 
atory tract. Alcohol abuse causes liver cirrhosis, which may 
in turn lead to hepatomas. Although it appears that at least 
some of the cancers associated with alcohol consumption may be 
due to constituents other than ethanol, ethanol is probably re- 
sponsible for some of the increased risk of cancer. Ethanol was 
found to be mutagenic in several genotoxicity assays. A number 
of reproductive and teratogenic effects are associated with 
alcohol consumption. These include growth deficiencies, delayed 
motor development, cardiac anomalies, and mental deficiency. 
Peterson et al. (1981) gave intraperitoneal doses of 6,000 mg/kg 
daily to pregnant mice on days 6 to 17 of gestation and noted 
increased resorption and an increase in the incidence of cleft 
palates. 

Excessive ethanol consumption causes liver cell damage 
and cirrhosis of the liver, as well as the well-known behavioral 
effects. Ethanol is also an irritant to the mucous membranes. 
The oral LDS0 in rats was reported t o  be 7,060 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

7,000 and 9,000 mg/fiter of’8ehano1, respectively. 
Chlorella ~~ pyrenoidosa had an LC5* of 27,000 mg/liter. 

to terrestrial wildlife or domestic animals was found in the 
literature reviewed. Eowever, both terrestrial wildlife and 
domestic animals have been known to become intoxicated after 
the consumption of fermented fruit or grain. 

The 24-hour LD and LD values for the creek chub were 
The algae 

No information on the toxic effects of distilled ethanol 

Ethanol 
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Regulations and S t a n d a r d s  

OSHA Standard (air): 

ACGIH Threshold Limit Value: 

18900 mg/m3 TWA 

1,900 mg/m3 TWA 
728 3 
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Summary 7283 
Ethanolamine caused liver and kidney changes when admin- 

istered orally to rats and liverr lung, and kidney lesions 
when administered by inhalation to mice, rats, rabbits, and 
guinea pigs. 
on the skin and mucous membranes, and it is a strong eye irritant. 

In humans, it has an irritant and necrotic effect 

CAS Number: 141-43-5 

Chem i cal For mu1 a : NH2CH 2CH 20H 

IUPAC Name: Ethanolamine 

Important Synonyms and Trade Names: Monoethanolamine, 2-aminoethanol, 
B-amino ethyl alcohol, ethylol- 
amine, 8-hydroxyethylamine, MEA 

Chemical and Physical Properties 

Molecular Weight: 61.1 

Boiling Point: 17OOC 

Melting Point: 10.3OC 

Specific Gravity: 1.018 at 2OoC 

Solubility in Water: Completely miscible in water 

Solubility in Organics: Soluble in alcohol and chloroform 

Log Octanolfiater Partition Coefficient: -1.8 (calculated) 

Vapor Pressure: 0.4 mm 89 at 20°C 

Vapor Density: 2.1 

Plash Point: 9S°C (closed cup) 

Transport and Fate 

No specific information on the transport and fate of cthanol- 
amine was found in the literature reviewed. The high water 
oolubility and low vapor pressure suggest that ethanolamine 
will not volatilize and will tend to move readily with ground- 

Ethanolamine 
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or surface water flow. It is a relatively strong base and 
will therefore disassociate in acidic media. 7 2 8 %  <e-- 

Health Effects 

No information on the carcinogenicity, mutagenicity, repro- 
ductive toxicity, or teratogenicity of ethanolamine was found 
in the sources reviewed. Subchronic (90 day) administration 
of oral doses of 320 mg/kq/day in feed had no effect on rats, 
but doses of 140 mglkg caused increased liver and kidney weights, 
and doses of 1,280 mg/kg/day caused histopathological changes 
in these organs and some deaths. Inhalation exposure of rats, 
mice, rabbits, and guinea pigs to the high concentrations of 
a vapor or a mist p oduced hepatic, pulmonary, and renal lesions. 
Exposure to 15 mg/m5 of ethanolamine for 90 days caused skin 
irritation, a slight weight loss, and slight apathy in dogs. 

Ethanolamine has an irritant and necrotic effect on the 
skin and mucous membranes. It is only slightly less irritating 
to the eye than ammonia and causes redness and swelling when 
applied to the skin. The dermal LD in rats of 1,500 mg/kg 
is lower than the oral LD in rats’8f 2,100 mg/kg. 50 

Toxicity to Wildlife and Domestic Animals 

The toxicity of ethanolamine to aquatic organisms is de- 
pendent on the pH of the system. 
amine at a p€I of 10.1 had 24- and 96-hour LC values of 190 
and 170 mg/liter, respectively. 
at a pH of 7 had a rep0rted.X of greater than 5,000 mg/liter. 
As most natural waters have a 34 less than 7, ethanolamine 
is not likely to be an important aquatic toxin. 

Goldfish ex+sed to ethanol- 

Goldfish e&ed for 24 hours 

NO information on the toxicity of  ethanolamine to terres- 
trial wildlife or domestic animals was available in the liter- 
ature reviewed. 

Requlations and Standards 

OSHA Standard (air): 

ACGIH Threshold Limit Values: 

8 mg/m3 TWA 

8 ~ng/rn~~TWA 
15 mg/m S , ~ L  
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ETHYL ACETATE 

Summary 

I n h a l a t i o n  exposure  t o  h igh  l eve l s  of e t h y l  a c e t a t e  caused 
pulmonary edema; hemorrhage of t h e  r e s p i r a t o r y  t r a c t ;  leukocy-  
tosis; and f a t t y  d e g e n e r a t i o n  of v a r i o u s  o r g a n s ,  i n c l u d i n g  
t h e  l i v e r .  
mucous  membranes. 

E t h y l  ace’tate is a mild i r r i t a n t  of t h e  e y e s  and 

CAS Number: 141-7606 

Chemical Formula: M3COOC2H5 

I U P A C  Name: E t h y l  acetate 

Impor t an t  Synonyms and T r a d e  Names: Acetic e t h e r ,  e t h y l  acet ic  
a c i d ,  e t h y l  e t h a n o a t e ,  
v i n e g a r  naph tha  

Chemical and P h y s i c a l  Properties 

Molecular Weight: 88.1 

B o i l i n g  Po in t :  77OC 

Mel t ing  P o i n t :  -83OC 

S p e c i f i c  G r a v i t y :  0.902 a t  2OoC 

S o l u b i l i t y  i n  Water: 

S o l u b i l i t y  i n  Organics :  

Log Octanol /Water  P a r t i t i o n  C o e f f i c i e n t :  1.0 ( c a l c u l a t e d )  

79,000 m g / l i t e r  a t  20°C 

S o l u b l e  i n  a l c o h o l ,  ch lo ro fo rm,  and ether 

Vapor P r e s s u r e :  76 mm Hg a t  2OoC 

F l a s h  P o i n t :  - 4 O C  

T r a n s p o r t  and P a t e  

was found i n  t h e  l i t e r a t u r e  reviewed. T h t  chemica l  h a s  a rela- 
t i v e l y  h i g h  vapor pressure, b u t  v o l a t i l i z a t i o n  w i l l  be somewhat 
l i m i t e d  by i ts  h i g h  water 8 O l u b f l l t y .  
slow h y d r o l y s i s  i n  a c i d i c  media,  and h y d r o l y s i s  to acetic a c i d  
and e t h a n o l  is p r o b a b l y  a major f a t e  pathway for e t h y l  acetate. 

No i n f o r m a t i o n  on t h e  t r a n s p o r t  and f a t e  of e t h y l  acetate 

E s t e r s  u s u a l l y  undergo 

E t h y l  acetate 
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Reduction to form 2 molecules of ethanol could also be impor- 
tant in a reducing environment. 

Health Effects 

Ethyl acetate was-not found to be carcinogenic in a very 
limited mouse lung tumor bioassay (Stoner et al. 1973). No 
information on its mutagenicity or reproductive toxicity was 
found in the sources reviewed. 

Animals exposed by inhalation3to high concentrations of 
the vapor (greater than 6,000 mg/m ) exhibited pulmonary edema, 
hemorrhage of the respiratory tract, leukocytosis, and fatty 
degeneration of variorfs organs, including the liver. Humans 
exposed to 1,400 mg/m noted mild irritation of the nose, eyes, 
and throat. The acute oral LDSO of ethyl acetate in rats is 
6,100 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

or domestic animals was available in the sources reviewed. 
No information on the’toxicity of ethyl acetate to wildlife 

Regulations and Standards 

OSHA Standard (air): 

ACGIH Threshold Limit Value:’ 1,400 mg/m3 TWA 

1,400 mg/m3 TWA 
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ETHY LB EN2 ENE 
. I $  

Summary . 

There is some evidence suggesting that ethylbenzene causes 
adverse reproductive effects in animals. Oral and inhalation 
exposure caused minor liver and Kidney chanqes in rats. Ethvl- 
benzene is a skin and eye irritant. 

CAS Number: 100-41-4 

Chemical Formula: CgH5C2H5 

IUPAC Name: Ethylbenzene 

Important Synonyms and Trade Names: Phenylethane, EB, ethylbenzol 

Chemical and Physical Properties 

Molecular Weight: 106.2 

Boiling Point: 136.2OC 

Melting Point: -95OC 

Specific Gravity: 0.867 at 2OoC (liquid) 

Solubility in Water: 1611dg/liter at 25OC 

Solubility in Organics: Freely soluble in organic solvents 

Log Octanolflater Partition Coefficient: 3.15 

Vapor Pressure: 7 mm Ag at 20°C 

Vapor Density: 3.66 

Henry's Law Constant: 6.44 atm. m3/~Ole 

Flash Point: 17.2OC 

Transport and Fate 

of ethylbenzene. Volatilization is probably the major route 
of elimination from surface water. 
reactions, especially photooxidation, are responsible for its 

Only limited data are available on the transport and fate 

Subsequent atmospheric 

Ethylbenzene 
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fate. Uowever, its high log octanol/water partition coefficient 
suggests that a significant amount of ethylbenzene may be 
adsorbed by organic material in the sediment. Some soil bacteria 
are capable of using ethylbenzene as a source of carbon. Row- 
ever, the relative importance of this potential route of ;ethyl- 
benzene elimination has not been determined. 

Health Effects . L -  

..;-~thylbentene has been selected by the National Toxicology 
Program to be tested for possible carcinogenicity, although 
negative results were obtained in mutagenicity assays in Salmonella 
t himurium and Saccharomyces cerevisiae. There is recent 3krTm ence that ethylbenzene causes adverse reproductive 
effects. Ethylbenzene is a skin irritant, and its vapor is 
irritating to the eyes at a concentration of 200 ppm (870 mg/m3) 
and above. 
by inhalation, 7 hourslday for 6 months, adverse fffects were 
produced at concentrations of 900 ppm (2,610 mg/m ) and above, 
but not at 400 ppm (1,740 ag/m 1. At 600 ppm rats and guinea 
pigs showed slight changes in liver and kidney weights, monkeys 
had slight changes in liver weight, and monkeys and rabbits 
experienced histopathologic changes in the testes. Similar 
effects on the liver and kidney were observed in rats fed ethyl- 
benzene at 408 and 680 mg/kg/day for 6 months. 

When experimental animals were exposed to ethylbenzene 

Toxicity to Wildlife and Domestic Animals 

levels greater than 32 mg/liter. No chronic toxicity was re- 
ported, but the highest test dose (440 pg/liter) was only one- 
hundredth of the 96-hour LC for the particular species being 
tested. 
were reported in the information reviewed, but a bioconcentration 
factor of 95 was calculated using the log octanol/water partition 
caefficient. 
to domestic animals and terrestrial wildlife was found in the 
sources reviewed. 

Ethylbenzene was acutely toxic to freshwater species at 

No studies on the 8oaccumulation of ethylbenzene 

No information on the toxicity of ethylbenzene 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing final 
criteria. Rowever, EPA did report the lowest values known 
to have toxic effects in aquatic organisms. 

000250 Ethylbenzene 
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Freshwater  

Acute t o x i c i t y :  3 2 , 0 0 0  v g / l i t e r  
C h r o n i c  t o x i c i t y :  N o  a v a i l a b l e  d a t a  

S a l t w a t e r  

A c u t e  t o x i c i t y :  430 t J g / l i t e r  
Chronic  t o x i c i t y :  No a v a i l a b l e  d a t a  

Human Hea l th  

Cr i te r ion :  1 . 4  m g / l i t e r  

OSHA Standa rd  ( s k i n ) :  

A C G I H  Thresho ld  L i m i t  V a l u e s :  

4 3 5  mg/m3 TWA 

435 mg/mi TWA 
545 mg/m S . ~ L  
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ETHYLENE AND DIETHYLENZ G L I ~ U L  
2 .  

summary 

Ethy lene  and d i e t h y l e n e  g l y c o l  produce s i m i l a r  toxic ef-  
fects .  B o t h  caused b ladde r  s t o n e s ,  severe k idney  damage, and  
moderate l i v e r  damage in r a t s  when a d m i n i s t e r e d  c h r o n i c a l l y  
i n  t h e  d i e t .  I n h a l a t i o n  exposure  causes nausea ,  t h r o a t  i r r i t a -  
t i o n ,  and d i z z i n e s s .  M u s c u l o s k e l e t a l  a b n o r m a l i t i e s  and  c rano-  
f a c i a l  defects were observed  i n  t h e  o f f s p r i n g  of p r e g n a n t  r a t s  
g iven  h i g h  doses of e t h y l e n e  g l y c o l  o r a l l y .  

CAS Number: E t h y l e n e  g l y c o l :  107-21-1 

Chemical Formula: E t h y l e n e  g l y c o l :  C2H4 (OH) 

IUPAC Same: E t h y l e n e  g l y c o l :  1 8 2 - E t h a n e d i o l  

D i e t h y l e n e  g l y c o l :  111-46-6 

D i e t h y l e n e  g l y c o l :  O(C2H40H)2 

D i e t h y l e n e  g l y c o l :  2 ,2=Oxydiethanol  

I m p o r t a n t  Synonyms and Trade  Names: 

E t h y l e n e  g l y c o l :  E t h y l e n e  alcohol, 1 ,2-dihydroxy e t h a n e ,  

D i e t h y l e n e  g l y c o l :  bis(2-Bydroxyethyl)ether8 d i g l y c o l ,  
e t h y l e n e  d i g l y c o l  

g l y c o l  

Chemical and Phys ica l  P r o p e r t i e s  

Molecular  Weight: E t h y l e n e  g l y c o l :  62 
D i e t h y l e n e  g l y c o l z  106  

B o i l i n g  P o i n t :  E t h y l e n e  g l y c o l :  197OC 
D i e t h y l e n e  g l y c o l :  24SOC 

Meltirtg P o i n t :  E t h y l e n e  g l y c o l :  -13.S°C 
D i e t h y l e n e  g l y c o l :  - 1 O O C  

S p e c i f i c  G r a v i t y :  1.12 a t  2OoC 

S o l u b i l i t y  in Water: S p l u b l e  i n  water 

S o l u b i l i t y  i n  Organics :  S-oluble i n  a l c o h o l ,  e t h e r ,  and a c e t o n e  

Log Octanol/Water P a r t i t i o n  Coef f i c i e n t t  

E t h y l e n e  g l y c o l :  -2 ( c a l c u l a t e d )  
D i e t h y l e n e  g l y c o l :  -1.4 ( c a l c u l a t e d )  

E t h y l e n e  and d i e t h y l e n e  g l y c o l  
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?28$ va?or Pr 'essure:  E t h y l e n e  g l y c o l :  0.05 m m  Hg a t  2OoC 
D i e t h y l e n e  g l y c o l :  <0 .01  mm Hg a t  2 O o C  

Vapor Dens i ty :  E t h y l e n e  g l y c o l :  2.14 
D i e t h y l e n e  g l y c o l :  3.66 

F l a s h  P o i n t :  E t h y l e n e  g l y c o l :  ll6OC 
D i e t h y l e n e  g l y c o l :  124OC 

Transport  and F a t e  

The  l i m i t e d  i n f o r m a t i o n  on t h e  t r a n s p o r t  and f a t e  of e t h y l -  
ene and d i e t h y l e n e  g l y c o l  s u g g e s t s  t h a t  t h e y  are u n l i k e l y  t o  
v o l a t i l i z e  and t h a t  b i o d e g r a d a t i o n  i n  s o i l  or s u r f a c e  water  
is p r o b a b l y  an important f a t e  process f o r  b o t h  compounds. 
T h e i r  h igh  s o l u b i l i t i e s  and low l o g  o c t a n o l / w a t e r  p a r t i t i o n  
c o e f f i c i e n t s  s u g g e s t  t h a t  t hey  move f r e e l y  i n  water. O x i d a t i o n  
may be an  i m p o r t a n t  f a t e  process i n  s u r f a c e  water, 

H e a l t h  E f f e c t s  

The  l e t h a l  oral  d o s e  of  e t h y l e n e  g l y c o l  for humans is . 

a p p r o x i m a t e l y  1 . 4  ml/kg, or 1 0 0  ml for an a d u l t  man weighing  
70 kg. C h i l d r e n  are a p p a r e n t l y  less susceptible t h a n  a d u l t s  
t o  e t h y l e n e  g l y c o l  p o i s o n i n g .  I n g e s t i o n  o f  t h e  compound can 
l e a d  t o  p r o s t r a t i o n  or unconsc iousness ,  accompanied by metabolic 
acidosis  and r e n a l  damage, 

I n h a l a t i o n  e x p o s u r e  to  more t h a n  1 4 0  mg/m3 o f  e thylene  
g l y c o l  c a u s e s  i r r i t a t i o n  of t h e  t h r o a t ,  mi ld  headache ,  and 
p o s s i b l y  p a i n  i n  t h e  lower back, 
l i q u i d  or e x p o s u r e  to  vapor  is possible; i n  o n e  s t u d y ,  workers 
deve loped  nystagmus when exposed to  h igh  l e v e l s  of e t h y l e n e  
g l y c o l  vapor .  
is a s k i n  i r r i t a n t ,  a l t h o u g h  t r a n s i e n t ,  m i l d  i r r i t a t i o n  is  
possible . 

Eye i r r i t a t i o n  from s p l a s h i n g  

I t  has not  been e s t a b l i s h e d  t h a t  e t h y l e n e  g l y c o l  

I n  one  c h r o n i c  s t u d y ,  r a t s  t h a t  were f e d  d i e t s  c o n t a i n i n g  
1% or 29 e t h y l e n e  g l y c o l  ( approx ima te ly  500 t o  1 , 0 0 0  mg/kg/day) 
for 2 y e a r s  had s h o r t e r  l i f e  s p a n s ,  deve loped  calcium oxalate 
b l a d d e r  s t o n e s ,  and o u f f  e r e d  f rem c e n t r i l o b u l a r  l i v e r  degener-  
a t i o n  and s e v e r e  i n j u r y  t o  t h e  renal t u b u l e s .  E t h y l e n e  g l y c o l  
is m e t a b o l i z e d  in the body t o  oxalic a c i d ,  which is d e p o s i t e d  
i n  t h e  k idney  as calcium oxalate. The rymptoms of  e t h y l e n e  
g l y c o l  po i son ing-me tabo l i c  a c i d o s i s  and r e n a l  damage-have 
been p r e v e n t e d  i n  monkeys by t h e  a d m i n i s t r a t i o n  o f  a l c o h o l  
dehydrogenase  i n h i b i t o r s .  

E t h y l e n e  g l y c o l  is c u r r e n t l y  k i n g  t e s t e d  f o r  ca rc inogen-  
i c i t y  by t h e  N a t i o n a l  Tox ico logy  Program. I t  b a s  been r e p o r t e d  

E t h y l e n e  and d i e t h y l e n e  g l y c o l  
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that it inhibits DNA synthesis and causes mutations i n  c u L c u r e s  
mouse lymphocytes. Tho tepraductive and teratogenic effects of 
ethylene glycol have not been determined conclusively, but cran- 

I ,  * iofaci"a1 defects and musculoskeletal abnormalities were reported 
in rat fetuses when very high doses of ethylene glycol were ad- 
ministered orally to pregnant females. 

Ethylene glycol.is less toxic to many animal species than 
it is to humans. For example, the oral LD for rats is 4.7 g/kg; 
for mice, 7.5 g/kg; and for guinea pigs, 6?8 g/kg. The dermal 
LD for rabbits is 19.5 g/kg. Eye irritation has been reported 
in5!abbits3and rats after exposure to airborne concentrations 
of 12 mg/m for 3 days. 

Diethylene glycol causes Symptoms similar to those produced 
by ethylene glycol: nausea, dizziness, and severe kidney damage, 
follored by oligurea or anuria. The lethal oral dose for humans 
is approximately 1 ml/kg. 

In a 2-year study, diethylene glycol fed to rats at dietary 
concentrations of 4% (approximately 2,000 mg/kg/day) caused lower 
growth rates, bladder stones, severe kidney damager and moderate 
liver damage. Although there are reports that diethylene glycol 
causes bladder tumors in rats, these tumors are thought to 
be the result of mechanical irritation caused by calcium oxalate 
stones in the bladder. Diethylene glycol has not been reported 
to be mutagenic. 
are not known. 

Its reproductive and teratological effects 

The oral LD for the mouse i s  23.7 gJkg, and for the 
guinea pig it is'9.8 g/kg. 
sensitive to diethylene g1,ycol poisoning than rats. The dermal 

for rabbits is 11.9 g/kg. 

Humans are more than 13 times more 

LDsO 

Toxicity to Wildlife and Domestic Animals 

and diethylene glycol to wildlife is available. 
of 250 mg./liter of ethylene glycol are toxic to Pseudomonas 
putida; Chlorella pyrenoidosa is killed by 180 mg/liter. 
24- hour LD or goldfish is more than 58000 mglliter. For 
diethylen~'~1~COl. inhibition of cell multiplication in Pseudo- 
monas utida starts at 8 r O O 0  mg/liter. Toxicity to the alga 

LD for goldfish is more than 5,000 mg/liter. Bioaccumulation 
do21 not occur. 

Only limited information on the toxicity of ethylene glycol 
Concentrations 

The 

------e7- Microcyst s aeruginosa starts at 1 ,700  mg/liter. The 24-hour 

Ethylene and diethylene glycol 
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R 2 g u l a t i o n s  and S t a n d a r d s  

A C G I H  T h r e s h o l d  L i m i t  Value :  + 
3 E t h y l e n e  g l y c o l :  1 2 5  mg/m C e i l i n g  L e v e l  
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ETHYL ETHER 
r 

Summary 

Ethyl ether produced adverse reproductive effects in the 
offspring of pregnant rats and mice after the administration of 
a single anesthetic dose. It is a mild skin and eye irritant. 

CAS Number: 60-29-7 

Chemical Formula: C2H50C2H5 

IUPAC Name: Ethoxyethane 

Important Synonfls and Trade Names: Diethylethet, ethoxyethane, 
ethyloxide, diethyloxide , 
oulf ur ic ether 

Chemical and Physical Properties 

Molecular Weight: 74.12 

Boiling Point: 34.5oC 

Melting Point: -116.2OC 

Specific Gravity: 0.7138 at 2OoC 

Solubility in Water: 

Solubility in Organics: 

60,000 mg/liter at 25OC 

Soluble in alcohol, acetone, benzene, 
and chloroform 

Log Octanol/Water Partition Coefficient: 

Vapor Pressure: 
1.4 (calculated) 

442 mm Hg at 2OoC 

Vapor Density: 2.56 

Plash Point :  -4SOC 

Transport and Fate 

was found i n  the literature reviewed. 
No information on the transport and fate of ethyl ether 

From information on the chemical and physical properties 
of ether, it appears that volatilization would be an important 

O O O Z S  Ethyl ether 
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transport pathway from soil. 
air to form explosive peroxides. High solubility and high 
.vapor density would limit volatilization somewhat and suggest 
that transport in groundwater may also occur. Ethyl ether has 
a low log octanol/water partition coefficient and therefore 
probably is not sorbed to any significant extent. 

Ethyl ether reacts slowly w i t h  

7283 

Health Effects 

in the literature reviewed. Ethyl ether inhibited DNA reDair 
NO information on the carcinogenicity of ether was reported 

in an assay using Escherichia coli. 
were anesthetized with ethyl ether for 1 hour either early 

Pregnant female rats-and mice 

or late in gestation (Schwetz and Becker 1970). In mice,-exposure 
to ethyl ether during early embryogenesis caused a significant 
increase in resorptions and decrease in the length of fetal 
long bones. Early or late exposure caused an increase in the 
incidence of generalized edema, missing sternum, unossified 
phalanges, and missing cervical vertebrae. In rats, anesthesia 
during early or late embryogenesis decreased fetal body weight 
and the length of the long bones. 

narcosis and general anesthesja. 
and eye irritation at 90 mg/m . 
in the rat is 1,215 mg/kg. 

3 Ether at high concentrations (greater than 100 g/m ) causes 
It will cause minor skin 

The oral LDSO of ethyl ether 

Toxicity to Wildlife and Domestic Animals 

No information on the ,toxicity of ethyl ether to wildlife 
or domestic animals was found in the literature reviewed. 

Regulation and Standards 

OSpA S-tandard (air): 

ACGIH Threshold Limit Values: 

1,200 mg/m3 TWA 

1,200 mg/mi TWA 
1,500 mg/m S . ~ L  
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ETHYL EEXANEDI OL 

Summary 

Ethyl hexanediol is quite irritating to the eyes. 

CAS Number: 94-96-2 

Chemical Formula: CoH16 (OH) 

IUPAC Name : 

Important Synonyms and Trade Names: Carbide 6-12, Cmpd 6-12 
insect repellent, ethohexadiol, 
ethyl hexy lene glycol, 
2-ethyl-3-propyl- 1,3- 
propanediol, Rutgers 612 

2-E thyl- 1, +hexanediol 

Chemical and Physical Properties 

Molecular Weight: 146.26 

Boiling Point: 243. l0C 

Specific Gravity: 0.9422 at 2OoC 

Solubility in Water: 6000 mglliter 

S.olubility in Organics: Spluble in alcohol, ehter, propylene 
glycol, and castor o i l  

Log Octanol/Water Partition Coefficient: 1 (calculated) 

Vapor Pressure: eO.01 mm Hg at 2OoC 

Vapor Density: 5.03 

Flash Point: 127OC (open cup) 

Transport and Fate 

No information on the transport and fate of ethyl hexanedi- 
ol'was available in the sources reviewed. Ethyl hexanediol is 
fairly soluble in water, has a low vapor pressure, and therefore 
probably is not volatile. Reactions typical of alcohols, such 
as oxidation or esterification, are likely to be important in 
determining the fate of ethyl hexanediol. 

Ethyl hexanediol 
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H e a l t h  Ef f c c t s  

o n l y  l i m i t e d  i n f o r m a t i o n  was a v a i l a b l e  on e t h y l  hexaned io l  
i n  t h e  s o u r c e s  rev iewed.  The compound is q u i t e  i r r i t a t i n g  
t o  t h e  eye  b u t  d o e s  not i r r i t a t e  t h e  s k i n .  The o r a l  LD in 
t h e  r a t  is 1,400 mg/kg, and t h e  dermal  LDSO f o r  t h e  rabs! 
is 2,000 mg/kg. . -  
T o x i c i t y  t o  W i l d l i f e  and Domestic A n i m a l s  

No information on t h e  t o x i c i t y  of e t h y l  h e x a n e d i o l  t o  
w i l d l i f e  was found i n  t h e  l i t e r a t u r e  reviewed.  
of 1,400 mg/kg was de te rmined  for t h e  ch icken .  

An ora l  LllS0 
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BIS (2-ETHYLHEXYL) PHTHALATE 

. ‘ 1  

, i 7285 Summa f y 

bis(2-Ethylhexy1)phthalate (DEHP) is probably persistent 
in the environment. 
hepatocellular carcinomas. 
have been observed in experimental animals. Chronic exposure 
to DEHP retarded growth and increased liver and kidney weights 
in animals. 

It is carcinogenic in rats and mice, causing 
Teratogenic and reproductive effects 

CAS Number: 117-81-7 

IUPAC Name: bis(2-Ethylhexy1)ester phthalic acid 

Important Synonyms and Trade Names: DEIIP, Di(2-ethylhexy1)phthalater 
bis(2-ethylhexy1)ester 
phthalic acid 

Chemical and Physical Properties 

Molecular Weight: 391.0 

Boiling Point: 386.9OC at 5 mm Hg 

Melting Point: -5OOC 

Specific Gravity: 0.985 

Solubility in Water: 0.4 mg/liter at 25.C 

Solubility in Organics: 

Log Octanolmater Partition Coefficient: 5 .3  

Vapor Pressure: 

Miscible with mineral oil and hexane 

2 x loo7 mm ~g at zooc 
Plash Point: 218.33OC 

Transport and Fate 

bis (2-Ethylhexy1)phthalatc (DEHP) is the most thoroughly 
studied of the phthalate esters. It probably hydrolyzes in 
surface waters, but at such a slow rate that this process is 
not environmentally significant under most conditions. Photo- 

bi s ( 2-E t hylhe xyl ) phthalate 
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lysis and oxidation do not appear to be important environmental 
fate processes. Although some researchers suggest that volatk 128 3 
lization of DEHP from aqueous solution may be significant under- 
some conditions, it probably is not an important environmental 
transport process in natural waters. 
evidence that this compound can be slowly volatilized from 
DEHP-containing mater.ials at relatively high temperatures. 
Consequently, some atmospheric dispersion of DEHP due to vapori- 
zation during manufacture, use, or waste disposal probably 
occurs. 

and complexation with natural organic substances are probably 
the most important environmental transport processes for DEHP. 
The log octanol/water partition coefficient for DEHP suggests 
that this compound would be adsorbed onto particulates high 
in organic matter. This contention is supported by the fact 
that phthalate esters are commonly found in freshwater and 
saltwater sediment samples. DEHP can be dispersed from sources 
of manufacture and use to aquatic and terrestrial systems by 
complexation with natural organic substances. It readily inter- 
acts with the fulvic acid present in humic substances in water 
and soil, forming a complex that is very soluble in water. 

In contrast, there is 

--.- * 

Adsorption onto suspended solids and particulate matter 

A variety of unicellular and multicellular organisms take 
up and accumulate DEHP, and bioaccumulation is considered an 
important fate process. Biodegradation is also considered 
an important fate process in aquatic systems and soil. DEHP 
is degraded under most conditions and can be metabolized by 

- multicellular organisms. Therefore, it is unlikely that long- 
term biomagnification occurs. 

Analysis using EPA's Exposure Analysis Modeling System 
suggests that chemical and biochemical transformation processes 
for DEHP are slow and that transport processes will predominate 
both in ecosystems that have long retention times (ponds, lakes) 
and in those that have short retention times (rivers). If 
the input of DEHP remains constant, its concentration is expected 
to increase in aquatic ecosystems. If the input stops, the 
DEHP present is expected to persist for an undetermined length 
of time. The oceans are the ultimate sink for DEHP introduced 
into unimpeded rivers. 

Health Effects 

DEHP i 8  reported to be carcinogenic in rats and mice, 
causing increased incidences of hepatocellular carcinomas or 
neoplastic nodules after oral administration (NTP 1982). Its 
status as a human carcinogen is considered indeterminate by 
the International Agency for Research on Cancer ( I A R C ) .  The 
results of dominant lethal experiments with mice suggest that 

bis (2-Ethylhexy1)phthalate 
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9289 DEHP is mutagenic when injected intraperitoneally. 

cells have failed to demonstrate genotoxic activity. 
and fetotoxic effects have been observed in experimental animals 
after oral and intraperitoneal administration. Other reproduc- 
tive effects, including testicular changes in rats and mice, 
have also been reported. 

mental animals. The oral, intraperitoneal, and intravenous 
LD 
and'0.25 g/kg, respectively. 
the skin, and no irritant response or sensitizing potential 
from dermal application has been noted in experimental animals 

Howeverrip 
% most experiments conducted with microorganisms and mammalian- 

Teratogenic 

DEHP appears to have a relatively low toxicity in experi- 

values reported for DEHP in rats are 31 g/kg, 30.7 g/kg, 
DEHP is poorly absorbed through 

or humans. 

Chronic exposure to relatively high concentrations of DEHP 
in the diet has caused retardation of growth and increased 
liver and kidney weights in experimental animals. 

Toxicity to Wildlife and Domestic Animals 

pg/liter DEHP for the freshwater cladoceran Da hnia ma na. 
The LC values for the midge, scud, and blueg + 11 all exceeded 
the hiaRest concentrations tested, which were 18,000, 32,000, 
and 770,000 pg/liter, respectively. As these values are greater 
than the water solubility of the chemical, it is unlikely that 
DEHP will be acutely toxic to organisms in natural waters. In 
a chronic toxicity test with Daphnia magna, significant repro- 
ductive impairment was found at the lowest concentration tested, 
3 pg/liter. 
for the rainbow trout. No acute or chronic values were reported 
for saltwater invertebrates or vertebrates. Reported bioconcen- 
tration factors for DEHP in fish and invertebrates range from 
14 to 2,680. 

Acute median effect values ranged from 1,000 to 11,100 

A chronic toxicity value of 8.4 vg/liter was reported 

Although insufficient data were presented to calculate 
the acute-chronic ratio for DEAP, it is apparently on the order 
of 100 to 1,000. Therefore, acute exposure to the chemical 
is unlikely to affect aquatic organisms adversely, but chronic 
exposure may have detrimental effects on the environment. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria 

bis(2-Ethylhexyllphthalate 
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f o r  bis(2-ethylhexy1)phthalate or f o r  phthalate esters 
as a group. 

7283 Fluman Health 

Criterion: 15 mg/liter - 
ACCIH Threshold Limit Values: 5 mg/m33TWA 

10 mg/m STEL 
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FLUORANTHENE 

Summary 

d 

Fluoranthene is a pOlyCyCliC aromatic hydrocarbon (PAH). 
It is probably persistent in the environment. Fluoranthene 
dos not appear to be a complete carcinogen, but it has been 
shown to be a potent cocarcinogen in animal test systems. 

CAS Number: 206-44-0 

Chemical Formula: C16H10 

Chemical and Physical Properties 

Molecular Weight: 202.26 

Boiling Point: Approximately 37SoC 

Melting Point: lll°C 

Specific Gravity: 1.252 at O°C 

Solubility in Watert 0.26 mg/liter 

Solubility in Organics: soluble in ethanol, ether, benzene, 
chloroform, acetic acid, and carbon 
disulfide 

Log Octanol/Water Partition Coefficient: 

Vapor Pressure: loo6 to 10'' mm Hg at 2OoC (estimated) 

5.33 (calculated) 

Transport and Fate 

Much of the information concerning transport and fate is 
inferred from data for polycyclic aromatic hydrocarbons (PARS) 
in general because of a lack of specific information on fluor- 
anthene. Rapid, direct photolysir of fluoranthene to quinones 
may occur in aqueous solution. 
is probably too slow to be a significant environmental process, 
and the available data suggest that volatilization generally 
fs not an important transport process for fluoranthene. The 
calculated log octanol/water partition coefficient of 5.33 
indicates that the compound should be strongly adsorbed onto 
particulate matter, especially particulates high in organic 
content. It is likely that fluoranthenc can be transported 

The oxidation of fluoranthene 

Pluoranthenc 
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a s  adsorbed matter on suspended particulates in air or water.&* 7r Data for PAHS in general indicate that fluoranthene will accu-- 
mulate in the sediment and biota of the aquatic environment 
and that adsorption is probably the dominant aquatic transport 
process. 

is a short-term process, and long-term partitioning into biota 
is not a significant fate process. Pluoranthene can be metab- 
olized by multicellular organisms and degraded by microbes. 
Degradation by mammals fs likely to be incomplete; the parent 
compound and the metabolites are excreted by the urinary system. 
Biodegradation by microorganisms is probably the ultimate fate 
process. Biodegradation generally appears to be slower in 
aquatic systems than in soil. However, it may be important 
in those aquatic systems that are chronically affected by PAH 
contamination. Fluoranthene is stable enough in air  to be 
transported over relatively large distances, 

Data for a variety of PAHs suggest that bioaccumulation 

Health Effects 

of fluoranthene in humans, and fluoranthene shows no activity 
as a complete carcinogen in experimental animals, 
fluoranthene appears to possess potent cocarcinogenic activity 
in test animals. Fluoranthene has displayed no mutagenic acti- 
vity in in vitro bacterial test systems. No other information 
is available concerning its potential mutagenic or teratogenic 
effects, nor with regard to its acute or chronic toxicity to 

. humans. Results from animal. studies indicate that fluoranthene 
has relatively low acute toxicity. Where deaths of experimental 
animals have occurred, no information concerning target organs 
or specific causes of death has been reported. Descriptions 
of chronic toxicity are limited to reports of mortality produced 
in mice by repeated dermal application or subcutaneous injection. 

There is no information concerning the carcinogenicity 

However, 

Toxicity to Wildlife and Domestic Animals 

Among freshwater species, the bluegill, with a 96-hour 
LC value of 3,980 pg/liter, is more sensitive to fluoranthene 
thal the cladoceran Daphnia magna, with a 48-hour EC 
of 325,000 pg/liter. 
water organisms. Among saltwater species, the 96-hour LC 
values for the mysid shrimp and a polychaete are 40 and 5 8 1  pg/liter, 
respectively. The 96-hour LC value for the sheepshead minnow 
is greater than 560,000 pg/li&, The chronic value and acute- 
chronic ratio for the mysid shrimp are 16 pg/liter and 2.5, 
respectively. The freshwater and saltwater algal species tested 
exhibit similar sensitivities to fluoranthenc, with EC values 
of about 50,000 pglliter. 

value 
NO chronic data are available 283 fresh- 

There is evidence of fluoraaphene 

Pluoran thene 
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accumulation in edible aquatic organisms, 
steady-state bioconcentration factors are 
water or saltwater organisms. 

although no measured, 
available for fresh- 

Requlations and Standards 

Ambient Water Quality Criteria (USEPA):  

Aquatic Life 

The available data are not adequate for establishing criteria. 
However, EPA did report the lowest concentrations of fluor- 
anthene known to cause toxic effects in aquatic organisms. 

Freshwater 

Acute toxicity: 3,980 pg/liter 
Chronic toxicity:. No available data 

Saltwater 

Acute toxicity: 40 pg/liter 
Chronic toxicity: 16 pg/liter 

Human Health 

Criterion: 42 pg/liter 
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FORMALDEHYDE 

Summary 

Formaldehyde has been shown to produce nasal tumors in 
rats, and there is suggestive evidence that it produces the 
same type of tumor in humans. 
dehyde causes respiratory irritation and can also produce local- 
ized effects in the nose, throat, and lungs. In addition, 
formaldehyde can irritate the skin and cause allergic dermatitis 
in susceptible individuals. 

Inhalation exposure to formal- 

CAS Number: 50-00-0 

Chemical Formula: C€i20 

IUPAC Name: Methanal 

Important Synonyms and Trade Names: Methanal, Formalin 
(formaldehyde solution) 

Chemical and Physical Properties 

Molecular Weight: 30.03 

Boiling Point: 19.5OC 

Melting Point: -92OC 

Specific Gravity: 0.867 at 2OoC 

Solubility in Water: 

Solubility in Organics: 59luble in chloroform, ether, and 
toluene 

Undergoes solvation in water or methanol 

Vapor Pressure: 760 m Hg at 19.5OC 

Vapor Density: 1.075 

Flash Point: 30OoC 

Transport and Fate 

Formaldehyde is a gas at ambient temperatures 10 the air 
will be a major route of transport. In water, formaldehyde 
is rapidly hydrated and converted to methylene gxycol and poly- 
oxymethylene glycols, however, it can volatilize as formaldehyde. 

Porrnalde hyde 
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Formaldehyde r e a d i l y  adsorbs t o  c l a y  so i l s  b u t  s o r p t i o n  t o  
s o i l  w i t h  smaller a m o u n t s  of organic m a t e r i a l  is p r o b a b l y  neg- 
ligi b l e .  1288 

P h o t o l y s i s  of formaldehyde o c c u r s  i n  t h e  lower t r o p o s p h e r e  
by two p r imary  processes. One process p redomina te s  a t  wave- 
l e n g t h s  of 290 t o  3 1 3  nm and t h e  other p redomina te s  a t  wave- 
l e n g t h s  of 3 1 3  t o  360 nm. Reported product6 o f  formaldehyde  
p h o t o l y s i s  are  fo rmyl  r ad ica l s  and water. 
l i f e  of formaldehyde  i n  s u n l i g h t  is a b o u t  75 minu tes .  I n  water, 
formaldehyde  is h y d r a t e d  t o  methylene  g l y c o l  and polyoxymethylene 
g l y c o l s  wh ich  do n o t  undergo p h o t o l y s i s .  
o c c u r s  i n  water,  p r i m a r i l y  due  t o  b i o d e g r a d a t i o n .  

The estimated h a l f -  

F u r t h e r  d e g r a d a t i o n  

Health E f f e c t s  

pormaldehyde has  been shown t o  produce  n a s a l  tumors i n  
r a t s ,  and there is s u g g e s t i v e  e v i d e n c e  t h a t  i t  produces t h e  
same t y p e  of tumor i n  hmans (S- iege l  e t  al. 1983). I t  bas 
been shown t h a t  formaldehyde  is a .weak. mutagen p r o d u c i n g  
gene m u t a t i o n s  and chromosomal a b b e r r a t i o n s  i n  a v a r i e t y  of 
laboratory test  sys tems.  Formaldehyde has also c a u s e d  cel l  
t r a n s f o r m a t i o n  i n  c e l l  c u l t u r e  systems.  Formaldehyde h a s  n o t  
been shown t o  be t e r a t o g e n i c  or to c a u s e  r e p r o d u c t i v e  t o x i c i t y  
i n  a n i m a l  s t u d i e s .  Eowever, t h e  s t u d i e s  have not been  a d e q u a t e  
t o  f u l l y  assess t h e s e  t o x i c i t i e s .  

Formaldehyde i s  a r e s p i r a t o r y  i r r i t a n t  and h a s  been  found 
t o  p roduce  l oca l i zed  e f f e c t s  in t he  nose ,  t h roa t ,  and tracheo- 
b r o n c h i a l  t ree  of exposed i n d i v i d u a l s .  I r r i t a t i o n  of t h e  s k i n  
has a l so  been  reported. I n  a d d i t i o n ,  a n  a l lergic  d e r m a t i t i s  
has been  produced i n  some people exposed to  formaldghyde. The 
i n h a l a t i o n  LDSO in r a t s  was reported t o  be 100 mg/m . 
T o x i c i t y  to  W i l d l i f e  and Domestic Animals 

are not a v a i l a b l e .  
Data c o n c e r n i n g  t o x i c i t y  to w i l d l i f e  and domestic a n i m a l s  

R e g u l a t i o n s  and S t a n d a r d s  
3 NIOSH Recommended S tanda rd :  - -  

O S - a  S t a n d a r d  (Air): 

ACGIR T h r e s h o l d  L i m i t  Value: 1.5 (Suspec t  Ca rc inogen)  

0.6 mg/m 

3.6 mg/m3 TWA 

n 
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HEPTACHLOR 

Summary 

Heptachlor i s  an organochlorine pesticide. Together with 
i t s  active metabolite, heptachlor epoxide, it is very persistent 
in the environment. 
substances cause liver tumors. They also have mutagenic effects. 
These chemicals have a number of reproductive and teratogenic 
effeqts, including decreased litter size, shortened life span 
of sbckling young, and the development of cataracts in offspring. 
The acute toxicity of both heptachlor and heptachlor epoxide 
is very high. Chronic exposure induces liver changes and may 
cause kidney damase. Heptachlor is also highly toxic to fish 
and wi Id1 i f e . 

When administered orally to mice, both 

Background Information 

mately 72% heptachlor and 289 related compounds. 
wax with a melting point of 46-74OC. 

Technical heptachlor is a complex mixture containing approxi- 
It is a soft 

CAS. Number: 76-44-8 

Chemical Formula: C10HSC17 

IUPAC Name: 1,4,5,6,7,8,8-Heptachloro-3a,4,7,7a-tetrahydrO- 
4,7-methanoindene 

Chemical and Physical Properties 

Molecular Weight: 373.3 

Melting Point: 95-96OC 

Specific Gravity: 1.57-1.59 at 9OC 

Solubility in Water: 

Splubility in Organics: 

0 .056  to 0.180 mg/liter at 25-29OC 
depending on particle size 

Soluble in ethanol, ether, benzene, 
acetone, carbon tetrachloride, xylene, 
kerosene, cyclohexanone, and ligroin 

Vapor Pressure: 0 .0003  mm Bg at 25.C 
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Transpor t  and Fate 

Heptachlor and i t s  active metabolite, heptachlor epoxide, 
are very pers is tent  i n  the environment, res i s t ing  chemical 
and biological breakdown into harmless substances. Sorption 
of heptachlor t o  sediments appears to  be an important process 
for  removal of the pesticide from'water, as  residue concentra- 
t ions i n  sediment are 'of ten much higher than i n  water. Some 
vola t i l i za t ion  may also occur. 

par t ic les  and w i l l  pe rs i s t  for years i n  s o i l  a f te r  surface 
application. 
concentrate is more readily volatized t h a n  when applied as 
a granular formulation. Certain crops accumulate residues 
of these compounds by absorption from t h e  so i l .  

Reptachlor and heptachlor epoxide bind t i g h t l y  t o  s o i l  

However, heptachlor applied as an emulsifiable 

Atmospheric transport of vapors and contaminated d u s t  
par t ic les  from s o i l  application s i t e s  can occur. Heptachlor 
and heptachlor epoxide are widespread i n  ambient a i r ,  bu t  gen- 
e ra l ly  occur a t  low concentrations. However, levels  vary both 
geographically and seasonally. 

Health Effects 

Heptachlor and heptachlor epoxide are l i ve r  carcinogens 
when administered' o ra l ly  t o  mice. Results from mutagenicity 
bioassays suggest tha t  these compounds also may have genotoxic 
ac t iv i ty .  Reproductive and teratogenic effects i n  r a t s  include 
decreased l i t t e r  s ize ,  shortened l i f e  span of s u c k l i n g  ' r a t s ,  
and development of cataracts  i n  offspring. 

s t r a t e  acute and chronic toxic e f fec ts  due t o  heptachlor expo- 
sure. Although heptachlor and heptachlor epoxide are absorbed 
most readily through the gastrointest inal  t r a c t ,  inhalation 
and s k i n  contact are a lso potential  routes of exposure. Acute 
exposure by various routes can cause development of hepatic 
vein thrombi and can affect  the central  nervous system and cause 
death. Chronic exposure induces l iver  changes, a f fec ts  hepatic 
microsomal enzyme ac t iv i ty ,  and causes increased mortality i n  
offspring. The o ra l  LD i n  t h e  r a t  i s  40 mg/kg for heptachlor 
and 47 mg/kg for  heptacfifor epoxide. 

Although there are  reports of acute and chronic toxici ty  
i n  humans, w i t h  symptoms including tremors, convulsions, kidney 
damage, respiratory collapse, and death, d e t a i l s  of such episodes 
are not well documented. Heptachlor epoxide has been found 
i n  a h i g h  percentage.of human adipose tissue samplea, and also 
i n  human m i l k  samples and biomagnif ication of heptachlor/hepta- 
chlor epoxide occurs. T h i s  compound also has been found i n  

Tests w i t h  laboratory animals, primarily rodents, demon- 

I .  . 
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, t h e  tissues of s t i l lborn i n f a n t s ,  suggesting an a b i l i t y  t o  
‘krossj-the placenta and  bioaccumulate i n  the fetus. 

Toxicity t o  W i l d l i f e  and Domestic A n i m a l s  

Heptachlor i s  toxic a t  low concentrations i n  some aquatic 
invertebrate and f i s h  species. Heptachlor epoxide appears 
t o  be a minor product of heptachlor transformations i n  aquatic 
systems b u t  the capability of different organisms to  effect  
cpoxidation varies. Mean acute values for freshwater species 
range from 0.9 t o  7 8  vg/li ter for invertebrates and from 13.1  
t o  320 pg/liter for f i s h .  A l i f e  cycle t e s t  conducted w i t h  
the fathead minnow provides a chronic value of 1.26 ug/l i ter  
and an acute-chronic ra t io  of 80 for t h i s  species. Saltwater 
mean acute values range from 0.04 t o  194  pg/l i ter  for a variety 
of f i s h  and invertebrate species. A chronic value of 1.58 pg/liter 
and an acute-chronic r a t io  of 3.9 are reported for the sheepshead 
minnow . 

Heptachlor shows a strong tendency t o  bioaccumule. I t  can 
concentrate a t  levels thousands of times greater than those i n  
the surrounding water i n  a variety of aquatic organisms. Because 
of t h i s  tendency for bioaccumulation, chronic exposure t o  levels 
greater than 0.004 pg/liter is considered potentially harmful t o  
aquatic l i f e .  
average concentration i n  a h i g h  l ipid species w i l l  be a t  FDA ac- 
tion levels for human consumption. 

However, t h i s  walue may be too h i g h  because the 

Heptachlor and heptachlor epoxide residues have been found 
i n  a wide variety of w i l d l l f e  and domestic animal species, 
b u t  u s u a l l y  a t  relatively low levels. The use of heptachlor 
as a seed dressing for cereal grains has been linked to  mortality 
among granivorous birds and to  increased residues i n  the t issues 
of granivorous birds and mammals. Residues have also been 
found i n  raptors b u t  a causal relationship w i t h  observed toxic 
e f fec ts  h a s  not been established. Increased mortality among 
birds, mammals, f i s h ,  and aquatic species h a s  been reported i n  
areas treated w i t h  heptachlor. Heptachlor or heptachlor epoxide 
residues have regular ly  been found i n  food and feed crops, meat, 
f i s h ,  poultry, d a i r y  products, and eggs. Oral LC values for 
heptachlor ranging from 92 t o  480 ppm i n  their d i 8  (around 
20 mg/kg body w e i g h t )  are reported for w i l d  b i r d  species. 
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Regulations and Standards 

. Ambient Water Quality Criteria (USEPA) : ' -  6- V28 3 
Aquatic Life 

Freshwater 

Acute toxicity: 0.52 pg/liter 
Chronic toxicity: 0.0038 pg/liter 

Sa 1 twa t e r 

Acute toxicity: 0.053 pg/liter 
Chronic toxicity: 0.0036 pg/liter 

Human Health 

Estimates of the carcinogenic risks associated with life- 
time exposure to various concentrations of heptachlor 
in water are: 

Concentration 

2.70 ng/littr 
0.28 nglliter 
0.028 ngllitcr 

OSHA Standard (skin): 0.5 mg/m3 TWA 

ACGIH Threshold Limit Values (skin) : 0.5 mg4m3 TWA 
2 mg/m STEL 
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HEXACHLOROBENZENE 

summary 

and can be bioaccumulated. It is carcinogenic in mice, rats, 
and hamsters, causing liver tumors in all three species and 
tumors of the spleen and thyroid in hamsters. 
evidence that hexachlorobenzene is teratogenic; reproductive 
efscts have been observed in rats and monkeys. Humans accidentally 
exposed to hexachlorobenzene displayed numerous adverse effects, 
including enlarged livers, rheumatoid arthritis-like symptoms, 
and severe skin damage. 

