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INTRODUCTION 

Current Intelligence Bulletins (CIB's) are reports produced by the National 
Institute for Occupational Safety and Health (NIOSH), CDC, Atlanta, Georgia, 
to disseminate new scientific information about occupational hazards. A CIB 
may draw attention to a previously un recognized hazard, repo r t new data 
suggesting that a known hazard is either more or less dangerous than 
formerly thought, or disseminate information recommending specific controls 
for a hazard. 

To date, NIOSH has issued 50 CIB's. The sunvnaries provided here reflect the 
state of knowledge at the time the bulletin was prepared . Estimates of the 
number of workers potentially exposed to a given substance or agent were 
derived from projections based on the Na t ional Occupational Hazard Survey 
conducted by NIOSH between 1972 and 1974, which encompassed potential 
exposures of approximately 900,000 workers at nearly 5 ,000 facilities. An 
italicized statemen t immediately following a summary indicates any rev isions 
in NIOSH policy made subsequent to the issuance of the particular CIB. This 
compendium of summaries does not include any new NIOSH pol icy; it is rather 
a compilation of summaries of the 50 CIB's along with any subsequen t policy 
statements related to the same topics. 

Note to Readers: 

Those who want the ful I text of CIB's should note that Nos . 1-18 (NIOSH 
pub I i cation #78-127) , Nos. 19-30 ( #79-146), and Nos. 31-47 ( #86-122) have 
been reprinted . These collections, single copies of CIB Nos. 19-50, and 
other NIOSH documents referred to are available from the fol lowing: 

Publications Dissemination, DSDTT 
National Institute for Occupational Safety and Health 

4676 Columbia Parkway 
Cincinnati, Ohio 45226-1998 

(513) 533-8287 
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CIB #1--Chloroprene 
Issued: January 20, 1975 (#78-127) 

Because of its resistance to abrasion, heat, flame, oxygen, ozone, and 
solvents, chloroprene is used in the manufacture of a variety of neoprene 
elastomers including cable sheaths, hoses, fabrics, adhesives, and a l arge 
number of technical rubber articles. The automotive industry is the l arges t 
user of this chemical . An estimated 2,500 U.S. workers a re potent i al ly 
exposed to chloroprene. Based on human and animal studies, NIOSH wa rns o f 
carcinogenic, reproductive , and central nervous system (CNS) effec t s. 

The current Permissible Exposure Limit (PEL) of the Occupational Safety and 
Health Administration (OSHA) is 25 parts per million (8-hour time-weighted 
avera.ge [TWA]). In 1977, NIOSH published a criteria document (#77-210) on 
chloroprene with a Recommended Exposure Limit (REL) of 1 ppm as a ceil i ng 
( 15 minutes). 

CIB #2--Trichloroethylene (TCE) 
Issued: June 6, 1975 (#78-127) 

Preliminary evaluation by the National Cancer Institute (NCI ) o f the 
carcinogenic activity of TCE in laboratory rodents indicates tha t t h is 
material is a potent liver carcinogen. TCE is one of the mos t important 
chlorinated solvents used as a metal degreaser and a dry cleaning agent. 
A pharmaceutical grade of this chemical is used as a general anesthetic and 
analgesic. TCE is also used to extract caffeine in the produc t ion of 
decaffeinated coffee. Approximately 290,000 U.S. workers are po t ent i a lly 
exposed to the chemical. The OSHA PEL of 100 ppm (8-hour TWA) was based on 
the Threshold Limit Value (TLV®) of the American Conference of Governmen t a l 
Industrial Hygienists (ACGIH). In 1973, NIOSH recommended an exposure limi t 
of 100 ppm (8-hour TWA). It should be no t ed that t he NCI s t udy is t he ti rst 
to associate TCE with cancer in animals. No published repo rt s have 
indicated any association between TCE and cancer in humans. Howeve r , 
because of potential risks of human exposure in the work environmen t , NIOSH 
is alerting the occupational health community to the NCI f indings. 
Additional animal studies, as wel I as detailed epidemiologica l 
investigations, are anticipated. 

In 1978, NIOSH published a special Occupational Hazard Review of TCE 
(#78-130), which indicated that occupational exposure can be easily limited 
to 25 ppm by current engineering control methods . NIOSH recommended that 
exposure be controlled to the fullest extent possible. 

CIB #3--Ethylene Dibromide (EDB) 
Issued: July 7, 1975 (#78-127) 

A pre I iminary report from NCI indicates that EDB is ca rcinogeni c i n 
laboratory rodents. EDB is used primarily as an antiknock agent in gasoline 
and as a fumigant for grains, fruits, and vegetables. Approximately 108,000 
U.S. workers are potentially exposed to EOB during its produc t ion and use. 
In addition, an estimated 875,000 workers are potentially exposed t o ve ry 
low concentrations of EDB while working with leaded gasoline. Based on t. he 
NCI study, NIOSH warns of a potential carcinogenic risk to wo rkers. 



Exposure to EDB may also produce renal, liver, pulmonary, and CNS effects. 
In view of the NCI findings, NIOSH recommends that employers make every 
effort to maintain the exposure as low as is technically feasible. 

In 1977, NIOSH published. a criteria document (#77-221) on ethylene 
dibromide, with an REL ceiling 0£ 0.13 ppm (1 mg!m3) in any 15 minute 
period. In 1981, in a revised CIB (#82-105), NIOSH rea££irmed its REL on 
the basis 0£ inhalation studies on rats and mice, which indicated that EDB 
is carcinogenic at exposure concentrations below the OSHA PEL 0£ 20 ppm. In 
1984 testimony to OSHA, NIOSH recommended that the PEL be reduced to an 
8-hour TWA 0£ 0.045 ppm with a 15-minute ceiling 0£ 0.13 ppm. 

CIB #4--Chrome Pigment 
Issued: June 24, 1975, October 7, 1975 and October 8, 1976 (#78-127) 

A series of three letters was distributed on behalf of the Lead Chromate 
Task Force of the Dry Color Manufacturer's Association (DCMA) to alert 
producers and users to the carcinogenic potential of chrome pigments. The 
OSHA PEL's at the time of a DCMA-sponsored study fol low: 0.2 mg/m3 for 
lead; 0.5 mg/m3 as Cr for chromium, soluble chromic, or chromic salts; and 
0.1 mg/m3 as Cr03 for chromic acid or chromates. However, results of an 
epidemiologic study also sponsored by the DCMA showed an excess of 
respiratory cancer in lead chromate workers. These findings are consistent 
with the NIOSH criteria document on hexavalent chromium (#76-129) published 
in December 1975, which states that lead chromate shou Id be regarded as a 
human carcinogen. 

CIB #5--Asbestos: Asbestos Exposure During Servicing of 
Motor Vehicle Brake and Clutch Assemblies 

Issued: August 8, 1975 (#78-127) 

Based on data presented by investigators from the Mount Sinai School of 
Medicine, NIOSH alerts brake repair and servicing personnel to the potential 
for exposure to high concentrations of asbestos during the servicing of 
motor vehicle brake and clutch assemblies. Approximately 908,000 U.S. 
workers are potentially exposed to asbestos in the manufacture and servicing 
of brake I inings and clutches. Control procedures in this industry are 
recommended to minimize dust exposures. 

In 1976, NIOSH published a revised criteria document (#77-169) on asbestos, 
with an REL 0£ 100,000 £ibers!m3 0£ air (fibers >5 µm long) as an 8-hour 
TWA and peak concentrations not exceeding 500,000 fibers!m3 of air 
(Eibers >5 µm long) £or a 15-minute sample period. In 1980, a joint 
NIOSH/OSHA work group issued a report that rea££irms the REL of 100,000 
fibers!m3. In 1984, in testimony to OSHA, NIOSH once again stated the 
need for 100,000 fiber!m3 of air as an 8-hour TWA exposure limit . 

CIB #6--Hexamethylphosphoric Triamide (HMPA) 
Issued: October 24, 1975 (#78-127) 

NIOSH received a report from E. I. du Pont de Nemours and Company, an 
American producer of HMPA, which indicated that malignant tumors were 
produced in laboratory animals exposed to the chemical. HMPA possesses 
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unique solvent proper ties and is widely used as a solvent, in smal I 
quan tities , in organic and organo-metallic react ions in ~laboratories. Of 
the approximately 5,000 U.S. workers who are occupat ionally exposed to the 
chem ica l , more than 90% work in research labora t ories. Based on the du Pont 
stud ies, NI OSH r ecommends that HMPA be treated as a po t ential occupational 
ca rcinogen. 

