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REPORT TO THE SCIENTIFIC REVIEW PANEL
ON BENZENE ,

OVERVIEW

I. INTRODUCTJON
Assembly Bil11 1807 (Stats. 1983, Ch. 1047; Health and Safety Code Section

39650 et seq., Food and Agriculture Code Section 14021 et seq.), enacted in-
Séptember 1983, sets forth a procedure for the identification and control of
toxic air contaminants (TAC) in California, Staff is proposing, in accordance
with the provisions of AB 1807, that benzene be {identified as a toxic air
contaminant. This overviéw reviews briefly the ARB's report on the uses of,
and the extent of emissions of ahd public exposure to benzene in California,
(Part A of this report) and the DHS' evaluation of the health effects of
benzene (Part B of this report). The'findfngs in ‘these reports comprise the
rationale for the selection of benzene as a candidate substance for 1isting as
‘a toxic air contaminant.

AB 1807 defines a “toxic air contaminant” as an air pollutant which may
Cause or contribute to an inﬁrease in mortaIity or an increase in serjous
i11néss} or whfch may‘pose a present or potential hazard to human health*
(Section.39655).l/ Under AB 1807, the Air Resoufces'Board (the Board) is
responsible for the {dentification and control of toxic air contaminants,
except in their pesticidal use. The Department of Food and Agriculture is
responéible for the regulation of toxic air contaminants in their pesiicida]l
use (Sections 39550(g) and 39655; Food and Agriculture Code Section 14OZf et
seq.). AB 1807 specifies expressly that sdbstances which  have been identified'

)/ AN statutory references are to the Health and Safety Code unless
otherwise indicated.



by the Environmental Protection Agency as hazardous air poTiutants (Sectioh
112 of the Clean Air Act) shall be‘identffied as toxic air contaminants by the
Air Resources Board (Section 39655), Benzene has been identified as a .
hazardous air pollutant by EPA. .
Included in AB 1807 are the Legislature's findings with respect to
substances which may be toxic air contaminants (Section 39650). The
.Legislature declares:
"That public health, safety, and welfare may be endangered
by the emission into the ambient air of substances which
are determined to be carcinogenic, teratogenic, mutagenic,
or otherwise toxfc or injurious to humans."
The findings also include directives with respect to the consideration of
scientific evidence and the basis for regulatory action. With respect to the.
cbntrol of toxic air contaminants, the Legisiaiure declares:
"That it 1s the public policy of this state thit enissions | .
of toxic air contaminants should be controlled to levels
which prevent harm to the public henlfh.“

The Legislature further declares that, ‘while abso]ufe and undisputed

scientific evidence may not be avaiIab]e to determine the exact nature and

extent of risk from toxic air contaminants, it is necesﬁany to take action to

protect public health.* -

With respect to the evaluation of substances, the Legislature declares
that the best available scientific evidence, gathered from both public |
agencies and private sources, 1ﬁc1uding industry, should be used. The

Legislathre also finds that this information should be reviewed by a

scientific review panel and by members of the public.




‘The procedures established in AB 1807 implement the Legislature's
findings. Specifically, determination by the Board as to whether a substance
is a to#ic ajir contaminant includes several steps. First, the ARB staff
requests the DHS to evaluate the health effécts.of a substance {Section
39660). The evaluation includes a comprehensive review of all avaf]ab]e
scientific data. Second, upon receipt and in consideration of the DHS
evaluation and recommendation, the staff prepares and submits a health effects
report to the Scientific Review Panel (SRP) for its review (Section 39661).
The report is prepared in a form which may serve as the basis for regulatory
action by the Board. The report is also made available to the pubiic, which
may comment directly to the SRP. After review by the SRP, the report, with
the written findings of the SRP, is considered by the Board in determining
whether the substance is a toxic air contaminant.' The Board's determination
as to whether a substance is a toxic air contaminant must be set forth in a -
- regulation and considered at a noticed public hearing (Section 39662).

AB 1807 also includes procedures for the deQelopment and adoption of controi
measures for substances identified as toxic air contaminants {Sections
39665-39667).
11. EVALUATION OF BENZENE

In accoédance with the procedures specified in AB 1807, the ARB énd the

DHS first prioritized substances for evaluation and regulation as “"toxic air
contaminants"” purSuant to Section 39660(f). Briefly, selection of 2 substance
for éhe Board's -consideration is to be based on ﬁhe risk to the pubTic'from
exposure to the substance, amount or potential amount of emissions, manner of

usage in California, atmospheric persistence, and ambient concentrations. The



ARB staff, after consulting the Department of Health Servicéé (DHS}, seTectéd

benzene as the first substance for the Board's consideration for listing as a .
TAC. A central factor in its selection was that, as a “hazardous air

pollutant" designated by the U.S. Environmenta) Protection Agency (EPA)

ﬁursuant to Section 112 of the Clean Air Act, benzene must, aécording to AB

1807, be identified as a TAC by the Board., In addition, the staff selected

benzene because ft is a known human carcinogen {the primary basis for EPA's
hazardous air pollutant® designation), it is ubiquitously emitted by the
marketing and burning of gasoline, it is persistent in the atmosphere, and its

presence in the atmosphere is well documented. Pertinent data are shown

below.

Emissions (California)
Stationary sources

Gasoline-related 480 tons/year
_ Other 630 "
Yehicular 15,000 v
Atmotheric Half-L1ife .
« attack, polluted -- -
atmosphere) 12 days
Ambient Concentration: | |
— South Coast Air Basin 4.6 parts per billion (ppb)
© population-weighted

year-round average
South Coast Air Basin range . _
(24 hr, average) : " 1.2-16 ppb
Pursuant to Health and Safety Code Section 39660, the ARB then requested'
that the Department of Health Services conduct a health effects evaluation of
benzene. The DHS evaluation was conducted in accordance with the provisions
of that section, which requires that the DHS consider all available scientific
data, including, but not 11m1tedjto, relevant data provided by the State
Board, the Department -of ‘Industrial Relations, international and federal | .




health agencies, private industry, academic researchers, and public hea]th-énd
envirbnmenta1 organizations. To faciIitate theiidentification of all
available data, the ARB, prior to formally requesting the DHS evaluation, sent
a letter to owners of sources of benzene emissions in California and other
interested members of the pubiic requesting that they submit any information
“they considered pertinent to the DHS evaluation., The ARB_a]so received a

: réference search on benzene health effects using the MEDLARS-II and DIALOG
Information Services and included a bibliography from that search in its
request for-information. The data compiled in the search were provided to the
DHS. Al so; the DHS report was released to the public upon its completion on
July 27, 1984, providing additional time during the ARB's preparation of the
report to the SRP for the public's preparation of comments; The DHS report
was also provided to the SRP on that date. '

- Section 39660 specifies that the evaluation shall assess the avai1abi11ty
and quality of data on health effects, including potency, mode of action, and
other relevant biological factors of the substance. Section 39660 also
requires .that the evaluatdon contain an estimate of the levels of exposure
which may cause or contribute to adverse health effects, and, in the case
where there is no threshold of significant adverse hegalth effects, the range
of risk resﬁ]ting from current or anticipated exposure.

| In accordaﬁce with these requirements, five major issues discussed in the
DHS health effects evaluation of benzene are: 1) Is beniene a human and/ér
animal carcinogen? 2) Does benieng have a threéhon bé1ow which cancer does
not occur? 3) Are health effeéts other than cancer expected to'occur at usual

ambient levels? ' 4) What is the range of added lifetime cancer risk for



populations continuously exposed to California's urban air Benzene
concentrations? and 5) Is this risk sufficient to recommend listing benzene
as a toxic air contaminant? Based on its review of all available scientific
‘data; the DHS evaluation concludes that: 1) benzene is a human and animal.
lcarcinogen; 2) benzene should be treated as & substance without a carcinqgenic
threshold; 3) health effects other than cancer are not expected to occur at
usual ambient levels; 4) the added lifetime cancer risk from ambient air
benzene exposure ranges from gz to 170 cases per million per ppb; and 5)
benzene should be 1isted as a toxic air contaminant.

The DHS report finds that epidemiological studies associate exposures to
tens to hundreds of parts per million benzene with an increased incidence of -
leukemia. Also, recent animal cancer bioassays show‘benzene causes leukemia
and a variety of other cancers including lymphoid cancers, cancers oflthe |
skin, 6vaﬁy, oral cavity, 1ip, tongue,'lung. mannwry gland, and two uniquely
rodent secretony organs, the zymbal and preputial glands. Thus,'the DHS
concludes thqt.benzene is 2 human and animal ca;éinééen;

To determine that a substance h;s a circinogenic threshoId.‘the DHS
requires strong p051t1ve evidence thap the substance acts only through
mechanisms which oughf to have a threshold. ‘No positive evidence exists for
this position with respect to benzene. Also, benzene causes many kinds of
cancer in animals of which only one - leukemia - is postulated by some experts
to act by a mechanism which may have a threshold. Because the statis#ica? and
mechanistic arguments for a benzene threshold are not compe]]ing, the DHS |

concludes that benzene should be treated as a substance without a carcinogenic

threshold in humans.




The DHS-estimated the low-dose carcinogenic potency of beﬁeene using
both aeimal and ep{demio1ogica1 data. Figure A ehows dose-response curves
K";deriﬁed from these human and animal studies. Line 1 (Mantel-Bryan) and line 2
(95 percent UCL Multistage) are dose-response curves for the most sensitive
~site in animals, the preputial gland in mice. Line 1 {is based on the Mantel-
Bryan model and l1ine 2 is based on the 95 percent upper confidence 11m%t (ucL) -
‘for the multistage model. The DHS staff recommends line 2 (95 percent UCL
Mu1tistage) for calculating the upper bound of risk,
Line 3 (Mouse Mammary and Ovary) is the dose-response curve for mammary
and ovarian-cancers in mice based on the multistage model. Lines 4
(Leukemia and Lymphoma in Mice) and 5§ (Rinsky) are overlapping. Line 4 is
the dose-response curve for leukemia and lymphome in mice based on the
multistage model. Line 5 is the dose-response curve for the Rinsky
re-evaluation of.humandata from the Infante epidemiologic study. Line 6 (CAG
“w.1) is the dose-response curve for human data from the Iﬁfan;e, Aksoy and Oft
epidemiologic studies. Lines 5 and 6 are based on the dose-response model
from EPA'S'Carcinogen Assessment Group (CAG). The DHS staff recommends 1ine 6
for calculatiné the lower bound of riske Line 7 (Probit) is the dose-response’
curve for fhe.preputial gland in mice based on the Probit model. This curve
lies far below the others, |
The DHS staff suggests that the ARB consider that the dose-reSpohse
curves that 1ie between 1ine 6 (CAG #1) and 1ine 2 (95 percent UCL'Mu1tistage)
constitute the most reasonable eetimates of risk from ambient benzene
exposure, MWhile less conservative curves can also be defended as reasonab]e,

the DHS staff does not feel that any can be c1ear1y preferred and



the more conservative of equally reasonable elements shou]d.constitute the
basis for regulation. Using these curves (1ines 2 and 6) as grounds for the
range of risk, then, the addgd lifetime cancer risk from exposure to benzene
in urban air ranges from 22.to 170 cases per mi]lion per ppﬁ.‘

Using the range of dose-response curves suggested by the DHS, the ARB
staff estimates that the added 1ifetime cancer risk to a population exposed to
benzene at the population-weighted average.concehtration of 4.6 ppb esfimated
for the South Coast Air Basin is in the range of 101 to 780 céses per miliion
persons exposed. To place this in context, the comparabie baseline 1ifetime
risk of all cancers combined (SEER program, 1981, Surveillance Epidemio?ogy
and End Results Incidence and Mortality Levels, 1973-77, NCI Monograph #57),
can be estimated at 23.7 percent or 237,000 cases per million persons |
exposed. ' | |
I11. ENVIRONMENTAL IMPACTS

The identification of benzene as a toxic air contaminant is not expected

. to result in any adverse environmental impacts. Raéﬁer. in-light of the
adverse health effects associated with benzene; as described in this report,
and, in that, upon the {dentification of benzene'as d tdx1c air contaminant,
the Board will be required to identify and the Board and air pollution control
districts will be required to a&opt airborne toxic contfol measures 1ﬁ
accordance with the provisions of AB 1807. Theréfore, the fdentification of
benzene as a toxi;'air contaminant is expected to result in eniironmenta}
benefits. Environmental impacts identifi eq with respect to specific con‘tro'l.

measures, will be included in the consideration of such control measures

pursuant to Sections 39665 and 39666.
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IV. RECOMMENDATION
Since the evidence strongly suggests that benzene 1s a known human

carcinogen, since the evidence does not warrant the assumption that
carcinogenicity {s confined to the dose above any threshold, and since the
fange of conservative reasonable dose-response curves predicts a range of
added 1ifetime cancer risks which are not negligible, the ARB staff considers
available evidence sufficient to recommend 1isting benzene as a toxic air
contaminant. Furthermore, the staff is recommending 1isting benzene as a

toxic air contaminant because AB 1807 requires that all pollutants identified

by EPA as hazardous air pollutants be identified as a toxic air contaminant.
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SUMMARY

" Part A of the benzene report to the Scientific Review Panel includes
‘information on 1) benzene sources and emissions in California; 2) atmospheric
persistence of benzene; 3) benzene concentrations in the community; and 4)

. population exposures to benzene. About 15,000 tons of benzene per year are
emitted from motor vehicle exhaust and evaporative emissions, representing 93
percent of total emissions. Benzene is persistent in the atmosphere, having
an esfimated half life of about 12 days. Recent ambient monitoring in the
South Coaét Air'Basin identified a daily range between 1.2 and 16 ppb with an
average of 5.7 ppb. We estimate the SCAB population weighted exposure to be
4.6 ppb. We have no recent ambient data for other areas of California and
therefore are unable to estimate such exposures. Such data will be obtained
during the risk'management phase as part of the develﬁpment of control

measures.
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I. BENZENE USAGE AND EMISSIONS
A.  PRODUCTICON AND USAGE

Benzene is a hydrocarbon naturally occurring in crude oil and present in

gasoline and ﬂiesel fuels. Gasoline contains about one to three weight
percent benzene,légf most of which results.from.the distillation of the
crude or chemical reactions during the refining of the distillates.

With the recent shutdown of benzene production at Chevron's E1 Segindo
refinery, benzene is no longer produced in California. Chevron produced about
14,000 tons of benzene in 1983. Most of the benzene Chevron produced was
blended into gasoline to increase the octane rating. However, these 14,000
tons represent a minor fraction of the total benzene content of gasotine. The
remainder of benzene produced was used to produce detergent alkylateséil

Since 1977, benzene use in formulated industfia] and consumer products
such as adhesives and paint removers has been negligib1e.£/ Also, other
uses of benzene as a solvent and chemical intermediate have decreaeed and are
expected to continue to decrease.

B. CURRENT AND PROJECTED STATIONARY AND MOBILE SOURCE EMISSIONS

Benzene emissions in California were estimated using data from local air
pollution control districts, the Environmenta] Protection Agency (EPA), the '.
Society of Automotive Sngineef§‘(SAE) studies, the Air Resources Board (ARB),
a KYB, Inc. study, and a Sta;ewide Air Pollution Research Center (SAPRC) study.

Preliminary emission estimates show motor vehicles contribute about |
93 percent of the estimable benzene emissions 1n:ce1ifornia.- The major -
stationanyeemiss1on sources are gasoline marketing, agricultural burning,
wildfires, petroleum refineries, asphalt plants, and aetefgent alkylate

production facilities.



Stationary fuel combustion sources emit benzene due fe incomplete
co'mbust'lon. but there are insufficient data to estimate benzene emissions from .
these sources. Thus, no estimate from s;ationany source fuel combustion is
included. ther sources of benzene emissions are geothermal plants and
miscellaneous burning. Miscellaneous burning includes residential wood
combustion and structural fires. Table 1-1 summarizes the ARB staff's
estimates of benzene emissions in California.

Stationary Emission Sources

Benzene evaporative emissions from gasoline marketing are considered to
be a major stationary source of benzene at an estimated 300 tons per year,
(Gasoline marketing includes bulk terminals, bulk plants, service station
tanks, and vehicle refueling operations.) This estimate is based on an
estimated factor of 1.0 weight percent benzene in total hydrocarbon (THC)
.emissions from gasoline marketing sources. This emission estimate takes ‘into |
. account the reduction in evaporative -enﬂssions'due, to vepoi* recovery systems. | .

A benzene emission estimate of 552 tons per year for agricultural
burning/forest management‘bufning.'wildfires and miscellaneous burning is
based on emission factors developed by the SAPRC,~ 7/ and ARB data on burnihg .
practices in California.22/ The SAPRC emission factors are rough |
approximations because benzene emissions from open burning are difficult to
measure and because the SAPRC tests were conducted under controlied conditions
that may not accurately duplicate field conditions. The emissions. from forest
management burning and wildfires can vary significantly from year to year.

Benzene emissions from petroleum refineries and asphalt plants were
estimated to be 180 tons per year based on data from a 1980 consulting firm

study—/ and a survey of petroleum refiners;gl Petroleum refining




Table 1-1

Estimated Benzene Emissions in California

Source Emissions** Invenfony
Source - Type {tons/yr) Year - Reference

Gasoline Marketing Area 300 1981 14,15
Agriculture Burning/ o '
- Management Burning Area - 410 1981 7,22
Wildfires Area 130 1981 7,14
Miscellaneous Burning " Area 12 1979 7,14
Petroleum Refineries & '

Asphalt Plants - Point 180 1982 5,12
Detergent Alkylate Prod. -

Chevron, Richmond. Point 55 1983 3,1

Witco Chemical, Carson Point 16 1982 3
Geothermal Plants Point 2 2 13
Benzene Production* i e

Chevron, E1 Segundo Point 1 1983 3
STATIONARY SOURCE TOTAL 1,110
Vehicular Exhaust Area 13,400 1983 10,16,17,
_ _ 18,19,20,

21

Vehicular Evaporative o

Emissions Area 1,600 1983 10,16
MOBILE SOURCE TOTAL , 15,000

TOTAL | 16,100

* This benzene production fac11ity was closed indefinitely in 1984
** The estimated emission totals are rounded.
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- processes that may emit benzene include fluid catalytic cré&king.

hydrocracking, gasotine treating, and pumps, flanges and other fugitive

emission sources, waste-water treatment, heaters, boilers and storage .
facilities. The emission factor applied to petroleum refineries and asphalt

plants provides a rough estimate of benzene emissions from these sources.

Additional testing of benzene emissions from petroleum refineries and asphalt
:plants should be”performed prior to considering control measure development

for these sources.

Data. from the Bay Area Air Quality Management District (BAAQMDML/ and

the SCAQMDQ/:were used to estimate benzene emissions at 71 tons per year
from California's two detergent alkylate production facilities.

Other stationary sources of benzene are geothermal piants and a benzene

~ production plant, which aré estimated to emit 3 tons per yea;. The benzene

production plant was closed indefinitely in 1984.3§/

Recent trends in benzene production and uses in California were evaluated .
to predict future stationary source benzene emissions. Such emissions are
predominantly gasoline-related. and should track gasoline consumption.
Héwever, the future trénd of gasoline consumption is not clear. The
California Energy Commissiongé/ projects a 12 percent decrease in automotive
fuel use from 1980 to 1997; but recent data2d/ show that after a two-year
decrease, the jisoline use rate in late 1983 regained its 1980 level. Future
emissions are further clouded by the uncertainty‘in the benzene content of
gasolines as the fraction of gasoline that is unleaded increases.

Mobile Emission Sources

Data from the EPA;lQ&lZJlg/ the Society of Automotive Engfneers (SAE)

studieslg/ and the Al 16/ were used to estimate benzene emissions from




- motor vehicles in California. Motor vehicles contribute about 93% of the
estimable benzene emissions in California, or about 15,000 tons per year.