Hexachlorobenzene is very persistent in the environment 

There is equivocal 

CAS Number: 118-74-1 

Chemical Formula: C6C16 

IUPAC Name: Hexachlorobenzene 

Important Synonyms and Trade Names: ECB, perchlorobenzene 

Chemical and Physical Properties 

Molecular Weight: 285 

Boiling Point: 326OC 

Melting Point: 230OC 

Specific Gravity: 1.57 at 20OC 

Solubility in Water: 10 pg/liter at 2S°C 

Solubility in Organics: Soluble in acetone, ether, benzene, 
and chloroform 

Log Octanolfiater Partition Coefficient: 6.18 

Vapor Pressure: 1 x 10'' mm Rg at 20°C 

Vapor Density: 918 

Flash Point: 242.C 
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Transport and Fate 

Hexachlorobenzene (HCB) is persistent in the environment. 
Although it has a low vapor pressure, it may Volatilize because 
of its low water solubility and high level of activity in water. 
HCB has a high log octanol/water partition coefficient and 
therefore would not be expected to move readily through soil. 
Also, its high specific gravity suggests that it would probably 
move through soil as a nonaqueous-phase liquid (NAPL) and not 
neqessarily in the.groundwater. 

sorption to organic material in the soil and sediment. Although 
this binding will immobilize HCB, it will not do so permanently, 
and desorption may produce continuous, low-level concentrations 
of HCB in the surrounding media. Organisms can bioaccumulate 
HCB, but it is unclear whether biomagnification occurs in the 
food chain. Degradation in the environment, occurs very slowly, 
if at all. The two possible routes of degradation are photolysis, 
possibly assisted by the presence of photosensitizing organic 
materials in aqueous media, and biodegradation by s o i l  and 
aquatic organisms. 

- - '  

The major fate of hexachlorobenzene is probably nonpermanent 

Health Effects 

Liver tumors are induced in all three species. In addition, 
tumors of the spleen and thyroid were induced in HCB-treated 
hamsters (Cabral et al. 1977). There is equivocal evidence 
suggesting that HCB is teratogenic at high dose levels in rats 
(Khera 1974) and mice (Courtney et al. 1976). The addition 
of HCB to the diets of rats at 160 ppm (approximately 10 mg/kg/day) 
or more adversely affects reproduction (Grant et al. 1977). 
RCB has also had adverse effects on reproduction in monkeys 
(Iatropoulos et al. 1976). In an epidemic of RCB poisoning 
in Turkey in which the overall mortality rate among exposed 
persons was about lo%, 951 of the breast-fed infants whose 
mothers were exposed to HCB died. This incident was caused 
by consumption of seed grain that had been treated with a fungi- 
cide containing HCB; more than 3,000 people were affected by 
porphyria cutanea tarda, a defect in porphyrin metabolism caused 
by HCB. The affected individual8 displayed severe skin manifesta- 
tions including photosensitivity, increased pigmentation, bullae 
formation, deep scarring, a permanent increase in body hair, 
and atrophy of the skin. Many children were affected with 
rheumatoid arthritis-like symptoms, and about one-third of 
all victims had enlarged livers (Courtney 1979). A similar 
effect on porphyrin metabolism has been seen in experimental 
animals fed HCB. RCB also appears to have an adverre effect 
on the immune system in mice, and it is an inducer of mixed 
function oxidase enzymes in the liver. 

Hexachlorobenzene is carcinogenic in mice, rats, and hamsters. 
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7288 Toxicity to Wildlife and Domestic Animals 

bioassays, but no toxicity was observed at the limit of solubility 
of the compound. Quail fed 20 p m or more of HCB in their 
diets for 90 days had increased fiver weights, and the size 
and hatchability of their eggs decreased. Feeding Kestrels 
20 or 80 ppm HCB caused histological damage to both their livers 
and kidneys. Field studies of predatory and specifically fish- 
eating birds showed some correlation between increased HCB 
levels and increased mortality, low breeding success, and increased 
porphyria. However, other contaminants could also have been 
responsible for these effects. 

Hexachlorobenzene was tested in several short-term aquatic 

- 

Reduced reproductive success was observed in mink fed 
1, 5, or 25 ppm of HCB in their diets (Bleavins et al. 1984). 
Effects included decreased litter size, increased frequency 
of still births, increased fetal mortality, and decreased post- -~ 

natal growth. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Estimates of the carcinogenic risk associated with lifetime 
exposure to various concentrations of hexachlorobenzene 
in- water are: 

Risk Concentration 

7.2 nglliter 
0.72 ng/liter 
0.07 ng/liter 
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h 7283 Summary 

tumors in rats and was found t o  be mutagenic using the Ames assay, 
There is equivocal evidence that hexachlorobutadiene increases 
neonatal mortality. Chronic exposure to low levels of hexachloro- 
butadiene caused renal toxicity in rats and other studies have 
shown that exposure can affect the central nervous system and liver. 
Hexactilorobutadiene is also quite toxic to aquatic organisms. 

Hexachlorobutadiene caused an increased incidence of kidney 

CAS Number: 87-68-3 

Chemical Formula: Cl2C:CCICC1:CCl2 

XUPAC Name: Hexachloro-1,3-butadiene 

Important Synonyms and Trade Names: Dolen, GP-40-66:120, HCBD, 
perchlorobutadiene, C46 

Chemical and Physical Properties 

Molecular Weight: 260.74 

Boiling Point: 210 to 22OoC 

Melting Point: -19 to -22OC 

Specific Gravity: 1.675 at 15.SoC 

Solubility in Waters 2 mg/liter at 2OoC 

Solubility in Organics: Compatible with numerous resins; soluble 
in alcohol and ether 

Log Octanol/Water Partition Coefficient: 4.8 

Vapor Pressure: 0.15 mm Hg at 2OoC 

Transport and Fate 

Hexachlorobutadiene (HCBD) is probably rather perlistent 
in the environment. Volatilization and adsorption to organic 
particulates are apparently important transport processes for’ 
HCBD. In soil and sediments, HCBD is bound to organic material. 
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T h i s  p r o c e s s  a c t s  as  a s i n k  fo r  HCBD i n  t h e  envi ronment .  

t h e  s o u r c e s  s e a r c h e d .  

H e a l t h  E f f e c t s  

n o t e s  t h a t  there  is l i m i t e d  e v i d e n c e  t h a t  h e x a c h l o r o b u t a d i e n e  
is a c a r c i n o g e n .  T h e i r  c o n c l u s i o n  is based on one  oral  f e e d i n g  
s t u d y  i n  r a t s  in which  t h e  i n c i d e n c e  of k idney  tumors i n c r e a s e d  
i n  t h e  animals of b o t h  sexes g i v e n  t h e  h i g h e s t  doses (Kociba 
et  a l ,  1977) .  The  resu l t s  of a spot t es t  o f  HCBD u s i n g  t h e  
A m e s  a s s a y  were p o s i t i v e .  The d a t a  on t h e  r e p r o d u c t i v e  t o x i c i t y  
of HCBD a r e  e q u i v o c a l .  One s t u d y  i n d i c a t e s  t h a t  n e o n a t a l  mor- 
t a l i t y  rose f o l l o w i n g  a s i n g l e ,  s u b c u t a n e o u s  i n j e c t i o n  of  20 mg/kg 
body we igh t  t o  t h e  dam j u s t  prior t o  mat ing .  Ano the r ,  more 
recent expe r imen t  exposed male and female r a t s  to  doses of  
0.2, 2,  and 20 mg/kg/day f o r  90 d a y s  prior t o  ma t ing  and 1 5  
d a y s  d u r i n g  g e s t a t i o n ;  no toxic e f f e c t s  were n o t e d  i n  t h e  o f f -  
s p r i n g .  However, male and female r a t s  g i v e n  2 or 20 mg/kg/day 
of HCBD showed s i g n s  o f  r e n a l  t o x i c i t y .  The r e s u l t s  o f  a 2- 
y e a r  f e e d i n g  s t u d y  i n  r a t s  conf i rmed t h a t  r e n a l  t u b u l a r  hyper -  
p l a s i a  was caused  by doses l a r g e r  t h a n  2 mg/kg/day. O the r  
s t u d i e s  have i n d i c a t e d  t h a t  HCBD also affects t h e  c e n t r a l  n e r v o u s  
sys t em and t h e  l i v e r  (Harleman and S e i n e n  1979) .  HCBD is a 
c u m u l a t i v e  t o x i n  and is t h e r e f o r e  more t o x i c  after c h r o n i c  
e x p o s u r e s ,  The oral  LD f o r  a d u l t  r a t s  is 250 mg/kg, and 
t h e  LD 
a n i m a l  a? 

T h e r e  
. w a s  no  i n f o r m a t i o n  on  t h e  u l t i m a t e  f a t e  of HCBD i n  n a t u r e  in 

- - 

The I n t e r n a t i o n a l  Agency f o r  Resea rch  on Cancer  (IARC 1979) 

f o r  n e o n a t a l  r& is o n e - q u a r t e r  t h a t  for t h e  a d u l t  

T o x i c i t y  to  W i l d l i f e  and Domestic Animals  

A e x a c h l o r o b u t a d i e n e  is v e r y  t o x i c  t o  aquatic o rgan i sms ,  
w i t h  96-hour LC v a l u e s  f o r  g o l d f i s h ,  ra inbow t r o u t ,  f a t h e a d  
minnow, and blua8.111 r a n g i n g  from 90 t o  330 p g / l i t e r .  
c h r o n i c  t o x i c i t y ,  as measured i n  an  embryo- la rva l  tes t  i n  fathead 
minnows, is 9.3 p g / l i t e r .  I n v e r t e b r a t e s  and saltwater f i s h  
were a f f e c t e d  a t  similar l e v e l s .  

Its 

The i n g e s t i o n  of up t o  30 ppm of HCBD i n  t h e i r  d i e t s  (approx-  
i m a t e l y  5-6 mg/kg) had no e f f e c t  o n  J a p a n e s e  q u a i l .  

No s t u d i e s  on  t h e  t o x i c i t y  on  HCBD t o  domestic a n i m a l s  
were d i s c u s s e d  i n  t h e  l i t e ra ture  reviewed.  

R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  Cri ter ia  (USEPA) t 

1 .--: 
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Aquatic Life 
The available data are not adequate for establishing criteria. 

Human Health 
Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of HCBD in water are: 

Risk - Concentration 

4 . 5  W r i t e r  
6% 

0.45 Gg/liter 
0.045 vg/liter 

CAG Unit Risk (USEPA) : 

ACGIH Threshold Limit Value: 

7,751~10-~ (mg/kg/day)-' 

Suspected carcinogen 0.24 mg/rn3 TWA 
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Summa r y 

Hexachlorocyclohexane (HCH) h a s  f o u r  major isomers, a l p h a ,  
b e t a ,  gamma, and d e l t a ,  of w h i c h  t h e  gamma isomer ( l i n d a n e )  is 
g e n e r a l l y  t h e  most a c t i v e .  HCH is f a i r l y  p e r s i s t e n t  i n  t h e  en-  
vironment.  Three  of t h e  isomers caused l i v e r  tumors i n  mtce 
when a d m i n i s t e r e d  alone. E x p o s u r e  t o  l i n d a n e  d e c r e a s e d  t h e  num- 
be r  of  l i v e  young produced by p r e g n a n t  dogs.  L indane  i s  a l s o  
q u i t e - t o x i c  to aquatic l i f e .  

Note: I n f o r m a t i o n  p r e s e n t e d  below shou ld  be c o n s i d e r e d  gener -  
a l l y  a p p l i c a b l e  t o  t h e  HCH isomers u n l e s s  a s p e c i f i c  isomer i s  
i n d i c a t e d .  

CAS Number: 608-73-1 
alpha-HCH: 319-84-6 
be ta-HCH : 3 19-85-7 
gamma-HCA: 58-89-9 
d e l  ta-HCH : 3 19- 8 6- 8 

Chemical Formula: CgHsCl6 

IUPAC Name: l,2,3,4,5,6-ffexachlorocyclohexane 

I m p o r t a n t  Synonyms and T r a d e  Names: Benzene h e x a c h l o r i d e ,  HCH, 
L indane  (gamma-HCH) HCH 

Chemica l  and P h y s i c a l  Properties 

Molecular  Weight: 290.82 

B o i l i n g  P o i n t :  No a v a i l a b l e  d a t a  

M e l t i n g  P o i n t :  alpha-HCH: 1S8OC 
beta-HCH: 3 1 O O C  
gama-HCHt l l 2 0 C  
delta-ACH: 138OC 
T e c h n i c a l  HCH: 6S°C 

S o l u b i l i t y  i n  Water: alpha-HCA: 10  mg/liter 
beta-HCH: S m g / l f t e r  
gamma-HCH: 1 0  mg/l i tcr  
delta-HCH: 10 mg/l i ter  
T e c h n i c a l  H C H t  10-32 m g / l i t e r  

Rexach1.orocyclohexane 
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Log Octanol/Water Partition Coefficient; 3 . 8  

Vapor Pressure: alpha-HCH: 2.5 x 10;’ mm Hg at 2OoC 

delta-HCH: 1.7 x 10- mm Hg at 2OoC 

beta-HCH: 2.8 x 10;; mm Hg at 2OoC i. q288 
gamma-HCH: 2 x 10- ym Hg at 20°C 

3 k -  

Tiansport and Fate ’ 

.. 1n general, the transport and fate of the hexachlorocyclo- 
hexane isomefs is similar and they will therefore be discussed 
as a’group. 
chlorocyclohexane in an aqueous system appears to be adsorption 
to organic particles, transport to anaerobic sediments, and 
subsequent biodegradation by anaerobic organisms. 
may be somewhat important in the aquatic environment and is 
probably a major transport process in soils. It is important 
to note that biodegradation of hexachlorocyclohexane yields 
such chemicals as pentachlorocyclohexane, tetrachlorobenzene, 
and trichlorophenol and therefore may not result in substantial 
detoxification of the chemical. Lindane has been shown to be 
rather persistent when applied to soil, with up to 10 percent 
of an applied sample remaining after 10 years. 

The primary transport and fate process for hexa- 

Volatilization 

Health Effects 

have all been shown to cause liver tumors in mice but not in 
other tested species. HCH has not been thoroughly tested for 
genotoxic effects but does not appear t o  be mutagenic. The 
alpha, beta, and delta isomers have not been tested for their 
teratogenic or reproductive toxicological potential. Lindane 
has been tested and was not teratogenic, but in two studies it 
decreased the number of live young produced (Earl et al. 1973). 
Alpha-HCH has been shown to cause nonmalignant lesions in the 
liver of test animals at doses below those required to induce 
tumors. Lindane has been associated with the development of 
aplastic anemia in humans (West 1967). 

The alpha, beta, and gamma isomers of hexachlorocyclohexane 

Toxicity to Wildlife and Domestic Animals 

Lindane (gamma-HCH) is responsible for the effectiveness 
of hexachlorocyclohexane as an insecticide and is generally 
more toxic than the other isomers or technical HCH. In fact, 
the presence of the other ECH isomers decreases the toxicity 
of lindane to aquatic organisms, either by an antagonistic 
effect or by decreasing the chemical’s solubility. Therefore, 
the toxicity of lindane and HCH will be considered separately. 

. . .  
F ) !  

Hexachlorocyclohexane 
Page 2 
Oc tobe r 19 8 S 



Lindane is acutely toxic to freshwater fish with LC 
values ranging from 2 vg/liter to 141 pg/liter; and to s ~ P ~ B ,  
water fish at levels of from 7.3 to 104 pg/liter. Lindane 
was acutely toxic to the pink shrimp at 0.17 vg/liter. 
chronic ratios for lindane ranged from 7.5 to 63, and therefore 
the Fi-nal Chronic Value for the protection of freshwater species 
was determined to be 0.08 pg/liter. Aquatic organisms appear 
to bioconcentrate between 100 and 500  times the steady-state 
concentration of lindane in the water. 

Acute- 

Technical hexachlorocyclohexane was much less toxic than 
lindane, with acute toxicity ranging from 100 pg/liter to 15,000 
vg/liter for freshwater fish. Data on saltwater species also 
indicated that the technical compound was less acutely toxic. 
No information was available on the chronic toxicity of HCH. 
A bioconcentration factor was not reported but is probably 
similar to that for lindane. 

No studies on the toxicity of the ECH isomers to terres- 
trial or domestic animals was found in the literature reviewed. 
However, voles at Love Canal that had decreased lifespans and 
reproductive ability had high levels of lindane in their livers 
(Rowley et al. 1983). 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic L i f e  

Bexachlorocyclohexane.mixture: 

The available data are inadequate for establishing final 
criteria,for hexachlorocyclohexane mixture. However, 
EPA did report the lowest values known to cause toxicity 
in aquatic organisms. 

Freshwater 

Acute toxicity: 100 pg/liter 
Chronic toxicity: No available data 

Spl t wa t e r 

Acute toxicity: 0.34 pg/liter 
Chronic toxicity: No available data 

Bexachlorocyclohexane 
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Lindane (gamma-HCH) : 

Freshwater 

1 $. q2ss 
Acute toxicity: 2.0 pg/litet 
Chronic toxicity: 0.08 pg/liter 

Saltwater 

Acute toxicity: 0.16 pg/liter 
Chronic toxicity: No available data 

Human Realth 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of the HCH isomers 
in water are: 

A lph a-EICH Bet a-HCH Gamma-HCH Technical HCH - Risk Concentration Concentration Concentration Concentration 

92 ng/liter 163 nglliter 186 ng/liter 123 ng/liter 
9.2 ng/liter 16.3 ng/liter 18.6 ng/liter 12.3 ng/liter 
0.92 ng/liter 1.63 ng/liter 1.86 ng/liter 1.23 ng/liter 

Interim Primary Drinking Water Regulation: gamma-HCH: 0.004 mg/liter 

CAG Unit Risk (USEPA) : alpha-HCH: 11.1 ( v i  ’kg/dayiol 
beta-HCH: 1.84 (mg/’kg/day 
gamma-HCH: 1.33 (mg/kg/day)-l 
technical-Hat 4.75 (mg/kg/day)-’ 

-5 

. 

OSHA Standard (air): gamma-HCH: 500 pg/m3 TWA 
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HEXACHLOROETHANE 
. +* I I. 

Summary 

Hexachloroethane produced liver tumors in mice when admini- 
stered by gavage. 
hepatic dysfunction;.and renal damage at high doses in animal 
studies . 

It caused central nervous sytem effects, 

CAS Number: 67-72-1 

Chemical Formula: C2C16 

IUPAC Name: Hexachloroethane 

Important Synonyms and Trade Names: Ethylene hexachloride, 

hexachloride 
~ hexachloroethylene, carbon 

Chemical and Physical Properties 

Molecular Weight: 237 

Boiling Point: 187OC (sublimes) 

Melting Point: 187OC (sublimes) 

Specific Gravity: 2.09 

Solubility in Water: 50 mg/liter 

Solubility in Organics: Soluble in alcohol, benzene, chloroform, 
and ether 

Log Octanolfiater Partition Coefficient: 3.34 

Vapor Pressure: 0.4 mm Hg at 20°C 

Transport and Fate 

Hexachloroethane is relatively persistent in the environ- 
ment. Volatilization may be an important transport process 
but probably occurs 8lowly from natural waters. 
high log octanol/water partition coefficient suggests that 
it adsorbs to organics in the soil and sediment and that it 
may bioaccumulate. 
icant fate process. 

Hexa~hloroethane~s 
. 

Biodegradation is unlikely to be a signif- 
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. *  Health Effects 

There is limited evidence that hexachloroethane is cafcino- 
genic in experimental animals. In a National Cancer Institute 
study, hexachloroethane administered by gavage produced malignant 
liver tumors in male and female B6C3F1 mice. It did not cause 
a statistically significant increase in tumors in Osborne-Mendel 
rats, but 60me rare renal tumors did develop. Hexachloroethane 
has not been reported to be mutagenic. 
were. observed after oral administration of 5,500 mg/kg to preg- 
nant*-rats . 

.' k 1283 

Reduced litter sizes 

Hexachloroethane's major physiological effect in animals 
is on the central nervous system. Oral doses of 1-1.4 g/kg 
caused weakness, staggering gait, and twitching muscles in 
dogs. 
in various experiments. 
The dermal LDSO for rabbits was more5!han 32,000 mg/kg. 

Hepatic dysfunction and renal damage were also reported 
The oral LD for rats was 4,460 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

Hexachloroethane is stored in animals' fat, and some bio- 
accumulation would be expected in animals higher on the food 
chain. 

The 48-hour LC for Da hia ma na is 8,070 pg/liter; the 
48-hour LC 
is 1,700 papliter. The 96-hour, static LC is 980 pg/liter 
for both the bluegill and the rainbow trod? an8 it is 2,400 vg/lite 
for the sheepshead minnow. .In embryo-larval tests on the fathead 
minnow, the chronic toxicity value was reported to be 540 pglliter. 

for tha larva o * the m ge, Tanytarus dissimilis, 

Requlations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of hexachloroethane 
in water are: 

Risk - Concentration 

19 vg/liter 
1.9 pg/liter 
0.19 pg/litcr 
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CAG U n i t  R i s k  (USEPA): 1 . 4 x 1 0 - '  (mg/kg/aay, -. 

OSHA Standa rd  ( s k i n ] :  1 0  mg/m3 TWA 

A C G I H  Threshold  L i m i t  Value: 1 0 0  mg/m3 TWA 

- 7288 
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. .' HEXACHLOROPHENE 

- 
Summary 

Hexachlorophene severely damages neonates' central nervous 
systems. 
animals. 
is also teratogenic in humans. 

It has had teratogenic and reproductive effects in 
There is suggestive evidence that hexachlorophene 

CAS. Number: 70-30-4 

Chemical Formula: (C6HC130H) 

IUPAC Name: 2,2-Methylene-bis(3,4,6-trichlorophenol) 

Important Synonyms and Trade Names: Ilexide, Nabac 

Chemical and Physical Properties 

Molecular Weight: 406.9 

Boiling Point: No available data 

Xelting Point: 165OC 

Specific Gravity: No available data 

S,olubility in Water: Practically insoluble in water; estimated 
to be 50 mg/liter 

Splubility in Organics: Spluble in acetone, alcohol, ether, 
and chloroform 

Log Octanol/Water Partition Coefficient: 3.93 

Vapor Pressure: Estimated to be loo4 mm Hg at 2OoC 

Transport and Fate 

No information on the transport and fate of hexachlorophene 
was found in the sources reviewed. Its water solubility and 
vapor pressure suggest that it would not be very volatile. 
Its high log octanol/water partition coefficient indicates 
that it is likely to be adsorbed to soil and sediments. 
chlorophene is not degraded by laboratory animals. 
bioaccumulation, and subsequent degradation, is unlikely to 
be an important fate. 
in the environment. 

Hexachlorophene 000293 
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Health Effects 

In the 1960s,  soap containing hexachlorophene was used 
to bathe neonates in hospital nurseries. Some of the infants 
developed symptoms of central nervous system damage, with twitch- 
ing, convulsions, and death. The neurological damage, especially 
of the white matter of the cerebrum and brainstem, was severe. 
In animal studies, it has been shown that treatment with hexa- 
chlorophene inhibited the synthesis of myelin in the peripheral 
and central nervous systems. 

Hexachlorophene was not carcinogenic in an NCI study in rats 
( I A R C  1979). A series of in vivo and in vitro mutagenesis assays 
did not yield positive results. There is some evidence that a 
higher incidence of malformations among the children of hospital 
workers is due to repeated hexachlorophene exposure. Pregnant 
rats administered hexachl:,rDphene in their diets or by gavage had 
smaller litters and an ic oased incidence of cleft palate and 
other fetal abnormalities. The oral LD of hexachlorophene 
is 60 mg/kg for both the :-: and the guflea pig, and 67 mg/kg 
for the mouse. The dermal LD values are 1,840 mg/kg, 1,100 mg/kg, 
and 270 mg/kg, for the rat, gafnea pig, and mouse, respectively. 

Toxicity to Wildlife and Domestic Animals 

life and domestic animals was available in the sources reviewed. 
No information on the toxicity of hexachlorophene to wild- 

Regulations and Standards 

NO regulations or standards have been established for 
hexachlorophene . 
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HEXANE 

Summary 

to pregnant rats. 
eyes, and skin and can cause dermatitis and pulmonary edema. 
Chronic exposure to hexane can cause polyneuropathy with axonal 
degeneration of the peripheral nervous system. 

Petotoxicity was produced by the administration of hexane 
In humans, hexane irritates the mucous membranes, 

CAS Number: 110-54-3 

Chemical Formula: C6H14 

IUPAC Name: n-Hexane 

Important Synonyms and Trade Names: n-Hexane, hexyl hydride 

Chemical and Physical Properties 

Molecular Weight: 86.20 

Boiling Point: 68.9OC 

Melting Point: -94OC 

Specific Gravity: 0.6603 at 2OoC 

Solubility in Water: 

Solubility in Organics: 

Log OctanollWater Partition Coefficient: 4.-3 (calculated) 

Vapor Pressure: 

Vapor Density: 3.0 

Flash Point: -21.7OC (closed cup) 

140 ng/liter at 2OoC 

Soluble in alcohol and ether 

124 mm Hg at 2OoC 

Transport and Fate 

Hexane volatilizes readily from surface water and reacts 
with OH radicals in the air. In  the soil, it is partially 
adsorbed to the surface of otganic materials but may leach 
into the groundwater. 

000296 
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Health Effects 

Hexane did not promote tumors when it was administered 
to mice topically and subcutaneously. No other data on the 
carcinogenicity of .hexane were found (Kraemer et al. 1974). 
There were no mutagenicity data available in the literature 
surveyed . 

Pregnant Fischer 344 rats were exposed to 1,000 ppm (3,600 3 mg/m ) of hexane for 6 hours on the 20th day of gestation. 
Significant amounts of hexane and the neurotoxic metabolite 
2,s-hexanedione appeared in the fetal tissues (Bus et al. un- 
dated). 
were given oral doses of 238 mg/kg from the 6th to 15th days 
of gestation. No evidence of teratogenicity was reported in 
the literature reviewed. 

Petotoxicity was observed in mice when pregnant females 

In humans, mild exposure to hexane vapors can irritate 
the mucous membranes. Exposure to air concentrations greater 
than 18 hexane may cause dizziness, unconsciousness, and death. 
Direct skin contact causes irritation and dermatitis. Inhalation 
exposure can cause chemical pneumonitus, pulmonary edema,3and 
hemorrhage. Exposure to levels of 5,000 ppm (18,000 mg/m ) 
for 10 minytes reportedly caused dizziness, and exposure to 
5,400 mg/m 

Chronic exposure to hexane causes polyneuropathy with 
axonal degeneration of the3distal parts of the peripheral nervous 
system, as well as the spinal cord and brain stem. 
afflictions are weakness, memory loss, numbness, and headaches. 
Yamamura (1969) described peripheral nervous system disturbances 
in 93 workers at a sandal manufacturing facility in Jgpan where 
hexane concentrations ranged from 1,800 to 9,000 mg/m . 
oral LDS0 for rats is reported to be 287 mg/kg. 

hexane in water per day (approximately 100-150 mg/kg/day) for 
5 months resulted in peripheral neuropathy and distal nerve fiber 
degeneration. 
also produced peripheral neuropathy (Spenser and Schaumburg 
1977) . 

caused nausea, and eye and throat irritation. 

Resulting 

The 

A chronic oral study in which rats were given 400-600 mg/liter 

Repetitive subcutaneous injections or inhalation 

Toxicity to Wildlife and Domestic Animals 

No mortalities were reported among young Coho salmon exposed 
to 100 mg/liter hexane for 96 hours in be8 water. 
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Regulations and Standards 

OSFA Standard: 1,800 mg/m3 TWA 
3 ACGIH Threshold Limit Value: 180 mg/m 3 T W ~  (n-hexane) 

1800 mg/m TWA (other isomers) 

REFERENCES 
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I RON 

7288 Summa r y 

soluble iron salts may be teratogenic. 
amounts of iron can irritate the gastrointestinal tract. Inhaling 
some iron-containing dusts and fumes can cause siderosis, a 
type of benign pneumoconiosis. 

There is some evidence that high concentrations of certain 
The ingestion of excess 

Background Information 

Iron is the fourth most abundant element in the earth's 
crust. The pure metal is very reactive chemically. It corrodes 
readily in the presence of oxygen and moisture, forming iron 
(111) hydroxide [Fe(OH)g] . 
CAS Number: 7439-89-6 

Chemical Formula: Fe 

Chemical and Physical Properties 

Atomic Weight: 55.847 

Boiling Point: 2,fSOOC 

Melting Point: 1,535OC 

Specific Gravity: 7.86 

Solubility in Water: Insoluble 

Solubility in Organics: Soluble in alcohol and ether 

Transport and Fate 

Elemental iron and many iron compounds, including Fe(OH)3 
and the iron oxides, are insoluble in water. Iron also tends 
to chelate with organic and inorganic matter. Consequently, 
much of the iron present i n  aquatic systems tends to partition 
into the bottom sediments. Iron has relatively low mobility 
in soil. Atmospheric transport of iron can occur. 
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Health Effects 

Some studies have indicated that inhalation exposure to 
high concenzrations of iron oxide is associated with increased 
risk of lung and laryngeal cancers in hematite miners and foundry 
workers. Elowever, the significance of these findings is not 
established since exposures were to a mixture of substances, 
including radon gas and decomposition products of synthetic 
resins. Iron dextran solutions are reported to cause injection 
site sarcomas in experimental animals. Spme iron compounds, 
notably ferrous sulfate, are reported to have high mutagenic 
activity in test systems. Intravenous injection of high con- 
centrations of soluble iron salts is reported to cause terato- 
genic effects, including hydrocephalus and anophthalmia, in 
various species of experimental animals. 

Iron is an essential element in plants and animals. How- 
ever, the ingestion of excess amounts of iron produces toxic 
effarts, primarily associated with gastrointestinal irritation. 
Sev -e poisoning may cause gastrointestinal bleeding, pneumo- 
nit.:, convulsions, and hepatic toxicity. A dose of about 
30 s of a soluble ferric salt is likely to be fatal in humans. 
Persons ingesting more than 30 mg/kg should be observed for 
clinical symptoms and possibly hospitalized. Chronic ingestion 
of excess iron may lead to hemosiderosis or hemochromatosis. 
Long-term inhalation exposure to iron-containing dusts and 
fumes, especially iron oxide, can produce siderosis. This 
condition is considered to be a type of benign pneumoconiosis 
that does not progress to fibrosis. Exposure to aerosols and 
mists of soluble iron salts may produce respiratory and skin 
irritation. The toxic effects of iron in experimental animals 
are similar to those observed in humans. 

Toxicity to Wildlife and Domestic Animals 

The available data are not adequate to characterize the 
toxicity of iron to wildlife or domestic animals. Iron is 
unlikely to cause ecological toxicity. 

Regulations and Standards 

OSHA S.tandard: 10 nrg/m3 TWA (iron oxide fume) 

ACGIH Threshold Limit Values: 
3 5 mg/m 3TwA (iron oxide fume, as Pe) 

10 mg/y 
1 mg/m3 TWA (soluble iron salts, as Fe) 
2 mg/m STEL (soluble iron salts, as Pe) 

STEL (iron oxide fume, as Pe) 

3 
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ISOBUTYL ALCOHOL 

Summary 

liver and gastrointestinal tumors. 
it depresses the central nervous system and irritates the skin, 
eyes and throat in both animals and humans. High concentrations 
of isobutyl alcohol have also been shown to cause slight changes 
in the liver and kidneys of exposed mice. 

Rats injected subcutaneously with isobutyl alcohol developed 
At high concentrations, 

CAS Number: 78-83-1 

Chemical Formula: CH3CHCHJCHIOH 

IUPAC Name: 2-Methyl propanol 

Important Synonyms and Trade Names: Isobutanol 

Chemical and Physical Properties 

Molecular Weight: 74 

Boiling Point: 108OC 

Melting Point: -108OC 

Specific Gravity: 0.805 at 2OoC 

Solubility in Water: 9 f , 0 0 0  mg/liter at l 8 * C  

Solubility i n  Organics: soluble in alcohol and ether 

Log OctanolDater Partition Coefficient: 1.0 (calculated) 

Transport and Fate 

No information on the transport and fate of isobutyl alcohol 
was found in the sources reviewed. However, likely transport 
and fate processes can be determined based on the general reac- 
tions of alcohols and the specific chemical and physical prop- 
erties of this material. 

Alcohols are very soluble in water and therefore probably 
are not very volatile, although some evaporation may occur. 
Oxidation is likely to be an important fate process in both 
marface water and the atmosphere. In roil, isobutyl alcohol 
is probably biodegraded by soil microorganisms. 
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Health Effects - .  7283 
Although the evidence on whether isobutyl alcohol Is a 

tumorigenic agent when administered orally in rats is equivocal, 
this compound is carcinogenic when injected subcutaneously, 
producing liver and gastrointestinal tumors. 
reportedly causes.mutations in Escherichia coli strain A and 
cytogenic effects in Saccharomyces cerevisiae. No reproductive 
or teratogenic effects have been reported. 

Ieobutyl alcohol 

Isobutyl alcohol at high concentrations depresses the 
central nervous system in both animals and man. Other symptoms 
of excessive exposure are irritation of the eye and throat, 
formation of vacuoles in the superficial layers of the cornea, 
and loss of appetite. Direct application of isobutyl alcohol 
irritates the gkin, causing erythemia and hyperemia. 
of 19,370 mg/m inhaled for 136 hours has a narcotic effect 
in mice and causes slight changes in the liver and kidneys. 
The oral LD 
for rabbits’fs 4.24 g/kg. 

A dose 

for rats is 2.46 g/kg, while the dermal LDS0 

Toxicity to Wildlife and Domestic Animals 

Limited information is available on the effects of isobutyl 
alcohol on the environment. Inhibition of cell division occurs 
at 280 mg/liter for the bacterium Pseudomonas patida and at 
290 mg/liter for the alga Microcystis aeruginosa. 

Regulations and Standards 

OSHA Standard (air): 

ACGIH Threshold Limit Values: 

300 mg/m3 TWA 

150 mg/mz . TWA 
225 mg/m STEL 

REFERENCES 

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH) . 
1980. Documentation of the Threshold Limit Values. 4th 
ed. Cincinnati, Ohio. 488 pages 

LYMAN, W.J., REERL, W.F., and ROSENBLATT, D.H. 1982. Handbook 
of Chemical Property Estimation Methods: 
Behavior of Organic Compounds. McGraw-Hill Book Co., 
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Environmental 

THE HERCK INDEX. 1976. 9th eU. Windholz, M., eU. Merck 
and Co., Rahway, New Jersey 
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ISOPROPYL ETHER 

Summary 

Although similar to ethyl ether, isopropyl ether is considered 
to be more toxic and irritating. At high concentrations it 
causes narcosis and death. 

CAS Number: 108-20-3 

Chemical Formula: (CHJ) 2CHOCH (CH3) 

IUPAC Name: di-Isopropyl ether 

Important Synonyms and Trade Names: 2-Isopropoxypropane, IPE, 
DIPE, di-isopropyloxide 

Chemical and Physical Properties 

Molecular Weight: 102.2 

Boiling Point: 69OC 

Melting Point: -6OOC 

Specific Gravity: 0.73 at 2OoC 

Solubility in Water: 2,000 mg/liter 

Splubility in Organics: Miscible with alcohol and ethyl ether 

tog Octanol/Water Partition Coefficient: Approximately 2.5 
(calculated) 

Vapor Pressure: 130 mm Hg at 2OoC 

Vapor Density: 3.52 

Flash Point: -18OC (closed cup) 

Transport and Fate 

No specific information on the transport and fate of fso- 
propyl ether was found in the sources reviewed. However, likely 
transport and fate mechanisms can be determined from information 
on chemical and physical properties and by inference from informa- 
t ion on bi s (2-chloroisopropyl) ether. 

Isopropyl ether 
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.The relatively high vapor pressure of isopropyl alcoho.1 
indicates that it probably volatilizes from surface water a'nd 
soils. It is somewhat water soluble and therefore may l e a b  
through soil, although its log octanol/water partition coeffi- 
cient of approximately 2.5 indicates that it may be adsorbed 
to soil organics. In one study, bis(2-chloro~eopropyl)ether 
was collected 150 miles downstream from a point source at the 
levels one would expect based on calculations using only river 
dilution factors. This indicates that the ether is not Volatilized, 
degraded, or sorbed to any great degree. The chemical i s  probably 
fairly persistent in the environment, Conversion of the ether 
to a peroxide probably occurs fn the environment, but the actual 
rate is unclear. 

728% 

, 

Health Effects 

NO reports on carcinogenicity, mutagenicity, reproductive 
toxi::ty, or teratogenicity were found fn the literature reviewed. 
1sop:opyl ether is considered to be somewhat more toxic and 
irritating than ethyl ether. The only toxfc effects exhibited 
were narcosis and death after the chemical was administered 
at high concentrations (narcosis occurred at about 42,000 mg/m ).  
The oral LDS0 in rats is 6,470 mg/kg. 

Toxicity to Wildlife and Domestic Animals 

ether t o  wildlife or domestic animals are not available. 
Adequate data for characterization of toxicity of isopropyl 

Regulations and Standards 

OSHA Standard (air): 

ACGIH Threshold Limit Values: 

2,100 mg/m3 TWA 

1,050 mg/m: TWA 
1,320 mg/m STEL 

REFERENCES 

MERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH). 
1980. Documentation of the Threshold Limit Values. 4th 
cd. Cincinnati, Ohio. 488 pages 
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NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH),  
.I9840 Registry of Toxic Effects of Chemical Substances. 
D'ata Base, Washington, D.C. July 1984 
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LEAD 

Summary 

Lead is  a heavy metal t h a t  e x i s t s  i n  one  of three o x i d a t i o n  
s t a t e s ,  0 ,  +2,  and +4.. There  is s u g g e s t i v e  evidence t h a t  some 
lead s a l t s  are c a r c i n o g e n i c ,  i nduc ing  kidney tumors  i n  mice 
and r a t s .  Lead is a l so  a r e p r o d u c t i v e  h a z a r d ,  and it can  a d v e r s e l y  
a f f e c t  t h e  b r a i n  and c e n t r a l  n e r v o u s  sys tem by c a u s i n g  encephalo-  
p a t h y  and p e r i p h e r a l  neu ropa thy .  
of l e a d  c a n  cause s u b t l e  l e a r n i n g  d i s a b i l i t i e s  i n  c h i l d r e n .  
Exposure t o  lead  can  a l so  cause k idney  damage and anemia,  and 
i t . m a y  have a d v e r s e  effects  on  t h e  immune system. 

Chron ic  exposure  to  low l e v e l s  

CAS Number: 7439-92-1 

C h e m i c a l  Formula: Pb 

IUPAC Name: Lead 

C h e m i c a l  and P h y s i c a l  Propert ies  

A t o m i c  Weight: 207.19 

B o i l i n g  P o i n t :  1,74OoC 

Mel t ing  P o i n t :  327. SOZOC 

S p e c i f i c  G r a v i t y :  11.35 a t  20OC 

S o l u b i l i t y  i n  Water: I n s o l u b l e :  s o m e  o r g a n i c  compounds are 
s o l u b l e  

S o l u b i l i t y  in Organics :  S o l u b l e  i n  R N 0 3  and hot, c o n c e n t r a t e d  
'2'*4 

T r a n s p o r t  and F a t e  

Some i n d u s t r i a l l y  produced  l e a d  compounds are r e a d i l y  
s o l u b l e  i n  water (USEPA 1979). However, meta l l ic  l e a d  and 
t h e  common l e a d  m i n e r a l s  are i n s o l u b l e  i n  water. Natural compounds 
of l e a d  are n o t  u s u a l l y  mobile i n  normal s u r f a c e  or groundwater  
because  t h e  l e a d  l e a c h e d  from ores i s  adsorbed  by f e r r i c  hydroxide  
O f  combines w i t h  c a r b o n a t e  or s u l f a t e  i o n s  t o  form i n s o l u b l e  
compounds. 
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Movement of lead and i t s  i n o r g a n i c  and  o r g a n o l e a d  compounds 
a s  p a r t i c u l a t e s  i n  t h e  a tmosphe re  is a major  e n v i r o n m e n t a l  

, t r a n s p o r t  p r o c e s s .  Lead car r ied  i n  t h e  a tmosphere  can be removed 
by e i t h e r  wet or d r y  d e p o s i t i o n .  A l t h o u g h  l i t t l e  e v i d e n c e  
is a v a i l a b l e  conce rn ing  t h e  p h o t o l y s i s  of l e a d  compounds i n  
n a t u r a l  w a t e r s ,  p h o t o l y s i s  i n  t h e  a tmosphere  occurs readghky.. 
These  atmospheric p r o c e s s e s  a r e  i m p o r t a n t  i n  de te rminingLt tTe  
form of l ead  en t . e r ing  a q u a t i c  and t e r r e s t r i a l  sys t ems .  

7283 - 

The t r a n s p o r t  of l e a d  i n  t h e  a q u a t i c  env i ronmen t  i s  i n f l u -  
enced by t h e  s p e c i a t i o n  of t h e  ion.  Lead e x i s t s  ma in ly  a s  t h e  
d i v a l e n t  c a t i o n  i n  most u n p o l l u t e d  waters and becomes adsorbed 
i n t o  p a r t i c u l a t e  phases. Bowever, i n  p o l l u t e d  waters o r g a n i c  
complexa t ion  is most i m p o r t a n t .  V o l a t i l i z a t i o n  of l ead  compounds 
p r o b a b l y  is n o t  i m p o r t a n t  i n  most aquatic env i ronmen t s .  

S o r p t i o n  processes appear t o  e x e r t  a dominant  e f f ec t  o n  
t h e  d i s t r i b u t i o n  of l ead  i n  t h e  environment .  A d s o r p t i o n  t o  
i n o r g a n i c  s o l i d s ,  o r g a n i c  materials,  and  hydrous  i r o n  and man- 
g a n e s e  o x i d e s  u s u a l l y  c o n t r o l s  t h e  m o b i l i t y  o f  l ead  and r e s u l t s  
i n  a s t r o n g  p a r t i t i o n i n g  of lead to  the bed s e d i m e n t s  i n  aquat ic  
sys tems.  The  s o r p t i o n  mechanism most i m p o r t a n t  i n  a p a r t i c u l a r  
sys t em v a r i e s  w i t h  g e o l o g i c a l  s e t t i n g ,  pH, Eh, a v a i l a b i l i t y  
of l i g a n d s ,  d i s s o l v e d  and p a r t i c u l a t e  i o n  c o n c e n t r a t i o n s ,  s a l i n -  
i t y ,  and chemical com2os i t ion .  The e q u i l i b r i u m  s o l u b i l i t y  
of lead w i t h  Carbonate, s u l f a t e ,  and s u l f i d e  is low. Over 
most of the normal  pH r a n g e ,  lead c a r b o n a t e ,  and lead s u l f a t e  
c o n t r o l  s o l u b i l i t y  o f  lead i n  aerobic c o n d i t i o n s ,  and lead 
s u l f i d e  and t h e  metal c o n t r o l  s o l u b i l i t y  i n  a n a e r o b i c  c o n d i t i o n s .  
Lead i s  s t r o n g l y  complexed t o  o r g a n i c  materials p r e s e n t  in 
aquat ic  s y s t e m s  and s o i l .  Lead i n  s o i l  i s  n o t  e a s i l y  t a k e n  
up by p l a n t s ,  and t h e r e f o r e  its a v a i l a b i l i t y  t o  t e r r e s t r i a l  
organisms i s  somewhat l imi t ed .  

B ioaccumula t ion  of lead has been d e m o n s t r a t e d  for a v a r i e t y  
o f  o r g a n i s m s ,  and b i o c o n c e n t r a t i o n  factors  are w i t h i n  t h e  range  
of 100-1,000, Microcosm s t u d i e s  i n d i c a t e  t h a t  lead is n o t  
b i o m a g n i f i e d  t h r o u g h  t h e  food c h a i n .  B i o m e t h y l a t i o n  of lead 
by mic roorgan i sms  can  remobilize l ead  t o  t h e  envi ronment .  
The u l t i m a t e  s i n k  of lead is p r o b a b l y  t h e  deep Oceans. 

H e a l t h  E f f e c t s  

T h e r e  is e v i d e n c e  t h a t  s e v e r a l  lead s a l t s  are c a r c i n o g e n i c  
i n  mice or rats,  c a u s i n g  tumors  of t h e  k i d n e y s  a f t e r  e i t h e r  
o ra l  or p a r e n t e r a l  a d m i n i s t r a t i o n .  Data c o n c e r n i n g  t h e  c a r c i n o -  
g e n i c i t y  of lead i n  humans are i n c o n c l u s i v e .  The a v a i l a b l e  
data are n o t  s u f f i c i e n t  t o  e v a l u a t e  t h e  c a r c i n o g e n i c i t y  of 
o r g a n i c  l ead  compounds or metall ic lead. T h e r e  is e q u i v o c a l  
e v i d e n c e  t h a t  e x p o s u r e  t o  lead causes g e n o t o x i c i t y  i n  humans 
and an ima l s .  The a v a i l a b l e  e v i d e n c e  i n d i c a t e s  t h a t  lead p r e s e n t s  
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, -  a hazard t o  r e p r o d u c t i o n  a n d  e x e r t s  a tox ic  e f f e c t  o n  con'ceTtron, 

pregnancy,  a n d  t h e  f e t u s  i n  humans and e x p e r i m e n t a l  an ima l s  
(USEPA 1977,  1980) .  

Many l e a d  compounds a r e  s u f f i c i e n t l y  s o l u b l e  i n  body fluids 
t o  be t o x i c  (USEPA 1977,  1 9 8 0 ) .  Exposure o f  humans or e x p e r i -  
mental  an ima l s  t o  l e a d  can  r e s u l t  i n  toxic e f f ec t s  f n  t h e  b r a i n  
and c e n t r a l  nervous  sys tem,  t h e  per ipheral  ne rvous  sys t em,  
t h e  k idneys ,  and  t h e ' h e m a t o p o i e t i c  system. Chron ic  exposure  
t o  i n o r g a n i c  lead by i n g e s t i o n  or i n h a l a t i o n  can cause lead  
encephalopathy ,  and s e v e r e  cases can  r e s u l t  i n  permanent b r a i n  
damage. Lead po i son ing  may cause  per ipheral  neuropathy  i n  
a d u l t s  and c h i l d r e n ,  and permanent l e a r n i n g  d i s a b i l i t i e s  t h a t  
a r e  c l i n i c a l l y  u n d e t e c t a b l e  i n  c h i l d r e n  may be caused by exposure  
t o  r e l a t i v e l y  low l e v e l s .  Short-term exposure  to lead c a n  
cause  reversible kidney damage, b u t  p ro longed  exposure a t  h i g h  
c o n c e n t r a t i o n s  may resu l t  i n  p r o g r e s s i v e  kidney damage and 
p o s s i b l y  k idney  f a i l u r e .  Anemia, due t o  i n h i b i t i o n  o f  hemoblobin 
s y n t h e s i s  and a r e d u c t i o n  i n  t h e  l i f e  span  o f  c i r c u l a t i n g  red 
blood ce l l s ,  is an e a r l y  m a n i f e s t a t i o n  of l e a d  po i son ing .  
S e v e r a l  s t u d i e s  w i t h  e x p e r i m e n t a l  a n i m a l s  s u g g e s t  that  lead 
may in te r fe re  w i t h  v a r i o u s  aspects o f  t h e  immune r e sponse .  

T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

F reshwa te r  v e r t e b r a t e s  and i n v e r t e b r a t e s  are more s e n s i t i v e  
t o  lead i n  s o f t  water t h a n  i n  ha rd  water (USEPA 1980, 1983). 
A t  a ha rdness  o f  about 50 m g / l i t e r  CaCO , t h e  median effect 
c o n c e n t r a t i o n s  f o r  n i n e  f a m i l i e s  r a n g e  Zrom 1 4 0  p g / l i t e r  t o  
236,600 p g / l i t e r .  Chron ic  v a l u e s  for Da h n i a  ma na and t h e  
rainbow t rout  are 12 .26  and 83.08 p g / l  t e r  + r e s p e c t i v e l y ,  a t  
a hardness  of about 50 m g / l i t e r .  Acute-chronic  ratios calcu- 
l a t e d  f o r  three freshwater species ranged  from 18 t o  62. Biocon- 
c e n t r a t i o n  factors, ranging  from 42 for young brook t r o u t  t o  
1 , 7 0 0  for a s n a i l ,  were r e p o r t e d .  Freshwater algae show an 
i n h i b i t i o n  of growth a t  c o n c e n t r a t i o n s  above 500 p g / l i t e r .  

A c u t e  v a l u e s  f o r  twelve  sal twater  species range  from 476 pg/ 
l i t e r  f o r  t h e  common musse l  t o  27,000 p g / l i t e r  f o r  t h e  soft- 
s h e l l  clam. Chron ic  exposure  to  l e a d  c a u s e s  adve r se  effects  
i n  mysid Shrimp a t  37 p g / l i t e r ,  b u t  not a t  1 7  p g / l i t e r .  The 
a c u t e - c h r o n i c  r a t i o  for this species is 118. Reported biocon- 
c e n t r a t i o n  fac tors  range  from 17.5 for t h e  Quahog clam t o  2,570 
for t h e  b l u e  mussel .  S a l t w a t e r  a l g a e  are a d v e r s e l y  a f f e c t e d  
a t  approximate  l e a d  c o n c e n t r a t i o n s  a s  l o w  a s  15.8 p g l l i t e r .  

f r e e - l i v i n g  w i l d  an ima l s ,  i n c l u d i n g  b i r d s ,  mammals, f i s h e s ,  
and i n v e r t e b r a t e s ,  reports of p o i s o n i n g  u s u a l l y  i n v o l v e  waterfowl. 
There is ev idence  t h a t  l e a d ,  a t  c o n c e n t r a t i o n s  o c c a s i o n a l l y  
found n e a r  r o a d s i d e s  and smelters, c a n  e l i m i n a t e  or r educe  

Although l e a d  i s  known t o  o c c u r  i n  the t i s s u e  o f  many 
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p o p u l a t i o n s  of b a c t e r i a  and f u n g i  on  l e a f  s u r f a c e s  and i n  s o i l .  
Many of these microorganisms play key roles i n  t h e  decomposer 
food c h a i n .  

Cases of l e a d  p o i s o n i n g  have  been r e p o r t e d  f o r  a v a r i e t y  
of domestic a n i m a l s ;  i n c l u d i n g  c a t t l e ,  h o r s e s ,  dogs ,  and c a t s .  
S e v e r a l  t y p e s  of a n t h r o p o g e n i c  sources are c i t e d  as t h e  source 
of lead i n  these r e p o r t s .  Because of t h e i r  c u r i o s i t y  and t h e i r  
i n d i s c r i m i n a t e  e a t i n g  h a b i t s ,  c a t t l e  exaericnce t h e  g r e a t e s t  
i n c i d e n c e  o f  l e a d  t o x i c i t y  among domes t i c  a n i m a l s .  

R e q u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  C r i t e r i a  (USEPA): 

A a u a t i c  L i f e  (Proposed  Cri ter ia)  

The c o n c e n t r a t i o n s  below are for a c t i v e  l e a d ,  which  is 
d e f i n e d  as t h e  lead t h a t  passes t h r o u g h  a 0.4S-pm membrane 
f i l t e r  a f t e r  t h e  sample  is a c i d i f i e d  to  pH 4 with n i t r i c  
a c i d .  