CIB #7--Polychlorinated Biphenyl s (PCB's) 
Issued: November 3, 1975 and August 20, 1976 (#78-127) 

Repo rt s on PCB's indicate a poss ib i e association between occupational 
exposure t o PCB's and cancer in humans. Known t oxic effects of PCB's on 
humans include ch loracne , pigmentat ion of ski n and na i Is, excessive eye 
discharge, swelling of eyelids, and d is t incti ve hair follicles. PCB's are 
widely used in industry i n the manufacture of capaci t ors and t ransfo rmers. 
Other applica ti ons include use in inves t ment casting processes, as 
heat-exchange fl uids , and as hydraulic fluids. Approximately 12,000 U.S. 
worke rs are potentially exposed to PCB's . 

NIOSH published a criteria document (#77-225) in 1977 with an REL of 
1.0 µgtm3 (TWA £or up to a 10-hour workday, 40-hour workweek). 

CIB #8--4,4' -Diaminodi phenylmethane (DDM) 
Issued: January 30, 1976 (#78-127) 

DDM, also known as p,p'-me thylenediani line or 4, 4 '-methylenediani line (MDA), 
is an important chemical intermediate. Of the over 200 mi 11 ion pounds 
manufactured in the United St ates each year, 99% is used in the production 
of isocyanates and polyisocyanates. Approximately 2,500 U.S. workers are 
potentially exposed t o the chemical. Based on the results of several 
studies, NIOSH warns of live r disease in exposed workers and the 
carcinogenic effects of DDM in animals. 

See entry £or CIB #47--4 ,4 '-Methylenedianiline (MDA). 

CI B #9--Chloroform 
Issued: March 15 , 1976 (#78-127) 

An NCI study demonstra ted the ca rc inogenicity of chloroform in laboratory 
mice and rat s. Chlo roform is used as a raw ma t eria l in the preparation o.f 
fluorocarbons. Additional appl ications include use in extrac t ion and 
puri fi cat i on of penicillin and other antib i otics; purification of alkaloids; 
solven t extraction o f vitamins and flavors; as a general solvent and 
in termedia t e in the preparation of dyes, drugs, and pesticides; and as an 
anesthetic. Approxima t ely 40,000 U.S. workers are potentially exposed to 
the chemical . In 1974, NIOSH recommended that no wor ke r be exposed to 
chloroform in excess of 10 ppm (10-hour TWA) or 50 ppm cei I ing 
(10 minu tes ). No studies have shown an association between chloroform and 
cancer in humans. However , because o f the resu I t s o f the NC I study, NI OSH 
a lerts the occupati onal health commun ity to the chemical's potential for 
cancer induc t ion in humans. 

NIOSH published a revised recommended standard (Chloroform revised 1976) 
with an REL of 2 ppm as a 60-minute ceiling. 
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CIB #10--Radon Daughters 
Issued: May 11, 1976 (#78-127) 

In a numbe r of Na t ional Park Service caves, concentrations of radon 
daughters are nea r t he occupational limits set forth in the OSHA standards 
for uran ium mine rs. NIOSH warns of the potential hazards of radon gas in 
private ly owned caves and cave-air-conditioned buildings. Studies of 
urani um miners have shown that alpha radiation emitted by _the radon 
daughte rs caused an increase in lung cancer 10 years or more after workers 
began mining . The OSHA requiremen t s for uranium mines, deemed by EPA to be 
applicable to natural caves, are as fol lows: above 0.1 working level (WL) 
alpha rad iat ion , stop all unde rground smoking; 0.1-0 .2 WL, monitor workspace 
at leas t once yea r ly; 0.2-0 .3 WL, monitor workspace quarterly; above 0.3 WL, 
monitor workspace weekly and main tain exposure records on al I exposed 
workers ; 1.0-2.0 WL, t ake immediate corrective action to lower the 
concentra t ion be low 1.0 WL; above 2.0 WL, withdraw all workers not involved 
in impl ement ing cor rect ive actions to lowe r the concentrations below 1.0 WL; 
cumul at ive individual exposure shal I not exceed 4 WLM in any calendar year. 
NI OSH suppo rt s these recommenda t ions and also recommends that radiation 
leve ls be assessed in Sta te and privately owned caves throughout the U.S. 

In 1987 , ~IIOSH publ i shed a criteria document (#88-101) on radon progeny 
(daughters) in underground mines, with an REL 0£ 1.0 working level month 
(WLM) per year and an average work shift concentration not to exceed 1/12 0£ 
1 WL ( or O. 083 WL). The REL 0£ 1 WLM per year is an upper limit 0£ 
cumula t ive exposure, and every e££ort shall be made to reduce exposures to 
the lowest levels possible. 

CIB #1 1--Dimethylcarbamoyl Chloride (DMCC), Revised 
Issued: July 7, 1976 (#78-127) 

Inha lati on studies conduct ed at the Institute of Environmental Medicine, New 
York Uni vers ity, indicate that DMCC causes cancer in laboratory rats. DMCC 
is used in synthesi z ing pha rmaceuticals for the treatment of myasthenia 
gravi s and as a reagen t for the synthesis of carbamates in chemical research 
laborato r ies. Fewer than 200 persons are estimated to be potentially 
exposed to DMCC. Based on studies at New York University with rats in which 
DMCC at a concen t ra t ion of 1 ppm produced squamous eel I carcinomas of the 
nose within 200 days, NIOSH warns of the carcinogenic potential of DMCC. 

CIB #12--Diethylcarbamoyl Chloride (DECC) 
Issued: July 7, 1976 (#78-127) 

Based on studies by the Institute of Environmental Medicine, New York 
Unive rsi ty, NIOSH warns of the mutagenic potential of DECC in two 
Esche r ichia coli strains (WP2 and WP2S from Witkin). The only known 
commercial domestic use for DECC is in the synthesis of the pharmaceutical 
die thylca rbamazine citrate, an anthelmintic (worming agent). Annual 
production of DECC has been under 15,000 pounds. 

CIB #13--Explosive Azide Hazard 
Issued: August 16, 1976 (#78-127) 

NIOSH wa rns of t he explosive hazards that may exist in hospital and clinical 
laboratory plumbing systems caused by the formulation of sodium azide into 
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diluents used with automatic blood cell counters. These counters are f ound 
in over 15,000 hospitals and laboratories in the Uni t ed States. Lead az i de 
is a more sensitive primary explosive than n itroglycerin and a mo re 
effective detonating agent than mercury fu Im i na te. I n comparison wi t h I ead 
azide, copper azide is even more explosive and too sens i t ive t o be used 
convnercial ly. Laboratory maintenance workers, especially p l umbers, should 
be alerted to the azide hazard so tha t proper precautions can be t aken. 
Decontamination procedures for plumbing sys t ems containing coppe r and/ o r 
lead azide are recommended. 

CIB #14--lnorganic Arsen i c: Respiratory Pro t ec t ion 
Issued: September 27, 1976 (#78-127) 

To meet the NIOSH REL for arsenic of 2 µg As/m3, part icular att en t ion 
should be given to using appropriate pro t ective equipment for exposed 
workers. NIOSH recommends particular types of personal respi rat ory 
protective devices that are suitable for worker pro t ec ti on under defined 
conditions; these include full-face respirators, high-e f ficiency particulat e 
tilters for inorganic arsenic compounds that have no s i gn i f icant vapor 
pressure, and air-purifying respirato ry protection wi t h an acid gas 
canister, as a minimum, for inorganic arsenic compounds wi t h signif i cant 
vapor pressure. Engineering controls are recommended to keep arsen ic 
concentrations below the occupational exposure I imit. 

In 1982, in testimony at an OSHA hearing on arsenic, NIOSH reaffirmed the 
previous NIOSH REL that occupational exposure to inorganic arsenic not 
exceed 2 µg As!m3 as determined by a 15-minute sampling period . 

CIB #15--Nitrosamines in Cutting Fluids 
Issued: October 6, 1976 (#78-127) 

NIOSH has been informed that diethanolni trosamine is presen t in commercial 
cutting fluids produced by four random ly selected companies. It was formed 
in a grinding fluid containing nitrite and triethanolamine. This 
substantiates a recent finding that nitrosamines may be formed in air and 
other nonacidic media by the react i on of secondary and tertiary amines with 
nitrites or other oxides of nitrogen. Historically, nitrosamines have been 
regarded as potent animal carcinogens, although their carcinogenic po t ential 
in humans has not been proven . An estimated 780,000 U.S. worke r s are 
potentially exposed during the manufacture and use of cutting oi Is . NIOSH 
reconvnends implementing a program of good work practices, engineering 
controls, and personal protective equipment, where necessary, to minimize 
dermal and respiratory exposure to cutting fluids. 

