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Introduction 

This sixth edition of the Documentation of the 
Threshold Limit Values (TLVs) and Biological Exposure 
Indices (BE Is) presents the basic rationale for the estab
lishment of occupational exposure values for 626 chem
Ical substance entries and 13 physical agents; data on 
BEis are provided for 26 substances, all of which are 
listed In the 1991-1992 Threshold Limit Values and 
Biological Exposure Indices Booklet. 

These values are Intended for use in the practice of 
Industrial hygiene as guidelines or recommendations In 
the control of potential health hazards and for no other 
use, e.g., in the evaluation or control of community air 
pollution or physical agent nuisances; in estimating the 
toxic potential of continuous, uninterrupted exposures or 
other extended work periods; as proof or disproof of an 
existing disease or physical condition; or adoption by 
countries whose working conditions differ from those In 
the United States and where processes differ. These 
values are not Intended as fine lines between safe and 
dangerous exposure concentrations or exposures to phy
sical agents nor are they a relative Index of toxicity or 
physical disability. They should not be used by anyone 
untrained In the discipline of Industrial hygiene. 

Chemical Substances 

The Chemical Substances section of this volume Is 
devoted to documenting the values recommended for 
airborne exposure concentrations of the cited sub
stances. These values represent conditions under which 
It Is believed nearly all workers may be repeatedly ex
posed day after day without adverse health effects. How
ever, because of wide variation In individual sus
ceptibility, a small percentage of workers may experience 
discomfort from some substances at concentrations at or 
below the threshold limit; a smaller percentage may be 
affected more seriously by aggravation of a pre-existing 
condition or by development of an occupational Illness. 

TL Vs are based on the best available information 
from Industrial experience, from experimental human and 
animal studies, and when possible, from a combination 
of the three. The basis on which the values are estab
lished may differ from substance to substance; protection 
against Impairment of health may be a guiding factor for 
some, whereas reasonable freedom from irritation, nar
cosis, nuisance, or other forms of stress may form the 
basis for others. 

This sixth edition of the Documentation has been 
revised to Include a chronology that traces the events 

leading to the adoption or proposed revision of the pres
ent TLV for a chemical substance. In addition, Permissi
ble Exposure Limits (PELs) from the U.S. Occupational 
Safety and Health Administration (OSHA) and Recom
mended Exposure Limits (RELs) from the U.S. National 
Institute for Occupational Safety and Health (N JOSH) are 
presented. Values established by selected other coun
tries are also noted. Reorganization of the data and the 
Introduction of appropriate subheads have been under
taken to facilitate examination and review. New materials 
have been Incorporated as available. 

The substances are arranged In alphabetical order. 
The primary name appears first, followed by the CAS 
number, any synonyms for the substances, the molecular 
formula, and, where appropriate, the structural formula. 
The current TLV and any special notations (e.g., SKIN, 
CARCINOGEN) appear Immediately before the tlmellne 
for the substance. 

The TL Vs are expressed as a time-weighted average 
(TLV-TWA), or as a Short-Term Exposure Limit (TLV
STEL), or as a Ceiling (TLV-C) Limit. These terms are 
defined as follows: 

The TLV-TWA Is the time-weighted average con
centration for a normal 8-hour workday and a 40-hour 
workweek, to which nearly all workers may be repeatedly 
exposed, day after day, without adverse effect. 

A STEL Is defined as a 15-mlnute TWA exposure 
which should not be exceeded at any time during the 
workday even H the 8-hour TWA Is within the TLV-TWA. 
Exposures above the TLV-TWA up to the STEL should 
not be longer than 15 minutes and should not occur more 
than four times per day. There should be at least 60 
minutes between successive exposures In this range. An 
averaging period other than 15 minutes may be recom
mended when this Is warranted by observed biological 
effects. 

The TL V-C Is the concentration that should not be 
exceeded during any part of the working exposure. 

Excursion Limits. For the vast majority of substances 
with a TLV-TWA, there Is not enough toxicological data 
available to warrant a STEL. Nevertheless, excursions 
above the TLV-TWA should be controlled even where 
the 8-hourTLV-TWA Is within recommended limits. Ex
cursions In worker exposure levels may exceed 3 times 
the TLV-TWA for no more than a total of 30 minutes 
during a workday, and under no circumstances should 
they exceed 5 times the TLV-TWA, provided that the 
TLV-TWAisnotexceeded. 

Carcinogens. Appendix A on the •Identification and 
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Classification of Carcinogens" provides a list of sub
stances associated with Industrial processes that are 
recognized to have carcinogenic or cocarcinogenlc po
tential. For most of the substances determined to be 
carcinogenic by the TL V Committee, the stated value or 
classification is Intended to provide a practical guideline 
for the Industrial hygiene professional to assist in control 
of exposures In the workplace. These guidelines are not 
final; the Committee continues to update them as new 
Information becomes available. 

At the present time, two categories of carcinogens 
have been designated by the TL V Committee to recog
nize the qualitative differences In research results: 

A 1 - Confirmed Human Carcinogens. Substances, 
or substances associated with industrial processes, rec
ognized to have carcinogenic potential. 

A2 - Suspected Human Carcinogens. Chemical 
substances, or substances associated with industrial 
processes, which are suspect of Inducing cancer, based 
on either limited epidemiological evidence or demonstra
tion of carcinogenesis In one or more animal species by 
appropriate methods. 

Generally, the text for each chemical substance has 
been organized under the following headings: 

Chemical and Physical Properties 
Major Uses or Sources of Occupational Exposure 
Animal Studies 
Reproductive/Developmental Studies 
Genotoxiclty Studies 
Pharmacokinetlc/Metabollsm Studies 
Human Studies 
TLV Recommendation 
Other Recommendations 
Carcinogenic Classification 
Other Nations 
References 

Physical Agents 

The section on physical agents Is devoted to an 
examination of exposure to certain physical agents In the 
workplace environment. As possible adverse effects of a 
particular physical agent are Identified, the Committee 
reviews available data and recommends an exposure 
value to which it is believed nearly all workers may be 
repeatedly exposed without adverse health effects. 
These TL Vs for physical agents are based on the best 
available information from Industrial experience, from 
experimental human and animal studies, and whenever 
possible, from a combination of the three. Nevertheless, 
because of wide variations in individual susceptibility, 
exposure of an occasional Individual at, or even below, 
the threshold limit may not prevent annoyance, aggrava
tion of a pre-existing condition, or physiological damage. 
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Biological Exposure Indices 

The section on Biological Exposure Indices identifies 
those substances for which a reference value has been 
developed to be used as a guideline in evaluating poten
tial health hazards In the practice of Industrial hygiene. 
BEis represent the levels of determinants that are most 
likely to be found in biological specimens collected from 
a healthy worker who has been exposed to chemicals to 
the same extent as a worker with Inhalation exposure to 
the chemical substance TLV. 

BEis do not represent a sharp distinction between 
hazardous and nonhazardous exposures. Due to biolog
Ical variability, It Is possible for an Individual's measure
ments to exceed the BEl without Incurring an increased 
health risk. If, however, measurements in specimens 
obtained from a worker on different occasions persis
tently exceed the BEl, or If the majority of measurements 
In specimens obtained from a group of workers at the 
same workplace exceed the BEl, the cause of the exces
sive values must be Investigated and proper action taken 
to reduce the exposure. 

The "Introduction" to the BEl section of this volume 
provides additional Important Information regarding the 
development and application of these values. 

Polley on Use of TLVs and BEis 

The reader of this Documentation volume Is strongly 
advised to bear In mind that the values and documenta
tions presented herein are designed for use In the prac
tice of industrial hygiene by a qualified professional. They 
are designed as guidelines or recommendations In the 
control of potential health hazards and should not be 
used In any other application. 

The reader should review the following "Polley State
ment on the Uses of TLVs and BE Is" Issued by the Board 
of Directors of the American Conference of Govemmen
tallndustrial Hygienists on March 1 , 1988. 

"The Threshold Umlt Values (TLVs) and Biological 
Exposure Indices (BEis) are developed as guidelines to 
assist In the control of health hazards. These recommen
dations or guidelines are Intended for use In the practice 
of Industrial hygiene, to be Interpreted and applied only 
by a person trained In this discipline. They are not devel
oped for use as legal standards, and the American Con
ference of Governmental Industrial Hygienists (ACGIH) 
does not advocate their use as such. However, It Is 
recognized that In certain circumstances Individuals or 
organizations may wish to make use of these recommen
dations or guidelines as a supplement to their occupa
tional safety and health program. The ACGIH will not 
oppose their use In this manner, If the use of TLVs and 
BEis In these Instances will contribute to the overall 
Improvement In worker protection. However, the user 
must recognize the constraints and limitations subject to 
their proper use and bear the responsibility for such use. 



"The Introductions to the TLV/BEI booklet and the 
TLV/BEI Documentation provide the philosophical and 
practical bases for the uses and llmHations of the TL Vs 
and BE Is. To extend those uses of the TLVs and BE Is to 
include other applications, such as use without the judg
ment of an Industrial hygienist, application to a different 
population, development of new exposure/recovery time 
models, or new effect endpoints, stretch the reliability and 

even viability of the data base for the TL V or BEl as 
evidenced by the individual documentations. 

"It Is not appropriate for Individuals or organizations 

to Impose on the TLVs or the BE Is their concepts of what 
the TL Vs or BE Is should be or how they should be applied 
or to transfer regulatory standards requirements to the 
TLVs or BEis." 
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A 

Acetaldehyde [7 5-07 -0] 

Acetic Acid [64-19-7] . 
Acetic Anhydride [1 08-24-7] 

Acetone [67 -64-1] . . . . 
Acetone Cyanohydrin [75-86-5] 
Acetonitrile [75-05-8] . 

Acetophenone [98-86-2] . . . 
Acetylene [74-86-2] . . . . . 

Acetylene Tetrabromide [79-27-6] 

Acetylsalicylic Acid (Aspirin) [50-78-2] . 

Acrolein [1 07 -02-8] . 
Acrylamide [79-06-1] . 

Acrylic Acid [79-10-7] . 
Acrylonitrile [107-13-1] . 
Adipic Acid [124-04-9] . 
Adiponitrile [111-69-3] . 

Aldrin [309-00-2] . . . 
Allyl Alcohol [107-18-6] 

Allyl Chloride [107-05-1] 

Allyl Glycidyl Ether (AGE) [1 06-92-3] 

Allyl Propyl Disulfide [2179-59-1] . 
Aluminum [7429-90-5] . . . 

Aluminum Oxide [1344-28-1] 
4-Aminodiphenyl [92-67-1] . 

2-Aminopyridine [504-29-0] . 
Amitrole [61-82-5] . . . . 
Ammonia [7664-41-7] . . . 

Ammonium Chloride Fume [12125-02-9] 

Ammonium Perfluorooctanoate 
[3825-26-1] . . . . . . . . 

Ammonium Sulfamate [7773-06-0] 

n-Amyl Acetate [628-63-7] . . . 

sec-Amyl Acetate [626-38-0] . . 

Aniline and Homologues [62-53-3] 

Anisidine [29191-52-4] . . . . . 
Antimony and Compounds [7440-36-0] 
Antimony Trioxide [1309-64-4] 

Supplement 

. 6 
..... 8 

10 
Supplement 

. . . . 12 
Supplement 

15 

18 

20 

21 

23 

26 

30 
Supplement 

Supplement 

33 
35 
37 

43 

45 

46 
48 
50 

52 
54 
58 

60 

Supplement 

63 

65 

66 
68 
71 

73 
76 

ANTU [86-88-4] . . . . . . . . . 
Argon [7 440-37-1] . . . . . . . . 

Arsenic, Elemental [7440-38-2] and Inorganic 

79 
81 

Compounds (Except Arsine) . . . Supplement 

Arsenic Trioxide Production [1327 -53-3] . 85 
Arsine [7784-42-1] . . . . . . . . . . . . 87 

Contents 

Asbestos [1332-21-4]. . . . . . . . 89 

Asphalt (Petroleum) Fumes [8052-42-4) 95 

Atrazine [1912-24-9] . . . . 97 

Azinphos-Methyl [86-50-0] . . . . . . 100 

B 

Barium [7440-39-3] . . 

Barium Sulfate [7727-43-7] 

Benomyl [17804-35-2] . . 

Benz[a)anthracene [56-55-3] . 

Benzene [71-43-2] . . . . . 

Benzidine [92-87 -5] . . . . 

Benzo[b]fluoranthene [205-99-2] 

Benzoyl Chloride [98-88-4] 

Benzoyl Peroxide [94-36-0] 

Benzo[a]pyrene [50-32-8] . 
Benzyl Acetate [ 140-11-4] . 

Benzyl Chloride [100-44-7] 

102 
104 
106 

Supplement 

108 

121 

Supplement 

Supplement 

123 
125 

Beryllium and Compounds [7440-41-7] . 

Biphenyl [92-52-4] . . . . . . . . . 

Bismuth Telluride [1304-82-1] . . . . 

Borates, Tetra, Sodium Salts [1303-96-4] . 

Boron Oxide [1303-86-2] . . 

Supplement 

132 
134 

137 

139 

141 

143 

145 

146 

148 

Boron Tribromide [10294-33-4] . 

Boron Trifluoride [7637 -07 -2] . 

Bromacil [314-40-9] . . . . . 

Bromine [7726-95-6] . . . . . 

Bromine Pentafluoride [7789-30-2] 
Bromoform [75-25-2] . . 

1 ,3-Butadiene [1 06-99-0] 

Butane [1 06-97 -8] . . . 

tert-Butanol [75-65-0] . . 

2-Butoxyethanol (EGBE) [111-76-2] 

n-Butyl Acetate [123-86-4] . . 

sec-Butyl Acetate [105-46-4] . 

tert-Butyl Acetate [540-88-5] 

n-Butyl Acrylate [141-32-2] 
n-Butyl Alcohol [71-36-3] . 

sec-Butyl Alcohol [78-92-2] 

tert-Butyl Alcohol [75-65-0] 

n-Butylamine [1 09-73-9] 

tert-Butyl Chromate [1189-85-1) 
n-Butyl Glycidyl Ether (BGE) [2426-08-6] 

n-Butyl Lactate [138-22-7] . . . . . . 

Supplement 

152 

154 

Supplement 

160 

Supplement 

162 

Supplement 
166 

167 

168 

170 
172 
174 

176 

178 
180 

182 
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2-N-Dibutylaminoethanol [1 02-81-8] . 
Dibutyl Phenyl Phosphate [2528-78-1] 

Dibutyl Phosphate [107-66-4] . 
Dibutyl Phthalate [84-7 4-2] . . 

Dichloroacetylene [7572-29-4] . 

o-Dichlorobenzene [95-50-1] . 

p-Dichlorobenzene [1 06-46-7] . 

3,3'-Dichlorobenzidine [91-94-1] 
1 ,4-Dichloro-2-butene [764-41-0] 
Dichlorodifluoromethane [75-71-8] 

1,3-Dichloro-5,5-dimethyl 
Hydantoin [118-52-5] . . . 

1, 1-Dichloroethane [75-34-3] . 

1,2-Dichloroethylene [540-59-0] 

Dichloroethyl Ether [111-44-4] . 

Dichlorofluoromethane [75-43-4] . 
1,1-Dichloro-1-nitroethane [594-72-9] . 
1,3-Dichloropropene [542-75-6] . . 
2,2-Dichloropropionic Acid [75-99-0] 

Dichlorotetrafluoroethane [76-14-2] . 