EPA and SAE studies measured fhe fraction of benzene (weight %) in the
total hydrocarbon {THC) evapbrative and exhaust emissions from automobiles. A
study published in 198019/ found the benzene portion of evapofative
emissions to average 1.2 percent of the total evaporative hydrocarbons. To

estimate benzene from motor vehicle exhaust, the staff used the following

factors based on these studies: .

.. Yehicle Type Average Weight Percent
Benzene of THC Exhaust
Emissions
Catalyst 4.1
Non-Catalyst o 4.2
Diese] © 2.3

The EPA and SAE'studies show the weight percent benzene of THC exhaust
emissions increases Qith increasing aromatic cdntent of the fuel. As the lead
contenf in leaded fuels has decreased, the aromatic content has increaéed to
maintain the octane lé§e1a§/ Therefore, the 4.2 weight percent benzene may.
uﬁderestimate the current benzene eﬁissions ffom nonycatalyst vehicles.
Additional motor vehicle testing using California fuels and motor vehicles'-
répresenting the spectrum of in-use vehicles is ﬁeeded to refine the benzene
emissions estimate for motor vehicles.

Recent trends in THC emissions from motor'vehicles and vehicle population -
were used to predict benzene emissions from motor vehic es beyond 1983. Motor
vehible benzene emissions are expected to decrease thrdugh 1992 as more |

stringent controls decrease THC emissions. After 1992, motor vehicle benzene



emissions are expected to increase as the number of veh1c1é-miles travelled
increases. Figure-11-1 is a graph of the benzene emission estimates for motor .

vehicles from 1984 to 2000. These estimates assume the aromatic content of

gasoline remains stable.
In summary, benzene is known to be emitted in substantial amounts, mostly

directly related to the use and, toc & minor extent, the production of

. gasoline., Because of the predominance of vehicles in urban areas, benzene is

expected to be found in urban atmospheres.

I-6
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I1. PEﬁSIéTENCE IN THE ATMOSPHERE
A. PHYSICAL AND CHEMICAL PROPERTIES

The benzene molecule, CGHG' has 2 planar hexagonal carbon ring. The.
electronic structﬁfe of that geometry makes benzene unusually stabie.
Although the molecule is ndn-po]ar, its physical and electroni¢ structure;
make benzene polarizable. As a resuit, benzene is unusu511y soluble in water
compared to other non-polar hydrocarbons. Solvents for benzene include |
acetone, alcohotls, chlordfonm, ethers, carbon disulfide, carbon tetrachloride,
acetic acid, ard oils. | | | |

The carbon adsorption capacity of benzene from air is shown in

Figure II-1.
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Table 11-1 shows physical and chemical properties re1ated to the

emission, transport, and control of benzene.

Table II-1

Physical Properties of Benzene

Progertx

Activity coefficient in water, 25°C

. Boiling point, 1 atm
Carbon adsorption capacity

from water, 1 mg/1, 60°F
from air, 1 mmHg, 25 c

Density, 1iquid

Diffusivity in air, 25%

Flame temperature, max, adiabatic
Flammability limits in air

Heat capacity, 60°F, 1 atm

Heat of formation, 1iquid, 25%C
Heat of fusion

Heat of vaporization, 25°C

Heat of combustion, 25°C (HHY)
Henry's law constant, water, 25°C
Ignition temperature, air '
Index of‘refracﬁion

Molecular weight

Octanol: water part tion {10g10)
Solubility in water, 20°C

Vapor pressure, 40 to 176°F

Ultraviolet absorption band

11-2

Yalue

2,400
176°F

1 mg/g
.2 9/9

.88 g/cm3

.088 cme/sec
4150°F

1.2 to 8.1 vol. %
.42‘ca1/'C/9m

150 cal/gram

30.1 cal/gram
104 cal /gram
10 kcal/gm
.0055 atm-m3/mole
1097°F
1.5
78.11
2.14

.82 mg/g
1nP (mmHg)
: ;3083 x 1/T7(°K)

275 nm

Reference

5
3
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B. FORMATION AND FATE IN THE ATMOSPHERE

The only significant chemical loss of benzene in polluted atmospheres
containing oxides of nitrogen (Nox) is through the gas phase reaction with
the hydroxyl radical (OH®) during daylight hours.l/ Other réactions are
negligible under atmospheric conditions. This reaction with OH radicals
proceeds slowly. It produces, among other products, phenol (CGHSOH),
though the yield is not known. Other reaction pathways are not fully
‘characterized but in¢clude ring opening to form dicérbonyl compounds such as
giyoxa].

The haif-1ife for benzene in the atmosphere from-the reaction with OH®

depends on the concentration of hydroxyl radicals in ambient air; it is around

3, a 24-hour average

12 days at an OH® concentration of 1 x 10% cm™
typical of the northern hemisphere cities. Over this time, benzene will
become widely dispersed from its emission sourée. It is thus a persiﬁtent
pollutant apt to be present throughout an urban air shed.

Gaseous phenol‘also reacts with the OH® during daylight hours with a
halif-1ife in the range of'two hours to about-]D hours, again depending on the
ambient OH® concentration. However, a'much faster sink for phenol is
feaction at night with the gaseous nitrate radical N03.g/ At typical
NO3 concentrétions in Southern California airsheds (e.g., 50100 ppt),
the atmospheric 1ifetime of phenol with respect to this nighttime process is
less than seven minutes. Therefore, even in re)atively unpolluted atmospheres

(low concentrations of OH"), phenol is quantitative1y removed within 24

hours.
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The ultimate products of the atmospheric reactions of ﬁheno1 with OH and
N03 radicals are not fully characterized, but probably include quinones and
gaseous and particulate nitrophenols; Both phenol and quinones are considered
_hazafdous by EPA, but each is of much less concern than benzene as an air |

contaminant. The possible hazards of atmospheric nitrophenols are not as yet

. established.
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IT1I. BENZENE CONCENTRATIDNg IN THE COMMUNITY

A. AMBIENT AIR DATA

~ The California Air Resources Board Haagen-Smit Laboratory has been
_monitoring ambient benzene at four locations in the South Coast Air Basin
(SCAB)} since September 12, 1983. Al1 analyses are of samples colliected over a _
24-hour period, from 9 a.m. to 9 a.m, the following day. The samp]eslare
collected in Tedlar bags at a constant flow rate yielding integrated bag
samples containing benzene and other organic constituents.

Samples are collected five days per week at the E]'Monte'site-and about
once every's{x days at the Downtown Los Angeles (DOLA), Dominguez, and
Riverside sites. The data reported for each site are shown in Appendix E.

The estimated accuracy of the reported values is within 10 percent of the
_actua1 values. |

From mid-September 1983 to March 1984, 209 samples were co]1ected and
analyzed. The benzene values range from 1.2 ppb at three sjtes on three
different occasions to 16.0 ppb at the E] Monte sampling site on December 8,
1983, The aQerage for all fndividua} samples wﬁs 5.7 ppb. The average valué
for E1 Monte (123 samples) was 6,1 ppb, for DOLA (30 samples) the value was
6.4 ppb, for Dominguez (23 samples) the value was 5.5 ppb, and for Riverside
(33 samples) the value was 4.9 ppb.

To check the accuracy of using Tedlar bags for monitoring ambient benzene
concentrations, Haagen-Smit Laboratory performedra bag material stability test
and validation tests on Tedlar bags. The results of these tests are included

in Appendix D. The bag material stability test shows benzene is not generated
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or'lost within the bag material. The validation tests show fhere are no
'appreciab1e changes in benzene concentrations in the bag from the time that
sampling starts until the sample is placed in the gas chromatograph.

The Haagen-Smit monitoring program provides the only 16ng-term,
multi-site ambient benzene data for any place in California. Data from
several limited studies at various locations are availabie from an EPA data
base.if These data, synopsized in Appendix E, ére too few and variegated in
age and experimental design to characterize currént ambient cdncentrations for
other locations as is done in the next section for the South Coast Air Basin
{SCAB). However, they do confirm concentrations in the urban air outside the
four~station monitoring aréa similar to those reported by Haagen-Smit
Laboratory.

B. ESTIMATE OF AMBIENT BENZENf EXP65URE,

Long-Term General Exposure

The annual average* benzene concentration in the SCAB was estimated based

on data taken by Haagen-Smit Laboratory &t the four monitoring sites from
September 12 to December 29, 1983. Linear regression of those data agafnst
measurements of ambient CO yields a significant correlation (r = .82 at the
.01 percent significance leve]**). This linear'reIationship was used to
calculate annual average benzene concentrations for two years at all €0
monitoring stations in the basin (31 stations). These calculated values were

then interpolated to grid cell centers. (See Figures 2 and 3 in Appendix E

* - “Annua) average" denotes the mean of ail 24-hour data available from one

year,
** There is one chance in 10,000 that the populations do not correlate but

still yield a calculated correlation coefficient of ..82.
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the 1983 benzene measurements (fourth quarter, four Stations; 5.7 ppb) was
multiplied by the ratio of basinwide annual average CO to basinwide fourth |
quarter average C0. This was done using CO data from both 1981 and 1982. The
resulting estimates of the 1983 annual average benzene concentration among the
four monitors are 4.0 and 3.9 ppb, respectively, using the 1981 and 1982 CO
data. "

The conclusions from these estimates are that the population-weighted
benzene concentration is about 20 percent higher tﬁan the geographic average
and that the four stations taken together represent well the geographic
average for the entire basin.

The details of the modeling performed and the monitoring data are
presented in Appendix E. | |

Short-Term or Local Exposures

In addition to the widespread, long-term average concentrations estimated °
in the previous section, some people are locally exposed to airborne benzene
from specific sources, Such exposure may be more of less continuous and
‘long-term -- for example,:through ;esidepce near and prevailihg]y downwind of
a freeway. The exposure may be short but repetitive -- for example, while
driving on a busy road or filling one's automobile gas tank. |

There are very few data regarding near-source exposure to benzene. A
summary of extant data on concentrations follows in Table III-2. (Sée
Appendix E for details.) This data should be augmented'by field work when
control strategies for benzene emissions are coﬁsidgred. However;'the ARB
staff believes that the general ambient concentrations discussed previously

and their attendant health risks provide sufficient information for

considerihg benzene as a TAC.
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for, graphical presentations'of the results.) The annual benzéne
concentrations at grid centers were then used to calcu1éte the geographic
average and the population-weighted average for the SCAB. (The latter
statistic is more useful for risk assessment.) Table III-1 shows the
results. The 1982 population-weighted average of 4.6 ppb was used by DHS to

estimate the range of risk from ambient benzene exposure.

Table III-1

Estimates of Annual Benzene Concentrations
in the South Coast Air Basin

(ppb)
1981 ' 1982
Geographic average | 4.0 ‘ 3.7
(standard deviation)a/ (1.6) : (1.6)
Population-weighted
average . 4.8 ‘ - 4.6

3/ ‘“Geographic average" is the average of all interpolation grid cells.
"Standard deviation" applies to the calculated annual averages at the 31

C0 moni tors.

By overlaying the population and benzene data by grid cell, the
distribution of exposure (annual average concéntratibn) versﬁs number of
people exposed was estimated. According to the resultant plots, shown in
Appendix E, 80-90 percent of the population of the SCAB {s exposed to 4 ppb or
more of benzene as a year-round average. |

The foregbing method could not be used for 1983 because 1983 data for CO
were not yet complete. To use the benzene moqitoring data directly in an

esfimate for 1983, a second estimation method was used. The average of all
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. Table ITI-2
Benzene Concentrations Near Sources
" Distance from Sampling Benzene
Sources Type of Data Source (feet) Time {(hours) {ppb) Comments
filling ambient 100 to 1300 8to19 0.3 to 1.9 six or seven sites at four
stations monitoring (range) Ioca;ions; no vapor recovery;
. 7 ref.
filling personal air {employee 0.5 4 to 65° British study; results were
station mon{ toring workplaces) (range) adjusted to refiect the benzene
content of gasoline and the use
of vapor recovery in.Calif."; ref.6
filling personal air (air space of (during £111) ¢od US study; results were adjusted
station monitoring person B to reflect the use, of vapor
filling tank) recovery in CalifY; ref.11
freeway modeling . 0 1 50b results apply to rush hour on a
results 160 1 19 Targe freewag under worst-case
490 1 1 meteorology;  above backqround
e concentrattons; ref.?
busy - “modeling 80 1 9.7 to 178 results apply to typical weekday
tntersection “results (4 sites) {worst hour) (range) traffic at the intersection of
E Hilshire Bivd. and Veterans:Avenue
{in South Coast Afr Basin);
above background concentrations;
based on ref.7
busy ambient - 6 to 10 25 3.0 to 7.1 the higher numbers were measured
street montforing ' L g upwind; poor correlation with
3 traffic density; ref.5
3 fxcept as noted, the data are absolite (total ambienf) concentrations.
b Annual- average concentrations would. probably be less than 10X of these values.
€ ror stations without vapor recovery (dispensing 12% of the gasoline), analogous estimates are 80 to 1350 ppb. .
4 Actual average results from stations without vapor recovery was 1,210 ppb (average).
e

The maximum annual average benzene concentrations varied from 0.5 to 1.4 ppb above backqround concentrations.



It is difficult to translate data 1ike those in Table 1II-2 into
population exposure information except in qualitative terms. Although people
visiting filling stations can experience concentrations we11|above the general
ambient concentrations (i.e;, 4.6 ppb), such exposure is short.* For example,
a person driving 15,000 miles per year in a vehicle achiéving 20 miles per
gallon of gasoline would augment his annual average benzene exposure by 0.2
bpb if he always fills his owﬁ tank at stations without vapor recovery and
experiences 1,210%* ppb of benzene while pumping. The data suggest that
péople spending considerable time in the neighborhood of {not in) a fi]iing'
station may not experience ;oncentrations noticeably above the Qeneral ambient
air concentrations. The same may be true of people living or working near
busy roadways except during worst-case conditions of traffic and meteoro]oﬁy.
Usually, long-term average concentrafions‘are Predicted to be much sma?ler
than worst-case short-term concentrations like those presented for a freeway
in the table,

We emphasize that the database portrayed in Table 1Il-2 is extremely
small; it is insufficient to characterize short-term or near-source exposures.

Semi-quantitative information on benzene cqncentrations eiperienced by
ﬁeoPIe in vehicles can be deduced from measurements of carbon monoxide (C0) in
vehicles, Ddring “rush hour" 6n typical commuter routes in Los Angeles
researchers found values two to three times the innua1 average CO measurements
at monitors in LAI00unty.§42/ Hence, we conclude that drivers likely

experience benzene concentrations two to three times higher than the

* This is not true for station employees.
** Previously erroneously cited in draft report as 60 ppb which applies to

stations with vapor recovery,




.4.6 ppb (annual basin average) corresponding to genera] ambiént Co
concentrations. Because many SCAB residents spend considerable time driving
on busy roads, such exposure may be a significant part of total
population-wide exposure to benzene. However, neither the in-vehicle benzene
concentrations nor the person-hours of exposure are known. |

C. INDOOR AIR DATA '

An estimate of the total population exposure to benzene through
inha1ation would require information on indoor benzene concentrations., Indoor
concentrations may or may not equal ambient concentrations, depending on
factors sucﬁ as number and type of indoor benzene sources and air exchange
- rates. Indoor benzene sources include tobacco smokers, heating and cooking
systems, drift from automobiles parked in a garage or nearéy, c¢leaning
- solvents, and evaporation from various products used in a-homé or work area.
Unfortunately, very few data on indoor benzene concentrations are available
and no data are available for California, |

In an attempt to evaluate benzéne exposure from indoor air, studies by
the Environmental Protgctioﬁ Agency (EPA)l/ and the Oak Ridge National
Laboratory (ORNL)g/ were reviewed. In the 1981 Total Exposure‘Assessment
Methodology (TEAM) study sponsored by the EPA, overnight (6 p.m. to 6 a.m.)
air samples Qere collected on personal Tenax monitors by 97 residents of
Elizabeth and Bayonne, New Jersey. Since most of these residents did'not"
Jeave their homes during sampling, the measurements are assumed to be
representative of the overnight indoor environmeht'of their homes. The
personal air benzene concgntratﬁons ranged from .01 ppb to 37;7 ppb with an

average concentration of 6.3 ppb. Simultaneous outdoor air samples were
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collected in the backyards of the 97 residents, The outdoor air benzene
concentrations ranﬁed from .02 to 28.6 ppb with an average concentration of
3.1 ppb. Thus, the average indoor air benzene concentration was about two
times the average outdoor benzene concentration. The EPA sﬁudy indicates thai
benzene is more prevalent in smokers' homes than in nonsmokers' homes.
However, the study does not specify the benzene concentrations found in
smokers' vs, nonsmokers' homes. The percentage of smokers in the sample
population was 12 percent greater than the national average of 33 bercent.
Thus, personal air measurements in smokers' homes may explain the high beﬁzene
levels found in the EPA study.

A status report on indoor air quality ﬁonitoring conducted by the ORNL
for the U.S. Consumer Product Safety Commission indicates ORNL monitored for

_volatile organic compounds in forty homes in the Qak Ridge, Tennessee area,
However, the status report discusses only 11mfted data from one home.. This
status report indicates that 1ndoqr pollutant concentrations decrease when the
air exchange rate increases.

These data on indoor concentration are very limited. The sources of
indoor benzene concentrations were not identified in either report. Thus,
there is no reconciliation between indoor data available and benzene
concentratiohs expected in :California homes or offices; The EPA is completing
an indoor air study for California homes. The results of this sfudy are |

expected to be available by December 1984. These indoor exposure data will be

included for the Board's consideration during the risk management phase;




Daily bénzeﬁe exposurerfrom food and water jntake was cbﬁpared to daily
benzene exposure from ambient air in the South Coast Air Basin (SCAB). A 1980
study by the National Research Counci]lg/'estimates the avérage U.S._urban
dweller is exposed to as much as 250 ug. benzene daily from food intake and
about 2 ug. benzene daily from water intake. Assuming an ambient benzene
concentration of 4.6 ppb (SCAB average), an urban dweller is exposed fd nearly
" 300 ug. benzene daily from'ambieﬁt air (assuming daily air intake is

20 m). These limited data show ambient and indoor benzene exposures:are

greater than exposure from food and water.

Summary
In the South Coast Air Basin, where roughly half the state's population

lives, most people are exposed to at least 4 ppb ambient benzene on the
year-rdund average., Air sampling data coﬁfirm that benzene i§ widespread in
the urban atmosﬁhere. Exposure to benzene in vehicles may bé'signfficant. |
Data are too féw to characterize néar-source ambient exposurés or indoor
exposures. Such 1nformatioﬁ will be neccessary‘during risk management to

determine and rank total and relative éxposures.
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APPENDIX A

INFORMAT ION REQUEST LETTER AND RESPONSES - |



STATE OF CALIFORNIA GEORGE DEUKMENAN, Govermor

AR RESQURCES BOARD
Q STREEY
10x 2815

TERAMENTIO. CA 95812

February 10, 1984

Dear Sir or Madam:

Subject: Request for Information Regarding Benzene

I am writing to request information on the health effects of benzene as part
of our toxic air contaminant program. This program is based on legislation
enacted in September 1983, Assembly Bill 1807 (Tanner). AB 1807 (Health and
Safety Code Sections 39650, et seq.) requires the ARB to identify compounds as
toxic air contaminants and once identified to develop and adopt control
measures for such compounds. After consultation with the staff of the
Department of Health Services {DOHS), we have selected benzene as a candidate
toxic air contaminant to be evaluated in accordance with the provisions of

AB 1807.

| : Before the ARB can formally jdentify a compound as a toxic air contaminant,
L several steps must be taken. First, the ARB must request the Department of
Health Services to evaluate the health effects of candidate compounds.
Second, the ARB staff must prepare a report which includes the health effects
~ evaluation and then submit the report to a Scientific Review Panel for its
review. The report submitted to the Panel will be made available to the
public. Any person may also submit information to the Panel for its
consideration. The Panel reviews the sufficiency of the information, methods,
-and data used by the DOHS in its evaluation. Lastly, after review by the
Scientific Review Panel, the report with the written findings of the Panel
will be considered by the Air Resources Board and will be the basis for any
regulatory action by the Board to officially identify a compound as a toxic
air contaminant. o

Prior to formally requesting the DOHS to prepare a heaith effects evaluation

of benzene, we are providing, pursuant to the provisions of .Section 39660(e)

of the Health and Safety Code, an opportunity to interested parties to submit
information on the health effects of benzene which he or she believes would be
important in DOHS's evaluation of benzene as a candidate toxic air

contaminant. :

In December 1983, ARB staff received a reference séarch on benzene health
effects using the MEDLARs II and DIALOG Information Services. These
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-2 Februar‘y 1Q, _1984

information services include material available to the public on or before
July 1983. The attached bibliography 1ists the references from this
information search. We are requesting pertinent information on benzene health
effects, 1nc1ud1ng any material that may not be available to the public, that
is not included in the attached bibliography. .