CIB #16--Metabol ic Precursors of a Known Human Carcinogen, 
beta-Naphthylamine 

Issued: December 17, 1976 (#78-127) 

Based on human and animal studies conducted by several chemical 
manufacturers, NIOSH warns that N-phenyl-beta-naphthylamine (PBNA), a 
widely used rubber antioxidant, and 2-nitronaphthalene, a by-product .of 
alpha-naphthylamine production, are metabolized to the known human 
carcinogen, beta-naphthylamine. NIOSH estimates tha t about 15 ,000 U.S. 
workers are potentially exposed to PBNA during its manufacture and use. 
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NIOSH recommends the use of indus tr ia l hygi ene pract ices to minimi ze 
exposu re in t he workp lace, the evalua t ion of PBNA subs t i t utes fo r possi bl e 
human effec ts, and t he additiona l assessmen t of metabol ic pa thways of 
chemica l agen t s in the workp lace. NIOSH also recommends t ha t materi a ls 
me tabo l ized by t he human body to known ca rc inogens be handl ed in t he same 
manner as ca rc inogens . 

1 CIB #17-- 2- Ni tropropane 
Iss ued : April 25, 1977 ( # 78-127) 

An inha lat ion s tudy indica tes tha t 2- nitropropane , a so lven t used widely in 
indus tr ial coat ings and pr in t ing inks, causes l ive r cance r in rat s exposed 
to 207 ppm ove r a 6-mont h per iod . Th i rty mill ion pounds of 2-ni tropropane 
are produced and 12 mil l ion pounds are sol d pe r year in t he Uni t ed States . 
The unso ld porti on is e i ther expor ted or used by the Int ernat iona l Minera ls 
and Chem ica l Co rporat ion. An es t imated 100 ,000 U. S. worke rs a re po t en ti all y 
exposed to 2- ni tropropane . NI OSH recommends tha t 2-ni tropropane be t rea t ed 
as a human carci nogen . As in t er im measures to reduce employee exposure to 
2-n i t rop ropane , NI OSH recommends es tab I i sh i ng regu I a t ed areas , engineeri ng 
controls, pe rsona l protect ive equ ipmen t , and med ica l moni tori ng . NI OSH 
fur the r recommends t hat a so lvent no t contai ning 2-ni t ropropane be 
subs t i tu t ed whenever possibl e. 

In 1980, a join t OSHAI NIOSH health h azard aler t (#80-142) was issued 
reaffirming t hat 2-nitropropane has t he po t e n tial t o cause cancer in humans 
and that worker e x posure should be reduced to the lowest feasible lev el . 

CIB #18--Ac ry loni tr i le 
Issued : Jul y 1 , 1977 (#78- 127 ) 

Studi es by E. I. du Pont de Nemours and the Manufac tur ing Chemi s t s 
Associ at ion ind icate tha t occupa t iona l exposure to ac ry lonitr i le may be 
assoc ia t ed wi th an excess of lung and co lon cance r . The du Pon t s tudy 
demons t rated an excess of cancer among worker s exposed to ac ry lon i tr i le a t a 
t ext ile plant. In a 1-yea r in te r im report of an ongoing study by t he 
Manufactu ring Chemis t s Associ at ion invo lving ingest ion and inhalation of 
ac ry loni t r i le by laborato ry rat s, the ra t s devel oped a varie ty of tumo rs 
includ ing ca rcinomas. Acrylonit r i le is used ma inly in t he product ion of 
ac ryl ic and modac ryl ic f ibers . The acryl ic fibers a re used to manufac tu re 
appare l, carpet ing , b lanket s, draper ies , and uphols tery , whi le modac ry l ic 
fibe rs a re used fo r syn t he t ic fur s and wigs. Other maj or uses of 
acryloni t r i le inc lude the manufac t ure of ac ry lonitr i le-bu tadiene-s tyrene and 
s ty rene-ac rylonitril e resins (used in a vari e ty of plas t ic products), 
ni tr ile elas tomers and la texes, and othe r chemica ls (e.g., ad iponi tr i le, 
acrylami de). Acryloni t r i le is a lso used as a fum igant . Approx ima te ly 
125 ,000 U.S. workers are po t en t ially exposed to ac ryloni tr i le in the 
workpl ace . NIOSH recommends hand ling ac ryloni t r il e in the workplace as a 
human ca rc inogen and also recommends in te r im indus t rial hygiene practices to 
reduce occupationa l exposure to acryloni tri le. 

In 1978 , NIOSH published a criteria document (#78-116) on acrylonitrile, 
which recommends that no worker be exposed to more than 4 ppm ( 8 . 7 mg!m3) 
in air as determined by a 4-hour sample collected at 0 . 2 Llminute . Later 
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that year in testimony to OSHA, NIOSH reaffirmed its position that 
acrylonitrile be considered an occupational carcinogen and supported the 
proposed OSHA PEL of 2 ppm (8-hour TWA) . 

~ 

CIB #19--2, 4-Diaminoanisole in Hair and Fur Dyes 
Issued: January 13, 1978 (#78-111 or #79-146) 

Studi es by NIOSH and NCI indicat e that 2,4-diaminoanisole may be 
ca rcinogenic . The chemical is used pr incipally as a component of oxidation 
("pe rmanent") hair and fur dye formulations . Hairdressers and 
cosme t ologists comprise the largest portion of the estimated 400,000 workers 
wi t h poten t ial exposure t o 2,4-diaminoanisole. Two NIOSH epidemiologic 
s t ud i es suggest excess cancer among cosmetologists, although they do not 
clearly demonst rate an association between hair dyes and cancer. In 
addition, laboratory stud i es by NCI showed an excess of site-specific 
malignant tumors in rats and mice given oral doses of 2,4-diaminoanisole. 
Based on the resul t s of these studies, NIOSH recommends that 
2,4-diaminoanisole and its salts be treated as potential human carcinogens 
and that occupational exposure be minimized. 

CIB #20--Tetrachloroethylene (Perchloroethylene) 
Issued : January 20, 1978 (#78-112 or #79-146) 

Tetrachloroethylene (perchloroethylene) is a solvent used widely in dry 
cleaning, fabric finishing, metal degreasing, and other applica t ions . 
Approximately 500,000 U.S. workers are potentially exposed to 
tetrachloroethylene in dry cleaning establishments and a large number of 
othe r industries that manufac t ure or use the chemical. In 1976, NIOSH 
published a criteria document (#76-185) with an REL of 50 ppm (TWA for a 
10-hour workday, 40-hour workweek). However, a study by NCI indicates that 
tet rachlo roethylene causes I iver cancer in mice . As a result of these 
findings and other pertinen t dat a, NIOSH recommends that this substance be 
handled in the workplace as a potential human carcinogen. 

CIB #21--Trimel I i tic Anhydride (TMA) 
Issued: February 3, 1978 (#78-121 or #79-146) 

NIOSH has identi tied TMA as an extremely toxic substance that can cause 
noncardiac pulmonary edema, immunologic sensitization, and irritation of the 
pulmonary t ract, eyes, nose, and skin . This substance is used as a curing 
agent fo r epoxy and other resins, in vinyl plasticizers, paints and 
coatings, polymers, polyesters, agricultural chemicals, dyes and pigments, 
pharmaceuticals, surface active agents, modifiers, in t ermediates, and 
specialty chemicals. Approximately 20,000 U.S. wo rkers are potentially 
exposed to TMA. NIOSH recommends that TMA be handled in the workplace as an 
extremely toxic agent and that engineering and work practice controls be 
used to minimize exposure of workers. 

CIB #22--Ethylene Thiourea (ETU) 
Issued: April 11, 1978 (#78-144 or #79-146) 

ETU is a white crystal I ine sol id used extensively as an accelerator for 
curing polychloroprene (Neoprene@) and other elastomers. Approximately 
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3,500 U.S. workers in the rubber industry are potentially exposed to ETU. 
Exposure also results from the widely used ethylene bis-dithiocarbamate 
fungicides in which ETU may be present as a contaminant. A NIOSH literature 
evaluation shows ETU to be a teratogen and a carcinogen in laboratory rats; 
studies in other species support these findings. 

NIOSH, in 1978, published a Special Occupational Hazard Review (#79-109), 
recommending that workers be informed of the potential hazards of ETU and 
emphasizing the need for good work practices and sanitation . 