Dichlorvos [62-73-7] 
Dicrotophos [141-66-2] . . . . 
Dicyclopentadiene [77-73-6] . . 
Dicyclopentadienyllron [102-54-5] 

Dieldrin [60-57-1] . . . . 
Diethanolamine [111-42-2] . . . 

Diethylamine [109-89-7] . . . . 
2-Diethylaminoethanol [1 00-37 -8] 

Diethylene Triamine [111-40-0] 
Diethyl Ketone [96-22-0] . . . . 
Diethyl Phthalate [84-66-2] . . . 
Difluorodibromomethane [75-61-6] 

Diglycidyl Ether (DGE) [2238-07 -5] . 

Diisobutyl Ketone [1 08-83-8] . 
Diisopropylamine [1 08-18-9] . 
Dimethyl Acetamide [127-19-5] 

Dimethylamine [124-40-3] . . 
Dimethylaniline [121-69-7] . . 

Supplement 
397 

. ... 399 

.... 400 
Supplement 

Supplement 
Supplement 
.... 417 

Supplement 
420 

423 

Supplement 
429 

432 
434 

436 
438 

441 
443 
446 
449 

451 
453 
455 

Supplement 
Supplement 

Supplement 
464 
466 
467 

469 

471 
473 
475 
477 

Supplement 
.... 482 

Dimethyl Carbamoyl Chloride [79-44-7] . . . . 486 

Dimethylethoxysilane [ 14857 -34-2] . 
Dimethylformamide [68-12-2] . . 
1, 1-Dimethylhydrazine [57 -14-7] . 

Dimethylphthalate [131-11-3] 

Supplement 
.... 488 

Supplement 

495 

Dimethyl Sulfate [77-78-1] . . . 

Dinitolmide [148-01-6] . . . . . 
Dinitrobenzene [528-29-0; 99-65-0; 1 00-25-4] 

497 

500 
502 

504 Dinitro-o-cresol [534-52-1] . 
Dinitrotoluene [25321-14-6] . . . . . Supplement 

Dioxane [123-91-1] 
Dioxathion [78-34-2] 

Diphenylamine [122-39-4] 
Dipropylene Glycol Methyl Ether [34590-94-8] 

512 
516 

518 
520 
522 Dipropyl Ketone [123-19-3] . . 

Diquat [2764-72-9] . . . . . . 
Di-sec-octyl Phthalate [ 117 -81-7] 

Disulfiram [97-77-8] . . . . . 

Disulfoton [298-04-4] . . . . . 
2,6-Di-tert-butyl-p-cresol [128-37 -0] 

Diuron [330-54-1] . . . . . 

Divinyl Benzene [1321-74-0] . 

Emery [1302-74-5] . . 

Endosulfan [115-29-7] 

Endrin [72-20-8] . . . 
Enflurane [13838-16-9] 

E 

Epichlorohydrin [1 06-89-8] . 

EPN [2104-64-5] . . . 

Ethane [7 4-84-0] . . . 
Ethanolamine [ 141-43-5] 
Ethion [563-12-2] . . . 

Supplement 
528 

532 
534 
536 

538 
540 

543 

544 

546 
548 
550 

Supplement 

559 

2-Ethoxyethanol (EGEE) [11 0-80-5] 

2-Ethoxyethyl Acetate (EGEEA) [111-15-9] 

Ethyl Acetate [141-78-6] 

560 
562 

564 

567 
569 
571 

575 
Ethyl Acrylate [140-88-5] 
Ethyl Alcohol [64-17 -5] . 
Ethylamine [75-04-7] . . 

Ethyl Amyl Ketone [541-85-5] 
Ethyl Benzene [1 00-41-4] . . 

Ethyl Bromide [74-96-4] . . . 
Ethyl Butyl Ketone [106-35-4] 

Ethyl Chloride [75-00-3] . . . 
Ethylene [74-85-1] . . . . . 

Ethylene Chlorohydrin [1 07-07 -3] 

Ethylenediamine [107-15-3] . 

Ethylene Dibromide [1 06-93-4] 
Ethylene Dichloride [107-06-2] 

Ethylene Glycol [1 07-21-1] 
Ethylene Glycol Dinitrate [628-96-6] 

Ethylene Oxide [75-21-8] 

Ethylenimine [151-56-4] . 

Ethyl Ether [60-29-7] . . 

Ethyl Formate [1 09-94-4] 
Ethylidene Norbornene [16219-75-3] . 

Ethyl Mercaptan [75-08-1] . . 

N-Ethylmorpholine [100-74-3] . . . 

Supplement 
579 
581 

Supplement 
592 

Supplement 
598 
600 

603 
606 
609 

Supplement 
614 
617 

628 
631 

633 

635 
636 

638 

ix 



M 4,4'-Methylene Dianiline [101-77-9] 998 
Magnesite [546-93-0] 867 Methyl Ethyl Ketone [78-93-3) 1002 
Magnesium Oxide Fume [1309-48-4] 869 Methyl Ethyl Ketone Peroxide [1338-23-4] 1005 

Malathion [121-75-5] 871 Methyl Formate [107-31-3) 1007 

Maleic Anhydride [108-31-6] 874 Methyl Hydrazine [60-34-4) Supplement 

Manganese, Elemental and Inorganic Methyl Iodide [7 4-88-4] . 1013 
Compounds [7 439-96-5] . Supplement Methyl Isoamyl Ketone [11 0-12-3] . 1015 

Manganese Cyclopentadienyl Tricarbonyl Methyl Isobutyl Carbinol [108-11-2] 1017 
[12079-65-1] 879 Methyl Isobutyl Ketone [108-10-1] . 1019 

Mercury, All Forms Except Methyl Isocyanate [624-83-9] 1022 
Alkyl [7 439-97 -6] . Supplement Methyl Isopropyl Ketone [563-80-4] 1025 

Mercury, Alkyl Compounds . 893 Methyl Mercaptan [74-93-1] 1026 
Mesityl Oxide [141-79-7] . 896 Methyl Methacrylate [80-62-6) 1029 
Methacrylic Acid [79-41-4] 899 Methyl Parathion [298-00-0) 1034 
Methane [7 4-82-8] 901 Methyl Propyl Ketone [107-87-9] 1036 
Methanol [67-56-1] 903 Methyl Silicate [681-84-5] 1038 
Methomyl [16752-77-5] 906 a.-Methyl Styrene [98-83-9] 1040 
Methoxychlor [72-43-5] 909 Metribuzin [21087-64-9) . 1042 
2-Methoxyethanol [1 09-86-4] 913 Mevinphos [7786-34-7] 1044 
2-Methoxyethyl Acetate [11 0-49-6) 922 Mica [12001-26-2] . 1047 
4-Methoxyphenol [150-76-5] 925 Mineral or Rock Wool 1049 
Methyl Acetate [79-20-9] . 927 Molybdenum and Compounds [7439-98-7] 1051 
Methyl Acetylene [74-99-7] . 929 Monocrotophos [6923-22-4] 1055 
Methyl Acetylene-Propadiene Mixture . 930 Morpholine [110-91-8] 1058 
Methyl Acrylate [96-33-3] . 931 

Methylacrylonitrile [ 126-98-7] 935 
N 

Methylal [109-87-5] . 937 Naled [300-76-5] 1061 

Methylamine [7 4-89-5] . 939 Naphthalene [91-20-3] 1063 

Methyl n-Amyl Ketone [ 11 0-43-0) 941 ~-Naphthylamine [91-59-8] 1067 

n-Methyl Aniline [100-61-8] . 943 Neon [7440-01-9] 1069 

Methyl Bromide [7 4-83-9] 945 Nickel and Inorganic Compounds 

Methyl tert-Butyl Ether [1634-04-4] Supplement [7440-02-0] 1070 

Methyl n-Butyl Ketone [591-78-6] 949 Nickel Carbonyl [13463-39-3] 1076 

Methyl Chloride [74-87-3] 953 Nickel Sulfide Roasting 1079 

Methyl Chloroform [71-55-6] 958 Nicotine [54-11-5] 1083 

Methyi2-Cyanoacrylate [137-05-3] . 965 Nitrapyrin [1929-82-4] 1086 

Methylcyclohexane [108-87-2] . 967 Nitric Acid [7697-37-2] 1088 

Methylcyclohexanol [25639-42-3] 969 Nitric Oxide [1 01 02-43-9) 1090 

o-Methylcyclohexanone [583-60-8) . 971 p-Nitroaniline [1 00-01-6] 1093 

2-Methylcyclopentadienyl Manganese Nitrobenzene [98-95-3) . 1096 

Tricarbonyl [12108-13-3] . 973 p-Nitrochlorobenzene [1 00-00-5] 1100 

Methyl Demeton [8022-00-2] 975 4-Nitrodiphenyl [92-93-3] 1103 

Methylene Bisphenyllsocyanate [101-68-8] 978 Nitroethane [79-24-3] . 1105 

Methylene Chloride [75-09-2) . 981 Nitrogen [7727 -37 -9] . 1107 

4,4'-Methylene bis(2-Chloroaniline) Nitrogen Dioxide [1 01 02-44-0] 1108 

[101-14-4] Supplement Nitrogen Trifluoride [7783-54-2] . 1111 

Methylene bis-(4-Cyclohexylisocyanate) Nitroglycerin [55-63-0] 1113 

[5124-30-1] . 996 Nitromethane [75-52-5] . Supplement 
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Rubber Solvent 0 0 0 1352 

s 
Selenium and Compounds [7782-49-2] 1354 

Selenium Hexafluoride [7783-79-1] 0 0 1361 

Sesone [136-78-7] 0 0 0 0 0 0 0 0 1363 

Silica, Amorphous-Diatomaceous Earth 
[61790-53-2] 0 0 0 0 0 0 0 0 0 Supplement 

Silica, Amorphous-Fume [69012-64-2] 0 1367 

Silica, Amorphous-Fused [60676-86-0] 1371 

Silica, Amorphous-Precipitated and Gel 
[112926-00-8] 0 0 0 0 0 0 0 0 0 0 1373 

Silica, Crystalline-Cristobalite [14464-46-1] 1375 

1377 

1383 

1385 

1387 

1389 
1394 

1396 

1401 

1403 

1408 

Silica, Crystalline-Quartz [14808-60-7] 0 0 

Silica, Crystalline-Tridymite (15468-32-3] 0 

Silica, Crystalline-Tripoli [1317 -95-9] 

Silicon [7440-21-3] 0 0 0 0 0 0 

Silicon Carbide (409-21-2] 0 0 0 0 

Silicon Tetrahydride [7803-62-5] 0 0 

Silver and Compounds [7440-22-4] 0 

Soapstone 0 0 0 0 0 0 0 

Sodium Azide [26628-22-8] 0 0 

Sodium Bisulfite [7631-90-5) 0 

Sodium Fluoroacetate [62-74-8] 

Sodium Hydroxide [1310-73-2] 

Sodium Metabisulfite [7681-57-4] 

Starch [9005-25-8] 

Stearates 0 0 0 0 0 0 0 0 

Stibine [7803-52-3] 0 0 0 0 

Stoddard Solvent [8052-41-3] 

Strontium Chromate [7789-06-2] 0 

Strychnine (57 -24-9] 0 0 0 0 0 

Styrene, Monomer [100-42-5] 0 0 

Subtilisins [1395-21-7; 9014-01-1] 

Sucrose (57-50-1] 0 0 0 0 0 0 

Sulfometuron Methyl [74222-97-2] 

Sulfotep [3689-24-5] 0 0 0 0 

Sulfur Dioxide [7 446-09-5] 0 0 

Sulfur Hexafluoride [2551-62-4] 

Sulfuric Acid [7664-93-9] 0 0 0 

Sulfur Monochloride [1 0025-67 -9] 

Sulfur Pentafluoride (5714-22-7] 

Sulfur Tetrafluoride [7783-60-0] 

Sulfuryl Fluoride [2699-79-8] 

Sulprofos [35400-43-2] 

T 

2,4,5-T [93-76-5] 0 0 0 

Supplement 

1416 

1418 

1420 

1422 

1426 
1428 

1431 

1433 

1436 

1447 

1449 

Supplement 

1452 

1455 
1459 
1461 

1464 

1466 

1468 

1470 

1473 

1476 

Talc [14807-96-6] 0 0 0 0 0 0 0 

Tantalum [7440-25-7] 
Metal and Oxide [1314-61-0] 0 

Tellurium and Compounds [13494-80-9] 
Tellurium Hexafluoride [7783-80-4] 

Temephos [3383-96-8] 0 0 

TEPP [1 07 -49-3] 0 0 0 0 

Terephthalic Acid [100-21-0] 

Terphenyls (26140-60-3] 0 

1, 1,1,2-Tetrachloro-2,2-clifluoroethane 
[76-11-9] 0 0 0 0 0 0 0 0 0 0 

1,1,2,2-Tetrachloro-1,2-difluoroethane 
[76-12-0] 0 0 0 0 0 0 0 0 0 

1,1,2,2-Tetrachloroethane [79-34-5] 

Tetrachloronaphthalene [1335-88-2] 
Tetraethyl Lead [78-00-2] 0 

Tetrahydrofuran [109-99-9] 0 0 0 

Tetramethyl Lead (75-74-1] 0 0 0 

Tetramethyl Succinonitrile [3333-52-6] 
Tetranitromethane (509-14-8] 

Tetrasodium Pyrophosphate [7722-88-5] 

Tetryl [479-45-8] 0 0 0 0 0 0 0 0 0 

Thallium [7 440-28-0] 0 0 0 0 0 0 0 0 

4,4'Thiobis(6-tert-butyl-m-cresol) [96-69-5] 

Thioglycolic Acid (68-11-1] 0 0 

1480 

1487 
1489 
1492 

1494 
1497 

Supplement 

1499 

1502 

1504 
1506 
1511 
1513 
1517 

1521 

1524 
Supplement 

1529 

1531 
1534 
1538 

1541 

Thionyl Chloride [7719-09-7] 0 0 0 0 0 0 1543 
1545 Thiram [137 -26-8] 0 0 0 0 0 0 0 0 0 0 

Tin, Metal, Oxide, and Inorganic Compounds 
[7 440-31-5] 0 0 0 0 0 0 1550 

Tin, Organic 0 0 0 0 0 0 0 

Titanium Dioxide [13463-67 -7] 

o-Tolidine [119-93-7] 0 0 0 0 

Toluene [1 08-88-3] 0 0 0 0 

Toluene-2,4-cliisocyanate [584-84-9] 0 

a-Toluidine (95-53-4] 0 

m-Toluidine (108-44-1] 0 0 0 

p-Toluidine [106-49-0] 0 0 0 

Tributyl Phosphate [126-73-8] 
Trichloroacetic Acid [76-03-9] 

1,2,4-Trichlorobenzene [120-82-1] 

1, 1,2-Trichloroethane [79-00-5] 0 

Trichloroethylene [79-01-6] 0 0 

Trichlorofluoromethane [75-69-4] 

Trichloronaphthalene [1321-65-9] 

1,2,3-Trichloropropane [96-18-4] 

1, 1,2-Trichloro-1,2,2-trifluoroethane 
[76-13-1] 0 0 0 0 0 0 

Triethanolamine [102-71-6] 0 0 0 

1552 
1561 

1564 

1568 

1581 

1590 
1595 
1597 

1600 
1602 
1605 

1607 

Supplement 

1619 

1624 

1626 

1631 

Supplement 

xiii 



BUTANE 

CAS: 106-97-8 (n-Butane) 

