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I am Edward J. Baier, Deputy Director of the National Institute for
Occupational Safety and Health (NIOSH), administered by the Center
for Disease Control within the Department of Health, Education, and
Welfare. With me today are: Dr. Herman F, Kraybill, Division of
Cancer Cause and Prevention, Wational Cancer Institute; Dr. Douglas L.
Smith, Division of Criteria Documentation and Standards Development;
Dr. Peter F. Infante, Mr. Robert A. Rinsky, and Mr. Ronald J. Young,
Division of Surveillance, Hazard Evaluations, and Field Studies;

Dr. Trent R. lLewis, Division of Biomedical and Behavioral Science;

Dr. Judd C. Posner and Mr. William F. Todd, Division of Physical Sciences
and Engineering; and Mr. Robert H. Schutz, Testing and Certification
Branch. We welcome this opportunity to appear here today to discuss

the effects of occupational exposure to benzene upon human health,
inéluding'the results of recent studies conducted by NIOSH.

Benzene has been recognizéd as a bone marrow poiscn since the turn
of the century. 1In the past 50 years, numerous cases of benzene-
related leukemia have been reported throughout the world. This
accumulation of reports lcad to a declaration in 1971 by the Senate
comnission of the Deutsche Forschungsgemeinschaft for the Cxamination
of Hazardous Industrial liaterials which labeled benzene as a human
carcinogen. A comprehensive scientific review validating this

classification was published in 1971 [1].



In 2 1973 review of industrial carcinogens, the director of medical
research for a large United States oil company stacted that, "the
accumulation in the literzture of czses of leukemiz following benzene
exposures leads to the imevitzble conclusion that benzene is a leukenogenic
agent” {2]. Alsoc, in 1974, NIOSIH addressed the occupaticnal hezalth hazards
cf benzene, especizlly its injuricus effects on the hematopoietic system.
At that time, NIOSH concluded that a czuse-znd-effect relatiomnship betwsen
benzene and zplastic anemiz seemed firmly established [3]. However, it
was not considered conclusive that the alteraticnms in marrow functiom
observed from benzene exposure actuzlly induced mzligmant changes;
nevertheless, reports suggested z strong possibility that benzene could
induce leukemia. In that same year, the International Agency for Resezrch
on Cancer (IARC), of the World Hezlth Orgznization concluded that thers

was a suggestive relationship between benzene and leukemia [&].

In z 1975 review of chronic benzene toxicity, it was concluded that
benzene exposure may lead to one 0f seveszl types of leukenmia, particularly
myeloblastic leukemia [5]. In June of 1976, the Committee on Toxicology
of the Nationzl Research Counmcil [6] comcluded thzt "benzene mzy be
2ssoclated with leukemia; therefore, benzene must be considered & suspect

leukemogen.”
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By mid-1976, results of additiomnal epidemioiogic investigations
were reported [7-11]. When these observations were combined with those
of previous epidemiologic studies [12?13] and with numerous case Teports
of benzene-related leukemia including a report indicating that 150 cases
of leukemia attributed to benzene had been identified in'Itaiy [14],

NIOSH conciuded that benzene is leukemogenic in man [15].

An epldemiologic report in the literature which failed to demonstrate
an association between benzene and leukemia was the study by Thorpe [16].
However, the study is considered to be inadequate to address the question

because of apparently relaxed case-finding techniques.

As a result of this evidence, NIOSH has recommended that benzené
be considered carcinogenic in man for regulatory purposes [15]. 1In
1977, a critical review and evaluation of benzene toxicity sponsored by
the American Petroleum Institute [17] reflected a similar conclusion of
a causal relationship between benzene and levkemia. In reviewing benzene
and leukemia, Goldstein concluded [17] that, "occupationmal exposure to
" benzene appears causally related to acute myelogenous leukemia and 1ts
acute variants." Kraybill [18] considers that the current stﬁdy on
Pliofilm workers, "seems to have tipped the balance insofar as
implication of benzene exposure in causality of cancer (leukemia) and
related blood dyscrasias.'" 1In view of the NIOSH conclusion that benzene
is leukemogenic in man, and since it is not possible at this time to

establish an exposure level at which benzene may be regarded to be
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without danger, we recommend that exposure to benzene be kept as low

as possible. The use of benzene as a solvent or diluent in open
operations should be prohibited. Furthermore, product substitution
should be a2 paramount consilderation whenever benzene is identified or

its presence suspected. If there are concurrent indications of zlterations
in the blood or in the hemaztopoietic system, benzeme should be replaced
with less harmful substitutes wherever feasible. We recommend that
occupational exposure be controlled so that no worker will be exposed

to benzene in excess of a celling concentration of 1 part per miliiom
parts of air (ppr) (3.7 millirrams per cubic meter of air).