I would appreciate receiving any relevant information you wish to submit by
March 12, 1984. To expedite the review process, we ask that any information
which you believe should be regarded as "trade secret" be clearly marked and
separated from other information. Your help in expediting our review will be
greatly appreciated.

" Health and Safety Code Section 39660{e) provides that you may identify
portions of the information you submit as “trade secret." The ARB may later
request that you provide documentation to support any claim of trade secret.
In addition, information other than trade secrets may be identified as
confidential in accordance with the provisions of Section 91011, Title 17,
California Administrative Code. The information which you provide pursuant to
this request may be released “{1) to the public upon request, except trade -
secrets, which is exempt from disclosure or the disclosure of which is
prohibited by law, and (2) to the federal Environmental Protection Agency,
which protects trade secrets as provided in Section 114{c) of the Clean Air
Act and amendments thereto (42 USC 7401 et seq.) and in federal regulations.”.
(Section 91010, Title 17, California Administrative Code.) The information,
including trade secret and other confidential information, may also be
released to other public agencies, which are also required to preserve the
protections accorded to trade secret and confidential information.

Please send the information to-the attention of:

William V. Loscutoff, Chief

Toxic Pollutants Branch

Re: Benzene

California Air Resources Board
. P. 0. Box 2815

Sacramento, CA 95812

1f you have any further gquestions regarding health effects 1nfbrmat1on, p]eaéé
contact Mr. John Batchelder at (916) 323-1505. For any other guestions,
piease contact Mr. Robert Barham at (916) 322-4586.

If you are not the person to whom this request should be addressed, please.
~ forward it to the appropriate person in your organization. Also please let us
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know whether you'woufﬁ 1ike to continue to receive information inquiries for
other candidate compounds, and if not, if there is anyone in your organization
to whom such requests should be sent.

Sincerely, \
‘e h 4 ) ’/‘. i
CQVGQQ@E: {;Z ﬁéfzgﬁﬁ.
peter D. Venturini, Chief (.
Stationary Source Division

-cc:  Alex Kelter, DHS
_ Lori Johnston, DFA
Wayne Morgan, President CAPCOA
Jan Bush, Executive Secretary CAPCOA
David Howekamp, EPA Region IX
Sal Barajas, Assembiywoman Tanner's Office
APCO's

Attachment
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172 East La Jolla Road, Placentia, California 92670 =~ (714) 630=-7311

February 14, 1984

Mr. Peter D. Venturini, Chief
Stationary Snurce Division
Air Resources Board

1102 Q Street

P.0. Box 2815

Sacramento

CA 95812

Dear Mr. Venturini:

We do not use benzene in any of our products, so we can
not provide you with toxicity information not available
to the public.

We are very. interested in remaining on your mailing
1ist, however, since we may be able to contribute needed
information regarding the use of other solvents, such as
perchloroethylene, at a later date.

Very truly yours,
ADCOAT, INC.

Z/:%ﬁa%/

HUGH H. MULLER

PRESIDENT
RECEI] VED
rea2 1934
'.HHM/mw ". ' Sigtia.—‘.‘:fy‘ Sousza
vl
Air ResDaurcas Beard

A-4
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The Adhesive &‘——"ﬁm
ealant Council

Suite 910 — 1600 North Wilson Boulevard — Arlington, Virginia 22209
Phone: {703} 841-1112

April 2, 1984

Mr., Peter D. Venturini

Chief

Stationarv Source Division

Air Resources Board

110z § Street

P.0. Box 2815 '
Sacramento, CA 95812

Dear Mr. Venturini:
I received & belated copy of your request for information regarding benzene.
1 would appreciate being placed on your masiling list tc receive information
inguiries for other candidate compounds, so that I may inform the membership
of the Adhesive and Sealant Council of such ingquiries.
Thank you for your assistance.
Sincergly; : .
%@é%wnfg/ﬁ,
Kris Anne Monteith

Coordinator
Government Relations

KAM/nat
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1670 Beverly Blvd., Los Angeles, CA 90026 {213) 484. 9300

AMERICAN ‘“-.- LUNG ASSOCIATION .

L’ of CALIFORNIA

March 7, 1984

Mr. William V. Loscutoff, Chief
Toyric Pollutants Branch

Ra:; Benhzene

Czlifornia Air Resources Board
Box 2813

Sacraento, Californja 95812

Dear Mr Loscutoff:

We are pleased to respond to your February 10, 1984 memo requesting
information regarding benzene,

The literature review attached to your memo is extensive and we have only - .
ane additional reference to suggest. It is a subsequent articie to
relerence #97 in the bibliography.

White, M.C., Infante, P.F. and Chu, K.C.; A Quantitative Estimate of
Leukemia Mortality Associated with Ocoupational Exposure to Benzene,
Rigk Analvsis, 1982, Vol. II, pages 195-204.

Please continue to send information or recquests for response on the
tmuca:.rcontammantprcgramtomrstaffpersonmthe&uthem
California office, Gladys Meade. She is coordinating the joint response
of the American Lung Association of California and the California
Tnoracic Society.

Yours truly,

T C oty

Palnh C. Jung,
Pres:.dent

RCI;M; g

CC: Dean Sheppard, M.D. ‘- . .
- California Thoracic Society ‘

. N : , | - We care about every breath vou take!
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Los Angales, Culifornia 9203
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Telcshone 213 488 £724 ' _ N

- Faul M. Keplow

Menager .

Environmenizl ar.d Regulatory Aftairs
Heatth, Szfaly end Enviromeniel Figlection

NMareh 9, 1984

Mr. William V. Loscuteff

Chief Toxic Pollutants Branch
California Air Resources Board
P.O. Box 2815

Sacramento, California 85812

Re: Reguest for Information Regerding Benzene .

Dear Mr. Loseutoffz.

This letter is in response to Mr. Pcter Venturini's February 16, 1684 request
for information regarding the health efrects of benzene. The Atlantie

Riehfield Ceompany appreciates the advance notice provided by ARB staff .

to members of the public advising us of yeur intention to shortly submit &
request to the Department of Health Services (DHS) for a heslth hezard
and risk essessment for benzene, Tsking edvantage of opportunities such
as this for cooperation between ARB staff and the public can grestly
enhance the regulatory implementation of AB 1807.

During the past few years A.R.Co. and its operating companies have been
actively participating in severa?! state and federal regulstery procecdirgs
involving benzene. We also participate in research efforts of various trade
organizetions who have eddressed the health effects of banzere.
Representatives of our Corporate Toxieolozv group have reviewec the
bibliography of studies aitached to the February 10 letter and have
compared it to recent studies and reviews in our files, |

Appendix A to this letter lists selected studies and articles not aited in the =

ARB Bibliography which we recommend for inclusion in the package of
materials to be submitted to DHS fcr their evaiuation. Copics of certain
of the studies (i.e. those marked with an "*") have been provided for vour
convenience. If you do not aiready have, or heve difficulty obtaining
copies of eny of the other cited meterials, pleuse contaet Dr. Charles
Lapin of our Corporate Toxicolozv Group at (213)486-3825. The
transmittal of these materials and the identificaticn of health effects
studies in Appendix A should rot be corstrued as reflecting any statement
regarding the technicsl accuracy or the contenis or conclusions of the
studies. It also doecs not necesserily indicate A.R.Co. support or
agreement with the various author's views on the hzalth effeeis or risk of
benzene exposure,

A-7



Mr. William V. Loscutoff
California Air Resources Board
Page 2

March 9, 1984

Please f{eel free to call us if we ean provide additional assistance in the
ARB's ongoing regulatory activities to implement AB 1807.

Sincer

J«JQ M

Paul M. Kaplow

PMK/ML:jap

Attac_hrnents

pe: Mr. Jolin Batchelder

A-8
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- b REVIZNVISION Care Company

February 29, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch
California 4ir Resources Board
P.0. Box 4815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Reference: Benzene

Regarding February 10, 1984 ARB request for information on the
health effects of benzene, We have no data to submit at this

time. Presently, we only purchase and use 10 to 15 gallons of
benzene per yeaf for QC and R & D lab testing purposes.

We would like to continue to receive information inquiries, etc.
for other potential toxic air contaminants.

Sincerely,

Rl 1 frran

Dale B. Hanson .
Director, Engineering

DBH/dpc

cc: P. Charley
G. Sweeney

A-9




Calitornila State University, Fullerton
Fullerton, Caifornia 92634

Dean’'s Office
Schoo! of Mathematics, Science anc Engineering
(714) 773-2638

Peter D. Venturini, Chief
Stationary Source Division
Alr Resources Board

P.0. Box 2R15

Sacramento, California 95812

Dear Venturini:

Mareh 5, 1984

Concerning your February 10 letter rtegarding benzene, there is no

one 2t our institution wishing to submit information.

I do not desire

to continue receiving information inquiries for other candidate compomnents,
but I recommend that requests be .sent to the Chairman, Chemistry Department,

CSUF, Fullerton, CA 92634.

JO: jk

The Californiz Siate University
N

Sincer!ly yours,

////k//,/?d{.-i

AézJames Diefeuderfar
Dean, School of Ma thematics,
Science and Engineering

RECEIvep

AR 1 3 1384

Sfahang,) Source
Wmc-a

Air Resoyrges Boarg

A-10
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- jee of Associate Vice President for
5 Academic Affairs--Academic Personnel
{213) 498-56157

March 8, 1984

Mr, William V. Loscutoff, Chief
Toxic Pollutants Branch
RE: Benzene

. California Air Resources 3oard
P.0. Box 2815
Sacramento, CA

Dear Mr. Loscutoff:

California State Urniversity, Long.Beach is not conducting any
scientific evaluations involving the health effects of benzene and
its impact on the environment. THerefore, I am unable to provide’
vou with any information that could be submitted to the Sc;en.;flc
Review Panel for its conszderatlon.

; ) I have reviewed your bibliography on benzene and cannot add
“—to it. I appreciate you providing the opportunity to review and
comment on the study being conducted on benzene.

Sincerely,
| camiiihe \ .
/L-\-w.,t.. _{:_‘ 1—:4 —

“ June M. Coopeéer
: Associate Vice President
for Employee Relations

JMC:23
cc: President Horn
Dick Hunt
p -
A-11
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DEPARTMENT OF THE ARMY
U.S. ARMY ENVIRONMENTAL HYGITNE AGENCY
ABERDEEN PROVING GROUND. MARYLAND 21010

8 SrEnTion or “ MAR 15 19.84 | .

Occupational and Environmental
Medicine Division

Mr. William V. Loscutoff
Chief, Toxic Pollutants Branch
California Air Resources Board
P. J. Box 2815

Sacramento, California ©5812

Dear Mr. Loscutoff:

Although this Agency has an interest in benzene health effects,
a review of our files has not revealed any information that we feel
would be of use in your evaluation, or which would not already be
available to you in the general scientific literature.

Recommend that future requests of this nature be addressed to: | .
Preventive-Medicine Consultants Division
‘Professional Services Directorate
Office of The Surgeon General
Washington, D. C. 20310

Further questions or comments concerning this response shou‘ld be |
directed to Major R. Petzold, this Agency, at (301) 671-3534,

Sincerely,

MJC Gayd

Colonel, Medica] Corps
Director, Occupational and
Environmental Health
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Memorandum

Date : March 7, 1984

!

e Peter D. Venturini, Chief
; Stationary Source Division .
‘ Air Resources Board Ploce : Sacramento
' 1102 Q Street .
Sacramento, CA 95814
From Department of Food and Agricuiture
-Subhd= Request for Information Regarding Benzene
Thank you for your letter regarding your information search for Benzené. 1
think it expressed the new mandate of Assembly Bill 1807 succinctly and
clearly indicated why the requested information is needed in order to evaluate
materials as toxic air contaminants. .
Benzene is not registered as a pesticide and, to my knowledge, is no longer
used in current agricultural practices. It is not an inert ingredient in current
pesticide formulations and has not been identified as a breakdown product from
other pesticides. The CDFA registration library no longer keeps health effects
data on Benzene since its registration was dropped over three years ago. -
_ . In summary, Benzene is no longer used in current agricultural practices and is
e’ not registered as a pesticide by the Department of Food and Agriculture.
Lori Johnston, Assistant Director
Pest Management, Environmental
Protection & Worker Safety
{916) 322-6315
RECEIVED
Stationary Source
Division
‘Air Resources Board .
I . - lln . ..
L . : R -
’ . \0
A-13 <
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DOW CHEMICAL U.S.A.

WILLARD H. DOW CENTER
FEbruary 15, 1984 MIDLAND, MICHIGAN 48640

Mr. Peter D. Venturini, Chief
Stationary Source Division
Air Resources Board

1102 Q Street

Sacramento, CA 95812

Dear Mr. Venturini:

Thank you for your letter of February 10, 1984, in which you reviewed
AB1807 and the process under which toxie air contaminant "candidates"
will be handled. I have forwarded a copy to other parts of our company
that may have some information on benzene to submit,

Please continue to keep me informed of these proceedings, and copy me oh.
all future requests for such informationm.

Sincerely,

Bugh A. Farber, Ph.D.
Manager, Environmental Affairs
Inorganic Chemicals Department
Phone: (517) 636-5658

pir

A-14
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| Geity Syﬁthetic Fuels, tnc. | 2750 Signai Pamway Signa! Hill, Ca uforma 90806 « Telephone {213) 595-4964

Wil.am Fi Tavior. Manager. Pubne Alfars

February 29, 1984

Peter D. Venpurini

California Air Resources Board
7. O. Box 2815

Sazramento, CA 95812

Dear Mr. Venédrini:

I am writing to.respond to your letter of February 10, subject: Request for
Information Regarding Benzene. N

We do not have any pertinent informétion on benzene health effects not
~ included in your attached bibliography.

We would like to continue to receive information inquiries for other candidate
compounds.

Sincerest regards,

o Lliow 12 4%,5.,

William R. Taylor

WRT/wpr

\RECEIVE.D‘

MARG 1984

Sfmionary S°U?CB
Division

A-15 - Air Resources Board
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HALOGENATED SOLVENT INDUSTRY ALLIANCE (202) 655-0060
1612 K Street, N.W., Washington, D.C. 20006

February 22, 1984

Mr. Peter D. Venturini

Chief S
Stationary Source Division
California Air Resources Board
1102 Q Street

P.0. Box 2815

Sacramento, CA 95812

Dear Mr. Venturini:
My office recently received your open request for information

on the health effects of benzene. Thank you for keeping us informed.
Unfortunately, we do not have any information at this time that would

be of benefit to you.

We are very much interested in remaining on your request list
for all candidate compounds. Please change the appropriate addressee
in your files from Mike Italiano (who is no longer with us) to my name.

1 w111'forward your letter to other parties who may have information
on benzene. |

Sincerely,

PO

Paul A, Cammer
Executive Director

PC/srp

A-16
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February 21, 1984

Mr. William V. Loscutoff, Chief

Toxic Poliutants Branch

California Air Resocurces Board

P. 0. Box 2815
Sacramento, CA 95812

Dear Bill:

Re: Benzene.

A. First, on your bib1iography:

1. References number 76 and 77 seem to be a-dup]icate

2. References 93 and 94 appear to deal with a substance other than
benzene (styrene, or "v1ny1 benzene").

3. Add1t1ona1 Reference, published since July 1983, 1nc1ude

~-a. M. A. Mehlman, J. Air Pollut. Contro1 Assoc. 33:834-6 (1983)
b. R. E. Albert, J. Air Pollut. Control Assoc. 33:836-7 (1983)"

8. 1 don't have any additional data to submit;

C. Please continue to send information queries to me.

be:

IT Corporation
P. 0. Box 2995 .
Torrance, CA 90509

RNH:vh

Note that my mai]ing address, effective February 27, 1983, w111

With best regards, -

Vet
R. Nichols Hazelwood

Project Manager
Environmental Affairs

-7

Corporate Ciice
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MOTOR VEHICLE MANUFACTLURERS ASSOCIATION

of the Uniced Scares, Inc.

300 NEW CENTER BUILDING ¢ DETROIT. MICHIGAN 45202 ¢ AREA 313.5872-4311

PHILIP CALDWELL, Chairman : : :
V.J. ADDUCI, President and Chief Executive Officer . March' 30 ' 1984

THOMAS H. HANNA, Senijor Vice President

Mr. William F. Loscutoff, Chief
Toxic Pcllutants Branch
California Air Resources Board
F. 0. Eox 2815

Sacramento, California 95812

Déar Mr. Loscutoff:

Re: Benzene

The Motor Vehicle Manufacturers Association of the United
States, Inc, (MVMA)* is a trade association whose members repre~
sent the major domestic motor vehicle manufacturers. We are
responding to your regquest for information regarding benzene.

The bibliography generated by CARB appears very thorough.
However, we suggest that you access the docket file on benzene at
the U.S. Cccupational Safety and Health Administration and fully
utilize thie important information source for additional technical

information.

~Also, the U.S. Supreme Court decision (Industrial Union
Department AFL-CIO v. American Petroleum Institute, No. 7B=811,
U.S. Supreme Court, July 2, 1980) on the U.S. OSHA benzene
proposed standard may provide insight on 2 legal precedent for the
health risks associated with benzene.

We trust this information is useful to you.
Sincerely,
Fred W. Bowditch zéﬁrt

Vice President
Technical affairs

*1VMA members are American Motors Corporation, Ford Motor Company,
Chrysler Corporation, General Motors Corporation, International
Harvester Company, M.A.N, Truck & Bus Corporation, PACCAR Inc.
Volkswagen of America, Inc., 2nd Volvo North America Corporatlon.
- ' A-18
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25 KEARNY STREET
SAN FRANCISCO, CALIFORNIA gf108

415 4216561
Tashingron Office - New York Office
5§ STRECT, N.W. 122 EAST 42ND STREET
stITE Goo : ) ‘ NEW YORK. N.Y. 10168
WASHINGTON, D.C. 20006 ' 212 g49-0049
202 223-8210 March 16, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0O. Rox 2815

Sacramento CA 95812

RE: Benzene

Dear Mr. Loscutoff;

I am writing in response to your February 10, 1984 letter
requesting information on benzene. I have no additional suggestions
for your extensive list. I would appreciate it very much if

. future information ingquiries for other candidate .compounds, along
. With all other mailings pertaining to toxic air contaminants, be
sent here to my attention.