F r e s h w a t e r  

& l i t e r  e (1 .34 [ l n ( h a r d n e s s ) l  - 2.014) A c u t e  t o x i c i t y :  
(1.34 [ l n ( h a r d n e s s ) ]  - 5.245) ,,g/lite C h r o n i c  t o x i c i t y :  e 

S a l t w a t e r  

A c u t e  t o x i c i t y :  220 p g / l i t e r  
C h r o n i c  t o x i c i t y :  8.6 p g / l i t e r  

Humari Heal th  

C r i t e r i o n :  50 p g / l i t e r  

P r i m a r y  D r i n k i n g  Water S t a n d a r d s  

NIOSH Recommended S tanda rd :  

OSHA S t a n d a r d :  50 pg/m3 TWA 

50 p g / l i t e r  

0.10 mg/m3 TWA ( i n o r g a n i c  lead) 

ACGIH T h r e s h o l d  L i m i t . V a l u t 8 :  

0 .15 mg/rng TWA ( i n o r g a n i c  d u s t s  and fumes) 
0.45 mg/m STEL ( i n o r g a n i c  d u s t s  and fumes)  

Lead 
Page  4 
October 19 8 5 000311 



* f2>3 
REPEREN CE S 

AMERICAN CONFERENCE OF GOVERNMENTAL I N D U S T R I A L  HYGIENISTS (ACGIH) . 
1980.  Documentation of t h e  Thresho ld  L i m i t  V a l u e s .  4th e d .  
C i n c i n n a t i ,  O h i o .  4 8 8  p a g e s  

DOULL, J.8 KLAASSEN, L .D .8  and AMDUR, MOO.! e d s .  1980. C a s a r e t t  
and D o u l l ' s  Toxicology:  The B a s i c  S c i e n c e  of Poi sons .  
2nd ed. Macmillan P u b l i s h i n g  C o . ,  N e w  Y o r k .  778 pages  

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER ( IARC)  . 1980. 
IARC Monographs on t h e  E v a l u a t i o n  of C a r c i n o g e n i c  R i s k  
of C h e m i c a l s  t o  Humans. Vol. 23: Some Metals and M e t a l l i c  
Compounds. World Hea l th  O r g a n i z a t i o n ,  Lyon, Prance .  
Pp. 325-415 

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH ( N I O S H ) .  
1983. 
Data Base. Washington, D.C. October 1983 

R e g i s t r y  of Toxic  E f f e c t s  of C h e m i c a l  Substances. 

NRIAGU,  J .O . ,  ed .  1978. The B iogeochemis t ry  of Lead i n  t h e  
Environment: P a r t  B. B i o l o g i c a l  E f f e c t s .  E l sev ie r /Nor th -  
Holland Biomedica l  P r e s s ,  N e w  York .  397 p a g e s  

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA) . 1977. A i r  Q u a l i t y  
C r i t e r i a  f o r  Lead. Office o f  Research  and Development, 
Washington, D.C. December 1977. EPA 600/8-77-017 

U. S . ENVIRONMENTAL PROTECTION AGENCY (USEPA) . 1979 . Water- 
Re la t ed  Envi ronmenta l  Fate of 129 P r i o r i t y  P o l l u t a n t s .  
Washington, D.C. December 1979. EPA 440/4-79-029 

U.S. ENVIRONMENTAL PROTECTIBN AGENCY (USEPA) . 1980. Ambient 
Water Q u a l i t y  C r i t e r i a  f o r  Lead. 
t i o n s  and S t a n d a r d s ,  Criteria and S t a n d a r d s  D i v i s i o n ,  
Washington, D.C. October  1980. EPA 440/5-80-057 

O f f i c e  o f  Water Regula- 

U.S. ENVIRONMSNTAL PROTECTION AGENCY (USEPA) . 1983. D r a f t  
Revised  S e c t i o n  B of Ambient Water Q u a l i t y  Cr i t e r i a  for  
Lead. Office of Water R e g u l a t i o n s  and S t a n d a r d s ,  C r i t e r i a  
and S t a n d a r d s  D i v i s i o n ,  Washington, D.C. August 1983 

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA) . 1984. Heal th .  
E f f e c t s  Assessment for Lead. F i n a l  Draft. Envi ronmenta l  
Cr i te r ia  and Assessment  Off ice ,  C i n c i n n a t i ,  Ohio. September 
1984 ECAO-CIN-HOSS 

WEAST; R.E., cd. 1981. Handbook of Chemis t ry  and P h y s i c s .  

WORLD HEALTH ORGANI2ATION. 1977. Envi ronmenta l  H e a l t h  Cr i te r ia :  

62nd cd. CRC P r e s s ,  C leve land ,  Ohio. 2,332 p a g e s  

3. Lead. World H e a l t h  O r g a n i z a t i o n ,  Geneva. 160 p a g e s  

Lead 
Page 5 
October 19 8 5 

00031;2 



LITH I UM . ' 3  

Summary 

rats and mice, and it-caused other malformations in the rat 
fetuses. 
skin, and mucous membrane irritation; pulmonary emphysema; 
nausea; b l u r r e d  vision; coma; and epileptic seizures. 

Lithium produced cleft palate in the offspring of pregnant 

Exposure to various lithium compounds can cause eye, 

Background Information 

Lithium is a soft white metal that reacts exothermally 
with nitrogen at room temperature when the humidity is moderately 
high. It burns and explodes in contact with water, nitrogen, 
acids, and oxidizing agents. 

CAS Number: 7439-93-2 

Chemical Formula: Li 

IUPAC Name: Lithium 

Important Synonyms and Trade Names: Lithium metal 

Chemical and Physical Properties 

Molecular Weight: 6.9 

Boiling Point: 1342OC 

Melting Point:, 18O.S0C 

Specific Gravity: 0.534 at 2OoC 

Splubility in Water: 

Solubility in Organics: Insoluble 

Decomposes in cold water 

Vapor Pressure: 1 nun Hg at 723OC 

Flash Point: Not pertinent (combustible solid) 

Transport and Fate 

was found in the literature reviewed. Lithium metal decomposes 
in water and forms soluble lithium salts. It moves readily 

No specific information on the transport and fate of lithium 
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w i t h  ground and surface water.  
s o i l  i s  l i m i t e d  by t h e  c a t i o n  exchange po ten t i a l  Of t h e  s o i f .  

The movement Of l i t h i u m  through 
7289 

H e a l t h  E f f e c t s  

T h e r e  were n o ' d a t a  on c a r c i n o g e n i c  or mutagen ic  effects 
i n  t h e  l i t e r a t u r e  reviewed.  

Rats  were dosed  i n t r a p e r i t o n a l l y  w i t h  50 mg/day o n  d a y s  
1, 4 ,  7,  and 9 of g e s t a t i o n ,  fo l lowed  by doses of  20 mg d a i l y  
u n t i l  day 1 7 ,  Ma l fo rma t ions  were s e e n  i n  t h e  eye  (62%) and 
e x t e r n a l  ear ( 4 5 9 ) ;  c l e f t  pa la te  a l so  o c c u r r e d  (399) (Wright  
e t  a l .  1970)  . C l e f t  palate  was a lso observed i n  mice (Szabo 1 9 7 0 ) .  

The l e t h a l i t y  o f  l i t h i u m  c h l o r i d e  is dependent  upon t h e  
Na+ l e v e l  in t h e  body. 
for 1 5 0  d a y s  when t h e y  had normal+Na l e v e l s  b u t  d i e d  w i t h i n  
8 t o  1 2  d a y s  i f  t h e y  had a low Na l e v e l .  The oral  LD for 
l i t h i u m  c h l o r i d e  i n  r a t s  was de te rmined  t o  be 757 pg/ka? The 
LD i n  dogs  f o r  L i  C03 was measured as  900 mg/kg. 
coaBounds cause nauzea ;  vomi t ing ;  s k i n ,  eye, and l u n g  i r r i t a t i o n ;  
and pulmonary emphysema i n  humans a t  d o s e s  as low as 7 mg/kg. 

Dogs survive$ a n  ora l  dose o f  50 mg/kg 

L i t h i u m  

The c h r o n i c  h e a l t h  effects of l i t h i u m  are anorexia, f a t i g u e ,  
deh  d r a t i o n ,  d i a r r h e a ,  v o m i t i n g ,  b l u r r e d  v i s ion ,  coma, and 

l i t h i u m  is d i s t r i b u t e d  f a i r l y  e v e n l y  t h r o u g h o u t  t h e  body. 
e p i  f ep t i c  s e i z u r e s .  The t a r g e t  organ is t h e  k idney ,  a l t h o u g h  

T o x i c i t y  t o  W i l d l i f e  and 'Domestic Animals  

The re  were no d a t a  a v a i l a b l e  on t h e  t o x i c i t y  of l i t h i u m  
t o  w i l d l i f e  and domestic animals, 

R e g u l a t i o n s  and S t a n d a r d s  

ACGIH T h r e s h o l d  L i m i t  V a l u e :  0.025 mg/m3 TWA ( l i t h i u m  h y d r i d e )  
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MAGNESIUM 

Summary 

Exposure to magnesium oxide fumes can cause metal fume 
fever in humans. Exposure to magnesium oxide dust can irritate 
the eyes and respiratory tract. 
of magnesium salts can cause central nervous sytem effects; 
it can also have a laxative action. 

Ingestion of very high levels 

Background Information 

Magnesium is the eighth most abundant element on earth. 
It is very reactive chemically and does not occur uncombined 
in nature. Finely divided magnesium can react with water to 
yield hydrogen gas and magnesium hydroxide. However, reaction 
of solid magnesium with water is self-limiting because of the 
formation of a film of magnesium hydroxide. As a result, ele- 
mental magnesium is considered insoluble in water. 

CAS Number: 7439-95-4 

Chemical Formula: Mg 

IUPAC Name: Magnesium 

Chemical and Physical Properties 

Atomic Weight: 24.312 

Boiling Point: 1107OC 

Melting Point: 648.8OC 

Specific Gravity: 1.738 

Solubility in Water: Insoluble; most salts are very soluble 

Transport and Fate 

Most magnesium sults are very soluble at pH levels normally 
found in natural waters, and the magnesium ion is readily trans- 
ported in surface water, soil, and groundwater. 
magnesium transport in soil is dependent, in part, on the cation 
exchange capacity of the soil. 
particles and subsequent atmospheric transport of magnesium 

The extent of 

Evaporation of ocean spray 
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can occur. Atmospheric transport of dusts and fumes of compounds 
such as magnesim oxide can also occur. 

Health Effects 

There is no evidence to suggest that magnesium has carcino- 
genic, mutagenic, teratogenic, or reproductive effects in humans 
or experimental animals. 
metal fume fever in humans and experimental animals. Exposure 
to magnesium oxide dust may cause irritation of the eyes and 
respiratory tract. Human exposure to magnesium usually occurs 
by ingestion. Magnesium is an essential element for humans, 
animals, and plants. Ingestion of 3.6 to 4.2 mg/kg/day is 
thought to be adequate for maintenance of magnesium balance 
in humans. The average adult American is estimated to ingest 
240 to 480 mg/kg/day in food and water, However, magnesium 
is absorbed relatively poorly by the gastrointestinal tract 
and also is readily excreted in the urine. Excessive magnesium 
retention in the body generally only occurs as a result of 
severe kidney disease. Symptoms of hypermagnesemia can include 
a sharp drop in blood pressure, and respiratory paralysis due 
to central nervous system depression. Ingestion of magnesium 
salts at concentrations over 700 mg/liter can have a laxative 
effect. However, humans can adapt to ingestion of these levels 
in a relatively short time. Magnesium has a very unpleasant 
taste in water at concentrations producing toxic effects, 

Magnesium oxide fumes can produce 

Different magnesium compounds vary in the severity of 
their toxic effects to experimental animals, Such effects 
include central nervous system and purgative effects similar 
to those seen in humans. Subcutaneous injection of powdered 
magnesium or magnesium alloys can produce symptoms in experi- 
mental animals resembling gas gangrene. Application of powdered 
magnesium to abraded skin can produce an inflammatory reaction. 
However, these types of skin effects have not been reported 
in exposed workers. 

Toxicity to Wildlife and Domestic Animals 

Available data are not adequate to characterize the toxicity 
of magnesium to wildlife or domestic animals. 
are generally related to deficiency symptoms, 

Observed effects 

Regulations and Standards 

OSBA Standard: 

ACGIH Threshold Limit Values: 

15 mg/m3 (magnesium oxide fume) 
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10 mg/mj l r r n  t I u a y . A L - - - . .  - 
10 mg/mj TWA (magnesite, n u i s a n c e  partlcuiatej 
20 mg/m STEL (magnesite, nuisance particulate) 

U.S. Department of Transportation: Flammable solid; dangerous 
when wet L*. 728 3 - 
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MANGANESE 
a- 

Summary 

Manganese chloride produced lymphomas and manganese sulfate, 
tumors after injestion into mice. In humans, chronic exposure 
to manganese causes degenerative changes in the central nervous 
system in the form of a Parkinson-like disease: liver changes 
also occur. Acute exposure causes manganese pneumonitis. 

CAS Number: 7439-96-5 

Chemical Formula: Mn 

IUPAC Name: Manganese 

Chemical and Physical Properties 

Atomic Weight: 54.938 

Boiling Point: 1962OC 

Melting Point: 1244OC 

Specific Gravity: 7.20 

Solubility in Water: Decomposes; some Compounds are soluble 

Transport and Fate 

Manganese occurs most commonly in the +2 and +4 oxidation 
states in aquatic systems. Its solubility depends to a great 
extent on pH, dissolved oxygen, and presence of complexing 
agents. In saltwater, it is estimated that 858 or more of the 
manganese present exists in a soluble form. In freshwater, 
manganese can occur as the soluble ion, in complex organic ions, 
or in colloidal suspensions. Manganese often occurs at higher 
concentrations near the bottom of stratified lakes because it 
can be released from rediments, as the manganous ion, under 
reducing conditions. 

In the soil, the concentration and chemical form in which 
manganese occur can be affected by pS, cation exchange capacity, 
drainage, organic matter content, and other factors. The solu- 
bility of manganese i a  increased at low pH and under reducing 
conditions. The presence of high concentrations of chlorides, 
nitrates, or uulfates may also increase uolubility. Under 
these conditions, manganese is more easily taken up by plants 
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La- 728 3 
or  t r a n s p o r t e d  i n  aqueous s o l u t i o n .  .Lack  of .scrff c i e n t  cation 
exchange  s i t e s ,  w h i c h  a r e  provided  by o r g a n i c  m a t t e r  or c l a y ,  
can  a l s o  r e s u l t  i n  g r e a t e r  l e a c h i n g  of manganese t o  s u r f a c e  
groundwater  . 
o c c u r .  T h e s e  m a t e r i a l s  can be r e t u r n e d  t o  t h e  ea r th  by wet 
or d r y  deposition. 

Atmospher ic  t r a n s p o r t  of manganese fumes or d u s t s  can 

H e a l t h  E f f e c t s  

T h e r e  a r e  no e p i d e m i o l o g i c a l  s t u d i e s  s u g g e s t i n g  t h a t  man- 
ganese  or i ts  compounds are c a r c i n o g e n i c  or have teratogenic o 
r e p r o d u c t i v e  e f f ec t s  i n  humans. Exposure  t o  manganese c h l o r i d  
by i n t r a p e r i t o n e a l  or subcu taneous  r o u t e s  was r e p o r t e d  t o  c a u s  
lymphomas i n  mice. Manganese s u l f a t e  was found t o  produce  
tumors  a f t e r  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  i n  mice. No o t h e r  
reports of unequ ivoca l  c a r c i n o g e n i c  a c t i v i t y  are a v a i l a b l e  for 
common manganese compounds. Some manganese compounds,  n o t a b l y  
manganese chloride, have  exhib- i ted mutagen ic  a c t i v i t y  i n  a 
v a r i e t y  of t e s t  sys t ems .  Manganese compounds do n o t  appea r  
t o  be t e r a t o g e n i c ,  however. 

low oral  and dermal t o x i c i t y ,  b u t  t h e y  c a n  c a u s e  a v a r i e t y  
of toxic e f f e c t s  a f t e r  i n h a l a t i o n  exposure .  Acute  e x p o s u r e  
t o  v e r y  h i g h  c o n c e n t r a t i o n s  can  c a u s e  manganese pneumonit i  - - 
i n c r e a s e d  s u s c e p t i b i l i t y  t o  r e s p i r a t o r y  disease, and path *: 

c h a n g e s  i n c l u d i n g  ep i the l i a l  n e c r o s i s  and mononuclear prc 21 
t i o n .  C h r o n i c  manganese p o i s o n i n g  is more common, b u t  genera:  
occurs o n l y  among p e r s o n s  o c c u p a t i o n a l l y  exposed  t o  manganese 
compounds. D e g e n e r a t i v e  changes  i n  t h e  c e n t r a l  nervous  sys t e r  
are t h e  major t o x i c  e f f e c t s .  E a r l y  symptoms i n c l u d e  emotiona 
changes ,  f o l l o w e d  by a m a s k l i k e  face, r e t r o p u l s i o n  or propuls 
and a P a r k i n s o n ' s - l i k e  syndrome. L i v e r  changes  are a l so  f r e q  
s e e n .  I n d i v i d u a l s  w i t h  an i r o n  d e f i c i e n c y  may be more s u s c e p  
i b l e  to c h r o n i c  p o i s o n i n g .  

a n i m a l s  has o n l y  been p a r t i a l l y  s u c c e s s f u l .  In rabbi t s  expos 
by i n h a l a t i o n  t o  manganese d u s t ,  manganese p n e u m o n i t i s  d i d  
n o t  d e v e l o p ,  b u t  f i b ro t i c  changes  i n  t h e  l u n g s  were o b s e r v e d .  
C e n t r a l  n e r v o u s  sys t em e f f e c t s  characterist ic of  c h r o n i c  expc 
mare i n  humans have  o n l y  been  r ep roduced  i n  monkeys. 

I n  humans, manganese d u s t s  and compounds have r e l a t i v e l y  

D u p l i c a t i o n  of human e x p o s u r e  symptoms i n  e x p e r i m e n t a l  

T o x i c i t y  t o  W i l d l i f e  and Domestic Animals  

manganese t o  w i l d l i f e  or domestic a n i m a l s  are n o t  a v a i l a b l e .  
Adequate  da ta  for c h a r a c t e r i z a t i o n  of the t o x i c i t y  of 
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* Q - b a u - -  - -  . - _  - 
reported for cmbr@s of the o y s t e r  Crassostrea vrrginica. 
For the softshell clam p a  arenaria a 168-hour LCs0 value of 
300 mg/liter is reported. 

- . .  
Regulations and Standards r. 

3 OSHA Standard: 5 mg/m Ceiling Level 

ACGIH Threshold Limit Values: 

1 mg/m3 TWA (fume') 
3 mg/m3 STEL (fume) 
5 mg/m Ceiling Level (dust and compounds) 

3 
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s&imary 

MERCURY 

Both organic and inorganic forms of mercury are reported 
to be teratogenic and embryotoxic in experimental animals. 
In humans, prenatal exposure to methylmercury has been associated 
with brain damage. Other major target organs for organic mercury 
compounds in humans are the central and peripheral nervous 
system .and the kidney. In animals, toxic effects also occur 
in the-liver, heart, ’gonads, pancreas, and gastrointestinal 
tract. 
organic mercury compounds, but it does affect the central nervous 
system adversely. 

Inorganic mercury is generally less acutely toxic than 

Background Information 

Several forms of mercury, including insoluble elemental 
mercury, inorganic species, and organic species, can exist 
in the environment. In general, the mercurous (+1) salts are 
much less soluble than the more commonly found mercuric (+2) 
salts. Mercury also forms many stable organic complexes that 
are generally much more soluble in organic liquids than in 
water. The nature and solubility of the chemical 8pecies that 
occur in.an environmental system depend on the redox potential 
and the pH of the environment. 

CAS. Number: 7439-97-6 

Chemical Formula: Hg 

IUPAC Name: Mercury 

Chemical and Physical Properties (Metal) 

Atomic Weight: 200.59 

Boiling Point: 356.58OC 

Melting Points -38.87OC 

Specific Gravity: 13.5939 at 2OoC 

Solubility in Water: 81.3 pg/liter at 3OOC; some salts and 
organic compounds are soluble 
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Solubility in Organics: Depends on chemical species  

Vapor Pressure:" 0.0012 mm Hg at 20OC 
:i, ' 

Transport and Fate 
- Mercury and certain of its comppunds, including several 

inorganic species and dimethyl mercury, can volatilize to the 
atmosphere from aquatic and terrestrial sources. 
is reduced by conversion of metallic mercury to complexed species 
and by'deposition of HgS in reducing sediments, but even so 
atmospheric transport is the major environmental distribution 
pathway for mercury. Precipitation is the primary mechanism 
for removal of mercury from the atmosphere. Photolysis is 
important in the breakdown of airborne mercurials and may be 
important in some aquatic systems. Adsorption onto suspended 
and bed sediments is probably the most important process determin- 
ing the fate of mercury in the aquatic environment. Sorption 
is strongest into organic materials. 
ally complexed to organic compounds. 

systems by microbial conversion to methyl and dimethyl forms. 
Conditions reported to enhance biomethylation include large 
amounts of available mercury, large numbers of bacteria, the 
absence of strong complexing agents, near neutral pH, high 
temperatures, and moderately aerobic enoironmentr. Mercury 
is strongly bioaccwrulated by numerous mechanisms. 
is the most readily accumulated and retained form of mercury 
in aquatic biota, and once it enters a biological system it 
is very difficult to eliminate. 

Volatilization 

Mercury in soils is gener- 

Virtually any mercury compound can be remobilized in aquatic 

Methylmercury 

Health Effects 

When administered by intraperitoneal injection, metallic 
mercury produces implantation site sarcomas in rats. No other 
studies were fog- i connecting mercury exposure with carcinogenic 
effects in anima-, or humans. Several mercury compounds exhibit 
a variety of genctoxic effects in eukaryotes. 
organic mercury compounds are more toxic than inorganic compounds. 
Although brain damage due to prenatal exposure to methylmercury 
has occurred in human populations, no conclusive evidence is 
available to suggest that mercury causes anatomical defects 
in humans. Embryotoxicity and teratogenicity of methylmercury 
has been re rted for a variety of experimental animals. Her- 

animals. No conclusive results concerning the teratogenic 
effects of mercury vapor are available. 

In general, 

curic chlor p" de is reported to be teratogenic in experimental 

. .  _ .  Mercury ' 
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In humans, alkyl mercury compounas p a a s  b . , L y c .  2 . -  - - * *  - -  - 
brain barrier and the placenta very rapidly, in contrast to 
inorganic mercury compounds. 
and peripheral nervous systems, and the kidney. 
is particularly hazardous because of the difficulty of e1imi-L- 
nating it from the body. 
mercury compounds can produce toxic effects in the gastrointes- 
tinal tract, pancreas, liver, heart, and gonads, with involvement 
of the endocrine, immunocompetent, and central nervous systems. 

Major target organs are the central 
Wethylmerc-ur 

In experimental animals, organic 

Elemental mercury i s  not highly toxic as an acute poison. 
Rowever, inhalation of high concentrations of mercury vapor 
can cause pneumonitis, bronchitis, chest pains, dyspnea, cough- 
ing, stomatitis, gingivitis, salfvation, and diarrhea. Soluble 
mercuric salts are highly poisonous on ingestion, with oral 
LD values of 20 to 60 rng/kg reported. Mercurous compounds 
ara'less toxic when administered orally. Acute exposure to 
mercury compounds at high concentrations causes a variety of 
gastrointestinal symptoms and severe anuria with uremia. 
and symptoms associated with chronic exposure involve the central 
nervous system and include behavioral and neurological distur- 
bances . 

Signs 

Toxicity to Wildlife and Domestic Animals 

The toxicity of mercury compounds has been tested in a 
wide variety of aquatic organisms. 
appears to be more toxic than inorganic mercuric salts, few 
acute or chronic toxicity tests have been conducted with it. 
Among freshwater species, the 96-hour LC 
mercuric salts range from 0.02 pgllitcr I8r crayfish to 2,000 vg/ 
liter for caddisfly larvae.' Acute values for methylmercuric 
compounds and other mercury compounds are only available for 
fishes. 
ten times more toxic to rainbow trout than mercuric chloride, 
which is acutely toxic at about 300 pg/liter at 10.C. Methyl- 
mercury i s  the most chronically toxic of the tested compounds, 
with chronic values for Daphnia magna and brook trout of 1.00 
and 0.52 pg/liter , respectively. The acute-chronic ratio for 
Daphnia magna is 3.2. 

Although methylmercury 

values for inorganic 

In rainbow trout, methylmercuric chloride is about 

Mean acute values for saltwater species range from 3.5 
to 1,680 vg/litet. 
more sensitive than f i s h  to the acute toxic effects of mercury. 
A life-cycle experiment with the mysid shrimp rhowed that inor- 
ganic mercury at a concentration of 1.6 pg/litcr significantly 
influences time of appearance of first brood, time of first 
rpawn, and productivity. The acute-chronic ratio for the mysid 
rhrimp is 2.9. 

In general, molluscs and crustaceans are 
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Chronic dietary exposure of chickens to mercuric chloride 
788s at growth inhibitory levels causes immune suppression, with 

a differential reduction effect on specific immunoglobulins. - 
Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life (Proposed Criteria) 

Freshwater 

Acute toxicity: 1.1 pg/liter 
Chronic toxicity: 0.20 pg/liter 

Saltwater 

Acute toxicity: 1.9 pg/liter 
Chronic toxicity: 0.10 pg/liter 

Human Health 

Criterion: 144 ng/liter 

Primary Drinking Water Standard: 
3 NIOSH Recommended Standard: 0.05 mg/m TWA (inorganic mercury) ' - 

OSHA Standard: 0.1 mg/m Ceiling Level 

ACGIH Threshold Limit Values: 
3 

0.002 mg/liter 

3 

0.01 mg/m3 TWA (alkyl compounds) 
0.03 mg/m3'STEL (alkyl compounds) 
0.05 mg/y TWA (vapor) 
0.1 mg/m TWA (aryl and inorganic compounds) 

REFERENCES 

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS, (ACGIR). 
1980. Documentation of the Threshold Limit Values. 4th 
ed. Cincinnati, Ohio. 488 pages 

the chicken as affected by mercury. Arch. Environ. Contam. 
BRIDGER, M.A., and THAXTON, J.P. 1983. Humoral immunity in 

Toxicol. 12:45-49 

Mer cur y 
Page 4 
October 198 5 



NATIONAL A L \ ~ & & A ~ + - -  - - -  . 
1983. Registry of Toxic Effects of CnemicaA a ~ ~ s b o , . - c 3  

Data Base. Washington, D.C. October 1983 

SHEPARD, T.H. 1980. Catalog of Teratogenic Agents. 3 r d  ed. i Johns Hopkins University Press, Baltimore. 

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water- 
Related Environme.nta1 Fate of 129 Priority Pollutants. 
Washington, D.C. December 1979. EPA 440/4-79-029 

410 pages a ?  

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient 
Water Quality Criteria for Mercury. Office of Water Regu- 
lations and Standards, Criteria and Standards Division, 
Washington, D.C. October 1980. EPA 440/5-80-058 

U . S .  ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Water 
quality criteria; Request for comments. Fed. Reg. 49: 
4 551-4 553 

U.S.  ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Health 
Effects Assessment for Mercury. Environmental Criteria 
and Assessment Office, Cincinnati, Ohio. September 1984. 
ECAO-CIN-HO42 (Final Draft) 

WEAST, R.E., ed. 1981. Handbook of Chemistry and Physics. 
62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages 

WORLD HEALTH ORGANIZATION (WHO). 1976. Environmental Health 
Criteria: 1. Mercury. World Health Organization, Geneva. 
131 pages 

000326 
Mer cur y 
Page 5 
October 19 8 5 



. '  METHACRYLIC ACID 
METHACRYLIC ACID, METHYL ESTER 

Summary 

Methacrylic acid caused DNA damage in Escherichia coli, 

Methyl methacrylate caused fetal deaths and develop- 
and methyl methacrylate was found to be mutagenic usingthe 
Ames assay. 
mental abnormalities in rats. Exposure to methacrylic acid 
in the air can cause eye irritation in humans. 

CAS Number: Methacrylic acid: 79-41-4 
Methacrylic acid, methyl ester: 80-62-6 

Chemical Formula: Methacrylic acid: C A CH COOH 

IUPAC Name: Methacrylic acid: 2-Methyl-2-propenoate 

Methacrylic acid, meghal h e r :  C2H2CH3COOCH3 

Methacrylic acid, methyl esther: Methyl-2-methyl- 
2-propenoate 

b 

Important Synonyms and Trade Names: 

Methacrylic acid: Methacrylate 
Methacrylic acid, methyl esther: Methyl methacrylate, Pegalan 

Chemical and Physical Properties 

Molecular Weight: Methacrylic acid: 86 
Methacrylic acid, methyl esther: 100 

Boiling Point: Methacrylic acid: 163OC 
Methacrylic acid, methyl esther: 100°C 

Melting Point: Methacrylic acid: 16OC 
Methacrylic acid, methyl esther: -48OC 

Specific Gravity: Methacrylic acidt 1.015 at 2OoC 
Methacrylic acid, methyl esther: 0.994 at 2OoC 

Solubility in Waters Slightly soluble in water 

Solubility in Organics: Miscible in alcohol, ether, and acetone 

Log OctanolJWater Partition Coefficient: 

Methacrylic acid: 0.65 (calculated) 
Methacrylic acid, methyl csthett 1.15 (calculated) 
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Vapor Pressure: Methacrylic acid: 0.65 mm Hg at 2OoC - - 1285 
Methacrylic acid, methyl esther: 40 mg/Hg 'at- 2 5 0 ~  

Vapor Density: Methacrylic acid: 297 

Flash Point: 77OC 

Transport and Fate 

The limited information available on the transport and 
fate of methacrylic acid (methacrylate) and methacrylic acid, 
methyl esther (methyl methacrylate) suggests that microbial 
biodegradation is an important fate process for both compounds. 
Methyl methacrylate is probably somewhat volatile and may also 
be hydrolyzed in a slightly acidic aqueous solution to methacrylate 
and methanol. 

Health Effects 

No data on the carcinogenic, embryotoxic, or teratogenic 
properties of methacrylic acid were found in the literature 
reviewed. It did cause DNA damage in Escherichia coli. Direct 
eye or skin contact with methacrylic a-n blindness 
or corrosion gf the skin, but exposure to a saturated atmosphere 
of 3,500 mg/m 
Rats exposed via inhalation to 1,050 mg/m for 6 hours a day 
for 20 days suffered slight renal congestion. 
for rabbits is 500 to 1,000 mg/kg. 

Methyl methacrylate was administered to male and female 
Wistar rats in their drinking water for two years, and no treat- 
ment-related tumors were observed. Nor were any tumors found 
after rats had methyl methacrylate applied to the back of their 
necks 3 times per week for 4 months; the rats were kept for 
the rest of their lives. Solid pieces of methyl methacrylate 
have caused sarcomas at the sites of implantation. Thus, the 
evidence on the carcinogenicity of methyl methacrylate is incon- 
clusive. Methyl methacrylate was found to be mutagenic using 
the Ames assay without activation and to be clastogenic '9 
rat bone marrow cells after inhalation exposure of 4 mg/m 
for 16 weeks. There is evidence that inhalation exposure to 
sufficiently high levels of methyl methacrylate can cause fetal 
deaths and developmental abnormalities in rats. The rat oral 
LDSO is 7.87 g/kg; for the mouse, it is 5.2 g/kg. 

for 7 hours caused only eyS irritation in rats. 

The dermal LDfO 
I 

Toxicity to Wildlife and Domestic Animals 

Although no information was available in the literature 
reviewed on the environmental toxicity of methacrylic acid, 
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limited information is available for metnyA m e L i A a L i J b G - L .  

The TL 
and guBpy range from 159 to 500 mg/liter. 
inhibition of all multiplication of the bacterium Pseudomonas 
putida is 100 mg/liter; cell mutiplication of the alga Microsystic 
aeruginous is inhibited at 120 mg/liter. 

r 

(24-96 hour) values for the bluegill, fathead minnow&, 
The threshold for - 

’ ?  

Regulations and Standards 

OSHA Standard (air) : 

Methacrylic acid, methyl csther: 410 mg/m3 TWA 

ACGIH Threshold Limit Values: 

Methacrylic acid: 70 mg/m3 TWA 3 
Methacrylic acid, methyl csther: 410 mg/m3 W A  

510 mg/m STEL 
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Summary 

METHANOL 
c 

Methanol is h i g h l y  toxic t o  humans when i n g e s t e d  or i n h a l e d  
as a vapor.  
and d e a t h .  I n  a d d i t i o n ,  i n h a l a t i o n  of h i g h  doses had teratogenic  
effects  on t h e  c a r d i o v a s c u l a r  and u r o g e n i t a l  sys t ems  of pregnan t  
r a t s .  

I t  causes b l i n d n e s s ,  nausea ,  headaches ,  d e l i r i u m ,  

CAS Number: 67-f6-1 

C h e m i c a l  Formula: CHgOH 

IUPAC Name: Methanol 

Impor t an t  Synonyms and Trade Names: Methyl alcohol, wood alcohol 

Chemical and Phys ica l  Properties 

Molecular  Weight: 32 

B o i l i n g  Po in t :  64.5OC 

Mel t ing  P o i n t :  -94OC 

Specific Grav i ty :  0.791 a t  2OoC 

S o l u b i l i t y  i n  Water: 

S o l u b i l i t y  i n  Organics :  

Miscible i n  water 

S o l u b l e  i n  alcohol, a c e t o n e ,  ether,  
benzene , and chloroform 

Log Octanol/Water P a r t i t i o n  C o e f f i c i e n t :  

Vapor P r e s s u r e :  96 mm Hg a t  2OoC 

Vapor Dens i ty :  1.11 

Flash P o i n t :  12.C (closed cup)  

-0.97 . ( c a l c u l a t e d )  

T r a n s p o r t  and Fa te  

lo i n f o r m a t i o n  o n  t h e  t r a n s p o r t  and f a t e  of methanol  was 
found i n  t h e  s o u r c e s  reviewed.  Bowever, based on  t h e  general 
r e a c t i o n s  of alcohols and t h e  s p e c i f i c  chemical and physical  
properties of t h e  material, l i k e l y  t r a n s p o r t  and fate processes 
c a n  be determined .  

00033l. 
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Alcohols are very soluble in water and therefore probabljj! 
are not very volati1,e. 
however, especially for a compound such as methanol with a 
relatively high vapor pressure. Oxidation is probably an im- 
portant fate process in both surface water and the atmosphere. 
In soil, methanol is probably biodegraded by soil microorganisms. 

Some evaporation is likely to occur, wO. c 128s 

Health Effects 

NO information on the carcinogenicity of methanol was 
found in the literature reviewed. Several studies suggest 
that methano3 may have some mutagenic activity. 
(26,000 mg/m ) caused teratogenicity, including effects on 
the cardiovascular and urogenital systems, when administered 
to pregnant rats for 7 hours. 

The toxic effects of drinking methanol, by mistaking it 
for ethyl alcohol, are well known. Ingestion of a few ounces 
of methanol may result in nausea; epigastric pain; vomiting; 
headaches; dizziness; delirium; visual disturbances, including 
blindness; and death (Treon 1963). Similar effects have also 
been reported after exposure to high levels of methanol vapor 
(Treon 1963). The characteristic blindness that may develop 
in exposed humans results from retinal destruction and degenera- 
tion of the optic nerve. Metabolites of methanol, particularly 
formaldehyde, are believed to be responsible for this effect 
(Cornish 1980). The metabolism of methanol in man also gives 
rise to formic acid, and this is partly responsible for the 
severe acidosis that develops in intoxicated individuals (Cornish 
1980, Treon 1963). However,echronic exposure to low levels 
of methanol, is not expected to have serious adverse health 
effects. 

High doses 

Toxicity to Wildlife and Domestic Animals 

Methanol has a 48-hour LC of 8,000 mglliter in trout, 
and the 24-hour LD and LD &ues in creek chub are 8,000 
and 17,000 mg/liteP, respe&!!vely. 
Daphnia exposed to 10,000 mglliter nor in a protozoa exposed 
to 1,250 mg/liter either. Algae were not affected at levels 
of less than 10,000 mg/liter either. The LC of a saltwater 
species, the brine shrimp, was 10,000 mg/lita!. 

No effects were seen in 

No data were available on the effects of methanol on domes- 
tic animals or terrestrial wildlife in the literature reviewed. 

. .  . .  
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Regulations and Standards 
3 NIOSH Recommended Standards: 

OSHA Standard (air): 

260 mg/m3 TWA 

& ?283 1 , 0 4 0  mg/m Ceiling Level 

260 mg/m3 TWA - 
ACGIH Threshold Limit Values:  260 mg/mi WA 

325  mg/m STEL 
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METHYL CHLORIDE 

Summary 

Methyl chloride is carcinogenic in male mice, causing 
tumors of the kidney and liver. It was found to be mutagenic 
using the Ames assay. 'Methyl chloride has also been shown 
to be teratogenic; it produces heart defects in the offspring 
of exposed mice. 
affects' the central nervous system, kidney, and liver in humans. 

Exposure to high concentrations adversely 

CAS Number: 74-87-3 

Chemical Formula: CH3C1 

IUPAC Name: Chloromethane 

Important Synonyms and Trade Names: Chloromethane, monochloromethane 

Chemical and Physical Properties 

Molecular Weight: 50.49 

Boiling Point: -23.7OC 

Melting Point: -97OC 

Specific Gravity: 0.9159 at 2OoC 

Solubility in Water: 

Solubility in Organics: 

6,450 to 7,250 mg/liter at 2OoC 

Miscible with chloroform, ether, and 
glacial acetic acid; soluble in alcohol 

Log Octanol/Water Partition Coefficient: 0.91 

Transport and Fate 

tures and therefore is unlikely to remain in soil or water. 
Experimental studies have found the half-life of methyl chloride 
in agitated water to be 27 minutes. 
may not be directly applicable to natural waters, it does suggest 

Methyl chloride is a gas at normal environmental tempera- 

Although this finding 

Methyl chloride 
Page 1 
October 19 8 5 



c 

&:. ?28 8 rapid loss of the compound from water. Sorption of methyl 
chloride to soil or  sediment has not been studied; however, 
its relatively low log octanol/water partition coefficient 
suggests that partition occurs primarily into air or water. 

The major route of environmental degradation of methyl 
chloride is probably through oxidation in the troposphere. 
At' this level of the atmosphere, the methyl chloride molecule 
is attacked by hydroxyl radicals via the mechanism of hydrogen 
abstfaction. - -  The primary product is formyl chloride. 

. 
Health Effects 

exposed to the compound via inhalation for a 2-year period. 
A significantly increased incidence of benign and maligngnt 
kidney tumors was found in animals exposed to 2,100 mg/m . 
An increased incidence of hepatocellular carcinomas that was 
marginally significant was also found using an actuarial analysis 
of the data. Negative results for carcinogencicity for female 
mice and male and female rats were obtained in the same study. 
Methyl chloride has been found to be mutagenic using the Ames 
assay, with and without a metabolic activating system. Methyl, 
chloride has also been shown to be teratogenic in mice, causing 
heart defects in fetuses3exposed in utero at an airborne con- 
centration of 1i050 mg/m on gestation days 6 to 17. 

Methyl chloride was found to be carcinogenic in male mice 

Methyl chloride is not considered to be highly toxic. 
Repeated or prolonged jluman exposure to sufficient concentrations 
(greater than 100 mg/m ) can zesult in central nervous system 
(CNS) effects including blurred vision, headache, nausea, loss 
of coordination, and personality changes. Renal and hepatic 
toxicity have also been reported in humans. Animal studies 
show CNS effects and binding to sulfhydryl-containing cellular 
macromolecxles. This latter effect interferes with metabolism 
and is pr-:ably responsible for the observed tissue toxicity. 

Toxicity to Wildlife and Domestic Animals 

The only information available on the effects of methyl 
chloride in wildlife is an acute study on the bluegill that 
reported an LC value of 500 mg/liter for this species. Data 
on the other cjforinated methanes indicate that aquatic toxicity 
declines with decreased chlorination. Thus methyl chloride 
should be less toxic than chloroform or carbon tetrachloride, 
neither of which had any effect on Daphnia magna or the fathead 
minnow, respectively, during chronic exposure to 3,400 .pg/liter. 
No information on the toxicity of methyl chloride to terrestrial 
wildlife or domestic animals was found in the literature reviewed. 
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Requlations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Auman Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of halomethanes in 
water are: 

Risk - Concentration 

1.9 pg/liter 
0.19 pglliter 
0.019 vg/liter 

3 OSHA Standards: 210 mg/m3 TWA 

ACGIH Threshold Limit Values: 

420 mg/m Ceiling Level 

105 mg/mi TWA 
205 mg/m STEL 
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HETHYLmE CHLORIDE 

Summary 

Methylene c h l o r i d e  i n c r e a s e d  t h e  i n c i d e n c e  of l ung  and 
l i v e r  tumors and sarcomas i n  ra t s  and mice. I t  was found t o  
be mutagenic  i n  bacter ia l  test systems.  I n  humans, methylene  
c h l o r i d e  i r r i t a t e s  t h e  e y e s ,  mucous membranes, and s k i n .  Exposure 
t o  h i g h  l e v e l s  a d v e r s e l y  a f f e c t s  t h e  c e n t r a l  and  peripheral  
nervous  sys tems and t h e  hear t .  I n  e x p e r i m e n t a l  an ima l s ,  methylene 
c h l o r i d e  is r e p o r t e d  t o  cause kidney and l i v e r  damage, c o n v u l s i o n s ,  
and p a r e s i s .  

CAS Number: 75-09-2 

Chemica l  P.armula: Qi2C12 

IUPAC Name: Dichloromethane 

I m p o r t a n t  Synonyms and Trade Names: Methylene d i c h l o r i d e ,  methane 
d i c h l o r i d e  

Chemical  and P h y s i c a l  Properties 

Molecular  Weight: 84.93 

B o i l i n g  Po in t :  4OoC 

Mel t ing  P o i n t :  -95.1OC 

S p e c i f i c  Grav i ty :  1.3266 a t  20°C 

S o l u b i l i t y  i n  Water: U,200-20,000 m g / l i t e r  at 25OC 

S o l u b i l i t y  i n  Organics: 

Log Octanol fWater  P a r t j t f o n  C o e f f i c i e n t :  1.25 

Miscible w i t h  alcohol and ether 

Vapor P r e s s u r e :  362.4 mu Hg a t  2OoC 

Vapor Dens i ty :  2.93 

T r a n s p o r t  and Fate. 

mechanism for removal o f  methylene  c h l o r i d e  from aquatic sys t ems  
V o l a t i l i z a t i o n  t o  the a t m s p h e r e  appears t o  be th'c major 
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a n d  i t s  p r i m a r y  environmental transport process (USEPA 1 9 7 9 ) b :  128 
photooxidation i n  the troposphere appears t o  be the dominant' 
environmental fate of methylene chloride.  Once i n  the troposphere, 
t h e  compound i s  attacked by hydroxyl radicals,  resulting i n  
the formation of carbon dioxide, and to  a lesser extent,  carbon 
monoxide and phosgene. Phosgene i s  readily hydrolyzed t o  H C 1  
and CO . About one percent of tropospheric methylene chloride 
would 8e expected t o  teach the stratosphere where it  would 
probably under go photodissociation resulting from interact  ion 
w i t h  h i g h  energy u l t r a v i o l e t  radiation. A e r i a l  transport o f  
methylene chloride is p a r t l y  responsible for i t s  r e l a t i v e l y  
wide environmental d i s t r i b u t i o n .  Atmospheric methylene chloride 
may be returned t o  the earth i n  precipitation.  

Photolysis,  oxidation, and hydrolysis do not appear t o  
be s i g n i f i c a n t  environmental fate  processes for methylene chlor- 
ide,  and there i s  no evidence to suggest t h a t  ei ther  adsorption 
or bioaccumulation are important f a t e  processes for this chem- 
i c a l .  Although methylene chloride i s  p o t e n t i a l l y  biodegradable, 
e s p e c i a l l y  by acclimatized microorganisms, biodegradation prob- 
a b l y  only occurs a t  a very slow rate.  

Health E f f e c t s  

Methylene chloride is  currently under review by the National 
Toxicology Program (NTP 1 9 8 4 ,  USEPA 1985)  . Preliminary r e s u l t s  
indicate that  it.  produced an increased incidence of lung and 
l i v e r  tumors i n  mice and mammary tumors i n  female and male 
r a t s .  I n  a chronic inhalation study, male r a t s  exhibited an 
increased incidence of sarcomas i n  the v e n t r a l  neck region 
(Burek e t  a l .  1 9 8 4 ) .  However, the authors suggested that 
the relevance and t o x i c o l o g i c a l  s i g n i f i c a n c e  of  this finding 
were uncertain i n  l i g h t  of  a v a i l a b l e  t o x i c i t y  data. Methylene 
chloride i s  reported to be mutagenic i n  b a c t e r i a l  t e s t  systems. 
I t  also has produced p o s i t i v e  r e s u l t s  i n  the Fischer r a t  embryo 
c e l l  transformation t e s t .  However, i t  has been suggested t h a t  
the observed cell-transforming c a p a b i l i t y  may have been due 
t o  impurities i n  the t e s t  material.  There is no conclusive 
evidence that  methylene chloride can produce teratogenic e f f e c t s .  

I n  humans, d i r e c t  contact  w i t h  methylene chloride produces 
eye,  respiratory passage, and s k i n  i r r i t a t i o n  (USEPA 1 9 8 5 )  . 
N i l d  poisonings due to inhalation exposure produce somnolence, 
l a s s i t u d e ,  numbness and t i n g l i n g  of the limbs, anorexia, end 
lightheadedness, followed by rapid and complete recovery. 
More severe poisonings generally involve correspondingly greater 
disturbances of the c e n t r a l  and peripheral nervous systems. 
Methylene c h l o r i d e  a l s o  has acute t o x i c  e f f e c t s  on the heart,  
including the induction o f  arrhythmia. F a t a l i t i e s  reportedly 
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doe t o  m e t h y l e n e  ch lo r ide  exposure  have been attrlDuteo t u  
c a r d i a c  i n j u r y  and h e a r t  f a i l u r e .  
t o  carbon monoxide i n  v ivo ,  and l e v e l s  of  carboxyhemoglobin 
i n  t h e  blood a r e  e l e v a t e d  a f t e r  acute exposures .  I n  exper ime 
a n i m a l s ,  methylene  c h l o r i d e  is r e p o r t e d  t o  cause  kidney and - 
l i v e r  damage? c o n v u l s i o n s ,  and d i s t a l  paresis .  An o r a l  LD 
v a l u e  of 2,136 mg/kg, and a n  i n h a l a t i o n  LCso v a l u e  o f  00,088 mg/m3/ 
30 m i n  are r e p o r t e d  €or t h e  r a t .  

Methylene c h l o r i d e  is metabol ized  

T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

Very l i t t l e  i n f o r m a t i o n  c o n c e r n i n g  t h e  t o x i c i t y  of methylene 
chloride t o  domestic animals and w i l d l i f e  ex i s t s  (USEPA 1 9 8 0 ) .  
A c u t e  v a l u e s  for t h e  f reshMater  species Daphnia magna, t h e  
f a t h e a d  minnow, and t h e  b l u e g i l l  are  224,000, 193,000, and 
224 ,000  p g / l i t e r ,  r e s p e c t i v e l y .  Acute v a l u e s  f o r  t h e  saltwater 
s p e c i e s ,  mysid shrimp and sheepshead  minnow, a re  256,000 and 
331,000 p g / l i t e r ,  r e s p e c t i v e l y .  No data  conce rn ing  c h r o n i c  
t o x i c i t y  a r e  a v a i l a b l e .  The 96-hour EC v a l u e s  for b o t h  f r e s h w a t e r  
a n d  s a l t w a t e r  a l g a e  are g r e a t e r  t h a n  t h z  h i g h e s t  test c o n c e n t r a t i o n ,  
662 ,000  p g / l i t e r .  

R e g u l a t i o n s  and S t a n d a r d s  

A m b i e n t  Waaer Q u a l i t y  Cr i te r ia  ( U S E P A ) :  

A q u a t i c  L i f e  

The  a v a i l a b l e  d a t a .  are n o t  a d e q u a t e  for e s t a b l i s h i n g  c r i t e r i a .  

Human H e a l t h  

C r i t e r i o n :  12.4 m g / l i t e r  (for p r o t e c t i o n  a g a i n s t  the 
nonc ar c i nog e n  i c e f f ec ts of methylene  ch lor  i d e )  

CAG Uni t .  R i s k  (USEPA) : 1 . 4 ~ 1 0 ~ ~  (rog/kg/day) O1 

NXOSH Recommended S tanda rds :  
3 2 6 1  mg/m 

1,737 mg/m /15 min Peak Concentration 

3 ,174  mg/mj C e i l i n g  L e v e l  
6,948 mg/m Peak C o n c e n t r a t i o n  ( 5  min i n  any 3 h r )  

i n  t h e  presence of no more t h a n  9.9 mg/m3 o f  CO 

OSHA Standa rds :  1,737 rpg/mi TWA 

ACGIH T h r e s h o l d  L i m i t  Values:  350 mg/m3 F A  
1 ,740  mg/m STEL 
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METHYL ETHYL KETONE r 

Summary 

Methyl ethyl ketone (MEK) retarded fetal development and 
had iome teratogenic effects in the offspring of exposed pregnant 
rats. At high doses i  it affects the nervous ryrtem and irritates 
the e y e s ,  mucous membranes, and skin. 
ethyl ketone strongly potentiates the neurotoxic effects of 
n-hexane and n-hexamone. 

7 

In addition, methyl 

CAS Number: 78-93-3 

Chemical Pormula: CIHsO 

IUPAC Name: Butanone 

Important Synonyms and Trade Names: Ethyl methyl ketone, W K ,  
2-butanonc 

Chemical and Physical Properties 

Molecular Weight: 72.1 

Boiling Point: 79.6.C 

Melting Point: -86.3SoC 

Specific Gravity: 0.805 a t  20% 

Solubility in Water: Very soluble in water 

Solubility in Organics: Miscible with alcohol, ether, benzene 
and acetone 

t o g  Octanolfiater Partition Coefficient: 0.29 

Vapor Pressure: 71.2 pllp Hg at 2O.C 

Vapor Density: 2.41 

Flash Point: 2.C 

Transport rnd ?ate 

.ethyl ethyl ketone wa8 found in the literature geviewed. 
However, ketones in general &re probably not very persirtent. 

Very limited information on the transport and fate of 
' 
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"28 9- Nethy'l ethyl ketone has a high vapor pressure and therefore, 
would be expected to volatilize readily. However I because 
of its high water solubility, volatilization is probably limited 
in aquatic systems or wet soil. Once in the atmosphere it is 
apparently oxidized (Hoare and Whytock 1967). Methyl ethyl 
ketone has a low octan.01 water partition coefficient and there- 
fore is probably not readily adsorbed. Biodegradation is prob- 
ably the predominant fate of methyl ethyl ketone in the environ- 
ment because of its .aliphatic nature. 

Health Effects 

Methyl ethyl ketone has not been adequately tested for 
carcinogenicity and has produced only equivocal evidence of 
mutagenicity in a few bacterial assays. Schwetz et al. (1974) 
reported that MEK caused retarded fetal development and some 
teratogenic effects (acaudia, imperforate anus, and brachygna- 
thia) at a'r concentrations of 3,000 ppm (approximately 
9,OOc xg/m ). Methyl ethyl ketone is of relatively low toxicity 
but aL high doses affects the nervous system and causes irri- 
tation of the eyes, nose, and skin. 
the rat was 2,750 mg/kg. 

Although MEK is not strongly neurotoxic alone, it apparently 
strongly potentiates the neurotoxicity of n-hexane and n-hexanone 
(methyl n-isobutyl ketone) . 

3 
The oral LDS0 value for 

Toxicity to Wildlife and Dom,estic Animals 

Only limited information was available on the toxicity 
of methyl ethyl ketone to wildlife. LC5 concentrations for 
two freshwater .fishes were around 5,600 Bg/liter (Turnball 
et al. 1954; Wallen et al. 1957). MEK was toxic to brine shrimp 
at L C ~ ~  levels of 1950 mg/liter. 

life or domestic animals was found in the literature reviewed. 
No information on the toxicity of MER to terrestrial wild- 

Regulations and Standards 

NIOSH Recommended Standard: 590 mg/m TWA 

OSHA S.tandard (air): 

3 

200 ppm (590 rng/m3) TWA 
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summa t y 

Methyl i s o b u t y l  ketone produced kidney damage i n  exposed 
r a t s .  I n  humans ,  exposure  h a s  produced headaches, n a u s e a ,  vomit- 
i n g ,  and eye  i r r i t a t i o n .  