Current sampling technology dictates that samples be coilected by
charcoal tube at 1 liter per minute for ome hour. This one-hour sampling
time is one-half that whicb was proposed by NIOSF in its update
recoﬁmendations of 1976 [15]. 1Issues pertaining to sampling and

enalysis will be amplified later in this testimony.

Ve believe that recent reviews on the health effects of benzene
[4,5,6,17] along with evaluations pertaining to occupational health
proscnted by NIGSH [3,15] and NSHA [1°] have been sufficiently complete
so that repetition at this point is unnecessary. Also, the subiect of
gasoline as & fuel will not be addressed in this testimony, because
OSFA intends to hold a public hearineg as & separate proposal at a
future date. Ve will address issues in this testimony which we believe

to be important for consideration by OSHA for the permanent standard

on benzene,.
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Within the past few months, NIOSH has reported findings [20] from
an ongoing study to determine morta}ity patterns among workers
occupa;ionally exposed to benzene during the manufacture of a natural
rubber cast film, commercially marketed under the trade name of
Pliofilm., Current findingé indicate a 5-fold excessive risk of total
leukemia and a 10-fold excess of myelogenous and monocytic leukemias
combined. This excessive risk was demonstrated under conditions leading
to an underestimate of the true leukemia risk. Those conditions are
the treatment in the analyses of approximately 257 of the workers
whose vital’status was not known as being alive until the last day of
the study period. The procedure overestimates the person-years of
observation which leads to an overestipate of ex?ected deaths and thus
reduces the ratio of observed to expected deaths. Since éome of the
past epidemiologic studies are subject to criticism because of worker
exposure to a variety of sol?ents in the rubber product madufacturing
industry, the ongoing study by Infante et al. [20] is considered especially
pertinent because, except for the natural rtubber base employed, benzene |

represents the only solvent used in the process.

Tt has been stated [19] that the report of leukemia among workers
exposed to benzene in the manufacture of Pliofilm provided conclusive
evidence that benzene is a leukemia-causing agent. Although these

current findings indicate a highly significant benzene-leukemia
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aszociation, it is emphasized that the conclusion that benzene is a
. leukemogen has been based on findings from numercus clinical reports
and epidemiologic studies which have been cited by WIOSH. Trnus, the
report by Infante et el, [20] 1is confirmatory of z large body of

evidence accumulated over the past 80 years,

With regard to estimates of atmospheric benzene concentrations
during the manufacture of Pliocfilm, data from both Ohio locatiomns
are availzble. From these data, it would not be possible to determine
s dose-response relationship or to determine at what benzene levels the
cases of leukemiz were inducéd. The envircnmental concentrations are
presented rather as the best zvailable data and span the period of

1946 to 1976, A detailed discussion of these datz is presented in

Appendix A.

Repozrts indicate the compény'was knowledgeable zbout benzene
toxicity and that environmental monitoring, medical surveillance,
enginesring controls, and respirztory protection were part of the
precautionary measures employed by this company [21,22]. Our analysis
of the environmental date leads us to the conclusion that, for the most
part, employees’ 8-~hour time weighted average exposures were fairly
consistent with the recommended standard in effect at the times, In
some arcas of the process, excessive banzene concentrations were
present; however, through periecdic zir monitoring, management was

aware of these locations and reportedly required respiratory protection.
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We believe that some provision is needed in the permanent stand
fo better specify when certain procedures are necessary. %or example,
the presently proposed standar& specifies that monitoring sh;ll be
performed, and training programs shall be provided, for employees in
workplaces wherever ben&ene is present. Also, a program of medical
surveillance is to be made available for all employees who are, or will
be, exposed to benzene. Segments of the general population encounter
benzene in drinking water, in the diet, and in the urban atmosphere
in sufficient quantities which may approach those received from workplace
exposures in the range of 0.1 to 0.5 ppm. Terms such as "exposed"

and "benzene presence,”

theréfore, need to have better meanings if
used. A possible solution.might be to define "exposure to benzene"

as exposure at or above a sPe;ific concentration, possibly 0.5 ppm.
This would aid in clarifying at what point programs such as monitoring;

training, and medical surveillance are to be instituted, and at what

point air monitoring and medical surveillance are not required.