Thank you.
Sincerely,
Laura B. King
, A-19
New England Office: 16 PRESCOTT sSTREET * WELLESLEY HILLS. MaA, 02187 < 017 2o=—0 20
Ve Public Lands Insmme 1720 RACE STREET + DENVER. CO. 302006 - 603 577-0740

m_f;;, Recyveled Paper




1126 Sixteentn 51, My, Suilt =1,
Washington, D.C. 20036 202/223 5770

Dan Edwards, Diractor Heaftth and Satery Denortmcm
. . OSHA "Naw Directiony' " Training Grant

Oil, Chemical & Atomic Workers 258 Union Bivd.. Lakewood, CO 80228

intefnational Union, AFL-CIO P.O. Box 2812, Denver, CO 80201 303/987.2229

March 13, 1984

To Whom It May Concern:

I am writing to you on behalf of the Oil, Chemical and Atomic Workers International Union
and, in particular, our members in the State of California. As you know, we represent
thousands of petrochemical workers in California. Many of these people are exposed, on a
daily basis, to benzene in production, transfer and chemical intermediate operations. For
this reason, we have been extensively involved in regulatory activities with regard to

benzene for many years.

Recently, one of our representatives in California forwarded your request for information
regarding benzens to me. I applaud the Air Resources Board's decision to consider
regulating ambient exposures to benzene and I would like to call to your attention two
significant pieces of information on the health effects of benzene.

apecnicall} + after reviewing the attached bibliography, I noticed that the followinm
documents were not mentioned: : .

1) Environmental Protection Agency Carcinogen Assessment Group -
Quantitative Risk Assessment of Benzene, March 10, 1983.

In my view, this report demonstrates that there is a significant
. risk for leukemia at an exposure level of 1 part per million (ppm)
for a working lifetime exposure.

This report follows the 1979 Carcinogen Assessment Group's Report
on Population Risk to Ambient Benzene Exposure which estimated
the cancer risk of lifetime exposure at 1 Ppm to be 2 per 100
persons exposed.

2) National Toxicology Program Technical Report [Draft 10/19/83]:
The Toxicology and Carcinogenesis Studies of Benzene in F344N rats
and B6C3F mice (Gavage Studies). James Huff, PhD. NIH Publication

#84-2545.

This study demonstrates malignant response at levels lower than
previously demonstrated. I have enclosed the abstract for your

information.

e ' A-20 | S




“o? hopeful that this information will be of use to the California Air Resources Board in
your determinztion of a policy with respsct to ambient exposures to benzene.

Please feel free to contact me at your convenience if you have any further gquestions.

Sincerely,

) ‘ S f',’x -:‘ .\,. N
\‘bﬂu\-\g}\g L‘lu /;JL&)“\ -J\.)\ . 1—“
Kenneth B. Miller, M.D.

Occupational Health Physician

Enc.
cc:  Robert Boudreau, International Representative
OCAW District #1 -
Dan Edwards, Diresctor.
OCAW Health & Safety Department

A-21



PACIFIC GAS AND ELECTRIC COMPANTY

e V——
— — -
- —— -

April 6, 1984

- Mr. William :&/zgscutoff, Chief
Toxic Pollutgri*s Branch
California/A&r Resources Board
P. 0. Box "2815
Sacramepto, CA 95812

Deay/Mr. Loscutoff:

Information Inquiries Mailing List
Requests for Public Health Information

Pacific Gas and Electric Company received your February 10, 1984 request for
additional public health information regarding benzene. We reviewed your
bibliography and concluded that we were not aware of any additionszl information
which should be submitted to you.

Please send all furture information inquiries to me at the above address.

Thank you.

Sincerely,-

4 &/ iy
I

J. F. McKENZIE

A-22
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TEXAS ALK CONIRUOL BOUAIKL)

6330 HWY. 280 EAST
AUSTIN, TEXAS 78723

512/451-5711 . VITTORIO K. ARGENTO, P. E.
BOS G. BAILEY

FRED HARTMAN

D. JACK KILIAN, M. D,
OTTO R. KUNZE, Ph. O., P. E,
ERANK H. LEWIS

R. HAL MOORMAN

JORN L. BLAIR
Chairman .
CHARLES R. JAYNES
Vice Chairman

BILL STEWART,P.E.
Executive Director

Mr. William V. Loscutoff, Chief
Re: Information Regarding Benzene
Toxic Pollutants Branch
California Air Resources Board

P. 0. Box 2815

Secramento, CA 95812 '
-Dear Mr.w M
I recently received a2 letter from Mr. Peter D. Venturini of

your office requesting information about benzene. He asked
that I direct my response to you.

We do not have any information regarding benzene that is
not already 1igted in the bibliography attached to

Mr. Venturini's.letter, but I would appreciate remaining on
your mailing list and receiving further reports of your
worTk.

Enclosed is a copy of the hailing label used to send the
"Request for Information Regarding Benzene" to me.

Sincerely,
z2pes H. Price, Jr. '
Aéting Director

Research Division

Enclosqres

A-23
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UNIVERSITY OF CALIFORNIA, DAVIS

SANTA BARBARA * SANTA CRUZ

BERKELEY * DAVIS * TRVINE » Lbs ANGELES * RIVENSIDE * SAN DIECO * SAN FRANCISCO

AR
DAVIS, CALIFORNIA 95616 .

Febfuazy 14 1984

OFFICE OF THE DEAN
COLLEGE OF LETTERS AND S5CIENCE

William V. Loscutoff, Chair
Toxic Pollutants Branci

Re: Benzene
Californis Adr Tooourees Boad
P.0. Box 2315

Sacramento, Ca. 95812
Dear Mr. Loscutoff:
I have forwarded your request for information on benzeme to Mr.

Richard Holdstock, Envirormental Health and Safety, on the Davis campus,
All requests of this nature are addressed by his office. ‘

?au:r:s sizlucerely, : | .

AT hdns

L. J. Andrews

LIA:meh

A-24




UNIVERSITY OF CALIFORNIA, DAVIS

SANTA BARBARA * SANTA CRUZ

BIRKELEY « DAVIS » IAVINE 1L0S ANGELES + RIVERSIDE * SAN DIEGO + SAN FRAXCISCO

UNIVERSITY HOUSE

¢ AVID PIERPONT GARDNER
o DAVIS, CALIFORNIA 95616

et President of the University
EMIL M. MRAK February 16, 1984

Chancellor Emeritus

DPeter D. Venturini, Chief
Stationary Source Division
Air Resources Board ‘

- 1102 Q Etreet
F, Q0. Box 2815
Sacramento, CA 95812

Dear Mr. Venturini:

I have'just read yvour request for information régarding benzene.'
I find this most interesting, and I would certainly like to remain on
the list to receive inquiries for other candidste compounds.

I would also suggest that Dr. Dale Lindséy receive these inguiries.
Eis address is: 562 Reed Drive, Davis, CA 95616, _ :

; I presume that you have._segen the THIRD ANNUAL REPORT ON CARCINO-
GENS--SUMMARY 1983 of the/U.S.)Department of Public Health Services. -
- There ;575 little write-up—s arting on page 28 on benzene.

Rindest personal regards,

| - ST /f’;milﬁf%ﬁﬂ -

RECEIVED

FEB21 184

. Stetiorary Source
. P Divisien
' . Air Resources Board
' (A-25



ezt University of California, San Francisco . . . A Health Sciences Campusu |
:56"‘ g, §-140 '
550, CA D123

.!ﬂ-

February 21, 1984

Peter D. Venturini, Chief
Stationary Source Division
Air Rescurce Board

1102 "QY" Street

P.0, Box 2815

Sacramento, CA 95812

RE: REQUEST FOR INFORMATION REGARDING BENZENE

Dear Mr. Venturini:

1 have forwarded your letter to Prof. Neal Castagnoli of our Schooi
of Pharmacy. - Professor Castagnoli is quite knowledgeable about this . .
area, - :

I would be willing to consider from time-to-time inquiries about
various compounds., :

Sincerely yours;

NSl

- LLOYD M, KOZLOFF
Dean, Graduate Division

LMK:ch

F!EC::IVL'.‘D

]

4 £33

LN

Sigtionzry Source
Divicien
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UNIVERSITY OF CALIFORNIA, SANTA CRUZ

BERKELEY * DAVIS + IRVINE « LOS ANGELES + RIVERSIDE » SAN DIEGO * 5AN FRANCISCO SANTA BARBARA * SANTA CRUZ

Swaer’ ENVIRONMENTAL HEALTH & SAFETY SANTA CRUZ. CALIFORNIA 95064
March 6, 1984

William V. Loscutoff, Chief
Toxic PoT]utanfb Branch

Re: Benzeng

Califorpia Air Resources Bd
PG Box-“2815

Sacremento, CA 95812

Dear Sir:

Your letter of February 10, 1984, requesting information regarding Benzene has been
reviewed. Benzene sees very limited use on this Campus since it was identified

as a suspect human carcinogen some years agc. Primary Benzene use has been in mass
spectrometry for dissolving samples at about one milliliter per sample deiivered

by pipette. We have not acquired regular grade Benzene for some time though we
have a small quantity on hand. Acetone has been substituted as & solvent for some
cleaning purposes and chloroform has been substituted in many other analytical

protocols.

As information is developed on Benzene toxicology and related safety, we would be
pleased to be informed. We did not receive the b1bI1ography referred to .in your
letter. This would be useful information. For this campus, you may maintain Tiaison
with the undersigned. :

Cordia11y,

\\\

James Cx.lang
Env1ronmeﬁta1 Health End Safety Officer

A-27



Western Oil and Gas Assocization

727 West Seventh Street, Los Angefes California 80017
{213) 627-48€6

March 13, 1884

Federal Express

William V. Loscutoff

Chief

Toxic Pollutants Branch
California Air Resources Board
1102 "Q" Street

Sacramento, California 95814

Re: Reguest for Information Concerning Benzene

Dear Bill:

By this letter, the Western 0il and Gas Association
("WOGA") responds to your reguest for information concerning
the health effects of benzene to be used in the consideration
of whether benzene should be listed as a toxic air contaminant
pursuant to California Health and Safety Code §§ 39650 et seq.
WOGA is pleased to submit the attached bibliography which we
believe contains the mcst important research done to date
concerning the health effects of benzene. Since benzene has
been and continues to be the topic of a significant amount of
research, we will continue to search for other studies which
we will send to you as we become aware of them. We thank you
for the opportunity to submit this information and stanéd ready
to answer any questions you may have.

We understand that benzene is the first substance
to underge review as a potential toxic air contaminant.
California Health and Safety Code § 39660(f) states that:

"The state board shall give priority to
the evaluation and regulation of substances
based on factors related to the risk of
harm to public health, amount or potential
amount of emissions, manner of usage of
the substance in California, persistence
in the atmosphere, and ambient concentra-
tions in the community."

' We would like an explanation as to why benzene was
chosen as the first substance for evaluation based on thase
criteria. We are also interested in learning the other sub-
stances you intend to evaluate in the next year.
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wWilliam V. Loscutoff
March 13, 1984
Page Two

Thank you for the opportunity to submit this health
data. If you have any questions, please contact Dr. Michael
Cardin at (213) 977-6734.

Very{;guly yours,

et Novudn

Robert N. Harrison
Assistant General Manager

RNH:vb

Enclosure
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February 15, 1984

William V. lLoscutoff, Chief
Toxie Pollutants Branch
California Air Resources Board
P.0. Box 2815

Sacramento, California 95812

Dear Sir:

We have no special information on benzene to submit for your
evaluation. . '

ZERO WASTE SYSTEMS

P.S. Wé do not wish to receive fu;ther requests for informationm,
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APPENDIX B

PUBLIC INPUT REQUESTS, COMMENTS AND
PART A RESPONSES



STATE OF CALIFORNIA GEORGE DEUXMEJIAN, Gowemor

AIR RESOURCES BOARD
1102 O STREET
*.0. BOX 2815

CRAMENTO, CA 95812

June 20, 1984
Dear Sir or Madam:
Subjeét: ARB Draft Report on Benzene
In my February 10, 1984, letter requesting health effects information on
benzene, I indicated that we would prepare a report on benzene for review
by the Scientific Review Panel (SRP). Also in that letter, 1 stated that
the report submitted to the Panel will be made available to the public upon
its submittal to the Panel.
This letter is to inform you of an opportunity we are providing to review
and comment on a part of the draft benzene report prior to its submittal
to the SRP. The report will consist of two parts; Part A - A Review of
Benzene Uses, Emissions, and Public Exposure" and Part B - “A Review of
Benzene Health Hazards." Part B, which ‘is being prepared by the Department
of Health Services, wiTl be available for review when the report is submitted
to the SRP. However, a pre11m1nary draft of Part A is expected to be available
by June 29, 1984.
N’ In order to obta1n a copy of the preliminary draft to Part A of the report,
please send your request to the attention of:
. Public Information Office
. Re: Draft Benzene Report - Part A
California Air Resources Board
P.0. Box 2815
Sacramento, CA 95812
-or call the office at (916) 322-2990. A copy of the preliminary draft will
be sent to you as soon as it is available. Since we plan to submit the
final benzene report to the SRP in early August 1984, we need your comments
on the Part A draft by July 20, 1984.
Peter D. Venturini, Chief I
Stationary Source Division
cc: Alex Kelter, DHS :
Lori Johnston, DFA . : .
Wayne Morgan, President CAPCOA o
David Howekamp, EPA Region IX
N’ - Assemblywoman Tanner -

APCOs
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STATE OF CALIFORNIA GEQRGE DEUKMENAN, Gowrnar

AiR RESOURCES BOARD
1102 @ STREET :
P.0. BOX 2818

SACRAMENTO, CA 95812

July 19, 1984

Dear Sir or Madam:

Subject: Draft Report on Benzene to the Scientific Review
Panel

Enclosed is the draft of Part A of the subject report: "A Review of Benzene
Uses, Emissions, and Public Exposure" per your request.

We invjte'your comments on Part A by August 15. If your written comments
will not reach us by that date, please precede them with a telephone call to
Barbara Fry at (916) 322-8276. Written comments should be addressed to:

William V., Loscutoff, Chief

Toxic Pollutants Branch _ g .
Air Resources Board ' .

P.0. Box 2815

Sacramento, CA 95812

I regret the delay in producing the draft report.

Sincerely,

—

Peter D. Venturini, Chief
Stationary Source Division

Enclosure

cc: Assemblywoman Tanner




515 South Flower Slreet
Los Angeles, California 90071
Telephone 213 486 8750

N
N

David A. Smith
Consultant
Environmental Regulatory Compliance

Auzust 30, 1984

William V. Loscutoff, Chief
Toxic Pollutants Braneh
Air Resources Board

Post Office Box 2815
Sacrainento, California

Dear lir. Loscutoff:

Attached are brief ARCO Petroleum Products Company (APPCo) comments on the
California Air Resources Board preliminary draft report entitled, "Part A - A Review of
Benzene Uses, Emissions and Public Exposure." APPCo personnel also contributed-to and
fully support the comments submitted to you by the Western Qil and Gas Association
(WOGA) on Part A and the associated Department of Health Services Pari B report
entitled, "Health Effects of Benzene." _

In particular, we wish to emphasize WOGA's point that the DOHS did not presem the
"range of risks to humans resulting from current or anticipated exposure" of benzene
required by the Health and Safety Code Section 39660(c). A range of risk determination
requires the use of various assumptions and methods to evaluate risks at ecertain dose
levels. DOHS failed to do this. This omission is exemplified in the Department's dismissal -
of data from human studies which have been used by all other governmental agencies in
assessing human benzene exposure risks. It is these types of problems that msake us
believe the Part B report is seriously deficient. : _

'If you wish to discuss any of the attached comments on Part A, please call me at the

above phone number. Please call Dr. Charles Lapin at 213/486-3825 if you have questions
with regard to Part B which you wish to discuss with us. _

TA. Srmth -
nsultant, Environmental/Health Planning

DAS/bf
Atitachment

eec: Dr.C, A, Lapin
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ARCO Petroleum Products Co.
Comments on
Part A: A Review of Benzene .
Uses, Emissions and Public EXposure

Stationary Source Emissions

The report identifies the largest stationary benzene source as gasoline marketing.
Gasoline marketing should be further defined in the report to more clearly identify the
particular source for which the emission estimate is made. EPA within an August 8, 1984
Federal Register notice that discusses regulatory strategles for the gasoline marketmg
industry identifies bulk terminals. bulk plants, service station tanks and vehicle refueling
‘operations as potential gasoline marketing emission sources. The staff report should
identify which of these sources are included in this source category.

Additionally, the CARB assumption of 2.4 wt% benzene in the total hydrocarbon emissions
from gasoline marketing sources over simplifies the real situation. The attached
European CONCAWE Report discusses benzene evaporative emission conecentrations and
their dependence on fuel temperature, Reid Vapor Pressure and benzene conten: of the
intank and dispensed fuel. The benzene concentrations in the attached CONCAWE Report
averages approximately 1.5-wi% rather then the 2.4 wt% in the CARB report. This
combined with our earlier comment casts serious doubt ont he usefulness of the published
emission rate.

Vehicular Exhaust Emissions ‘ .

The draft report does not present an adequate discussion on the relationship between .
vehicular exhaust benzene emissions to benzene and aromatic fuel content. The attached
CONCAWE Report concludes that a significant portion of the fuel benzene passes out
through the exhaust system. The remainder of the exhaust benzene is formed somewhere
within the combustjon/exhaust system. This type of information which has significant
importance in selecting control options has led the Coordinating Research Council to
proceed with & recently approved testing program of several cars and fuels to mvesngate
these and other issues. The test results are to be available early next year. - This
uncertainty on how benzene exhaust emission are actually formed and thereby controlled
should be reflected in the report.

Appendix E: Ambient Momtoru/;g Data“
Limitations to Analysis

Limitation number four states that, "this study does not include benzene exposures in the
workplace." . This is certsinly not for a lack of available data. Federal OSHA and
impacted industries have been workmg together to review the current federal permissable
exposure limit of 10ppm for some time. Considerable exposure limit of information is
currently available on employee benzene exposures. A report presented at the Collegium
Ramazzini on Nov. 4, 1983 entitled, "Benzene Exposure in the United States 1878-1983— .
An Overview" by H.E. Kunion and L.M. Seott presents benzene exposures for a number of .
industries. Such exposure levels can be useful in comparing calculated workplace risk
estimates with real life experience.
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BENZENE EMISSIONS FROM

PASSENGER CARS

CONCAWE Report No, 12/83

> N " o
@mk DNV

.. synopsis

Among the sources of benzene in air, gescline-powered
motor vehicles are known to contrihute about 80-85% of
the totsl wman-pade benzene emissions in industrialised
countries.

HBydrocarbons, including benzene, are emitted into the
air from motor vehicles in three main ways:

8/21/84 FYI
. - by displacement from vehicle fuel tanks.during
TO: BENZENE COORDINATING refuelling. -
TASK FORCE = by evaporation from fuel tank. carburettor and
FROM: TOM CORNWELL . associated fuel system by temperature effects;

- as unburnt hydrocarbons in exhaust gases.

The first section of this report describes the studies
carried out to determine the magnitude of benzene
emissions from these sources and to identify the
relationchip with fuel composition.

In the second section, the relative contributions of
re=fuelling, evaporation and exhaust to the total

.emissions are quantified. Benzene losses during

re-fuelling are related mot only to the volume and
benzene content of .the gasoline being dispeased but
also to the benzene content of the gasoline already in
the fuel tank. During typicel use, re-fuelling losses
smount to 3-4 milligraws per kilometre. Benzene
evaporation from the vehicle carburetter and fuel tank,
due respectively to .engine heat soak-back and daily
temperature variation, igs directly related to the -
benzene content of the gasoline being used. For typical
daily service in the average European summer diurnal
temperature variation of 7°C, lcsses amount to «0-50
milligrams per kilometre. Of the benzene emitted in
exhaust gas, ouly 35-45% is benzene originally present
in the gasoline and surviving combustion. The remainder
1s formed during. combustion. Exhaust benzen he
largest source of vehicular benzene loss, some 81-89%

comgarea'ﬁTEE TO-1B% gvaporative losses and 1-2%

re-fuelling losses,
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ABSTRACT

This report characterises the losses of benzens into the atmcirhere from three typical
European passenger cars during average daily use. Three sources of loss are identified:

losses during refuelling, evaporation from fuel systems and emissions in exhaust gases.