CAS Number: 108-10-1 

Chemica l  Formula: (CH3) 2CHCH2COCH3 

IUPAC Name: 4-Methyl-2-pentanone 

Important Synonyms and Trade  Names: Hexone, i s o b u t y l  methyl  
ke tone ,  i s o p r o p y l  acetone, 
M I R ,  and MXBK 

Chemica l  and P h y s i c a l  Properties 

Molecular  Weight: 100.2 

B o i l i n g  P o i n t :  l l 7 O C  

Me l t ing  P o i n t :  -84.7OC 

Specific Grav i ty :  0.7978 a t  2OoC 

S o l u b i l i t y  i n  Water: S.oluble  

S o l u b i l i t y  i n  Organics :  S p l u b l e  i n  chloroform, alcohol, e ther ,  
a c e t o n e ,  benzene ,  and many other o r g a n i c  
s o l v e n t s  

Log Octanol/Water P a r t i t i o n  C o e f f i c i e n t :  1.18 

Vapor P r e s s u r e :  16 mm Hg a t  2OoC 

Vapor Dens i ty :  3.45 

Flash  P o i n t :  23OC 

T r a n s p o r t  and Fa te  

Very l i m i t e d  i n f o r m a t i o n  on  t h e  t r a n s p o r t  and f a t e  of methyl 
i s o b u t y l  ke tone  (MXBK) was found in the l i t e r a t u r e  reviewed. 
Rowever, k e t o n e s  in g e n e r a l  are p r o b a b l y  n o t  very p e r s i s t e n t .  
Methyl i s o b u t y l  ke tone  would be expected t o  v o l a t i l i z e  f a i r l y  

Methyl i s o b u t y l  ke tone  
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readily. 
volatilization from wet environments is probably limited. Once 
in the atmosphere it is apparently oxidized. Methyl isobutyl 
ketone has a low octanol/water partition coefficient and there- 
fore is probably not readily adsorbed. Biodegradation is probably 
the predominant fate of methyl isobutyl ketone in the environment. 
Evidence of this is provided by the biological oxygen demand 
value for methyl isobutyl ketone, which was 69% of the theoretical 
value after 20 days at 2OOC. 

However, because it is somewhat soluble in water, 

1288 

Health Effects 

toxicity or teratogenicity of methyl isobutyl ketone were found 
in the literature review d. Kidney damage was observed in 
rats exposed to 400 mg/m' of MIBK for 2 weeks but the damage 
appeared to be reversible. Methyl isobutyl ketone caused head- 
ache, nausea, vomiting, and eye irritation in EJ number of workers 
exposed to concentrations of 200 to 2,000 mg/m . 
LDSO for MIBK in the rat was 2,080 mg/kg. 

NO studies on the carcinogenicity, mutagenicity, reproductive 

The oral 

Toxicity to Wildlife and Domestic Animals 

wildlife reported that t h e  TL for brine shrimp was 1,230 mg/liter. 
MIBK is probably also not verj'toxic to other aquatic species 
or to terrestrial animals. 

The only study on the toxicity of methyl isobutyl ketone to 

Regulations and Standards 

NIOSH Recommended S.tandard: 

OSHA Standard (air): 

ACGIH Threshold Limit Values: 

200 mg/m3 TWA 

400 mg/m3 TWA 

3 205 mg/mj TWA 
300 mg/m STEL 
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summa r y 

potential, and lowered the survival rate of offspring when 
administered to experimental animals. 
the activity of cholin.esterase. 
susceptible to the toxic effects of methyl parathion. 

Methyl parathion was embryotoxic, decreased reproductive 

Exposure also inhibits 
Wild birds are particularly 

CAS Number: 298-00-0 

Chemical Formula: C8H10N05PS 

IUPAC Name: o,o-Dimethyl-o,p-Nitrophenylphosphorothioate 

Important Synonyms and Trade Names: Xetaphor, Wofatox 

Chemical and Physical Properties 

Molecular Weight: 263.23 

Boiling Point: Thermally unstable; cannot be heated to normal 
boiling point 

Melting Point: 37-38OC 

Specific Gravity: 1.358 at 2OoC 

S,olubility in Water: 50 mg/Jiter at 2OoC 

Solubility in Organics: Soluble in most organic solvents 

Vapor Pressure:' 9.7 It loo4 mm 89 at 2 0 0 ~  

Transport and Pate 

conditions, primarily by hydrolysis. Initial decamposition 
products in soil are p-nitrophenol and dimethylthiophosphoric 
acid. 
In the atmosphere, the aulfur atom is replaced by oxygen to 
yield methyl paraoxon, which is rapidly hydrolyzed. 
lation is probably not an important fate process for methyl 
parathion and although adsorption to roils may occur, it i s  
also probably not an important fate process because of -the 
rapid hydrolysfs of the chemical. Methyl parathion is unlikely 
to leach through soil and enter the groundwater because of 
its low water solubility and 6hort persistence. 

Methyl parathion is broken down quickly under environmental 

Methyl parathion will volatilize from roil and water. 

Bioaccumu- 

Methyl parathion 
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Health Effects 

orally to rats and mice (NCI 1979), and was not mutagenic or  
o n l y  marginally positive for mutagenicity in numerous assays 
(Chen et a l .  1981). Methyl parathion did induce sister chromatid 
exchange and caused cell cycle delay, however. It does not 
appear to be a teratogen but is a reproductive toxin causing 
decreased reproductive potential, decreased survival of off- 
spring, and embryotoxicity. 

Methyl -pirathion was not carcinogenic when administere&" L 

Methyl parathion is converted in vivo to the oxygen analog, 
methyl paraoxon, which is responsible for its primary toxic 
effect: cholinesterase inhibition. Only one subchronic study 
was available on methyl parathion. This showed that continuous 
doses produced a steady decrease in enzyme activity but that 
upon cessation of dosing the animals recovered fairly quickly. 
Methyl parathion is quite acutely toxic, with an oral LD 
value in rats zf about 15 mg/kg. 50 

Toxicity to Wi1:- ife and Domestic Animals 

saltwater fish, with LC values ranging from 19,000 to 75,000 
pg/liter. 
with LC values between 2 and 50 pg/liter. The pesticide 
did not'lppear to affect rodent populations after field appli- 
cation but did cause some mortality in pheasant populations. 
Laboratory studies have also indicated that wild birds are 
quite susceptible to the toxic effects of methyl parathion; 
quail were more sensitive than pheasants or ducks. Methyl 
parathion was a l s o  quite toxic to nontarget insects. No reports 
of toxic effects on domestic animals were reported in the litera- 
ture reviewed. Methyl parathion is fairly quickly metabolized 
in vivo to nontoxic products and is only slightly lipid soluble, 
and therefore is not expected to bioaccumulate or biomagnify 
in animals. 

Methyl parathion was moderately toxic to freshwater and 

However , it ais quite toxic to invertebrate species, 

Regulations and Standards 

NIOSH Recommended Standard (air): 0.2 mg/m3 TWA 
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NAPHTHALENE 

Summary 

-Naphthalene retard,ed cranial ossification and heart develop- 

Oral administration produced 

ment in the offspring of exposed pregnant rats. 
exposure caused nausea, headache, and optic and kidney damage 
in humans and experimental animals. 
cataracts in rabbits and induced changes in motor activity 
in rats and mice. 
severe hemolytic effects. 

Inhalation 

Exposure to high doses of naphthalene cause 

CAS Number: 91-20-3 

‘10H8 Chemical Formula: 

IUPAC Name: Naphthalene 

Important Synonyms and Trade Names: Naphthene, tar camphor, 
moth balls 

Chemical and Physical Properties 

Molecular Weight: 128.16 

Boiling Point: 217.9OC 

Melting Point: 80.20C 

Specific Gravity: 1.152 at 2OoC 

Solubility in Water: 

Solubility in Organics: Spluble in alcohol, ether, acetone, 
and benzene 

34.4 mg/liter at 25OC 

Log Octanol/Water Partition Coefficient: 3.37 

Vapor Pressure: 0.087 mm Hg at 25.C 

Vapor Density: 4.42 

Transport and Fate 

data for polycyclic aromatic hydrocarbons (PAHs) in general, 
because specific information for naphthalene is lacking. Rapid, 
direct photolysis of naphthalene to quinones may be an important 

Environmental transport and fate is largely inferred from 
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process in surface waters. 
be a significant environmental process. 
some PAHs suggest that oxidation by chlorine or ozone may be a - 
significant fate process when these oxidants are available i n s u f -  
ficient quantity. 
port depending on mixing rates in both the water column and air 
column. For naphthalene, adsorption is the most important 
aquatic transport process. 
partition coefficient and of the behavior of other PAHs indicate 
that naphthalene can be strongly adsorbed onto suspended and 
sedimentary particulate matter, especially particulates high 
in organic content. Dominance of volatilization or absorp- 
tion as a transport process is directly related to environmental 
conditions. It is likely that this compound can be readily 
transported as adsorbed matter or suspended particulates in 
air or water. 

Oxidation is probably too slow to F 
However, data for 

Volatilization may play a role in trans- 

Consideration of its log octanol/water 

Based on information concerning related compounds, it 
is likely that bioaccumulation of naphthalene is short term, 
especially for vertebrates. Although this compound is rapidly 
accumulated, it also is rapidly metabolized and excreted, and 
consequently bioaccumulation is not considered an important 
fate process. Naphthalene can be metabolized by multicellular 
organisms and degraded by microbes. Degradation by mammals 
is likely to be incomplete, with paten compound and the meta- 
bolites being excreted by the urinary system. Biodegradation 
by microorganisms is probably the ultimate fate process for 
naphthalene. Biodegradation generally appears to be more effi- 
cient in soil than in aquatic systems. Rowever, experimental 
data indicate that biodegradation may be more important in 
those aquatic systems which are chronically affected by PAH 
contamination. 

Atmospheric transport of PAHs can occur, and these materials 
can be returned to aquatic and terrestrial systems by wet and 
dry deposition. Some PAHs may enter surface and groundwaters 
by leaching from polluted soils. 

Health Effects 

There are no epidemiological or case studies available 
suggesting that naphthalene is carcinogenic in humans. This 
compound is not generally considered to be carcinogenic in 
experimental animals. However, there is equivocal evidence 
suggesting weak carcinogenic activity in rats after subcutaneous 
injection. Naphthalene is reported to produce DNA damage in 
mice after intraperitoneal injection. Retarded cranial ossi- 
fication and heart development are reported among offspring 
of rats injected intraperitoneally with naphthalene on .days 1 
to 15 of gestation. 
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, -  + . Little information concerning acute and chronic toxic; 
e f f e c t s  is available. Inhalation exposure to naphthalene .E& 
Cause headache, loss of appetite, nausea, and kidney damage 
in humans and experimental animals. Acute hemolytic effects 
are reportedly caused by ingestion or inhalation of relatively 
large quantities of naphthalene. Optical neuritis, injuries 
to the cornea, and opacities of the lens also may result after 
inhalation exposure or ingestion. Naphthalene is a mild eye 
irritant in rabbits, and cataracts can be induced after oral 
administration. 
and slight edema in rabbits. Somnolence and changes in motor 
activity are observed after ingestion of naphthalene by rats 
and mice. Oral LD values of 1,250 mg/kg and 580 mg/kg are 
reported for the ra g  and the mouse, respectively. 

Application to the skin produces erythema 

Toxicity to Wildlife and Domestic Animals 

The median effect concentrations for freshwater inverte- 
brate species and three fish species are all reported to be 
greater than 2,300 pg/liter. Acute values reported for saltwater 
polychaete, oyster, and shrimp species are all greater than 
2,350 pg/liter. A chronic value of 620 pg/liter and an acute- 
chronic ratio of 11 is reported for the fathead minnow, a fresh- 
water species. No chronic values are available for saltwater 
species. Freshwater algae appear to be less sensitive to the 
effects of naphthalene than animal species. No information 
concerning saltwater plant species is available. The weighted 
average bioconcentration factor for the edible portion of all 
freshwater and estuarine aquatic organisms consumed by Americans 
is 10.5. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

The available data are not adequate for establishing criteria. 

OSHA Standard: 50 sg/m3 !PWA 

ACGIH Threshold Limit Values: 50 mg/m: TWA 
75 mg/m STEL 
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NICKEL 
. , I  

. .  

summary 

I n  a number of epidemiological s t u d i e s ,  o c c u p a t i o n a l  e x =  
posure  t o  n i c k e l  compounds h a s  been a s s o c i a t e d  w i t h  excess 
cance r  of the lung  and n a s a l  c a v i t y .  I n  a d d i t i o n ,  i n h a l a t i o n  
exposure  t o  n i c k e l  s u b s u l f i d e  and n i c k e l  c a r b o n y l  h a s  been 
shown t o  cause  c a n c e r  i n  ra t s ,  whdle s t u d i e s  of other n i c k e l  
compounds a d m i n i s t e r e d  t o  an ima l s  by o t h e r  routes have r e p o r t e d  
c a r c i n o g e n i c  effects as well. S e v e r a l  n i c k e l  compounds are 
mutagenic  and .can cause  ce l l  t r a n s f o r m a t i o n .  I n  humans, n i c k e l  
and n i c k e l  compounds c a n  cause a s e n s i t i z a t i o n  dermati t is .  
The  c h r o n i c  t o x i c i t y  of n i c k e l  to  a q u a t i c  organisms is h igh .  

Back ground I n f o rma t i o n  

T h e  commonly o c c u r r i n g  v a l e n c e s  of n i c k e l  a r e  0 ,  + I r  + 2 ,  
and + 3 #  w i t h  +4 r a r e l y  encountered .  Although e l e m e n t a l  n i c k e l  
is seldom found i n  n a t u r e  and is n o t  soluble in water, many 
n i c k e l  compounds are h i g h l y  soluble i n  water. N i c k e l  is almost 
always found i n  t h e  d i v a l e n t  o x i d a t i o n  s t a t e  i n  a q u a t i c  systems.  

CAS Number: 7440-02-0 

C h e m i c a l  Formula: N i  

IUPAC Name: N i c k e l  

Chemical and Phys ica l  Properties 

A t o m i c  Weight: 58.71 

B o i l i n g  Po in t :  2,732OC 

Meltung P o i n t :  1,453OC 

Specific Grav i ty :  8.902 a t  25OC 

S o l u b i l i t y  i n  Waaerr Inso lub le ;  -me s a l t s  are s o l u b l e  

S o l u b i l i t y  i n  Organics :  Depends on t h e  properties of the specific 
n icke l  s a l t  

Vapor P r e s s u r e :  1 nun I39 a t  l ,810°C 
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Transport a n d  Fate 

Nickel i s  a h i g h l y  mobile metal i n  aquatic systems because 
many nickel  compounds are h i g h l y  soluble i n  water. However, 
the insoluble s u l f i d e  i s  formed under reducing conditions a n d  
i n  the 2resence of s u l f u r .  Above pH 9 ,  p r e c i p i t a t i o n  of the 
hydroxide or carbonate. exhibits  some control on nickel  m o b i l i t y .  
In aerobic environments below pH 9 ,  soluble compounds are formed 
w i t h  hydroxide, carbonate, s u l f a t e ,  and organic l igands.  

I n  n a t u r a l ,  unpolluted waters, sorption and c o p r e c i p i t a t i o n  
processes involving hydrous iron and manganese oxides are prob- 
a b l y  a t  l e a s t  moderately e f f e c t i v e  i n  l imiting the mobility 
o f  nickel .  I n  nore organic-rich, polluted waters, it.  appears 
t h a t  l i t t l e  sorption o f  nickel  is l i k e l y .  The lack of other 
controls on nickel  r a o b i l i t y  probably makes incorporation into 
bed sediments an important f a t e  of  nickel  i n  surface waters. 
Howeverr much of the nickel  entering the aquatic environment 
w i l l  be transported to  the oceans. 

by aquatic organisms. Bioconcentration f a c t o r s  are u s u a l l y  on 
the order of 100 t o  1 , 0 0 0 .  Uptake of nickel  from the s o i l  
by p l a n t s  can a l s o  occur. Photolysis,  v o l a t i l i z a t i o n ,  and 
biotransformation are not important environmental f a t e  processes 
for n i c k e l .  Howeverr atmospheric transport o f  n i c k e l  and n i c k e l  
compounds on p a r t i c u l a t e  matter can occur. 

I n  general, n i c k e l  is not accumulated i n  s i g n i f i c a n t  amounts 

Health E f f e c t s  

There i s  extensive epidemiological evidence indicating 
excess cancer of the l u n g  and nasal c a v i t y  for workers a t  n i c k e l  
r e f i n e r i e s  and smelters, and weaker evidence for excess r i s k  
i n  workers a t  n i c k e l  e l e c t r o p l a t i n g  and p o l i s h i n g  operations. 
Respiratory t r a c t  cancers have occurred i n  excess a t  i n d u s t r i a l  
f a c i l i t i e s  t h a t  are m e t a l l u r g i c a l l y  d i v e r s e  i n  their  operations. 
The nickel  compounds t h a t  have been implicated as having car- 
cinogenic p o t e n t i a l  are insoluble dusts o f  n i c k e l  subsulfide 
and nickel  oxides,  the vapor of nickel  carbonyl, and soluble 
aerosols o f  n i c k e l  s u l f a t e ,  n i t r a t e ,  or chloride.  Inhalation 
studies w i t h  experimental animals suggest that  n i c k e l  subsulfide 
and n i c k e l  carbonyl are carcinogenic i n  rats.  Evidence for the 
carcinogenicity of n i c k e l  metal and other compounds i s  r e l a t i v e l y  
weak or inconclusive. Studies w i t h  experimental animals indicate  
that  n i c k e l  compounds can a l s o  produce various types of malignant 
tumors i n  experimental animals a f t e r  administration by other 
routes, including subcutaneous, intramuscular, implantation, 
intravenous, i n  trarenal,  and intrapleural.  Carcinogenic poten- 
t i a l  is not strongly dependent on route or s i t e  of administra- 
t i o n  b u t  appears t o  be inversely related to  the s o l u b i l i t y  
of . t h e  compounds i n  aqueous media. Insoluble compounds, such 
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a s  n i c k e l  d u s t ,  n i c k e l  s u l f i d e ,  n i c k e l  carbonate ,  n i c k e l  oxide, 
n i c k e l  ca rbony l ,  and n i c k e l o c e n e  a r e  c a r c i n o g e n i c ,  whereas 
s o l u b l e  n i c k e l  salts such as n i c k e l  c h l o r i d e ,  n i c k e l  s u l f a t e ,  
and  n i c k e l  ammonium s u l f a t e ,  are n o t .  

Mammalian ce l l  t r a n s f o r m a t i o n  d a t a  i n d i c a t e  t h a t  r e v e r a l  
n i c k e l  compounds a re  mutagenic  and can cause chromosomal a l t e r a -  
t ions.  The a v a i l a b l e  i n f o r m a t i o n  is i n a d e q u a t e  f o r  a s s e s s i n g  
t e r a t o g e n i c  and r e p r o d u c t i v e  e f f e c t s  o f  n i c k e l  i n  humans and 
expe r imen ta l  an imals .  

D e r m a t i t i s  and o t h e r  d e r m a t o l o g i c a l  e f f e c t s  are t h e  m s t  
f r e q u e n t  effects  of exposure  t o  n i c k e l  and n i c k e l - c o n t a i n i n g  
compounds. The  de rma t i t i s  i s  a s e n s i t i z a t i o n  r e a c t i o n .  Most 
i n f o r m a t i o n  r e g a r d i n g  acute t o x i c i t y  of n i c k e l  i n v o l v e s  inha-  
l a t i o n  exposure  to  n i c k e l  ca rbony l .  C l i n i c a l  m a n i f e s t a t i o n s  
of acute po i son ing  i n c l u d e  both immediate and d e l a y e d  symptoms. 
A c u t e  chemical pneumoni t i s  i s p r o d o c e d ,  and death may occur  a t  
e x p o s u r e s  o f  30 ppm (107 mg/m 1 for 30 minutes .  R h i n i t i s ,  
n a s a l  s i n u s i t i s ,  and n a s a l  mucosal i n j u r y  are among the e f f e c t s  
r e p o r t e d  among workers c h r o n i c a l l y  exposed to  v a r i o u s  n i c k e l  
compounds. S t u d i e s  w i t h  e x p e r i m e n t a l  animals s u g g e s t  that 
n i c k e l  and n i c k e l  compounds have r e l a t i v e l y  low a c u t e  and c h r o n i c  
o r a l  t o x i c i t y .  

T o x i c i t y  to W i l d l i f e  and Domestic Animals 

I n  f reshwa te r ,  t o x i c i t y  depends o n  ha rdness ;  n i c k e l  t e n d s  
t o  be more toxic i n  softer water. Acute  v a l u e s  for exposure 
t o  a v a r i e t y  of n i c k e l  s a l t s ,  e x p r e s s e d  a6 n i c k e l ,  r ange  from 
510 p g / l i t e r  for Daphnia magna to  46,200 v g / l i t e r  for banded 
k i l l i f  i s h  a t  comparable h a r d n e s s  l e v e l s .  Chconic v a l u e s  r ange  
from 14.8 p g / l i t e r  f o r  Daphnia magna in s o f t  water t o  530 p g / l i t e r  
for t h e  f a t h e a d  minnow i n  hard water. Acute-chronic  ra t ios  
for Daphnia magna r ange  from 1 4  i n  hard  water to  83 i n  soft  
water, and are approx ima te ly  50 i n  both ha rd  and sof t  water 
for t h e  f a t h e a d  minnow. Res idue  data for the f a t h e a d  minnow 
i n d i c a t e  a b i o c o n c e n t r a t i o n  f a c t o r  of 61. Freshwater a l g a e  
e x p e r i e n c e  reduced growth a t  n i c k e l  c o n c e n t r a t i o n s  as low as 
100 p g / l i t e r .  

for  mysid Shrimp to 350,000 p g / l i t e r  for t h e  mummichog. A 
c h r o n i c  v a l u e  o f  92.7 p g / l i t e r  is r e p o r t e d  for the mysid shr imp,  
which g i v e s  an a c u t e - c h r o n i c  ra t io  of 5.5 for t h e  species. 
Reduced growth i s  s e e n  in saltwater a l g a e  a t  c o n c e n t r a t i o n s  
as  low a s  1,000 p g / l i t c r .  B i o c o n c c n t r a t i o n  factors rang ing  
from 299 t o  416 have  been reported for the o y s t e r  and .mussel. 

A c u t e  values for saltwater species range  from 152 p g / l i t e r  

000357 
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R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  C r i t e r i a  (USEPA): 

A q u a t i c  L i f e  

F r e s h w a t e r  

A c u t e  t o x i c i t y :  

C h r o n i c  t o x i c i t y :  

e (0.76 [ l n ( h a r d n e s s ) )  + 4.02) pg/li ter  

e (0.76 [ l n ( h a r d n e s s ) l  + 1.06)  Irg/liter 

S a l t w a t e r  

A c u t e  t o x i c i t y :  140 p g / l i t e r  
C h r o n i c  t o x i c i t y :  7.1 p g l l i t e r  

Human H e a l t h  

Criterion: 13.4 p g / l i t e r  

CAG U n i t  R i s k  (USEPA) : 

NIOSH Recommended S t a n d a r d :  

1.15 (mg/kg/day)-’ 

15  pg/m3 TWA ( i n o r g a n i c  n i c k e l )  

OSHA S t a n d a r d :  1 mg/m3 (metal and  s o l u b l e  compounds, a s  n i c k e l )  

ACGIH T h r e s h o l d  L i m i t . V a l u e s :  
3 0 . 1  mg/m3 TWA ( s o l u b l e  compounds, a s  n i c k e l )  

0.3 mg/m 3ST€L ( s o l u b l e  compounds, as  n i c k e l )  
0.35 mg/m 
l m g / m  TWA ( n i c k e l  s u l f i d e  r o a s t i n g ,  fume and d u s t ,  a s  

TPOA ( n i c k e l  c a r b o n y l ,  as n i c k e l )  

n i c k e l ;  human c a r c i n o g e n )  
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NITROCELLULOSE 

- 
Summary 

form is e x p l o s i v e .  
N i t r o c e l l u l o s e  w i t h  a l a r g e  p e r c e n t a g e  o f  t h e  h igh-n i t rogen  

Background I n f o r m a t i o n  

N i t r o c e l l u ~ o s e  g e n e r a l l y  c o n s i s t s  o f  a m i x t u r e  of high- 
n i t r o g e n  and low-ni t rogen  ( p y r o x y l i n )  forms of n i t r a t e d  c e l l u l o s e .  
The r a t i o  of t h e  two forms i n  a p a r t i c u l a r  n i t r o c e l l u l o s e  com- 
pound var ies .  N i t r o c e l l u l o s e  w i t h  a l a r g e  amount of  t h e  h i g h -  
n i t r o g e n  form is e x p l o s i v e ,  w h i l e  n i t r o c e l l u l o s e  w i t h  mos t ly  
t h e  low-ni t rogen form is  more s t a b l e .  

CAS Number: 9004-70-0 

Chemical Formula: C6B702 (ON02)  

IUPAC Name: C e l l u l o s e  n i t r a t e  

Impor tan t  Synonyms and Trade  Names: C e l l u l o s e  t e t r a n i t r a t e ,  
n i t r o  c o t t o n ,  soluble gun 
c o t t o n ,  c o l l o d i o n  

C h e m i c a l  and P h y s i c a l  Properties 

I Molecular Weight: p.504 

B o i l i n g  Po in t :  E x p l o s i v e  s o l i d  

Mel t ing  P o i n t : .  671OC 

S p e c i f i c  Grav i ty :  1.35-1.6 

S o l u b i l i t y  i n  Water: I n s o l u b l e  

S . o l u b i l f t y  i n  Organicst  goluble i n  e t h e r  and a l c o h o l  

P l a s h  Po in t :  l3.C 

T r a n s p o r t  and Pate 

c e l l u l o s e  i n d i c a t e s  t h a t  it emits h igh  l e v e l s  of n i t r a t e  and 
n i t r i t e  when p r e s e n t  i n  a l a n d f i l l .  
c e l l u l o s e  may e v e n t u a l l y  deg rade  t o  c e l l u l o s e  or a t  l e a s t  t o  
f a i r l y  s tab le  low-ni t rogen  n i t r o c e l l u l o s e .  
s t o r a g e ,  nitrocellulose plast ics  emit camphor. T h i s  decay  

The l i m i t e d  i n f o r m a t i o n  on  t h e  t r a n s p o r t  and f a t e  of n i t r o -  

T h i s  s u g g e s t s  t h a t  n i t r o -  

A f t e r  pro longed  

N i t  r o c e l l u l o s e  
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can decrease decomposition temperature and thus speed up decom- 
position, probably with the formation of nitrates and nitrites. 

Health Effects 

According to the extremely limited information on the 
toxicity of nitrocellulose, it is not very toxic. Its explosive 
tendency would be the primary concern associated with exposure 
to nitrocellulose at a waste site. 

Toxicity to Wildlife and Domestic Animals 

No information on the toxicity of nitrocellulose to wildlife 
and domestic animals was found in the sources reviewed. 

Regulations and Standards 

NO regulations or standards based on the toxicity of nitro- 
cellulose have been established. 
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NITROPHENOL 
r 

. .  

summary 

Nitrophenol is reported to cause liver and kidney damage 
It may have a direct effect on cell in experimental animals. 

membranes in general. 

CAS Number: ,2-nf trophenol: 88-75-5 
3-nitrophenol: 554-84-7 
4-nitrophenol: 100-02-7 

Chemical Formula: C6N02H40A 

IUPAC Name: 00, m-, or p-Nitrophenol 

Important Synonyms and Trade Names: Nitrophenol, hydroxy- 
nitrobenzene, mononitrophenol 

Chemical and Physical Properties 

Molecular Weight: 139.11 

Boiling Point: 2-nitrophenol: 216OC 
3- and 4-nitrophenolr 279.C 

Melting Point: 2-nitrophenol: 45.3.C 
3-ni trophenol: 97 O C  

4-ni trophenol: 113.C 

Specific Gravity: 1.5 at 20.C 

Solubility in Water: 

Solubility in Organics: 

2,100 mglliter at 2OoC 

soluble in alcohol, ether, acetone, 
benzene, and chloroform 

Log OctanollWater Partition Coefficients' 1.76 

Vapor Pressure: 1 mm Ag at 50-  

pKa: 7.2 

Transport an8 Pate 

that photooxidation of the nitrophenols to catechol and nitrohy- 
droquinone is their primary degradative pathway. 

Based on information concerning 4-nitrophenol, it appears 

There is, 

Nf trophcnol 
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however, a possibility that organic material to which nitrophenol 
becomes adsorbed may act as a reducing agent in the photoreduc- 
tion of this compound to aminophenol and dihydroxyazobenzene. 9 
Oxidation by hydroxyl radicals may a l s o  occur. 
of the low vapor pressure, relative high solubility in water, 
and moderate ionization constant of nitrophenol suggests that 
volatilization is not an important transport process. 
sorption of nitrophenol by organic materials probably occurs 
to only a limited extent, it appears that stable complexes 
with clay mineral and s o i l s  can be formed. Furthermore, there 
is a small possibility that nitrophenol can undergo hydrolysis 
within the clay structure. 

Bioaccumulation and biomagnification do not appear to 
be important processes for nitrophenol. Biotransformation 
processes, including reduction of the nitro group, hydroxylation 
of the aromatic ring, and displacement of the nitro group by 
a hydroxy groupl can be demonstrated with soil or water micror- 
ganisms under optimal conditions. Some studies suggest that 
nitrophenol is very persistent in aqueous soil cultures and 
can inhibit microbial growth in natural aquatic systems through 
its action as an oxidative phosphorylation uncoupler. Bowever, 
results of other studies suggest that it is readily and rapidly 
degraded, especially by acclimated microorganism populations. 

7283 Consideration he% c 

Although 

Health Effects 

Based on the results of limited testing, nitrophenol does 
not appear to pose carcinogenic or mutagenic hazards (USEPA 19801, 
4-Nitrophenol is currently being tested for carcinogenicity 
by the National Toxicology Program, 
potential are available. 

phenol is available. This compound is reported to cause kidney 
and liver injury in experimental animals, Administration of 
10 mg of 4-nitrophenol, 30 mg of 3-nitrophenol or 100 mg of 
2-nitrophenol by gavage to anesthetized rats is reported to 
significantly increase respiratory volume. Nitrophenol can 
inhibit chlorine transport in red blood cells, suggesting a 
direct effect on cell membranes. 

No data concerning teratogenic 

Very little information concerning the toxicity of nitro- 

A significant increase in blood platelet levels was observed 
in rats after intraperitoneal injection of as little as 0.1 mg/kg 
of 2-nitrophenol. This effect was not seen when the other 
nitrophenols were administered. Oral LD values of 620 mg/kg 
for 4-nitrophenol, 930 mg/kg for 3-nitroaRenol and 2,828 mg/kg 
f o r  2-nitrophenol are reported for the rat. 

N'i't rophenol 
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Toxicity to Wildlife and Domestic Animals P 
Reported 24-hour Lc values range from 35.000 vg/lite&- p g ~ ~  

for 4-nitrophenol to 2105800 vg/liter for 2-nitrophenol for 
the freshwater species Da hnia ma na and from 8 , 0 0 0  (4-nitrophenol) 
to 67,000 (2-nitropheno I-or the bluegill. A concentra- 
tion of 33,300 vg/lfter of 2-nitrophenol caused 38a mortality 
in goldfish in eight hours. 
of 26,000 (4-nitrophenol) and 32,900 pg/liter 2-nitrophenol 
are reported for the saltwater shrimp, Crangon septemspinosa. 

96-Hour lethal threshold values 

A nitrophenol concentration of 3 5 , 0 0 0  vg/liter inhibits 

Growth of duckweed is reduced SO$ by 
chlorophyll synthesis after 3 days in the freshwater alga. 
Chlorella pyrenoidosa. 
a concentration of 62,550 pg/lfter of 2-nitrophenol. 

portion of all freshwater and estuarine aquatic organisms con- 
sumed by Americans is 2 . 3 3 .  

The weighted average bioconcentration factor for  the edible 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) t 

The available data are not adequate for establishing criteria. 
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PENTACHLOROPRENOL 

Summary 

pentachlorophenol is probably persistent in natural environ- 
ments. It is embryotoxic and fetotoxic. Chronic exposure 
has been shown to cause chloracne, headache, muscle weakness, 
weight loss, and liver and kidney damage. Technical grade 
pentachlorophenol is often contaminated with polychlorinated 
dibento-p-dioxins, and these contaminants may be responsible 
for"some of the toxic effects associated with exposure to penta- 
chlorophenol. 
organisms. 

Pentachlorophenol is hiqhly toxic to aquatic 

CAS Number: 87-86-5 

Chemical Formula: C6ClsO?i 

IUPAC Name: 2,3,4,5,6-Pentachlorophenol 

Important Synonyms and Trade Names: PCP, DP-2 antimicrobial, 
Dowicide 7, Durotox 

Chemical and Physical Properties 

Molecular Weight: 266.32 

Boiling Point: Decomposes at 309OC 

Melting Point: 190-191OC 

Specific Gravity: 1.978 at 2OoC 

Solubility in Water: 14 mg/litcr at 2O0C$ the sodium salt 
of pentachlorophenate is highly soluble 
in water 

Very soluble in alcohol and ether! 
soluble in hot benzene; slightly soluble 
in ligroin and other solvents 

Solubility in Organics: 

Log Octanol/Water Partition Coefficient: 5.01 

Vapor Pressure: 1.1 x loo4 mm Hg at 20.C 

pKa: 4.74 

Pentachlorophenol 
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Transport and Fate 

There is little information on the transport of 
phenol through the environment. The compound has a low vapor 
pressure and, therefore, is not likely to volatilize readily. 
It is slightly soluble in water and does adsorb to sediments, 
and therefore may be .transported through soil, surface water, 
and groundwater . 

--,.pentachlorophenol is degraded by sunlight to lower chlorin- 
at& phenols., tetrachlotodihydroxyl benzenes , and non-aromatic 
fragments. The importance of photodegradation of pentachloro- 
phenol in the environment is unknown. Soil microorganisms 
have also been found to degrade pentachlorophenol. However, 
the compound was persistent in sediments and leaf litter follow- 
ing a spill into a freshwater lake. Limited information on 
bioconcentration of pentachlorophenol in freshwater species 
suggest a bioconcentration factor of 500;  in saltwater species 
factors vary from 13 to 3,830. Some pentachlorophenol residues 
found in tissue may actually be the result of metabolism of 
hexachlorobenzene. 

Health Effects 

Pentachlorophenol has not been found to be mutagenic or 
carcinogenic in the studies reviewed. It is currently under 
study by the National Toxicology Program for Its carcinogenic 
potential. No teratogenic effects have been reported in the 
studies reviewed, but pentachlorophenol has been 8hown to be 
embryotoxic and fetotoxic. 'Pentachlorophenol has not been 
found to be highly toxic upon chronic exposure, although fatal 
cases from acute and chronic human exposures have been reported. 
Chloracne is the major effect associated with human chronic 
exposures, however, this may actually be caused by the polychlori- 
nated dibenzo-dioxin contaminants found in technical grade 
pentachlorophenol. Other effects associated with chronic intoxi- 
cation include muscle weakness, headache, anorexia, abdominal 
pain, weight loss, and effects on the liver and kidneys. Effects 
on the liver and kidney were less severe in animals treated 
with purified pentachlorophenol compared to technical grade 
compound . 
Toxicity to Wildlife and Domestic Animals 

Concentrations ranging from 34 to 2,000 pg/liter have 
been found to be acutely toxic to freshwater aquatic Qrganisms. 
Toxicity is greater at acidic pH values than alkaline pR values. 
Growth of salmonid f h h  species is affected by pentachlorophenol 
at even lower concentzations. Some freshwater aquatic plants 
have also.been shown to be sensitive to the compound but this 
has not been studied in detail. 

Pentachlorophenol 
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Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for  establishing criteria. 

Human Health 

Health criterion: 1.01 mg/liter 
Organoleptic criterion: 30 pg/liter 

OSHA Standard: 500 pg/m3 TWA 

ACGIH Threshold Limit Values: 3 0.5 mg/m3 TWA 
1.5 mg/m STEL 
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PHENOL 

summary 

When applied to the skin of mice, phenol appears to have 
some tumor-promoting effects and may be a weak carcinogen. 
T-here is equivocal evidence that phenol is mutagenic. 
exposure to phenol caused liver, kidney, lung, and heart damage 
in experimental animals. In humans, phenol has been shown 
to trritate the eyes, nose, and throat. 

Subchronic 

* 

CAS Number: 108-95-2 

Chemical Formula: CdRSOH 

IUPAC Name: Phenol 

Chemical and Physical Properties 

Molecular Weight: 94.11 

Boiling Point: 181.7S°C 

Melting Point: 43.C 

Specific Gravity: 1.0576 at’ 20% 

Solubility in Water: 

Solubility in Organics: 

93,000 mg/litcr at 25OC 

Soluble in alcohol, chloroform, and 
carbon disulfide; very soluble in ether; 
mi8cible w i t h  carbon tetrachloride 
and hot benzene 

Log Octanolfiater Partition Coefficient: 1.46 

Vapor Pressure: 0.3513 am Rg at 25% 

vapor Density: 3.24 

pKar 10.02 

plash Point: 85OC (closed cup) 
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Transport ano r a t e  

. Photooxidation may be an important degradative process, 
especially in aerated ,-clear, sukface waters. 
be nonphotolytically oxidized in highly aerated waters that 
contain iron and copper in solution or as part of the suspended 
particulates. 
coefficient of phenol, as well as the available experimental 
evidence? suggest that sorption and bioaccumulation are not 
important environmental fate processes. Biodegradation can 
be.-a significant fate pathway in aquatic systems and soil when 
significant concentrations of microorganisms are present. 
In addition to microorganisms, at least one species of fish 
is reported to be able to biotransform phenol. 

The dominance of photooxidation, metal-catalyzed oxidation, 
or biodegradation as destructive pathways depends on the partic- 
ular environmental conditions, but the degradation products 
are similar for all fate pathways. The first step usually 
involves further hydroxylation of the aromatic ring, followed 
by oxidation to benzoquinone and cleavage of the ring structure. 
There is a possibility that phenol present in surface waters 
can volatilize into the atmosphere. However, since this phenol 
would be rapidly photooxidized in the troposphere, any signifi- 
cant atmospheric transport is unlikely. 

Phenol may also 

The relatively low log octanol/water partition 

Real th Effects 

Phenol appears to have tumor-promoting activity in many 
strains of mice when repeatedly applied to the 8haved skin 
after initiation with known carcinogens. Although there is 
equivocal evidence that phenol may be weakly carcinogenic when 
applied to the skin of one sensitive strain of mice, it does 
not appear to be carcinogenic when applied to the skin of stan- 
dard strains of mice. NCI reported that phenol was not carcin- 
ogenic when administered in drinking water to rats and mice. 
There is equivocal evidence that phenol may have mutagenic 
effects, although further evaluation is needed. There are 
no reports of teratogenic effects caused by exposure to phenol. 

Subchronic inhalation exposure to phenol is reported to 
cause liver, kidney, lung, and heart damage in guinea pigs. 
Slight liver and kidney damage was seen in rats exposed by 
gavage to 100 mg/kg/day for 20 days. The oral and skin LD s 
for the rat are 414 aqd 669 mg/kg, respectively, and the iiRa1a- 
tion LC is 316 mg/m . Phenol i8 an eyer nose, and throat 
irritans and can cause systemic damage to the nervous system 
in humans following dermal, oral, or inhalation exposure. 

4 * . I  
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Toxicity to Wildlife and Domestic Animals 

The acute toxicity of phenol to freshwater epecies 1s 
expressed over a range of 2 to 3 orders of magnitude. 
values for fish species range from 5,020 vg/liter for juvenile 
rainbow trout to 67,500 vg/liter for the fathead minnow. The 
acute value for the rainbow trout, and a value of 5,000 pg/liter 
for Daphnia magna are the lowest acute values observed. An 
early life stage test on the fathead minnow resulted in a chronic 
value of 2,560 pg/liter, with an acute-chronic ratio of 14. 
Median effect concentrations for oyster and clam embryos are 
approximately 55,000 vg/liter. For the grass shrimp and the 
mountain bass, Lc values of 5,800 and 11,000 vg/lftcr, respec- 
tively, are reporzgd. 
saltwater species. Reported bioconcentration factors of 1.2 
to 2.3 for goldfish suggest that no residue problem should 
occur from exposure to phenol. No appropriate data concerning 
effects of phenol on other wildlife or domestic animals are 
available. 

&- 1 2 8 3  
Acute 

No chronic effects are available for 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing criteria. 
However, the lowest concentrations of phenol known to 
cause toxic effects in aquatic organisms are: 

Preshwater 

Acute toxicity: 10,200 pg/liter 
Chronic toxicity: 2,560 vg/litcr 

Saltwater 

Acute toxicity: 5,800 pg/liter 
Chronic toxicity: No available data 

Human Health 

Health criterion: 3.5 mg/liter 
Organoleptic criterion: 0.3 mg/liter 

3 NIOSR Recommended Standards: 

QSBA Standard: 19 mg/m3 

20 mg/mj W A  
60 mg/m /lS min Ceiling Level 

000370 
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A C G I H  Threshold Limit Values: 19 mg/m: TWA 
38 mg/m STEL 

Department of Transportation: Poison 
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PHENYL ETHER 

Summary 

Phenyl  ether is somewhat p e r s i s t e n t  i n  t h e  n a t u r a l  env i -  
ronment. I t  can cause nausea i n  humans. High c o n c e n t r a t i o n s  
of phenyl  e t h e r  i r r i t a t e  t h e  s k i n .  

CAS Number: 101-84-8 

C h e m i c a l  Formula: C 6 ~ 5 - 0 - C 6 ~ 5  

IUPAC Name: Phenoxybenzene 

Important Synonyms and Trade  N a m e s :  Diphenyl  ether,  d i p h e n y l o x i d e ,  
phenoxyben t e n e  

Chemica l  and P h y s i c a l  P r o p e r t i e s  

Molecular  Weight: 170.20 

B o i l i n g  Po in t :  2S7-2S9°C 

Mel t ing  P o i n t :  28OC 

S p e c i f i c  G r a v i t y :  1.073 a t  2OoC 

S - o l u b i l i t y  i n  Water: I n s o l u b l e  in water 

S . o l u b i l i t y  in Organics :  S p l u b l e  i n  a l c o h o l ,  benzene, e t h e r ,  
and g l a c i a l  acetic a c i d  

Log Octanol/Water P a r t i t i o n  C o e f f i c i e n t :  4.1 ( c a l c u l a t e d )  

Vapor P r e s s u r e :  0.02 mm Hg a t  25OC 

Vapor Dens i ty :  5.86 

F l a s h  P o i n t :  1lS.C 

T r a n s p o r t  and P a t e  

lo information on t h e  transport and  f a t e  of pheny l  e t h e r  
was found i n  t h e  l i t e r a tu re  reviewed, b u t  information was a v a i l -  
able on 4-chlorophenyl  phenyl  e t h e r .  
and on t h e  c h e m i c a l  and p h y r i c a l  properties of pheny l  e t h e r ,  . 

probable transport and f a t e  processes can be determined .  

Based on this information 
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Although phenyl ether has a low vapor pressure, its low 
water solubility suggests that limited volatilization is l i k e  
Once in the atmosphere, it will be photooxidized. Phenyl ether 
has a high log octanol/water partition coefficient; it probably 
both adsorbs to soil and sediments and bioaccumulates. The 
results of a study on 4-chlorophenyl phenyl ether ruggest that 
biodegradation may be.important in acclimated microbial popu- 
lations but not in populations in natural waters. Phenyl ether 
is likely to be somewhat persistent in the natural environment, 
with adsorption to organics acting as a storage mechanism. 

Health Effects 

Phenyl ether has not been reported to be carcinogenic, 
mutagenic, or teratogenic. A disagreeable odor and possible 
nausea provide sufficient warning of exposure, 
material is somewhat irritating to the skin after prolonged 
exposure, and erythema and exfoliation are possible. However, 
the irritation clears promptly once exposure ceases. The oral 
LD for rats is 3.99 g/kg; for the guinea pig, it i s  approx- 
imafely 2.5 g/kg. 

The undiluted 

Toxicity to Wildlife and Domestic Animals 

for the fathead minii8w and 0.72 mg/liter for Daphnia magna. 
The 96-hour LC walues for phenyl ether are 9.6 mg/liter 

Regulations and Standards , 

OSHA Standard (air): 

ACGIH Threshold Limit Values: 

7 mg/m3 TWA 

7 mg/rn'+~~ 
14 mg/m S - ~ L  
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1288 
Summary 

irritating to the skin, eyes, and mucous membranes. 
Solutions of phosphoric acid are corrosive and are severely 

CAS Number: 7664-38-2 

Chemical Formula: B3POq 

IUPAC Name: Phosphoric acid 

Important Synonyms and Trade Names: Orthophosphoric acid 

Chemical and Physical Properties 

Molecular Weight: 98.04 

Boiling Point: 

Melting Point: 42.3S°C 

Loses one-half H20 at 213.C 

Specific Gravity: 1.834 at 18.C 

Solubility in Water: 

Solubility in Organics: 

Log OctanolJWater Partition’coefficient: -1.6 (calculated) 

Vapor Pressure: 

S-oluble in water 

Splublc in alcohol 

0.0285 mm Hg at 2OoC 

Tribasic acid: pkl 12, pk217, pkj-12 

Transport and Fate 

No information on the transport and fate of phosphoric 
acid was found in the literature reviewed. Phosphoric acid 
probably is not very volatile. It is soluble in water, and 
the degree of solubility depends on the pR of the water. It 
may form insoluble salts and precipitate in association with 
such metals as iron, aluminum, and zinc. Its movement through 
roils is dependent on their pH and may be limited by binding 
to minerals. 

Phosphoric acid 
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Health Effects 728% 
Phosphoric acid, H POq, is a tribasic acid in which the 

first hydrogen is stronaly ionizing, the second moderately 
ionizing, and the third very weakly ionizing. 
trihydrogen phosphate are acidic and corrosive. 
acid is stronger than acetic acid but weaker than hydrochloric, 
nitric, or sulfuric acid. Phosphoric acid is a severe irritant 
to skin, mucous membranes, and eyes: and the level of irritation 
is positively correlated with the degree of acidity. Phosphoric 
acid has no known carcinogenic, mutagenic, or teratogenic prop- 
erties. The oral LD ' for rats is 1,530 mg/kg, while the dermal 
LDSO for rabbits is 27740 mg/kg. 

Solutions of 
Phosphoric 

Toxicity to Wildlife and Domestic Animals 

The toxicity of phosphoric acid to aquatic organisms is 
due to its acidic nature, and therefore the toxic concentration 
will depend upon -,he buffering capacity of the natural waters, 
as w e l l  as the reLative resistance of each organism to low 
pH conditions. Phosphoric acid may be most harmful to the 
environment because it is an important nutrient and not because 
of its toxicity. Phosphate is very often the nutrient that 
by its absence limits the growth of algae. In the presence 
of sufficient phosphate, algal blooms occur which, as they 
die and decay, lead to eutrophication of the body of water 
and cause the elimination of species that need higher oxygen 
levels and a more pristine environment. Airborne phosphoric 
acid should not cause necrosis of vegetation or irjitatfon 
to domestic animals at concentrations below 1 mg/m , but such 
effects are possible at higher concentrations. Phosphoric 
acid does not bioaccumulate in the tissues of wildlife species. 

Regulations and Standards 

OSHA S-tandard (air): 

ACGIH *Threshold Limit Values: 

1 m9/m3 TwA 

1 mg/m: TWA 
3 mg/m S . ~ L  
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PHOSPHORUS (WH 1 Tt 

Summary 

White phosphorous is highly toxic: the oral LD in the 
Chronic exposure to phorphotous caales bone rat i s  3 mg/kg. 

changes, including bone necrosis. 
more often in the jaws and is termed Ophossy jaw.. 
of phosphorous caused severe respiratory irritation and edema 
in rats. 

In humans, this effect Occurs 
Inhalation 

CAS Number: 7723-14-0 

Chemical Formula: PI 

IUPAC Name: Phosphorus 

Important Synonyms and Trade Names: Yellow phosphorus, Rat-Nip 

Chemical and Physical Properties 

Molecular Weight: 123.88 

Boiling Point: 28OOC 

Melting Point: 44. l 0 C  

Specific Gravity: 1.82 at 2OoC 

Solubility in Water: 3 mg/liter 

Solubility in Organics: Soluble in alcohol, ether, chloroform 
and benezene 

Vapor Pressure: 0.026 mm Hg at 20°C 

Vapor Density: 4.42 

Flash Point: Spontaneous in air 

Transport and Pate 

Elemental phosphorus reacts spontaneously with a i r .  In 
water it is slowly converted to phosphate with the extent of 
conversion dependent on the physical nature of the particular 
media. Phosphorus, as phosphate, is  an essential nutrient 
for plants, and especially for aquatic plants, is often the 
limiting nutrient. Therefore, bioaccumulation of phosphate 
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H e a l t h  Effects 

No information on the carcinogenicity or mutagenicity 
of phosphorus was found in the literature reviewed. Female 
rats exposed to as little as 11 pg/kg of phosphorus on days 
1 through 22 of gestation had decreased fertility. 

The most common nonfatal effects of phosphorus are bone 
changes, including bone necrosis. In humans, this effect occurs 
most often in the jaws of occupationally exposed workers and 
is termed 'phossy jaw.' 
reported in a human who ingested a dose of 1 mg/kg. 
LD in the rat is 3 mg/kg. Inhalation by rats of 100 mg/m 
caaied severe respiratory irritation and high mortality due 
to bronchopneumonia or edema. 

Phosphorus is highly toxic, with death 
The or31 

Toxicity to Wildlife and Domestic Animals 

Bluegill sunfish had 48 and 160 hour LC values of 105 
pg/liter and 25 pg/liter respectively. Adu9e salmon exposed 
to elemental phosphorus concentrations of less than 40 pg/liter 
show signs of extensive hemolysis. Juvenile Atlantic salmon' 
exposed to phosphorus had a 195-hour LC 
and Atlantic cod had a 125-hour LC of'P.9 pg/liter. Fish 
bioconcentrate phosphorus to rathe? high levels ( 5 0  times enviton- 
mental levels in muscle and 25,000 times water levels in liver) 
following fairly short (24 hour) exposure. 

of 0.8 pglliter, 

Phosphorus converted to phosphate i s  an environmental 
problem not because of its toxicity but because of its action 
as an essential nutrient. Low phosphate levels in the aquatic 
environment often beneficially limit the growth of algae and 
the introduction of excess phosphate causes algal blooms which 
reduce the oxygen in the water. This decrease in oxygen can 
cause the death of some fish and invertebrate species. 

Phosphorus caused toxic effects in pigs exposed to a dose 
of 160 mg/kg and had minor behavioral effects on ducks at 3 mg/kg. 

Regulations and Standards 

OSEA Standard (air): 

ACGIE Threshold L i m i t  Values: 

100 pg/m3 TWA 

100 pq/ml TWA 
300 pg/m STEL 

. *  
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PHENANTHRENE 

Summary 

Phenanthrene is a polyCyC1iC aromatic hydrocarbon (PAR) 
and is moderately persistent in natural environments. In two 
skin painting studies, it produced application-site tumors, 
and it was shown to be mutagenic in several other rtudies. 
Workers exposed to materials containing phenanthrene developed 
chronic dermatitis and other skin disorders. 