A slight modification in the sampling and analytical method
recommended by NIOSE in the eriteria document [3] is indicated in order
to be applicable to the 1 ppm ceiling limit we recommend. The
modification involves collection of the sample on 2 standard charcoal
adsorption tube at a sampling rate of 1 liter per minute and a sampling
time of 1 hour., Desorption and analysis remain unchanged. Desorptiom
of the sample is accomplished with 0.5 milliliter of carboﬁ disulfide
and benzene is determined by gas>chromatography_using a flame ionizarion

detecter and a 5 microliter aliquot.
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For 2 1 hour szmple containing 1 ppm benzene (3.2 micrograms/iiter),
the zmount collected would be 192 micrograms. The data which suppert
the a2bility to detect benzene at this level come from two sources,
First, the NIOSH Standards Completion Program Backup Datz Report for
Benzene [23] indicated &4-5%7 coefficient of varizrionm and.95—982 desorption
efficiency for benzene at the 80-90 microgrzm level. Secomnd, results
from collaborative testing [24] demomstrated that samples of bemzens
adsorbed on charcozl at levels of 181 znd 208 microgrzms could be
anzlyzed with a bi@g (difféience between the true value and the expected
value) of 3.7% and 5.1%, raspectively; coefficients of variztion
were 8.5 znd 6.0, respectively. For samples imvolving both szmpling
and analysi;:at ilevels of 187 and 197 micrograms of benzene, the bias
was §.0% and 3.6%, respectively; the ccefficients of variation wsre

5.6 and 16.2, resspectively.

Details of the recommended method along with suggested information
te identify and quantitate benzene in hydrocarbon mixtures are presented

in Appendix 3B.

We wish to reiterzte NIOSH's basic recommendation that employee
exposure should be reduced to the lowest possible level by the use of
engineering controls. Respiraztors may be used to protect employses
engzged in mzintenance operations, while engineering controls zre

being imstalled, or to £Emporarily supplement such controls until they
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are shown to be adequate. NIOSH does not recommend continual respirator
use as the primary method for controlling any employee's exposure.
Respirators must be regarded as temporary solutions to problems or as
devices available for emergency respilratory protection, not as a
permanent answer to control employee exposure. A list of the recommended
respirator requirements for the permanent benzene standard is submitted
for the record [25]. It is important to note that NIOSH has not included
chemical-cértridge respirators or gas masks, except where the latter may
be used for escape only. These are excluded because of the poor warning
?toperties of benzene at low concentrations. However, if OSHA believes
;pﬁere iéisufficienti%ea;on to permit use of chemical-cartridge respirators
Land gas maéks for b;nzene, NIOSH recommends that such devices be required
to have end-of~-service-life indicators and be approved specifically for
benzene. A Gulde to Industrial Respiratory Protection is included as

Appendix C.

Based on the assumption that employee exposures t¢ liquid mixtures
containing 1% or less benzene by volume will be generally less
than 1 part per million, the OSHA final standard proposes to exclude
liquid mixtures which contain no more than 0.17 benzene (1% benzene
during the first year after the effective date of the standard).
However, there are some indications that benzene-in-air levels from
such mixtures would exceed 1 part per million and might be as high
as 60 parts per million under conditions of confined space, poor

ventilation, or elevated temperature. A report dated July 5, 1977 [26],



- 10 -

_described leuvkemiz-~induced deaths of two Medical Center employess who
had worked in.the Center's powerhouse whichk uses a heavy fuel oil for
hezting purposes: Laboratory analysis of the fuel oil indicated

gbout 0.1% benzene by weighf which may vary among batches and reportedly
could zmount to as much as 0.57 by weight. The fuel ig taken from
" putside storzge tanks, heated tohléoof, pumped through filters, and
further heated to 210°F before being sprayed into the firebox. Both
deceased employees hadrworked in the powerhouserfor over 20 yezrs.
The first employee died in 1972 at age 66 of acute myelogenous leukemiz.
The second employee died in 1875 at age 55 from complicatioms of
thrombocvytopenia resulting from subzcute myelogenous leukemia. 1In