The relative contributions of these soutces are discussed and the raport evaluastes the
sffettivensss of various alternative means of control, inocluding regulsting the composition

of motor gasoline by econtrolljng the benzene content, and fitting control devices to passenger

Dit rapport beschrijft de benzeenverliezen in de dmpkring van drie reprasentatieve Europese
personenauto’s bij gemiddeld dagelijks gebruik. Er wordt onderscheid gemsakt tussap drie
oorzaken van verliss: verlies tijdent het tanken, het verdampen vao beazesn uit da brandstof-
Systemat @b emissie in uitlsatgsssan. De relatieve bijdrage van ¢lk van deze oorzaker worde
basproken, en het rapport beoordeelt de doslereffsndheid van sen aantal verschillende
bestrijdingsmiddelen. Hiertoe behorez hat reguleren van de samenstelling van sutobenzine door
toazicht op het benzeengehalts en hat sanbrengen van contrSle~instrumenten in parsonenauto's. -

In diesem Bericht wird die Benzolemission in Zie Atwospire bei dreai suropiischen Pkv im
.normalen Betrieb dargestellt. Es verden dreierlel Formen der Benzolemission unterschieden:
Verluste beim Tanken, Verdunstung sus Kraftstoffleitungen und Emissionen in Auspuffgasen.
Nach der rvelativen Gewichtung dieser drei Ursachen wird die Wirksamkeit varachiedensr
Methoden zur Begrenzung der Benzolemission durch Beeinflussung der Kraftstof{zusamzensetzung
durch Kontrolle des Benzolgehalts und der Ausriisturg von Pkw mit Xootrollgeratan erdrtact.

Le présent rappert définit les kmanations de banzine dans 1'atmosphire 1 partir de rrois

voitures de tourisme europlennes typiques pendant leur utilisstion quotidisune. Trois sources
¢'¥manstions sont idemtifides: &manstions pendant le remplissage du réserveir, Evaporationms )
provenant des systiwes de carburation et Imissions dans las gaz 4°Echappament. Les contributiens
respectivas de ces sources sont examisies et le rappert Evalue 1'efficacicé des diversas
possibilitéis de contrSle, y compris 1a riglementatiop de la composition de 1'essence pour les
automobiles par le contrlle de la tensur on benzdne ot la montage de dispositifs anti=pollution
sur les vihicules de tourisms. .

Este informe caracteriza las pirdidas de bencenc & 1a ataSsfera en tres sutombviles suropeos
tipicos con un wso diario promedio. Se Identifican tres fusntes de pérdidas: las que ae
producen al repostar, 14 evaporacibn en los sistemas de combustible ¥y las .emisiones #n les
gases du escape. El informe trats de las contribuciones relarivas de estas fuentes y evaiia
la eficacia de los diverscs medios de control, qur incluyen la regulacisn de la composicidn
de la gasolina, controlando el contenido de bencenc, ¥ la instalacibn de dispositives de
eontrel an los autombviles. T -

In queste Tapporto si identificane le perdite i benzene nellatmosfera da parce di tre
tipiche autovecture europee in uso giornalierc medio, in base a tre fonri di perdite:

durante le operazioni di riempimento, avaporazione dal sistema di alimentazione ed emissioni .
dallo scavico. I relativi apporti di queste fonti séno oggette di trattazione ed {] rapporto
.valuta anchs Y'efticacia di diversi wezzi di controllo, fra cul la regolamenctszione dells
composizione della bunzina controllandene il tenore in benzens ¢ 1'adozione di dispesitivi

di contrelleo sulle autovetturs,
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INTRODUCTION

There is substantial evidence that high concentrations of benzene
encountered in the workplace can cause diseases of the blood and
bone-marrow, and many countries have legislation to control
occupational exposures. Data regarding chronic effects of low-level
exposures or short-term peak exposures of the type experienced by
the general public are inconclusive and need further elucidation.

. A number of studies have been ﬁubiished'on the sources of benzene

. Table 1 Relntivc contributions to the atmospheric benzene burden

in air. These make it clear that benzene is ubiquitous in its
distribution, being formed during processes of incomplete
combustion including natural events such as forest fires.
Measurewments of ambient benzene in rursl
ug/w” (1). Hovever, in urban areas concentrations fall typically

n the range 35-100 ug/w® (1), depending on site-specific factors
such as traffic density and local industries.

Data on man-made sources of benzene emissions into the atmosphere
are currently available in open literature. Making assumptions
about emission factors from systems handling products containing
benzene, and from combustion sources producing benzene, the .
relative contributions to the atmospheric benzene burden have been
derived for Canada, Germany and the USA and are given in Table 1.

Source, 2 _ ' Canada Germany USA
Gasoline-powered fehicles 85 81 : 80
Chemical industry 7 4 . 11
Gascline distribution 3 4 6
Solvent operations 4 2 1
Coke ovens _ 0.5 3 ' 1
Petroleun refineries 0.5 0.5 l
Domestic heating R 3 ?
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2.1

AUTOMOTIVE SOURCES OF BENZENE

Aydrocarbons, including benzene, are emitted into the air from
motor vehicles in three main ways:

a) During vehicle re-fuelling liquid gasoline being loaded into
a part-empty tank displaces gasoline vapour, which escapes
to stmosphere. The composition of the escaping’ vapour is
related to the composition of the fuel already in the tank
88 vell as to that being added.

b) Evaporatian of hydrocarbons, imncluding benzene, takes place
from the vehicle's fuel tank as a result of expansion and
contraction of the tank and its contents caused by
temperature changes throughout the 24 hour daily cycle.
Evaporation from the carburettor and associated fuel system
aslso occurs as a result of heat soak-back when the engine is
switched off. :

¢) Benzene is present amongst the unburnt hydrbcarboné in
exhaust gas. :

This section describes studies carried out to determine the
magonitude of benzene emissions from these sources and to identify
the relatiouship with fuel composition. Typical European cars were
used for the test work. Their relevant characteristics are given
in Table & (Appendix). Similarly, the test gasclines spanned the
normal commercial range in terms of benzene content and other
characteristics.

The relative contributions of these sources of benzene to .the
overall benzene emission of the vehicle per kilometre travelled are
estimated in Section 3.

REFUELLING LOSSES

Studies were carried out to determine how much total hydrocarbon
and how much benzene was lost to atmosphere during re~fuelling of-
two typical European vehicles. Testing was carried out in a Sealed
Housing for Evaporative Determinations (SHED), wodified so that
gasoline could be dispensed into a vehicle located inside the
closed SHED by an operator standing outside 1t. The vehicle tank
was emptied of al)l gasoline vapour from previous tests by leaving
off the cap and opening all vents for at least 24 hours. The
initial charge of gasoline, at a temperature of 20°C, was dispensed
{nto the tank at least 30 minutes before the beginning of the test,
this being the time necessary to saturate the vapour spate. The
vehicle was then pushed into the SHED, which was then sealed, and
the initial temperature, barometric pressure and the hydrocarbon
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Re-fuelling hydrocarbon losses from both test vehicles were
dependent not only on the Reid Vapour Pressure (RVP) of the
gasolines but also on the temperature difference between the
dispensed and in-tank gasclines. This is because the volume of
vapour displaced from a fuel tank may not be equal to the volume of

fuel dispensed.

If the temperature of the dispensed fuel is higher than that of the
fuel in the tank, then the volume nf vapour generated i{s greater
than the voluwe of fuel dispensed, and vice versa. Fig. 2 (below)
.and Table 5 (Appendix) show the effects of Reid Vapour Pressure and
temperature of dispensed fuel on re-fuelling hydrocarbon losses.
Per litre of gasoline dispensed these losses may vary between 0. 5
.aud 2.5 grams.

Fig. 2 . The eftect of varistions in the dispensed gasoline RVP on the ﬁugnimdo of the nfucllmg
losses at daﬂonnt dispensed fus! tamperstures

Hydrocarbon losses per litre of gasoline dispensed {g}

3.2
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temperature = 32°C
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24—
_ v
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. . .
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Us Fedefal Certifigation test, The main differences vere that eight
consecutive ECE 15 cycles were used to condition the vehicle
prior to the hot soak phase of 2 hours (cf. one hour in the US
Federal Test Procedure). SHED atmospheres were anslysed for
{ndividual hydrocarbons by gas chromatography.
Fig. 3 Carbursttor bow! temperature during the hot soak period -
Carburettor bow! temperature {°C)

70

65 -

60—

65 —

-
45 —

40
35 v & CarB
ACaC
30 - T T T T
) 2 @ 0 80 100 120

Duration of soak period (minutes)

Fuel tank losses occur because of increases in temperature during
the day, which cause increases in fuel vapour pressure and thermal
expansion of vapour in the tank (5)(6). These losses occur whether
or not the vehicle is used, and since they occur on a daily cycle
they are known as diurnal losses. In the test procedure carried
out in the SHED they are simulated by heating the tank through a
specified temperature cycle.. '

‘ 'ECE 15 1s the abbieviation conmonly used to designate the
United Nations Economic Commission fog;ﬁﬂrope Regulation i5
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© 2.3

Equations have been developed by regression to relate the benzene
emitted to the benzene concentraticn in the fuel. They are: '

Diurnal Loss:
vt Bz in SRED hydrocarbons = 0.45 x wtZ Bz 1n‘fue1'
(Correlation: R? = 0.73)
Hot Soak Loss: .
wtl Bz‘in SHED hydrocarbons = 0.89 x wtZ Bz in fuel
| | | (Correlation: R? = 0.79)
It should be emphasised that these relationships are valid only for

the temperature regime used in the tests and adjustments could need
to be made for other temperature conditions.

BENZENE IN EXHAUST

Exhaust emissions tests on a range of European cars were carried
out, using fuels containing a range of benzene concentrations,
according to the ECE 15 cycle using Constant Volume Sampling.
Apalysis for total and individual hydrocarbons was carried out by
conventional gas chromatography. Instead of the cold starts
required by Regulation 15, tests were performed starting with a
fully wvarmed engine in order to remove the influence of the choke
and give repeatable results,

The concentrations of benzene in both the eihaust enissgions and
test fuels are given in Table 6. A regression equation linking
benzene concentrations in exhaust gas with liquid fuel composition
vas derived as follows: _

o wtX benzene in exhaust emissions = 0.50 + 0.44 Bz + 0.04 Ar

vhere:
Bz = wtZ of benzene in liquid fuel
(Correlation: R? = 0,B4)

Ar = wt? of other aromatics in liquid fuel

"The intercept of the equation is significantly different from zero,
indicating the formation of ‘benzene from other fuel components.
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3.1

3.2

3.3

RELATIVE CONTRIBUTIONS OF BENZENE LOSSES

It 45 of interest to quantify the relative contributions of
re~fuelling, evaporation and exhaust to the total. To achieve this,
test results have been converted to s gram per kilometre basis as
follows. -

REFUELLING LOSSES

1t has been stiown (Section 2.1) that total benzene loss during a
single re-fuelling is proportional to the total volume of gasoline
dispensed. A value for benzene lost per litre dispensed can
therefore be derived. Official figures for fuel consumption
covering the ECE cycle (7) can then be used to correct this to a
benzene loss per kilometre. For the two European cars tested in the
programme, benzene losses during re-fuelling with a typical
European gasoline (2.6 volX = 3.1 wt? benzene) were 3-4 milligrams
per kilometre (mg/km). These figures are comparable with the
average value of 6 mg/km for US cars repotted in a separate study
(8). - :

EVAPORATIVE LOSSES -

" Data obtained from the UK N&tional Travel Survey shows that the.

average private car completes 3.4 trips per day with an average
daily mileage of 39 kilometres. Benzene loss per kilometre can
therefore be calculated from SHED hot soak losses by multiplying by
the factor 3.4/39. To this must be added the evaporative loss due
to diurnal temperature variation. The average summer diurnal
variation for Europe is 6.9°C, which is considerably lower than the
range of 13.3°C used in the Federal Test procedure. A factor of
0.52 has therefore been applied to SHED test results to convert to
benzene loss over the average day. This value has in turn been
divided by the average daily mileage to produce & benzene loss per
kilometre. '

For the two cars tested the sum of diurnal and heat soak losses on
a typical European gasoline containing 3.1 u:z benzene was 43-51
wg/ka.

EXHAUST EMISSTONS

A single ECE 15 Type 1 test corresponds to .a distance travelled of
4.052 kilometres. Benzene loss per kilometre can therefore be ‘
simply derived from benzene emissfons in an ECE test. Results for
the two cars used in all tests on typical European gasoline.
containing 2.6 volZ (= 3.1 wt2) benzene were 225-373 mg/km. These
values are consistent with those published by Hasanen, Karlson

et al (9). .
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CORTROL OF BENZENE EMISSIONS

REGULATION OF GASOLINE COMPOSITION

A few countries already limit the maximum concentration of benzene
in motor gasolines to 5 voll. A survey of European motor gasolines
carried out in 1976-8 (1) showed a weighted average benzene content

of 2,6 volZ (3.1 wtX), with 902 of the 250 samples taken having
benzene contents below 3.9 volZ (4.6 wtZ)(12). Controlling the

benzene content of motor gasoline is, however, a costly and not
very effective way of limiting benzene emissions from vehicles.

Ag little as 152 of the benzene reaching the atmosphere from
vehicular emissions is accounted for by losses from re-fuelling and
evaporation. A further 372 originates from benzene surviving
combustion. This benzene is emitted via the exhaust gases, which

are the dominant source of benzene emissions., Reduction of benzene

in motor gasoline can therefore reduce benzene emissions from
vehicles by about 527 at most (Table 3). :

ON-BOARD VEHICLE CONTROLS

Technology for controlling hydrocarbon emissions frow all vehicular
sources through on-board hardware is well established. In the USA,
vhere strict hydrocarbon control is necessary to deal with special
local problems, devices are in use which can reduce evaporative
losses by 70-90% and re~fuelling losses by more than 95Z. The
absolute amount of emitted hydrocarbons which can be retained by
these devices 1is, however. suall (see Table 3)

In the USA, catalytic exhaust converters are fitted to most
passenger cars in order to meet the stringent CO, hydrocarbon and
NO_ exhaust emission regulations. These devices are up to 902
efficient in removing hydrocarbons, including benzene, from exhaust
gas (10, 11). :

In Europe, discussions are taking place at Governmment level which
could lead to the introduction of more severe exhaust emissions
legislation such that catalytic converters have to be used. If it
were to become necessary for motor manufacturers to fit catalytic
Teactors to vehicles to comply with gaseous exhaust emission
regulations, then control of benzene in exhaust gas (its most
important vehicular source) would be achieved at no additional
cost. A reduction of the total benzene emission of 77% can be
achiceved (see Table 3). It should, of course, be remembered that,
at the present state of the art, fitting of catalytic exhaust
converters would require unleaded gasoline, with all its essocia:ed
(1114 W
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CONCLUSIONS

Benzene emissions from three typical European cars have been
studied using gasolines spanning the normal commercial range in
terns of benzene content and other characteristics. From these
studies the following conclusions cav be drawn:

1)

2)

3)

&)

3)

Benzene losses during re-fuelling are related to the benzene
content and temperature of the gasoline already in the tank,
and to the benzene content, volume and temperature of the
gasoline dispensed. During average usage these losses

amount to only 3=4 wmilligrams per kilometre.

Benzene evaporation from the vehicle fuel system due to
engine heat and daily temperature variatfons is directly
related to the benzene content of the gasoline. In average
European summer conditions losses from this source amount to
some 40-50 milligrams per kilometre.

Of the benzene emitted in exhaust gas, asbout 44X is benzene
surviving combustion, and the remainder is formed during
combustion.

The relative contributions of the different vehicular
sources of benzene to the total loss are: re-fuelling 12,
evaporation 10-18!. exhaust 81-89%.

Even total debenzenisation of gasoline would only reduce
benzene emission by about 50%. Rowever, if on-board vehicle
control devices such as catalytic converters and evaporative
controls are adopted in Europe, total benzene losses from
vehicles could be reduced by nearly 90Z.

B-15
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Table & Characteristics of vehicles used

Vehicle A B c
Model year . 1977 . 1977 1977
Odoweter (miles) - <. 20800 . 18200 ) 18900
Engine type and In line & vé in line 4
capacicy (1) . 1.6 ) 2.7 1.1
Fuel tank 30" 10 ' 3¢

capacity (1)

Fuel tank venting 2x3m Filler cap + S wm | & me £.d. tube
1.4. tube vants i.d. tube vent vent en top
on top of tank on top of tank of tank

Carburercor/s Solex 32/32 Solex e TRiaA+ Mocorcrale

DIDTA Solex 35 CIEl KEA 77B3F9510

Yolume of fuel tn ‘ Ist = 70

carburettor float 48 2nd » 25 53
chasber/s (ul). : .

Float chavber "Inuml and Internal wvent Excernal went
venting system external vent .

B-17
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Table 6 Fuel inspection data .

Fuel No. H 2 3 ° . -] ] 7 .8 9

Reid Vapour (1)(2) , ‘
Pressurs, (kPs) 0.0 0.3 . 40.7 2.1 2.1 67.6 3.9 93.8 81.4

Discillation cewp. (1)
for 1 evaporated (°C)

1.n.P, 3 3 40 28 k1 3 - k }] 3
10 33 52 &0 55 50 &3 Ab (1] &4
20 75 . 39 &5 69 40 55 57 1) L}
30 7 66 n 81 10 62 &9 65 %
40 4] 3 78 %0 t }] 72 82 17 67
50 110 82 [ [ ] 1] 9% 1 L ] [ [4] 76
0 . t1e 92 109 106 107 92 1l 104 L )
10 134 104 132 115 122 106 129 116 99
50 149 121 . 143 135 1y 124 146 134 m
0 : 163% 158 156 168 156 148 163 187 13
F.5.0, 195 202 192 07 190 184 202 BT b 184
L Evaporaced at 70°C - 15.5 3.0 8.3 20.5 30.0 8.0 30.% .0 43.0
I Evsporazad at 100°C 40.5% 6.5 56.0 52.0 4.5 3.5 52.5 57.0 71.0 .
% Evaporsted at 150°C 0.5 95.0 06.0 - 88,0 2.0 90.5 2.0 87.0 §3.5

Co'puluon {4) .
20.4 23.5 247 15.0

Aromatics (5) 40.7 9.) 45.3 10.1 3.1
Olefins 12.% 10.4 N 12.7 14.5 24,1 23.6 17.3 18.5%
Saturates 46.0 80.) 51.6 1.2 $5.4 55.5 52.9 58.0 (198 1
(1) AsS™M D 323 (3) ASTM D 86
(2) Typical commercial ganoline has m {4) Gas chromatography analysis

in the vange 50 zo 80 kPa. (3) Benzese contents in Iabie ?




Quz\&{lu [LUS JUSTR O WA

Table 8 Concentration of benzene in test fuel and exhaust

Fuel Benzene . Benzene conceatration im
No., | eoncentTarion axhsust vapour esissions
in (wel)
Fusl
{wel)
CAR A CAR B
1 .85 3.01 3.07
2 1.46 ' 1.09 1.08
3’ | 5,46 3.n 4,25
& 0.98 0.82 1.99
s 643 2.97 3.56
' 2,26 0.89 1.91
7 1.75 1.77 1.7
] 1.03 1.5 : 1.90
’ R ) 122 2.16
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PO BOX 2813

SACRAMENTO, CA 95812 .