CAS Number: 85-01-8 

Chemical Formula: C14A10 

IUPAC Name: Phenanthrene 

Chemical and Physical Properties 

Molecular weight: 378.24 

Boiling Point: 340°C 

Melting Point: 1 0 l ° C  

Specific Gravity: 1.025 

Solubility in Water: 1.29 mg/liter at 25OC 

Solubility in Organics: Soluble in alcohol, ether, acetone, 
benzene, and acetic acid 

~ o g  Octanolflater Partition Coefficient: 4.46 

Vapor Pressure: 

Vapor Density: 6.14 

6.8 x loo4 mm Rg at 20°C 

Transport and Fate 

Much of the information concerning transport and fate 
is inferred from data for polycyclic aromatic hydrocarbons 
(PAFIs) in general because specific information for phenanthrene 
ir lacking. 
may occur in aqueous rolution. Oxidation is probably too slow 
to be a significant environmental procers and the available 
data ruggest that volatilization generally is not an important 
transport proccm. The calculated log octanol/watcr partition 

Rapid, direct photolysis of phenanthrene to quinones 
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coefficient of 4.46 indicates that the compound should be strongly 
absorbed onto particulate matter, especially particulates high in 
organic content. It is likely that phenanthrene can be trans- 
ported as absorbed matter on suspended particulates in air 
or water. Data for PAHs in general indicate that phenanthrene 
will accumulate in the sediment and biota of the aquatic environ- 
ment. Removal rates associated with absorption and subsequent 
sedimentation are probably slower than photolysis and degradation, 
but may be competitive with volatilization. 

a short term process, and long-term partitioning into biota is 
not a significant fate process. 
by multicellular organisms and degraded by microbes. 

Degradation by mammals is likely to be incomplete, with 
parent compound and the metabolites being excreted by the urinary 
system. Biodegradation by microorganisms is probably the ulti- 
mate fate process. Biodegradation generally appears to be more 
efficient in soil than in aquatic systems. However, it may be 
more important in those aquatic systems which are chronically 
affected by PAH contamination. Phenanthrene is stable enough 
in air to be transported over relatively great distances. 

Data for a variety of PAHs suggest that bioaccumulation is 

Phenanthrene can be metabolized 

Health Effects 

suggesting that phenanthrene is carcinogenic in humans. This 
compound generally is not considered to be carcinogenic in 
experimental animals. However, at least two skin painting 
studies report development of tumors at the site of application 
in mice. Phenanthrene exhibits mutagenic activity in some test 
systems, but not in others. There are no reports of teratogenic 
or reproductive effects due to phenanthrene exposure. 

Little information concerning acute and chronic toxic 
effects is available. Although specific data concerning exposure 
to phenanthrene are not available, workers exposed to materials 
containing this compound may exhibit chronic dermatitis, hyper- 
keratoses, and other skin disorders. 

There are no epidemiological or case studies available 

Toxicity to Wildlife and Domestic Animals 

Adequate data for characterization of toxicity to domestic 
animals and wildlife are not available. A 96-hour LC value of 
600 pglliter is reported for a saltwater polychaete dhn exposed 
to a crude oil fraction containing phenanthrene. The weighted 
average bioconcentration factor for the edible portion of all 
freshwater and estuarine aquatic organisms consumed by Americans 
is 486. 

- 1 -  
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Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 7288 
Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of carcinogenic PAHS 
in water are: 

R i s k  - Concentration 

28 ng/liter 
2.8 ng/liter 
0.28 ng/U ter 
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In waterr bacteria degrade picric acid by reducing the 
NOZ groups to NH , Microbial biodegradation is probably t h 6  1283' 
most important f2te process for picri 
Picric acid is transported readily b 4 surface and groundwater 
(Burton et al. 1984). Its adsorption to sediments and soil 
probably is not significant. Picric acid has an affinity for 
protein, which can lead to its uptake in the tissue of aquatic 
organisms. ?or exampler the American oyster (Crassostrea vir- 
ginica) has shown biphasic uptake with retention in the tissues 
of approximately 50% (Burton et al. 1984). 

acid in the environment. 

Picric acid can be metabolized to a small extent in aquatic 
organisms. 

Health Effects 

No carcinogenic data were available in the literature 
reviewed, However, in a study to evaluate its mutagenic poten- 
tial, picric acid yielded positive results in both the Ames 
assay and the Basc test using Droso hila (Gocke et al. 1981). 

literature reviewed. 
No information on reproductive & oxic ty was available in the 

In humans, the ingestion or percutaneous absorption of 
picric acid may cause nausea, vomiting, diarrhea, abdominal 
pain, olicuria anuria, pruritus, and skin eruptions. Skin 
disease appears to be the most common toxic effect associated 
with exposure to picric acid. For example, an outbreak of 
hematuria was observed in naval personnel after the dumping 
of some ammunition containing the acid in their vicinity, The 
LD for picric acid administered orally ranged from 250 mg/kg 
inL$ats to 100 mg/kg in guinea pigs. 

Toxicity to Wildlife and Domestic Animals 

toxicity tests on fish, arthropods, and algae. 
Available data for freshwater species consist of acute 

For fish, the LC was reported to be 88 mglliter. Trout 

Of the invertebrate species tested, Daphnia had an 
of 88 mg/liter and a 42-day utudy on Crassostrea virginica 

were listed as havingL8 perturbation level of 4 glliter after 
50 minutes. 

=bo re ealed that picric acid inhibits growth. 

Scenedesmus showed an LC of 240 m /liter. 'Inhibition of 
cell multiplication was notedlgt 70 mg/l!ter in Microcystic 
aeruginosa. There were no data available on raltwater species. 

The LD was measured in pigeons and frogs uring 8ubcuta- 
neops ipjeckTons, It was 200 mg/kg for both, ruggtsting that 
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PICRIC ACID 

Summary 

Picric acid was mutagenic when tested using the Ames assay .  
In humans, exposure has been associated with nausea, abdominal 
pain, pruritus, and skin disorders. 

CAS Number: 88-89-1 

Chemical Formula: C6(N02) 3H20H 

IUPAC Name: 284,6=Trinitrophenol 

Important Synonyms and Trade Names: Carbazotic acid, 2-hydroxy- 
1,3,5-trinitrobenzener 
melinite, nitroxanthic 
acid, phenol trinitrate, 
piero nitric acid 

Chemical and Physical Properties 

Molecular Weight: 229.11 

Boiling Point: Explodes at temperatures greater than 3 0 0 O C  

Melting Point: 122-123OC 

Specific Gravity: 1.763 at 20°C 

Solubility in Water: 

Solubility i n  Organics: 

Log Octanolflater Partition Coefficient: 

Vapor Pressure: 

18,000 mglliter at 2OoC 

Soluble in alcohol, diethyl ether, acetone, 
benzene, acetic acid, and pyrimidine 

Low (approximately 2) 

1 mm Hg at 195OC 

Vapor Density: 7.91 

Plash Point: 150.0.C 

Transport and Pate 
d 

There is little available data on the transport and fate 
Picric acid has a relatively low vapor pres- of picric acid. 

uure; therefore, volatilization probably is not an important 
transport process. 
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picric acid is unlikely to be an environmental hazard to terres- 
trial wildlife or domestic animals. 
toxicity of picric acid were found in the literature reviewed. 

No other studies on t h e  

Regulations and Standards 

OSHA Standard (air):. 100 vg/m3 TWA (skin) 

ACGIH Threshold Limit Values: 100 pg/mi IWA 
300 w / m  STEL 
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POLYCHLORINATED BIPHENYLS, 

Summary 

Polychlorinated biphenyls (PCBs) are very persistent in 
the natural environment and are readily bioaccumulated. In 
humans, exposure to PCBs has been associated with chloracne, 
impairment of liver function, a variety of neurobehavioral 
sym toms, menstrual disorders, minor birth abnormalities, and 

to PCBS expeiienced an increased incidence of cancer; reproduc- 
tive problems; neurobehavioral degradation: pathological changes 
in the liver, stomach, skin, and other organs; and suppression 
of immunological function. 
these contaminants may be much more toxic than the PCBs them- 
selves. 

an f nereased incidence of cancer. Experimental animals exposed 

PCBS are often contaminated, and 

Background Information 

Polychlorinated biphenyls (PCBs) are complex mixtures 
of chemicals composed of two connected benzene rings with 1 
to 10 chlorine atoms attached. The chemical, physical, and ' 

biological properties of these materials depend to a large 
degree on the amount and location of the chlorine atoms on 
the two benzene rings of each specific PCB and on the particular 
mixture of individual chlorobiphenyls that comprise the mixture. 

CAS, Number: 1336-36-3 

IUPAC Name: 

Important Synonyms and Trade Names: 

Specific for each polychlorinated biphenyl 

PCBs, chlorinated biphenyls, 
polychlorobiphenyls, Aroclor, 
Kanechlor, Clophen 

Chemical and Physical Properties 

Molecular Weight: 189-399* 

Boiling Pointr 267OC and up* 

Melting Point: 54-31OoC* 

'Increases with increasing chlorination. 
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Specific Gravity: 1.3 to 1.5 at 2OoC* 

S,olubility in Water: 0.003-0.6 mg/liter 728% 
Solubility in Organics: Soluble in most common organic solvents 

Log Octanol/Water Partition Coefficient: 4-6+ 

vapor Pressure: 

He&y!s Law constant: 

10-3-10-5 mm ~g at ZOOC+* 

loo3 to -IO-* atm &mole 

Transport and Fate 

The transport and fate of polychlorinated biphenyls has 
been studied extensively, and although individual chemicals 
vary in the rates at which processes occur, some generalizations 
can be made about PCBs as a class. PCBs are relatively inert, 
and therefore persistent, compounds, with low vapor pressures, 
low water solubility, and high log octanol/water partition 
coefficients, Despite their low vapor pressures, they have 
a high activity coefficient in water, which causes a higher 
rate of volatilization than might normally be expected. Vol- 
atilization and persistence account for the ubiquitous nature 
of PCBs in the environment. Adsorption to the organic material 
in soil or sediments is probably the major fate of at least 
the more heavily chlorinated PCBs. Once bound, the PCBs may 
persist for years with slow desorption providing continuous, - 
low-level exposure to the surrounding locality. Bioaccmulation 
of PCBs also occurs, with most of the compound 8tored in the 
adipose tissue of the body. ’ PCBs are degraded primarily by 
two routes, Less heavily chlorinated PCBs (mainly the mono-, 
di-, and trichlorinated P a s )  can be biodegraded by same soil 
microorganisms. PCBs with five or more chlorines are not meas- 
urably biodegraded. These heavier PCBs can be photolyzed by 
ultraviolet light. This process is extremely slow, but it 
may be the most important degradation process for these very 
persistent compounds. 

Assessing the toxicity of PCBs is complicated by the fact 
that several different mixtures have been produced and distrib- 
uted commercially and by the presence of highly toxic contam- 
inants in some commercial mixtures. Spme of these contaminants 
can be formed by combustion of P a s  or even by high-temperature 
treatment in service, so that used materials may be more toxic 
than the commercial mixtures whose toxicity has been studied. 

*Increases with increasing chlorination. 
**Decreases with increasing chlorination. 
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Health Effects 

In humans exposed to PCBs (in the workplace or via acci- 
dental contamination of food), reported adverse effects include 
chloracne (a long-lasting, disfiguring skin disease), impairment 
of liver function, a variety of neurobehavioral and affective 
symptoms, menstrual disorders, minor birth abnormalities, and 
probably increased incidence of cancer. 
exposed to PCBs have shown most of the same symptoms, as well 
as impaired reproduction; pathological changes in the liver, 
stomach, skin, and other organs; and suppression of immunological 
functions. PCBs are carcinogenic in rats and mice and, in 
appropriate circumstances, enhance the effects of other carcin- 
ogens. 
been reported in rhesus monkeys at the lowest dose level tested, 
11 pg/kg body weight/day over a period of several months. 

Animals experimentally 

Reproductive and neurobiological effects of PCBs have 

Toxicity to Wildlife and Domestic Animals 

biomagnified. Therefore, their toxicity increases with length 
of exposure and position of the exposed species on the food 
chain. The toxicity of the various PCB mixtures is also depen- 
dent on their composition. Because of the complexity of PCB 
toxicity, only general effects will be discussed here. 

The 96-hour LC values for rainbow trout, bluegills, 
and channel catf ish'8ere around 20 mg/liter. 
exposed for 10 to 20 days had LC 
Invertebrate species were also a38ersely affected, with some 
species having 7-day LC 
general, juvenile organ%ms appeared more susceptible to the 
effects of PCBs than either eggs or adults. 

Three primary ways in which PCBs can affect terrestrial 
wildlife are outright mortality, adversely affecting reproduc- 
tion, and changing behavior. PCB doses greater than 200 ppm 
in the diet or 10 mg/kg body weight (bw) caused some mortality 
in sensitive bird species exposed for several days. Doses 
around 1,500 ppm (diet) or about 100 mg/kg (bw) caused extensive 
mortality in these sensitive species. 
some mortality in all rpecies, with the level being dependent 
on the length of exposure and the particular PCB mixture. 
Spme mammalian species are especially Susceptible to PCBs. 
For example, mink died when fed as little a8 5 ppm in the diet 
(equivalent to less than 1 mg/kg bw/day). PCBs caused lower 
egg production; deformities; decreased hatchability, growth, 
and survival; and some eggshell thinning in reproductive s t u d i e s  
on chickens fed doses of 20 ppm in the diet (1 mg/kg bw). 
Mink fed 1 ppm in the diet (0.2 mg/kg bw) had lower reproductive 
iuccess, and there are indications that an increased incidence 

Polychlorinated biphenyls are bioaccumulated and can be 

The same species 
values of about 0.1 mg/liter. 

values as low as 1 VgJliter. In 

They generally caused 
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of premature births in some marine mammals was linked to PCB 
exposure. 
activity, decreased avoidance response, and decreased nestin'g, all of which could significantly influence survival in the - 
wi Id. 

were reported in the sources reviewed, but susceptible species 
would probably be affected in a similar manner to laboratory 
animals and wildlife. 

Behavioral effects on wildlife include increased 

7285 
No toxic effects on domestic animals other than chickens 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

Freshwater 

Acute toxicity: 2 vg/liter 
Chronic toxicity: 0.014 pg/liter 

Saltwater 

Acute toxicity: 10 pg/liter 
Chronic toxicity: 0.030 pg/lit@r 

Human Health - 
Estimates of  the carcinogenic risks associated with lifetime 
exposure to various concentrations of PCBS in water are: 

Concentration 

0.79 ng/litcr 
0.079 ng/liter 
0.0079 ng/liter 

CAG Unit R i s k  (USEPA) : 

NIOSH Recommended Standard: 

ACGIEI Threshold Limit Value: 

4.34 (rng/kg/day)-l 

1.0 pg/m3 TWA 

0.5 mg/m3 TWA 

REPERENCES 
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Lyon, Prance. Pp. 43-103 

World Health Organization, 

NATIONAL ACADEMY OF SCIENCES (NASI. 1977. Drinking Water 
and Health. Safe Drinking Water Committee, Washington, D.C. 
939 pages 
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National Research Council of Canada, Ottawa, Canada. 
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U.S.  ENVIRONMENTAL PROTECTION AGENCY (USEPA), 1976. National 
Conference on Polychlorinated Biphenyls (November 19-21, 
1975, Chicago, Illinois). Office of Toxic Substances, 
Washington, D.C. March 1976. EPA 560/6-75-004 
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Related Environmental Fate of 129 Priority Pollutants. 
Washington, D.C. December 1979. EPA 440/4-79-029 

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980, Ambient 
Water Quality Criteria for Polychlorinated Biphenyls (PCBs) . 
Office of Water Regulations and Standards, Criteria and 
Standards Division, Washington, D'.C. October 1980. EPA 
440/5-80-054 

U.S.  ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Health 
Effects Assessment for Polychlorinated Biphenyls. 
Criteria and Assessment Office, Cincinnati, Ohio. September 
1984. ECAD-CIN-8004 (Final Draft) 
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U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1985. Health 
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D.C. February 1985. EPA 600/8-82/004F 

Polychlorinated biphenyls 
Pagc 5 
Oc tobc r 19 8 5 



POLYCHLORINATED DIBENZO-p-DIOXINS 

?tJSS 
Summary 

as contaminants in chlorinated phenolic compounds. They persist 
in the natural environment and can be bioaccumulated. Exposure 
to PCDDs has been associated with numerous adverse health effects, 
including cancer, genotoxicity, enzyme induction; chloracne, 
teratogenicity, reproductive toxicity, immunotoxicity, porphyria 
cutanea tardo, and neurobehavioral changes. 

polychlorinated dibenzo-p-dioxins (PCDDs) are often found 

Chemical Formula: ClZH4C1,02 

IUPAC Name: Polychlorodibenzo-1,I-dioxins 

Important Synonyms and Trade Names: Dioxins, PCDDs 

Chemical and Physical Properties 

Boiling Point: 500°C (begins to decompose) 

Melting Point: Around 300OC 

Solubility in Water: Insoluble 

Solubility in Organics: Spluble in fats, o 
nonpolar solvents 

Is, and ot..er relatively 

Log Octanol/Water Partition Coefficient: 

Vapor Pressure: 

Approximately 5 

loo6 mm Hg at 25OC 

Transport and Fate 

Polychlorinated dibenzo-p-dioxins (PCDDs) have a very 
low vapor pressure and therefore are unlikely to volatize into 
the atmosphere. However, there are studies that indicate volati- 
zation may occur. 
sorbed to sediments, i o i l s ,  and bioata so they may be transported 
through the air in soil dust. 
to soils, it is probable that any surface water contamination 
found in polluted areas i s  from roil erosion rather than from 
leaching . A calculated red imen t/water equi 1 i br i urn partition 
coefficient-vsing s i x  sets of data for PCDDs varied from 1.1 x 
to 2.1 x 10 . This indicates that most PCDDs in water will 
be rorbed to particulates. 

Experiments have shown PCDDs to be highly 

Because PCDDs are tightly bound 
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PCDDS do not readily undergo photodegradation unless solvents 
are present which will act as hydrogen donors during reductive 
dechlorination. 
will degrade PCDDs. 
found to vary from 130 days to several years. 
are persistent in the environment. 

Certain microorganisms have been found that 
The half-life of PCDDs in soil has been 

Thus, PCDDs -1 ?2$ 
Health Effects 

Studies of the health effects of the PCDDs have generally 
concentrated on 2 ,3 ,7 ,8 - t e trach lorod ibenzo-p-d iox in  (TCDD) 
because it is the most toxic of the PCDDs. Studies on the 
other PCDDs indicate that they cause the same effects, but 
at different quantitative doses than TCDD. 

The structure-activity relationships among the PCDDs are 
reasonable well-defined. Isomers with 2 or fewer chlorine 
atoms in the 2, 3, 7 ,  and 8 positions have low biological activity. 
Isomers with 3 or 4 of these positions substituted have quantitatively 
and qualitatively similar to biological activity TCDD. 
1,2,3,7, and 8 positions are all only slightly less active 
than TCDD. Additional substitutions in the lr 48 6, and 9 positions 
considerably reduce biological activity. 

The 

A variety of health effects have been associated or attributed 
to exposure to very low concentrations of PCDDS, especially 
TCDD in both experimental animals and humans: These effects 
include cancer, genotoxicity, enzyme induction, teratogenicity 
and reproductive toxicity, immunotoxicity, chloracne, porphyria 
cutanea tarda, and neurobehavioral toxicity. TCDD has been 
shown to induce cancer in mice and rats following dermal or 
oral administration. 
is probably the most potent effect of TCDD. 
and the enzyme inducing effects of PCDDs are probably mediated 
through a cytosolic receptor that high affinity for PCDDs. 
Chloracne is the only clear effect that PCDD intoxication has 
produced in humans. 

Animal studies suggest that hmunotoxicity 
Both immunotoxfcity 

Toxicity to Wildlife and Domestic Animals 

Freshwater aquatic species exposed to low concentrations 
of TCDD (in the parts per trillion range) for 4 days displayed 
toxic Signs and died from 40 to 140 days later. Acute toxic 
effects were not noted in many of the aquatic species at the 
h o e 1  of TCDD water solubilityr 0.2 pg/litet. Horses exposed 
to TCDD in contaminated waste oil used to control dust in corrals, 
became rick and died. 
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POLYCYCLIC AROMATIC HYDROCARBONS 

Summary 

tent in the environment. Some PAHs are carcinogenic, causing 
tumors both at the site of application and systemically. The 
carcinogenic PAHs are generally active in mutagenic assays. 
They also cause skin disorders and immunosuppression. 
effe-ts on tee liver and kidney have been associated with expo- 
sure to PAHs in general. 

polycyclic aromatic hydrocarbons (PAHs) are rather persis- 

Adverse 

Important Synonyms and Trade Names: Polynuclear aramatic hydro- 
carbons, PAH, PNA 

Chemical and Physical Properties 

consisting of substituted and unsubstituted polycyclic aromatic 
rings formed by the incomplete combustion of organic materials. 
Their chemical, physical, and biological properties vary with 
their size and shape. 

The polycyclic aromatic hydrocarbons are a class of compounds 

Molecular Weight: 116-278 

Melting Point: 8O0C-27OoC+ ' 

Specific Gravity: 1.1-1.3 at 2OoC* 

Solubility in Water: 0.0003-34 mg/liter** 

Solubility in Organics: Soluble in most common organic solvents 

Log Octanol/Water Partition Coefficient: 3.4-7.6* 

Vapor Pressure: 1 0 ~ ~ ~  to loo2 mm Hg at ~ O O C * *  

'Generally increases with increasing molecular weight. 
**Generally decreases with increasing molecular weight. 
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T r a n s p o r t  and F a t e  

hydroca rbons  (PAHs) is a v a i l a b l e .  T h e  env i ronmen ta l  f a t e  and 
t r a n s p o r t  of these compounds a re  l a r g e l y  i n f e r r e d  from d a t a  o n  
b e n z o ( a ) p y r e n e  and m i x t u r e s  of PAHs.  The  r e l a t i v e l y  h i g h  l o g  
o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t s  of P A H s  i n d i c a t e  t h a t  t h e y  
s h o u l d  be s t r o n g l y  adsorbed onto suspended p a r t i c u l a t e  matter, 
e s p e c i a l l y  par t icu la tes  h i g h  i n  o r g a n i c  c o n t e n t .  The a v a i l a b l e  
info,rmation s u g g e s t s  t h a t  these compounds can accumulate i n  t h e  
sediment and biota p o r t i o n s  of t h e  aquatic envi ronment  and t h a t  
a d s o r p t i o n  is' probably t h e  dominant  a q u a t i c  t r a n s p o r t  process. 
Atmospheric t ransport  of P A H s  is also possible. This g e n e r a l l y  
occurs by adsorbtion onto a i r b o r n e  p a r t i c u l a t e  matter,  b u t  some of 
t h e  PAHs  w i t h  r e l a t i v e l y  low m o l e c u l a r  w e i g h t s  are v o l a t i l e .  
R e g a r d l e s s  of t h e  method of atmospheric t r a n s p o r t ,  PAHs are re- 
t u r n e d  t o  aquatic and t e r r e s t r i a l  sys t ems  by atmospheric f a l l o u t  
or p r e c i p i t a t i o n .  They can a lso reach ground or s u r f a c e  waters by 
l e a c h i n g  from p o l l u t e d  s o i l s .  

very l i t t l e  i n f o r m a t i o n  on  spec i f ic  p o l y c y c l i c  a r o m a t i c  '5288 

PAHS are  r e l a t i v e l y  i n s o l u b l e  i n  water, b u t  t h e  d i s s o l v e d  
p o r t i o n  may undergo  rapid,  direct  p h o t o l y s i s .  S i n g l e t  oxygen is 
t h e  o x i d a n t ,  and  q u i n o n e s  are t h e  p r o d u c t s  in t h e s e  r e a c t i o n s .  
O x i d a t i o n  by c h l o r i n e  and ozone  may be a n  i m p o r t a n t  fate process 
when these o x i d a n t s  are a v a i l a b l e  in s u f f i c i e n t  q u a n t i t i e r .  

Al though p o l y c y c l i c  aromatic hydroca rbons  are r a p i d l y  bio- 
accumula t ed ,  t h e y  are also q u i c k l y  m e t a b o l i z e d  and e l i m i n a t e d  from 
most o rgan i sms  ( s h e l l f i s h  are a known e x c e p t i o n )  . Bioaccumula- 
t i o n ,  e s p e c i a l l y  i n  v e r t e b r a t e  o rgan i sms ,  is u s u a l l y  short term, 
so i t  i s  n o t  c o n s i d e r e d  an  i m p o r t a n t  f a t e  process in multicellular 
organisms. B i o d e g r h t i o n  and ' b i o t r a n s f o r m a t i o n  are p r o b a b l y  t h e  
u l t imate  f a t e  processes for PARS. The a v a i l a b l e  data  s u g g e s t  t h a t  
t h e  PAHs w i t h  h i g h  molecular we igh t s  are degraded s l o w l y  by 
microbes and r e a d i l y  m e t a b o l i z e d  by m u l t i c e l l u l a r  organisms.  
Microbes appear t o  degrade PAHs much more c o m p l e t e l y  t h a n  mammals. 
B i o d e g r a d a t i o n  probably o c c u r s  more s l o w l y  i n  a q u a t i c  s y s t e m s  t h a n  
i n  s o i l ,  and  it may be much more i m p o r t a n t  i n  s y s t e m s  t h a t  are 
c h r o n i c a l l y  affected by PAH c o n t a m i n a t i o n .  

H e a l t h  Effects 

d o m i n a t e s  t h e  c o n s i d e r a t i o n  of h e a l t h  h a z a r d s  t e s u l t i n g  from 
e x p o s u r e ,  because  there o f t e n  are no  o v e r t  signs of t o x i c i t y  u n t i l  
t h e  dose is h i g h  enough to p roduce  a h i g h  tumor i n c i d e n c e .  
attached table c o n t a i n s  IARC' 8 c l a s s i f i c a t i o n  of name PARS accord- 
i n g  t o  t h e i r  c a r c i n o g e n i c i t y .  

The p o t e n t i a l  for PAHs t o  i n d u c e  m a l i g n a n t  t r a n s f o r m a t i o n  / 

The 

No case reports or e p i d e m o l o g i c a l  s t u d i e s  c o n c e r n i n g  t h e  s i g -  
n i f  i c a n c e  of human exposure t o  i n d i v i d u a l  PAHs are a v a i l a b l e .  

I. 6 
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However, coal tar and other materials known to be carcinogenic to 
humans contain PAHs. 

PAHs administered by various routes have been found to. be 
carcinogenic in several animal species and to have both local and 
systemic carcinogenic effects. On oral administration, carcino- 
genic PAHs produce tumors of the forestomach in mice. Lung tumors 
are produced in hamsters after intratracheal administration and in 
mice after intravenous administration. In skin painting experi- 
ments with mice, carcinogenic PAHs produced skin carcinomas. 
Other observed effects include induction of local sarcomas and an 
increased incidence of lung adenomas in mice following single, 
subcutaneous injections. Studies in other species, while indicat- 
ing that PAHs have universal carcinogenic effects, are less com- 
plete. 
ety of test systems. The limited available information suggests 
that PAHs are not very potent teratogens or reproductive toxins. 

Carcinogenic PAHs are reported to be mutagenic in a vari- 

There is very little information regarding nonmalignant 
changes caused by exposure to PARS. Application of carcinogenic 
pAHs to mouse skin is reported to cause destruction of sebaceous 
glands, hyperplasia, hyperkeratosis, and ulceration. Many carcin- 
ogenic PAHs also have immunosuppressive effects. Subcutaneous in- 
jections of some PAHs for several weeks reportedly caused hemo- 
lymphatic changes in the lymph nodes i n  rats. Workers exposed to 
PAH-containing materials have exhibited chronic dermatitis, 
hyperkeratoses, and other skin disorders. 

Toxicity to Wildlife and Domestic Animals 

ity of PAHs; they probably are not very toxic to aquatic organ- 
i sms . 

There is very little information on the environmental toxic- 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing cri- 
teria. 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of carcinogenic PAHS in 
water are: 
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R i s k  - 7288' Concentration w. 

28.0 ng/liter 
2.8 ng/liter 
0.28 ng/liter 

CAC Unit R i s k  (USEPA) : Benzo (alpyrene: 11.5 (mg/kg/day)-' 

. J  . i .  
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SELENIUY 

Summary 

Although selenium is an essential element, exposure to 
amounts just slightly above the required levels can produce 
toxic effects. Signs of chronic exposure in humans include 
dermatitis, neurobehavioral effects, gastrointestinal disturb- 
ances, dental caries.and discoloration, and partial loss of 
haft-and nails. Toxic effects observed in animals include 
degeneration' of the liver, kidneys, and myocardia: hemorrhages 
in the digestive tract: and brain damage. 
irritates the eyes, nose, and throat. 

Inhalation of selenium 

Background Information 

Selenium is stable in four valence states: -2, 0, +4, and 
+6. Elemental selenium can be considered inert in the aquatic 
environment, and deposition of this form appears to be a major 
sink for selenium in natural systems. 

CAS Number: 7782-49-2 

Chemical Formula: Se 

XUPAC Name: Selenium 

Chemical and Physical Properties 

Atomic Weight: 78.96 

Boiling Pointi 684.9OC 

Melting Point: 217OC 

Specific Gravity: 4.26 to 4.81 

Solubility in Water: Insoluble 

Solubility in Organics: Crystals rlightly soluble in carbon 
disulfide, soluble in ether; amorphous 
forms soluble in carbon disulfide, 
methylene iodide, benzene, and quinoline 

000399 
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Transport and Fate 

In aerobic waters and at high pH, selenium is present 
in the selonfte ( + 4 )  or selenate (+6)  oxidation state. These 
chemical sDecies are very soluble, and it is probable that 
most of the selenium released into the aquatic environment 
is transported in these forms to the oceans. 
conditions and at low pH, elemental selenium or metal selenides 
can be formed. Similar chemical speciation patterns affect 
the transport of selenium in soil. In poorly aerated, acidic 
so'ils, insoluble forms predominate. In well-aerated, alkaline 
soil's, soluble forms of selenium subject to leaching and com- 
pounds readily taken up by plants tend to be formed. 

Selenium is strongly adsorbed to hydrous metal oxides, 
while clays and organic materials have a lesser affinity. 
Sorption by bed sediments or suspended solids, and precipitation 
with hydrous iron oxides are probably the major control on 
mobility of selenium in aerobic waters. However, most selenium 
in aquatic systems is probably transported as the dissolved 
species. 
mobile in clays, especially under alkaline conditions. 

ml .,: .,,. 

Under reducing 

Experimental studies indicate that selenium is quite 

Selenium is bioaccumulated b a uatic and terrestrial 
organisms. 
important source of selenium in many organisms, little biomagniff- 
cation appears to take place. Conversion of selenium to inert 
and insoluble forms may occur in terrestrial and aquatic orga- 
nisms. However, selenium can be methylated by a variety of 
organisms, including benthic microflora. In a reducing envi- 
ronment, hydrogen selenide (H2Se) may be formed. Both the 
methylated forms and H Se are volatile, and can be released 
to the atmosphere. 
from aquatic and terrestrial systems, through biotransformation 
to volatile forms and subsequent atmospheric transport, can 
result in significant recycling. 

Although dietary inta l P  e s thought to be the most 

Coisequently, remobilization of selenium 

. .,. 

Health Effects 

There is no evidence that selenium is carcinogenic in 
humans. Selenium has been tested by the oral route in experi- 
mental animals, but the available data are insufficient to 
allow unequivocal evaluation of its carcinogenic potential. 
However, recent reports uuggest that selenium is not carcino- 
genic. Several studies have shown that relenium may actually 
reduce the incidence of tumors under certain conditions. Muta- 
genicity, teratogenicity, and reproductive effects have not 
been adequately tested. 

Selenium is an essential element in animals and probabty 
in humans. Rowever, exposure to amounts only slightly above 

< +  
J 
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the required levels can produce acute and chronic toxic eiiecLs. 
Acute toxicities of selenium compounds vary greatly, while 
the chronic effects of most forms are similar. Exposure may 
be by oral, inhalation, or dermal routes, and effects in h u m a n s v 2 8 3  
and experimental animals are similar. Acute effects include 
degeneration of liver, kidneys, and myocardia, hemorrhages 
in the digestive tract, and brain damage. Eye, nose, and throat 
irritation may also occur with inhalation exposure. The acute 
oral LD value of sodium selenite in rats was approximately 
10 mg/ka! Chronic toxicity in humans appears to occur only 
in areas where foods containing excessive concentrations of 
selenium are ingested. Signs of chronic intoxication include 
depression, nervousness, dermatitis, gastrointestinal distur- 
bances, dental caries and discoloration, lassitude, and partial 
loss of hair and nails. 

Toxicity to Wildlife and Domestic Animals 

soils can accumulate selenium to concentrations as high as 
1,000 ppm. Chronic selenium toxicity can occur in grazing 
animals that consume plants containing 3 to 25 ppm over a long 
period of time. Symptoms of chronic poisoning ("alkali" disease) 
include lack of vitality, loss of hair, sterility, hoof defor- 
mity, lameness, anemia, and fatty necrosis of the liver. Acute 
toxic effects including impairment of vision, weakness of limbs, 
and respiratory failure may occur in livestock consuming 100 
to 1,000 ppm of selenium. There are reports that consumption 
of plants containing 400 to 800 ppm has been lethal to sheep, 
hogs, and calves. There are no reports of increased cancer 
rates among livestock in seleniferous areas. 

Some food and forage crops growing on certain seleniferous 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life (Selenite) 

Freshwater 

Acute toxicity: 260 pg/liter 
Chronic toxicity: 35 pg/liter 

Saltwater 

Acute toxicity: 410 pg/liter 
Chronic toxicity: 54 pg/liter 

No criteria for the protection of 
for relenate. 

Selenium 
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Human Health 

Criterion: 10 pg/liter 

Primary Drinking Water Standard: 

NIOSH Recommended Standard: 

OSHA Standard: 0.2 mg/m TWA (Se COmpounds, as se) 

0.01 mg/liter 

0.2 mg/m3 WA (Se compounds, as Se) 
3 
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SILVER 

Summary 

Exposure to high levels of silver can cause argyria (an 
impregnation of the tissues) and lesions of the liver, kidney, 
bone marrow, and lungs in humans. 
central nervous system effects, and pulmonary edema and congestion 
have'-'been reported in. experimental animals exposed to various 
silber compounds. 

Liver and kidney damage, 

I, . . 

CAS Number: 7440-22-4 

Chemical Formula: Ag 

IUPAC Name: Silver 

Chemical and Physical Properties 

Atomic Weight: 107.868 

Boiling Point: 2212OC 

Melting Point: 961.93OC 

Specific Gravity: 10.5 at 20°C 

Solubility in Water: Insoluble (same compounds are soluble) 

Solubility in Organics: Soluble in alkali cyanide solutions 

Transport and Fate 

systems. Metallic silver, which has very low solubility, is 
stable over much of the Eh-pH range for water. Concentrations 
of hydrated silver cations, usually present as t h e  univalent 
species, may be controlled by reaction with chloride, bromide, 
and iodide ions to give insoluble silver halides. Precipitation 
of AgCl may exert a major control on solubility of silver where 
chloride concentrations are relatively high. Under the reducing 
conditions often found in bed sediments, formation of insoluble 
silver sulfides and metallic silver may also control l e v e l s  
of 8olublc silver species. Silver i 8  strongly sorbed by mangan- 
ese dioxide, ferric hydroxide, and clay mineral8. Sorption 
is probably the dominant process leading to removal of dissolved 

Silver can exist in several chemical forms in aqueous 
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silver from the water column. In general, concentrations of 
silver are higher in the bed sediments than in overlying waters  
For example, these concentrations were reported to differ by 
a factor of 1,000 in an alpine lake. 

and vertebrates occurs readily and appears to depend primarily 
on sorption/desorption from sediments. 
of silver partitioned to the biota appears to be minor in com- 
parison with the amount partitioned to the sediments. 
food-*hain magnification seems to occur. Photolysis, volatili- 
zation, atmospheric transport, and biotransformation do not 
appear to be important fate or transport processes for silver. 

*m38 
Bioaccumulation of silver by aquatic plants, invertebrates, 

However, the amount 

Little 

Health Effects 

Only equivocal evidence exists to suggest that silver 
has carcinogenic activity in experimental animals. Silver 
implants and injected colloidal suspensions are reported to 
produce tumors or hyperplasia at the site of application in 
several studies. However, it i s  suggested that the effects 
are due to the physical form of the metal or to its action 
as an exogenous irritant. There.are no studies to suggest 
that silver is carcinogenic in humans. Silver does not appear 
to have significant mutagenic or teratogenic activity in humans 
or experimental animals. 

Silver can be absorbed in humans by inhalation or ingestion. 
. The most common and most noticeable effects of excessive absorp- 

tion are a local or generalized impregnation of the tirsues 
referred to as argyria. In cases of argyria, accumulation 
of silver can result in a blue-gray pigmentation of the 8kin, 
hair, internal organs, and conjunctiva of the eye. Large oral 
doses of silver compounds may produce serious effects in humans. 
For example, silver nitrate can cause violent abdominal pain, 
vomiting, and convulsions, and ingestion of 10 grams is reported 
to usually be fatal. Lesions of the liver, kidney, bone marrow, 
and lungs have also been attributed to industrial or medicinal 
exposure. 

Intravenous administration of silver nitrate i8 reported 
to produce pulmonary edema and congestion in experimental animals. 
Liver and kidney damage, central nervous system effects, and 
death have also been reported in experimental animals exposed 
to various silver compounds. The intraperitoneal LD (30 days) 
for Ag 
Rats exposed to silver in their drinking water for 11 months 
showed no toxic effects at concentrations le88 than 0.4 mg/liter. 
Hemorrhaging occurred in the kidneys at 0.4 mg/liter. Condi- 
tioned reflex activity and immunological resistance were lowered, 
and brain nucleic acid content was increased at 0.S mg/liter. 

as the nitrate in male Swiss albino mice is 29.9 mg/kg. 

. ;  9 . I .  
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Numerous physiological changes I including growth depression 
and pathomorphological changes in the liver, kidney, Stomach,- 
and small intestine were evident in rats exposed to 20 mg/liter 
for 5 months. 

Toxicity to Wildlife and Domestic Animals 

Acute toxicity values for freshwater invertebrates range 
from 0.25 VgJliter for Daphnia magna to 4,500 pg/liter for the 
scud Gammarus pseudolimnaeus. 
3.9 pg/liter for the fathead minnow in soft water to 280 pg/liter 
for rainbow trout in hard water. 
toxicity of silver appears to decrease as hardness increases. 
Soluble compounds, such as Silver nitrate, are generally much 
more toxic than insoluble compounds. 
from 2.6 to 29 pg/liter are reported for Daphnia magna. 
early life stage studies with rainbow trout report chronic 
values of 0.12 vg/liter. Acute-chronic ratios for Daphnia 
ma na and rainbow trout are 2.0 and 54, respectively. Fresh 

aquatic plants appear to be more resistant to silver 
than the more sensitive animals. 

Acute values for fish range from 

In fresh water, the acute 

Chronic walues ranging 
TWO 

Acute values for saltwater organisms range from 4.7 pg/liter 
for the summer flounder to 1,400 pg/liter for the sheepshead. 
minnow. A chronic value of 18 pg/liter, and an acute-chronic 
ratio of 14 is reported for the mysid uhrimp. 

Reduced cell numbers are observed 
Skeletonema costatum after exposure to 

in the saltwater alga 
130 pg/liter of silver. 

Excess silver can induce selenium, vitamin E, and copper 
deficiency symptoms in animals fed adequate diets,'and can 
aggravate deficiency symptoms in animals whose diets lack one 
or more of these nutrients. These effects are reported in 
dogs, sheep, pigs, chicks, turkey poults, and ducklings. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

Freshwater - 
Acute toxicity: 
Chronic toxicity: 

e (1.72 fln(hardness)l - 6.52) ,,g/liter 
No criteria have been established - 

Saltwater 

Acute toxicity: 2.3 pg/liter 
Chronic toxicity: No criteria have been established 

. ,?. 
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Human Realth 

Criterion: SO vg/liter 

Primary Drinking Water Standard: 

OSHA Standard: 10 vg/rn3 TWA 

ACGIH Threshold Limit Values: 

50 pg/liter 

0.1 mg/m3j(metal) 
0 . 01 mg/m (soluble compounds) 
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SODIUM 

Summary 

High doses of c e r t a i n  sodium compounds a re  reported t o  
have t e r a t o g e n i c  and r e p r o d u c t i v e  e f f e c t s  i n  an ima l s .  
s t u d i e s  s u g g e s t  t h a t  b r a i n  damage and sudden unexpected d e a t h  
i n  human i n f a n t s  may be i n d u c e d  by h i g h  sodium l e v e l s .  Exposure 
t o  h i g h  l e v e l s  of sodium has  a l so  been a s s o c i a t e d  w i t h  a g e - r e l a t e d  
i n c r e a s e s  i n  h igh  blood pressure i n  g e n e t i c a l l y  s u s c e p t i b l e  
i n d i v i d u a l s .  

S e v e r a l  

Background I n f o r m a t i o n  

Sodium is t h e  s i x t h  most abundant  element on earth. I t  
is v e r y  r e a c t i v e  and is n e v e r  found free i n  n a t u r e .  
v i o l e n t l y  w i t h  water, decomposing i t  w i t h  t h e  e v o l u t i o n  of 
H* and t h e  f o r m a t i o n  of NaOH. 
i n  a i r  a t  t e m p e r a t u r e s  below 11SoC, b u t  i t  may i g n i t e  s p o n t a n e o u s l y  
o n  water. Because of i ts  r e a c t i v i t y ,  sodium must  be handled  
w i t h  great  c a r e ,  and c o n t a c t  between i t  and water and other 
substances w i t h  which i t  reacts s h o u l d  be avoided .  

I t  r e a c t s  

Sodium normally does n o t  i g n i t e  

CAS Number: 7440-23-5 

Chemical Formula: Na 

IUPAC Name: Sodium 

C h e m i c a l  and P h y s i c a l  Properties 

Atomic Weight: 22.9898 

B o i l i n g  P o i n t :  882.9OC 

Mel t ing  P o i n t :  97.81OC 

S p e c i f i c  G r a v i t y :  0.97 

S o l u b i l i t y  i n  Water: Metal decomposes e x p l o s i v e l y  i n  water: 
many sodium compounds are soluble 

T r a n s p o r t  and Fate 

Many rodium compounds are 6oluble i n  water, and t h e  sodium 
i o n  is r e a d i l y  t r a n s p o r t e d  i n  rurface water, Soil ,  and ground- 
water. The e x t e n t  of roditlm t r a n s p o r t  i n  r o i l  ir dependent ,  

000407 
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to some extent, on the cation exchange capacity of thego rag 
Atmospheric transport of sodium occurs readily. Evaporation 
of ocean spray particles and their subsequent incorporation 
into precipitation is an important sodium cycling process. 
Sodium is ubiquitous'in nature and is an important component 
of all ecosystems. 

nealth Effects 

or mutagenic effects in humans or experimental animals. Sodium 
chloride is reported to produce teratogenic and reproductive 
effects in experimental animals exposed to high doses by various 
routes. For example, mice exposed subcutaneously to over 2,000 mg/kg 
of sodium chloride on day 10 or 11 of gestation had an increased 
incidence of dead or resorbed young. Live young in this study 
had decreased body weights and an increased incidence of appendi- 
cular malformations, such as clubfoot and deviation of the 
digits (Nishimuri and Miyamoto 1969). 

There is no evidence to suggest that sodium has carcinogenic 

In humans, adverse effects of sodium occur as a result 
of ingestion of excess amounts of this element. Acute effects 
appear to occur only in neonates and young infants. Several 
studies suggest that permanent brain damage and sudden, unexpected 
deaths of infants between the ages of 2 weeks and 2 years may 
be due to hypernatremia. Sodium produces toxic effects and 
can cause death in experimental animals exposed to high concen- 
trations. 
is 3,000 mglkg. 

of excess sodium may contribute to the development of age-related 
increases in blood pressure and hypertension in genetically 
susceptible persons. Studies with experimental animals support 
the contention that excess sodium ingestion is related to the 
development of hypertension. It is estimated that at least 
40 percent of the population would benefit if consumption of 
sidum were limited to 2,000 mg/day or less. The sodium present 
in drinking water contributes to the total daily intake of 
this element. One survey, which sampled the water supplies 
used by about half of the U.S. population, reported sodium 
ion concentrations ranging from 0.4 to 1,900 mg/liter. 

For example, the oral LDS0 value for NaCl in rats 

Clinical and epidemiological studies suggest that ingestion 

Toxicity to Wildlife and Domestic Animals 

high concentrations of sodium chloride probably have detrimental 
.effects on aquatic organiums and terrestrial plantr. In lakes, 
increased 8alinity will cauee stratification and thereby delay 
the spring turnover that oxygenates the lower l e v e l s  of the 

Although few rtudies documenting effects are available, 

sodium 
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lake. In addition, 8alinity changes due to high aodium chloride 
concentrations may adversely affect aquatic systems by chanqing 
the osmotic pressure and by increasing the mobility of some&,. 
heavy metals such as mercury. In terrestrial systems, high 
aodium chloride concentrations caused by road deicing have 
proved fatal to roadside vegetation, and the increased soil 
salinity associated with irrigation has rendered cropland unus- 
able. 

728 

Regulations and Standards 

Department of Transportation: Flammable solid; dangerous when 
wet 
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SODIUM CHLORATE; - 
6:' WS$S 

Summary 

assays. It is a strong oxidizing agent and consequently is 
a fairly potent irritant. 

sodium chlorate yielded positive results in two mutagenicity 

CAS- Number: 7775-09-9 

Chemical Formula: NaCIOj 

IUPAC Name: Sodium chlorate 

Important Synonyms and Trade Names: Asex, Atlacide, chlorate of 
soda, chlorate salt, Klorex 
Kusatol, soda chlorate 

Chemical and Physical Properties 

Molecular Weight: 106.44 

Boiling Point: Decomposes at 3 O O O C  

Melting Point: 248OC to 261OC 

Specific Gravity: 2.5 at 2OoC 

Splubility in Water: 

Solubility in Organics: Spluble in alcohol and glycerol 

Approximately 1,000 mg/liter 

Transport and Fate 

was found in the sources reviewed. 
oxidizing agent and probably reacts quite rapidly in the environ- 
ment. 

No information on the transport and fate of sodium chlorate 
Spdium chlorate is a strong 

It is not likely to be persistent in nature. 

Health Effects 

No information on the carcinogenicity of sodium chlorate 
was found in the aources reviewed. Gocke et al. (1981) reported 
that the results of two mutagenicity assays-the Ames assay 
and the BASC test on Drosophila-were positive for sodium chlor- 
ate. No information on the chronic toxicity of aodium chlorate 
was available in the sources reviewed. Sodium chlorate is 
a strong oxidizing agent and therefore i6 a fairly strong 
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irritant. The oral LD in rats is 1,200 mg/kg, but doses of 
around 200 mg/kg were ?ita1 to human children. 

Toxicity to Wildlife and Domestic Animals 

Sodium chlorate was reported to be toxic to fish, but 
no dose levels were provided. This compound is a nonselective 
herbicide. No other information on the toxicity of sodium 
chlorate to wildlife and domestic animals was found in the 
sources reviewed. 

Regulations and Standards 

est ab1 i shed. 
No regulations or standards for sodium chlorate have been 
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STODDARD SOLVENT 

Summa r y 

Stoddard rolvent is an eyer noser and throat irritant 
in humans. 
cause headaches and produce narcotic effects. Chronic exposure 
to high airborne concentrations of Stoddard solvent may produce 
kidney damage . 

Acute exposure to high vapor concentrations can 

Background Information 

Stoddard solvent is a mixture of 9 to 11 carbon straight 
and branched paraffinsr cycloparaffinsr and aromatic hydrocarbons. 
properties of a specific sample will depend on the composition 
of the particular mixture. 

CAS Number: 8052-41-3 

Chemical Formula: Predominant molecular speciesr C9-Cll; 
30-501 straight and branched chain paraffins, 
30-409 cycloparaffinsr and 10020% aromatic 
hydrocarbons 

Chemical and Physical Properties 

Molecular Weight: 135-145 (average) 

Boiling Point: 160-210°C 

Specific Gravity: O.fS-0.80 

Solubility in Water: Insoluble 

Solubility in Organics: Miscible with most organic solvents 
Vapor Pressure: 4.0-4.5 mm Hg at 25OC 

Vapor Density: 5 

Flash Point: 37.8-60.C 

Transport and Fate 

Practically no information concerning the environmental 
transport and fate of Stoddard solvent is available. This 8OlVent contains a mixture of organic compounds, and each of 
these components nay behave #ornewhat differently in the environ- 
ment . 
Stoddard solvent 
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In general, the low water rolubility and moderate vapor 
pressure of Stoddard solvent suggest that volatilization may 
be a significant transport process. 
in water is unlikely, photooxidation of compounds reaching 
the atmosphere may occur. 
in organics and its low water 6olubility suggest that rorption 
to suspended particles and bed sediments containing organic 
components may be a significant transport process in aquatic 
systems. Sorption to organic materials may limit the movement 
of Stoddard solvent in Soil. Data concerning other related 
hydrocarbons suggest that biodegradation by a variety of micro- 
organisms may be an important environmental fate for Stoddard 
solvent, but that bioaccumulation would not be an important 
long-term process. 

environmental fates. 

Although direct oxidat-n . -  1288 
The solubility of Stoddard solvent 

Photolysis and hydrolysis are not likely to be significant 

Health Effects 

There are no reports of carcinogenicity, mutagenicity, 
teratogenicity, or reproductive effects associated with exposure 
to Stoddard solvent. However, benzene, a potential human leukemo- 
genic agent, may be a contaminant of same samples of refined 
petroleum solvents. Stoddard solvent generally contains 0.10 
benzene or less, and it is thought that ordinary use of solvents 
containing less than 5% benzene would not produce a benzene 
exposure hazard . 

Stoddard solvent is an eye, nose, and throat irritant 
in humans and has a defatting and irritating action on the 
skin. At relatively high vapor concentrations it can cause 
headaches and produce narcotic effects. Aspiration of tbe 
liquid can produce diffused chemical irritation of the lungs, 
resulting in edema; and a few milliliters may be fatal in these 
incidents. Inhalation exposure of laboratory animals can result 
in irritation and narcotic effects. 
tively high concentrations (greater than 1,000 mg/m ) may produce 
kidney damage, although these results are equivocal. 

Chronic exposuje to rela- 

Toxicity to Wildlife and Domestic Animals 

Adequate information to characterize the toxicity of Stoddard 
rolvcnt to wildlife and domestic animals it5 not available. 

Regulations and Standards 

IIOSH Recommended Standardt 350 ag/rp3 T A  
1,800 rg/m /15 min Ceiling Level 

e:. . . (  . .  
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OSHA Standard: 2,950 m g / m -  ' A f l n  

ACCIH Threshold Limit Values: 525 mg/m3 FA 
1,050 mg/m STEL 
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Summary 

and disrupted conditioned reflexes in studies on experimental 
animals. Tetrachlorobenzenes in general appear to induce the 
activity of microsomal enzymes. 

1,2,4,5-Tetrachlorobenzene caused slight liver toxicity 

. -a . I 
I .  