1973, leukemia was suspected in the second employee and the possibility
of bone marrow injury was recognized from z substance such zs benzene
with the possibility of exposure to hydrocarbons. Traces of benzgne
reportedly had been found in the emplovee's blood during examiﬁation

in 1873. Air samples tzken at the powerhouse with benzene detector
tubes in January, 197%, during an industrial hygiene survey, indicated
thzt generzl workroom air levels were less than 1 ppm, which was

stated to be due to the ventilation produced by the boiler's air intake
fans. Air samples from inside the storzge tanks and zt the fuel

filters insiderthe powerhouse showed concegtrations exceeding 60 ppm,
thie maximum reading possible with the dececto; tubes used. The filters
were cleaned weekly by the emplovees, the process taking about 20

minutes per filter, by filling a metal bucket with warm fuel oil and
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cleaning the filter by hand in the bucket. At the time, no gloves or
other protective equipment were used and the employees frequently
got fuel on their hands, arms, and clothing. It is recognized that
substances other than benzene are present in the fuel oil which may
interfere with the benzene detector tube determination;>however, the
interferences are generally noted by different colors or color
intensities f;om that produced by benzene so that a fairly reliable
qualitative estimate of the benzene concentration camn still be
obtained. Nevertheless, quantitative sampling and analyses using
charcoal tubes are needed. NIOSH is proceeding with followup of
these preliminary findings; however, iﬁ is considered noteworthy at
this time that these observations may be associated with liquid

mixtures containing approximately 0.17 benzene.

Finally, we wish to comment briefly on the subjects of signs
and labels, informing employees, engineering controls, and "representative"
exposure measurements. Because benzene is extreﬁely flammable, NIOSH
continues to recommend that the potential danger for fire be displayed
on signs with equal promincnce with the toxicologic hazards. Concerted
effort should be made to keep benzéne away from heat, spafﬁs, and open
flames. The flammability of benzene should be emphasized in all aspects
of employee education. NIOSH believes that employee information and

training should concentrate not only on initial, but continuing

education. The subject of continuing education has not been adequately



- 12 -

addressed in the proposed permznent standard, We recommend that
provisions be made for ménitoring and recording of appropriafe
engincering control data to assure that engineering comtrols are
efféctive and working properly. Measurements should be made at the

time of initial installation, after process changes, and at regﬁlarly
scheduled time intervals; It is especially important that a preventive
mzintenance schedule be established and that ventilation measurements

be taken and recorded on & regular basis because of changing requirements
necessitated by factors such as changing environmentzl conditioms,
eguipment wear, and system loading. We recommend that these measurements
be tazken at least every 6 moﬁ:hs.» Many factors need to be considered

in order for airborne measuréments to be representative of workplace
exposure conditions. For example, different strategles mucst be used
when making time-weighted average versus ceiling determinatioms.

We believe that exposure‘levels of all potentially exposed employess
should be determined over a given time period: we suggest at least
ennually. Proper evaluation of employee exposures necessitates taking
valid quantitative exposure measurements, interpreting these measurements
in the light of experience, znd exercising professional judgment.

" A comprehensive approach entitled, "Occupational Exposure Sampling
Strategy Manual which applies to occupzational exposures to airborme
concentrations of chemical substances as dust, fumes, mists, gases, and

vapors will be available from NIOSH within the next 60 days.
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Before closing, I would like to 1list the backup material which is

submitted for the record:

1. Communication of the Working Group "Establishment of MAK-Werte'
of the Senate Commission for the Examination of Hazardous Industrial
Materials. Considerations Bearing on the Question of Safe
Concentrations of Benzeme in the Work Enviromnment (MAK-Wert),
Prepared in cooperation with Dr., Gertrud Buttner. Bonn-Bad
Godesberg, Deutsche Fofschungsgemeinschaft, 1974, 63 pp.

2. Eckhardt RE: Recent Developments in Industrial Carcinogens. J.
Occup. Med. 15:904-907," 1973,

3. Criteria.for a Recommended Standard...Occupational Exposure to
Benzene: National Institute for Occupatlonal Health, US Department
of HEW, HEW pub (NIOSH) 74-137, 1974.

4, Benzene: In IARC Monographs on the Evaluation of Carcinogenic
Risk of Chemicals to Man.. International Agency for Research on
Cancer, Lyon, 203-221, 1974.