September 12, 1984

Mr. D. A. Smith, Consultant
Environmental /Health Planning
ARCO Petroleum Products Company
515 South Flower Street

Los Angeles, CA 90071

Dear Mr. Smith:

_ Subject: Comments on Part A of the Draft
Benzene Report

Thank you for your comments on the draft Part A of the benzene report. Your
letter and this response will become part of Appendix B of the final report..
We will send you a copy of the final report. 1 am responding to your comments
under the titles you have in your letter.

. Stationary Source Emissions

Bulk terminals, bulk plants, service station tanks and vehicle refueling -

: operations are included in our estimate of benzene emissions from gasoline

e’ marketing. We are revising the report to clarify this point. Also, we have
reevaluated the 2.4 wt. percent benzene factor based on an average 1.5 wt.
percent benzene in fuel and the relative vapor pressures of benzene and
gasoline at 77°F. The gasoline marketing emission estimate is being revised
downward with a factor of 1 wt. percent benzene in the total hydrocarbon
emissions. The revised emission estimate for gasoline marketing is 300 tons-
per year, '

Vehicular Exhaust Emissions

We did not include a detailed discussion on the relationship between vehicular

~ exhaust benzene emissions and benzene and aromatic fuel content because ‘
detaiied data for California vehicles burning representative fuels are not yet
availabie. When testing programs such as the Coord1nating Research Council
study are completed, the information will be useful in evaluating control
options.

B-20



- >epLemper i<, 1984

Appendix E: Ambient Monitoring Data

We believe that indoor air exposures to toxic air contaminants may be an
important factor to consider in the risk management phase during which our
Board will consider adoption of toxic control measures. However, during the

risk assessment (substance identification) phase, AB 1807 requires the
Department of Health Services to consider ambient concentrations and risk of

harm to public health from exposure to these ambient concentrations.

Thank you again for your comments. If you wish to discuss these comments more
or if you have further questions on the report, please contact Barbara fry at

1 {916) 322-8276. -

Sincerely, fé;'
Conull]|meor

William V. LosTutoff, Chief
Toxic Pollutants Branch
Stationary Source Division
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v 575 Market Street, San Francisco, Caiifornia @ Phone (415) 894-2242

Mz Agoress PO Bas 7647 52 franzscc Uk 93120 7647

W. T. Danker
3 / Manaper, fvironmentat Programs ‘ AUgUST 22, 1984
N F-.vanment, Sately, Fire and Healtn .

California Air Resources
Board Report - Part A

A Review of Benzene Uses,
Emissions and Public Exposure

William V. Loscutoff, Chief
Toxic Pollutants Branch
Air Resources Board

P. O. Box 2815
Sacramento, California

Dear Sir:

We have reviewed the subject report, and appreciate-the opportunity to comment during the
early stages of the review process. Our comments, listed below, represent the combined
thoughts of our Manufacturing, Fuels Research, and Environmental Health organizations.

‘o Page II-1, Paragraph | - The first sentence describes benzene as a hydrocarbon naturally
occurring in crude oil and present in gasoline and diesel oil. . Because of the high boiling
range of diesel oils (90% greater than 3500 F) there is no significant amount of benzene’
(1769 F boiling point) present in these products.

Page 1I-1, Paragraph 2 - This paragraph describes Chevron's El Segundo Refinery as the only
benzene producer in California. Recently, Chevron shut down its benzene production
facifity in El Segundo. The plant has been “mothballed" and will remain shut down
indefinitely. . ' L

Page II-2 - The second paragraph states that the evaporative benzene emissions from
gasoline marketing .are estimated based on an EPA factor of 2.4 wt% benzene
in the total hydrocarbon emissions from marketing sources. The 2.4 wt% factor appears to
be high by approximately a factor of two, which will result in over estimating these
emissions. In fact, the 2.4 wt% factor appears to be in conflict with the EPA and SAE
factor of 1.2 wt% benzene in evaporative emissions from automobiles quoted on page II-4 of -
this report. Numbers in the 1 wt% range have also been reported by Mueller in a March
1984 API report entitled "The Analysis of Benzene Emissions from Vehicles and Vehicle
Refueling". o ' :

Page 1I-3 - The conciuding sentence in the paragraph at the top of the page states that,

"Additional testing of benzene emissions from refineries and asphalt plants shouid be

performed prior to considering control measure development for these sources". We

certainly agree with this statement, particularly as it would apply to emissions from

o ‘combustion sources. We do wonder, however, whether the relative volume of emissions from
- refinery and asphalt plants (less than 1% of the total inventory) would justify this effort.

B-22
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Page 1I-4 - In the first paragraph, the staff uses factors of 6.5 and 4.2 wt% benzene in the
total hydrocarbon exhaust from catalyst and non-catalyst vehicles respectively. Mueller‘s’
API report indicates no significant difference in benzene emissions between catalyst and
non-catalyst cars, with the average concentration of benzene in the total hydrocarbon
exaust close to 3.5 wt%. The use of these higher benzene emission factors will lead to
errors in estimating both current and future emission inventories. More specifically, Figure
lI-1, Projected Benzene Emissions from Motor Vehicles, would have a noticeably different
shape. We estimate the minimum shown will occur at a lower overall emission leve| and at a
date later than 1990. In addition, the resulting up turn or increase in emissions will ozcur at

a much slower rate.

Page 1I-4 . The second paragraph concludes by stating that additional motor vehicle testing
is needed to refine the benzene emission estimates for motor vehicles, We agree and
strongly support the need for additional vehicle emission testing. In fact, members of our
Fuels Research group are actively involved in a major testing effort currently being
initiated by the Coordinating Research Council. This study is aimed specifically at resolving
many of the remaining unanswered questions about how benzene and aromatic
concentrations in gasoline affect benzene concentrations in tailpipe exhaust.

Page E-13, Section IV. - "Limitations to Analysis" ~ Item No.2 states that “Indoor benzene
concentrations may not be directly related to ambjent concentrations. This study makes no
attempt to examine indoor exposure". We feel this is a serious limitation to the overall
objective of the Air Resources Board/Department of Health Services effort to evaluate
benzene as a potentia! toxic air contaminant, particularly as it may relate to potential
future control strategies. Since individuals spend approximately 70% of their time indoors,

it follows that it should be important to know both the level and source of this exposure
before drawing any final conclusions on the need to control benzene as a toxic air .
- contaminant.

If you have any questions or comments, please contact Mark W. Nordheim of our
Environment, Safety, Fire and Health Staff at (415) 894-6107.

Sincerely,

) Aok

. W. T. Danker’
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P.O. BOX 2815

SACRAMENTD, CA 95812

September 12, 1984

Mr. W. T. Danker, Manager
Environmental Programs
Chevron U.S.A., Inc.

P. 0. Box 7643

San Francisco, CA 94120-7643

Dear Mr, Danker:
Subject: Comments on Part A of the Draft Benzene Report

Thank you for your comments and suggestions on the draft Part A of the benzene
report. Your letter and this response will become part of Appendix B of the
final report. We will send you a copy of the final report. Briefly, our
response to your comments are as follows: .

1. Page Il-1, Paragraph 1 - We recognize that there is very 1ittle benzene.
in diesel fuelsrang this fact is reflected in the emission inventory. We
assume there are no evaporative benzene emissions from the use of diesel
fuels and estimate that benzene from diesel exhaust contributes only

three percent of the total vehicular benzene emissjons.

' 2. Page II-1, Paragraph 2 - Thank you for informing us that Chevron's
Segundo refinery has shutdown benzene production. The report will be
corrected to reflect the closure. ‘

3. ' Page 11-2 - We agree the 2.4 wt. percent factor f6r benzene evaporative
emissions from gasoline marketing is too high. We are revising this
emission estimate to 300 tons per year using a 1 wt. percent factor. -

4. Page II-3 - A decision whether or not to test for benzene emissions from
rerineries and asphalt plants will be made during the control measure
development phase.

5. Page II-4 - We believe that the API estimtes for the benzene content in
catalyst vehicles exhaust are too low for California because of
differences in the aromatic contents of fuels tested versus those
typically used in California. The APl report has a factor of about
3.5 wt. percent benzene in the exhaust from catalyst vehicles,
Approximately 25 percent of the test data are for vehicles burning fuels
with low aromatic contents (13.7-17.9 wt. percent). Most of the

B-24



- September 12, 1984

. il

remaining data in the APl report are from vehicles burning gasoline with
aromatic contents from 26_to 36 wt. percent. ARB studies in 19801/ and
19812/ and a recent study3/ in progress show the average aromatic
content in California's unleaded fuels is about 43 wt. percent.

After recalculating the average wit. percent benzene in total hydrocarbon
exhaust from catalyst vehicles burning fuels with 38-54 wt. percent
aromatics, we are revising the 6.5 wt. percent factor to 4.1 wt. percent
benzene. This makes the average wt, percent benzene from catalyst
vehicles similar to that for non-catalyst vehicles. Decreasing the .
average wt., percent benzene for catalyst vehicles changes the projected
benzene emissions in Figure 1I-1. The minimum emissions are projected to
occur in 1992 rather than 1990 and the increase in emissions occurs at a

slower rate.

Page 11-4 - We are pleased to learn that a motor vehicle testing program

1s being initiated. We would appreciate receiving a description of the
tests in progress and the test results when the study is complete.

Page E-13, Section IV - “Limitations to Analysis" - We believe that

1ndoor air exposures to toxic air contaminants may be an important factor
to consider in the risk management phase during which our Board will
consider adoption of toxic control measures. However, during the risk
assessment (substance identification) phase, AB 1807 requires the
Department of Health Services to consider ambient concentrations and risk
of harm to public health from exposure to these ambient concentrations.

Again, thank you for your comments. If you have any questiohs, please contact
Barbary Fry at (916) 322-8276.

Sinc:re1y, JW 74’,, . |

William V. Loscuteff, Chief
Toxic Pollutants Branch
Stationary Source Division

References
1. California Air Resources Board, 1980, 1980 Hydrocarbon Composition of
Gasolines in Los Angeles, HS-10-LHC, Haagen-Smit Laboratory, EJ Monte, .CA.
2. California Air Resources Board, 1981, 1981 Hydrocarbon Composition of ,
: Gasolines in Los Angeles, HS-17-LHC, Haagen~Smit Laboratory, E1 Monte, CA.
Peoples, 1964, Study in progress. ‘
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Memorandum

- : William V. Loscutoff, Chief Date : August 15, 1984

- Toxic Pollutants Branch
A— Air Resources Board
P.0O. Box 2815
Sacramento, CA 95812

Plece : Sacramento

From : Department of Food and Agriculture

Subjec: Draft Report on Benzene to the Scientific Review Panel

Thank you for sending the Department a copy of the "Draft Report on
Benzene to the Scientific Review Panel: Part A - a Review of Benzene

Uses, Emissions and Public. Exposure®" for our comments.

We have reviewed the draft and have no additions or changes.

Z(W'W

Lori Johnston, Assistant Director
) Pest Management, Environmental
f - Protection & Worker Safety

(916) 322-6315 '
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From .

Lori Johnston, Assistant Director Date : .September 12, 1984
Pest Management, Environmenta) ' .

Protection & Korker Safety Subject: YOur Comments on
Department of Food and Agriculture Part A of the Draft
1220 N Street Benzene Report

Sacramento, CA 95814

Air Resources Boord /% m 7@/’
s G

William V. Loscutof hief
Toxic Pollutants Branch

: Stationary Source Division

Thank you for reviewing the draft Part A of the benzene report to the
Scientific Review Panel (SRP). We are pleased that you have no additions or
changes to the report, ‘

Your response and this letter will be included in Appendix B of the final
report which we plan to submit to the SRP on September 14. We will send you a
copy of the final report. Please contact me at 322-6023 if you have any
comments or questions. S
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"Donalg R. Buist " Ford Motor Company
Director ) The American Road
Automotive Emissions and . Desrborn, Michigan 48121
Fuel Economy Office . August 27, 1984
Environmental ang Safety

Engineering

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
Air Resources Board
- P,0., Box 2815
Sacramento, California 95812

Dear Mr. lLoscutoff:

This letter is in respomse to your July 19, 1984
request for written comments on & California Air Resources Board
draft staff paper titled "Benzene Report to the Scientific
Review Panel: Part A -— A Review of Benzene uses, Emissions and
Publi¢ Exposure™ dated July, 1984. Much of the information in
the draft Staff paper appears correct. However, there are a few
areas where we wish to comment on and provxde additional
information, as detailed below.

In Section II.B., (Current and Projected Statiomary
‘and Mobile Source Emissions), the average weight percent benzene
of total hydrocarbon exhaust emissions is listed as:

Catalyst . 6.52
Non-Catalyst 4.22

The catalyst percentage; 6.57 in particular, looks too
"high based on the EPA data on 46 vehicles in your referemce 17,
page II-9, PFigure 1 is & plot of that data and suggests that
the average percentage of benzene emissions is rather constant
over model years 1975 to 1982 between about 2.6 and 3.9 percent.
Similar results were reported ina Maré¢h, 1984 study by Mueller
Associates, Incorporated for the American Petroleum Imstitute
using & different data set. The 6.5X figure is too h;gh unless
the non-leaded fuels in California are unusually rich in
aromatics compared to those available elsewhere to cause a
higher rate of benzene emissions.



: As 1nd1cated in Fxgure 1, the benzene emiasions from
ca:alyst vehicles are of the order of 3.2% of total
hydrocarbons. However, the effect of this lower emission level
from catalyst cars on the estimated vehicular percentage :
contribution to totsl benzene tonnage emissions is small due to
the relatively large vehicle populstion in Los Angeles and the
relatively low estimated stationary source contribution. On the
other hand, CARB“s projectiop of a significant rise in benzene
enissions sfter 1990 “when the number of cars using non-leaded
fuel incresses" would require s downward revision because it was
based on & level of benzene emissions from catalyst vehicles
significantly higher than that from non-catalyst cars.

Anotber concern related to the issue of the percent
benzene emissions involves the information in Appendix E of the
draft staff paper, "Ambient Monitoring Data and Methods of Air
Quality Modeling.”" The equution on page E-8 of Appendix E would
indicate a CO/benzene molar ratio of about 533, assuming the
constant term is significantly different from zero, its value
(0.51 ppb) represents the background benzene emissions and the
value of the slope (1.875 ppb/ppm) may be compared with the
CO/benzene molar ratio of vehicle emissions. The EPA data
mentioned earlier and listed in Table 1, indicates an average
CO/benzene molar ratio of 875. If evaporative and refueling
benzene emissions are taken as 1/3 of exhaust benzene emissions,
the measured CO/benzene molsr ratio would drop to 656 ge the -
expected CO/benzene ratio. Because this figure is 231 above the
533 level suggested by the regression equation in Appendix E,

the benzene contribution from vehicle sources in Los Angeles may

not be ae high as the 93 figure listed on page II-3 of the
draft staff report. Rather, an B8lI contribution is suggested
(100 * 533/656). By contrast, a & to 532 countributiom in 1978
is indicated by EPA data for the United States zs reported by R. -
M. Dowd, et gl., (APCA paper 84-102.5, June, 1984).

Otber estimates are also posgible. For example, in
‘Table 3 of Appendix E, the CARB report shows the predicted
(based on the benzene~CO correlation equation) amnual benzene
levels at various eir quality monmitor stations. For 1982 the
geographical average annual benzene level in Californis would be
about 3.7 ppb.. Because the benzene level due to non-vehicular
sources might be 0.5 ppb, the predicted vehicular contribution
would be (3,7-0.5)*100/3,7=86%. This percentage value would be
somewvhat lower if the true CO/benzene rsatio due to vehicular and
related sources were 656 instead of 533 ae discussed above.




-3 -

Thus, the Appendix E regression equation would predict
8 lower contribution from vehicular sources than the estimated
value based on inventory. A knowledge of the errors for the
estimate of the slope and the adjustment factor would be
necessary to ascertain the significance between the predicted
and estimated values. ¥For exsmple, the ad justment factor would
have to be as high as 1,53 to match the 93X contribution value
estimated in the draft report. Although such an adjustment
factor is higher than expected, further study would be requlred
te improve the accuracy of these estimates,

Also in Appendix E (p. E-2), it is stated that "fourth
quarter data are generally not representative of annual averages
for any pollutants and would probably over-estimate annual
averages of benzene" (data for September-December, 1983 were
used in CARB“s correlation). This implies a prior knowledge of
the seasonzl change of the pollutants of interest. Since no
reference is given, CARE“s data on benzene levels (CARB
report /Table E~1) have been summarized by the month of the year
as shown in Table 2. There seems to be indeed a significant
increase in the benzene level during the fall-winter season., If
up-to-date data for 1984 confirm this observation, further study
of the underlying factors may reveal some interesting aspects
regarding benzene emissions in the South Coast Air Basin (SCAB).
area. Because the climate in thie area is mild all year around,
the fuel composition is not expected to change very much during
the year. In additiom, it is unlikely that the on-road vehicle
population would show a dramatic seasonal change.

It is of interest to note also that the data at El
Monte (15 Km east from Downtown L.A.) show several instances of
sustained high benzene level for a period of two or three days
during December, 1983. Because only at El Monte were data
monitored five days a week, the high benzene instances found at
Downtown Los Angeles and Dominquez stations may also represent
benzene levels above 10 ppb for longer than 24 hours. These
- instances of high benzene levels may indicate episodes of
recurrent loss of control of benzene emissions at some point
sources.

We hope that these comments will be useful to you and
your staff as they evsluate benzene uses, em;ss;ons, and pub11c
exposure. :

Sincerely,
\L] i"’ -F

D. R. Buzst

JWs.3
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. Table 2 - Seasonal Variation of Benzene Level

All Four Stations DOLA and Riverside (1)
Period Mean S.D. |[Ko. Obs. Meap 5. D. Ko, Obs.
Sept/83 . 2.9 1.3 26 (0) . 3.6 19 8 0
Oct /83 6.1 2.2 3 (3) 61 2.3 8 (D)
Nov /83 61 2.3 35 (2 5.9 2.3 10 (0
Dec/83 7.3 4.2 23 (5) 5.9 3.4 71 (0
Jan/84 7.9 2.8 30 (6) 7.3 2.9 10 (2)
Feb/84 65 2.2 29 (3) 65 2.4 9 (I
Mar/84 42 1.8 34 (0) 41 13, 9 (O

(1) Both CO and bengzene were monitored at these two stations.

(2) Bumber of parentbesis denotes observations of benzeme ‘
levels equal to or greater than 10 ppb. The breakdown of
such observations by station is as follows: 13/E1 Monte,
4/p0LA, 3/Dominquez and O/Riverside. -
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\-f" September 12, 1984

Mr. D. R, Buist, Director
Automotive Emissions and Fuel
Economy Office
Environmental and Safety Engineering
Ford Motor Company
The American Road
- Dearborn, MI 48121

Dear Mr. Buist: |
Subject: Comments on Part A of the Draft Benzene Report

Thank you for your letter of August 27, 1984, regarding our draft Benzene
Report to the Scientific Review Panel, Part A. It and this letter will appear
in Appendix B of the Tinal version. He will send you a copy of the final _
report. Our responses are presented under three headings correspond1ng to
your major points. :

‘Benzene in Vehicle Exhaust

~ Several people commented as you did that all the available data taken together
do not show a significant difference between catalyst and non-catalyst '
equipped cars in the fraction of exhaust hydrocarbon that is benzene. We have
re-examined the data and have changed the benzene fraction for catalyst
vehicles. The values for benzene fractions are as follows: catalysts - 4.1
percent, non-catalyst - 4.2 percent. These numbers are based on data from the
original references and exclude some data taken for unleaded fuels with -
-aromatic contents too low to represent gasoline in California. Our em1ss1on
projections will be revised according to the new valuas.