CAS Number: 95-94-3 

Chemical Formula: C6H2C14 

IWPAC Name: 1,2,4,5-Tetrachlorobenzene 

Important Synonyms and Trade Names: Benzene tetrachloride 

Chemical and Physical Properties 

Molecular Weight: 215.9 

Boiling Point: 245OC 

Melting Point: 139. S°C 

Specific Gravity: 1.734 

Solubility in Water: Insoluble (probably less than 30 mglliter) 

Solubility in Organics: Soluble in ether, benzene, and chloroform 

Log OctanolfWater Partition Coefficient: 4.93 

Vapor Pressure: Less than 0.1 mm Hg at 25OC 

Vapor Density: 1.4 

Flash Point: 15S°C 

Transport and Fate 

Much of the information concerning transport and fate 
fs inferred from data for chlorinated benzenes in general because 
specific information for 1,2,4,5-tetrachlorobenzenc ir lacking. 
Although 1,2,4,5-tetrachlorobenzene has a relatively high boiling 
point and low vapor pressure, data for other chlorinated benzenes 
suggest that volatilization may be an important transport process 

1,2,4,S-Tetrachlorobenzent 
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under some conditions. The low solubility and high activity 
coefficients of these compounds in aqueous solution may account 
for their unexpectedly high volatility. 
tetrachlorobenzene in aquatic systems is unlikely. However,. - 
some photodegradation by hydroxyl radicals in the atmosphere 
may occur. 
fates 

Oxidation of 1,2,4,&- 7283 

Photolysis and hydrolysis are unlikely environmental 

The high log octanol/water partition coefficient for 1,2,4,5- 
tetrachlorobenzene suggests that adsorption by organic soil 
particles and by suspended and sedimentary organic materials 
in aquatic environments is probably an important environmental 
process. It is also likely that significant accumulation in' 
the tissues of living organisms occurs. Although biodegradation 
may occur# it probably would proceed very slowly. 

Health Effects 

There are no reports of CarCinOgenfC, teratogenic, or 
mutagenic activity by 1,2,4,5-tetrachlorobenzene in humans 
or experimental organisms. 

Rats receiving as little as 0 .005  mg/kg/day orally for 
up to 8 months are reported to show a disruption of conditioned 
reflexes and increased liver weights. Rabbits treated with 
0.05 mg/kg/day show liver glycogen-forming disorders after 
about 6 months. In beagles, administration of 5 mg/kg/day 
in the diet is reported to cause a slight elevation of serum 
alkaline phosphatase activity and bilirubin levels after 24 months. 
In this study, the serum chemistry values returned to normal 
within 3 months after cessation of exposurel and gross and 
histopathological changes conducted 20 months after cessation 
of exposure revealed no treatment related changes, The oral 
LD values for rats and mice are 1,500 and 1,035 mg/kg, re- 
spat t i ve 1 y m 

Tetrachlorobenzenes appear to induce microsomal enzymes 
and, therefore, could increase the metabolism of compounds 
acted on by the cytochrome P-450 system. This could either 
increase or decrease the toxicity of the compound depending 
on whether the metabolite was more or less active than the 
parent material. 

Toxicity to Domestic Animals and Wildlife 

An acute value for 1,2,1,5-tetrachlorobenzene of 1,550 vg/litcr 
i a  reported for the bluegill, a freshwater fish, No freshwater 
chronic values are available, The 96-hour EC 8 for chlorophyll 
and cell numbers are 52,900 and 46,800 pg/litS!, respectively for 
the freshwater alga Selcnastrum capticornutun. Among saltwater 

1,2,4,5-Tetrachlorobenzcne 
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organisms, acute values for mysid shrimp and the 
minnow are 1,480 and 840 crg/liter, respectively. A chronic 
value of 129 pg/liter and an acute-chronic ratio of 6.5 are 
re orted for the sheepshead minnow. The 96-hour EC S for 
ch P orophyll a and cell numbers are 7,100 and 7,320 #a/liter, 
respectively7 for the saltwater alga Skeletonema costatum. 

The weighted average bioconcentration factor for 1 ,2 ,4 ,5 -  
tctrachlorobenzene and the edible portion of all freshwater 
and estuarine aquatic organisms consumed by Americans is esti- 
mated to be 1,125. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Criterion: 38 ug/liter 
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Summary 

Tetrachlorodibenzo-p-dioxin (TCDD) is often found as a 
contaminant in chlorinated phenolic compounds. It persists 
in the natural environment and can be bioaccumulated. 
to TCDD has been associated with numerous adverse health effects, 
including cancer, genotoxicity, enzyme induction, chloracne, 
teratogenicity, reproductive toxicity, immunotoxicity, porphyria 
cutasea tarda, and neurobehavioral changes. 

Exposure 

CAS Number: 1746-01-6 

Chemical Formula: ClZH4Cl,02 

IUPAC Name: 2,3,7,8-Tetrachlorodibenzo-l,4-Uioxin 

Important Synonyms and Trade Names: Dioxin, TCDD, 2,3,7,8-TCDD, 
2,3,7,8-tctrachlorodibenzo(b,e)- 
(l,l)Uioxin, tetradioxin 

Chemical and Physical Properties 

Molecular Weight: 321.9 

Boiling Point: SOOOC (begins to decompose) 

Melting Point: 302-305.C 

8 O O O C  (virtually complete degradation) 

Solubility in Water: 0.2 pg/liter at 2OoC 

Solubility in Organics: soluble in fats, oils, and other rela- 

Log Octanol/Water. Partition Coefficient: 5.16 (measured) 

Vapor Pressure: 

Henry's Law Constant: 2.1 x loo3 atm m molo1 

tively nonpolar solvents 

loo6 mm ~g at 2S°C 
3 
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Transport and Fate 

2#3~7~8-Tetrachlorodibenzo=p=dioxin (TCDD) has a very, 
low vapor pressure and therefore is unlikely to volatize into - the atmosphere. However, there are studies that indicate volati- 
zation may occur. 
sorbed to sedimentsr soils# and biota so it may be transported 
through the air in soil dust. Because TCDD is tightly bound 
to soils, it is probable that any surface water contamination 
found in polluted areas is from soil erosion rather than from 
leaching. A calculated sediment/water equilibrium partition 
coef*ficient_lsing 6 sets of data for TCDD varied from 1.1 x loo4 
to 2 . 1  x 10 , This indicates that most TCDD in water will 
be sorbed to particulates. 

solvents are present that will act as hydrogen donors during 
reductive dechlorination. Certain microorganisms have been 
found that will degrade TCDD. The half-life of TCDD in soil 
has been found to vary from 130 days to well over a year, 
Thus, TCDD is persistent in the environment. 

Experiments have shown TCDD to be highly 

TCDD does not readily undergo photodegradation unless 

Health Effects 

A variety of health effects have been associated or attri- 
buted to exposure to very low concentrations of TCDD in both 
experimental animals and humans. These effects include cancerr 
genotoxicity, enzyme induction, teratogenicity and reproductive 
toxicity, immunotoxicity, chloracne, porphyria cutanea tarda, 
and neurobehavioral toxicity. TCDD has been shown to induce 
cancer in mice and rats following dermal or oral administration. 
Epidemiological studies on exposed populations provide suggestive, 
but not conclusive, evidence that TCDD is a carcinogen in humans. 
There is strong evidence that TCDD is teratogenic to certain 
animal species, however, the evidence on humans is weak. Animal 
studies suggest that immunotoxicity is probably the most potent 
effect of TCDD. Both inmunotoxicity and the enzyme inducing 
effect of TCDD are probably mediated through a cytosolic receptor 
with high affinity for TCDD. Chloracne is the only clear effect 
that TCDD intoxication has produced in humans. 

Toxicity to Wildlife and Domestic Animals 

Freshwater aquatic species exposed to low concentrations 
of. TCDD .(in the parts per trillion range) for 4 days displayed 
toxic signs and #ied from 40 to 140 days later, Acute toxic 
effects were not noted in many of the aquatic species. at the 
level of TCDD water solubility, 0.2 pg/liter. Horses exposed 
to TCDD in contaminated waste oil used to control dust in corrals, 
became sick and died. 

TCDD 
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Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic L i f e  

The available data are not adequate for establishing criteria. 
However, EPA did report the lowest walues known to be 
toxic in aquatic organisms. 

Freshwater 

Acute toxicity: 1.0 pg/liter 
Chronic toxicity: ~0.001 pg/liter 

S p l  t w a t e r 

No available data 

Human Realth 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of TCDD in water are: 

Risk Concentration - 
,00013 ng/liter 
.000013 ng/liter 
.0000013 ng/liter 

CAG Unit Risk (USEPA) : I. 6x10’ (mg/kg/day)-l 
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Summary 

1, I, 2,2-Te t r a c h l o r o e  thane  induces  l i v e r  tumor 8 when admin- 
i s t e r e d  o r a l l y  t o  mice, and it was shown t o  be mutagenic  u s i n g  
m i c r o b i a l  a s s a y s .  Upon a d m i n i s t r a t i o n  t o  p r e g n a n t  mice, it. 
r e p o r t e d l y  had embryotoxic  e f f e c t s  and  i n c r e a s e d  t h e  i n c i d e n c e  
of malformat ions .  f n . e x p e r i m e n t a 1  an ima l s ,  a c u t e  and c h r o n i c  
exposure  damages t h e  l i v e r ,  c e n t r a l  ne rvous  sys tem,  and k idneys .  
I n  humans ,  acute e x p o s u r e  d e p r e s s e s  the c e n t r a l  ne rvous  system 
a n d  may be f a t a l .  Chron ic  e f f e c t s  i n  human6 i n c l u d e  l i v e r  
d a m a ~ e ,  g a s t r o i n t e s t i n a l  d i s t u r b a n c e s ,  and e f f e c t s  on  t h e  c e n t r a l  
nervous  system. 

CAS Number: 79-34-5 

C h e m i c a l  Formula: C2H2C14 

IUPAC Name: 1 ,1 ,2  ,2-Te trachlor o e t h a n e  

Impor t an t  Synonyms and Trade Names: sym-Tet rachloroe thane ,  
a c e t y l e n e  tetrachloride,  
di chloro-2,2-d ichloroet hane 

C h e m i c a l  and P h y s i c a l  Properties 

Molecular  Weight: 167.85 

B o i l i n g  Po in t :  146.2OC 

Mel t ing  P o i n t :  -36OC 

Specific Gravi ty :  1.5953 a t  2OoC 

S o l u b i l i t y  i n  Water: 2,900 m g / l i t e r  a t  2OoC 

S o l u b i l i t y  i n  Organics :  S o l u b l e  i n  alcohol, e t h e r ,  a c e t o n e ,  
benzene,  p e t r o l e u m  ether, ca rbon  tetra- 
c h l o r i d e ,  chloroform, c a r b o n  a i s u l f  i d e ,  
dime t h y  I f  ormamide , and o i l s  

Log Octanol/Water P a r t i t i o n  C o e f f i c i e n t :  2.56 

Vapor P r e s s u r e :  5 mm Hg a t  2OoC 

Vapor Dens i ty :  5.79 

1 ,1 ,2 ,2-Tet rachloroe  t h a n e  
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T t an spor t and Fa te 

R e l a t i v e l y  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  p e r t a i n i n g  
s p e c i f i c a l l y  to  t h e  env i ronmen ta l  t r a n s p o r t  and f a t e  of 1 , 1 , 2 , 2 -  
t e t r a c h l o r o e t h a n e .  However, p r e d i c t i o n s  conce rn ing  these pro- 
cesses can be made based on comparison w i t h  similar compounds 
s u c h  as l , l , l - t r i c h l o r o e t h a n e .  
n o t  appea r  to be s i g n i f i c a n t  a q u a t i c  f a t e  processes for l , l , 2 , 2 -  
t e t r a c h l o r o e t h a n e .  However, based o n  a n a l o g y  w i t h  l , l , l - t r i =  
c h l o t o e t h a n e ,  s t ra tospheric  p h o t o d i s s o c i a t i o n  by h i g h  ene rgy  
u l t r a v i o l e t  l i g h t  and tropospheric p h o t o o x i d a t i o n  v i a  r e a c t i o n  
w i t h  h y j r o x y l  rad ica ls  seem l i k e l y  t o  be r e l a t i v e l y  i m p o r t a n t  
f a t e s .  N o  i n f o r m a t i o n  re la ted s p e c i f i c a l l y  to  h y d r o l y s i s  of 
1,1,2,2-tetrachloroethane i n  t h e  envi ronment  is a v a i l a b l e .  
However, t h e  low o b s e r v e d  r e a c t i v i t y  of l , l , l - t r i c h l o r o e t h a n e  
s u g g e s t s  t h a t  h y d r o l y s i s  of 1 , 1 , 2  , 2 = t e t r a c h l o r o e t h a n e  would 
o c c u r  too s l o w l y  t o  be an  i m p o r t a n t  fa te  process. A v a i l a b l e  
da t a  i n d i c a t e  t h a t  r e l a t i v e l y  rapid v o l a t i l i z a t i o n  of l , l , 2 , 2 -  
t e t r a c h l o r o e t h a n e  from s u r f a c e  waters can  occur .  Thus, a l t h o u g h  
some of t h i s  compound w i l l  be absorbed from t h e  ahmosphere 
by s u r f a c e  water and r e t u r n  to  earth i n  p r e c i p i t a t i o n ,  atmos- 
pheric  p h o t o o x i d a t i o n  and p h o t o d i s s o c i a t i o n  are p r o b a b l y  t h e  
most i m p o r t a n t  e n v i r o n m e n t a l  fa tes .  

P h o t o l y s i s  and o x i d a t i o n  do  

Based o n  a n a l o g y  w i t h  l , l , l - t r i c h l o r o e t h a n e ,  s o r p t i o n  
of 1,1,2,2-tetrachloroethane t o  c l a y ,  s e d i m e n t s  p r o b a b l y  is 
n o t  a n  i m p o r t a n t  process. The l og  o c t a n o l / w a t e r  p a r t i t i o n  
c o e f f i c i e n t  of 2.56 for this compound i n d i c a t e s  t h a t  s o r p t i o n  
by  o r g a n i c  p a r t i c u l a t e s  and b i o a c c u m u l a t i o n  may o c c u r  to s o m e  
e x t e n t ;  however, n o  adequate , e m p i r i c a l  data. are a v a i l a b l e .  
A v a i l a b l e  i n f o r m a t i o n  c o n c e r n i n g  related compounds s u g g e s t s  
t h a t  b i o t r a n s f o r m a t i o n  and b i o d e g r a d a t i o n  o c c u r  a t  low rates 
or n o t  a t  a l l .  

H e a l t h -  E f f e c t s  

istered o r a l l y  t o  mice. IARC c o n c l u d e s  t h a t  there  i s  l i m i t e d  
e v i d e n c e  for its c a r c i n o g e n i c i t y  i n  e x p e r i m e n t a l  animals. 
T h i s  compound i s  mutagen ic  i n  a t  least  two bacter ia l  tester 
s t r a i n s .  A d m i n i s t r a t i o n  of 300-400 mg/kg/day t o  mice d u r i n g  
o r g a n o g e n e s i s  is reported t o  produce  embryotoxic  e f f e c t s  and 
s l i g h t l y  i n c r e a s e  t h e  i n c i d e n c e  of mal fo rma t ions .  

1,1,2,2-Tetrachloroethane produces  a c u t e  and c h r o n i c  t o x i c  
effects i n  l a b o r a t o r y  a n i m a l s  exposed by v a r i o u s  r o u t e s .  T o x i c  
a c t d o n  i s  p r i m a r i l y  on t h e  l i v e r .  However, e f f e c t s  on- t h e  
c e n t r a l  n e r v o u s  sys t em,  k i d n e y s ,  and  other t i s s u e s  are also 
reported: and acute e x p o s u r e  c a n  be f a t a l .  
r a t s  i,s 250 mg/kg. 

1,1,2,2-Tetrachloroethane is a l i v e r  c a r c i n o g e n  when admin- 

The oral  LDs0 i n  

l 1 1 , 2 , 2 - T e t r a c h l o r o e  t h a n e  
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Numerous d e a t h s  i n  humans have been  r e p o r t e d ,  primarily 

f- 7283 a s  a resul t  of o c c u p a t i o n a l  exposure by i n g e s t i o n ,  i n h a l a t i o n ,  
o r  s k i n  c o n t a c t .  A c u t e  exposure  produces c e n t r a l  ne rvous  s y s t  
d e p r e s s i o n .  
i n t e s t i n a l  d i s t u r b a n c e s  i n  a d d i t i o n  t o  c e n t r a l  ne rvous  s y s t e m  
e f f e c t s  such a s  t remors ,  d i z z i n e s s ,  headache ,  p a r a l y s i s ,  and 
p o l y n e u r i t i s .  

C h r o n i c  e f f e c t s  i n c l u d e  hepa to toxic i ty  and g a s t r o -  

T o x i c i t y  to W i l d l i f e  and  Domestic A n i m a l s  

A c u t e  v a l u e s  for  freshwaLer species range from 98320 p g / l i t e r  
f o r  a n  i n v e r t e b r a t e  species t o  approx ima te ly  2O,OOO p g / l i t e r  . 

for two species of f i s h .  An embryo- la rva l  test conducted  w i t h  
t h e  fa thead  minnow p r o v i d e s  a c h r o n i c  v a l u e  of 2,400 p g / l i t e r  
and an  acu te -chzon ic  r a t i o  of 8.5  for t h i s  species. Among 
saltwater species, a c u t e  v a l u e s  of 9,020 p g / l i t e r  for the mysid 
shsimp and 12,300 v g / l i t e r  f o r  t h e  sheepshead  minnow are reported. 
Exposure t o  1,1,2,2-tetrachloroethane a f f e c t s  c h l o r o p h y l l  a 
and c e l l  numbers of a l g a e  exposed  t o  approx ima te ly  141,000-pg/li ter 
i n  a freshwater species and 6,300 p g / l i t e r  i n  a saltwater species. 
The weighted ave rage  b i o c o n c e n t r a t i o n  factor for t h e  e d i b l e  
p o r t i o n  of a l l  freshwater and e s t u a r i n e  a q u a t i c  o rgan i sms  con- 
sumed by Americans is 5.0. 

R e q u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  Cr i te r ia  (USEPA) t 

Aquat ic  L i f e  

The a v a i l a b l e  data  -are  n o t  a d e q u a t e  for e s t a b l i s h i n g  c r i te r ia .  

Human H e a l t h  

Estimates of the c a r c i n o g e n i c  r i s k s  a s s o c i a t e d  w i t h  .lifetime 
exposure  to  v a r i o u s  c o n c e n t r a t i o n s  o f  1 , 1 , 2 , 2 - t e t r a c h l o r o -  
e t h a n e  i n  water are: 

R i s k  - C o n c e n t r a t i o n  

1.7 p g / l i t e r  
0.17 u g / l i t e r  
0.017 p g / l i t e r  

CAG Uni t .  R i s k  (USEPA) : 0.2 (mg/kg/day) 

NIOSH Recommended SJandard: 

OSHA Standa rd  ( s k i n ) :  35 mg/m3 

7 ng/m3 TWA 

1 81 ,282-Te t r ach lo roe  t h a n e  
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A C G I H  Thresho ld  L i m i t  Values ( s k i n )  : 7 ~ug/rn~~TWA 
35 mg/m STEL 

ie- - '5283 - 
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TETRACHLOROETHYLmE 

Summary 

T e t r a c h l o r o e t h y l e n e  (PC€, p e r c h l o r o e t h y l e n e )  induced  l i v e r  
tumors when a d m i n i s t e r e d  o r a l l y  t o  mice and was found t o  be 
m u t a g e n i c  us ing  a m i c r o b i a l  a s s a y  system. 
was observed  i n  p regnan t  r a t s  and mice exposed t o  h i g h  c o n c e n t r a -  
t i ons .  Animals exposed by i n h a l a t i o n  t o  t e t r a c h l o r o e t h y l e n e  
e x h i b i t e d  l i v e r ,  k idney ,  and c e n t r a l  ne rvous  sys t em damage. 

Reproduct ion  t o x i c i t y  

CAS Number: 127-18-4 

C h e m i c a l  Formula: C2C14 

IUPAC Name: T e t r a c h l o r o e t h e n e  

I m p o r t a n t  Synonyms and Trade Names: P e r c h l o r o e t h y l e n e ,  PCE 

Chemica l  and P h y s i c a l  Properties 

Molecular  Weight: 165.83 

B o i l i n g  Po in t :  121OC 

Mel t ing  P o i n t :  -22.7OC 

S p e c i f i c  Grav i ty :  1 .63 

S o l u b i l i t y  i n  Water: 

S o l u b i l i t y  i n  Organ ic s :  S o l u b l e  i n  alcohol, ether, and benzene 

150 t o  200 m g / l i t e r  a t  20°C 

Log O c t a n o l f i a t e r  P a r t i t i o n  C o e f f i c i e n t :  2.88 

Vapor P r e s s u r e :  1 4  mm Hg a t  2OoC 

T r a n s p o r t  and Fate 

atmosphere where it reacts w i t h  hydroxy l  r a d i c a l s  t o  produce  
HC1,  CO, CO and c a r b o x y l i c  a c i d .  T h i s  is p r o b a b l y  the most 
i m p o r t a n t  t g a n s p o r t  and f a t e  process for t e t r a c h l o r o e t h y l e n e  
i n  t h e  environment .  PCE w i l l  leach i n t o  t h e  groundwater ,  espe- 
c i a l l y  i n  soils of low o r g a n i c  c o n t e n t .  I n  soils w i t h  h i g h  
l e v e l s  of o r g a n i c s ,  PCE a d s o r b s  t o  these. materials and c a n  

T e t r a c h l o r o e t h y l e n e  (PCE) r a p i d l y  v o l a t i z i l e s  i n t o  the 

T e t r a c h l o r o e t h y l e n e  
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be b ioaccumula ted  t o  some degree .  
t e t r a c h l o r o e t h y l e n e  bound t o  o r g a n i c  m a t e r i a l  can  be degraded  - 
by mic roorgan i sms  or m u s t  be deso rbed  t o  be d e s t r o y e d .  
is some e v i d e n c e  t h a t  h i g h e r  organisms can m e t a b o l i z e  PCE. 

However, i t  i s  u n c l e a r  i f A -  7288 
There 

H e a l t h  E f f e c t s  

T e t r a c h l o r o e t h y l e n e  was found t o  produce  l i v e r  c a n c e r  
i n  male and f e m a l e  mice when a d m i n i s t e r e d  o r a l l y  by gavage  
( N C I  1977). Unpubl i shed  gavage s t u d i e s  i n  r a t s  and mice per- 
formed by t h e  N a t i o n a l  Toxicology Program (NTP) showed hepato-  
c e l l u l a r  ca rc inomas  i n  mice and a s l i g h t ,  s t a t i s t f c a l l y  i n s i g -  
n i f i c a n t  increase i n  a r a r e  t y p e  of k idney  tumor,  NTP is 
a l s o  conduc t ing  a n  i n h a l a t i o n  c a r c i n o g e n i c i t y  s t u d y .  E l e v a t e d  
mutagenic  a c t i v i t y  was found i n  S a l m o n e l l a  s t r a i n s  t reated 
w i t h  t e  t r a c h l o r o e t b y l e n e .  Delayed o s s i f i c a t i o n  of s k u l l  bones  
and s t e r n e b r a e  were r g p o r t e d  i n  o f f s p r i n g  of p r e g n a n t  mice 
exposed ta 2,000 mg/m of t e t r a c h l o r o e t h y l e n e  for 7 hours /day_  
on  days  6-15 of g e s t a t i o n .  I n c r e a s e d  f e t a l  r e s o r p t i o n s  were 
obse rved  a f t e r  e x p o s u r e  of p r e g n a n t  r a t s  t o  t e t r a c h l o r o e t h y l e n e .  
R e n a l  t o x i c i t y  and h e p a k o t o x i c i t y  have been no ted  f o l l o w i n g  
chronic i n h a l a t i o n  e3posure o f  ra t s  t o  t e t r a c h l o r o e t h y l e n e  
l e v e l s  of 18356 mg/m , During  t h e  f i r s t  2 w e e k s  of a subchronic 
i n h a l a t i o n  sfudy,  e x p o s u r e  t o  c o n c e n t r a t i o n s  of 1 ,622  ppm 
(10 867 mg/m 1 of t e t r a c h l o r o e t h y l e n e  p roduced  s i g n s  of c e n t r a l  
ne rvous  sys t em d e p r e s s i o n ,  and  c h o l i n e r g i c  s t i m u l a t i o n  was 
o b s e r v e d  among t a b b i t s ,  monkeys, r a t s ,  and g u i n e a  p i g s .  

T o x i c i t y  to  W i l d l i f e  and Domestic Animals 

T e t r a c h l o r o e t h y l e n e  is t h e  most t o x i c  of t h e  c h l o r o e t h y l e n e s  
t o  a q u a t i c  o r g a n i s m s  b u t  is o n l y  m o d e r a t e l y  toxic  r e l a t i v e  
to  other  t y p e s  o f  compounds. The l i m i t e d  a c u t e  t o x i c i t y  data 
i n d i c a t e  t h a t  t h e  LC v a l u e  f o r  sa l twater  and freshwater species 
are  s imi la r ,  around ? l , O O O  p g / l i t e r ;  t h e  t r o u t  was t h e  most 
s e n s i t i v e  (LC = 4,800 p g / l i t e r ) .  C h r o n i c  v a l u e s  were 840 
and 4 5 0  p g / l i % r  for  freshuater and  saltwater species, respec- 
t i v e l y 8  and a n  a c u t e - c h r o n i c  r a t io  of 19 was c a l c u l a t e d ,  

No i n f o r m a t i o n  o n  t h e  t o x i c i t y  of t e t r a c h l o r o e t h y l e n e  
t o  t e r r e s t r i a l  w i l d l i f e  or d a m e s t i c  a n i m a l s  was a v a i l a b l e  i n  
t h e  l i t e r a t u r e  reviewed. 

'J. Mennear, NTP Chemica l  Manager; p e r s o n a l  communication, 1984. 
c I 3 *  
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R e g u l a t i o n s  and S t a n d a r d s  

Ambien t  Water Q u a l i t y  C r i t e r i a  (USEPA) : 

Aquat ic  L i f e  

The a v a i l a b l e  d a t a .  a re  n o t  adequate  for  e s t a b l i s h i n g  c r i t e r i a .  
However, EPA d i d  r’eport  t h e  lowest v a l u e s  known t o  be 
tox ic  t o  a q u a t i c  organisms.  

Freshwater  

A c u t e  t o x i c i t y :  5 ,280 p g / l i t e r  
Chzonic t o x i c i t y :  840 p g / l i t e r  

S a l t w a t e r  

Acute  t o x i c i t y :  10,200 p g / l i t e r  
Chron ic  t o x i c i t y :  450 p g / l i t e r  

Human H e a l t h  

E s t i m a t e s  of t h e  c a r c i n o g e n i c  r i s k s  a s s o c i a t e d  w i t h  l i f e t i m e  
exposure  t o  v a r i o u s  c o n c e n t r a t i o n s  of t e t r a c h l o r o e t h y l e n e  
i n  water are: 

R i s k  

- 5  
- 
lO-6 
10-7 
1 0  

C o n c e n t r a t  i o n  

8.0 &l i t e r  
0.8 p g / l i t e r  . 0.08 p g / l i t e r  

CAG U n i t  R i s k  (USEPA): 5 . 1 ~ 1 0 ’ ~  (mg/kg/day)” 

N I O S H  Recommended S t a n d a r d s  ( a i r ) :  335 mg/mi TWA 
670 mg/m 15-min C e i l i n g  L e v e l  

OSHA S t a n d a r d s  ( a i r ) :  670 mg/m3 F A  
1,340 mg/mj C e i l i n g  L e v e l  
2,010 mg/m f o r  5 min e v e r y  3 h z ,  Peak L e v e l  
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TETRAETHYL LEAD 

S umm a r y 

on human reproduction and embryonic development. 
has been associated with adverse effects on the central nervous 
system, peripheral nerves, kidneys, and hematopoietic system. 

Tetraethyl lead (TEL) is likely to have adverse effects 
Human exposure 

CAS Number: 78-00-2 

Chemical Formula: (CzHs) 4Pb 

IUPAC Name: Tetraethyl lead 

Important Synonyms and Trade Names: Tetraethyl plumbane, TEL 

Chemical and Physical Properties 

Molecular Weight: 323.45 

Boiling Point: Approximately 200OC 

Melting Point: -136.8OC 

Specific Gravity: 1.653 at,2ooC 

Solubility in Water: Insoluble 

Solubility in Organics: Soluble in most organic solvents 

Vapor Pressure: 1 mm Hg at 38.4OC 

Flash Point: 77OC 

Transport and Fate 

Volatilization of tetraethyl lead (TEL) fr-m aquatic or 
terrestrial systems may be a significant transport process. 
However, its presence in the atmosphere probably would be transi- 
ent, because photochemical decomposition occurs readily. The 
organic and inorganic lead compounds formed can then be removed 
from the atmosphere by wet or dry deposition. 

Sorption processes in sediments and soils may be important 
for TEL. Rowever, TEL is generally not stable in aerobic environ- 

Tetraethyl lead 
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ments. E L  decomposes slowly at room temperature and more 
rapidly at elevated temperatures. 
cant portion of TEL is probably oxidized in the water column. 
Overall, most TEL probably undergoes conversion to inorganic 
lead compounds relatively quickly. The types of compounds ; 
formed and their subsequent environmental fates are determi- L -- 7283 - 
by local physical and chemical conditions. 

In aquatic systems, a signifi- 

Health Effects 

,--There are no reports of carcinogenicity, mutagenicity, 
or teratogenicity in humans as a result of exposure to TEL. 
Young female Swiss mice developed malignant lymphomas after 
subcutaneous exposure to "EL. However, the significance of 
these findings could not be evaluated because of the low tumor 
incidence in only one sex and because the type of tumor observed 
occurs spontaneously and with variable incidence in the strain 
of mouse studied. Although specific results with TEL are not 
available, lead is reported to have adverse effects on human 
reproduction and embryonic, fetal, and postnatal development. 
Petotoxicity and postimplantation mortality are reported to 
occur after oral administration to pregnant rats. 

TEL is toxic to humans and experimental animals by oral, 
inhalation, and cutaneous routes of exposure. Effects are 
commonly seen in the central nervous system, peripheral nerves, 
the kidney, and hematopoietic system. In humans, TEL intoxica- 
tion is reportedly characterized by insomnia, hallucinations, 
emotional instability, and increased physical activity of an 
erratic nature. After exposure to high concentrations, coma 
and death may occur. 
an inhalation LC 
reported for thesfat. 
830 mg/kg are reported for the dog and rabbit, respectively. 

An ora,l Lb 
value of 850 @/m 

v31ue of 17 mg/kg and 
for 60 minutes are 

Lethal dermal doses of 547 mg/kg and 

Toxicity to Wildlife and Domestic Animals 

Although lead is known to occur in the tissues of many 
free-living wild animals, including birds, mammals, fishes, 
and invertebrates, reports of poisoning usually involve waterfowl 
that ingest lead shot. There also is evidence that lead, at 
concentrations occasionally found near roadsides and smelters, 
can eliminate or reduce populations of bacteria and fungi on 
leaf surfaces and in soil. Cases of lead poisoning have been 
reported for a variety of domestic animals, including cattle, 
horses, dogs, and cats. It is probable that poisoning in wild- 
life and domestic animals involves exposure to elemental lead 
or lead compounds other than TEL. 
value of 150 pg/liter in a saltwater alga exposed to TEL. 

One rtudy reports an ECS0 
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Regulations and Standards 

NIOSH Recommended Standard: 0.10-mg/m3 TWA (as Pb) 
SF / OSHA Standard: 0.075 mg/m3 (as Pb) 

3 ACGIH Threshold Limit Values: 0.1 mg/m3 TWA (as Pb) 
0.3 mg/m STEL (as Pb) 
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TETRAHYDROFURAN 

.r . .  Summary 

a s s a y  system and caused chromosomal a b e r r a t i o n s  i n  Ch inese  
Hamster Ovary Cells. 
t o  i r r i t a t e  t h e  s k i n  and c a u s e  l i v e r  and k idney  damage. 

T e t r a h y d r o f u r a n  was found t o  be mutagenic  u s i n g  a microbial  

T e c h n i c a l  t e t r a h y d r o f u r a n  h a s  been shown 

CAS Number: 109-99-3  

C h e m i c a l  Formula: CqHsO 

IUPAC N a m e :  T e t r a h y d r o f u r a n  

Impor t an t  Synonyms and Trade  Names: D i e t h y l e n e  oxide,  b u t y l e n e  
o x i d e ,  t e t r a m e t h y l e n e  o x i d e ,  
hydro fu ran ,  THF 

C h e m i c a l  and P h y s i c a l  Properties 

Molecular  Weight: 72.12 

B o i l i n g  P o i n t :  67OC 

Mel t ing  P o i n t :  - 6 5 V  

S p e c i f i c  G r a v i t y : .  0.8892 at 2OoC 

S p l u b i l i t y  i n  Water: 

S o l u b i l i t y  i n  Organics:  

S p l u b l e  i n  water 

Very s o l u b l e  i n  alcohol, e ther ,  a c e t o n e ,  
benzene ,  and other o r g a n i c  s o l v e n t s  

Vapor P r e s s u r e :  143  mm Hg a t  20°C 

Vapor Dens i ty :  2.5 

T r a n s p o r t  and Fate 

L i t t l e  i n f o r m a t i o n  is avai lable  o n  t h e  t r a n s p o r t  and f a t e  
I t  has  a rela- of t e t r a h y d r o f u r a n  i n  t h e  n a t u r a l  environment .  

t i v e l y  h i g h  vapor p r e s s u r e  and shou ld  t h e r e f o r e  v o l a t i l i z e  i n t o  
t h e  atmosphere. 
p roduces  ozone, a l d e h y d e s ,  and e p o x i d e s  and a p p a r e n t l y  is n o t  
v e r y  p e r s i s t e n t .  
be somewhat l i m i t e d  by its rather h i g h  water s o l u b i l i t y .  Its 
water s o l u b i l i t y  a l so  s u g g e s t s  t h a t  t e t r a h y d r o f u r a n  p r o b a b l y  

Upon e x p o s u r e  t o  u l t r a v i o l e t  r a d i a t i o n ,  it 

I n  a q u a t i c  s y s t e m s ,  i ts  v o l a t i l i z a t i o n  would 

T e t r a h y d r o f u r a n  
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moves :readily through soil and is not bioaccumulated to any ~. 

substantial jegree. p (,+ b’p 
. L -  

Health Effects 

Tetrahydrofuran is currently being tested by the National 
Toxicology Program to assess its carcinogenic potential. No 
evidence of carcinogenic, reproductive, or teratogenic effects 
associated with exposure to tetrahydrofuran was found in the 
literature reviewed. It was found to be mutagenic in a microbial 
assay on Escherichia coli and caused chromosomal aberrations 
but not sister chromamexchange in Chinese hamster ovary 
cells . 

Exposure to 590 mg/m3 tetrahydrofuran for 6 hourslday 
caused decreased pulse pressure in dogs after 4 weeks, but 
no histopathological changes occurred in major organs after 
12 weeks. Daily (oral?) administration of 20 mg/kg for 6 months 
caused weight loss, paralysis of the hind limbs, hyperemia 
of the viscera and protein dystrophy of the liver (Pozdnyakova 1969 
in USEPA 19801. Pure tetrahydrofuran does not appear to cause 
toxic effeSts even at very high concentrations (greater than 
10,000 g/m 1 ,  but the technical compound, which is contaminated 
with peroxides, causes skin irritation and liver and kidney 
damage. The oral LDS0 in rats was reported to be 2,800 mg/kg. 

Toxicity to wildlife and Domestic Animals 

No information on the toxicity of tetrahydrofuran to wild- 
life and domestic animals was available in the literature reviewed. 

Regulations and Standards 

OSHA Standard (air): 590 mg/m3 TWA . 

ACGIH Threshold Limit Values: 590 mg/m: TWA 
735 mg/m STEL 
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THALLIUM 

Summary 

Acute exposure to soluble thallium compounds has been 
associated in humans with gastrointestinal irritation; damage 
of the liver, kidneys, and central and peripheral nervous sys- 
tems; pulmonary edema; degenerative changes in the adrenals; 
and-:ocular effects . . 
CAS Number: 7440-28-0 

Chemical Formula: T1 

IUPAC Name: Thallium 

Chemical and Physical Properties 

Atomic Weight: 204.37 

Boiling Point: 1,457OC 

Melting Point: 303.5OC 

Specific Gravity: 11.85 

Solubility in Water: Insoluble (many compounds are soluble) 

Transport and Fate 

as the metal or as thallium sulfide. However, much of the 
thallium present in aquatic systems is likely to remain in 
solution and be transported to the oceans. Active removal 
of some dissolved thallium by sorption to clay minerals and 
hydrous metal oxides present in bed sediments is probably an 
important environmental fate process. Thallium is readily 
taken up by aquatic organisms, and bioaccumulation may also 
be an important fate process. Results of limited studies with 
algae suggest that thallium may also be available for food 
chain magnification. There is no evidence to suggest that 
photolysis or volatilization are important environmental pro- 
cesses. Although there is speculation that thallium can be 
methylated under aerobic conditions by electrophilic attack, 
biotransformation does not appear to be an important process 
in aquatic systems. 

In reducing environments, thallium may be precipitated 

' 
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Healtn Erreccs 

There is no evidence that thallium is carcinogenic in 
humans or experimental animals, and it does not appear to have 72Sa 
significant mutagenic activity. Exposure to thallium salts 
during critical developmental stages is reported to produce 
achondioplasia in chickens and rats. 
teratogenic effects are reported. 

No other significant 

Thallium, in the form of soluble compounds, is readily 
absarbed through the skin and gastrointestinal tract. Symptoms 
associated wi-th acute poisoning in humans include gastrointestinal 
irritation; liver and kidney damage; pulmonary edema; degenerative 
changes in the adrenals, peripheral nervous system, and central 
nervous system; and ocular effects, including optic neuritis 
and, rarely, cataracts. The estimated lethal dose for humans 
is 8 to 12 mg/kg. In experimental animals, thallium compounds 
produce effects similar to those seen in humans. Rats appear 
to be particularly sensitive to the cataractogenic activity 
of thallium. Regardless of the specific thallium compound 
tested, rate of intake, or route of administration, LD values 
for a variety of species range from about 3 to 92 mg/ka. 

Toxicity to Wildlife and Domestic Animals 

life occurs at concentrations as low as 1,400 and 40 pg/liter, 
respectively. Acute toxicity to saltwater aquatic life occurs 
at concentrations as low as 2,130 pg/liter. Toric effects 
would be expected to occur at lower concentrations among species 
more sensitive than those tested. Bioconcentration factors 
rangedSfrom about 11 for the.musse1 Mytilus edulis to about 
1.5~10 for oiher freshwater and marine invertebrates. Values 
of about 1x10 are reported for marine and freshwater fish. 

Acute and chronic toxicity of thallium to freshwater aquatic 

Regulations and Standards 

Ambient Water Quality Criteria (US-EPA): 

The available data are not adequate for establishing criteria. 

Human Iiealth 

Criterion2 13 pg/liter 

0s-H~ Standard: 100 pg/m3 TwA 

ACGIE Threshold Level Value: 0.1 mg/m TWA (soluble compounds, 3 
as T1) 

Thallium 
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TI TAN I UM 

Summary 

Titanium dioxide produced injection-site tumors in rats 
given intramuscular injections and lung tumors in rats exposed 
by inhalation. In humans, inhalation exposure to high concen- 
trations of titanium dioxide has caused slight fibrosis of 
the lung. 

Background Information 

of the earth and is almost always present in igneous rocks 
and in the sediments derived from them. Titanium is an active 
metal, but it resists decomposition because of the formation 
of a protective titanium dioxide film. The film is insoluble, 
repairable, and provides excellent corrosion resistance. 
quently, titanium resists corrosion in all naturally occurring 
environments, including air, soil, and water. 

Titanium is the ninth most abundant element in the crust 

Conse- 

CAS Number: 7440-32-6 

Chemical Formula: Ti 

IUPAC Name: Titanium 

Chemical and Physical Properties 

Atomic Weight: 47.90 

Boiling Point: 3,287OC 

Melting Point: 1,66OoC 

Specific Gravity: 4.5 

Solubility in Water: Insoluble 

Transport and Fate 

Most common titanium compounds are insoluble in water 
and partitioning of much of the titanium in aquatic systems 
into the bottom sediments would be expected. Atmospheric trans- 
port of titanium, and subsequent wet and dry deposition, can 
occur. 

Titanium 
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Health Effects 
There is no evidence to suggest that titanium is carcine- 7288 

~ 

genic in humans. 
genic effects at the site of intramuscular injection in rats. 
Preliminary results of a 2-year E.I. Dupont (1983) study show 
increased incidences of squamous cell carcinoma of the lung 
and bronchioalveolar ad5noma in rats exposed to airborne con- 
centrations of 250 mg/m of titanium dioxide. Results of a 
2-year feeding study conducted for the National Cancer Institute 
indicated that titanium dioxide was not carcinogenic in rats 
and mice under the conditions of the bioassay. There are no 
reports of mutagenic, teratogenic, or reproductive effects 
associated with exposure to titanium in humans or experimental 
animals. 

Titanium dioxide is reported to have tumori- 

In humans, most of the body burden of titanium is in the 
lungs. About one-third of inhaled titanium i s  thought to be 
retained in the lungs. Slight fibrosis has been observed after 
inhalation exposure to high concentrations of titanium dioxide 
dust. However, titanium generally acts as an inert particulate 
material in the lungs. Titanium does not appear to produce 
significant skin irritation or to cause toxic effects after 
ingestion in humans or experimental animals. 

Toxicity to Wildlife and Domestic Animals 

The available data are not adequate to characterize the 
toxicity of titianium to wildlife and domestic animals. 

Regulations and Standards 

ACGIH Threshold Limit Values: 

TWA (titanium dioxide, total dust) 
TWA (titanium dioxide, respirable dust) 
STEL (titanium dioxide) 
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TOLUENE 

summary 

T o l u e n e  h a s  been shown t o  be embryotoxic  i n  e x p e r i m e n t a l  

Chron ic  i n h a l a t i o n  exposure t o  h i g h  
animals,  and t h e  i n c i d e n c e  o f  c l e f t  p a l a t e  i n c r e a s e d  i n  t h e  
o f f s p r i n g  of dosed mice. 
l e v e l s  of toluene caused c e r e b e l l a r  d e g e n e r a t i o n  and a n  i r r e v e r s i b l e  
encephalopathy  i n  an ima l s .  I n  humans, acute exposure d e p r e s s e d  
t h e  c e n t r a l  nervous  sys tem and caused n a r c o s i s .  

CAS Number: 108-88-3 

C h e m i c a l  Formula: C6H5CH3 

IUPAC Name: Methylbenzene 

fmpor t a n  t Synonyms and Trade  Names: T o l u o l ,  phenylmethane 

C h e m i c a l  and P h y s i c a l  P r o p e r t i e s  

Molecular  Weight: 92.13 

B o i l i n g  P o i n t :  110.6OC 

Mel t ing  P o i n t :  -95OC 

S p e c i f i c  Grav i ty :  0.8669 a t  20°C 

S o l u b i l i t y  i n  Water: 534.8 m g / l i t e r  

S o l u b i l i t y  i n  Organics :  S o l u b l e  in acetone, l i g r o i n ,  and carbon 
d i s u l f i d e ;  miscible w i t h  a l c o h o l ,  
e t h e r ,  benzene, ch lo ro fo rm,  g l a c i a l  
acetic acid,  and o t h e r  o r g a n i c  s o l v e n t s  

Log Octanol/Wa t e r  P a r t i t i o n  C o e f f i c i e n t :  2.69 

Vapor P r e s s u r e :  28.7 mm Hg a t  25OC 

Vapor Dens i ty :  3.14 

F l a s h  P o i n t :  4.4OC 

Toluene  
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I T r a n s p o r t  and  Fa te  
r Volati l ization appears t o  be the major route of removal 

of toluene from aquatic environments, and atmospheric reactionbz 1288 
of toluene probably subordinate a l l  other fate processes ( U S E ~ A  
1 9 7 9 )  . 
for toluene, and benzaldehyde is reported to  be the principal 
organic product. 
can deposit toluene and its oxidation products into aquatic 
and t e r r e s t r i a l  sys tems.  Direct photolytic cleavage of toluene 
is energetically improbable i n  the troposphere, and oxidation 
and hydrolysis are probably not important as aquatic fa tes .  

The log octanol/water par t i t ion  coefficient of toluene 
indicates t h a t  sorption processes may be significant.  However, 
no specific environmental sorption s t u d i e s  are available, and 
the extent t o  which  adsorption by sedimentary and suspended 
organic material may interfere  w i t h  volat i l izat ion is unknown. 
Bioaccumulation is probably not an important environmental 
fa te  process. Although toluene is known to  be degraded by 
microorganisms and can be detoxified and excreted by mammals, 
the available data. do not allow estimation of the re lat ive 
importance of b i odeg rada t ion/biot ran6 f ormat ion  proce sse s . 
Almost a l l  toluene discharged t o  the environment by industry 
is i n  the form of atmospheric emissions. 

Photooxidation is the primary atmospheric f a t e  process 

Subsequent precipitation or dry deposition 

H e a l t h  Effects 

There is no conclusive evidence t h a t  toluene is carcino- 
genic or mutagenic i n  animals or humans (USEPA 1980). The 
National Toxicological Program is currently conducting an in- 
halation carcinogenicity bioassay i n  r a t s  and mice. 

Oral administration of toluene a t  doses 3s low as  260 mg/kg 
produced a s ignif icant  increase i n  embryonic Lethality i n  mice 
(USEPA 1980) .  Decreased f e t a l  weight was obszrved a t  doses 
a s  low a s  434 mg/kg, and an increased incidence of clef t  palate  
was seen a t  doses as low as 867 mg/kg. However, other researchers 
have reported that  toluene is embryotoxic b u t  not teratogenic 
i n  laboratory animals. There are  no accounts of a teratogenic 
e f fec t  i n  humans a f t e r  exposure t o  toluene. 

produces central  nervous system dearession and narcosis i n  
humans (ACGIH 1980). Eowever, even exposure t o  quant i t ies  
suf f ic ien t  t o  produce unconsciousness f a i l  t o  produce residual 
organ damage. The r a t  oral  LD valug and inhalation LC 
value are 5,000 mg/kg and 15,088 mg/m , respectively. CkPonic 
inhalation exposure t o  toluene a t  relatively high concentrations 
produces cerebe 11 ar degeneration and an i r reversible  ence? haloga t hy 
i n  mammals. 

3 Acute  exposure to toluene a t  concentrations of 3 7 5 0 1 ~  500 mg/m 

, *  . I  
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T o l u e n e  i n  s u f f i c i e n t  a m o u n t s  appears t o  have t h e  p o t e n -  
t i a l  t o  a l t e r  s i g n i f i c a n t l y  t h e  metabolism and r e s u l t i n g  bio- 
a c t i v i t y  of c e r t a i n  chemicals. For example,  coadmin i s t r a t ion  
of t o l u e n e  a long  w i t h  benzene or s t y r e n e  h a s  been s h o w n  t o  
s u p p r e s s  t h e  metabolism of benzene or s t y r e n e  i n  r a t s .  

' r- 7883 
T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

Of f i v e  f r e shwa te r  species tested w i t h  t o l u e n e ,  t h e  c lado-  
c e r a n  Daphnia magna was most r e s i s t a n t  t o  any  a c u t e  e f f e c t s  
(USEPA 1980) .  The  EC and LC v a l u e s  f o r  a l l  f i v e  species 
range  from 12,700 t o  % 3 , 0 0 0  pap l i t e r .  N o  c h r o n i c  tests are 
a v a i l a b l e  f o r  f r e s h w a t e r  species. The t w o  f r e s h w a t e r  a l g a l  
species t e s t e d  are r e l a t i v e l y  i n s e n s i t i v e  t o  t o l u e n e  with.  ECS0 
v a l u e s  o f  245,000 p g / l i t e r  or g r e a t e r  b e i n g  reported. 
sa l twater  species, EC and LC v a l u e s  range  from 3,700 p g / l i t e r  
f o r  t h e  bay shr imp to5P,0S0 m g j f i t e r  f o r  t h e  Pac i f i c  o y s t e r .  
The c h r o n i c  v a l u e  i n  a n  embryo- la rva l  test f o r  the sheepshead  
minnow is r e p o r t e d  t o  be between 3,200 and 7,700 p g / l i t e r ,  
and t h e  acu te -ch ron ic  r a t i o  is between 55 and 97. I n  several 
sa l twater  a l g a l  species and k e l p ,  e f f e c t s  occur  a t  t o l u e n e  
c o n c e n t r a t i o n s  from 8,000 t o  more t h a n  433,000 p g / l i t g r .  

For  

R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  C r i t e r i a  (USEPA): 

Aqua t i c  L i f e  

The a v a i l a b l e  da t a  are  n o t  adequa te  for e s t a b l i s h i n g  cr i -  
t e r ia .  However, EPA d i d  report t h e  lowest c o n c e n t r a t i o n s  
of t o l u e n e  known t o  be toxic i n  a q u a t i c  organisms.  

F reshwa te r  

Acute t o x i c i t y :  17,500 p g / l i t e r  
C h r o n i c  t o x i c i t y :  No a v a i l a b l e  data  

Saltwater 

A c u t e  t o x i c i t y :  6,300 p g / l i t e r  
C h r o n i c  t o x i c i t y :  5,000 p g / l i t e r  

Human H e a l t h .  

Criterion: 14.3 m g / l i t e r  

NIOSH Recommended S tanda rds :  375 mg/mz TPOA 
560 mg/m STEL 
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OSHA S t a n d a r d s :  750 mg/m3 3TWA 
1 ,120  mg/m C e i l i n g  L e v e l  
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TOXAPHENE 

Summary 

Toxaphene is a chlorinated organic pesticide and is per- 
sistent in the natural environment. In animal bioassays, it 
i-nduced liver cancer in mice and thyroid tumors in rats. 
phene is fetotoxic and decreases spermatogenesis. 
exposure to toxaphene has been shown to damage the liver and 
kidneys and stimulate the central nervous system in animals. 
In *umans, symptoms of acute intoxication include vomiting, 
convulsions, cyanosis, and coma. Toxaphene is highly toxic 
to - aquatic organisms. 

Toxa- 
Chronic 

Background Information 

Toxa2hene consists primarily of chlorinated camphene and 
a mixture of related compounds and isomers. In general, the 
physical and chemical properties reported below are average 
values . 
CAS. Number: 8001-35-2 

Chemical Formula: C10H10C18 (average formula) 

Important Synonyms and Trade Names: Camphechlor, chlorinated 
camphene, AttaC, Phenacide, 
gtrobane-T 

Chemical and Physical Properties 

Molecular Weight: 414 

Boiling Point: Greater than 12OoC 

Melting P o i n t :  65-95OC 

Specific Gravity: 1.64 a t  25OC 

Solubility in Water: 0.4 to 3.0 mg/liter 

Solubility in Organics: Very soluble in most organic solvents 

Log Octanol/Water Partition Coefficient: 3.3 

Vapor Pressure: 

Flash Point: 135OC (closed cup) 

0.2 to 0.4 mm Rg at 25OC 
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Transport and Fate 

1888 Because toxaphene is a complex mixture of polychlorina 
camphene derivatives, an inclusive assessment of its enviro 
mental transport and fate is difficult. 
and hydrolysis do not appear to be important fate processes 
in aquatic systems. It is persistent in the environment, and 
tr-ansport through soil, water, and air can occur relatively 
easily. Although little informatfdn is available, it appears 
that volatilization may be an important transport process, 
especially for the higher chlorinated bornane structures with 
very.2ew solubility in water. Toxaphene is very stable to 
biological and chemical degradation processes in aerobic envi- 
ronmental systems, but it does undergo partial reduction (loss 
of chloride content) in anaerobic environments. Accordingly, 
although biodegradation can occur, it depends on transport 
of toxaphene to anaerobic environments. A dominant process 
in aquatic systems is direct sorption on sediments, or adsorption 
onto particulates, followed by deposition into sediment where 
biological and chemical reduction may occur. The rate of loss 
of toxaphene from aquatic systems i s  partially determined by 
particulate loading and quality of the water body. The physical 
and chemical properties of the individual toxaphene components 
determine which compounds will be sorbed and subsequently reduced. 
Bioaccumulation is an important environmental process for toxa- 
phene. Adsorption by biota is rapid, and significant uptake 
can occur in natural systems. 