CIB #23--Ethylene Dibromide (EDB) and Disulfiram, Toxic Interaction 
Issued: April 11, 1978 (#78-145 or #79-146) 

Results of a NIOSH study on laboratory rats suggest a serious toxic 
in teraction between inhaled EDB and ingested disulfiram. As a result, NIOSH 
recommends that no worker be simultaneously exposed to EDB and disulfiram. 
EDB is used primarily as a lead scavenger in leaded fuels, a fumigant, an 
intermediate in the synthesis of dyes and pharmaceuticals, and a solvent for 
resins, gums , and waxes. Disulfiram is a prescription drug used under the 
trade names Antabuse® and Ro-Sulfiram® as an alcohol deterrent in programs 
for the control of alcohol ism. It is also used as an accelerator in the 
manufacture of rubber and as a fungicide and insecticide. Approximately 
9,000 U.S. workers are potentially exposed to EDB; in addition, 650,000 gas 
station attendants are potentially exposed to very low concentrations. 
Approximately 70,000 workers are potentially exposed to disulfiram in 
addition to an estimated 100,000 people who use it therapeutically for 
alcohol ism . Toxic interactions with other chemicals were not considered in 
the NIOSH REL of 0.13 ppm (1.0 mg/m3) EDB as a 15-minute ceiling 
(#77-221). The cur rent NIOSH study shows a high rate of mortality for rats 
exposed by i nha I at ion to 20 ppm EDB tor 6 hours a day, 5 days a week, and 
fed a diet containing 0.05% disulfiram by weight. Therefore, NIOSH 
concludes that no worker should be exposed to EDB when disulfiram is used in 
the workplace. In addition, workers potentially exposed to EDB should not 
be administered disulfiram unless the physician responsible believes the 
benefit of disulfi ram therapy strongly outweighs the risk for that 
particular patient. 

CIB #24--Direct Blue 6, Direct Black 38, Direct Brown 95: 
Benzidine-Derived Dyes 

Issued: April 17, 1978 (#78-148 or #79-146) 

NIOSH recommends that three widely used benzidine-derived dyes--Direct 
Blue 6, Direct Black 38, and Direct Brown 95--be handled in the workplace as 
human carcinogens. These dyes are used in a variety of industries, 
including paper and allied products, petroleum, rubber and plastics, leather 
products, instrumentation and measuring devices, banking, and the textile 
industry. In short-term feeding studies of these dyes by NCI, cancerous and 
precancerous liver conditions were found in rats, and degeneration of liver 
ce 11 s was found in mice. A I though the dyes tested by NC I contained I ess 
than 4 ppm residual benzidine when fed to the test animals, greater 
quantities of benzidine were found in the urine of the dosed rats and mice. 
NIOSH field studies reported that humans working with these dyes also 
excrete higher than expected levels of benzidine in their urine. Both 
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laboratory and field studies indicate that these benzidine derived dyes can 
be metabolized to benzidine, a known carcinogen. NIOSH recommends tha t 
exposure to Direct Blue 6, Direct Black 38, and Direct Brown 95 be limited 
to as few workers as possible, while minimizing workplace exposure levels. 
The area in which they are used should be restricted to only t hose workers 
essential to the process or operation. 

CIB #25--Ethylene Dichloride (1,2-Dichloroethane) 
Issued : April 19, 1978 (#78-149 or #79-146) 

NIOSH recommends that ethylene dichloride (1,2-dichloroethane) be handled in 
the workplace as a human carcinogen . This chemical is one of the highest 
volume chemicals in the United States. It is used in the production of 
v iny I chloride, 1, 1, 1-t rich lo roe thane, tr i ch loroethy lene, perch loroethy lene, 
vinylidene chloride, and ethyleneamines. It is also a lead scavenger and 
appears as a component of most leaded fuels. In addition, it is used as an 
extraction solvent, as a solvent for textile cleaning and metal degreasing, 
in certain adhesives, and as a component in fumigants for upholstery, 
carpets , and grain. An estimated two million U.S. workers are potentially 
exposed to ethylene dichloride. In a 1976 criteria document (#76-139), 
NIOSH proposed an REL of 5 ppm (TWA 10-hour workday; 40-hour workweek) . 
However, this recommended limit was selected to prevent toxic effects ot her 
than cancer and may not provide . adequate protection from potential 
carcinogenic effects. Subsequently, ·results of an NCI study indicated that 
laboratory rats and mice fed ethylene dichloride experienced a significant 
excess of malignant and benign tumors . Other toxic effects of ethylene 
dichloride include cardiovascular system disorders (extreme lowering of 
blood pressure and cardiac impairment), pulmonary edema, fatty degeneration 
of the liver and kidney, and degeneration of the adrenal cortex. It has 
also been found to be mutagenic to bacteria and fruit flies and to cause 
abnormal development of the rat fetus. NIOSH recommends that occupational 
exposures be I imited to as few workers as possible and that workplace 
exposure concentrations be minimized through engineering and work practice 
controls. 

In September 1978, NIOSH published a revised criteria document (#78-211) on 
ethylene dichloride (1,2-dichloroethane) that r eaffirms its recommendations 
that ethylene dichloride be controlled as an occupational carcinogen and 
that the previous REL be revised downward £ram 5 ppm ( 20 mg!m3) to 1 ppm 
(4 mg!m3) determined as a TWA exposure £or up to a 10-hour workshi£t . 
Also, a ceiling concentration is recommended 0£ 2 ppm (8 mg!m3) as 
determined over a 15-minute sampling period . 

CIB #26--NIAX® Catalyst ESN: A Mixture of Dimethylaminopropionitri le and 
bis[2-(dimethylamino)ethyl]ether 

Issued: May 22, 1978 (#78-157 or #79-146) 

NIOSH and OSHA jointly recommend that NIAX® Catalyst ESN and its components, 
d imethy lam i noprop ion it r i I e and bi s[2-(d imethy lami no)ethy I ]ether, as we 11 as 
formulations containing either component , be handled in the workplace as 
exceedingly hazardous materials. NIAX® Catalyst ESN, which is used int.he 
manufacture of flexible polyurethane foam, has been I inked to urinary 
dysfunction and neurologic manifestations in exposed workers. No current 
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Federal standard exists for occupationa l exposure to the catalyst or either 
of i t s components. However, on April 7, 1978, OSHA issued a Health Hazard 
Alert stating, "I t i s imperative that worker exposure to ESN and i t s 
components be completely avoided." NIOSH recommends I im iti ng exposure to as 
few workers as possible, while minimizing workp lace exposure with 
engi neer ing and wo rk practice controls . NIOSH further recommends that 
exposed workers be carefully monito red for potential disorders o f the 
genitou rinary and nervous systems. 

CIB #27--Chloroethanes : Rev iew o f Tox icity 
Issued: August 21, 1978 (#78-181 or #79-146) 

NIOSH recommends that four ch loroethanes--1,2-dichloroethane (ethylene 
dich lo r ide); 1,1 ,2- tr ichlo roethane; 1,1,2,2-tetrachloroethane; and 
hexachloroethane--be handled in the workplace as human carcinogens. This 
recommenda t ion is based primarily on the resu lts of NCI s tudi es that showed 
an excess of cancer in animals exposed to chloroe t hane. Chlo roethanes are 
used extensively as so lvents and in deg reas ing agents, cutting fluids, and 
fum igant s as wel I as i n the manufacture of plastics, textiles, and other 
chemicals. Ove r 3 million U.S. worke rs are potentially exposed to one or 
more ch I oroethanes. NI OSH recommends that occupa ti ona I exposure to these 
four ch loroethanes be minimized. Exposures shou ld be l imited to as few 
workers as possible, while minimizing exposure concentrations through 
engineering and wo rk practice con tro ls. In addition, -f ive other 
ch l oroe thane compounds--chloroethane (e thyl chlor ide); 1,1-dichloroethane; 
1,1,1-t r ichloroethane (me thyl chlo roform); 1,1,1,2-tetrachloroet hane; and 
pentachloroethane--should be treated with caut ion in the workplace because 
o f their relat ionship to the f our ch loroe thanes shown to be carcinogenic. 