CAS: 75-28-5 (lsobutane) 

n-Butane; Methylethylmethane; 2-Methylpropane 
(isobutane) 

C4H1o 

TLV-TWA, 800 ppm (1900 mg/m3
) 

1971-1972: TLV-TWA, none, Simple Asphyxiants (SA) Appendix 

1971: TLV-TWA, 500 ppm. proposed 

1973--1975: TLV-TWA, 500 ppm, SA Appendix 

197 4: TLV-TWA, 600 ppm, proposed 

1976--1980: TLV-TWA, 600 ppm, SA Appendix 

1976--1980: TLV-STEL, 750 ppm 

1979: TLV-TWA, 800 ppm, proposed 

1981 : Deleted from SA Appendix 

1981: TLV-STEL, deleted 

1981-present: TLV::...TWA, 800 ppm 
1991: Documentation revised 

Chemical and Physical Properties 

Butane consists of two isomers, n-butane 
[CH3CH2CH2CH3) and isobutane [(CH3)3CH]. They are 
colorless, flammable gases. n-Butane has a natural gas 
odor and isobutane, a slight odor. Reportedly, the odor 
of butane Is not recognized in air below 50,000 ppm.<1> 
Chemical and physical properties of the isomers include: 

Molecular weight: 58.12 
Density: 0.5788 (n-); 0.5572 ~so-) at 20°C 
Freezing point: -138.35°C (n-); -159.6°C (lso-) 
Boiling point: -o.5°C (n-); -11.~0 (iso-) 
Closed cup flash point: -60°C (n-); -82.8°C (iso-) 
Vapor density: 2.07 (air= 1.0) 
Explosive limits: upper, 8.4%; lower, 1.9% (both 

isomers) 
Autoignition temperature: 405°0 (n-); 462°C (iso-) 
Solubility: soluble In water; very soluble in alcohol, 

ether, and chloroform (both Isomers) 

Major Uses or Sources of Occupational Exposure 

Both isomers of butane are used as components of 
aerosol propellants and as fuel sources. Both isomers 
occur in natural gas and are in llquified petroleum gas 
(LPG). n-Butane is used as a chemical feedstock for 
special chemicals in the solvent, rubber, and plastics 
industries. lsobutane Is used as a raw material for petro
chemicals and an industrial carrier gas. lsobutane is a 
raw material in the chemical industry for the production 
of propylene glycols and oxides and polyurethane foams 
and resins. 
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Animal Studies 

Acute 

The 4-hour LC5o for n-butane for rats Is 658 gtm3 or 
about 280,000 ppm. (2) n-Butane is anesthetic to mice at 
13% (130,000 ppm) in 25 minutes and at 22% (220,000 
ppm) in 1 minute.<1

> In the dog, 25% (250,000 ppm) 
n-butane was required for anesthesia. <1) In guinea pigs, 
n-butane at concentrations of 2.1 o/o-5.6% (21 ,000-
56,000 ppm) caused sniffing and chewing movements 
with a rapid rate of breathing. The animals recovered 
quickly after cessation of exposure. <1 

> n-Butane is re
ported to be a weak cardiac sensitizer in the dog, (1 > and 
5000 ppm in the anesthetized dog may cause hemodyna
mic changes, such as a decreased cardiac output, de
creases in left ventricular pressure and stroke volume, 
and decreases in myocardial contractibility and aortic 
pressure. 

The 1-hour LC5o for isobutane for the mouse is 52 
mglkg. <1 

> Near the LC5o, mice exhibited central nervous 
system (CNS) depression, rapid and shallow respiration

1 
and apnea. lsobutane may also be a cardiac sensitizer. <11 

In the anesthetized dog, there were no significant effects 
up to 2% (20,000 ppm) isobutane, but there were signif
icant hemodynamic changes from 2.5% through 10%. <1 

> 

In the dog, anesthesia occurs at 45% (450,000 ppm) after 
1 0 minutes exposure to isobutane. <1) 

Human Studies 

A 1 0-minute exposure at 10,000 ppm (1 %) butane 
gas results in drowsiness, but no other evidence of 
systemic effects. <1) Stewart et al. <3) found no untoward 
subjective or abnormal physiological responses In 
human subjects exposed to isobutane for single 8-hour 
periods at 1 000 ppm, or 8 hours/day, 5 days/week at 500 
ppm for 2 weeks. During the second week of exposure 
at 500 ppm, however, a reduction in the visual evoked 
response (VER) wave amplitude was observed. The 
significance of this finding was considered to be uncer
tain. 

TLV Recommendation 

Butane, like other homologues in the straight chain, 
saturated, aliphatic hydrocarbon series (pentane, hex
ane), is not characterized by its toxicity, but rather by its 
narcosis-producing potential at high exposure levels. 
There were no reports available indicating that butane is 
significantly irritating at moderate levels of exposure. 
Therefore, the recommended TLV is based on analogy 
with that of pentane by comparing their lower explosive 
limits in air. Thus, a TLV-TWA of 800 ppm is recom
mended for n-butane and isobutane. On a weight basis, 
the limit for butane is somewhat higher, a relationship 
conslstant with the relative toxicities. At this time, no 
STEL Is suggested until additional toxicological data and 
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industrial hygiene experience become available to pro
vide a better base for quantifying on a toxicological basis 
what the STEL should be. The reader is encouraged to 
review the section on Excursion Limits in the "Introduc
tion to the Chemical Substances" of the current TL V /BEl 
Booklet for guidance and control of excursions above the 
TLV-TWA, even when the 8-hour TWA is within the 
recommended limits. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 800 
ppm for butane. OSHA concluded that this limit would 
protect workers against the significant risks of drowsi
ness and other narcotic effects. The OSHA PEL Is con
sistent with the TLV-TWA recommendation.<4

> 

NJOSH REUIDLH: NIOSH has established a REL
TWA of 800 ppm for butane [NIOSH, Ex 8-47, Table N1] 
by concurrence with the OSHA PEL. <4> NIOSH has not 
established an IDLH value for this substance. 

NTP Studies: n-Butaoe was negative in the Drosoph
ila sex-linked recessive lethal/reciprocal translocation 
tests and is on test for Salmonella genetic toxicity. Cyto-

genetic tests and in vivo toxicity studies have been 
deferred. 

Other Nations 

Australia: 800 ppm (1990); Federal Republic of Ger
many: 1 000 ppm, short-term level 2000 ppm, 60 minutes, 
3 times per shift (both isomers) (1990); United Kingdom: 
600 ppm, 10-minute STEL, 750 ppm (1991). 
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CYCLOHEXANE 
CAS: 110-82-7 

Hexahydrobenzene; Hexamethylene; Hexanaphthalene 

CsH12 

0 
TLV-TWA, 300 ppm (1 030 mglm3

) 

1946-1947: MAC-TWA, 400 ppm 

1946-1964: TLV-TWA, 400 ppm 

1965: TL V-TWA, 300 ppm, proposed 

1967-present: TL V-TWA, 300 ppm 

1976-1986: TL V-5TEL, 375 ppm 

1987: TLV-5TEL, deleted 

1991: Documentation revised 

Chemical and Physical Properties 

Cyclohexane Is a colorless, mobile liquid with a 
pungent odor. The reported odor threshold Is approxi
mately 25 ppm. <1 > Cyclohexane Is a dangerous fire haz
ard. Chemical and physical properties include:<2

> 

Molecular weight: 84.16 
Specific gravity: 0. 779 at 20°C 
Freezing point: 6.47°C 
Boiling point: 80. ~c 
Vapor pressure: 95 torr at 20°C 
Flammability limits: upper, 7.75o/o; lower, 1.26o/o by 

volume In air 
Closed cup flash point: -18°C (98% grade) 
Autolgnltlon temperature: 260°C 
Solubility: Insoluble In water; soluble In acetone, 

alcohol, and benzene 

Major Uses or Sources of Occupational Exposure 

Cyclohexane Is used as a paint and varnish remover; 
as a solvent for lacquers and resins; In the manufacture 
of adipic add, benzenes, cydohexyl chloride, nitrocyclo
hexane, cyclohexanol, and cyclohexanone; and In ana
lytical chemistry for molecular weight determinations. <2> 

Animal Studies 

Acute 

The acute toxicity of cyclohexane is extremely low;<3
> 

rabbits survived an 8-hour exposure at 18,500 ppm 
(1.85%), but 26,600 ppm was lethal after a 1-hour expo
sure. A concentration of 12,600 ppm resulted In lethargy, 

narcosis, an Increased respiration rate, and convulsions 
In exposed rabbits; 3330 ppm caused no visible effects. 

Subchronic 

In repeated exposures, Treon and associates<4> 
found minimal microscopic changes In the liver and kid
neys of rabbits exposed at 786 ppm cyclohexane for 50 
periods of 6 hours each. No toxic changes were found in 
the tissues of rabbits after exposure for the same period 
at a concentration of 1.46 mg/L (434 ppm). Patty<5> 
summarized existing Information on the toxicity of cyclo
hexane as follows: 

"A concentration of 434 ppm Is believed to be 
safe for rabbits. Whether human be.lngs will ob
serve any narcotic effects or be fatigued at this 
concentration remains to be established. How
ever, It seems unlikely that serious or lasting 
consequences will result from exposure at 300 
ppm, and this should offer a satisfactory tempo
rary bench mark until further studies are made." 

Human Studies 

Although Gerarde<6
> reports 300 ppm cyclohexane to 

be detectable by odor and somewhat irritating to the eyes 
and mucous .membranes, Amoore and Hautala<1 

> state 
that the odor threshold Is 25 ppm. 

TLV Recommendation 

A TLV-TWA of 300 ppm is recommended for cyclo
hexane, but represents a borderline of Irritation. At this 
time, no STEL Is recommended until additional toxicolog
Ical data and industrial hygiene experience become 
available to provide a better base for quantifying on a 
toxicological basis what the STEL should be. The reader 
Is encouraged to review the section on Excursion Limits 
In the "Introduction to the Chemical Substances" of the 
current TLV/BEI Booklet for guidance and control of 
excursions above the TL V-TWA, even when the 8-hour 
TWA Is within the recommended limits. 

Other Recommendations 

OSHA PEL: OSHA(7) established a PEL-TWA for 
cydohexane of 300 ppm. The PEL Is consistent with the 
recommended ACGIH TLV. Cyclohexane was one of the 
160 substances whose PEL was unchanged and was not 
evaluated during the 1989 OSHA rulemaking on air con
taminants - permissible exposure limits. 

NiOSH REUIDLH: NIOSH established a REL-TWA 
of 300 ppm for cyclohexane by concurrence with the 
OSHA adopted PEL [Ex 8-47, Table N3A].<8

> NIOSH 
establlshed.an IDLH value of 10,000 ppm for this sub
stance. 

NTP Studies: NTP has conducted pharmacoklnetlc 
studies on cyclohexane but has not conducted long-term 
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toxicology and carcinogenesis effects studies on this 
substance. Cyclohexane was negative in the Salmonella 
assay. 

Other Nations 

Australia: 300 ppm (1990); Federal Republic of Ger
many: 300 ppm, short-term limit 600 ppm, 30 minutes, 4 
times per shift (1990); Sweden: 300 ppm (1984); United 
Kingdom: 300 ppm, 1 0-mlnute STEL 375 ppm ( 1991 ). 
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CYCLOPENTANE 
CAS: 287-92-3 

Pentamethylene 

CsH1o 

0 
TLV-TWA, 600 ppm (1720 mglm3

) 

1979: TLV-TWA, 600 ppm. proposed 

1979: TLV-STEL, 900 ppm, proposed 

1981-present: TLV-TWA, 600 ppm 

1981-1986: TLV-STEL, 900 ppm 

1987: TL V-STEL, deleted 

1991: Documentation revised 

Chemical and Physical Properties 

Cyclopentane is a flammable, mobile liquid. Chemi-
cal and physical properties lnclude:<1

•
2

> 

Molecular weight: 70.13 
Specific gravity: 0. 7 460 at 20°C 
Melting point: -94.4°C 
Boiling point: 49.5°C 
Explosive limits: upper, 8. 7%; lower, 1.1% by volume 

in air 
Flash point: -37.2°C 
Solubility: Insoluble In water; miscible with alcohol, 

ether, and other hydrocarbon solvents 

Major Uses or Sources of OCcupational Exposure 

Cyclopentane is used chiefly as a laboratory reagent. 
It Is found In petroleum ether and other commercial 
solvents that are used as a fuel, in fat and wax extractlon1 
In paints, and in the shoe Industry. (1 > Abbrittl et al. <31 

found petroleum solvents In the Italian shoe industry to 
contain up to 18% cyclopentane along with other pen
tanes, hexane, and heptane. 

Background 

If cyclopentane followed the metabolic route of other 
cyclohydrocarbons and its homolog, its systemic action 
and metabolite products may be less harmful than the 
straight chain compounds; however, it might be more 
irritating to the upper respiratory tract and eyes. 

More recent literature adds very little information on 
the chronic effects of repeated and prolonged exposure 
to cyclopentane. This may be because it is seldom used 
in the neat state Industrially. 

Because the industrial use of pure cyclopentane Is 

very limited, there have been no major toxicological 
animal studies reported in the public literature. Therefore, 
this documentation rests heavily on then-pentane animal 
data, literature, and documentation. 

Animal Studies 

Acute 

Like other alicyclic hydrocarbons, cyclo,Rentane Is a 
central nervous system (CNS) depressant.< > Symptoms 
of acute exposure, In high concentrations, are excite
ment, loss of equilibrium, stupor, coma, and rarely, respi
ratory failure. 

For n-pentane, 90,00Q-120 000 ppm caused narco
sis in animals In ~0 minutes. (a) According to Swann et 
al., (S) a concentration of 130,000 ppm is fatal. Fairhall<6

> 

found only narcosis and irritation from pentane exposure. 
Gerarde<4) summarized the literature on alkanes and 
alicycllcs of the lower hydrocarbon liquids. 

Human Studies 

The National Institute for Occupational Safety and 
Health (NIOSH)<7

•
8

) criteria documents for refined petro
leum solvents and for alkanes of the Ce-Ca range added 
no new biological or chemical toxicological Information 
on cyclopentane. 

In 1976, Abbrittl et al. <3) studied 122 workers in the 
Italian shoe industry. These workers suffered polyneuro
pathy from glue solvents exposure. The commercial sol
vents contained various petroleum ethers with mixtures 
of Cs-C7 hydrocarbons containing some cyclopentane 
(up to 18%). It is assumed that n-hexane was present In 
each Involved solvent. 

According to Oettel, (Q) skin exposure to commercial 
solvents caused a constant, painful, burning sensation 
and blistering of the skin after 20 minutes of confined 
contact. The pain subsided within 15 minutes after pen
tane was removed. 

TLV Recommendation 

Although NIOSH<7
> recommended a workplace ex

posure limit of 120 ppm for n-pentane, there seems to be 
no new supporting data for this lower limit or its applica
tion to recommendation of a TL V for cyclopentane. It is 
thought that n-hexane Is usually available in these com
mercial solvents to account for the polyneuropathy if the 
airborne concentration Is high and the workplace is 
poorly ventilated. 