Photolysis, oxidation, 

Health Effects 

The results of a bioassay conducted for the Carcinogenesis 
Testing Program of the Natiodal Cancer Institute indicate that 
toxaphene causes increased incidences of hepatocellular carci- 
nomas in mice, and suggest that it is carcinogenic for the 
thyroid in the rat (NCI 1979). IARC has concluded that toxaphene 
is an animal carcinogen and a suspected human carcinogen. 
Toxaphene has produced both positive and negative results in 
a series of different mutagenicity assays. S-tudies concerning 
the reproductive effects of toxaphene suggest that oral admin- 
istration may produce maternal and fetal toxicity. However, 
toxaphene does not appear to have teratogenic effects. 

Acute exposure to toxaphene causes effects due primarily 
to central nervous system stimulation. Subchronic exposure 
results in kidney changes, as well as changes in blood chemistry. 
Symptoms of acute oral toxaphene intoxication in humans include 
vomiting, convulsions, cyanosis, and coma. A minimum lethal 
oral dose of 40 mg/kg i s  reported for humans. In ratu, patho- 
logical effects of toxaphene include cloudy swelling and con- 
gestion of the kidneys, fatty degeneration and necrosir of 
the liver, and decreased spermatogenesis. Toxaphene in the 

Toxaphene 
Page 2 
October 198 5 



diet is reported to inhibit hepatobiliary function in rats. A n  
oral LD value of 40 mg/kg is reported for the rat. Although 
there a280 are reports of toxaphene toxicity due to dermal 
and inhalation exposure in humans and experimental animals, 
most available information concerns effects due to ingestion. 

Toxicity to Wildlife and Domestic Animals 

Mean acute values for freshwater invertebrate species 
range from 1.3 pg/liter for the stonefly to 180 pg/liter for 
the midge. Values for fish species range from 2 pg/liter for 
largemouth bass to 20 pg/liter for the guppy. Mean species 
chronic values range from 0.037 pg/liter for the fathead minnow 
to 1.8 pg/liter for the midge. Freshwater acute-chronic ratios 
range from 71 to 265. Species mean acute values for saltwater 
invertebrates range from 0.11 pglliter for a copepod to 1,120 pg/ 
liter for the hard shell clam. Values for fish species range 
from 0.5 pg/liter for the pinfish to 8.2 pg/liter for the three- 
spine stickleback. A chronic value of l,66 pg/liter is reported 
for the sheepshead minnow. Bioconcentration factors among 
aquatic organisms range from about 1,200 to more than 5 0 # 0 0 0 .  
Toxaphene concentrations of from 0.15 to 1,000 pg/liter are 
reported to cause deleterious effects in aquatic plant species. 

Toxaphene has a relatively high degree of toxicity in 
aquatic organisms and has resulted in fish kills and adverse 
effects on fish development and reproduction. Although toxaphene 
is relatively less toxic to birds and mammals, bioaccumulation 
may result in exposure to excessive concentrations. Bird kills 
due to toxaphene have been reported. 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

Freshwater 
L 

Acute toxicity: 1.6 pg/liter 
Chronic toxicity: 0.013 vg/liter 

Sa 1 twa t e r 

Acute toxicity: 0,070 pg/liter 
Chronic toxicity: No available data 

0004SO 

Toxaphene 
Page 3 
October 19 85 



Human r i e a r r i r  

Estimates of the carcinogenic risks associated with l i fe t ime 
exposure to various concentrations of toxaphene in water 
are: 

Risk - Concentration . 

7.1 ng/liter 
0.71 ng/li ter 
0.07 ng/liter 

b- W 8 5  
4 - L  

CAG Unit Risk (USEPA) : 

OSHA Standard: 0.5 mg/m TWA 

ACGIH Threshold Limit Values: 

1.13 (mg/kg/day)-’ 
3 

0.5 mg4m3 TWA 
1 mg/m STEL 
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TRICHLOROBENZENE 

Summary 

High doses of trichlorobenzene (TCB) have been shown to 
be embryotoxic to the. offspring of exposed rats. 
tions of TCB increased the incidence of amyloidosis in a number 
of organs in mice and consequently shortened the animals' life- 
spans. 
on the liver and kidneys in several species of experimental 
animals; in a study in mice, it also damaged the bone marrow. 

Dermal applica- 

Inhalation erposure to trichlorobenzene had minor effects 

CAS Number: 182,3-TCB: 87-61-6 
1,284-TCB: 120-8201 
1,3,5-TCB: 108-7003 

Chemical Formula: C6H3C13 

IUPAC Names: lr2,3-Trichlorobenzene; 1,2,4-Trichlorobenzene; 
1,3,5-Trichlorobenzene 

Important Synonyms and Trade Names: Trichlorobenzene, TCB 

Chemical and Physical Properties 

Molecular Weight: 181.45 

Boiling Point: 1,2,3-TCB:, 219OC 
1,2,4-TCB: 213OC 
1,3,5-TCB: 208OC 

Melting Point: lr2,3-TCB: 54OC 
l,2,4-TCB: 17OC 
1,3,5-TCB: 64OC 

Specific Gravity: 1,2,4-TCB: 1.4542 

Solubility in Water: 1,2,4-TCB: 30 mg/liter at 25OC 

Solubility in Organics: Sparingly soluble in alcohol; freely 

Log OctanolfWater Partition Coefficient: 1,2,3-TCB: 4.1 

Vapor Pressure: Approximately 0.4 mm Hg at 25OC 

soluble in benzene and carbon disulfide 

1,2,4-TCB: 4.3 (calculated) 

000453 
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Transport and Fate 
728s 

There is.little information on the transport and fa9e o 
trichlorobenzenes, and what is available primarily concerns 
1,2,4-trichlorobenzene (1,2,4-TCB). Although there is no informa- 
tion on the sorption of 1,2,4-TCB to soils and sediments, the 
high log octanol/water' partition coefficient suggests that 
this compound would be adsorbed to organic materials in soil 
and sediment. The volatility of 1,2,4-TCB is relatively low, 
but it has been found to volatilize readily from aerated and 
quiescent waters, with a half-life of less than 1 hour and 
4-7 hours in each medium, respectively. Thust air transport 
is also likely. Sorption to suspended solids does, however, 
reduce the rate of volatilization. 

via attack by hydroxyl radicals. 
is broken down through photolysis or hydrolysis. Biodegradation 
of 1,2,4-~CB has been shown to occur in waste treatment studies. 
  ow ever, in the environment biodegradation is expected to be 
slower . 

, 

1,2,4-TCB has been shown to be oxidized in the atmosphere 
It is not known if the compound 

Health Effects 

There are no reports indicating carcinogenic, teratogenic, 
or mutagenic activity of the trichlorobenzenes in humans or 
animals. No specific reproductive effects have been found 
for the TCBs, but embryotoxicity has been noted at a dose level 
that produces maternal toxicity in rats (Kitchin and Ebron 
1983) 

chlorobenzenes have been reported. Inhalation studies with 
1,2,4-TCB of 1.5 to 6 months duration in rats, rabbits, dogs, 
and monkeys have not shown major irreversible effects, although 
some effects on liver and kidney were found (transient histo- 
logical changes and increased relative liver weight; Kociba 
et al. 1981, Coate et al. 1982) . Increased urinary porphyrin 
levels were also noted (Kociba et al. 1981). Zub (1978) reported 
that mice exposed to TCB (isomers unspecified) for 3 weeks 
to 3 months showed indications of bone marrow damage. In a 
chronic study in which mice were administered 1,2,4-TCB by 
dermal application, there was a treatment-related increase 
in the incidence of amyloidosis, which affected a number of 
organs and was considered a primary cause of death (Yamamoto 
et al. 1982). 

Several animal studies on the subchronic toxicity of tri- 

TCB is an inducer of the microsomal mixed function oxidases 
and therefore will increase metabolism, leading to the inacti- 
vation or activation of chemicals affected by this system. 

i 
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Toxicity to Wildlife and Domestic Animals 

aquatic wildlife. Acute LC values for the freshwater species 
Da hnia ma na, rainbow trou?? and fathead minnow are 50.2, 
&-ZKTZ% mg/liter, respectively. 
the LC 
and shzlpshead minnow; respectively. 
early life stage of the fathead minnow occurred at concentrations 
of 1,2,4-TCB that ranged from 0.206 to 0.705 mg/liter. 
freshwater and saltwater algae, the EC 
on chlorophyll are 35.3 and 8.75, respskively; and for its 
effect on cell numbers, the ECS0 Values are 36.7 and 8.93 mg/liter, 
respectively . 

Only 1,2,4-TCB has been studied for its toxic effect on??gBg 

In the saltwater species, 
values are 0.45 and 21.4 mg/liter for mysid shrimp 

Chronic toxicity in the 

values for 1,2,4-TCB 
In 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

The available data are not adequate for establishing criteria. 

ACGIH Threshold Limit Value: 1,2,4-TCB: 40 mg/m3 TWA 
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2,3,6-TRICHLOROBENZOIC ACID 
r 

h, 72 
Summary 

tating when applied to the shaved skin of mice. 
2,3,6-Trichlorobenzoic acid (2,3,6-TBA) was slightly irri- 

CAS, Number: 50-31-7 

Chemical Formula: C,H3C1302 

IUPAC Name: 2,3,6=Trichlorobenzoic acid 

Important Synonyms and Trade Names: Benzabar, Benzac, 2,3,6-m~, 
and Trysben 

Chemical and Physical Properties 

Molecular Weight: 225.45 

Melting Point: 125 to 126OC 

Splubility in Water: 8,400 mg/liter 

Solubility in Organics: Soluble in acetone, benzene, chloroform, 
ethanol, ethyl acetate, ethylene glycol, 
methanol, and xylene 

Log Octanol/Water Partition Coefficient: 3.5 (calculated) 

Vapor Pressure: Very low 

Transport and Fate 

in the environment. 
soluble in water and will leach through soils, although it 
has a rather high log octanol/water partition coefficient, 
which would suggest some adsorption to soil organics. 
is relatively resistant to photolysis and biodegrades slowly. 

2,3,6-Trichlorobenzoic acid (2,3,6-TBA) is rather persistent 
It is not very volatile. It is fairly 

2,3,6-TBA 

Health Effects 

Only limited information on the toxicity of 2,3,6-TBA 
was available in the sources reviewed. No information was 
found on the carcinogenicity, mutagenicity, or reproductive 
toxicity of this compound. One subchronic study reported no 
histological changes in organs of rats exposed to doses of 
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750 mg/kg of the sodium salt of 2,3,6-TBA. 
LD in rats was reported to be 650-1,000 mg/kg. 2,3,6-T~A 
-waZ*slightly irritating when applied to the shaved skin of 
mice. 

Toxicity to Wildlife and Domestic Animals 

The 48-hour LC values for the bluegill and the largemouth 
bass were 1,750 and5?,250 mg/liter, respectively. 
is a herbicide used primarily to control broadleaf plants. 
Therefore, these plants will be susceptible to its effects. 
NO other information on the environmental toxicity of 2,3,6-~~A 
was available in the sources reviewed. 

However, the o r a l  

7 -  
' 

2,3,6-TBA 

Regulations and Standards 

2,3,6-trichlorobenzoic acid. 
NO regulations or standards have been established for 
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I I 1,l-TRICHLOROETHANE 

Summary 28 
Preliminary results suggest that l,l,l-trichloroethane 

(l,l,l-TCA) induces liver tumors .in female mice. It was shown 
to be mutagenic using the Ames assay, and it causes transforma- 
tion in cultured rat embryo cells. 
high concentrations of 1,1,1-TCA depressed the central nervous 
systim; affected cardiovascular function: and damaged the lungs, 
liver, and kidneys in animals and humans. 
skin and mucous membranes has also been associated with human 
exposure to 1,1, l-trichloroethane. 

Inhalation exposure to 

Irritation of the 

1 
~ 

CAS Number: 71-55-6 

Chemical Formula: CH3CC13 

IUPAC Name: l,l,l- richl lo roe thane 

Important Synonyms and Trade Names: 
thenc 

Chemical and Physical Properties 

Molecular Weight: 133.4 

Boiling Point: 74.1OC 

Melting Point: -30.4OC 

Methyl chloroform, chloro- 
1,1, I-TCA 

Specific Gravity: 1.34 at 2OoC (liwid) 

Solubility in Water: 48004,400 mg/liter at 2OoC (several divergent 
values were reported in the literature) 

Solubility in Organics: Soluble in acetone, benzene, carbon 
tetrachloride, methanol, ether, alcohol, 
and chlorinated solvents 

Log Octanol/Water Partition Coefficient: 2.17 

Vapor Pressure: 123 mm Rg at 20.C 

Vapor Density: 4.63 

l,l, l-Trichloroethane 
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Transport and Fate 

water primarily by volatilization. Several studies have indic- 
ated that l,l,l-trichloroethane may be adsorbed onto organic 
materials in the sediment, but this is probably not an important 
route of elimination from surface water. l,l,l-Trichloroethane 
can be transported i n  the groundwater, but the speed of transport 
depends on the composition of the soil. 

- -  
l,l,l-Trichloroethane (l,l,l-TCA) disperses from surface 

- -  
io Photooxidation by reaction with hydroxyl radicals in the 

atmosphere is probably the principal fate process for this 
chemical. 

Health Effects 

l,l,l-Trichloroethane was retested for carcinogenicity 
because in a previous study by NCI (1977), early lethality 
precluded assessment of carcinogenicity, 
indicate that l,l,l-TCA increased the incidence of combined 
hepatocellular carcinomas and adenomas in female mice when 
administered by gavage (NTP 1984). There is evidence that 
l,l,l-trichloroethane is mutagenic in Salmonella typhimurium 
and causes transformation in cultured rat embryo cells (USEPA 
1980). These data suggest that the chemical may be carcinogenic. 

Preliminary results 

Other toxic effects of l,l,l-TCA are Been only at concen- 
trations well above those likely in an open environment, The 
most notable toxic effects of l,l,l-trichlorosthane in humans 
and animals are central neryous system depression, including 
anesthesia at very high concentrations and impairment of coordi- 
nation, equilibrium, and judgment at lower concentrations (350 
ppm and above); cardiovascular effects, including premature 
ventricular contractions, decreased blood pressure, and sensiti- 
zation to epinephrine-induced arrhythmia8 and adverse effects 
on the lungs, liver, and kidneys. Irritation of the skin and 
mucous membranes resulting from exposure to l,l,l-trichloro- 
ethane has aIso been reported, The oral LD value of l,l,l- 
trichloroethane in rats is about 11,000 mg/3!. 

Toxicity to Wildlife and Domestic Animal8 

species is rather low, with the LC concentration for the 
most sensitive species tested beina052. 8 mg/l. No chronic 
toxicity studies have been done on l,l,l-trichloroethane, but 
acute-chronic ratios for the other chlorinated ethanes ranged 
from 2.8 to 8.7. 
accumulated with a steady-state bioconcentration factor of 
nine and a,n elimination half-life of two days. 

The acute toxicity of l,l,l-trichloroethane to aquatic 

l,l,l-Tricholoroethane was only slighty bio- 

l,l, 1-Trichloroethane 
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No information on the toxicity of l,l,l-trichloroethane 
to terrestrial wildlife or domestic animals was available in 
the literature reviewed. 

c 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

ACJUatiC Life 

The available data are not adequate for establishing criteria. 
However, EPA did report, the lowest values of the two 
trichloroethanes (1,1,1 and l,l,2) known to be toxic in 
aquatic organisms. 

Freshwater 

Acute toxicity: 18 mg/liter 
Chronic toxicity: 8.4 mg/liter 

Saltwater 

Acute toxicity: 31.2 mg/liter 
Chronic toxicity: No available data 

Human Health 

Criterion: 18.4 mg/liter 

N I O S H  Recommended Standard8 

OSHA Standard: 

350 ppm (1,910 mg/m3)/1S min Ceiling 
Level 

350 ppm (1,910 mg/m3) TWA 
-= 
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0 6 ,  Summary e: E%3 c31 
1,1,2-Trichloroethane induced liver tumors and pheochromo- 

cytomas in mice. It caused liver and kidney damage in dogs. 

- - .  

CAS Number: 79-00-5 

Chemical Formula: CHZClCHC12 

IUPAC Name: 1,1,2-Trichloroethane 

Important Synonyms and Trade Names: Vinyl trichloride, ethane 
trichloride 

Chemical and Physical Properties 

Molecular Weight: 133.41 

Boiling Point: 133.8OC 

Melting Point: -36.5OC 

Specific Gravity: 1,4397 at 20.C 

Solubility in Water: 4,500 mg/liter at 2OoC 

Solubility in Organics: Soluble in alcohol, ether, and chloroform 

Log Octanolfiater Partition Coefficient: 2.17 

Vapor Pressure: 19 mm Hg at 20°C 

Vapor Density: 4.63 

Transport and Fate 

Volatilization and subsequent photooxidation in the tropos- 
phere are probably the primary transport and fate processes for 
1,1,2-trichloroethanea Some sorption, bioaccumulation, and 
biodegradation may occur, but these processes are probably 
not very important processes for trichloroethane transport 
or fate. 
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l,l,Z-Trichloroethane lnaucea n e p t a c e r ~ u ~ a -  +.o- - A 4 A d l l + d s  

and pheochromocytoma of the adrenal gland in male and female 
mice but did not produce a significant increase in tumor inci- 
dence in male or female rats (NCI 1977). It was not mutagenic 
when tested using the Ames assay. 
concerning the reproductive toxicity or teratogenicity of 
1,lr2-trichloroethane. No chronic studies were found on the 
toxicity of 1,1,2-trichloroethane but single doses as low as 
400 mg/kg caused liver and kidney damage in dogs. 
Lps0 value for 1,lr2-trichloroethane in rats is 835 mg/kg. 

ToiicftY to Wildlife and Domestic Animals 

water aquatic orgaflisms ranged from 18,000 to 81,700 pg/liter. 
One chronic test was conducted; this indicated that the acute- 
chronic ratio for 1,1,2-trichloroethane was around 8.7. NO 
information on the toxicity of 1,1,2-trichloroethane to saltwater 
species, terrestrial wildlife, or domestic animals was available 
in the literature reviewed. 

No information was found 

The oral 

The acute LC values for 1,1,2-trichloroethane for fresh- 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA): 

Aquatic Life 

The available data are not sufficient for establishing 
criteria. However, EPA did report the lowest values known 
to be toxic in aquatic organisms. 

Fr e s h w a t'e r 

Acute toxicity: . 18,000 pg/litcr 
Chronic toxicity: 9,400 pglliter 

Saltwater 

Acute toxicity: No available data 
Chronic toxicity: No available data 

Human Health 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of 1,1,2-trichloroethanc 
in water are: 

1,1,2-Trichloroethane 
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Risk - Concentration 

CAG Unit Risk (USEPA) :. 5.7~10-~ (mg/kg/day)-' 
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TRICHLOROETHYL ESJE 

Summary 

Trichloroethylene (TCE) induced hepatocellular carcinomas 
i n  mice and was mutagenic when tested using several microbial 
assay systems. C h r o n i c  inhalation exposure to  h i g h  concentra- 
tions caused l i v e r  , kidney, and neural damage and dermatological 
reactions i n  animals. 

CAS Number: 79-01-6 

Chemical Formula: CZHC13 

IUPAC Name: Trichloroethene 

Important 9:wonyms and Trade Names: Trichloroethene, TCE, 
and ethylene t r i c h l o r i d e  

Chemical and Physical Properties 

Molecular Weight: 1 3 1 . 5  

Boiling Point: 8 7 O C  

Melting Point: -73OC 

Specif ic  Gravity: 1 . 4 6 4 2  a t  20°C 

S o l u b i l i t y  i n  Water: 1,000 mg/liter 

S o l u b i l i t y  i n  Organics: Soluble i n  alcohol,  ether,  acetone, 

Log Octanolflater P a r t i t i o n  C o e f f i c i e n t :  2.29 

and chloroform 

Vapor Pressure: 60 mm Hg a t  2OoC 

Vapor Density: 4.53 

Transport and Fate 

phere where i t  reacts w i t h  hydroxyl radicals  t o  produce hydro- 
c h l o r i c  acid,  carbon rmnoxide, carbon dioxide, and carboxylic 
acid. This is probably the most important transport and fate 
process for trichloroethylene i n  surface water and i n  the upper 

Trichloroethylene (TCE) rapidly v o l a t i l i z e s  i n t o  the atmos- 

Trichloroethylene 
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layer of s o i l .  TCE adsorbs to  organic materials and  can be 
bioaccumulated to some degree. However, i t  is unclear whether 
trichloroethylene bound to organic material can be degraded 
by microorganisms or m u s t  be desorbed to  be destroyed. 
is some evidence t h a t  higher organisms can metabolize TCE. 
Trichloroethylene leaches into the groundwater f a i r l y  readily,  
and it is  a common contaminant of groundwater around hazardous 
waste s i t e s .  

7283 
There 

Health Effects 

i s t ra t ion ,  producing hepatocellular carcinomas (NCI 1976, NTP 
1982). I t  was found to  be mutagenic u s i n g  several microbial 
assay systems. Trichloroethylene does not appear to  cause 
reproductive toxicity or teratogenicity. TCE has been shown 
to cause renal toxicity,  hepatotoxicity, neurotoxicity, and 
dermatological react ions i n  animals following chronic exposure to  
levels  greater than 2,000 mg/m for 6 months. Trichloroethylene 
has low acute toxicity;  the acute oral  L D f O  value i n  several 
species ranged from 6,000 to  7 ,000  mg/kg. 

Trichloroethylene is carcinogenic to mice a f t e r  oral  admin- 

Toxicity to  Wildlife and Domestic Animals 

ethylene t o  aquatic organisms. The acute t o x i c i t y  to freshwater 
species was similar i n  the three species tested,  w i t h  LC 
values of about 50 m g / l i t s r .  No LC values were availlaage 
for saltwater species. 
e r r a t i c  swimming and loss of’equilibrium i n  t h e  grass shrimp. 
No chronic toxicity t e s t s  were reported. 

There m s  only l i m i t e d  data on t h e  tox ic i ty  of tr ichloro- 

However, a &e of 2 mg/liter caused 

No information on t h e  toxicity of trichloroethylene to  
domestic animals or t e r r e s t r i a l  wildl i fe  was available i n  t h e  
l i t e  r a tur e rev i e  wed . 
Regulations and Standards 

Ambient  Water Quality Cri ter ia  (USEPA) : 

Aquatic Toxicity 

The available data. are not adequate for e s t a b l i s h i n g  c r i t e r i a .  
However, EPA d i d  report t h e  lowest values known t o  be 
toxic i n  aquatic organisms. 

Preshua ter  
. 

Acute toxicity: 4 5  mg/liter 
Chronic toxicity:  No available data 
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S a l t  wa t e r  

A c u t e  t o x i c i t y :  2 m g / l i t e r  
Chron ic  t o x i c i t y :  No a v a i l a b l e  d a t a  

Human Hea l th  

E s t i m a t e s  of t h e  c a r c i n o g e n i c  r i s k s  a s s o c i a t e d  w i t , .  l i f e t  
exposure  to v a r i o u s  C o n c e n t r a t i o n s  of t r i c h l o r o e t h y l e n e  
i n  water  are: 

.me 

R i s k  - C o n c e n t r a t  i o n  

27 p g / l i t e r  
2.7 p g / l i t e r  
0.27 p g / l i t e r  

CAG U n i t  R i s k  (USEPA) : 

NIOSH Recommended S t a n d a r d s  ( a i r ) :  

OSHA S-tandards ( a i r ) :  

1 . 1 ~ 1 0 ’ ~  (mg/kg/day)” 
3 540 mg/m3 TWA 

760 mg/m lO-min C e i l i n g  Leve l  

540 mg/m3 P A  
1 ,075  mg/m3/15-min C e i l i n g  L e v e l  
1 ,620  mg/m for 5 min eve ry  3 hr, 

Peak C o n c e n t r a t i o n  
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TRICHLOROFLUOROMETHANE 

summa r y 

Inhalation exposure to high concentrations of trichlorofluoro- 
methane adversely affects the heart and lungs in humans and 
animals. - 

-- - 

CAS Number: 75-69-4 

Chemical Formula: CC13P 

IUPAC Name: Pluorotrichloromethane 

Important Synonyms and Trade Names: Preon-11, fluorocarbon 11 

Chemical and Physical Properties 

Molecular Weight: 137.37 
D 

Boiling Point: 23.82 OC 

Melting Point: -111 O C  

Specific Gravity: 1.467 at 25 O C  

Solubility in Water: 1,100 mglliter 

Solubility in Organics: Soluble in alcohol, ether, and other 
organic solvents 

Log Octanolflater Partition Coefficient: 2.53 

Vapor Pressure: 667.4 mm Fig at 20 .C 

Vapor Density: 5.04 

Transport and Fate 

pressur@, low solubility, and low boiling point of trichloro- 
fluoromethane make it likely that volatilization fnto-thc atmos- 
phere is the major transport process for removal of this compound 
from aqueous systems. Once in the troposphere, trichlorofluoro- 
methane remains stable and eventually diffuses upward to the 
stratosphere or is carried back to earth by precipitation. 

Though no specific data are available, the high vapor 
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Trichlorofluoromethane that reaches the stratosphere is b r o k e n  
down by high energy, short wavelength ultraviolet light and 
this‘process is thought to be its primary environmental fate. 
Chlorine atoms released by such photodissociation processes 1285 are theorized by some researchers to serve as a catalyst in p= . * destruction of the stratospheric ozone layer. 5 h-- 

Photolysis, oxidation, and hydrolysis do not appear to 
be significant environmental fate processes for trichlorofluoro- 
methane in aquatic systems. 
coqfficient of trichlorofluoromethane indicates that adsorption 
ontoas’ediments may occur. 
processes are inconclusive. 

The log octanol/water partition 

Rowever, data concerning sorption 

Health Effects 

methane does not appear to be carcinogenic in animals or humans. 
Results of a National Cancer Institute Carcinogenesis Bioassay 
using mice were negative. However, results for rats were con- 
sidered inconclusive because inadequate numbers of rats survived 
long enough to be at risk from late-developing tumors. Although 
genotoxicity data are scant, trichlorofluoromethane exhibits 
no mutagenic activity in Salmonella tester strains. There 
are no available data on the teratogenicity or reproductive 
toxicity of trichlorofluoromethane. 

Based on limited available information, trichlorofluoro- 

In humans, trichlorofluoromethane toxicity generally in- 
volves the intentional or unintentional acute inhalation of 
high vapor concentrations. There are reports of severe intox- 
ication and death under 8uch circumstances. The cardiovascular 
and bronchopulmonary actions of trichlorofluoromethane are 
its two most important toxicological features and are thought 
to be mediated at least in part by metabolic products that 
bind to lipid and protein cell constituents and affect vital 
processes such as cellular oxidation. 

value for a 4-hour exposure with rats is 26,200 ppm. 
During The expo Lc20 ure, sublethal doses caused rapid respiration with 
some mild hyperactivity, while lethal doses caused hyperactivity, 
tremors, inactivity, irregular respiration, and death within 
four hours. Laboratory animals periodically exposed at high 
concentration8 for several days may exhibit biochemical changes 
consistent with slowing of cellular oxidation. Furthermore, 
studies with experimental animals suggest that inhalation expo- 
sure to high concentrations of trichlorofluoromethane may produce 
various cardiovascular and circulatory abnomali ties. Both 
ab8orption and elimination are relatively rapid in humans and 
experimental animals. 
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Toxicity to wildlife and Domestic Animals 

Data concerning the toxicity of trichlorofluoromethane 
to wildlife and domestic animals are not available. 

Regulations and standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Criterion: 32.3 mg/liter (for protection against the 
noncarcinogenic effects of trichlorofluoromethane 
in ambient water) 

OSHA Standard: 

ACGIH Threshold Limit Value: 

1,000 ppm (5,600 mg/m3) Ceiling Level 

1,000 ppm (5,600 m9/m3) Ceiling Level 
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2,4,5-TRICHLOROPHENOL 

Summary 

2,4,S-~richlorophenol (2,4,5=TCP) promotes the formation 
of skin tumors in mice. 
phenol has not been tested in a complete carcinogenicity bioassay, 
2,1,6-trichlorophenol has been found to be carcinogenic in 
mice-and tats. 
lestpns in rats and rabbits. Technical grade 2,4,5-TCP is 
sometimes contaminated with the highly toxic polychlorinated 
dibenzo-p-dioxins, which may significantly increase the toxicity 
of the material. 

In addition, although 2,4,5-trichloro- 

Oral doses of 2,4,5-TCP caused liver and kidney 

CAS Number: 95-95-4 

IUPAC Name: 2,4,5-Trichlorophenol 

Important Synonyms and Trade Names: bowicide 2, Dowicide 8 ,  
Prevent01 I 

Chemical and Physical Properties 

Molecular Weight: 197.5 

Boiling Point: 253OC (sublimes) 

Melting Point: 68-70.5.C 

Specific Gravity: 1.678 at 2S°C 

Solubility in Water: 1,2000 mg/liter at 25OC 

Solubility in Organics: Soluble in alcohol, organic solvents, 
and ligroin 

Log Octanol/Water Partition Coefficient: 3.7 

Vapor Pressure: 1 nun Rg at 72.0.C 

pKa: 7.0 
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Transport and Fate 

There is very little information available on the environ- 
mental transport and fate of 2,4,5-trichlorophenol: however, 
there is some information concerning 2,4,6-trichlorophenol 
which may act in a similar fashion. 2,4,6-Trichlorophenol 
has a low vapor pressure (1 mm Hg at 76.SoC), like 2,4,5-tri- 
chlorophenol, and is unlikely to volatilize from water. Photo- 
oxidation of 2,4,6-trichlorophenol occurs in the presence of 
an e_lectron acceptor, and 2,6-dichlorobenzoquinone and 2,6- 
didlorohydroquinone are formed. Microbial degradation of 
2,4,6-trichlorophenol has been reported. In a number of soil 
samples, complete degradation of the compound occurred in 1 
to 9 days and microbial action in acclimated sludge completely 
degraded the compound in 5 days. However, there is a report 
indicating that 2,4,5-trichlorophenol is resistent to degradation 
by certain soil microbes, possibly because of the meta-substi- 
tuted chlorine atom in this molecule. Thus, the fate of 2,4,5- 
trichlorophenol in soil may differ from that of 2,4,6-trichloro- 
phenol . 
Health Effects 

Although 2,4,5-trichlorophenol has not been tested for 
carcinogenicity, the NCI bioassay on 2,4,6-trichlorophenol 
was positive in both rats and mice. 2,Qr5-Trichloropheno1 
gave negative results in the Ames mutagenicity assay, but has 
been found to promote the formation of papillomas on the skin 
of mice pretreated with the,initiator dimethylbenzanthracene. 

McCollister et al. (1961) conducted a number of acute 
and subchrenic studies of 2,4,5-trichlorophenol toxicity in 
rats and rabbits. The acute oral LD value of 2,4,5-trichloro- 
phenol was approximately 3,000 mg/kg5!n the rat 
18 times over 24 days with doses ranging from 3 i  to 1,000 mg/kg 
did not show adverse effects. Rats supplied diets that gave 
daily doses of 300 and 1,000 mg of 2,4,S-trichloropheno1 per 
kilogram body weight for 98 days did show liver and kidney 
effects which were dose related. Rats given lower doses did 
not show any compound related effects. Rabbits given oral 
doses of 10 to 500 mg/kg for 28 days exhibited slight renal 
lesions and, at 500 mglkg, liver lesions. 

Rats treated 

In vitro studies on the effect of 2,4,5-trichlorophenol 
on mitochondrial oxidative phosphorylation showed that it caused 
complete uncoupling. 
that produced a 50% inhibition of ATP production in isolated 
mitochondria was 6 times less than the concentration of 2,4,6- 
trichlorophenol. 

The concentration of 2,4,5-trichlrophenol 
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When considering the health effects of 2,4,5-trichloro- 
phenol, it must be remembered that the technical grade compound 
is contaminated with polychlorinated dibenzo-p-dioxins, including 
2,3,7,8-tetrachlorodibenzo-p-dioxin which is highly toxic and 
produces a large number of health effects in experimental animals. 

,' 

Toxicity to Wildlife and Domestic Animals 

2,4,5-Trichloropheno1 was found to be acutely toxic to the 
saltwater aquatic species mysid shrimp and sheepshead minnow after 
a 96-hour exposure to concentrations of 3,830 and 1,660 pg/liter, 
respectively. 
isms was available for 2,4,5-trichlorophenol. 

No chronic toxicity information on aquatic organ- 

Regulations and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 

Health criterion: 2.6 mg/liter 
Organoleptic criterion: 1.0 vglliter 
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2,4,5-TRICHLOROPHENOXYACETIC ACID 

Summary 

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) is one of 
the major constituents of Agent Orange, the major defoliant 
used in Vietnam. It is commonly contaminated with TCDD, an 
extremely toxic material that may be responsible for some of 
the effects associated with exposure to technical 2,4,5-T. 
These effects include chloracne and the induction of microsomal 
mixed function oxidase activity. Administration of purified . 
2,4,5-T has been shown to cause fetal loss, disrupt fetal develop- 
ment, and induce fetal malformations. 

CAS Number: 93-76-5 

Chemical Formula: C1 3C6H20CH2C00H 

IUPAC Name: 2,4,5-Trichlorophenoxyacetic acid 

Important Synonyms and Trade Names: Brushtox, Ded-weed Brush- 
Killer, 2,4,5-T, Weedar 

Chemical and Physical Properties 

Molecular Weight: 255.48 

Melting Point: 153OC 

Solubility in Water: 250 mg/liter 

Solubility in Organics: Soluble in alcohol 

Vapor Pressure: Less than 8.4 x loo6 mm Hg at 25OC 

Vapor Density: 8.83 

pKa: 2.84 

Transport and Fate 

(2,4,5-T) in water can occur by a number of different mechanisms. 
These include photooxidation of the phenoxy side chain and 
photonucleophilic displacement of C1 by OH to form chlprophenols, 
and photoreductive dechlorination to form phenoxyacetic acids. 
Photolysis of 2,4,5-T under dry conditions is also a significant 

Photodecomposition of 2,4,5-trichlorophenoxyacetic acid 
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vironmental fate. 
lization of this compound is not likely to be an important 
ocess. At least one experimental study confirmed that vola- 
lization of 2,485-T from an aqueous solution is negligible. 

Because of its low vapor pressure, v o l k _ . V 2 8 8  

2,485-T is only weakly adsorbed to soil. In addition, 
this compound is moderately soluble in water, and experimental 
studies show that some leaching of 28485-T from soil does occur. 
This material has been found at low concentrations in groundwater 
underlying areas to which it has been applied. It has also 
been detected in the initial rainwater runoff in treated areas. 
  ow ever, most 2,485-T remains in the upper layers of soil, 
and leaching is not thought to be a major transport process. 

The environmental persistence of 2,4,5-T is relatively 
low. For example, 2,4,5-T residues in a forest reportedly 
declined by 50% in 6 weeks and by 90% in 6 months. Bioaccmu- 
lation of 2,4,5=T does not appear to be a significant environ- 
mental process. 

Health Effects 

Currently, there is no conclusive evidence that 2,4,S-T 
is carcinogenic in humans or experimental animals. Data from 
studies on experimental animals and in vitro studies suggest 
that 28485-T.is not mutagenic but may damage chromosomes. Ad- 
ministration of 284859T to pregnant experimental animals dis- 
rupts fetal development, causing fetal loss, developmental 
retardation, and malformations or anomalies. Other acute or 
chronic effects of 2,4,5-T have not been adequately demonstrated. 
An oral LDSO level of 300 mg/kg is reported for the rat. 

The toxic effects of purified 2,485-T.in experimental 
animals and humans have not been adequately studied, and other 
toxic effects observed as a result of exposure to 2p4,S-T.for- 
mulations, including induction o f  microsomal mixed function 
oxidase activity and chloracne, may actually be caused by 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a common contaminant 
of these formulations. Information concerning these and other 
toxic effects is presented in the chemical profile on TCDD. 

Toxicity to Wildlife and Domestic Animals 

Limited evidence suggests that 2,1rS-T.may affect wildlife 
or domestic animals indirectly by disrupting vegetation density 
and composition in M area. Herbivores may be affected by 
changes in the types and amounts of their potential food sources. 
These changes may favor some species and be detrimental to 
others. Other animals may lose sources of cover from predators 
or sites for nest and den building. 
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Virtually no specific information on the toxicity of 2 , 4 , 5 - ~  
to wildlife or domestic animals is available. While 2,4,5-~ 
is thought to have relatively low toxicity for vertebrate speei.esV283 
it has been reported that populations of invertebrates, including 
beneficial insect species, have been adversely affected at 
field concentrations. Invertebrates may be adversely affected 
both directly because .of the compound's toxicity and indirectly 
because of the changes 2,4,5-T produces in vegetation growth 
patterns. 
direct toxic effects on livestock, there are reports of animal 
deaths due to alterations in plant chemistry and palatability 
ai t er 2,4,5-T t r e a tmen t . 

Although 2,4,5-T is not reported to have large, 

Information on the effects of 2,4,5-T on aquatic species 
is also limited. Among fish, the LD value for perch is 
55 mg/liter; for guppies, 8 mg/literF0and for rainbow trout, 
1.3 mg/litet. 

Regulations and Standards 

OSHA S.tandard (air): 

ACGIH Threshold Limit Value: 

10 rng/m3 TWA 

10 rng/m3 TWA 
.. 
, i  . 
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- ?&38 2-(2 848 5-TRICHLOROPHENOXY) PROPIONIC ACID 
- 

Summary 

2- ( 2  I4,S-Tr ichlorophenoxy) propionic acid (2 I 4 , 5-TP I S i l v e x )  
is a broad spectrum herbicide that is commonly contaminated 
with TCDD. The toxic effects associated with exposure to 2,4,5- 
TP are generally considered to be caused by this contaminant. 
However, pure 2,415-TD. may have an adverse effect on reproduction 
that is not attributable to TCDD. 

CAS Number: 93-72-1 

Chemical Formula: CLjCsHZOCH (CH3)COOH 

IUPAC Name: 2(2,4,5-Trichlorophenoxy)propionic acid 

Important Synonyms and Trade Names: S.ilvex, 2,4,5-TCPPA, Fenoprop, 
Kuran, ~,~,S-TP 

Chemical and Physical Properties 

Molecular Weight: 269.53 

Melting Point: 181.6OC 

Specific Gravity: 1.640 at 3OoC 

Solubility in Water: 180 mg/liter 

Solubility in Organics: Soluble in acetone, benzene, carbon tetra- 
chloride , ether , heptane , and methanol 

Log Octanol/Water Partition Coefficient: 4 (calculated) 

Vapor Pressure: Less than 1 mm Hg at 2OoC 

Transport and Fate 

2(2,4,5-Trichlorophenoxy)propionic acid (2,4,5-TP) is not 
very soluble in water and has a low vapor pressure. It prob- 
ably is not readily transported in the environment and is likely 
to be fairly persistent. However, it may volatilize to some 
degree because of its high activity coefficient in water. 
Adsorption to soil and sediments is probably an import3nt fate 
for 2,4,5-TP. Photooxidation and biodegradation may be the 
ultimate fate processes in the environment, but neither is 
expected to occur very quickly (Bailey et al. 1970). 

2r4,S-TP 
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Health Effects 

2,4,5=TP is contaminated with small amounts of 28387,8- 
tetrachlorodibenzo-p-dioxin (TCDD), and the toxic effects of 
2,4,5=TP are generally believed to be caused by this contamin- 
ation. There is suggestive evidence, however, that 2,4,5-Tp 
may have adverse effects on reproduction that are not attrib- 
utable to TCDD. This conclusion is based on a comparison of 
studies using 2#4#5-TP and other studies using essentially 
uncontaminated 2,4,5-trichlorophenoxyacetic acid (2,4,5-T). 
uncontaminated 2 8 4 # 5-T and uncontaminated 2 8 4 8 5-TP are closely 
related compounds and are considered to have similar effects 
(Gehring 1980) . 

The toxic effects of 2,4,5-TP have not been studied well, 
but they are probably similar to those caused by 2,4,5-T.and 
low levels of TCDD. 

Toxicity to Wildlife and Domestic Animals 

The 96-hour LC values for 2,4,5-TP in rainbow trout 
and bluegills were ?! and 10 mg/liter, respectively. In %day 
feeding studies, Japanese quail had an LD value greater than 
5,000 ppm of 2,4,5-TP when administered i8'the diet. Ring- 
necked pheasants under the same regime had an LCso of about 
4,500 pprn. 2,4,5-TP is a broadleaf herbicide.. 

Regulations and Standards 

systems. 
EPA has banned the use of 2,4,5-TP on turf and in aquatic 
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TRIS (2 , 3-DIBROMOPROPYL) PHOSPHATE 

Summary 

tris(2,3-Dibromopropyl)phosphate (TRIS) is probably per- 
sistent in the environment. It is carcinogenic: it induces 
tumors of the forestomach, lung, kidney, and liver in mice 
and rats after oral administration and tumors of the forestomach, 
lung, skin, and mouth .in mice after dermal application. 
is also mutagenic. 
and kidney damage in rabbits. 
produce allergic skin reactions in susceptible individuals. 

TRIS 

In humans, dermal exposure may 
Dermal application caused testicular atrophy 

CAS. Number: 126-7207 

Chemical Formula: (CH2BrCEIBrCH20) 3P0 

Important Synonyms and Trade Names: 2,3-Dibromo-l-propanol phos- 
phate: tris (2,3-ibromopropyl) 
phosphoric acid ester: TRIS 

Chemical and Physical Properties 

Molecular Weight: 697.7 

Melting Point: 5. S°C 

Specific Gravity: 2.27 at 25OC 

Solubility in Water: Insoluble 

Splubility in Organics: Soluble in all proportions in carbon 
tetrachloride, chloroform, methylene 
chlor fde 

Vapor Pressure: 0.00019 mm Hg at 25OC 

Transport and Fate 

The limited information available concerning tris(2,3-dibro- 
mopropy1)phosphate (TRIS) suggests that this compound is relative- 
ly persistent in the environment. 
photodegradation are not likely to be significant fate processes. 
Although slow biodegradation of TRIS in raw sewage is reported 
to occur, it is not thought to be an important environmental 
process. 

Hydrolysis, oxidation, and 
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- 7288 Given its low vapor pressure, volatilization of TRIS 'ani 
subsequent atmospheric transport is not likely to be a signifi- 
cant process. Because this compound is virtually insoluble 
in water, adsorption to particulate matter and sediment may 
be an important environmental transport process. No adequate 
empirical data concerning the potential for bioconcentration 
and biomagnification of TRIS are available. However, because 
this compound has low solubility in water and is readily Soluble 
in organic solvents, these environmental processes are likely 
to occur to some extent. 

Health Effects 

There is sufficient evidence that TRIS. is carcinogenic 
in mice and rats, and can produce tumors of the forestomach, 
lung, kidney, or liver after oral administration (NCI 1978). 
This compound also produces benign and malignant tumors of 
the forestomach, lung, skin, and oral cavity after dermal applica- 
tion in mice (Van Duuren et al. 1978, in IARC 1979). TRIs 
is also mutagenic in a number of test systems. Based on a*- 
limited number of experiments, there is no evidence that TRfs 
is teratogenic in laboratory animals. TRIS is reported to 
cause testicular atrophy and kidney damage in rabbits after 
application to the skin for 3 months. This compound has an 
oral LD of 5.24 g/kg in rats. TRIS does not appear to present 
a signisfcant acute toxic hazard in h-mans. However, ingestion 
of this compound is reported to cause some abdominal discomfort 
and gastrointestinal irritation. Dermal exposure may produce 
allergic contact sensitization in some subjects. 

Toxicity to Wildlife and Domestic Animals 

Practically no information concerning the toxicity of 
TRIS to wildlife and domestic animals exists. Exposure to 
concentrations of 1 mg/liter caused 50% mortality to goldfish 
within 4 days (Gutenmann and L i s k  1975) in one study. Central 
nervous system effects were seen in the fish prior to death. 
Using a model based on the solubility of selected chemicals 
in water, a biomagnification potential (concentration in fishlcon- 
centration in water) of 338 has been calculated for TRIS.. 

Regulations and Standards 

The manufacture and use of the flame retardant tris(2,3- 
dibromopropy1)phosphate has been banned in the. United States. 

. .  
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VANADIUM 

Summa r y 

Occupational exposure to airborne vanadium has been shown 
to irritate the skin, eyes, and respiratory tract and to cause 
bronchitis, bronchospasms, and chest pain. 
been associated with gastrointestinal disturbances and discolor- 
ation of the oral mucosa. 
have an adverse effect on various enzyme systems. 

Oral exposure has 

Chronic exposure to vanadium may 

Background Information 

states. Elemental vanadium is insoluble in water. Vanadium 
usually occurs in some oxidized form, and soluble and insoluble 
vanadium compounds can occur. 
to organic molecules to yield organometallic compounds. 

CAS Number: 7440-62-2 

Vanadium can exist in the 0, +2, +3, +4, and +5 oxidation 

Vanadium can bind covalently 

Chemical Formula: V 

IUPAC Name: Vanadium 

Chemical and Physical Properties 

Atomic Weight: 50.9 

Boiling Point: 3,38OoC 

Melting Point: 1,890°C 

Specific Gravity: 5.96 

Solubility in Water: Insoluble 

Transport and Fate 

The extent to which vanadium is transported in aqueous 
media is largely determined by the chemical species present 
and by environmental factors determining its solubility and 
binding to organic materials. 
volatile, and atmospheric transport of fumes as well as partic- 
ulates can occur. Some bioaccumulation of vanadium occurs. 
However, in mammals, it appears that excess vanadium can be 
rapidly excreted in the urine. In humans, it is excreted as 

Some vanadium compounds are 

sodium-metavanadate or ammonium vanadyl tartiate. 
000487 

Vanadium 
Page 1 
Oc tobe r 19 8 5 



nealth Effects 

There are no data available to suggest that vanadium has 
carcinogenic, mutagenic, teratogenic, or reproductive effects 
in humans or experimental animals. 
airborne vanadium compounds can produce eye and skin irritation. 
oral exposure may produce gastrointestinal disturbances and 
discoloration of the oral mucosa and tongue. There is no evidence 
of chronic oral toxicity. The most important toxic effects 
of vanadium are associated with inhalation exposure. Symptoms 
include acute upper and lower respiratory irritation with mucous 
discharge and bronchitis, cough, bronchospasm, and chest pain. 
Acute effec s are reported to occur at concentrationos as low 
as 0.1 mg/m Effects on various enzyme systems may also occur, 
especially after chronic exposure. 

Vanadium is toxic to experimental animals by all routes 
of administration. Its toxicity generally increases with valence 
number. The pentavalent chemical forms, such as vanadium pent- 
oxide and the vanadates are the most toxic compounds. In albino 
mice, an oral LD of 130 mg/kg vanadium trioxide is reported; 
a value of 23 mg%g is reported for vanadium pentoxide and 
vanadium trichloride. 

Occupational exposure to 

f 

Toxicity to Wildlife and Domestic Animals 

Only limited information was available on the toxicity 
of vanadium to aquatic organisms (EA 1985). Freshwater fish 
had 96-hour LC values ranging from 5,000 to 100,000 pg/liter 
and generally aPound 10,000 .pg/liter. 
invertebrates studied; a 96-hour LC value of les than 0.16 pg/liter 
was reported. Chronic toxicity ( 5  58 28 day LC 
generally seen at around 2,000 pg/liter; 
reported was 500 pg/liter for a 6-day LCs0 va-lue in the guppy. 

Adequate data are not available for characterization of 
toxicity to wildlife and domestic animals. Calcium vanadate 
was fatal to a group of chicks fed a diet containing 200 to 
600 ppm for 11 to 32 days. 

Daphnids were the only 

values) was 
the la8est value 

Regulations and Standards 

N I O S R  Recommended Standards: 1 mg/m3 F A  
0.05 mg/m Ceiling Level 

ACGIFI Threshold Limit Value: 
3 0.05 mglm (vanadium pentoxide, respirable dust and fume) 
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VINYL CHLORIDE 

summary 

Vinyl chloride is 
comas of the liver and 
poietic rystcm. There 

a human carcinogen that causes angiosar- 
tumors of the brain, lung, and hemolympho- 
is suggestive evidence that vinyl chloride 

bas teratogenic and reproductive effect8 in both humans and 
anilgcllr. Chronic human exposure to vinyl chloride i r  associated 
wia-multiple systemic dfsordcrr, including a sclerotic ryndrome, 
acfo-osteolysis, and liver damage. Acute human exposure to 
high concentrations can cause narcosis, respiratory tract irrita- 
tion, bronchitis, and memory disturbances. Chronic exposure 
by animals can result in lesions of the liver, kidneys, spleen, 
and lungs. 

CAS Number: 75-01-4 

Chemical Formula: CHZCHCl 

IUPAC Name: Chlotoethenc 

Important Synonyms and Trade Names: Chloroethylcne, VC, mono- 
chloroethylcnc 

Chemical and Physical Properties 

Molecular Weight: 62.5 

Boiling Point: -13.37.C 

Melting Point: -153.8.C 

Specific Gravity: 0.9106 at 20% 

Solubility in Water: 1,100 arg/litcr at 25.C 

Solubility in Organics: Soluble in alcohol ether and carbon 

Log Octanol/P9atcr Partition Coefficient: 1.4 (estimated) 

tetrachloride 

Vapor Pressure: 

Vapor Density, 2.15 

2,660 mm Bg at 2S.C 

flash Point: -77.8.C 
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Transport and Fate 

the most important transport process for distribution of vinyl 
chloride throughout the environment, 
systems range from several minutes to a few hours, depending 
on temperature, water turbulence, and mixing efficiency. Photo- 
oxL4li.tion in the troposphere is the dominant environmental 
fatb- of vinyl chloride. 
hydroxyl radicals, forming hydrogen chloride or formyl chloride. 
Formyl chloride, if formed, rapidly decomposes to yield carbon 
monoxide and hydrogen chloride. 
is expected to be destroyed within one or two days of its release. 
The hydrogen chloride formed is reported to be removed from 
the troposphere during precipitation. 