CIB #28--Vinyl Hal ides: Carcinogenicity 
Joint NIOSH/OSHA Statemen t 

Issued: Sep t ember 21, 1978 (#79-102 or #79-146) 

Approx imately 2.5 mi 11 ion U. S. workers are potent i ally exposed to the vinyl 
halides, wh i ch i nc lude vi ny l ch loride , vinyl brom ide, vinyl idene chloride, 
viny l i dene fluor ide, and vinyl fluoride . The vinyl ha l ides have widespread 
industr ial use, especial l y in the plastics i ndustry. Vinyl chloride is 
curren t ly regulated by OSHA as a ca rci nogen . However , all vinyl halides 
should be considered potent ial human ca rci nogens. Stud ies have demonstrated 
t hat exposure by inhalation to vinyl ch lo ride, vinyl b romide, o r vinylidene 
chloride caused angiosarcoma of the I ive r and other cancers in laboratory 
animals. Other adverse health effec ts attr ibu t ed to vinyl halides in 
animals include CNS, ca rdi ovascula r , respiratory, skin, and skeletal effects 
and I i ve r or sp I een abno rma I it i es. NI OSH and OSHA recommend tha t 
occupational exposure to vinyl bromide and vinylidene chloride be reduced t o 
the lowest possible levels. Exposures should be I imited t o as few workers 
as possib l e, and workplace exposure concentra t ions shou ld be reduced through 
engineering and work practice con t rols. These recommendations reaffirm 
those previously made by NIOSH and transmitted t o OSHA in 1978 in the form 
of a crite r ia document. 
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CIB #29--G lyc idyl Ethers 
Issued : October 12, 1978 (#79-104 or #79-146) 

Glycidyl ethers are used pr imar i ly as component s of epoxy . res in sys tems . 
Epoxy resins contain ing gl ycidy l ethers a re used in a variety of 
appli cat ions , including protective coatings and reinforced plas t ics, as well 
as bonding mat e rial s and adhesi ves . An es ti ma ted 1 mi I li on U.S. workers are 
poten t ia lly exposed to epoxy resins . Studies in several different research 
laborator ies ind icate that some of the glycidyl ethers are capab le of 
producing adverse effects on the tes t es and hemopo iet ic sys tem in laboratory 
animals. Other reported adverse effects in labo ratory animals exposed to 
glycidyl ethers include sens it izat ion and skin and eye ir r i t a tion , as well 
as mutagenic and tumorigeni c activ i t y. In a 1978 cri ter ia document 
(#78-166), NIOSH advi sed s trict adherence to the REL's (Tabl e 1.) for 
g lycidyl ethers. In addit ion, part icular att ent ion should be given to 
app ropriate medical surve i I lance to detect testi cu lar atrophy or hemopoiet ic 
abnormali t ies in exposed workers. 

TABLE 1. National Inst itute for Occupa t ional Safety and Heal th 
(NIOSH)--Recommended Exposure Limits (RE L's) for Glycidy l Ethers 

Glycidyl Ethers 

Al lyl Glycidyl Ether 
n-Bu tyl Glycidyl Ethe r 
Diglycidy l Ether 
lsopropyl Glycidyl Ether 
Phenyl Glycidyl Et he r 

CIB #30--Epichlorohyd rin 

NIOSH RE L's 
(15-minute cei li ng ) 

45 mg/m3 
30 mg/m3 

1 mg/m3 
240 mg/m3 

5 mg/m3 

Issued: October 12, 1978 (#79-105 or #79-146) 

NI OSH recommends that epichlorohydr in be handled in t he workpl ace as a human 
carcinogen. Thi s recommendation is based on two s tudies--a long-term 
epidemiologic s t udy showing respira tory-trac t cancer deaths of workers 
exposed to epichlorohydrin and an inhalation study showing an inc rease in 
nasal ca rcinomas in rats . In additi on, othe r s t udies have shown a 
significant increase in ch romosome abnormalities in exposed worker s . Other 
toxic effects include bu rn ing of the skin, eyes, and nasal passages ; 
pulmonary edema ; and k idney problems. Epichlorohydrin is used in the 
manufacture of epoxy resins, surface-ac tive agents, pha rmaceu t ical s, 
insecticides, agricul t ural chemicals, textile chemicals, coa t ings , 
adhesives, ion-exchange res ins, so lvents, plasticizers, glycidyl este rs, 
ethynylethylenic alcohol, and fatt y aci d deri vat ives. An es timat ed 85 ,000 
U.S. workers are po t ential ly exposed. In a 1976 cri ter ia documen t 
(#76-206), NIOSH recommended an occupational exposure l imit of 2 mg/m3 
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(10-hour TWA) and a ceiling limit of 19 mg/m3. 
epidemiologic study and the inhalation study cited 
reconunends limiting exposure to as few workers as 
workplace exposure through engineering and work 
particular, sk in exposure should be avoided. 

As a 
in this 
possible 
practice 

resu It of the 
CIB, NIOSH now 
and mi n i mi z i ng 
controls. In 

CIB #31--Adverse Health Effects of Smoking and the Occupational Environment 
Issued : February 5, 1979 (#79-122 or #79-146) 

Smoking by workers in various occupations provides an opportuni ty for 
inte racti on be tween smoking and workplace exposure to physical and chemical 
agents. NIOSH warns of t he combined effects of tobacco use and exposure to 
chem ical and physi cal agents in the workplace. Six modes of action through 
which smoking may cause adverse health ef fects in the workplace include: 
(1) increased exposure to toxic agents found in both the tobacco products 
and the workpl ace; (2) the t ransforma t ion of workplace chemicals into more 
harmful agents by t he heat generated in smoking; (3) the contamination of 
tobacco products by workplace chemicals, which can then be ingested, 
inhaled , or absorbed t hrough the skin; (4) the additive biologic effects of 
sim.ul taneous exposure to agents that produce effects similar to those caused 
by smoking; (5) synergistic effects of smoking and exposure to toxic agents; 
and (6) increased incidence of accidents among smokers in the workplace. 
NIOSH reconunends that the use of and/or carrying of tobacco products into 
the workplace be curtailed in situations where workers inay be exposed to 
physical or chemical agents that may interact with tobacco products . 

CIB #32--Arsine (Arsenic Hydride) Poisoning in the Workplace 
Issued: August 3, 1979 (#79-142) 

Arsine and stibine are toxic gases formed, often accidentally, through 
chemi cal reactions involving arsenic and antimony , respectively. Arsine is 
a highly poisonous, colorless, nonirritating gas with a mild garlic odor. 
Generation of this gas is I ikely when inorganic arsenic is exposed to 
nascent (freshly-fo rmed) hydrogen or when water reacts with a metal I ic 
arsenide. Arsine is conunercially produced for use in organic synthesis and 
for processing solid-state electronic components. Approximately 900,000 
U.S. workers are potentially exposed to identified sources of arsenic. 
Howeve r, arsenic is a widespread e I emen t and uni dent i f i ed exposures can 
occu r in unsuspected work situations. Several cases were reported of worker 
exposu re to arsine, which resulted in severe toxic effects or death; most of 
these exposures occur red when arsine was ace i dent a 11 y gene rated during an 
indus t rial process. Stibine, another toxic gas, is formed when antimony is 
exposed to nascent hydrogen. In most situations where arsine can be formed, 
s t ibine can also be formed if antimony is present. Approximately 1.7 
mi I lion U.S. workers are potentially exposed to antimony. The NIOSH REL fo r 
arsine is a cei I ing value of 2 µg As/m3 of air as determined by a 
15-minute sampling period. NIOSH recommends that steps be taken to prevent 
exposure to arsine and/or stibine. Whenever either gas could be generated, 
such as when working with metals (crude, drosses, or implements made of 
metal), care should be taken to assure that arsenic and antimony do not 
react with any sources of fresh hydrogen . If arsine and/or stibine are 
generated, workers should be removed immediately from the contaminated area 
and given prompt medical attention. In al I occupational settings where 
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arsenic is present, workers should be informed of the possibility of a rsine 
formation when nascent hydrogen is also present. Likewise, workers exposed 
to antimony compounds should be informed of possible exposure to stibine 
when freshly formed hydrogen is present. 

CIB #33--Radiofrequency (RF) Sealers and Heaters: Potential Health 
Hazards and Prevention 

Joint NIOSH/OSHA Statement 
Issued: December 4, 1979 (#80-107) 

Based primarily on the results of studies with laboratory animals, NIOSH and 
OSHA warn of potential heal th hazards to workers exposed to RF energy 
emitted by RF dielectric heaters (more widely known as RF sealers and 
heaters). When RF energy is absorbed in sufficient amounts by workers, it 
may produce adverse thermal effects resulting from heating deep-body tissue, 
such as potentially damaging alterations in cells. NIOSH and OSHA also wa rn 
of "nonthermal" effects, reported to occur at exposure levels lower than 
those causing thermal effects. Exposure of workers should be minimized 
through shielding and other engineering controls. The OSHA PEL applies to 
frequencies of 10-100,000 MHz and limits occupational exposures to a maximum 
power density of 10 mW/cm2 as averaged over any possible 6-minute period. 
NIOSH and OSHA recommend that precautionary measures be insti t uted to 
minimize the risk to workers from unwarranted exposure Jo RF ene rgy. 