A TLV-TWA of 600 ppm Is recommended for cycle
pentane and is considered to provide a sufficient margin 
of safety against the risk of undue irritation and narcosis. 
However, in view of the report by Abritti et al. <3> and 
Gaultier et a1.,<10

> the possibility that high, repeated ex
posures may cause polyneuropathy cannot be over
looked. 
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Because of the paucity. of data from animal experi
ments or human exposure experience, and in view of 
n-hexane being a common component of the solvents 
Involved In polyneuropathy, future releases of relevant 
Information should be followed closely to substantiate the 
recommended TLV. At this time, no STEL is recom
mended until additional toxicological data and industrial 
hygiene experience become available to provide a better 
base for quantifying on a toxicological basis what the 
STEL should be. The reader is encouraged to review the 
section on Excursion Limits In the "Introduction to the 
Chemical Substances" of the current TL V /BEl Booklet for 
guidance and control of excursions above the TL V-TWA, 
even when the 8-hour TWA is within the recommended 
limits. 

Other Recommendations 

OSHA PEL: OSHA<11
> established a PEL-TWA of 

600 ppm for cyclopentane. OSHA concluded that this 
limit would protect workers against the significant risk of 
irritation and narcosis that occurs at higher levels of 
exposure. The PEL Is consistent with the recommended 
ACGIHTLV. 

NIOSH REUIDLH: NIOSH(12) has established a 
REL-TWA of 600 ppm for cyclopentane [Ex 8-47, Table 
N1] by concurrence with the OSHA PEL NIOSH has not 
established an IDLH value for this substance. 

NTP Studies: NTP has not conducted genetic toxi
cology or long-term toxicology and carcinogenesis ef
fects studies on cyclopentane. 

Other Nations 

Australia: 600 ppm (1990). 
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DICHLOROTETRAFLUOROETHANE 

CAS: 76-14-2 

CFC-114; Cryofluorane®. 1 ,2-0ichloro-1,~,2,2-tetra
fluoroethane; Freon 114®; Genetron 114 ; Refrigerant 
114 

C2CI2F4 

CIF2C-CCIF2 

TLV-TWA, 1000 ppm (6900 mg/m3
) 

1946: MAC-TWA,10,000ppm 

1947: MAC-TWA, 1000 ppm 

1948-present: TLV-TWA, 1000 ppm 

197~1985: TLV-STEL, 1250 ppm 

1986: TL V-STEL, deleted 

1991: Documentation revised 

Chemical and Physical Properties 

Dichlorotetrafluoroethane (CFC-114) is a colorless, 
nearly odorless, nonflammable gas. Chemical and physi
cal properties include:< 1~) 

Molecular weight: 170.93 
Specific gravity: 1.5312 at 0°C (liquid) 
Melting point: -94°C 
Boiling point: 3. 77°C 
Vapor pressure: 1444 torr at 20°C 
Solubility: soluble in alcohol, ether, and water at 25°C 
Reactivity: reacts with chemically active metals such 

as sodium, potassium, calcium, powdered 
aluminum, zinc, and magnesium 

Decomposition products: forms hydrogen chloride, 
phosgene, and hydrogen fluoride in contact with 
the above metals 

Major Uses or Sources of Occupational Exposure 

CFC-114 has been used primarily as an aerosol 
propellant, refrigerant, solvent, fire extinguisher, blowing 
agent, and dielectric fluid. CFC-114 is an ozone-<leplet
ing chlorofluorocarbon. The Montreal Protocol on Sub
stances that Deplete the Ozone Layer should cause an 
international decline in the use and production of CFC-
114 in the 1990s. <2) 

Animal Studies 

Acute 

When inhaled, CFC-114 acts like a weak narcotic 
and has low toxicity. (2) Concentrations lethal for mice, 
rats, and rabbits exposed for 30 minutes are in the range 
of 70% in air spiked to 20% oxygen.<4

> Two-hour ex
posures at 300,00D-400,000 ppm disturbed the equi
librium of rats and guinea pigs. <5> Nuckolls <6> noted 

irregular breathing but "no toxic action" in guinea pigs 
exposed for 2 hours at 800Q-47,000 ppm. Quevauviller 
hours at 10,000 ppm showed no clinical effects, but 
microscopic examination of the lungs revealed evidence 
of hemorrhage. Yant et a1.<8

> found that dogs survived 
8-hour exposures at 200,000 ppm CFC-114; however, a 
single 16-hour exposure or three to four 8-hour ex
posures were lethal. High concentrations produced clini
cal signs of tremors, convulsions, and incoordination. 

Cardiac sensitization potential of CFC-114 is con
sidered moderate. Reinhardt and associates<9

> found 
evidence of serious arrhythymia in 1 of 12 dogs exposed 
at an atmosphere of 25,000 ppm CFC-114 plus in
travenous epinephrine. Blood fluorocarbon concentra
tions of 13.8 J.Lg/ml (arterial) and 7.2 J.!~ml (venous) were 
reported for this level of exposure.< ) Using a similar 
technique, Clark and Tinston<1t) reported an effective 
dose (EC5o) of 1 00,000 ppm. Cardiac sensitization can 
be induced with endogenous epinephrine at levels of 
50,ooo-8oo,ooo ppm.<9

•
12

> Characterizing CFC-114 as 
intermediate among aerosol propellants in acute toxicity 
(based on circulatory/respiratory effects at levels > 
25,000 ppm), Aviado<13

) generalized that CFC-114 
reduced compliance and acted as a bronchoconstrictor. 

Subchronic 

Repeated application of CFC-114 to rabbit skin as a 
40% solution in sesame oil was without effect. <5> 

Repeated spraying with CFC-114 <14•15) produced local 
inflammation in rat skin and the mucous membranes of 
rabbit eyes, but microscopic examination showed no 
injury to the eyeball. · 

Yant and associates<8
> also reported that dogs sur

vived 21 eight-hour exposures at 142,00Q-150,000 ppm 
CFC-114; the animals showed slight blood changes and 
symptoms ranging from incoordination to occasional 
convulsions. Paulet and Desbrousses<4> found that a 
2-week exposure of rats at 200,000 ppm, 2.5 hours/day, 
5 days/week, resulted in a decreased growth rate and 
some pulmonary and hematologic effects; similar ex
posure at 100,000 ppm did not produce these effects. A 
4-week study with twenty 3.5-hour exposures at 1 00,000 
ppm<5) revealed no effects in dogs, cats, guinea pigs, and 
rats. 

Chronic/Carcinogenicity 

At 1 0,000 ppm CFC-114, rats and rabbits exposed 2 
hours/day, 5 days/week for 8 to 9 months showed no 
significant clinical, hematologic, or histopathologic 
change; also, trephined rabbits showed no significant 
changeJn electroencephalographic recordings; (l 6) 

Genotoxlclty Studies 

CFC-114 gave negative results when tested in Sal
monella typhimurium TA 15351 in the absence or 
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presence of a metabolic activating system. <2> 

Pharmacoklnettc/Metabollsm Studies 

Human and animal studies<10
•
17

•
18> indicate rapid 

excretion of inhaled CFC-114. In a study with 
radiolabeled CFC-114,<18) 30-minute retention of the 
dose inhaled in a single breath was 12% versus 23%, 
1 0%, and 20% for comparable doses of trichlorofluoro
methane (CFC-11 ), dichlorodifluorometh-ane (CFC-12), 
and trifluorotrichloroethane (CFC-113), respectively. 

Human Studies 

There are limited data on exposures to CFC-114. In 
one study, <2> ten subjects were exposed to CFC-11, 
CFC-12, and CFC-114; two mixtures of CFC-11 and 
CFC-12; and a mixture of CFC-12 and CFC-114 (breath
ing concentrations between 16 and 150 g/m3 [2300 and 
21 ,400 ppm]) for 15, 45, or 60 seconds. Significant acute 
reduction of ventilatory lung capacity was reported in 
each case, as well as bradycardia and increased 
variability in heart rate and atrioventricular block. It was 
concluded that the mixtures exerted stronger respiratory 
effects than individual chlorofluorocarbons at the same 
level of exposure. <2> 

TLV Recommendation 

CFC-114 causes narcosis and asphyxia at extremely 
high concentrations. The cardiac sensitization potential 
of CFC-114 is considered moderate. A TLV-TWA of 
1 000 ppm Is recommended to provide a wide margin of 
safety in preventing systemic toxicity and an adequate 
margin in preventing cardiac sensitization from exposure 
to CFC-114. At this time, no STEL is recommended until 
additional toxicological data and industrial hygiene ex
perience become available to provide a better base for 
quantifying on a toxicological basis what the STEL should 
be. The reader is encouraged to review the section on 
Excursion Limits in the "Introduction to the Chemical 
Substances" of the current TLV/BEI Booklet for guidance 
and control of excursions above the TLV-TWA, even 
when the 8-hour TWA is within the recommended limits. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 1000 
ppm for CFC-114.<19) CFC-114 was one of the 160 
substances whose PEL was unchanged and was not 
reevaluated during the 1989 OSHA rulemaking on air 
contaminants -permissible exposure limits. The PEL is 
consistent with the recommended ACGIH TLV. 

NIOSH REUIDLH: NIOSH [Ex 8-47, Table N3A](20) 

established a REL-TWA of 1000 ppm for CFC-114 by 
concurrence with the OSHA PEL. NIOSH has estab
lished an IDLH value of 50,000 ppm for this substance. 

NTP Studies: NTP has not conducted genetic toxicol-
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ogy or long-term toxicology and carcinogenesis effects 
studies on CFC-114. 

Other Nations 

Australia: 1000 ppm (1990); Federal Republic of 
Germany: 1 000 ppm, short-term level 2000 ppm, 60 
minutes, 3 times per shift (1990); United Kingdom: 1000 
ppm, 1 0-minute STEL 1250 ppm (1991 ). 
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ETHYL ALCOHOL 

CAS: 64-17-5 

Ethanol 

C2HsO 

H3C-CH2DH 

TLV-TWA, 1000 ppm (1880 mgtm3) 

1946-1947: MAC-TWA, 1000ppm 

1948--present: TL V-TWA, 1 000 ppm 

1991: Documentation revised 

Chemical and Physical Properties 

Ethyl alcohol is a colorless, flammable, volatile liquid 
with a vinous odor and a burning taste. An odor threshold 
of 84 ppm has been reported. (T) The stated vapor pres
sure permits 6.58% saturated air. Ethyl alcohol is a 
dangerous fire risk. Chemical and physical properties 
include: 

Molecular weight: 46.07 
Specific gravity: 0. 789 at 20°C 
Solidifies:< -130°C 
Melting point: -114.1 °C 
Boiling point: 78.5°C 
Vapor pressure: 43 torr at 20°C 
Flash point: 12. 77°C 
Autoignition temperature: 422. 78°C 
Explosive limits: upper, 19%; lower, 3.3% by volume 

in air 
Solubility: miscible with water and most organic sol-
~~ . 

Major Uses or Sources of Occupational Exposure 

In suitable dilutions, ethyl alcohol is used in alcoholic 
beverages. It is also a solvent and is used in the manufac
ture of denatured alcohol and in organic synthesis. 

Animal Studies 

Acute 

The acute toxicity of ethyl alcohol is low for both 
animals and humans; for rats, which are more suscep
tible than guinea pigs, the lethal dose by inhalation is 
about 13,000 ppm after 22 hours; guinea pigs, 22,000 
after about 9 hours; for mice, about 29,000 ppm after 7 
hours.<2> The commonly recognized signs of overex
posure are ataxia, incoordination, and drowsiness in 
those that survived narcosis. The narcotic dose for rats 
after 2 hours exposure is given as 19,260 ppm. (2) 

Human Studies 

Splash contact of ethyl alcohol with the eye causes 

immediate stinging and burning, with reflex closure of the 
lids and tearing, transitory injury of the corneal ~pitheli
um, and hyperemia of the conjunctiva. A foreign body 
type of discomfort may be felt for a day or two, but healing 
is usually spontaneous and complete. <3> 

Henderson and Haggard<4
> consider concentrations 

of ethyl alcohol vapor ranging from 250 to 1 064 ppm safe 
for exposure during the working day. The vapor, even in 
low concentrations, is irritating to the eyes and upper 
respiratory tract. This feature of ethyl alcohol is more 
important in setting the limits for exposure than the 
secondary toxic effects from the absorbed alcohol. 

Browning, (S) in reporting on experiments on man, 
observed that the inhalation of 1 000 ppm caused slight 
symptoms of poisoning and 5000 ppm caused strong 
stupor and morbid sleepiness. The inhalation of alcohol 
vapor causes local irritating effects on the eyes, 
headaches, sensation of heat, intraocular tension, 
stupor, fatigue, and a great need for sleep. 

A study of the effects of inhalation of ethyl alcohol by 
man was carried out by Lester and Greenberg. (S) Sub
jects exposed at 500Q-10,000 ppm experienced cough
ing and smarting of the eyes and nose, with the 
symptoms disappearing within a few minutes. At 15,000 
ppm, there was continuous lacrimation and coughing. 
Irritation of the eyes and respiratory tract were not noted 
at concentrations below 5000 ppm. 

TLV Recommendation 

Based on the lack of eye and u~per respiratory tract 
irritation at levels below 5000 ppm< ) and on widespread 
and long industrial hygiene experience with human ex
posures to ethyl alcohol, a TLV-lWA of 1000 ppm Is 
recommended. At this time, no STEL Is recommended 
until additional toxicological data and Industrial hygiene 
experience become available to provide a better base for 
quantifying on a toxicological basis what the STEL should 
be. The reader is encouraged to review the section on 
Excursion Limits In the "Introduction to the Chemical 
Substances" of the current TL V /BE I Booklet for guidance 
and control of excursions above the TLV-lWA, even 
when -the 8-hour lW A is within the recor.1mended limits. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-lWA of 1000 
ppm for ethyl alcohol. The OSHA limit was established to 
protect workers against the significant risks of eye and 
upper respiratory tract irritation. <7> Ethyl alcohol was one 
of the 160 substances who$e PEL was unchanged and 
was not evaluated during the 1989 rulemaking on air 
contaminants -permissible exposure limits. The PEL is 
consistent with the recommended ACGIH TLV. 

NIOSH REUIDLH: NIOSH [Ex 8-47, Table N3A] 
established a REL-lWA of 1000 ppm by concurrence 
with the OSHA PEL for ethyl alcohol. (S) NIOSH has not 
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established an IDLH value for this substance. 
NTP Studies: NTP has not tested ethyl alcohol in 

.;hronic toxicologic and carcinogenic studies nor in 
genetic toxicology studies. Studies have been completed 
regarding inhalation teratology and continuous breeding. 