5. Snyder R, Kocsis JJ: Current Concepts of Chronic Benzene Toxicity:
CRC Crit Rev Toxicol 3:265-88, 1975.

6. Committee on Toxicology, Assembly of Life Sciences, National
Research Council: A review of health effects of benzene. Natiomal
Academy of Services, Washington, DC, June 1976.

7.  McMichael AJ, Spirtas R, Kupper LL: An Epidemiologic Study of
Mortality Within a Cohort of Rubber Workers, 1964-72. J Occup

Med 16:458-64, 1974,



10.

11,

12,

13.

14,

15,

16.

17.
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McMichael AJ, Spirtas R, Kupper LL, Gemble JF: Solvent Exposure

end Leukemiz Among Rubber Workers—-An epidemiologic study., J.
Oceup Med 17:234-39, 1975,

Andielkovic D, Tazulbee J, Symons M: Mortality Experience of az Cohort
of Rubber Workers, 1964-1973. J. Occup Med 18:387-94, 1976.
McMichael AJ, Spirtas R, Gamble JF, Tousey PM: Mortality Ambng
Rubber Workers--Relationship to specific jobs. J Occup Msd 18:178-85,
i97s. o

Monson KR, Nakano KK: Mortality Among Rubber Workers. 1I. ﬁhite
Mzle Union Employees in Akron, Ohlo. Am J Epidemiol 103:284-86,1976,
Ishimzru T, Okada H, Tomtyasu T, Tsuchimotc T, Hoshiné;?l,itpimaru M
Occupational Factors in the Epidemiology of Leukemia i£>ﬁir0;hima
and Nagasaki. Am J Epidemiol 93:157-65, 1971i.

Aksov M, Erdem S, Din Col G: Leukemiz in Shoe-Workers Exposed
Chronically to Benzeme. Blood, 44:837-841, 1974,

Vigliani, EC: Leukemia Associated with Benzene Exposure. Ann New
York Acad Seci 271:143-151, 1976.

Update Criteria and Recommendations for a2 Revised Benzene Standard,
NIQSH, August, 1976.

Thorpe, JJ: Epidemiologic Survey of Leukemiz in Persons Potentizlly
Exposed to Benzene. J Occup Med 16:375-382, 1974.

Laskin S, Goldstein BD (eds): A Critical Evaluztion of Benzene

-Toxicity. J Toxicol Enviroen Health (In press)., Prepublication copy

from N. K. Weaver, American Petroleum Institute, June 27, 1977.
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19.

20,

21.

22.

23.

24,

25.

26.
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Kraybill HF: Experimental and Fpidemiological Fvaluation of
Carcinogenic Risk from Fxposure to Benzene. Testimony for NSHA
Public Hearings on Benzene, July 25-26, 1977.

Occupaticnal Exposure to Benzene: Emergency Temporary Standards;
Hearing. TFederal Register 42:27452-27464, May 27, 1977.

Infante PF, Rinsky RA, Wagoner JK, Young RJ: Leukemia Among

Workers Exposed to Benzene. Lancet. In Press

Wilson RH: Benzene Polsoning in Industry. J Lab Clin Med 27:1517-1521,

1942.

Seferian S: Correspondence to I. Hall, Goodyear Tire and Rubber
Company, February 13, 1956.

Backup Data Report for Benzene. Standards Completion Program

No. 5311. National Institute for Occupational Safety and Fealth,
U.S. Department of FFW, P. 1-5, 1976.

Reckner ﬁL, Sachdev J: Collaborative Testing of Activated Charcoal-
Sampling Tubes for Seven'Organic Solvents. National Institute for
Occupational Safety and Health, U.S. Department of HEW; Contract
No. HSM 99-72-98, HEW pub (NIOSH) 75-184, 1975.

Respirator Selection Guide for Benzene Applicable Under Proposed
Standard of 1.0 ppm. National Iﬁstitute for Occupational Safety
and Health, Department of HEW, 1977.

Memorandum to Secretary of Defense concerning possible benzene

hazard in fuel oil. U.S. General Accounting Office, Fuman Resources

Division, HRD-77-118, July 5, 1977.
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Appendix A - Atmospheric Benzene Concentrations During the Msnufaéturing
of Pliofilm
Appendix B -  Backup Information for Sampling and Anzlysis of Benzene

Appendix C - A Guide to Imdustrial Respiratqry‘Protection

We are now ready for any questions.
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