CIB #34--Formaldehyde: Evidence of Carcinogenicity 
Issued: April 15, 1981 (#81-111) 

NIOSH recommends that formaldehyde be handled as a potential occupational 
carcinogen and that appropriate controls be used to reduce worker exposure. 
These recommendations are based on the results of several studies. The 
first was a study by the Chemical Industry Institute of Toxicology, which 
showed that rats and mice exposed to formaldehyde vapors developed nasal 
cancer. This report was supported by a New York University study indicating 
that rats exposed to a mixture of formaldehyde and hydrochloric acid vapors 
developed nasal cancer. In several short-term laboratory studies, 
formaldehyde was also shown to be a mutagen . Formaldehyde is widely used in 
a variety of products and industrial processes. However, its principal use 
is in the production of synthetic resins, such as urea-formaldehyde and 
phenol-formaldehyde resins. Approximately 1.6 mi 11 ion U.S. workers in 60 
different industrial categories are potentially exposed, with 57,000 workers 
potentially exposed for more than four hours per day. The OSHA PEL for 
formaldehyde is 3 ppm (8-hour TWA), with a cei I ing concentration of 5 ppm 
and an acceptable maximum peak above the ceiling of 10 ppm for no more than 
30 minutes in any 8-hour shift. In 1976, before the studies on 
formaldehyde's carcinogenic potential, NIOSH recommended that exposure be no 
more than 1.2 mg/m3 of air (1 ppm) for any 30-minute sampling period. 
This REL was based on the chemical's irritant effects. However, in I ight of 
the carcinogenicity studies, NIOSH recommends that engineering controls and 
stringent work practices be employed to reduce occupational exposure to the 
lowest feasible I imit. 

In 1986, NIOSH presented testimony at an OHSA hearing reaffirming its 
recommendation that formaldehyde be regarded as an occupational carcinogen 
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and that no worker be exposed to a concentration of formaldehyde greater 
that 0 .1 ppm in any 15-mi nute period. This represen t s the lowest reliably 
quantifiable concentra ti on at the present time . In 1987, NIOSH , in a l etter 
t o OSHA, clarified its REL by sta ting tha t exposure to formaldehyde not 
e x ceed 0.1 ppm f o r any 15-mi nute sampl ing p eri od and 0 . 016 ppm as an 8-hour 
TWA. These recommended exposure limits are intended to protect against 
carcinogeni c and o ther health effects of peak and chronic exposure. 

CIB #35- -Ethylene Oxide (EtO) : Evidence o f Carcinogenicity 
Issued: May 22 , 1981 (#81-130) 

NIOSH recommends that EtO be regarded in the workp lace as a po t entia l 
occupationa l carcinogen and that appropriate contro ls be used to reduce 
worker exposure. Thi s recommendation is based primar i ly on an animal study 
sponsored by Uni on Carbide Corpo ration, which showed an association be tween 
EtO and leukem i a in fema l e rat s and peritonea l mesotheliomas in male rats. 
It is also supported by epidemiologic s tudies that show an excess risk of 
cancer mortality among EtO workers. Other s tud ies have demonstrated the 
chemical's mutagenic and reproductive hazard potentia l. EtO is prima r i ly 
used as an intermediate in the produc t ion of seve ra l indus tria l produc t s, 
such as ethylene glyco l for automobile antifreeze, and as an intermedia te 
for polyester fibers, f ilms, and bo ttles. It is al so used in t he produc ti on 
of nonionic surface- act i ve agen t s for industrial applica t ions, heavy-du t y 
laundry detergents , di shwashing formulat ions, and glycol ethers and 
ethanolamines . In additi on, i t is used as a fumigan t and steril an t . The 
OSHA PEL for EtO is 50 ppm (90 mg/m3)(8- hou r TWA). NIOSH suppo rt ed that 
PEL in 1977 and also recommended a cei I ing I im it of 75 ppm (135 mg/m3) as 
determined in any 15-minute sampl i ng period. NIOSH now recommends that the 
present OSHA PEL be reexamined in l i ght o f the di scove ry of Et O's 
carcinogenic potential . Meanwhile , NIOSH urges employers to volunta r ily 
assess the conditions under which their workers may be exposed to EtO and t o 
take al I reasonable steps to reduce exposure. I n addition, the NIOSH 
"Guide I ines for Minim i zi ng Worker Exposure t o Ethy lene Oxide" in Appendix I 
of this CIB shoul d be applied to speci f ic work situat ions. 

In a 1982 memorandum to OSHA, NIOSH reiterated its previous conclusions on 
EtO and recommended that OSHA reexamine its PEL . In 1983 testimony at the 
OSHA rulemaking hearing for ethylene oxide , NIOSH concluded that ethylene 
ox ide is mutagenic and carcinogenic and capable of causing adverse 
reproductive effects in animals and humans. NIOSH recommended that exposure 
be reduced through engineering controls to the lowest feasible 
concentration . NIOSH also recommended that exposure be controlled so tha t 
no worker is exposed to EtO at more than 5 ppm for more than 10 minutes in 
any work ing day and that an 8-hour TWA be set at less than 0.1 ppm . 

CIB #36--Si I i ca Flou r: Si I icosis 
Issued: June 30, 1981 (#81-137) 

Based on NIOSH s tudies at two silica fl ou r mills, NI OSH warns that producers 
and users of si I ica fl our may be at great r isk of developing si I icosis, a 
debilitating respiratory disease caused by i nhalation o f fine crys talli ne 
silica dust that is retained in the lungs. Silica flour is used 
industrially as an abras i ve cleane r and as an inert f i lier. I t is found in 
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toothpastes, scouring powders, metal polishes, paint, wood fi I lers, and 
road-surfacing mixtures and is used in some foundry processes. The actual 
number of workers exposed to s i lica flour in the United States is unknown. 
In 1974, NIOSH published a criteria document (#75-120) with an REL of 
50 µg/m3 (TWA 10-hours/day, 40-hours/week) for s i Ii ca dust. In 
addition, NIOSH recommended that si I ica sand or other materials containing 
more than 1% free si I ica be prohibited as abrasive substances in abrasive 
blasting or cleaning operations. NIOSH recommends that employers and 
workers take appropriate actions to reduce exposure to this limit by 
labeling silica flour containers and using exposure monitoring, engineering 
controls, medical survei I lance , work practices, personal pro t ective 
equipment, and worker education. 

CIB #37--Ethylene Dibromide (EDB), Revised 
Issued: October 26, 1981 (#82-105) 

Because of anticipated increased exposure in the use of EDB as a fruit 
fumigant, NIOSH reaffirms its 1977 recommendation that EDB be treated as a 
potential occupational carcinogen. Animal studies have confirmed that EDB 
is carcinogenic and that chronic exposure may increase the risk of 
mutagenic, teratogenic, and other adverse reproductive effects as wel I as 
adverse effects on the I iver, kidneys , heart , and other internal organs. 
The studies also indicated that skin contact with EDB produced chemical 
burns and systemic effects from percutaneous absorption . Additionally, the 
studies confirmed the 1978 reports of inc reased toxic effects related to the 
interactions of EDB and disulfiram. EDB is used primarily as a scavenger in 
leaded fuels. It is also used as a soi I, grain, and fruit fumigant; as an 
intermediate in the synthesis of dyes and pharmaceuticals; and as a solvent 
for resins, gums, and waxes. Approximately 108,000 U.S. workers are 
potentially exposed to the chemical during its production and use, in 
addition to an estimated 875,000 workers who are potentially exposed to very 
low concentrations while working with leaded gasoline. OSHA's current PEL 
is 20 ppm (8-hour TWA) with an acceptable ceiling concentration of 30 ppm. 
The maxi mum peak permitted above the accept ab I e ce i I i ng concentration is 
50 ppm for not more than 5 minutes in an 8-hour work shift. In 1977, NIOSH 
issued a criteria document (#77-221) recommending that exposure be limited 
to a cei I ing concentration of 0.13 ppm (1.0 mg/m3) for any 15-minute 
sampling period. NIOSH urges employers to voluntarily assess the conditions 
under which their workers may be exposed to EDB, especially with concurrent 
exposures to disulfiram or other similarly structured chemicals, such as 
Thi ram®. NIOSH also reaffirms its 1977 REL of 0.13 ppm for EDB. Employers 
should regard this level as the upper boundary of exposure and make every 
effort to maintain the exposure as low as is technically feasible. 

In 1984, NIOSH recommended in testimony to OSHA that the PEL be reduced to 
an 8-hour TWA of 0.045 ppm, with a 15-minute ceiling of 0 . 13 ppm. 

CIB #38--Vibration Syndrome 
Issued: March 29, 1983 (#82-110) 

NIOSH concludes that vibrating handtools can cause vibration syndrome, a 
condition also known as vibration white finger and Raynaud's phenomenon · of 
occupational origin. Vibration syndrome has adverse circulatory and neural 
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effects in t he finge rs. The s igns and symptoms of vibrat ion synd rome 
include numbness, pain, and blanchi ng (turning pale or ashen) of t he 
fingers. Of particular concern is ev idence of advanced stages of vibration 
syndrome a fter exposures as short as 1 year. NI OSH recommends t hat jobs be 
redesigned to minimize the use of vi brat ing handtools and t hat power 
handtoo ls be redesigned to minimize vib ra t ion. Approximately 1.2 mi 11 ion 
U.S. worke rs are exposed to hand-a rm vib rati on and are potentially at risk 
of developing vibration synd rome. 