Other Nations 

Australia: 1000 ppm (1990); Federal Republic of 
Germany: 1 000 ppm, short-term level 2000 ppm, 60 
minutes, 3 times per shift, Pregnancy group D, classifica
tion in one of the groups A-cis not yet possible (1990); 
Sweden: 1000 ppm (1989); United Kingdom: 1000 ppm 
(1991). 
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ETHYL ETHER 

CAS: 6Q-29-7 

Diethyl ether; Dlethyl oxide; Ether 

C4H1oO 

HaC-CH~H~Ha 

TLV-TWA, 400 ppm (1210 mglm3
) 

TLV-STEL, 500 ppm (1520 mglm3
) 

1946-1947: MAC-TWA, 400 ppm 

_1_948-present: TL V-TWA, 400 ppm 

1976--present: TL V-5TEL, 500 ppm 

1991: Documentation revised 

Chemical and Physical Properties 

Ethyl ether is a colorless, volatile, mobile liquid with 
an aromatic odor and a burning, sweet taste. An odor 
threshold of 8.9 ppm has been reported. <1 

> Ethyl ether is 
extremely flammable and a severe fire and explosion 
hazard when exposed to heat or flame. It forms explosive 
peroxides unless inhibited with ferrous sulfate. Chemical 
and physical properties include:<2•

3
> 

Molecular weight: 7 4.12 
Specific gravity: 0. 7134 at 20°C 
Melting point: -116.3°C 
Boiling point: 34.5°C at 760 torr 
Vapor density: 2.55 (air= 1.0) 
Vapor pressure: 438.9 torr at 20°C 
Saturated air concentration: 680,000 ppm at 25°C 

Flash point: -45°C 
Explosive limits: upper, 48%; lower, 1.85% by 

volume in air 
Autolgnltlon temperature: 180°C 
Solubility: soluble in water [8.43 g/1 00 gat 15°C; 6.05 

g/1 00 g at 25°C (hygroscopic)); miscible with the 
lower aliphatic alcohols, benzene, chloroform, 
petroleum ether, other fat solvents, and many oils 

Major Uses or Sources of Occupational Exposure 

Ethyl ether is used as a solvent for waxes, fats, oils, 
perfumes, alkaloids, and gums. It is also an important 
reagent in organic syntheses, especially in Grignard- and 
Wurtz-type reactions. <2> 

Human Studies 

The primary physiologic effect of ethyl ether is nar
cosis and general anesthesia. Concentrations of ethyl 
ether ranging from 100,000 to 150,000 ppm are required 
for induction of anesthesia; however, exposure at this 
concentration may produce fatalities due to respiratory 
arrest. Maintenance of anesthesia is achieved at ap
proximately 50,000 ppm and the lowest anesthetic limit 

is 19,000 ppm. <3> Ethyl ether used for anesthesia has 
produced abnormal liver function in patients. . 

Repeated exposures of workers In Industry were,, .... 
often intentional ether jags. <3) Symptoms resulting from 
chronic exposure consist of loss of appetite, exhaustion, 
headache, sleepiness, dizziness, excitation, and psychic 
disturbances. (4J Albuminuria and polycythemia may 
result. <3) A degree of tolerance may be acquired through 
repeated exposure. <4) 

On the skin, ethyl ether has no deleterious effect 
provided contact Is of short duration; repeated exposure 
causes drying and cracking due to extraction of oils. 
Irritation to the mucous membranes and eyes does occur 
from exposure either to the liquid or to high concentra
tions of the vapor. <3> 

Nelson et al. (S) reported that complaints of nasal 
irritation of volunteer subjects began at 200 ppm ethyl 
ether and that a concentration of 300 ppm was con
sidered objectionable as a working atmosphere. Hender
son and Haggard( a) estimated that, at a concentration of 
400 ppm of ethyl ether, a human of average weight would 
absorb a maximum of 1.25 g and the concentration In the 
blood would be 0.018 giL. This concentration In the blood 
is not associated with any signs of intoxication. Also, the 
inhalation of 2000 ppm, if continued to equilibrium, would 
result in the absorption of some 6.25 g of ether and a 
concentration of 0.09 giL of blood which would cause 
dizziness in some persons. Amor<7) stated that unsatis
factory exposure conditions would exist only If the air 
concentration is more than 500 ppm. 

Cook(S) stated that Industrial exposures at 500 to 
1 000 ppm ethyl ether or more did not result in 
demonstrable injury to health, but a limit of 500 ppm 
seemed justifiable to avoid irritation and complaint. 

TLV Recommendation 

Ethyl ether has predominantly narcotic properties 
leading to anesthesia; It is also an eye and respiratory 
irritant. In view of data presented above, <7•8) and the fact 
that persons exposed experimentally did not have the 
opportunity to develop the tolerance which has been 
observed in workers, a Tl V-TWA of 400 ppm and a 
STEL of 500 ppm are recommended. These concentra
tions should minimize the potential for demonstrable 
injury to health, irritation, or signs of narcosis among 
exposed workers. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 400 
ppm and a STEL of 500 ppm for ethyl ether. OSH~ 
concluded that these limits were necessary to protect 
exposed workers against the significant risk of narcosis 
and irritation. (9) The PEls are consistent with the recom
mendedTLV. 

N/OSH REUIDLH: NIOSH has not established a 
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REL for ethyl ether. NIOSH [Ex 8-47, Table N2](9) did not 
.:oncur with OSHA's proposed limits and noted that some 
Individuals may experience sensory Irritation upon ex
posure to these limits as evidenced by the report of 
Nelson et al. <5> OSHA noted that this finding was not 
supported by Amor.<7

> NIOSH has established an IDLH 
value of 19,000 ppm for this substance. The IDLH was 
based upon the lower explosive limit [LEL]. 

ACGIH Rationale for TL Vs that Differ from the PEL 
or REL: The TL V for ethyl ether Is based on the state
ments by both Amor and Cook that Irritation and unsatis
factory conditions would be avoided at air concentrations 
of 500 ppm. The TWA was set at a level that would not 
be associated with any signs of Intoxication. 

NTP Studies: NTP has not conducted long-term 
toxicology and carcinogenesis effects studies on ethyl 
ether. The substance is on test in the Salmonella assay. 

Other Nations 

Australia: 400 ppm, STEL 500 ppm (1990); Federal 
Republic of Germany: 400 ppm, short-term level 800 
ppm, 30 minutes, 4 times per shift, Pregnancy group D, 
data lnsuffldent for a final evaluation (1990); Sweden: 
400 ppm, short-term value 500 ppm, 15 minutes (1989); 
United Kingdom: 400 ppm, 1 0-mlnute STEL 500 ppm 
(1991 ). 

References 

1. Amoore, J.E.; Hautala, E.: Odor as an Aid to Chemical Safety: Odor 
Thresholds Compared with Threshold Umlt Values and Volatmtles for 
214 Industrial Chemicals In Air and Water Dilution. J. Appl. Toxicol. 
3(6):272-290 (1983). 

2. The Merck Index, 10th eel., p. 551. M. Windholz, Ed. Merck & Co., 
Inc., Rahway, NJ (1983). 

3. Kilwin, Jr., C.J.; Sandmeyer, E.E.: Ethers. In: Patty's Industrial 
Hygiene and Toxicology, 3rd Rev. eel., Vol. 2A, Toxicology, pp. 2491-
2511. G. D. Clayton and F.E. Clayton, Eds. John Wiley & Sons, New 
York (1981). 

4. National Institute for Occupational Safety and Health/Occupational 
Safety and Health Administration: Occupational Health Guideline for 
Ethyl Ether. In: Occupational Health Guidelines fo~ Chemical Hazards. 
F.W. Macklson, R.S. Stricoff, L.J. Partridge, Jr., Eds. DHHS (NIOSH) 
Pub. No. 81-123. U.S. Government Printing Office, Washington, DC 
(September 1978). 

5. Nelson, K.W.; Ege, J.F.; Rosa, M.; et al.: Sensory Response to 
Certain Industrial Solvent Vapors. J. Ind. Hyg. Toxicol. 25:282-285 
(1943). 

6. Henderson, Y.; Haggard, H.W.: Noxious Gases, 2nd eel., p. 195. 
Reinhold Publishing Corp., New York (1943). 

7. Amor, A.J.: The Toxicity of Solvents. Paint Manuf. 20:53-58 (1950). 

8. Cook, W.A.: Maximum Allowable Concentrations of Industrial Atmo
spheric Contaminants. Ind. Med. 14:93&-949 (1945). 

9. U.S. Department of Labor, Occupational Safety and Health Ad
ministration: 29 CFR Part 1910, Air Contaminants; Final Rule. Fed. 
Reg. 54(12):2461 (January 19, 1989). 



HEPTANE (n-Heptane} 

CAS: 142-82-5 

C1H1s 

H3C-C5H1 o-CH3 

TLV-lWA, 400 ppm (1640 mg/m3) 

TLV-STEL, 500 ppm (2050 mg/m3) 

1946-1947: MAC-TWA, 500 ppm 

1948-1975: TLV-TWA, 500 ppm 

1974: TLV-TWA, 400 ppm, proposed-· 

1976-present: TLV-TWA, 400 ppm; TLV-STEL, 500 ppm 

1992: Documentation revised 

Chemical and Physical Properties 

Heptane is a volatile, flammable liquid, with nine 
isomers. Among the isomers are n-heptane, isoheptane 
(2-methyl-hexane}, neoheptane (2,2-dimethylpe'ntane}, 
triptane (2,2,3-trimethylbutane), 2,3- and 2,4-dimethyl
pentane, and 3-methylhexane. An odor threshold of 150 
ppm has been reported for heptane.11 l Chemical and 
physical properties include:12l 

Molecular weight: 100.20 
Specific gravity: 0.673-0.698 
Melting point: -90.7°C (n-heptane} 
Boiling point: 98.4°C (n-heptane); 90°C (isoheptane) 
Vapor pressure: 47.7 torr at 25°C (n-heptane) 
Flash points: -4.4°C (n-heptane); -27.8°C (isohep

tane); -28.9°C (2,3- and 2,4-dimethylpentane), 
closed cup 

Solubility: insoluble in water; miscible with nonpolar 
solvents; soluble, but not completely miscible, with 
solvents such as alcohols (all isomers) 

Major Uses or Sources of Occupational Exposure 

n-Heptane is a standard for octane rating measure
ments; triptane is used in aviation fuel. All isomers are 
employed in organic synthesis and are ingredients of 
gasoline and rubber solvent napththa and other petro
leum solvents that are used as fuels and solvents. 

Animal Studies 

Acute 

Fuhner3l reported that, in concentrations of 10,000 
to 15,000 ppm, heptane produced narcosis in mice within 
30 to 50 minutes. Exposure at higher concentrations 
(15,000 to 20,000 ppm) for 30 to 60 minutes caused 
convulsions and death in mice; inhalation of 48,000 ppm 
caused respiratory arrest in three of four head-exposed 
mice within 3 minutes. 14

l 
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Human Studies 

Patty and Yant15
l reported that inhalation of 1000 pprrv""'" 

heptane for 6 minutes was associated with a slight dizzi· .... 
ness; inhalation of higher concentrations for shorter pe--·" 
riods resulted in marked vertigo, incoordination, and 
hilarity. Signs of central nervous system (CNS) involve
ment occurred in the absence of noticeable mucous 
membrane irritation and were noticed promptly on enter-
ing such atmospheres. Brief exposures (4 minutes) to 
high levels (5000 ppm) produced complaints of nausea, 
loss of appetite, and a "gasoline-like" taste that persisted 
for several hours after cessation of exposure. Flury and 
Zernik16l reported the fatal concentration as 16,000 ppm. 
A summary of published effects of heptane and other 
parafinic hydrocarbons was published by Sandmeyer.12l 

Although chronic adverse effects on the nervous 
system have not been attributed to heptane itself, Cavig
neaux<n stated that numerous cases of polyneuritis have 
been reported following prolonged exposure to a petro
leum fraction with a boiling range of between 70°C and 
1 00°C. Such a fraction would normally contain various 
isomers of heptane as major ingredients. 

The National Institute for Occupational Safety and 
Health (NIOSH)18l cited a paper by Truhaut et al. 19l in 
which similar signs of neurologic disorders were found in 
rats exposed to technical heptane as were found in a 
group of workers exposed to hexane. A report110l of 
polyneuropathy among workers exposed to a solver. 
containing 80% pentane, 14% heptane, and 5% hexane 
is also mentioned, with the authors' conclusion110l that 
pentane and heptane, as well as n-hexane, might be 
neurotoxic. A similar conclusion by Cavigneaux has al
ready been noted. (7) This opinion ignores the work of 
DiVincenzo et al.111

l and others who conclude that the 
neurotoxic properties associated with exposure to n-hex
ane or methyl butyl ketone (see the respective TLV 
Documentations} are due to their metabolism to the same 
neurotoxic compounds. 

Since the heptanes are major ingredients of rubber 
solvent, additional information on their toxicity may be 
inferred from the data in the documentation for that 
petroleum fraction (see TLV Documentation for Rubber 
solvent [Naphtha]). 

TLV Recommendation 

All of the readily measurable effects, such as narco
sis and respiratory irritation, indicate heptane to be much 
more acutely toxic in these respects than n-hexane, and 
no reports of delayed neurotoxicity in humans or animals 
have come to the attention of the TLV Committee. 

The TLV Committee believes that the preponder
ance of available evidence indicates that n-hexane · 
unique among the alkanes in its neurotoxicity. The TL \ 
for heptane, therefore, is based on its narcotic and irrita
tive effects, which are greater than those of pentane or 



n-hexane, and less than those of octane. Accordingly, a 
TLV-TWA of 400 ppm and a STEL of 500 ppm are 
recommended for all isomers of heptane. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 400 
ppm and a STEL of 500 ppm for heptane. OSHA con-. 
eluded that the TWA and STEL together would substan
tially reduce the significant risk of narcosis.C12> The OSHA 
PEL is consistent with the recommended ACGIH TLV. 

NIOSH REUIDLH: NIOSH established a REL-TWA 
of 85 ppm and a 15-minute ceiling of 440 ppm for hep
tane.<8> NJOSH [Ex 8-47, Table N2] did not concur with 
the OSHA PEL for heptane.C12> NIOSH established an 
IDLH value of 5000 ppm for heptane. 

ACG/H Rationale for TL Vs that Differ from the PEL 
or REL: NIOSH recommended on a mg/m3 basis the 
same occupational exposure limits for each of the Cs-Ce 
alkanes. These recommended exposure limits were 
based on NIOSH's position that there was insufficient 
evidence to ascribe the peripheral neuropathy noted 
following exposure to alkanes as being due solely to 
exposure to hexane and its metabolites. Conversely, 
ACGIH and OSHA believe that the preponderance of 
available evidence indicates that n-hexane is unique 
among the alkanes in its toxicity. Thus, the TLV for 
heptane is based primarily on its narcotic and irritative 
effects. 

NTP Studies: NTP has not conducted genetic toxi
cology or long-term toxicology and carcinogenesis ef
fects studies on heptane. 

Other Nations 

Australia: 400 ppm, STEL 500 ppm (1990); Federal 
Republic of Germany: 500 ppm, 1000 ppm, 30'minutes, 
4 times per shift (1991); Sweden: 300 ppm, short-term 
value 375 ppm, 15 minutes (1989); United Kingdom: 400 

ppm, 10-minute STEL 500 ppm (1991). 
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HEXANE ISOMERS. 
OTHER THAN n-HEXANE 

CsH14 

C3H7CH{CH3}2 [isohexane]; 
CH3}2CHCH{CH3}2 [2,3-dimethylbutane]; 
C2H5C{CH3}3 [neohexane] 

TLV-TWA, 500 ppm (1760 mg/m3) 

TLV-STEL, 1000 ppm (3500 mg/m3) 

1980: TLV-TWA, 500 ppm; TLV-5TEL, 1000 ppm, proposed 

1982-present: TLV-TWA, 500-ppm; TLV-5TEL, 1000 ppm 

1992: Documentation revised 

Chemical and Physical Properties 

The hexanes are clear, highly volatile liquids with a 
mild gasoline-like odor. The isomers include: isohexane 
{2-methylpentane), 3-methylpentane, neohexane {2,2-
dimethylbutane}, and 2,3-dimethylbutane. Chemical and 
physical properties include:11

> · 

Molecular weight: 86.17 
Boiling point: 50°-68°C 
Flash points: -47.78°C {neohexane}; -23.33°C {iso

hexane}; closed cup 
Solubility: insoluble in water; soluble in ether; readily 

soluble in alcohol 

Major Uses or Sources of Occupational Exposure 

Commercial hexanes are solvents for vegetable oils, 
glues, coatings, and paints. They are also found in gaso
line and are used as intermediates for chemicals and as 
constituents of rubber solvent and petroleum ether. 