Contribut1on of Vehicles to Total Benzene Inventory

The changes described above plus a change in calculation of evaporative
emissions yield a benzene inventory that is 83 parcent from on-road vehicle
exhaust and 93 percent from exhausts plus fuel evaporation. As you point out,
an independent estimate of vehicles' contribution to the 1nventony can be made
- by considering the ratic of CO to benzene in both the ambient air and in
vehicular exhausts {(plus knowing the benzene fuel evaporation and the CO from
non-vehicular sources). However, the ratio of CO to benzene in exhausts is
critical. It should be estimated only from data from vehicles representing
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the emission characteristics of cars on the road in California and burning

fuels similar to gasoline in California. Because some of the vehicles in
reference 17 did not meet those qualifications, the molar ratio of 875 that .

you cite may not be applicable for California.

For the purpose of the health effects evaiuation by the Department of Health
- Services and review of the Department's evaluation by the Scientific Review
Panel, a more refined emission inventory is not necessary. However, we will
refine the inventory in our work to develop control strategies. At that time,
we will take care to reconcile the inventory with an approach 1ike the one of

- your suggestion.

Seasonality of Ambient Benzene

We are aware of the trend to higher ambient benzene concentrations during the
winter, ‘It is expected because the air is stabler then, and dispersion is
less effective. This is witnessed by elevated concentrations of CO and lead
in the winter. Also, because benzene is photochemically reactive it should
have a slightly longer chemical Vifetime during the winter.

Again, thank you for your comments. If you have any questions please contact.
Barbara Fry at (916) 322-8276. '

Sincerely,

WNilliam V. Lbs€utoff, Chief

Toxic Pollutants Branch
Stationary Spurce Division




IT CORPORATION August 10, 1984

Mr. Willlam B, Loscutoff, Chlef
Toxtic Pollutants Branch
Callifornta Alr Resources Board
P. 0. Box 2815

Sacramento, CA 95812

Dear Bill:

CARB STAFF DRAFT "BENZENE REPORT TO
THE SCIENTIFIC REVIEW PANEL"

| hava been out of the offlce for four weeks, so my
comments on the draft Benzene Report are |ater than ! would
have llked. | hope-they reach you In time to be consldered
In your revislions,:

1. Additlional References - The March, 1984 lssue of
"Risk Analysis™, which was Jjust sent out at the end of July;
1984, contalins several letters to the editor about benzene.
These are by van Rasite, et at (p. 1), Irvine (p. 3), Gaffey
(p. 5), Chandlier (p. 7) and Infante, £t al (p. 9). The
March, 1984 [ssue Is Volume 4 of the journal.

Obviousty, your report could not have Included these .
letters., ['m not sure they are even relevant, although they
should be of Interest to the DOHS health effec?s report
wrl*ers.

2, Statistical Treatment of Correlation Coefflicient - !
belleve there Is a misunderstanding about statistical
signiflcance of the correlation coefflcient clted on

page I¥=~-2, The footnote Interprets a 0.0! slgnlflcance level
as Indicating there Is one chance In 10,000 that the
correjation coefficlent -calcuiated (0. 82 in the example)
would happen by chance.

I think the correct meaning 1s that a 0.01 level
Indicates one chance In 100, The error comes about because

many people equate "probabl|iTy"” with something erroneously
called "percent probablilty". Probabi!lity has dimensionless

units bounded by zero and one. The Incorrect term of
"percert probability™ usually means percentage, bounded by
zero and one hundred, with units of "percent®,

 Corporate Otfice
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| serlously doubt that your deste gave 2 correlalon
coefflclent of 0.82 with 0.0001 probabi{iity of 2 falise
positive. | think the signiflcance leve!l was 0,01
probablllity, or one percent,.

Further, you should bear In mind that a correlation
coefflicient of 0.82 Is not as Impresslve as |+ appears. The
amourt of varlation expialned by the correlation effect Is
not r = the correlation coefficlent, but ré « the coefflclent
squared, Taking r=0,82, then r¢=0,67. Thus, sebout
two=-thlirds of the refationshlp Is expialned by correlation,
but one~third Is aot., This becomes more startiing [f one
compares the r and ri'values for downtown Los Angeles, where
r=0.59 (or 0.67 If temperature is also considered). Then
ré =0,35 (or 0.45 [¢ temperature |s siso considered). | wl!!
pursue this below. ' ‘

3. Cholce of CO as a Benzene Surrogate - | belleve the -

model you chose for the CO-benzene correlation may not be the

most sultable. If the model Is to be used to predict benzene
concentrations, It needs t¢o do so over the range of plausible
CO0 concentrations thet can be measured, Your model predicts
benzene levels of 0.5 ppb at zero CO levels., Most of the
predicted velues for benzene Ile In the 3 t0 6 ppb levels, so
the baseline zero CO level of 0.5 ppb Is somewhere between
one sixth and one twelfth of the predicted values. However,
I1f CO Is supposed to be a2 surrogate for benzene from moblle
sources, thls Is far too lerge = bullt=in Massumption”.

The model needs the temperature relationship, as
shown by your own dats for downtown Los Angeles - one of only

iwo statlons where you had actual meessurements of both CO and,

benzene. Another obvious correlate would be altitude, since
the relation between vehlicie CO and 2ltltude (Denver Is a
good example) Is strong. This . Is signiflcant In some parts
cf the state. ‘

: Finaiiy, | thlnk you need to develop more
correlation data at locetlons other then the South Coast Alr
Basin - particularly, you need data for the San Franclisco
area, the Slerra Neveda, and the San Joaquin and Sacramento
valleys, and for some range of seasons - winter and summer,
Only then can you hope to use CO measurements as & surrogate,

| suggest that what you have now Is pretty good data
to suggest that ambient benzene levels In the SCAB range from
1 to 10 ppb with 5 ppb as good & measure of central! tendancy
as any. Thls Is certalnly golng to be as accurate as eny
dose~response data that DOHS will be able to provide, from
what | have seen (see the Intante |etter referred to above).
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4, Exposure Population Estimete = | think the epproech
outlined In the report for estimating populetlion exposure I[s
- good. if the CO contours cen be Interpolated between
stetlons, If the CO-benzene correlations are close enough,
and [f the population estimates are good, then CO data can
predict exposure, | belileve one needs to do & careful
estimate not only of the mean benzene concentration In a
populatlion "cell” but of the veriance over this reglon,
Agelin, 8 better model relating CO to benzene seems needed.

Finelly, | wonder why the 1979 SCAG populetion data
were uvsed when 1980 census estimates are avallable. The 1979

SCAG estimates have to be less eccurate, since they are
based, fundamentally, on 1970 census date and SCAG's attempts

at updating.

Please feel free to contect me If you have questlions or
comments on thls letter, For your Information, | expect to be
out of the office ageain September 7 to Qctober 1 this year.

With best regards,
Nick.
R. Nlchofs Hazelwood, Ph.D. -

Preject Manager
Environmental Affalrs

RNH/sp
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GEORGE DeUKMEJIAN, Gowemor

'STATE OF CALIFORNIA

AIR RESOURCES BOARD

1102 © STREET
PO. BOX 2815
AMENTO, CA 95812

\‘“{’

o

August 17, 1984

Dr. R. Nichols Hazelwood

Project Manager, Environmental Affairs
IT Corporation

23456 Hawthorne Bivd., Suite 220
Torrance, CA 90505

Dear OY./Bazeltood:
Subject: Your Comments on the Draft Benzene Report

Thank you for your comments on Part A of the draft report on benzene.

We appreciate the thoroughness with which you reviewed the draft. We

have also prepared some responses t0 your comments that I'd 1ike to share
yith you. I am responding to them under the titles you have in your
etter. AR

1. Additional References - We will quote the citations to the -Department
of Health Services. o

2. 'Statistical Treatment of Correlation Coefficient - the correlation
of ambient benzene against ambient CO (117 data pairs) was calculated
with standard statistical software. OQur modeling staff verifies -
the result that if the two variables are completely independent (p=0),
the probability that a sample size of 117 would yield a sample correlation
coefficient equal to or greater than .82 is .0001 or .07 percent
probability.

Regarding the coefficient .82, we understand the concept that 30%

of the variation in the benzene measurements were not attributable

to variations in the CO measurements. However, our modeling staff
tells us that the result is quite good for this type of analysis.

The poor result (.59) obtained if only data from downtown L.A. (DOLA)
are included is not of consequence because the coefficient .82 is
obtained from al1 CO-benzene pairs anzlyzed together without regard
to their origins. Since only about 15% of the data pzirs are from
DOLA, the smaller correlation coefficient derived from DOLA data
alone is not surprising.

. 3. Choice of CD as a Benzene Surrogate - Regarding your concern that
— the moge! precicts tenzene Jevels of .5 ppb at zero CO levels, the
data entered into the correlation do not extend down to zero CO.
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Extrapolation to CO values below the range of CO values in the correlation
would be improper and was not done in our analysis.

We did not include. a temperature variable as a surrogate for benzene .

"breathing" emission datz because, as Table 2 in Appendix E shows,
its effect on the correlation would have been marginal. The DOLA
site provided only 15% of the CO-benzene data pairs, whereas the
other site providing actual €O data (E1 Monte) provided over half.
Temperature had 1ittle affect on the correlation of E1 Monte data
alone (or on the Dominguez or Riverside stations' data alone).

-

We did not include an altitude variable in the model because the

SCAB is essentially flat over the areas where the vast mz2jority of
people live, OQur purpose was solely to extend the information from

the four monitors to the entire basin, not bevond. We do not intend
that the correlation be applied outside the SCAB. However, we recognize
the value of generating a model using more than one quarter's data

and including data from locations other than the South Coast Air

Basin. Before control measures are considered for benzene emissions,

a2 great deal more data representing seasonal variations and other
locations should be available. We are in the final stages of developing
a statewide toxic air contaminant monitoring network. This network

will include monitoring stations in the San Francisco Area and Central
California in addition to expanding the number of stations in’ the Los
Ange?es area,

4, :xposure Population Estimate - we believe that the level of mode]ung
ot benzene concentrations versus CO concentrations provided in the
report is appropriate to estimate spatial variations. More resolution
would require a2 greater density of CO monitoring sites, which out
of practicalities w111 not be.

In add1tion, the 1979 SCAG data on population dens1ty has bezen routinely
used for air quality modeling in the SCAB. The 1980 census data

are not yet available to us in machine-usable form. Our modeling

staff indicate that in the meantime the 1979 datz are adequate for
calculating an estimate.

Thank you again for your comments. I'F you wish to discuss these comments
- more or if you have further questions on the report please contact me
at (916) 322-6023.

Sincerely,

William V. Loscutoff, Chief
* Toxic Pollutants Branch
Stationary Source Division
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August 21; 1984

Mr. William V. Loscutoff, Chief
Toxic Pollutants PBranch

Air Resources Board

P. 0. Box 2815

Sacramento, California 95812

CALIFORNIA AIR RESOURCES BOARD
DRAFT REPORT ON BENZENE TO THE
SCIENTIFIC REVIEW PANEL

Gentlemen:

We have reviewed the Californis Air Resources Board (CARB) report " A Review
of Benzene Uses, Emissions and Public Exposure" and offer the following

comments for the Board's c¢onsiderationm.

The value of 2.4 weight percent benzene in total hydrocarbon emissions from
gasol1ne marketing sources stated on page II-2 appears to be high. In
EPA's August 8, 1984 Federal Register notice onm "Regulatory Strategles for
the Gasoline Marketxng Industry,” the average amount of benzene in liquid
gasoline is given as 1.3X on page 31708. We would expect the benzene:on
the total hydrocarbon emissions to be slightly less than this percentage.
In addition, the 2.4% number is inconsistent with the evaporative emissions
from automobiles on page II~4 of the CARB document, which is stated as 1.2%
total evaporative hydrocarbons. These evaporative emissions consist of two
components: (1) diurnal emissions which consist of only the lighter
components that would evaporate from a vehicle tank at ambient temperature
and (2) hot soak emissions which are essentially a boiling-off of the full
range gasoline in a vehicle carburetor, after the engine is turned off. Of
these two components, the hot soak emissicns would have the higher benzene
content which would be equal to the benzene content in the liquid

gasoline. The diurnal emissions would be lower, and more analogous to
typical gasoline marketing emissions. Therefore, we would expect benzene

emissions from gasoline marketing emissions to be about 1% the total
hydrocarbon emissions. The benzene evaporative emissions from these
sources should be listed as 305 tons per year instead of 730 tons. per vear.

Another sipnificant flaw that we find in it is an overestimation of the
benzene content of vehicle exhaust. CARB estimates that benzene is 6.5% of
the hydrocarbons in exhaust for catalyst-equipped cars. In a recent API
survey of published information on 78 cars, the average was found tc be
3.4% for oxidation catalysts and 4.0% for three-way catalysts. For
non-catalyst cars, CARB estimates 4.2%; API found 3,5%. Enclosed for the
Board's review is a copy of the API report "Analysis of Benzene Emissions
From Vehicles and Vehicle Refueling", March 1984 detailing the data on the
78 vehicle sutvey.
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° A major concern is the analytical approach taken by Hasgen-Smit
Laboratory. The data they report is as low as 0.01 ppb with 90 percent .
accuracy. We are not aware of any analytical technique that is accurately
capable of measuring such @ low level, especially considering the sampling
approach that is used. However, we would need to review the detailed
analyt1ca1 methods before making & definite judgement on the accuracy or
precision of the reported data.

° We are concerned over the fact that all of the benzene detected in CARB's

limited monitoring program were assumed to result from anthropogenic

 sources. CARB did not compare their data with the benzene levels found in
background areas upwind of the sampling area. Neither did CARB include
data on the ambient benzene concentrations over pristine areas such as
oceans and forests. In addition, we question whether four sampling points
‘were sufficient to adequately quantify ambient exposure levels over such a
large region. These deficiencies should be corrected before any regulatory

strategies can be considered.

We appreciate the opportunity to submit our comments for the Board's
consideration. Should you have any questions concerning these comments I can
be contacted by telephoning 703/849-4191.

‘ Sincerely, - s '
T. C. Lypns <'I'

Manager, Environmental Affairs

8018p




AIR RESOURCES BOARD

1102 O STREET
P.C. BOX 2815

SACRAMENTO, CA 935812

September 12, 1984

Mr. T. C. Lyons

Manager, Environmental Affairs
"~ Mobil 011 Corporation

3225 Gallows Road

Fairfax, YA 22037

Dear Mr. Lyons:

.Subject: Comments on Part A of the Draft Benzene Report

Thank you for your comments on the draft Part A of the benzene report. Your
letter and this response will become part of Appendix B of the final report.
We will send you a copy of the final report. I am responding to your comments
in the same sequence in your letter. : :

. ]..
".v, 2 .
~

We agree the 2.4 wt, percent factor for benzene evaporative emissions
from gasoline marketing is too high. We are revising this emission
estimate to 300 tons per year using a 1 wt. percent factor.

' We agree that the draft report overestimated the benzene content of

catalyst vehicle exhaust. However, we believe that the API report -
estimates for benzene content in the exhaust of catalyst vehicles are too
low for California, because of differences in the aromatic contents
betw$$n the gasoline APl used versus that typical of Californ1a

gasoline.

The API report has a factor of about 3.5 wt. percent benzene for cataiyst
vehicles exhaust. Approximately 25 percent of the API test data are for
vehicles burning fuels with low aromatic contents (13.7-17.9 wt.
percent). Most of the data in the APl report are from vehicles burn1ng
aromatic fuels ranging from 26-36 wt. percent. ARB studies in 198QL/

and 19812/ and a recent study3/ in progress show the average aromatic
content in California's unleaded fuels is about 43 wt. percent. After
recalculating the average wt. percent benzene in total hydrocarbon
exhaust from catalyst vehicles burning fuels with 38-54 wt. percent ‘
aromatics, we are revising the 6.5 wt. percent factor downward to 4.1 wt,
percent benzene. This makes the average wt. percent benzene from
catalyst vehicles similar to that for non-catalyst vehicles.
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- ARB and API used the same data to estimate non-catalyst factors of 4.2
wt. percent and 3.5 wt. percent respectively. APl's recalculation of the
original data resulted in a lower wt. percent factor. We are retaining
the 4.2 wt. percent factor for non-catalyst vehicles.

3. We verified with your staff by telephone that your concern with the
analytical approach was for Oak Ridge National Laboratory (ORNL) rather
than Haagen-Smit as stated in your letter. The status report we reviewed
for the ORNL indoor air study does not include details of the analytical.
methods. You may wish to contact. them for further information.

4. The benzene emission inventory in Part A contains benzene emission
estimates from all sources that staff could quantify. -We would
appreciate receiving any additional benzene emission estimates you may

have.

The .intent of including the ambient benzene monitoring data in Part A is
to give the Department of Health Services (DHS) an approximation of the
ambient levels to which Californians are exposed. AB 1807 requires the
DHS to consider risk of harm to public health in their health evaluation
report. We agree a more comprehensive emission 1nventony and ambient
exposure assessment is needed prior to the Board's consideration of tox1c
control measures. ‘

* Thank you again for yoUi comments. If you wish to discuss these comments more
?51;; gog 23;2 further questions on the report, please contact Barbara Fry at
22- ‘

Sincerely,

William Y. Toscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division

References

1. California Air Resources Board, 1980, 1980 Hydrocarbon Composition of
Gasoltnes in Los Angeles, HS-10-LHC, Haagen- T Laﬁaratory, el Monte, CA.

2. California Air Resources Board, 1981, 1981 H§ﬁ;pcarbon Composition of
Gasolines in Los Angeles, HS-17-LHC Haagen-

3. Peoples, 1984, Study in progress.

4. IARC Monographs on the Evaluation of the Carc1n09en1c Risk of Chemicals
to Humans, Vol. 29, May 1982.

t Laboratory, E1 Monte, CA..
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Internstional Ofices:
255 Union Bivd., Lakewood. CO 80228 -

Oil, Chemical & Atomic Workers ' - 2 o ras
international Union, AFL-CIO Mail: P.O. Box 2812, Denver. CO 80201
EXPRESS MAIL

August 28, 1984

Mr. William V. Loscutoff, Chief
-Toxie Pollutants Branch.

Alr Resources Board

P.0. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Thank you for the opportunity to comment on the Department of Health
Services’ report on Benzene (Part B). This report has been reviewed
by the health and safety staff of the 0il, Chemical and Atomic Workers
International Union. We find that this is a good study that
appropriately considers the health risks to persons exposed to
benzene, whether from the workplace or the environment.

We agree completely with the position of the Department of Health that
there is no known safe threshold for benzene exposure so that it
should be treated as if it had no threshold. ‘ '

We were also glad to see the Department take a prudent position on
benzene risks from atmospheric emissions. The Union would only
recommend that the Department review the two most recent benzene
studies which serve to further underscore its carcinogenicity. These

are:
1) "Statistical Analysis of Hematology Data From the
Chronic Test of Benzene." By Program Resources, Inc.,
P.0. Box 12794, Research Triangle Park, NC ‘27709, S/31/84
2) NTP Technical Rebort on the Texieology and Carcinogenesis
Studies of Benzene, NIH Publication #B4-2545, Draft 7/84
' v {,."
>

S , \
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Mr. William V. Loscutoff, Chief
Page 2
August 2B, 1984

We also took the liberty.t. review Part A, "A Review of Benzene Uses,
Emission and Public Exposure', prepared by the staff of the Air
Resources Board.

We would agree with the Air Resources Board that "additional testing
of benzene emissions from petroleum refineries and asphalt plants
should be performed prior to considering control measure development
for these sources".l We would urge that this testing be done without
delay so that any necessary control measures can be required and
instituted in a timely manner.