CIB #39--Glycol Ethers , with Parti cu la r Re fer ence to 2-Methoxye t hano l and 
2-Et hoxyethano l: Evi dence of Adverse Reproduc t ive Eff ec t s 

I ssued: May 2, 1 983 ( # 83-112 ) 

Based on t he resul t s of several recent s tudi es, NIOSH warns t ha t 
2-me t hoxyethanol (2ME ) and 2-e thoxyethano l (2EE ) have the po t ential to cause 
adverse rep roduct ive eff ects in bo t h mal e and fema le wor kers . Both 2ME and 
2EE can pene t ra te the sk in . They a re used as so lvents in the manufac t ure of 
a variety of pro tective coat ings as wel l as for nitrocellulose, pr int ing 
inks, text ile dyes and p igments, and leather f inishes. They are a lso used 
as anti icing add i ti ves in brake flui ds and aviation fuels , as antistal I 
agents in gasoline, and in organic synt hesis. Additionally, 2EE is used in 
varnish remove rs, t hinne rs , cl eaning produc t s, soaps, de tergents, cosmetics, 
pesticides, pharmaceu t icals , and adhesives. An estima ted 100,000 U.S . 
workers are po t enti al ly exposed to 2ME and 400,000 to 2EE. OSHA's PEL for 
2ME is 25 ppm (80 mg/m3)(8-hour TWA ), and for 2EE it is 200 ppm 
(740 mg/m3)(8-hou r TWA). Howeve r, no s t ud ies on rep roduc t ive effects of 
the two chemicals were availabl e when t hese PEL's were adopted. NIOSH 
believes t ha t the OSHA PEL's for 2ME and 2EE should be reexamined in view of 
studies that demons t rated t he adve rse reproduc t ive and embryotoxic pot ential 
of the chemicals. NIOSH also recommends that employe rs volun ta r ily assess 
the i r worke rs' exposure to 2ME and 2EE and reduce exposure to t he I owes t 
ex t ent possi b le. Exposure to s truc t urally re lated glycol et hers should also 
be reduced un t i I adequate tes ting demons trates the i r safety. 

CIB #40--2,3,7,8-Te trach lorodibenzo- p_-d ioxin (TCDD, "dioxin") 
Issued : January 23, 1984 (#84 -104) 

NIOSH recommends tha t TCDD be regarded as a po tential occupational 
carci nogen and that occupat ional exposu re be control led to the fullest 
extent feasible. TCDD has demonst rated various systemic effec t s in animals 
at a wide range of exposure concen tra t ions. These effects include 
tumo r igenesis, immunologic dysfunct ion, and teratogenesis . Studies of 
humans exposed to TCDD-contaminated materials suggest that TCDD is the cause 
of observed chloracne , metabolic diso rders, and othe r systemic problems. 
The s t udies are also suggestive of TCDD ' s ability to cause cancer . TCDD 
occurs as a contaminant of materials such as 2,4,5-trichlorophenol (TCP) , 
2 ,4 ,5-trichlorophenoxyacetic acid (2, 4 ,5-T), and 2-(2, 4 ,5-trichlorophenoxy) 
prop ionic acid ( s i I vex). Occupa t i ona I exposure may occur th rough con tact 
with these materials during use or from the past contamination of worksites; 
thus it is not possible to es t imate accurately the current number of U.S . 
workers potentially exposed to TCDD. NIOSH also recommends t hat 
decontam ina t ion measures be used for TCDD-contaminated work environments. 
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GIB #41--1,3-Butadiene 
Issued: February 9, 1984 (#84-105) 

NIOSH reconvnends that 1,3-butadiene be regarded as a potential occupational 
carcinogen and teratogen and as a possibll:l reproductive hazard. Inhalation 
exposure of rats and mice to 1,3-butadiene induced malignant tumors at 
multiple sites. The offspring of pregnant rats exposed to 1,3-butadiene had 
major skeletal defects. Epidemiologic studies of workers employed in 
facilities producing styrene-butadiene rubber showed an increased but not 
statistically significant risk of mortality from leukemia and from neoplasms 
of the lymphatic and hematopoietic tissues. Employers should take al I 
reasonable precautions to reduce worker exposure to 1,3-butadiene. 
Styrene-butadiene rubber and polybutadiene rubber account for the two 
largest uses of 1,3-butadiene in the United States . Approximately 65,000 
U.S . workers are potentially exposed to 1,3-butadiene. 

GIB #42--Cadmium (Cd) 
Issued: September 27, 1984 (#84-116) 

NIOSH recommends that cadmium and its compounds be regarded as potential 
occupational carcinogens and that appropriate controls be implemented to 
reduce worker exposure. This recommendation is based primarily on two 
studies. An epidemiologic study has demonstrated an excess of lung cancer 
mortality among workers exposed to cadmium oxide, and a chronic 
inhalation-exposure study has shown a dose-dependent incidence of malignant 
lung tumors in rats exposed to cadmium chloride aerosol . In a 1976 criteria 
document (#76-192), NIOSH recommended an REL of 40 µg/m3 (10-hour TWA) 
and 200 µg/m3 of air as a 15-minute cei I ing I imi t. This REL was 
intended to protect against the effects of cadmium on the respiratory system 
and the kidneys but not against the development of cancer. Cadmium is found 
primarily as cadmium sulfide in ores containing zinc, lead, and copper. 
Because of its low boiling point and its high vapor pressure relative to the 
metals with which it is found, cadmium volatilizes readily during smelting 
and then condenses to form fine airborne particles that react with oxygen to 
form respirable cadmium oxide fume. An estimated 1.5 million U.S. workers 
may be potentially exposed to cadmium . 

GIB #43--Monohalomethanes: Methyl Chloride, Methyl Bromide, Methyl Iodide 
Issued: September 27, 1984 (#84-117) 

NIOSH reconvnends that methyl chloride, methyl bromide, and methyl iodide be 
considered as potential occupational carcinogens and that methyl chloride be 
considered a potential occupational teratogen. All three compounds were 
found to be direct-acting mutagens in the Ames assay. In experimental 
studies in either rats or mice using various routes of administration, these 
three compounds have demonstrated their ability to produce cancer. Methyl 
chloride produced heart defects in the offspring of pregnant mice exposed by 
inhalation. Employers should reduce exposure to these monohalomethanes to 
the fullest extent feasible. Convnercially, the monohalomethanes are used as 
me thy I at i ng agents, I abora tory reagents, refrigerants, aeroso I p rope 11 ants, 
pesticides, fumigants, fire-extinguishing agents, anesthetics, degreasers, 
blowing agents for plastic foams, and chemical intermediates. Approximately 
146,000 U.S. workers are potentially exposed to these monohalomethanes. 
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CIB #44--Dinit rotoluenes (DNT) 
Issued: July 5, 1985 (#85-109) 

NIOSH recommends that technical grade DNT (TDNT) and the 2,6-isome r of DNT 
(2,6-DNT) be considered potential human carcinogens in the workplace. 
Exposure to TDNT or 2,6-DNT has been shown to produce malignant tumors in 
rats or mice. In addition, a reproductive hazard may exist for workers 
exposed to TDNT or 2,6-DNT. Tes ti cular atrophy, dec reased spe rmatogenesis, 
or aspermatogenesis seen in three species of experimental animals exposed to 
TDNT form the basis for th is concern. Additionally, limited evi dence 
indicates that t he 2, 4-isome r of DNT (2,4-DNT) may pose a r isk to human 
health. Therefore, NIOSH recommends that occupati onal exposures to TDNT and 
the isomers of DNT be controlled to the fullest feasible extent. DNT is 
used in the manufacture of dyes, munitions, and explosives, but its ma jor 
use is in the production of toluenediamine, an intermediate in the 
production of polyurethane. Appro~imately 1,300 U.S. workers a re exposed to 
the various forms of DNT. 