Animal Studies 

Little information is available on individual isomers of 
hexane. The following information was reported for hex
ane mixtures of undetermined purity. Hexane is three 
times as toxic to mice as is pentane; narcosis was 
produced in mice within 30 to 60 minutes at concentra
tions of 30,000 ppm, and concentrations from 35,000 to 
40,000 ppm resulted in convulsions and death.12

•
3

> 

Human Studies 

In humans, exposure to hexane for 10 minutes at 
2000 ppm resulted in no effects, but 5000 ppm caused 
dizziness and a sense of giddiness.!4

> At concentrations 
of 1400 to 1500 ppm, Drinker et al. (s) found slight nausea, 
headache, and eye and throat irritation. Nelson and 
co-workers!6

> found no irritation at 500 ppm in unaccli
mated subjects. When concentrations exceeded 1 000 
ppm, signs of central nervous system (CNS} depression, 
such as dizziness, have been frequently observed, but 
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they were not observed from levels below 500 ppm. (7! 

Sandmeyer 11 stated that after exposure to high con
centrations of hexane isomers, mucous membrane irrita
tion would be expected. Hexane isomers were predicted 
to have a low acute oral toxicity and perhaps to be· 
absorbed through the skin. lsohexane is predicted to 
have narcotic properties and is a documented cardiac 
sensitizer; however, based on comparative structure
metabolism relationships, it is not expected to induce 
neurotoxicity. (ll 

TLV Recommendation 

It is the opinion of the TLV Committee that the 
metabolites of n-hexane {primarily 5-hydroxy-2-hexa
flone and 2,5-hexanedione} are responsible for its neuro
toxicity. This conclusion is supported by the similar 
production of these metabolites after exposure to methyl 
n-butyl ketone, a compound which can induce an identi
cal syndrome. Based on known patterns of hepatic mi
crosomal oxidation and marked variations in structures 
of the hexane isomers considered here, it is considered 
unlikely that all hexanes would follow the same metabolic 
route in the body. 

A TLV-TWA of 500 ppm is recommended for iso
mers of hexane and mixtures of hexanes containing no 
n-hexane, based on the above metabolic data and the 
absence of adverse effects from exposure to concentra
tions at or below 500 ppm. It is further recommended tha 
then-hexane TLV (50 ppm TWA} would apply not only to · 
n-hexane itself but also to commercial hexane which 
contained greater than 5% n-hexane. 

A STEL of 1 000 ppm is recommended in order to 
prevent objective depression of the CNS. For hexane 
isomers containing less than 5% n-hexane, a TLV-TWA 
of 500 ppm should provide adequate protection from the 
nausea, headache, ocular and upper respiratory tract 
irritation, and CNS depression associated with hexane 
inhalation in the absence of additional organic com
pounds with narcotic or neurotoxic characteristics. No 
data are available upon which to base a determination of 
the potential for percutaneous absorption. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 500 
ppm and a STEL of 1 000 ppm for hexane isomers other 
than n-hexane. OSHA concluded that these limits would 
protect workers against the significant risk of experienc
ing narcosis and of developing neuropathy. !Bl The PEL is 
consistent with the recommended ACGIH TLV. 

NIOSH REUIDLH: NIOSH established a REL-TWA 
for the hexane isomers of 100 ppm and a 15-minute 
ceiling of 510 ppm.!9l NIOSH [Ex 8-47, Table N2] did nr 
concur with the OSHA PEL.!8> NIOSH has not establishe~ 
an IDLH value for the hexane isomers. 

ACGIH Rationale for TL Vs that Differ from the PEL 



or REL: NIOSH<91 in its criteria document concluded that 
all of the Cs-Ca alkanes are potential neuropathic agents 
and should have the same PELs as those established at 
that time for n-hexane. ACGIH and OSHA believe it is 
inconsistent to base exposure limits for the isomers of 
hexane on their unproven neurotoxicity. These agencies 
consider it unlikely that all the hexanes would follow the 
same metabolic route in the body, in view of the known 
patterns of xenobiotic biotransformation in animals and 
humans identified with the marked variations in structure 
of the various hexane molecules. 

NTP Studies: NTP has not conducted genetic toxi
cology or long-term toxicology and carcinogenesis ef
fects studies on the isomers of hexane other than 
n-hexane. 

Other Nations 

Australia: 500 ppm, STEL 1000 ppm (substance 
under review) (1990); Federal Republic of Germany: 50 
ppm, short-term level 1 00 ppm, 4 times per shift, Group 
C pregnancy, no reason to fear risk of damage to embryo 
or fetus when MAK and BAT values are adhered to 
(1991); Sweden: 300 ppm, short-term value 375 ppm, 15 
minutes (1989); United Kingdom: 500 ppm, 1 0-minute 
STEL 1000 ppm (1991). 
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ISOPROPYL ALCOHOL 

CAS: 67-63-0 

Isopropanol; 2-Propanol 

C3H80 

(H3C)2CHOH 

TLV-TWA, 400 ppm {983 mgtm3
) 

TLV-STEL, 500 ppm (1230 mgtm3) 

1966-present: TLV-1WA, 400 ppm 

1974-1980: Skin notation 

1976--present: TLV-5TEL, 500 ppm 

1981 : Skin notation, deleted 

1992: Documentation revised 

Chemical and Physical Properties 

Isopropyl alcohol is a colorless, flammable liquid with 
a slight odor resembling rubbing alcohol. An odor thresh
old of 22 ppm has been reported. <1> Chemical and physi
cal properties include:<2~l 

Molecular weight: 60.09 
Specific gravity: 0.7861 at 20°C 
Freezing point: -89.5°C 
Boiling point: 82.4°C at 760 torr 
Vapor pressure: 33 torr at 20°C 
Flash points: 11.rc, closed cup; 18.3°C, open cup 
Explosive limits: upper, 12.7%; lower, 2.3% by vol-

ume in air 
Autoignition temperature: 399°C 
Solubility: miscible with water, ethyl alcohol, and 

ethyl ether 

Major Uses or Sources of Occupational Exposure 

Isopropyl alcohol is a raw material for the synthesis 
of acetone, glycerin, and other chemicals. Its physical 
properties are similar to those of ethyl alcohol, and it is 
employed as a solvent for comparable purposes, for oils, 
gums, and resins and as a deicing agent for liquid fuels. 
A 70% solution of isopropyl alcohol in water is widely 
used as rubbing alcohol. It is also found in skin lotions, 
hair care and shaving products, and certain home aero
sols. Isopropyl alcohol is made by reacting propylene with 
sulfuric acid and hydrolysis of the reaction product. <~7> 

Animal Studies 

Acute 

The acute depressant dose for the animal central 
nervous system (CNS} is approximately one-half that of 
ethanol.<s-10

> Smyth<11
> found that rats survived 4 hours of 

exposure to isopropyl alcohol vapor at 12,000 ppm, but 
that a similar exposure for 8 hours killed half of the 

exposed animals. Mice exposed at 3250 ppm for 460 
minutes developed ataxia, prostration, and finally, narco
sis. <12

> Guinea pigs exposed at 400 ppm for 24 successive 
hours had slight changes in the mucosa of the nose and 
trachea, whereas exposure at 5500 ppm for the same 
duration caused severe pathological degeneration of the 
respiratory mucosa.<13

l 

In the eyes of a rabbit, 0.1 ml of70% isopropyl alcohol 
caused conjunctivitis, iritis, and corneal opacity. <2> 

Subchronic 

Symp!omatol?gic evidence indicates that a slight 
tolerance IS acqUired to the narcotic effects of isopropyl 
alcohol.<2

> Lehman et al.<14
> reported that three dogs ac

quired a tolerance within 7 months to 4% isopropyl alco
hol given in drinking water. This tolerance was mani
fested by a greater coordination at a given isopropyl 
alcohol blood level and by an increased rate of removal 
of the alcohol from the blood. 

Ch_!onic/Carcinogenicity 

Wail et al.<15
> conducted studies in which mice inhaled 

isopropyl alcohol vapor 5 days/week, 3 to 7 hours/day for 
5 to 8 months at 3000 ppm. Isopropyl oils from two 
manufacturing processes were similarly evaluated for 
c?~cinogenic ~ote~tial. ~~~propyl alcohol showed no sig
nificant tumongemc act1v1ty, whereas increased tumor 
incidence was found in mice exposed to one of the oils. 
Weil et al. <15

> also evaluated isopropyl alcohol and isopro
pyl oil in mice via subcutaneous injection of 0.025 ml of 
undiluted substance once weekly for 20 to 40 weeks. The 
International Agency for Research on Cancer (IARC) 
determined that the evidence for the carcinogenicity of 
isopropyl alcohols and isopropyl oils to animals was 
inadequate. <16

> 

Pharmacokinetic/Metabolism Studies 

Because of the slow metabolism and ketosis associ
ated with isopropanol intoxication, the duration of CNS 
depression (to frank coma} is longer than that seen after 
ethanol. Isopropanol is metabolized far more slowly in 
humans than is ethanol and the major metabolite is 
acetone. It is thought that isopropanol metabolism pro
ceeds via the action of alcohol dehydrogenase; however, 
the elimination kinetics do not resemble those for either 
ethanol or methanol. <9•

17-2°> 
Dermal absorption has been considered toxicologi

cally insignificant.<21
> The cases of deep coma associated 

with skin contact<22
-

24
> are thought to be a consequence 

of gross isopropanol vapor inhalation in rooms with in
adequate ventilation, rather than being attributable to 
percutaneous absorption of isopropanol per se.<25l 

Human Studies 

The probable oral lethal dose in humans is 240 ml, 



but ingestion of only 20 ml has caused poisoning. <251 

In common with other alcohols, isopropyl alcohol has 
moderate narcotic properties. Nelson and co-workers1281 

found that 400 ppm caused mild irritation of the eyes, 
nose, and throat; at 800 ppm, the symptoms were inten
sified although not severe; most subjects found this con
centration objectionable. Fairhall1271 considered isopropyl 
alcohol to be similar in action to ethyl alcohol but about 
twice as toxic. 

In the manufacture of isopropyl alcohol, an excess of 
paranasal sinus cancers was found among workers en
gaged in the process. These were attributed to isopropyl 
oil, a waste product in the operation. Use of a more dilute 
sulfuric acid, at a higher temperature, is said to have 
eliminated the cancer hazard from this process.1281 There 
is no credible evidence that exposure to isopropyl alcohol 
itself represents a carcinogenic threat. 1161 

A criteria document by the National Institute for Oc
cupational Safety and Health (NIOSH), published in 
1976, contains an extensive review of the toxicology of 
isopropyl alcohol. 121 No new data on occupational effects 
are presented. Most of the cases of human intoxication 
were in alcoholics who drank rubbing alcohol containing 
isopropyl alcohol. Chronic alcoholics are more tolerant of 
systemic isopropyl alcohol than are persons who do not 
consume ethanol;1291 alcoholics have survived ingestion 
of as much as 1 pint of 70% isopropanol. <30

> 

TLV Recommendation 

Isopropyl alcohol is of low toxicity by any route, and 
the TLV is set on the basis of eye, nose, and throat 
irritation. Accordingly, a TLV-TWA of 400 ppm and a 
STEL of 500 ppm are recommended for isopropyl alco
hol. These concentrations should minimize the potential 
for inducing objective narcotic effects or significant irrita
tion of the eyes or upper respiratory tract. Although data 
are lacking, it is not believed that chronic effects would 
result from exposures at or below the TLV. This limit is 
intermediate between the TLVs for ethyl and n-propyl 
alcohols, which are less and more toxic than isopropyl 
alcohol, respectively. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 400 
ppm and a STEL of 500 ppm for isopropyl alcohol. OSHA 
concluded that these dual exposure limits were neces
sary to protect workers from the significant risks of nar
cosis and eye and mucous membrane irritation as
sociated with chronic and acute exposure to isopropyl 
alcohoJ.<311 The OSHA PELs are consistent with the rec
ommended ACGIH TLVs. 

NIOSH REU/DLH: In its criteria document, NIOSH 
established a REL-TWA of 400 ppm for isopropyl alco
hol.121 NIOSH [Ex 8-47, Table N1] established a STEL of 
500 ppm for isopropyl alcohol by concurrence with the 

OSHA PEL. 1311 NIOSH established an IDLH value of 
12,000 ppm for this substance. 

NTP Studies: NTP has not conducted long-term toxi
cology and carcinogenesis effects studies on isopropyl 
alcohol. NTP has completed an inhalation teratology 
study on this substance. Isopropyl alcohol was negative 
in the Salmonella assay. 

Carcinogenic Classification 

IARC: Group 3, not classifiable as to its carcinogenic
ity to humans. 

Other Nations 

Australia: 400 ppm, STEL 500 ppm, {1990); Federal 
Republic of Germany: 400 ppm, short-term level 800 
ppm, 30 minutes, 4 times per shift, Pregnancy group D 
classification is not yet possible (1991 ); Sweden: 150 
ppm, short-term value 250 ppm, 15 minutes {1989); 
United Kingdom: 400 ppm, 1 0-minute STEL 500 ppm 
{1991 ). 
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NONANE 

CAS: 111-84-2 (n-Nonane) 

n-Nonane; 2,2,5-Trimethylhexane 

C9H20 

H3C-{CH2)7-CH3 [n-Nonane] 

(H3C)3-C-{CH2)2-CH- (CH3)2 [2,2,5-Trimethylhexane] 

TLV-TWA, 200 ppm (1050 mg/m3
) 

1974: TLV-TWA, 200 ppm; proposed 

1976-present: TLV-TWA, 200 ppm 

1976-1986: TLV-5TEL, 250 ppm 

1987: TLV-5TEL deleted 

1992: Documentation revised 

Chemical and Physical Properties 

Nonane is a colortess liquid having an odor similar to 
that of gasoline. An odor threshold of 47 ppm has been 
reported. 111 Chemical and physical properties of in
clude:!2.31 

Molecular weight: 128.26 
Specific gravity: 0.7176 at 20°C 
Freezing point: -53.SOC 
Boiling point: 150.8°C 
Vapor pressure: 10 torr at 38°C 
Flash point: 31°C, closed cup 
Explosive limits: upper. 2.9%; lower, 0.87% by vol

ume in air 
Solubility: insoluble in water; very soluble in alcohol 

and ether; infinitely soluble in acetone and ben
zene 

Major Uses or Sources of Occupational Exposure 

Nonane is used in organic synthesis, as a distillation 
chaser. and in biodegradable detergents. Nonanes are 
major ingredients of such petroleum fractions as VM & P 
naphtha, 140 flash and Stoddard solvents, and gasoline. 