Photolysis does not appear to be an important fate process 
in aquatic systems. Furthermore, photooxidation destroys vinyl 
chloride before it can reach the stratosphere, where direct photo- 
lysis could occur. Base6 on available information, hydrolysis, 
sorption, bioaccumulation, and biodegradation do not appear to. 
be important environmental fate processes, 

Volatilization from aquatic and terrestrial 6ystems is 

Half-lives in aquatic 

Vinyl chloride reacts rapidly with 

Vinyl chloride in the atmosphere 

Health Effects 

XARC considers vinyl chloride to be a Category I human 
carcinogen, causing angiosarcomas of the liver and tumors of 
the brain, lung, and hernolymphopoietic system in humans. Vinyl 
chloride is carcinogenic in mice, rats, and hamsters# it produces 
tumors at several sites, including angiosarcomas of the liver, 
after oral or inhalation exposure. Vinyl chloride, both as 
a vapor and in solution, is mutagenic in several biological 
assay systems. In addition, chromosome aberration8 including 
fragments, dicentics and rings, breaks, and gaps have been 
found in workers occupationally exposed to vinyl chloride. 
The evidence on its teratogenic and reproductive effects i r  
equivocal. Minor akeletal abnormalities and increased fetal 
death rates have been observed in the offspring of experimental 
animals exposed by inhalation to vinyl chloride, In human8, 
a significant increase in fetal deaths was rcen in warnen whose 
husbands were exposed to vinyl chloride, Also, an excess number 
of central nervous system disorders and deforaitier of the 
upper alimentary tract, genital organs, and feet were observed 
in stillborn and live children born in citier with vinyl chloride 
facilitie8, Rowever, further research ir neces6ary before 
the link between vinyl chloride and these observed effects 
can be positively establi6hed, 

Acute occupational exposure to high concentrations of 
vinyl chloride can produce rymptams of narcosir in humans, 
Respiratory 'tract irritation, bronchitis, headache, irrf ta- 

. .  
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bility, memory disturbances, and tingling sensations may also 
occur. Chronic exposure to vinyl chloride is associated with 
multiple systemic disorders, including a sclerotic syndrome, L- 128 3 
acro-osteolysis, thrombocytopenia, and liver damage, consist- - 
ing of damage to parenchymal cells, fibrosis of the liver cap- 
sule, periportal fibrosis associated with hepatomegaly, and 
splenomegaly. Concentrations encountered by workers in indus- 
tries using or producing vinyl chloride are reportedly quite 
variable and may range from less than the limit of detection 
to several grams per cubic meter. 

Acute inhalation exposure of experimental animals to high 
concentrations of vinyl chloride can result in na 5 cosis and 
death. The 2-hour LC value for rats is 390 g/m . Chronic 
exposure of experimen281 animals can result in growth disturbances 
and histopathological and histochemical lesions in the liver, 
kidneys, spleen,. and lungs. 

Toxicity to Wildlife and Domestic Animals 

No information is available concerning the toxicity of 
vinyl chloride to domestic animals or wildlife. 

Regulation and Standards 

Ambient Water Quality Criteria (USEPA) : 

Aquatic Life 

The available data are not adequate for establishing criteria. 

Human Health 
~ 

Estimates of the carcinogenic risks associated with lifetime 
exposure to various concentrations of vinyl chloride in 
water are: 

Risk - 

CAG Unit Risk (USEPA 1 : 

Concentration 

1.75~10-~ 

O S A  S-tandards: 26 mg/mi TWA 
13 mg/m /15 min Ceiling Level 

ACGIH Threshold Limit Value: 
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XYLENES 

summary 

X y l e n e  h a s  been shown t o  be f e t o t o x i c  i n  r a t s  and mice. 
I n  humans, exposure  to  h i g h  c o n c e n t r a t i o n s  of xy lene  a d v e r s e l y  
a f f ec t s  t h e  cen t ra l  nervous  sys tem and i r r i t a t e s  t h e  mucous 
membranes . 
Back ground I n f o r m a t i o n  

Xylene has  three isomers, 0 0 ,  m-, and p x y l e n e .  These  
three g e n e r a l l y  have similar chemical and b i o l o g i c a l  c h a r a c t e r -  
istics and t h e r e f o r e  w i l l  be d i s c u s s e d  t o g e t h e r .  

CAS Number: Mixed: 1 3  30-20-7 
m-Xylene: 108-38-3 
o-Xylene: 95-47-6 
p-Xylene: 106-4203 

Chemical  Formula: C6Hq (CH3) 

IUPAC Name: Dimethylbenzene 

Impor t an t  Synonyms and Trade Names: 

Mixed xylene:  Dimethylbenzene, x y l o l  
m-Xylene : 1 , 3 - D  ime t hylbenz  ene  , m-xylo 1 
0- Xg 1 en e : 1,2-Dimethylbenzener 0 - x y l o l  
p-Xylene: 1,4-Dimethylbenzene, p-xylo l  

Chemical  and P h y s i c a l  Properties 

Molecular  Weight: 106.17 

B o i l i n g  P o i n t :  Mixed: 137-140OC 
m-Xylene: 139OC 
o-Xylene: 144OC 
p-Xylene: 1 3 8 O C  

Mel t ing  P o i n t :  m-Xylene: -48OC 
-Xylene: -25OC 
p-Xylene: 1 3 O C  

S p e c i f i c  G r a v i t y :  0.86 

S o l u b i l i t y  i n  Water: 160 m g / l f t e r  a t  2SoC 
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s o l u b i l i t y  i n  Organics: Soluble i n  alcohol,  ether,  and o t h e r  
organic solvents 

Log Octanol/Water P a r t i t i o n  C o e f f i c i e n t :  3 

Vapor Pressure: 

Vapor Density: 3 . 7  

Flash Point: 2 5 O C  (closed cup) 

10 mm Hg a t  2 5 O C  

Transport and Fate 

\ t- 7283 

v o l a t i l i z a t i o n  and subsequen, photooxidation by reaction 
w i t h  hydroxyl r a d i c a l s  i n  the atmosphere are probably important 
transport and f a t e  processes for xylene i n  the upper layer 
of s o i l  and i n  aquatic environments. Products of the hydroxyla- 
t ion reaction include carbon dioxide, peroxyacetylnitrate  (PAN),  
and c r e s o l .  Xylene b i n d s  t o  sediment i n  water and t o  organics 
i n  s o i l s  and undergoes microbial degradation. Biodegradation 
i s  probably the most important f a t e  process i n  both s o i l s  and 
the aquatic environment. Xylenes have been shown t o  p e r s i s t  
for up t o  6 months i n .  s o i l .  Because of t h e i r  low water s o l u b i l -  
i t y  and rapid biodegradation, xylenes are unlikely  t o  leach 
i n t o  groundwater i n  high concentrations. 

Healtb E f f e c t s  

The National  Toxicology Program (NTP) i s  t e s t i n g  xylene 

Although the r e s u l t s  have not bfen f i n a l i z e d ,  it. does 
for carcinogenicity  by administering it o r a l l y  t o  r a t s  and 
mice. 
not appear t o  be carcinogenic i n  r a t s .  Results have not been 
re2orted for mice. Xylene was not found t o  be mutagenic i n  
a b a t t e r y  of short-term assays.  Xylene is  not teratogenic 
b u t  has caused f e t o t o x i c i t y  i n  r a t s  and mice. Acute exposure 
t o  rather high l e v e l s  of xylene a f f e c t s  the c e n t r a l  nervous 
system and i r r i t a t e s  the mucous membranes. There i s  l i m i t e d  
evidence of  e f f e c t s  on other organ systems, b u t - i t  was not 
p o s s i b l e  t o  a t t r i b u t e  these e f f e c t s  s o l e l y  to  xylene as other 
solvents  were present. The o r a l  LDso value o f  Xylene i n  r a t s  
i s  5,000 mg/kg. 

T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

Xylene adversely a f f e c t e d  adult  trout a t  concentrations 
as low a s  3 . 6  mg/liter i n  a continuous flow system and t r o u t  

b . C .  Eastin,  N T P  Chemical Manager; personal communication, 1 9 8 4 .  
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f r y  avoided xylene a t  c o n c e n t r a t i o n s  g r e a t e r  t h a n  0 . 1  m g / l i t e r .  
The LC 
LC 
in58  s ta t ic  system, which p robab ly  u n d e r e s t i m a t e d  t o x i c i t y .  rtw Only a f e w  s t u d i e s  have been done on  t h e  t o x i c i t y  of x y l e n e  - 
t o  s a l t w a t e r  species. These  i n d i c a t e d  t h a t  t h e  m- and o-xylene 
isomers p robab ly  have . s i m i l a r  t o x i c i t i e s  and a r e  p robab ly  less 
toxic t h a n  p-xylene, and t h a t  sa l twater  species are g e n e r a l l y  
more susceptible t h a n  f r e s h w a t e r  species t o  t h e  d e t r i m e n t a l  
e f f e c t s  of  xy lene  (LC 10 m g / l i t e r  f o r  m- and o-xylene and 
LC - 2 m g / l i t e r  for’&xylene).  Eowever, it should  be stressed 
th j !  t h e s e  g e n e r a l i z a t i o n s  are based on l i m i t e d  d a t a .  

v a l u e  i n  a d u l t  t rou t  was de t e rmined  t o  be 13.5 m g / l i t e r .  
v a f u e s  f o r  other  f r e s h w a t e r  f i s h  were around 30 m g / l i t e r  

7285 

No in fo rma t ion  on t h e  t o x i c i t y  of  x y l e n e s  t o  t e r r e s t r i a l  
w i l d l i f e  and domest ic  an ima l s  was a v a i l a b l e  i n  t h e  l i t e r a t u r e  
reviewed. However, because of  t h e  low a c u t e  t o x i c i t y  of x y l e n e s  
it is u n l i k e l y  t h a t  t h e y  would be toxic to  w i l d  or domes t i c  
b i r d s  and mammals. 

R e s u l a t i o n s  and S t a n d a r d s  
3 NIOSH Recommended S t a n d a r d s  ( a i r ) :  

OSHA S t a n d a r d  ( a i r ) :  

435  mg/m3 TWA 
870 mg/m 10-rnin C e i l i n g  L e v e l  

435 mg/m3 TWA 
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ZINC 

Summary 

Ingestion of excessive amounts of zinc can cause fever, 
vomiting, a n d  stomach cramps. Zinc oxide fumes can cause metal 
fume fever. Inhalation of mists or fumes may i r r i t a t e  the 
respiratory t r a c t ,  and contact w i t h  zinc chloride may i r r i t a t e  
the eyes and skin. H i g h  l e v e l s  of zinc i n  the d i e t  have been 
shown to retard growth and produce d e f e c t i v e  mineralization . 

of bone . 
Back q r  ound Information 

of  +2, although it  is a l s o  found i n  four other stable valences. 
zinc generally e x i s t s  i n  nature as a s a l t  w i t h a  valence 

CAS Number: 7440-66-6 

Chemical Fermula: Z n  

IUPAC Name: Zinc 

Chemical and Physical Properties 

Atomic Weight: 65.38 

Boiling Point: 907OC 

Melting Point: 4 1 9 . 5 8 O C  

S p e c i f i c  G r a v i t y :  7 . 1 3 3  a t  25OC 

S o l u b i l i t y  i n  Water: Insoluble: some s a l t s  are soluble 

S o l u b i l i t y  i n  Organics: Soluble i n  acid and a l k a l i  

Vapor Pressure: 1 mm Hg a t  487OC 

Transport and Fate 

Zinc can occur i n  both suspended and dissolved forms. 
Dissolved zinc may occur as the free (hydrated) zinc ion or 
as dissolved complexes and compounds with-varying degrees of 
s t a b i l i t y  and t o x i c i t y .  Suspended (undissolved) zinc may be 
dissolved following minor changes i n  water chemistry or m y  
be sorbed t o  suspended matter. The predominant f a t e  of zinc 
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i n  aerobic aquatic systems i s  sorption of the d i v a l e n t  cation 
by hydrous iron a n d  manganese oxides, c l a y  minerals, and orgaxlc 
material.  The e f f i c i e n c y  of these materials i n  removing zinc-- 
from solution varies  according to their compositions and concen: 
trations;  the pH a n d  s a l i n i t y  of the water; the concentrations 
o f  complexing ligands; and the concentration of zinc.  Concen- 
trations of zinc i n  suspended and bed sediments always exceed 
concentrations i n  ambient water. I n  reducing environments, 
p r e c i p i t a t i o n  of zinc s u l f i d e  limits the m b i l i t y  of zinc.  
However, under aerobic conditions,  p r e c i p i t a t i o n  o f  zinc comp- 
ounds i s  probably important only where zinc is present i n  h i g h  
c o n c e n t r a t i o n s . ,  Zinc tends t o  be more readily sorbed a t  higher 
pH t h a n  lower pH and tends t o  be desorbed from sediments as 
s a l i n i t y  increases. Compounds o f  zinc w i t h  the common ligands 
of surface waters are soluble i n  most neutral and a c i d i c  solu- 
t ions,  so t h a t  zinc i s  readily  transported i n  most unpolluted, 
r e l a t i v e l y  or ganic-f ree waters. 

7285 

The r e l a t i v e  n o b i l i t y  of zinc i n  s o i l  i s  determined by 
the same factors  a f f e c t i n g  i t s  transport i n  aquatic systems, 
Atmospheric transport of zinc i s  also possible. Eowever, except 
near sources such as  smelters, zinc concentrations i n  a i r  are 
r e l a t i v e l y  low and f a i r l y  constant. 

Since i t  is an e s s e n t i a l  nutrient,  zinc i s  strongly bio- 
accumulated even i n  the absence of abnormally h i g h  ambient 
concentrations. Zinc does not .appear t o  be biomagnified. 
Although zinc i s  a c t i v e l y  bioaccumulated i n  aquatic systems, 
the biota appear to  represent a r e l a t i v e l y  minor sink compared 
t o  the sediments. Zinc i s  one of the mst  important metals 
i n  b i o l o g i c a l  systems. Since i t  i s  a c t i v e l y  bioaccumulated, 
the environmental concentrations of zinc probably exhibit .  sea- 
s o n a l  f luctuations.  

Health E f f e c t s  

T e s t i c u l a r  tumors have been produced i n  r a t s  and chickens 
when zinc s a l t s  are injected i n t r a t e s t i c u l a r l y ,  b u t  not when 
other routes of administration are used. Zinc may be i n d i r e c t l y  
important w i t h  regard to  cancer since i t s  presence seems t o  
be necessary for the growth of tumors. Laboratory s t u d i e s  
suggest that although zinc-deficient.  animals may be more sus- 
c e p t i b l e  t o  chemical induction of cancer, tumor growth-. i s  slower 
i n  these animals. There is no evidence that  zinc d e f i c i e n c y  
has any e t i o l o g i c a l  role  i n  human cancer. There are no data. 
avai lable  t o  suggest that zinc is mutagenic or teratogenic 
i n  animals or humans, 

Zinc is an e s s e n t i a l  trace element that  i s  involved i n  . 
enzyme functions,  protein synthesis,  and carbohydrate metabolism. 
Ingestion of e x c e s s i v e  amounts of zinc may cause. fever,  vomiting, 
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stomach cramps, and d ia r rhea .  Fumes of f r e s h l y  formed z i n c  , b ~ 2 2 8 3  
o x i d e  c a n  p e n e t r a t e  deep  i n t o  t h e  a l v e o l i  and c a u s e  metal fume 
fever. Zinc  oxide  d u s t  does no t  p roduce  t h i s  d i s o r d e r .  Con tac t  
w i t h  z i n c  ch lor ide  can cause  s k i n  and e y e  i r r i t a t i o n .  I n h a l a t i o n  
of mists or fumes may i r r i t a t e  t h e  r e s p i r a t o r y  and g a s t r o i n t e s -  
t i n a l  t racts .  Zinc i n  excess of 0.25% i n  t h e  d i e t  o f  r a t s  
c a u s e s  growth r e t a r d a t i o n ,  hypochromic anemia,  and d e f e c t i v e  
m i n e r a l i z a t i o n  of bone. No z i n c  t o x i c i t y  i s  obse rved  a t  d i e t a r y  
l e v e l s  below 0.25% . 

- 

S t u d i e s  w i t h  an ima l s  and humans i n d i c a t e  t h a t  metabolic 
c h a n g e s  may occur  due to t h e  i n t e r a c t i o n  of z i n c  and other 
metals i n  t h e  d i e t .  E x p o s u r e  t o  cadmium c a n  cause  changes  
i n  t h e  d i s t r i b u t i o n  of z i n c ,  w i t h  increases i n  t h e  l i v e r  and 
k idneys ,  o r g a n s  where cadmium also aCCuIINlateS. E x c e s s i v e  
i n t a k e  of z i n c  may cause copper d e f i c i e n c i e s  and r e s u l t  i n  
anemia. I n t e r a c t i o n  of z i n c  w i t h  iron or lead may also l ead  
to  changes t h a t  are n o t  produced when t h e  metals are  i n g e s t e d  
i n d i v i d u a l l y .  

T o x i c i t y  t o  W i l d l i f e  and Domestic Animals 

a range  of  c o n c e n t r a t i o n s  from 90 t o  58,100 p g / l i t e r  and  wpears 
t o  be less t o x i c  i n  h a r d e r  water. Acute  t o x i c i t y  is similar 
for freshwater f i s h  and i n v e r t e b r a t e s .  Chron ic  t o x i c i t y  v a l u e s  
range from 47 to  852 p g / l i t e r  and appear t o  be r e l a t i v e l y  unaf-  
f e c t e d  by ha rdness .  A f i n a l  a c u t e - c h r o n i c  ra t io  for freshwater 
species o f  3,O has been r e p o r t e d .  Al though most freshvater 
p l a n t s  wpear t o  be i n s e n s i t i v e  t o  z i n c ,  o n e  species, t h e  a l g a  
Se lenas t rum capr i co rnu tum,  e x h i b i t e d  t o x i c  effects a t  concen- 
t r a t i o n s  from 30  t o  700 v g / l i t e r .  Repor ted  a c u t e  t o x i c i t y  
v a l u e s  range  from 2,730 t o  83,000 p g / l i t e r  for saltwater f i s h  
and from 166 t o  55,000 p g / l i t e r  for i n v e r t e b r a t e  saltwater 
species. Z inc  p r o d u c e s  c h r o n i c  t o x i c i t y  i n  t h e  mysid shrimp 
a t  166 p g / l i t e r .  The f i n a l  a c u t e - c h r o n i c  ra t io  for saltwater 
species i s  3.0. Toxic  effects are o b s e r v e d  i n  saltwater p l a n t  
species a t  z i n c  c o n c e n t r a t i o n s  of 50 t o  25,000 p g / l i t e r .  B i o -  . 
c o n c e n t r a t i o n  factors  of e d i b l e  p o r t i o n s  of aquatic o rgan i sms  
r ange  from 43  f o r  the s o f t - s h e l l  clam t o  16,700 for the o y s t e r .  

Zinc p r o d u c e s  a c u t e  t o x i c i t y  i n  freshwater organisms o v e r  

Zinc  p o i s o n i n g  has occurred i n  catt le.  I n  one  o u t b r e a k ,  
p o i s o n i n g  was caused  by food a c c i d e n t a l l y  con tamina ted  witb 
z i n c  a t  a c o n c e n t r a t i o n  of 20 g/kg. An e s t i m a t e d  i n t a k e  o f  
140 g of z i n c  per cow per day for a b o u t  2 d a y s  was r e p o r t e d .  
The exposed cows e x h i b i t e d  s e v e r e  e n t e r i t i s ,  and  some d i e d  
or had to  be s l a u g h t e r e d .  Postnrortem f i n d i n g 8  showed severe 
pulmonary emphysema w i t h  changes  i n  t h e  myocardium, k idneys ,  
and l i v e r .  Z inc  c o n c e n t r a t i o n s  i n  t h e  l i v e r  were e x t r e m e l y  
h igh .  Based on r e l a t i v e l y  l i m i t e d  d a t a ,  -me r e s e a r c h e r s  have 
s p e c u l a t e d  t h a t  exposure t o  e x c e s s i v e  amounts of  zinc may 
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c o n s t i t u t e  a haza rd  t o  horses .  
i n  f o a l s  l i v i n g  n e a r  l e a d - z i n c  smelters s u g g e s t  t h a t  excess ive-  1288 
e x p o s u r e  t o  z i n c  may produce bone changes ,  j o i n t  a f f l i c t i o n s , '  
and lameness .  
g r e a t e r  t h a n  1 , 0 0 0  mg/kg, d e c r e a s e d  food i n t a k e  and w e i g h t  
g a i n  were obse rved .  
d e a t h s  o c c u r r e d  as  soon as 2 w e e k s  a f t e r  exposure .  S e v e r e  
g a s t r o i n t e s t i n a l  c h a n g e s  and b r a i n  damage, bo th  o f  which  were 
accompanied by hemarrhages ,  were obse rved ,  as well a s  changes  
i n  t h e  j o i n t s .  High c o n c e n t r a t i o n s  o f  z i n c  were found i n  t h e  
l i v e r .  

L a b o r a t o r y  s t u d i e s  and f i n d i n ' s  

I n  p i g s  g i v e n  d i e t a r y  z i n c  a t  c o n c e n t r a t i o n s  

A t  d i e t a r y  l e v e l s  g r e a t e r  t h a n  2 , 0 0 0  mg/kg, 

R e g u l a t i o n s  and S t a n d a r d s  

Ambient Water Q u a l i t y  C r i t e r i a  (USEPA): 

A q u a t i c  L i f e  

Freshwater 
( 0 . 8 3 [ l n ( h a r d n e s s ) l  + 1.95)  ,,g/liter Acute t o x i c i t y :  e 

C h r o n i c  t o x i c i t y :  47 p g / l i t e r  

Saltwater 

Acute toxicity: 170  p g l l i t e r  
C h r o n i c  t o x i c i t y :  58 p g / l i t e r  

Human H e a l t h  

O r g a n o l e p t i c  c r i t e r i o n :  5 m g / l i t e r  

Secondary  D r i n k i n g  Water S tanda rd :  5 m g / l i t e r  

NIOSH Recommended S tanda rd :  

OSHA S t a n d a r d :  5 mg/m TWA ( z i n c  ox ide)  

5 mg/m3 ( z i n c  o x i d e )  
3 

ACGIH T h r e s h o l d  L i m i t . V a l u e s :  

Z inc  c h l o r i d e  fume: 1 mg/m3 TWA 

2 mg/m3 STXL 
Z i n c  o x i d e  fume: s mg/m3 TWA 

i o  mg/m3 STEL 
Z i n c  ox ide  d u s t :  10 mg/m3 TWA ( n u i s a n c e  p a r t i c u l a t e )  

3 Zinc  stearate: 1 0  mg/m TWA ( n u i s a n c e  particulate) 

20 mg/m3 STEL 

. -  Zinc  . , . r .  
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CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

Acenaphthene 
Acenaphthylene 
Acetic acid 
Acetic ether 
Acetone 
Acetylene tetrachloride 
trans-Acetylene dichloride 
Acrolein 
Acr yl alde hyde 
Acrylonitrile 
Acrylic aldehyde 
Agrotect 

Akar 
Aldrin 
Alkanes 
Alkyl benzenes 
Allyl alde hyde 
2-Aminoethanol 
Anthracene 
Antimony 
Antimony trioxide 
Aroclor 
Arsenic 
Asbestos 
Asex 
Atlacide 
Attac 
Barium 
1,2=Benzanthracene 

1 

Acenaphthene 
Acenaph thylene 
Acetic acid 
Ethyl acetate 
Ace tone 
1,1,2,2=Tetrachloroethane 
1,2-trans-Dichloroethylene 
Acrolein 
Acrolein 
Acr yloni t r ile 
Acrolein 
2,4-Dichlorophenoxyacetic 

Chlorobenzilate 
Aldrin/Dieldrin 
Alkanes 
Alkyl benzenes 
Acrolein 
Ethanolamine 
Anthracene 
Ant imony 
Antimony 
Polychlorinated biphenyls 
Arsenic 
Asbestos 
Sodium chlorate 
Sodium chlorate 
Toxaphene 
Barium 
Benzo(a)anthracene 

acid 

, 000504 
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CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

Benzabar 

Benzac 

Benzene 
Benzene chloride 
Benzene hexachloride 
Benzene tetrachloride 
o-Benzenedicarboxylic acid 
Benzidine 
Benzilan 
Benzo (a) anthracene 
Benz (b)phenanthrene 
Benz (a ) phenanthrene 
2,3-Benzophenanthrene 
Benzosulfonaxole 
Benzothiazole 
Beryllium 

B i ben zy 1 
bi s (2-Hydroxye thyl) ether 
B r us htox 

BHC 

Butanol 
Butyl alcohol 
Butanone 
C-4 6 
Cadm i urn 
Camphechlor 

2 

2,3,6-Trichlorobenzoic 
acid 

2,3,6-Trichlorobenzoic 
acid 

Benzene 
Chlorobenzene 
Hexachlorocyclohexane 
1,2,4,5-Tetrachlorobenzene 
n-Dioctyl phthalate 
Benzidine 
Chlorobenzilate 
Benzo (a) anthracene 
Benzo (a)anthracene 
Chrysene 
Benzo (a)anthracene 
Benzothi azole 
Benzothiazole 
Beryl 1 ium 
Hexachlorocyclohexane 
Diphenylethane 
Diethylene glycol 
2,4,S-Trichlorophenoxy- 

acetic acid 
Butanol 
But an01 
Methyl ethyl ketone 
Hexachlorobutadiene 
Cadmium 
Toxaphene 



CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

Carbide 6-12 
Carbon hexachlor ide 
Carbon te t rachlor ide  
Cel lu lose  n i t r a t e  
C e l l u l o s e  t e t r a n i t r a t e  
Chlora te  of soda 
Chlora te  s a l t  
C h l o r d a n e  
C h l o r a x  
C h l o r i n a t e d  camphene 
C h l o r i n e  
Chlorobenzene 
C h l o r o b e n z i l a t e  
p- C h 1 or 0- m- cr es o l  
C hlor  oe t hane 
C hlor  oe t hene 
1 ,-Chlor  0-2- (be ta-chloro- 

b i s  (2-Chloroethoxy) e t h a n e  
b i  s (2 -ch lo roe thy l )  ether ) 
Chloroe t h y l e n e  
Chloroform 
3-Chloro-5-hydroxytoluene 
Chloromethane 
4-Chloro-3-methylphenol 
C h 1 or 0- m- n i t r obe n ze n e  
1-Chloro-3-ni t r o b e n z e n e  
Chlorophenothane  
Ch lo ro thene  
Chromic acid 
Chromium 

e thoxy)  e t h a n e  

E t h y l  hexaned io l  
Hexachloroe thane  
Carbon tetrachloride 
N i t r o c e l l u l o s e  
N i t r o c e l l u l o s e  
S,odium chlorate 
Sodium chlorate  
Ch lo rdane  
Sodium chlorate 
Toxaphene 
C h l o r i n e  
Chlorobenzene  
C h l o r o b e n z i l a t e  
pChloro-m-cresol 
C h l o r o e t h s n e  
V i n y l  chloride 
b i s  (2-Chloroe thyl )  ether 

bis(2-Ch1oroethoxy)ethane 
b i  8 ( 2 - c h l o r o e t h y l )  e t h e r  
V i n y l  chloride 
Chloroform 
pChloro-m-cresol 
Methyl  chloride 
pChloro-m-cr esol 
1-Chloro-3-ni t robenzene  
1-Chloro-3-ni t r o b e n  zene  
DDT 
l , l , l - T r i c h l o r o e t h a n e  
Chromium 
Chromium 

3 

, 
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CHEMICAL NAME/ 
SYNONYM/TRADE NAME . 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

Chrysene 
Cmpd 6-12 Insect Repellant 
Cobalt 
Collodon 
copper 
Cresol 
Cumene 
Cyanide 
Cyanoe thylene 
Cyanuric acid 
Cresylic acid 
2t4-D 

DBCP 
DCB 
1,l-DCE 
2,I-DCP 
DDD 
DDE 
DDT 
Cresylic acid 
Weed Brush Killer 

DEHP 
4,4@-Diaminobiphenyl 
Dibenzyl 
D i br omochloropr opane 
2,3-Dibromo-l-propano1 

1,200 i chlor obenzene 
phosphate 

- ,  

Chrysene 
Ethyl hexanediol 
Cobalt 
Nitrocellulose 
Copper 
Cresol 
Alkyl benzenes 
Cyanide 
Acrylonitrile 
Cyanuric acid 
2,4-Dimethylphenol 
2,4-Dichlorophenoxyacetic 

D i br omochloropr opane 
Dichlorobenzenes 
1,l-Dichloroethylcne 
2,4-Dichlorophenol 
DDT 
DDT 
DDT 
Cresol 
2,4,5-Trichlorophenoxy- 

bi 8 ( 2-E thy1 hexyl) ph t ha1 ate 
Benzidine 
D iphenyle thane 
Dibromochloropropanc 
Tr i 8 (2,3-Dibr omopr opyl) 

phosphate 
D ichlorobenzenes 

acid 

acetic acid 

4 



CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

\ 

1 3-Dichlor obenzene 
Dichlor 0-2,2-dichloroethane 
Dichlorodiphenyltrichloroethane 
1 ,l-Dichloroethane 
~,2-Dichloroethane 
1 ,l-Di chlor oe thene 
2,2'-Dichloroethyl ether 
1 1-D ichloroethylene 
182-trans-Dichloroethylene 
Dichlor ome thane 
2,4-Dichlorophenol 
2,4-Dich~orophenoxyacetic acid 

1,2-Dichloropropane 
I, 3-Dichloropropene 
1,3-Dichloropropylene 
D i cof ol 
D ico t ext 

Dieldrin 
Diethyl benzene 
1,4-Diethylenedioxyde 
Diethylene glycol 
Diethyl oxide 
Diethyl ester phthalic acid 
Diethyl ether 
Diethyl oxide 
Diethyl phthalate 
1,2-Dihydroxy ethane 
Diisobutyl ketone 

Dichlorobenzenes 
1,1,2,2-Tetrachloroethane 

1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethylene 
bis(2-Chloroethy1)ether 
1,l-Dichloroethylene 
1,2-trans-Dichloroethylene 
Methylene chloride 
2,4-Dichlorophenol 
2,4-Dichlorophenoxyacetic 

1,2-D i chlor opr opane 
1,3-Dichloropropene 
lI3-Dichloropr opene 
Dicof 01 
2,I-Dichlor ophenoxyace t ic 

Aldrin/Dieldrin 
Alkyl benzenes 
1,4-Dioxane 
Diethylene glycol 
Tetrahydrofuran 
Diethyl phthalate 
Ethyl ether 
Ethyl ether 
Diethyl phthalate 

DDT 

acid 

acid 

Ethylene glycol 
Diisobutyl ketone 

OQOS08 



CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

Dimethylaminoethyl methacrylate Dimethylaminoethyl methacrylate 

2-Dimethylaminoethyl-2- Dimethylaminoethyl methacrylate 
Dicophane DDT 

met h y 1 pr openoa t e 
Dimethylaniline Dimethylaniline 
Dime thylbenzene Xylenes 
2,6-Dimethyl-I-hepatanone Diisobutyl ketone 
Dimethyl ketone Ace tone 
2,4-D ime thyl-l-hydroxybenzene 2,I-Dimethylphenol 
Dimethylnitrosamine 
2,4-Dimethylphenol 
Dimethylphenylamine 
n-Dioctyl phthalate 
Dioform 
1,I-Dioxane 
Dioxin 

Dioxins 

Diphenylethane 
Diphenyl ether 
Diphenyl oxide 
D i ( 2-et hyl he xyl ) phthalate 
DMN 
DMNA 
Dolen 
DOP 
Dowicide B 
Dowicide 7 
Durene 
Durotox 

r :  

Dimethylnitrosamine 
2,I-Dimethylphenol 
Dimethylaniline 
n-Dioctyl phthalate 
lr 2-tr ans-Dichloroe thylene 
1,I-Dioxane 
2,3r7r8-tetrachlorodibenzo- 
p-dioxin 

Polychlorinated dibenzo- 
p-dioxin 

Diphenylethane 
Phenyl ether 
Phenyl ether 
bi s (2-Ethylhexy1)phthalate 
Dimethylnitrosamine 
Dimethylnitrosamine 
Hexachlorobutadiene 
n-D ioctyl ph thalatt 
2,4,5-Trichlorophenol 
Pentachlorophenol 
Alkyl benzenes 
Pentachlorophenol 

6 
008509 



CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

Endr in  
Endrex 
1 ,2-Ethanedio l  
Ethane  t r i c h l o r i d e  
E thano l  
Ethanolamine 
b i s  (2 -ch lo roe thy l )  E t h e r  
Ethoxyethane  
E t h y l  acetate  
E t h y l  a l c o h o l  
Ethylbenzene  
E t h y l b e n z o l  
E t h y l  c h l o r i d e  
Ethyl-4,4-dichlorobenzilate 
E t h y l e n e  a l c o h o l  
E t h y l e n e  d i c h l o r i d e  
E t h y l e n e  d i g l y c o l  
E t h y l e n e  g l y c o l  
E t h y l e n e  h e x a c h l o r i d e  
E t h y l e n e  t r i c h l o r i d e  
E t h y l  e t h a n o a t e  
E t h y l  e t h e r  
E t h y l  hexaned io l  
E t h y l  hexy lene  g l y c o l  
E t h y l  methyl  k e t o n e  
b i  s (2-et  h y l h e x y l  ) p h t h a l a t e  
di(2-ethylhexy1)phthalate 
E t h y l i d i n e  c h l o r i d e  
E t h y l i d e n e  d i c h l o r i d e  
2-Ethyl-3-propyl-l,3- 

propanediol 

E n d r i n  
E n d r i n  
E t h y l e n e  g l y c o l  
1 ,1 ,2=Tr ich lo roe thane  
E t h a n o l  
Ethanolamine  
b i s  (2 -ch lo roe thy l )  E t h e r  
E t h y l  e t h e r  
E t h y l  acetate 
E t h a n o l  
E t h y l  benzene 
E t h y l  benzene 
C h l o r o e t h a n e  
C h l o r o b e n z i l a t e  
E t h y l e n e  g l y c o l  
1 ,2-Dichloroe thane  
E t h y l e n e  g l y c o l  
E t h y l e n e  g l y c o l  
Hexachloroe thane  
T r i c h l o r o e t h y l e n e  
E t h y l  acetate 
E t h y l  e t h e r  
E t h y l  h e x a n e d i o l  
E t h y l  h e x a n e d i o l  
Methyl  e t h y l  k e t o n e  
bis(2-ethylhexy1)phthalate 
b i s  (2-e thylhexyl )  p h t h a l a t e  
1 , l - D  i c h l o r  oe t h a n e  
1 , l - D  i c h l o r  oe t hane  
E t h y l  h e x a n e d i o l  

. 
, . *  . .  
, .  
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CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

Fenopr op 

Fluoranthene 
Fluorocarbon 11 
Fluor ot r ichlor omethane 
Folbex 
Formaldehyde 
Formalin 
F r eon- 1 1 
Fumazone 
Gesarol 
Glycol 
Glycol Dichloride 
Glycol ethylene ether 
Grain alcohol 
HCB 
HCBD 
H CH 
Hemimellitine 
Heptachlor 
Heptane 
H e xach lor obe n ze ne 
Hexachlorobutadiene 
Hexachlorocyclohexane 
Hexachloroethane 
Hexachloroethylene 
Hexachlorophene 
Hexane 
Hexide 
Hexone 

2,4,5-T r i c hlor ophe noxy 

Fluoranthene 
Trichlorofluoromethane 
Trichlorofluoromethane 
Chlorobenzilate 
Formaldehyde 
Formaldehyde 
Trichlorofluoromethane 
Dibromochloropropane 
DDT 
Ethylene glycol 
1,2-D ichloroe thane 
1,I-Dioxane 
Ethanol 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclohexane 
Alkyl benzenes 
Heptachlor 
A1 kanes 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclohexane 
Hexachloroethane 
Hexachloroethane 
Hexachlorophene 
Hexane 
Hexachlorophene 
Methyl isobutyl ketone 

acetic acid 

8 



CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

beta-Hydroxyethylamine 
2-Hydr oxyn i t rol  ben zene 
Iron 
Isobutanol 
Isobutyl alcohol 
Isobutyl ketone 
Isobutyl  methyl ketone 
Isocyanuric acid 
I sodur ene 
2-fsopropoxypropane 
Isopropyl acetone 
Isopropyl benzene 
Isopropyl ether 
Kanechlor 
Kelthane 
Klorex 
Kuran 

Kusatol 
Lead 
Lindane 
L i t h i u m  

Magnesium 
Manganese 
m-chlor oni t r obenzene 
MEK 
Mendr i n  
Mercury 
Mesitylene 
Metaphor 
Methacrylate 

9 

Ethanolamine 
2-N i trophenol 
Iron 
Isobutyl  alcohol 
Isobutyl  alcohol 
Diisobutyl  ketone 
Methyl isobutyl  ketone 
Cyanuric acid 
A l k y l  benzenes 
Isopropyl ether 
Methyl isobutyl  ketone 
A l k y l  benzenes 
Isopropyl ether 
Polychlorinated biphenyls 

Sodium chlorate 
2,4,5-Trichlorophenoxy 

Sodium chlorate  
Lead 
Hexachlorocyclohexane 
Lithium 
Magnesium 
Manganese 
1-Chloro-3-nitrobenzene 
Methyl e t h y l  ketone 
Endrin 
Mer cur y 
A l k y l  benzenes 
Methyl parathion 
Methacrylic acid 

DicOfOl 

a c e t i c  acid 



CYEMICAL NAME/ . 

SYNONYM/TRADE NAME 
LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

~ 

Methacrylic acid Methacrylic acid 
Methacrylic acid, methyl ester Methacrylic acid 
Methanal 
Methanecarboxylfc acid 
Methane dichloride 
Methanol 
Methylacrylic acid 
Methyl alcohol 
Me thyl benzene 
Methyl $chloride 
Methyl chloroform 
2-Methyl dodecane 
3-Me thyl hexane 
2-Methyl pentane 
3-Methyl pentane 
2-Methyl tetradecane 
2-Methyl tridecane 
2,2-Methylene-bis (3,4,6- 

Methylene chloride 
Methylene dichloride 
Methyl ethyl benzene 
Methyl ethyl ketone 
Methyl isobutyl ketone 
Methyl methacrylate 

trichlorophenol) 

Formaldehyde 
Acetic acid 
Methylene chloride 
Methanol 
Methacrylic acid 
Methanol 
Toluene 
Methyl chloride 
l,l,l-Trichloroethane 
Alkanes 
Alkanes 
Alkanes 
Alkanes 
Alkanes 
Alkanes 
Hexachlorophene 

Methylene chloride 
Methylene chloride 
Ethyl toluene 
Methyl ethyl ketone 
Me thyl isobutyl ketone 
Methacryllic acid 

Methyl-2-methyl-2-propenoate Methacryllic acid 
Methyl parathion Methyl parathion 
4-Methyl-2-pentanone Methyl isobutyl ketone 

, 

10 



CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

2-Methyl propanol 
2-Me t hyl-2-pr ope noa t e 
MIBK 
MI K 

Mitigan 
Monochlor obe n zene 
Monochloroethane 
Monochloroethylene 
Monochloromethane 
Monoe thanol amine 
Moth balls 
Nabac 
Naphthalene 
Naphthene 

Nemagon 
Neocid 
Nickel 
N i tr ocel lulose 
N i trochlorobenzene 
Nitro cotton 
2-Nitrophenol 
Nitrosodimethylamine 
n-Methyl-n-nitrosomethanamine 
n-Nitrosodimethylamine 
N , N-D imet hylbenzeneam ine 
n,n-dimethylnitrosamine 
N-phenyldimethylamine 
Octyl phthalate 
Orthophosphoric acid 
1 ,l'-Oxybis (2-chloroethane) 

NDMA 

11 

Isobutyl alcohol 
Methacrylic acid 
Methyl isobutyl ketone 
Methyl isobutyl ketone 
Dicofol 
Chlorobenzene 
Chloroethane 
Vinyl chloride 
Methyl chloride 
Ethanol am ine 
Naphthalene 
Hexachlorophene 
Naphthalene 
Naphthalene 
Dimethylnitrosamine 
Dibromochloropropane 
DDT 
Nickel 
Nitrocellulose 
l-Chloro-3-nitrobenzene 
Nitrocellulose 
2-Nitrophenol 
Dimethylnitrosamine 
Dimethylnitrosamine 
Dimethylnitrosamine 
D ime t hyl ani 1 ine 
Dimethylnitrosamine 
Dimethylaniline 
n-Dioctyl phthalate 
Phosphoric acid 
bis (2-Chloroethyl) ether 

080Sl.4 
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CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

2,2-Oxydiethanol 
PAH 

Paranaphthalene 
PCB 
PCDD 

PCE 
PCP 
p-Dioxane 
Pegalan 
Pentachlorophenol 
Pentadecane 
Perchlorobenzene 
Perchlorobutadiene 
Perchloroethylene 
Perchloromethane 
Phenacide 
Phenanthrene 
Phenol 
Phenol trinitrate 
Phenox 

Phenoxybenzene 
Phenyl chloride 
Phenyldimethylamine 
Phenylethane 
Phenyl ether 
Phenylmethane 
Phosphoric acid 
Phosphorus (white) 

Diethylene glycol 
polycyclic aromatic 

hydrocarbons 
Anthacene 
Polychlorinated biphenyls 
Polychlorinated dibenzo- 

Tetrachloroethylene 
Pentachlorophenol 
1,4-Dioxane 
Methacrylic acid 
Pentachlorophenol 
Alkanes 
Hexachlorobenzene 
Hexachlorobutadiene 
Tetrachloroethylene 
Carbon tetrachloride 
Toxaphene 
Phenanthrene 
Phenol 
Picric acid 
2,4-Dichlorophenoxyacetic 

acid 
Phenyl ether 
Chlorobenzene 
Dimethylaniline 
Alkyl benzenes 
Phenyl ether 
Toluene 
Phosphoric acid 
Phosphorus , (white) 

p-d i ox i ns 

0885%5 
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CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

bis (2-ethylhexyl) Phthalate 
Picric acid 
PNA 

Polychlorinated biphenyls 
Polychlorinated dibenzo- 

p-d i ox i n 
polycyclic aromatic 

hydrocarbons 
Polynuclear aromatic 

hydrocarbons 
Prevent01 
Pr opanone 
2-Propenal 
Properenitrile 
2-Propenenitrile 
2-Propen-1-one 
Propyl carbinol 
Propylenechloride 
Propylenedichloride 
Pseudocumene 
Rat Nip 
Rutgers 6-12 
Selenium 
Silver 
Silvex 

Soda chlorate 
Sod i um 
Sodium chlorate 
Soluble gun cotton 

. , I .  (. 

1 3  

bis(2-ethylhexyl) Phthalate 
Picric acid 
Polycyclic aromatic 

hydrocarbons 
Polychlorinated biphenyls 
Polychlorinated dibenzo- 

Polycyclic aromatic 
hydrocarbons 

Polycyclic aromatic 
hydrocarbons 

2,4,5-Trichlorophenol 
Acetone 
Acrolein 
Acrylonitrile 
Acrylonitrile 
Acrolein 
1-Butanol 
1,2-Dichloropropane 
1,2-Dichloropropane 
Alkyl benzenes 
Phosphorus (white) 
Ethyl hexanediol 
Selenium 
Silver 
2,4,5-Trichlorophenoxy 

Sodium chlorate 
Sodium 
Sodium chlorate 
Nitrocellulose 

p-d i oxi n 

propionic acid 



.. . 

CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
. FOLLOWING CHEMICAL NAME 

Stoddard solvent 
Strobane-T 
Sym-triazinetriol 
2t4,S-T 

Tar camphor 
2,3,6-TBA 

1,1,1-TCA 
TCB 
TCE 
TCDD 

TCPPA 

TEL 
Telone 
1,2,4,5-Tetrachlorobenzene 
2,3,7,8-Tetrachlorodibenzo- 

l1l,2,2-Tetrachloroethane 
Tetrachloroethene 
Tetrachlorothylene 
Tetrachloromethane 
Tetradioxin 

p-d i ox i n 

Tetraethyl lead 
Tetraethyl plumbane 
Tetrahydrofuran 
Tetramethyl benzene 
Tetramethylene oxide 
Thallium' 

Stoddard solvent 
Toxaphene 
Cyanuric acid 
2,4,S-Trichlorophenoxy- 

Naphthalene 
2,3,6-Trichlobenzoic 

acid 
l,l,l-Trichloroethane 
Trichlorobenzene 
Trichloroethylene 
2,3,7,8-Tetrachlorodibenzo- 

2,4,S-Trichlorophenoxy 
propionic acid 

Tetraethyl lead 
1,3-Dichloropropene 
1,2,4,5-Tetrachlorobenzene 
2,3,7,8-Tetrachlorodibenzo- 

1,lr2,2-Tetrachloroethane 
Tctrachlorothylene 

acetic acid 

p-d i ox i n 

p-dioxin 

Tetrachlorothylene 
Carbon tetrachloride 
2,3,7,8-Tetrachlorodibenzo- 

Tetraethyl lead 
Tetraethyl lead 
Tetrahydrofuran 
Alkyl benzenes 
Tetrahydrofuran 

p-d ioxi n 

Thal 1 i urn 0 0 8 s ~ ~  

14 



CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

1-Thia-3-azaindene 
Titanium 
Toluene 

Toxaphene 
Toluol 

2 4 I 5-TP 

1,3,5-Triazine-2,4,6 

Trichlorobenzene 
2,3,6-Trichlorobenzoic acid 

(IH,3H@SH)-triOne 

Ben zo t h i azole 
Ti tan i urn 
Toluene 
Toluene 
Toxaphene 
2,4,S-Trichlorophenoxy 

Cyanuric acid 
propionic acid 

Trichlorobenzene 
2,3,6-Trichlorobenzoic 

1, I, 1-Trichloroethane 
1, 1,2-Trichloroethane 
Trichloroethene 
Trichloroethylene 
Trichlorofluoromethane 
Trichloromethane 
2,4,S-TriChlOrOphenO1 
2,4,S-TriCh10rOphenOXyo 

acetic acid 

propionic acid 
2,4,S-TriChlOrOphenOXy 

Tricresol 
Tricyanic acid 

acid 
1, 1,l-Trichloroethane 
lrl,2-Trichloroethane 
Trichloroethylene 
Trichloroethylene 
Trichlorofluoromethane 
Chloroform 
2,4,5-Trichlorophenol 
2,4,5-Trichlorophenoxy 

2,4,5-Trichlorophenoxy 

Cresol 
Cyanuric acid 

acetic acid 

propionic acid 

Triethylene glycol dichloride bis(2-Ch1oroethoxy)ethane 
Triglycol dichloride bis(2-Ch1oroethoxy)ethane 
Trihydroxycyanidine Cyanuric acid 
2,4,6-Trihydroxyl-l, 3,s- Cyanuric acid 

triazine 

15 



CHEMICAL NAME/ 
SYNONYM/TRADE NAME 

LISTED UNDER THE 
FOLLOWING CHEMICAL NAME 

Trimethyl benzene 
2,4,6-Trinitrophenol 
TRIS 

Tris(2,3-Dibromopropyl) 

Tris(2,3-ibromopropyl) 

Trysben 

phosphate 

phosphoric acid ester 

Undecane 
Vanad i um 
vinegar acid 
Vinegar naphtha 
vc 
VDC 
Vinyl chloride 
Weedar 

Yellow Phosphorus 
Vinyl cyanide 
Vinylidene chloride 
Vinyl trichloride 
Wof atox 
Wood alcohol 
Xylene 
2,4-Xylenol 
Xylol 
Zinc 

Alkyl benzenes 
Picric acid 
Tris(2,3-Dibromopropyl) 

phosphate 
Tr is (2,3-Dibromopropyl) 

phosphate 
Tris(2,3-dibromopropyl) 

phosphate 
2,3,6-Trichlorobenzoic 

acid 
Alkanes 
Vanadium 
Acetic acid 
Ethyl acetate 
Vinyl chloride 
1,l-Dichloroethylene 
Vinyl chloride 
2,4,S-Trichlorophenoxy- 

acetic acid 
Phosphorus (white) 
Acrylonitrile 
1,l-Dichloroethylene 
1,1,2-Trichloroethane 
Methyl parathion 
Methanol 
Xylene 
2,l-Dimethylphenol 
Xylene 
Zinc 

16 
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APPENDIX A 

HAZARD C R I T E R I A  

It is usually difficult to give a simple yes or no answer 

to the question of whether or not a chemical is hazardous because 

in most cases, gradations exist in such things as the quality 

of data or species-specificity of the effects. In addition, 

the degree of hazard posed by a chemical depends on the dose 

or environmental concentration and on the duration and other 

circumstances of exposure. In order to provide a dichotomous 

response in these cases, it is necessary to determine general 

criteria for classifying chemicals as having specific toxicity. 

The criteria used in this system for determining whether a 

cheinical poses a particular type of hazard are outlined below. 

Carcinogenicity 

A compound is classified as a carcinogenic if it is a 

known or suspected human carcinogen, if it has been shown to 

be carcinogenic at a particular site in more than one species 

or sex in an animal bioassay, or if it has been shown to increase 

the incidence of site-specific malignant tumors in a single 

species or sex, and there is a statistically significant dose- 

response relationship in more than one exposed group. Obser- 

vations such as site of application tumors in a skin painting 

study or sporadic significant results in a bioassay will not 

be considered indications of carcinogenicity unless supported 

by other evidence. 

. .  . ,  . 1 



c 

Reproductive Toxicity/TeratogenicitY 

Chemicals are classified as teratogens and reproductive 

toxins if there is suggestive evidence of an effect in humans 

or if at least one study in whole animals is clearly positive. 

unsupported in vitro evidence is considered sufficient to clas- 

sify a chemical as a reproductive toxicity/teratogenicity hazard. 

Mutagenicity 

A chemical is classified as mutagenic if it has given 

a positive result in at least one of the mammalian in vivo 

or bacterial or mammalian cell in vitro assays for mutagen- 

icity. However, negative studies will be considered, and in 

some cases may outweigh a weak positive response. 

Acute Toxicity 

A compound will be considered to be acutely toxic if it 

has an oral LDSO < 100 mg/kg, an inhalation LCfO 5 400 mg/m3, 

or a dermal LDs0 - c 400 mg/kg. 

Chronic Toxicity 

Chemicals will be considered to cause chronic toxicity 

if they cause serious irreversible effects other than cancer 

or reproductive effects after extended exposure to oral doses 

of less than 100 mg/kg/day, inhalation concentrations less 

than 400 mg/m3, or dermal doses less than 400 mg/kg/day. 

Domestic Animal Toxicity 

A chemical will be considered to be toxic to domestic 

animals if a demonstrated serious toxic effect has been seen 

in the field. Also, chemicals that cause reproductive toxicity, 

2 



teratogenicity, or subchronic toxicity at oral doses of less 

than 100 mg/kg/day will be considered as domestic animal hazards 

unless they are unlike.ly to be present at toxic levels off site. 

Environmental Toxicity 

A chemical is classified as hazardous to aquatic wildlife 

if an acute LCs0 value in aquatic organisms is less than 1000 pg/ 

liter, or if the chemical has chronic effects at less than 

100 pg/liter. 

A chemical is classified as hazardous to terrestrial wild- 

life if toxicity has been seen in the field or if the chemical 

is acutely toxic or causes reproductive toxicity/teratogenicity 

to representative species at oral doses less than 100 mg/kg 

body weight. 

Chemicals that are persistent in the environment and that 

are toxic at levels up to 10.times less than those indicated 

above, are also classified as hazardous to the environment. 

3 aClernent Associates 
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APPENDIX B 

CAG UNIT RISK 

The Carcinogen Assessment Group (CAG) of EPA has performed 

quantitative risk assessments on numerous chemicals. These 

assessments were performed using data from the best available 

studies at the time the assessment was performed; the data 

were fitted to the particular mathematical model considered 

mDst appropriate. A "unit risk," defined as the lifetime cancer 

risk to humans associated with continuous exposure to a unit 

dose of 1 mg/kg/day, was calculated. The 95th percentile upper 

confidence limit for unit risk is given in the following table 

as a slope. This value can be divided into the generally accep- 

table lifetime risk of to determine the daily dose in 

mg/kg/day associated with this risk level. It should be stressed 

that the data used to generate the unit risk numbers and the 

methods of extrapolation are relatively inexact and utilize 

conservative assumptions: therefore, the unit risk values should 

only be considered as at best, order of magnitude approximations 

of the upper limit on potential risk. This is reflected in 

the last column of the following table, which indicates the 

potency of each chemical to order of magnitude on a logarithmic 

scale. On this scale, a chemical with an index of +6 is about 

one million (lo6) times more potent than a chemical with an 

index of zero. 
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