CIB #45--Polychlo r inated Biphenyls (PCB's): Potential Health Hazards from 
Electrical Equipment Fires or Failures 

Issued: February 24, 1986 (#86-111) 

Fire-related incidents involving electrical equipment containing PCB's have 
resulted in widespread contamination of· buildings with PCB's and, in some 
cases, with polychlorinated dibenzofurans (PCDF's) and polychlorinated 
di benzo-2-d i ox ins (PCDD' s), inc I ud i ng 2 ,3, 7 ,8-tet rach lo rod i benzo-2-d i ox in 
(TCDD). Emergency response personnel, maintenance or cleanup wo rkers , or 
building occupants may be exposed to the compounds by inhalation, ingestion, 
or skin contact. In experimenta l animal s t udies, exposure to PCB's, PCDF's, 
or PCDD's has resulted in various effects, including decreased body weights, 
hepatic lesions, thymic atrophy , and adverse reproductive effec ts at a wide 
range of exposure ooncent rations. In addition, PCB' s and TCDD have been 
shown to be carcinogeni c in ra t s and mice. Humans exposed to PCB's, PCDF's, 
or PCDD's have developed chloracne, gast rointestinal disturbances, elevated 
serum enzyme and t r iglyceride levels, and numbness of the extremities. 
Epidemiologic studies of humans exposed to PCB's or PCDD's including TCDD 
are suggestive of an association between exposure to these compounds and 
increased incidences of cancer. NIOSH continues to recommend that PCB's -and 
TCDD be regarded as potential human carcinogens in the workplace. Existing 
evidence also suggests that PCDF's may pose a risk to human health. 
Therefore, NIOSH recommends that occupational exposure to PCB's, PCDF's, and 
PCDD's resulting from electrical equipment fires or failures be control led 
to the lowest feasible I imit and that workers involved in decontamination 
activities use al I necessary protec t ive measu res to prevent exposure. 

CIB #46--Methylene Chloride 
Issued: April 18, 1986 (#86-114) 

B6C3F1 mice exposed to methylene chloride in air developed cancers 
(alveolar/bronchiolar carcinomas) and tumors (alveolar/bronchiolar adenomas) 
of the lung, and cancers (hepatocellular carcinomas) of the liver. Fischer 
344/N rats exposed to me thylene chloride in air developed tumors (fibromas 
and fibroadenomas) of the mammary gland. Sprague-Dawley rats exposed to 
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methylene chloride in air developed cancers (sarcomas) of the salivary 
glands and tumors (fibromas and fibroadenomas) of the mammary glands. 
Though existing epidemiologic data derived from workers exposed to methylene 
chloride are inconclusive, the observation of cancers and tumors in both 
rats and mice treated with methylene chloride meets the criteria establi shed 
in the Occupational Safety and Health Administration (OSHA) Cancer Policy 
fo r considering methylene chloride a "potential occupational carcinogen." 
Therefore, the National Institute for Occupational Safety and Health (NIOSH) 
recommends that worker exposure to methylene chloride be controlled to the 
lowest feasibl e I imit. Methylene chloride is widely used in paint removers, 
degreasing agents, and aerosol propellants; as a blowing agent in flexible 
urethane foams; or a process solvent in the manufacture of pharmaceutical 
and food products, including the decaffeination o f coffee; and as a fumigant 
for grains and fruits. Approx imately 1 mi Ilion U.S. workers are potentially 
exposed to methylene ch loride or to products containing methylene chloride. 

CIB #47--4,4'-Methylenediani line (MDA) 
Issued: July 25, 1986 (#86-115) 

Wistar rats receiving a single injection of 2,2'-dihydroxy-N-nitrosodi­
propylamine (a tumor initiator) fol lowed by 4,4'-methylenediani I ine (MDA) in 
the diet for 19 weeks, developed thyroid fol I icular eel I carcinomas and 
follicular eel I and papi I lary adenomas. Fischer 344/N rats and B6C3F1 
mice receiving MDA as a 4,4'-methylenedianiline dihydrochloride ad libitum 
in drinking water for 2 years developed thyroid fol I icular eel I carcinomas 
and adenomas, C-cel I adenomas of the thyroid, hepatocellular carcinomas and 
adenomas, alveolar bronchiolar adenomas, malignant lymphomas, and benign 
tumors of the adrenal gland. Workers with airborne and dermal exposure to 
powdered MDA have developed toxic hepatitis. In addition, increased 
incidences of cancers of the bladder and large intestine and of 
lymphosarcoma and reticulosarcoma have been reported in workers with 
potential exposure to MDA. 

The observation of cancers and tumors in both rats and mice treated with MDA 
meets the criteria established in the Cancer Pol icy of the Occupational 
Safety and Health Administration (OSHA) for considering MDA a potential 
human carcinogen in t he workplace. Although there is limited evidence 
indicating that MDA presents a carcinogenic risk to humans, the probability 
o f developing such effects would be decreased by reducing exposure to the 
compound in the workplace. Therefore, the National Institute for 
Occupational Safety and Health (NIOSH) recommends that occupational 
exposures to MDA be control led to the lowest feasible I imit . MDA is 
p r imarily used in the production of methylene diphenyl di isocyanate, which 
is used to produce polyurethanes. MDA is also used to make pro tective 
coatings, a hardening agent for epoxy resins, anti-corrosive materials, 
printed circuit parts, dyestuff intermediates, filament-wound pipe, and wi re 
coa t ings. Approximately 9,000 U.S. workers may be exposed to MDA. 

CIB #48--0rganic Solvent Neurotoxicity 
Issued: March 31, 1987 (#87-104) 

Acute exposure to organic solvents can 
speed, coordination, or body balance. 
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ch ron i ca 11 y exposed to organic so I vents have demonstrated reduced function 
of peripheral nerves and increases in the rates of neurobehavioral effects . 
Such effects include reversible, subjective symptoms (e.g., fatigability, 
irri t abi li t y, and memory complaints), sustained changes in personality or 
mood, and impaired intellectual function (e.g., decreased learning ability, 
memory, and ability to concentrate). Results of studies involving the 
chronic exposure of animals to a limited number of organic solvents support 
the observations of peripheral nervous system dysfunction and 
neurobehavioral effects in humans. On the basis of the identified adverse 
health ef fects of solvent exposure, NIOSH recommends that employers use 
engineering controls , personal protect i ve equipment and clothing, and worker 
education prog rams to reduce exposure t o organic solvents--at least to the 
concent rat ions speci tied i n existing OSHA PEL.'s or to NIOSH REL's or the 
ACGI H TLV's® if they provide a greater degree of protection. Approximately 
49 mi 11 ion tons of industrial sol vents were produced in the U.S. in 1984. 
They are used in pa i nts, adhesives, glues, coa ti ngs, degreasing/cleaning 
agents , dyes, polymers plastics , textiles, printing inks, agricultural 
products , and pharmaceuticals. An estimated 9.8 million workers in these 
indus t ries ar e potentially exposed to organic solvents by either skin 
contact or inhalation. 

CIB #49--lnjuries and Amputations Resulting From 
Work With Mechanical Power Presses 

Issued: May 22, 1987 (#87-107) 

The exis t ing standard promulgated by OSHA for mechanical power presses 
(29 CFR 1910 .217) provides requirements for press construct ion and 
operation. Power press operators, however, continue to be at risk of 
1nJury. Data from the Bureau of Labor Statistics indicate that about 20,000 
amputations occur each year. Between 1,600 and 2,000 (approximately 10%) of 
these amputations have occurred among power press operators. Additionally, 
r ecent stat i stics compiled by OSHA indicate that approximately 49% of the 
injuries on mechanical power presses result in an amputation. Furthermore, 
NIOSH research indicated that young male operato rs appear to be at greater 
r isk than other operators and mechanical power presses are the metal working 
machines mos t in need of research to improve safety. In 1980, there were an 
estimated 151 ,000 operators of mechanical power presses in the U.S. 
Adherence to the recommendations contained in this bullet in should reduce 
the r isk o f injury among mechanical power press operators. 

CIB #50--Carcinogenic Ef f ects of Exposure to Diesel Exhaust 
Issued : August 22, 1988 (#88-116) 

This bulletin presents recent information on the potent ial carcinogenicity 
of diesel exhaust. Animal studies in rats and mice conf i rm an association 
between the induction of cancer and exposure to whole diesel exhaust. The 
lung is the primary site iden t ified with carcinogenic or tumorigenic 
responses fol lowing inhalation exposures. Limited epidem i ologic evidence 
suggests an association between occupational exposure to diesel engine 
emissions and lung cancer. On the basis of the results of these studies, 
NIOSH recommends that whole diesel exhaust be regarded as a potential 
occupational carcinogen in conformance with the OSHA Cancer Policy 
(29 CFR 1990). NIOSH estimates that approximately 1.35 mi I lion workers 
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are occupationall y exposed t o the combustion products of diesel fuel in 
approximately 80,000 workpl aces i n the United States. Workers who are 
li ke ly to be exposed to di esel exhaust i nc lude mine workers, bridge and 
tunnel workers , ra il road workers, loading dock workers, truck drivers , 
fork-li f t drivers, farm worke r s, and bus maintenance garage workers . 
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