Animal Studies 

Acute 

The 4-hour LCso for rats of 3200 ppm has been found 
for n-nonane.141 or about the same as the 3400 ppm of 
VM&P naphtha. 151 The LCso for nonane published by 
Carpenter et al.1

"
1 is mari<edly lower than the lethal con

centrations for mice reported by eartier investigators for 
octane (13.500 ppm) or heptane (16,000 ppm)16l for 
exposures of 30 to 60 minutes. The latter values are 
comparable to the concentrations found by Swann et al.m 
to cause death of mice in respiratory arrest after inhala
tion of octane (16,000 ppm) or hexane (48,000 ppm) tor 

3 to 5 minutes. 

Subchronic 

A 65-day (6 hours/day, 5 days/week) no-observed
adverse-effect level (NOAEL) of 590 ppm of n-nonane 
was found for rats. 141 The n-nonane subchronic inhalation 
NOAEL was comparable with the 560 ppm inhalation 
NOAEL for VM & P naphtha. 151 

Chronic 

The National Research Councii1Bl listed nonane 
along with 31 other organic compounds as priority envi
ronmental contaminants for which no chronic toxicity 
data exist. 

TLV Recommendation 

There are only very limited data upon which to base 
a TL V for nonane. The primary toxicologic effect associ
ated with inhalation of high concentrations of the aliphatic 
hydrocarbons is depression of the central nervous sys
tem, leading to coma with inhibition of deep tendon 
reflexes. <Bl The acute tox.icities of-the alkanes and their 
narcotic potentials increase with an increase in carbon 
chain length. 191 Nonane, by analogy with the properties of 
heptane and octane, is expected to defat the skin, to 
cause chemical dermatitis or, with prolonged contact, 
necrolysis. l2l Aspiration into the lung after ingestion or· 
during eructation or vomiting is expected to cause chemi
cal pneumonitis; this results in an acute fulminating hem
orrhagic and usually fatal bronchopneumonia. Death 
occurs as a result of the severe pulmonary ederna.1101 

Accordingly, a TLV-TWA of 200 ppm for nonane (all 
isomers) in workplace air is recommended by compari
son with that for octane (TL V-TWA of 300 ppm). At this 
time, no STEL is recommended until additional toxico
logical data and industrial hygiene experience become 
available to provide a better base for quantifying on a 
toxicological basis what the STEL should be. The reader 
is encouraged to review the section on Excursion Limits 
in the "Introduction to the Chemical Substances" of the 
current TLV/BEI Booklet for guidance and control of 
excursions above the TLV-TWA, even when the 8-hour 
TWA is within the recommended limits. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 200 
ppm for nonane. OSHA concluded that this limit would 
protect workers against the significant risk of narcosis 
associated with exposure to nonane at levels above the 
PEL.1111 The OSHA PEL is consistent with the recom
mended ACGIH TLV. 

NIOSH REUIDLH: NIOSH [Ex 8-47, Table N1] es
tablished a REL-TWA of 200 ppm by concurrence with 
the OSHA PEL fornonane.1111 NIOSH has not established 
an IDLH value for this substance. 
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· NTP Studies: Nonane was negative in the Salmo
neHa assay. NTP has not conducted other genetic toxi
cology, other short-term toxicology, or long-term 
toxicology and carcinogenesis effects studies of nenana. 

Other Nations 

Australia: 200 ppm {1990); Sweden: 150 ppm, short
term value 200 ppm, 15 minutes {1989). 
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OCTANE 

CAS: 111-65-9 (n-Odane) 

n-Odane; lsooctane 

CsH1s 

H3C-CsH12"-CH3 (all isomers) 

TLV-TWA, 300 ppm (1400 mg/m~ 

TLV-8TEL, 375 ppm (1750 mg/m~ 

1946-1947: MAC-TWA, 500 ppm 

194S-1969: lt.V-TWA, 500 ppm 

1968: lt.V-TWA, 400 ppm, proposed 

197~1975: lt.V-TWA, 400 ppm 

1974: lt.V-TWA, 300 ppm, proposed 

1976-present: lt.V-TWA, 300 ppm; lt.V-STEL, 375 ppm 

1992: Documentation revised 

Chemical and Physical Properties 

The isomers of odane are colorless, flanvnable liq
uids. There are 18 isomers, including n-octane and iso
octane (2,2,4-trimethylpentane). Odor thresholds of 48 
ppm11' and 150 ppmC2l have been reported. Chemical and 
physical properties of n-octane and isooctane include:13•41 

Molecular weight: 114.22 
Specific gravity at 20°C: 0.7025 (n-octane); 0.6919 

(isooctane) 
Melting point: -56.8°C (n-octane); -116°C Osooctane) 
Boiling point: 125.rC (n-octane); 99.2°C (isooctane) 
Flash points: 13°C (n-octane), -12°C (isooctane), 

closed cup; 22°C (n-octane), open cup 
Explosive limits: upper, 4.66%; lower, 0.96% by vol

ume in air (n-octane); upper, 6%; lower. 1.1% by 
volume in air (isooctane) 

Vapor pressure: 10.0 torr at 19°C (n-octane); 40.6 
torr at 21 oc (isooctane) 

Solubility: insoluble in water; slightly soluble in ethyl 
alcohol; and soluble in ethyl ether and benzene 
(n-octane and isooctane) 

The other 16 isomers of octane are of intermediate 
volatility between those of n-odane and isooctane. 

Major Uses or Sources of Occupational Exposure 

n-Octane is used as a solvent, in organic synthesis, 
and in azeotropic distillations. lsooctane is a standard 
additive for combustion control properties of gasoline 
(octane nurrber). The octanes are present in gasoline 
and petroleum solvents such as VM&P naphtha. 

Animal Studies 

Sandmeyer(31 has summarized the available toxi
cologic information on octane and other paraffins in 

which narcosis and mucous membrane irritation are 
noted as common properties that progress in intensity 
with increasing molecular weight. 

Acute 

Narcosis was produced in mice in 30 to 90 minutes 
when exposed at 6600 to 13,700 ppm octane in air.<Sl 
Respiratory arrest occurred in one of four mice within 5 
minutes at 16,000 ppm and in four of four mice within 3 
minutes when exposed at 32,000 ppm. 161 

Swann et al.181 found the response of mice to high 
concentrations of isooctane to be different from that of 
normal heptane, hexane, and pentane. Irritation and 
respiratory arrest occurred at lower -e;oncentrations, but 
there was no apparent anesthesia. 

Human Studies 

Patty and Yantm stated that the narcotic concentra
tion of octane to humans was 10,000 ppm, while Flury 
and Zemik181 estimated the narcotic concentration at 
8000 ppm and the fatal concentration at 13,500 ppm, 
From these data, it can be inferred that octane is 1.2 to 
2 times more potent as a narcotic than heptane (see the 
TLV Documentation for heptane). 

TLV Recommendation 

There are only very limited data from which to draw 
rigorous support for the octane TL V. Odane is a mucous 
membrane irritant in animals, and it has caused narcosis 
at high concentrations. 

On the basis ofthe comparison of the acute response 
of humans and animals to inhaled octane isomers and 
by analogy with other paraffinic hydrocarbons, a TL V
TWA of 300 ppm and a STEL of 375 ppm are recom
mended. A TLV-TWA of 300 ppm is somewhat higher 
than would result from a directly proportional relationship 
between the acute narcotic effects of octane and the 
lower merrbers of the series. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 300 
ppm and a STEL of 375 ppm for octane. OSHA con
cluded that these limits would protect workers from the 
significant risk of narcosis associated with exposure lev
els greater than the PEL.19l The OSHA PEL is consistent 
with the recommended ACGIH TLV. 

NIOSH REUIDLH: NIOSH established a REL-TWA 
for octane of 75 ppm and a ceiling concentration of 385 
ppm determined over a 15-minute sampling period. 11Dl 

NIOSH established an IDLH value of 5000 ppm for this 
substance. NIOSH [Ex 8-47, Table N2] did not concur 
with the OSHA PEL for octane on the basis that all Cs-Ca 
alkanes present a neurotoxic hazard similar to that of 
n-hexane and that adoption of the RELs would afford 
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more protection from the development of poly
neuropathy. 1111 

ACGIH Rationale for TL Vs that Differ from the Pa 
or REL: Both ACGIH and OSHA disagree with the con
clusions that form the basis of the NIOSH RELs for the 
alkane series Cs-Cs. ACGIH has cited published data 
which show that the polyneuropathy induced by expo
sure to n-hexane is unique due to the products of its in 
vivo biotransformation. (See the TL V Documentations for 
n-hexane and 2-butanone.) Other structurally related 
alkanes do not share the same metabolic fate. 1121 The 
NIOSH REL appears to be based on the belief that the 
polyneuropathy induced by chronic exposure to n-hex
ane is a general effect of exposure to paraffin hydrocar
bons. The NIOSH REL rationale appears to reject the 
well-established basis for the neurotoxicity of n-hexane 
which is due to the action of its metabolites, which are 
the same as those of methyl n-butyl ketone (2-bu
tanone). 1121 The NIOSH rationale also assumes that the 
chronic effects on the nervous system do not parallel the 
acute effects, which are several times greater for octane 
than for hexane. 

NTP Studies: NTP has not conducted genetic toxi
cology, other short-term toxicology, or long-term toxicol
ogy and carcinogenesis bioassays with any ofthe octane 
isomers. 

Other Nations 

Australia: 300 ppm, STEL 375 ppm (1990); Federal 
Republic of Germany: 500 ppm, short-term level 1 000 
ppm, 30 minutes, 4 times per shift (1991); Sweden: 200 
ppm, short-term level 300 ppm, 15 minutes (1990); 
United Kingdom: 300 ppm, 1 0-minute STEL 375 ppm 
(1991}. 
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PENTANE 

CAS: 109-66-0 (n-Pentane) 

Amyl hydride 

CsH12 

H3CCH2CH2CH2CH3 (n-Pentane) 

(H3C)2CHCH2CH3 (lsopentane) 

C(CH3)4 (Neopentane) 

TLV-TWA, 600 ppm (1no mgtm:; 

TLV-STEL 750 ppm {2210 mgtm:; 

1946: MAC-TWA, 5000 ppm 

1947: MAC-TWA, 1000 ppm 

194~1969: ltV-TWA, 1000 ppm 

1968: ltV-TWA, 500 ppm, proposed 

197<H975: ltV-TWA, 500 ppm 

1974: ltV-TWA, 600 ppm, proposed 

1976-present: ltV-TWA, 600 ppm; ltV-5TEL, 750 ppm. 

1992: Documentation revised 

Chemical and Physical Properties 

Pentane is a colorless, flammable liquid with a gaso
line-like odor. It exists in three isomeric forms: n-pentane, 
the most important isomer, followed by the more volatile 
isopentane, and then neopentane. Neopentane forms 
tetragonal crystals upon solidification. An odor threshold 
of 400 ppm has been reported. '11 Chemical and physical 
properties of the isomers include:C2l 

Molecular weight: 72.15 _ 
Specific gravity at 20°C: 0.6262 {n-pentane); 0.6197 

{isopentane); 0.5910 {neopentane) 
Melting point: -129.rC (n-pentane); -159.9°C 

(isopentane); -16.6°C (neopentane) 
Boiling point: 36.1°C (n-pentane); 27.8°C (isopen

tane); 9.SOC (neopentane) 
Vaporpressure:400torrat 18.SOC (n-pentane); 595 torr 

at 21.1°C (isopentane); 1100 torr at 21.8°C 
(neopentane) 

Flash point: -49°C (n-pentane), -51 oc (isopentane). 
~.67°C (neopentane), closed cup 

Explosive limits: upper, 7.8%; bwer, 1.4% by vokJme in air 
Solubility: insoluble in water (isopentane and 

neopentane); slightly soluble in water (n-pen
tane); soluble in ethanol (neopentane) and ethyl 
ether (neopentane); very soluble in ethyl ether 
(n-pentane and isopentane) and in ethanol (n
pentane and isopentane) 

Major Uses or Sources of Occupational Exposure 

Pentane is present in volatile petroleum fractions, 

some of which are used as solvents. The pure COrlllOund 
is employed in the manufacture of ice, low-temperature 
thermometers, as a blowing agent for plastics, and in 
solvent extraction processes. lsopentane is also used as 
a blowing agent, and neopentane is employed in the 
manufacture of butyl rubber. 

Animal Studies 

Acute 

. Sandmeyer21 and von Oettingen'31 summarized 
available toxicological information on pentane and other 
paraffins. In common with most other alkanes, the chief 
effects of inhalation at high concentrations of pentane 
vapor are narcosis, loss of deep tendon reflexes, and 
induction of coma. Irritation of the respiratory passages 
can occur at much lower concentrations. The data on the 
toxicity which follow apply primarily, if not exclusively, to 
n-pentane. 

According to Aury and Zemik, '~1 exposure to pentane 
at 130,000 ppm for 30 minutes was fatal to mice. A 
5-minute exposure to n-pentane at 128,000 ppm for 5 
minutes produced deep anesthesia in mice; respiratory 
arrest occurred in one of the four animals during expo
sure.'51 After inhaling 90,000 to 1'20,000 ppm, narcosis 
occurs in mice in 5 to 60 minutes.'81 Mice exposed at 
32,000 to 64,000 ppm n-pentane for 5 minutes showed 
signs of respiratory irritation and became lightly anesthe
sized during the recovery period. '51 After exposure to no 
more than 16,000 ppm for 5 minutes, no effects were 
observed in mice.'51 

Human Studies 

When volunteers inhaled 5000 ppm pentane for 10 
minutes, no mucous merrorane irritation or other symp
toms were recorded. '71 Volunteers suffered from painful 
burning sensations accompanied by itching after topical 
application of pentane; after 5 hours, blisters formed on 
the treated areas.'BJ The aspiration hazard of pentane is 
considerably less than that of kerosene, octane, nonane, 
or decane. '91 

A NIOSH criteria document on alkanes'Bl contains 
little additional information on the toxicity of pentane. 
Among the six reports of polyneuropathy in workers 
chronically exposed to hydrocarbon vapors discussed by 
NIOSH.'81 there was only one in which the solvent in
volved did not contain hexane as a major ingredient. 
Gaultier et ai.'10J mentioned five cases of neuropathy 
among erll>loyees of a belt manufacturing shop in 
France where the solvent believed responsible contained 
80% pentane, 14% heptane, and 5% hexane. The symp
-toms in three of the cases consisted of anorexia, asthe-
nia, paresthesis, fatigue, and bilateral symmetrical 
muscle failure found mostly in the legs. Electromyo
graphic and nerve conduction studies confirmed the 
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damage to the peripheral nerves. 

TLV Recommendation 

There are few data upon which to base the TL V for 
pentanes. Controlled human exposures at 5000 ppm 
pentane for 1 0 minutes failed to cause the mucous 
membrane irritation and narcosis(7) that were observed in 
mice exposed at 32,000 ppm n-pentane.151 Accordingly, 
a TL V-TWA of 600 ppm, with a STEL of 750 ppm is 
recorrvnended for pentanes, limits which should provide 
a substantial margin of safety against narcotic and irrita
tive effects. In view of the report by Gaultier et ai.,'1Dl 

however, the possibility that chronic exposure to high 
concentrations may lead to polyneuropathy cannot be 
ruled out altogether. Because of the otherwise substan
tially lower toxicity of pentane, in comparison with hex
ane, it is believed that such effects, if they occur, would 
require gross exposures, and the 600 ppm TWA and the 
750 ppm STEL are expected to provide adequate protec
tion against development of axonopathies. Additional 
information on the pharmacokinetics and metabolic fate 
of pentane in comparison with those for n-hexane are 
required for a rigorous evaluation of the neurotoxic po
tential of the pentane isomers. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA of 600 
ppm and a 15-minute STEL of 750 ppm for pentane. 
OSHA concluded that these limits would protect exposed 
workers from the narcosis long known to be associated 
with pentane exposure.1111 The OSHA PEL is consistent 

. with the recommended ACGIH TL V. 
NIOSH REUIDLH: NIOSH established a REL-TWA 

of 120 ppm with a 15-minute ceiling limit of 610 ppm for 
pentane. NIOSH recommended the same occupational 
limits (TWA of 350 mg/m3 [equivalent to 120 ppm for 
pentane] and ceiling of 1800 mg/m3 [equivalent to 610 
ppm for pentane}) for all Cs-Ca alkanes as for the 
neuropathic alkane n-hexane.1Bl NIOSH [Ex 8-47, Table 
N2} did not concur with the OSHA PEL based on their 
belief that polyneuropathy may be caused by other al
kanes, or mixtures of alkanes, and their isomers.P2l 
NIOSH established an IDLH value of 15,000 ppm for this 
substance. 

ACGIH Rationale for TL Vs that Differ from the PEL 
or REL: Based on the information published to date. the 
ACGIH believes that all Cs-Ce alkanes are not equipotent 
neurotoxins and that the neuropathies noted following 
exposures to mixtures of pentane, hexane, heptane, and 
octane are predominantly, if not entirely, due to the 
hexane content. Although the possibility that chronic 
exposure to high concentrations of pentane, heptane, 
and/or octane may lead to polyneuropathy cannot be 
ruled out altogether, there are no specific data on these 
compounds other than hexane which support their role 
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as etiologic agents in the pathogenesis of central-periph
eral distal axonopathy. 

NIOSH111 recommended the same RELs for all the 
alkanes: pentane, hexane, heptane, and octane. The 
rationale for this recommendation was not stated ciearfy, 
but the inference was that polyneuropathy was a general 
effect of paraffin hydrocarbon exposure. Such a rationale 
would ignore the obseiVations that n-hexane ard methyl 
n-butyl ketone (see the 11... V Documentation for Methyl n-Bu
tyl Ketone} are both metabolized to 2,5-hexanedione and, 
ttiJs. haveasirrilarneurotoxicrnechan ism o t action. '131 

NTP Studi~5: Pentane was negative in the Salmo
nella assay. NTP has not conduded other genetic toxi
cology, other short-term toxicology, metabolism, or long-term 
toxicology and carcinogenesis bioassays on ni>entane. 

Other Nations 

Australia: 600 ppm, STEL 750 ppm (1990); Federal 
Republic of Germany: 1 000 ppm, short-term level 2000 
ppm, 60 minutes, 3 times per shift (for all isomers) (1991); 
Sweden: 600 ppm, short-term value750 ppm, 15 minutes 
-{for all isomers) (1990}; United Kingdom: 600 ppm, 10-
minute STEL 750 ppm (for all isomers} (1991). 
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TETRAHYDROFURAN 
CAS: 1 09-99-9 

Cyclotetramethylene oxide; Diethylene oxide; THF; 
T etramethylene oxide 

C4HaO 

TLV-TWA, 200 ppm (590 mg/m3
) 

TLV-STEL, 250 ppm (737 mg/m3
) 

1957-present: TLV-TWA, 200 ppm 

1976-present: TLV-STEL, 250 ppm 

1992: Documentation revised 

Chemical and Physical Properties 

Tetrahydrofuran (THF) is a colorless liquid with an 
acetone or ether-like odor. Odor thresholds of 2 ppm(1l to 
7.4 ppm<2l have been reported. Chemical and physical 
properties include:<3.4l 

Molecular weight: 72.1 0 
Specific gravity: 0.8892 at 20°C 
Melting point: -1 08S'C 
Boiling point: 66°C 
Vapor pressure: 145 torr at 20°C 
Flash point: -14.SOC, closed cup 
Solubility: miscible with water, alcohols, ketones. 

esters, ethers, and hydrocarbons 
Stability: upon contact with air, THF may decompose 

into explosive peroxides and carbon monoxide . 

Major Uses or Sources of Occupational Exposure 

Tetrahydrofuran is a solvent for natural and synthetic 
polymers and resins, particularly polyvinyl chloride and 
vinylidene chloride copolymers. It is used in the manu
facture of lacquers, glues, paint, and ink; it has found 
utility as an electrolytic solvent in the Grignard reaction
based production of tetraethyl and tetra methyl lead, as a 
chemical intermediate, and in wetting and dispersing of 
textiles.<5l According to the 1981-1983 National Occupa
tional Exposure Survey,<6l approximately 356,000 U.S. 
workers were potentially exposed each day to THF. 

Animal Studies 

Acute 

The acute toxicity of THF has been summarized.(7) 
The oral LDso for THF is reported as 2.3 ml/kg (2045 
mg/kg) in 14-day-old male rats and as 3.6 and 3.2 ml/kg 
in young adult and older adult rats, respectively.<8l The 

single oral lethal dose in rabbits was 2500 mg/kg of a''"'"~" 
20% solution.<9l DiVincenzo and Krasavage(1°1 found nc. • 
liver damage in guinea pigs injected intraperitoneally with 
500 mg/kg THF. 

A single 4-hour inhalation of THF in rabbits in the 
range of 100 to 12,000 ppm resulted in a transient 
dose-related decrease of tracheal ciliary activity.<,,! Sin
gle or repeated exposures have been associated with 
cytolytic hepatitis and fatty degeneration of the liverY 21 

Stoughton and Robbins<131 found concentrations of 
THF greater than 25,000 ppm were required to produce 
anesthesia. The anesthetic properties were rather poor 
in that onset was delayed and recovery poor; this was 
accompanied by pronounced hypotension and marked 
respiratory hyperpnea. There was a narrow margin of 
safety between anesthesia and death in dogs and mice. 
Other investigators have reported anesthetic'141 and neuro
pharmacological<151 effects induced by tetrahydrofuran. 

THF was irritating to rabbits when applied topically 
in aqueous solutions exceeding 20% concentration.<161 

Subchronic 

Lehmann and Flury<161 reported irritation of the upper 
respiratory tract and found evidence for hepatic and renal 
injury in animals that inhaled concentrations of THF 
greater than 3000 ppm, 8 hours/day for 20 days. 

Subsequent studies<1
7l showed that when dogs in

haled 200 ppm THF 6 hours/day for 3 to 4 weeks, an 
observable effect on pulse pressure was recorded; how
ever, no demonstrable histopathologic changes were 
found despite extended exposure of 9 weeks, followed 
by an additional 3-weeks exposure at up to 400 ppm. In 
contrast to previous reports,<161 THF failed to irritate the 
skin and no evidence for skin sensitization was noted.<17) 
Greater validity has been ascribed for the contemporary 
results than those previously reported, due in part to the 
greater numbers of animals tested. 

Male rats that inhaled more than 5000 ppm THF for 
12 weeks at 4 hours/day showed signs of systemic 
intoxication, skin and respiratory tract irritation,liverfunc
tion disturbance, and abnormalities in glucose metabo
lismY81 Although systemic effects were not observed 
after similar exposures at lower concentrations, slight 
respiratory tract irritation occurred in some rats that in
haled concentrations less than 200 ppm. 

Muscle acetylcholinesterase activity increased in a 
concentration-dependent manner in male rats that inhaled 
200, 1000, or 2000 ppm for 18 weeks at 6 hours/day. <191 THF 
concentrations in brain and peripheral fat appeared to 
decrease after 2 weeks. At 200 ppm, hepatic protein and 
mixed function oxidase actMty were increased. At 2000 
ppm,liverfunction was inhibited. Increased skeletal muscle 
succinate dehydrogenase activity was noted. In a 13-week 
inhalation study,<201 ataxia was reported in rats at 5000 
ppm and narcosis was reported in mice at 1800 ppm. 
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Hepatocytom~galy developed in mice of both sexes at 
5000 ppm; uterine atrophy and degeneration of the ad
renal cortex occurred in the female mice.<201 

When rats were exposed at 200 ppm THF, 4 hours/day, 
5 days/week, between 12 and 24 weeks of age, slight 
damage to the nasal and tracheal epithelium was noticed. 
Similar exposures at 1 000 ppm THF caused severe dam
age to the same tissues, decreased the number of cilia, and 
produced vacuolization and an increase in the numbers of 
dense granules in the epithelial cytoplasm.<211 

Reproductive/Developmental 

Mast et al.<221 exposed rats and mice 6 hours/day, 7 
days/week on gestational days 6 to 19 for rats and 
gestational days 6 to 17 for mice at 600, 1800, or 5000 
ppm THF. Pregnant mice that inhaled 5000 ppm THF 
died; mice that inhaled 1800 ppm were sedated. The only 
treatment-related effects seen in the offspring were re
duced fetal body weight and reduced ossification of the 
sternebrae, signs indicative of general growth and devel
opmental delay. The maternal no-observed-adverse ef
fect level (NOAEL) for both species was 1800 ppm; the 
NOAEL for developmental toxicity was 1800 ppm in rats 
and 600 ppm in mice. 

Genotoxlcity Studies 

T etrahydrofuran was net mutagenic in Salmonella ty
phimurium TA100, at 50 ~ per plate.<231 Tetrahydrofuran 
failed to induce sex-linked recessive lethals in Drosophila 
melanogastereither by ingestion or injection.<241 

Pharmacoklnetlc/Metabolism Studies 

In vitro studies indicated that THF was first hydroxy
fated by the microsomal enzymes and further cleaved to 
the straight chain fatty acid in the presence of cytosol.<251 

High concentrations (10-2M) of THF inhibited the in vitro 
activity of rat hepatic cytochrome P-450 by 80%.<261 

When healthy volunteers were exposed at 100 or 400 
ppm THF in air, the percentage of expired THF was 35% 
in males with normal breathing, 25% in males with deep 
breathing, and 19% in females with deep breathing.<271 

Three-hour exposures at 50 ppm THF resulted in 40% 
expiration of THF in males with normal breathing and 
27% in males with deep breathing. The elimination half
life of THF was 30 minutes. In subjects exposed at 50 
ppm THF in air for 6 hours, traces of THF were present 
at 3 hours after the end of exposure. In individuals 
exposed at 200 ppm THF for 3 hours, THF blood concen
trations were higher at 1 hour after the end of exposure 
than immediately after cessation of exposure. <27J 

Human Studies 

Exposure to THF has been reported to be irritating 
to the skin, eyes, and mucous membranes; no specific 
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concentration(s) for irritation has been described. Indi
viduals exposed to high concentrations of THF have 
elevated circulating liver enzymes and have complained 
of nausea, tinnitus, and occipital headache. <13

•
16

•
26

•
29

, Liver 
biopsy confirmed fatty degeneration and siderosis along 
with elevated gamma glutamyl transferase and alanine 
aminotransferase occurred in one adult male occupation
ally exposed to THF.<151 

Viader et al.1301 examined a polyvinyl chloride (PVC) 
pipe fitter who worked in confined spaces using methyl 
ethyl ketone (MEK) and a glue containing 60% THF. The 
patient exhibited effects on the peripheral nervous sys
tem that resolved 2 months after exposure ceased. The 
investigators considered that these effects were most 
likely the result of occupational exposure to MEK or to 
the combined MEK and THF exposures. 

Juntunen et al.<291 reported the case of a PVC pipe 
insulator whose most recent exposure to THF occurred 
over 2 weeks in a poorly ventilated, confined space. After 
hospitalization for acute appendicitis with enflurane an
esthesia, the patient developed cerebral convulsions. 
The authors<291 suggested that·the interaction of the an
esthetic and occupational exposure to THF may have 
contributed to the onset of the convulsions. 

lmmunoglobin-A nephropathy in a plumber fitting 
PVC pipe in a confined space with THF short-term expo
sures ranging from 389 to 757 ppm was reported by 
Albrecht et al.<311 MEK in small amounts and unmeasured 
cyclohexanone were also present. The authors1311 sug
gested that massive short-term exposure may have ex
acerbated predisposition to renal disease. 

Two cases of occupational exposure to THF were 
reported by Gamier et al.1321 The symptoms included 
irritation of mucous membranes, nausea, headache, diz
ziness, and possible cytolytic hepatitis. The effects on 
mucous membranes and the central nervous system 
(CNS) resolved within a few hours after cessation of 
exposure. 

Elevated aspartate aminotransferase, alanine ami
notransferase, and gamma glutamyl transferase activi
ties were considered indicative of transient hepatic 
in'-Uivement. 

TLV Recommendation 

Early studies116'
1n demonstrated that THF is an upper 

respiratory tract irritant to animals exposed at concentra
tions > 400 ppm. Narcosis has been observed in animals 
and humans exposed to THF in air at concentrations on 
the order of 25,000 ppm.<131 Accordingly, a TLV-TWA of 
200 ppm has been recommended for THF since 1957, 
and a STEL of 250 ppm was added in 1976. These values 
are recommended to minimize the potential for irritation 
to upper respiratory tract tissues and to provide a margin 
of safety against THF-induced systemic effects. How
ever, given the epithelial changes found in the respiratory 



epithelium of rats that inhaled 200 ppm 4 hours/day, 5 
days/week, (1 9

) and in view of the well-known differences 
in rodent and human anatomical parameters which con
tribute to upper airway absorbed dose and the associated 
response, the margin of safety afforded by the TL V for 
this substance is currently under review by the TLV 
Committee. 

Other Recommendations 

OSHA PEL: OSHA established a PEL-TWA for 
tetrahydrofuran of 200 ppm and a STEL of 250 ppm. 
OSHA concluded'that these combined limits were nec
es~~ry to reduce the potential risk of acute and chronic 
systemic effects associated with exposure to tetrahydro
furan.133l The OSHA PEL is consistent with the recom
mended ACGIH TLV. 

NIOSH REUIDLH: NIOSH [Ex 8-47, Table N1] es
tablished a REL-lWA of 200 ppm and a 250 ppm STEL 
by concurrence with the OSHA PEL for tetrahydro
furan.133, NIOSH established an IDLH value of 20,000 
ppm, the lower explosive limit (LEL) in air for tetrahydro-
furan. · 

NTP Studies: NTP completed prechronic oral gav
age and inhalation studies of tetrahydrofuran in male and 
female Fischer-344 rats and B6C3F1 mice. No chronic 
gavage study was scheduled; THF has been scheduled 
for chronic inhalation bioassay. Tetrahydrofuran failed to 
induce a significant mutagenic response in the Salmo
nella assay or in the Drosophila test for the induction of 
sex-linked recessive lethal mutations; in cultured Chi
nese hamster ovary (CHO) cells, there was no indication 
of induction of chromosomal aberrations or sister-chro
matid exchanges. 

Other Nations 

Australia: 200 ppm, STEL 250 ppm (substance un
der review) (1990); Federal Republic of Germany: 200 
ppm, short-term level 1 000 ppm, 30 minutes, twice per 
shift, Pregnancy Group C, no reason to fear a risk of 
damage to the developing embryo or fetus when MAK 
and BAT values are adhered to (1992); Sweden: 100 
ppm, short-term value 150 ppm, 15 minutes (1990); 
United Kingdom: 200 ppm, 1 0-minute STEL 250 ppm 
{1991 ). 
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