Thank you for submitting these two documents for reviev,

Sincerely,

Wllded o

Dan C. Edwards, Director
Health and Safety Department

SK/DCE /mb

cc: Robert Wages, V-P, OCAW
Jack Foley, Director, District #1
Thomas Lind, Int‘’l Representative
Robert Boudreau, Int‘)l Representative

! Since the two studies cited in the report offer only rough
approximations of benzene emissions from refineries and asphalt
plants, it .s reasonable to want more preécise measurements. '




llo2 Q STREET
P.O. BOX 2815
SACRAMENTO, CA #5812

September 12, 1984

Mr. Dan C. Edwards, Director
Health and Safety Department .
0i1, Chemical and Atomic Workers
P. 0. Box 2812

Denver, Colorado 80201

Dear Mr. Edwards:

Subject: Comments on Part A of‘the Draft Benzene Report

Thank you for your comments on the draft Part A of the benzene report. We
will transmit your comments on Part B to the Department of Health Services.
Your letter and this response will become part of Appendix B of the final
report. We will send you a copy of the final report

. We appreciate your desire for immediate testing of benzene emissions from
petroleum refineries and asphalt plants. At this time we do not have a
_ specific schedule for benzene source testing. We expect to conduct some
-  testing of benzene sources during the control measure deve1opment phase once

benzene is identified as a toxic afr contaminant.

Thank you again for your comments. If you wish to discuss these comments
more, please contact Barbara Fry at (916) 322-8276. \

Sincere1y,

Hi111am V. toscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division
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UNIVERSITY OF CALIFORNIA, DAVIS

SANTA BARBARA * SANTA CRUZ

BEREELEY * DAVIS + IRVINE * LOS ANGELES * AIVENSIDE * SAN DIECD * BAN FRANCISCO

‘ S HOOL OF MEDICINE
DIVISION OF MEDICAL SCIENCES _ 5C ICIN:
n{-:‘;!fnmsm OF INTERNAL MEDICINE _ . DAVIS, CALIFORNIA ‘95618

SECTION OF PULMONARY MEDICINE

July 27, 1984

Dr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

P, 0. Box 2815

Sacramento, CA 95812

Dear Dr. Loscutoff:
RE: Draft Report on Benzene, Part A

‘Thank you for the opportunity to comment on this document. My only
question concerns the implied comparison with indoor levels of benzene from
the EPA TEAM study in Elizabeth and Bayonne, New Jersey (IV-4). I do mot
understand the meaning of the last sentence of the third paragreph: - "Thus,
personel air measurements,.,.may explair the high benzepe levels..." Was
something omitted ip this draft? Also, Elizabeth and Bayonne are proximal .
to (and generally downwind from) a major oil refinery complex (Exxomn's
Bayway refinery, Phillips Petroleum, and others). Might that proximity have
influenced indoor benzene levels? It is unfortunate that the only available
study was not performed in a more typical area, though perhaps the chosen

sites might accurately model the California situation in the Pinole/Hercules
ares.

 Bincerely

S

Jerold A. Last

Northern California
Occupational Health Center,
University of California
Davis, CA '

JAL: s jm
cc: Marc Schenker, M.D., NCOHC
Noreen Dowling, PSRDP
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September 12, 1984

Mr. Jerold A. Last

Northern California Occupational
Health Center

University of California, Davis

Davis, CA 95616 :

. Dear Mr, Last:

Subject: Comments on Part A of the Draft Benzene Report

Thank you for your comments on our discussion of the EPA indoor air study in
Part A of the draft benzene report. Your letter and this response will become
part of Appendix B of the final report. We will send you a copy of the final

report,

You expressed some confusion with the sentence, "Thus, personal air
measurements in smokers' homes may explain the high benzene levels found in
the EPA study." The EPA TEAM study indicates: 1)} benzene is more prevalent -

-in smokers' homes than in non-smokers' homes; &nd 2) 45 percent of the sample -

population were smokers. However, the report does not identify the specific
sources of indoor benzene concentrations. Thus, we hypothesized that personal
air measurements in the 30 ppb range may be from smokers' homes.

Also, you asked if nearby 011 refineries influenced indoor benzene levels in
the EPA study. This study includes a statistical analysis correlating
simultaneous indoor and outdoor (backyard) benzene samples. The correlation
coefficient for indoor-and outdoor benzene samplies was 0.35. This means 88
percent of the variations in the indoor benzene concentrations were not
attributable to variations in the outdoor benzene concentrations, Thus, it
appears the benzene emissions from nearby oil refineries did not greatly
influence the indoor benzene concentrations.

Thank you again for your comments. If you wish to discuss these comments more
or if you have further questions on the report, please contact Barbara Fry at

(916) 322-8276.

Sincerely,

William V, “oscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division
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ENVIRONMENTAL HEALTH & SAITTY ' SANTA CRUZ. ¢ ALIFORNIA 935064
August 7, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch
Air Resources Board

PO Box 2815

Sacramento, CA 95812

Re: Draft Report On Benzene To The Scientific Review Panel - Part A

Dear Mr Loscutoff:

Part A of the subject report has been reviewed. . Comments are made on the preliminary
text along with some suggestions.

1. Page 1I-1, paragraph 2: If the 14,000 tons of benzene independently produced
annually is a “minor fraction" of the total benzene content in gasoline, what is
the total tonnage of benzene available in distributed gasoline annually? ~Also,
how many gallons of gasoline are used per month or annually by outlets in the area
of concern? '

2. Page II-3, "Mobile Emission Sources": Since motor vehicles contribute about .
93% of the estimated benzene emissions in Caiifornia,‘figures.on.ga5011ne consump-
tion vs benzene output could yield an overall effectiveness figure for vehicle
systems relative to benzene used in the combustion process.

3. Sampling is obviously needed with more locations near heayi1y used roadways.
Sampling at such high point areas with a height differential could yield valuable
information on benzene concentrations vs hefght. If the concentrations are higher
with decreasing height, children would be the recipients of higher doses when in
sidewalk traffic.

4, Meteoro]ogicél considerations is important to benzene concentrations"paryicu1ar]y
in an area such as the San Fernando Valley. Perhaps some data from "Project
Basin" may be useful in future determinations. :

5. Since the EPA has recently indicated that lead will be 1argé]¥ omjtted from gaso-
line, can we expect that even more benzene will be used to maintain or increase

octane ratings? '

Overall, Part A of the report is well done and includes much information of value to
those with concern for human safety. Part B on benzene health hazards should be even
more informative on human safety. It is hoped that the comments on Part A offer. some
constructive suggestions. 1 hope to review Part B of the report when it is issued.

Cordially, = . _ E .

. O SN
™ \\§§<$§ .
- \ L ] g \\:\\-_.\\::.\‘
Jamgs C. Lang .
EH&S Officer S 8-50




STATE OF CALIFORMIA : GEORGE DEUKMEJIAN, Governor

AIR RESOURCES BOARD | : =
1102 © STREET e
~ ", 8OX 2815

RAMENTO, CA 95812

September 12, 1984

Mr. James C. Lang :

Environmental Health and /
Safety Officer :

University of California, Santa Cruz

Santa Cruz, CA 95064

Dear Mr. Lang:
Subject: Comments on Part A of the Draft Benzene Report

Thank you for your comments and suggestions on the draft of Part A of the
benzene report. Your letter and this response will become part of Appendix B
of the final report. We will send you a copy of the final report. Briefly,
our response to your numbered comments are as follows: :

1. We estimate the total benzene content of gasoline solid in California in
{ 1983 to be 511,000 tons. Thus, the 14,000 tons of benzene independently
et produced in 1983 was about 3 percent of the total benzene content in
gasoline. Benzene is no longer produced in California with the 1984
closure of Chevron's El Segundo benzene plant.

We estimate that about 5.3 billion ga]]ons of gasol1ne are consumed -
annually in the South Coast Air Basin.

2. The ratio of benzene emissions to gasoline consumed is approximately .
0.003 1bs. benzene emitted per gallon gasoline consumed using a 1983
consumption of 11.2 billion gallons and estimated vehicle benzene
emissions of 15,000 tons.

3. We agree sampling with a height differential near heavily used roadways
could provide useful exposure information. However, our intent for this
report was to give the Department of Health Services an approximation of
the annual average ambient benzene concentration experienced by persons
in the SCAB. We expect to gather more detajled exposure information
during the consideration of toxic air contaminant control measures
following the identification of benzene as a toxic air contaminant.
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4, ARB staff are directly involved in the "Project Basin" study and plan to
use these data when the study is completed. We expect the study to be
completed in the spring of 1985, '

5. The overall aromatic content of leaded fuel has increased with decreasing
lead in the fuel. Analysis of Tow lead fuels is needed to determine
whether or not the benzene content has incréased with increasing aromatic
content. However, even if the benzene content has not increased, benzene
exhaust emissions are expected to increase with increasing aromatics
(toluene, xylene) in the fuel. We plan to investigate benzene emission
trends in much greater detail during the development of control measures.

Thank you again for your comments. If you wish to discuss these comments more
or if you have further questions on the report, please contact Barbara Fry at
(916) 322-8276, '

Sincerely,

Toxic Pollutants Branch
Stationary Source Division




Western Oil and Gas Association:

727 West Seventh Street, Los Angeles, Calitornia 90017
{213) 6274866

August 31, 1984

BY MESSENGER

William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

Post Office Box 2815 .
‘Sacramento, California 95812

Re: Benzene Report to the Scientific Review
Panel, Part A -- A Review of Benzene
Uses, Emissions .and Public Exposure

Dear Mr. Loscutoff:

The Western 0il and Gas Association ("WOGA")
appreciates the opportunity to review your draft report on
benzene and to offer comments prior to its submission to the
Scientific Review Panel ("SRP"). Our primary concern is that’
the best data available be used to assess the relationship
between sources of benzene and public exposure so that a
realistic appraisal of the potential to reduce exposure levels

can be made.

We are currently in the process of gathering
information on ambient benzene concentrations in the South
Coast Air Basin and will make this information available to you
when our study is completed, However, we do not expect this
information to be available for several months. 1In the interin,
we have a few general comments on the Part A report. Some of
our comments are based on studies that are currently in process
and have not been finalized. More detailed comments will follow
at a later date. : '

We will address three issues in these comments. Those
issues are: (1) the estimates of benzene emissions from motor
vehicles; (2) the adequacy of the database used to calculate
ambient concentrations, and (3) the failure to address indoor

air pollution, We will begin with emissions from motor vehicles.

Estimates of Benzene Emissions from Motor
Vehicles are Overstated,

To estimate benzene from motor vehicle exhaust,
emission factors were used based on studies by the Environmental
Protection Agency ("EPA") and the Society of Automotive Engineers
(“"SAE"). PFactors of 6.5 and 4.2 weight % benzene in the total
hydrocarbon exhaust from catalyst and noncatalyst vehicles,
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William V. Loscutoff, Chief
August 31, 1984
Page Two

respectively, were used. A recent American Petroleum Institute
{"API") report entitled "The Analysis of Benzene Emissions from
Vehicles and Vehicle Refueling" found no significant difference
in benzene emissions between catalyst and noncatalyst-equipped
cars. PFurthermore, the API report calculates the average
concentration of benzene in the total hydrocarbon exhaust at
close to 3.5 weight %.

In Figure II-t (Projected Benzene Emissions from
Motor Vehicles), a sharp upturn in benzene emissions in tons per
year is predicted to begin around the year 1990 and continue
through the year 2000, This estimated increase is affected by
the emission factors used. 1If the emission factors in the API

study are substituted, the overall emissions will be lower and.
the rate of increase after 1990 will be much slower. ;-

Inadequacy of the Data Base

We are concerned with the representativeness of the
ambient benzene measurements made in the South Coast Air Basin
and the conclusions drawn from these data. To begin, as we .
understand your monitoring program, benzene levels were actually
obtained from only four monitoring sites. It appears that all
of these sites were located very close to major freeways and/or
heavily traveled streets. Appendix E to the staff report
explains that: :

"The estimates apply to areas not immedjiately
around large point sources of benzene.
Estimating the locally high concentrations

" near sources requires different data and
modeling techniques than those described
here. The sources are mostly not in residential
areas., Because residential population data
were used to estimate the populace's exposure
to benzene, neglecting such locally high
concentrations does not introduce serious
error.”

(Appendix E, p. E-1.)

Appendix E recognizes the fact that ambient
concentrations in the areas surrounding stationary sources may
be unrepresentative. We think that the same point can be made
with regard to the air around freeways because the majority of .
the population lives a greater distance from freeways than the .
location of the measurement sites. For this reason, we question
drawing broad conclusions from these ambient measurements.
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William V. Loscutoff, Chief
August 31, 1984
Page Three

The estimates and monitor readings should reflect, as.
close as possible, the actual benzene level of the air that most
people breathe. Thus, while the measurements used by your staff
may be accurate, the number of measurements appears to be
insufficient and should have included measurements inside homes,l
office buildings, department stores and other areas where the
public has frequent access. Such an approach would more properly
determine the true population exposure to benzene. This brings
us to our major concern which is the failure to address indoor
air quality.

Indoor Benzene ‘Levels Cannot be Ignored.

Appendix E to the report presents the details of the
methodology used to develop estimates of annual average concen-
trations of benzene in the South Coast Air Basin., The Appendix
states that: "indoor benzene concentrations may not be directly .
related to ambient concentrations. This study makes no attempt
to examine indoor exposure." (Appendix E, p. E-13.) This is a
serious deficiency in the Part A report because current research
is showing that indoor benzene levels are significant and must
be evaluated in determining what, if any, controls on benzene
emission sources should be required. .

' The report states that "very few data on benzene
concentrations are available and no data are available for
California." (p. IV-~4.) This is only partially true. Research
- Triangle Institute ("RTI"), under contract to EPA, has completed

an extensive data collection effort involving over 600 indivi-
‘duals in Los Angeles and Contra Costa Counties. As was done by
RTI ip its earlier studies for EPA in Elizabeth and Bayonne,
New Jersey (the "EPA study®), indoor overnight air samples and
comparative outdoor overnight ambient air benzene concentrations
were studied. We are informed that all data collection in
California has been completed and that RTI is currently conduct-
ing an analysis of the data. According to EPA, the findings
should be available by December of this year. If the findings
from the California studies are in any way similar to those for
the New Jersey studies, this information must be addressed.

With regard to the EPA study, your analysis appeared

to ignore a number of significant findings. Specificall ¢ the .
study found that (1) there is no relationship between ambient
indoor benzene concentrations and nearby outdoor air; (2) the
indoor ambient benzene concentrations are significantly greater
“than outdoor concentrations; and (3) there does not appear to
be any direct relationship between exposure and dosage.

B-55



William V. Loscutoff, Chief
August 31, 1984
Page Four

With regard to the first point, relationship between
indoor and outdoor benzene levels, you correctly note -that there
are various indoor sources of ambient benzene, most importantly,
tobacco use., Other indoor sources of benzene include appliances,
heating, air conditioning and unvented heaters. '

With regard to indoor benzene levels we know that
indoor concentrations are significantly greater than outdoor
levels. The EPA study, based on a probability sample of 97
- homes, found that indoor ambient benzene concentrations were
between 2,3 or 3.5 times greater than outdocor concentrations, .
depending upon whether the comparison was based on the arith-
metic mean or median value. It should be noted that even
greater differences were found in a study conducted for the
Consumer Product Safety Commission (the “"CPSC study") by the
Oak Ridge National Laboratory ("ORNL") which was also reviewed
by your staff. ‘ -

With regard to the relationship between exposure and
dosage, data developed by RTI for the EPA study also shows that
the relationship is, at best, extremely complicated. Figure
VII-22 of the RTI report shows a natural logarithemic plot of
breath versus daytime personal air measurements. While the
Spearman correlation of .17 for all measureable values is
statistically significant, it demonstrates that there is no
direct relationship between the daytime exposure (as measured
- by daytime personal air) and dosage (as measured by breath
concentrations). It may well be that ambient benzene dosage
received by individuals is far more a function of individual
behavior, particularly smoking, than to exposure to ambient
benzene in the air. -

Turning now to your evaluation of the CPSC study's
interim report on concentrations of volatile organic compounds
in indoor and outdoor air, we have the following comments,

The statement that this "report discusses only a limited data
from one house" is incorrect. Porty houses were studied.
Furthermore, the major conclusions of the study should have
been discussed. Those conclusions were:

1. A greater number of the volatile
organic chemicals were present indoors
than outdoors (ten or less were obhserved
outdoors and over 150 indoors).

2. - The indoor 1eve1§ of -volatile organic
chemicals are generally ten-fold
greater than outdoor levels.




" William V. Loscutoff, Chief

August 31, 1984
Page Five

3. The reported potential health effects
of the identified volatile organic.
chemicals include carcinogenic,
mutagenic, embryotoxic and allergenic
effects, as well as irritation of
mucous membranes and damage to the
central nervous system. An open
question remains as to which of these
effects may be manifested at the
levels found. While there may be
problems in the way in which the CPSC
study was conducted, this information
cannot be discounted altogether.

The importance of indoor air quality findings involves
more than the fact that indoor benzene levels are higher than
outdoor benzene levels, The current literature on "time
budgets™ indicates that the majority of persons 'spend over 70.
percent of their time indoors. 1In fact, research on time
budgets has revealed that urbdan residents generally spend about
90 percent of their time indoors, with one study finding that
even young middle-aged men spend no more than an hour a day on
average, outdoors.ﬁ? As a result, most people's exposure
level is dominated by indoor air, not outdoor air.

_ While it is true that data on indoor air quality are
limited, the data that are available have staggering implications. -
Soon data will be available on indoor versus outdoor air quality
in California., PFor this reason, the indoor air quality studies
cannot be ignored because they have a direct bearing on the
types of controls that should be adopted and how effective any
control can be. ' :

In conclusion, we ask that our concerns be incorporated
into the report or, alternatively, that this letter be sent to
the SRP with the report. With regard to the issue of indoor air
quality, we strongly recommend that a great deal more attention
be given to the role of exposure to indoor henzene levels,

Sincerely, _ - .
e’*’*’;j;)\4:4CKJLRJJ»ﬁ\_)lY ‘

Robert N. Harrison

Assistant General Manager

*/ Hinckle, L. E., and S. H. Murray. "The Importance of the
Quality of Indoor Air." In "Symposium on Health Aspects of
Indoor Air Pollution,® 57 Bulletin of the New York Academy of
Medicine 10, 828 (December 1981). :
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STATE OF CALIFORNIA GEORGE DEUKMEJIAN, Governor

AIR RESOURCES BOARD

1102 @ STREEY
0. BOX 2B15
( ACRAMENTO, CA 95812
September 12, 1984
Mr. Robert H. Harrison
Assistant General Manager
Western Qi1 and Gas Association
727 W. Seventh Street
Los Angeles, CA 90017
Dear Mr. Harrison:
Subject: Comments of August 31, 1984, on Part A of the
Draft Benzene Report
Thank you for your comments on Part A of the benzene report to the Scientific
Review Panel. Your letter and this response will become part of Appendix B of
the final report. We will send you a copy of the final report. Our responses
follow under the headings you have in your letter.
\_,r' Estimates of Benzene Emissions from Motor Vehicles Overstated
We have reviewed our calculations based on the API study that you cited and
will revise the figures for benzene in total exhaust hydrocarbons as follows:
non-catalyst - 4.2 percent, catalyst - 4.1 percent The emission projections
will be revised accordingly. '
These values differ from those obtained through a simple averaging of all API
data, The API data taken on catalyst-equipped cars include many from runs
using unleaded fuels with aromatic contents far below those typical of
gasoline consumed in California (43 percent by weight, according to our
data). To estimate emissions from catalysts, we used only API data taken on
fuels with aromatic contents between 38 wt. percent and 54 wt. percent.
ARB and API used the same data to estimate non-catalyst factors of 4.2 wt.
percent and 3.5 wt. percent, respectively. APl's recalculation of the
original data resulted in a lower wt, percent factor. We are retaining the
4.2 wt. percent factor for non-catalyst vehicles. .
Inadequacy of the Data Base
We realize that the four monitoring stations as a group may be too near major
roadways to typify most residential receptors. (However, two of them are also
p—

B-58



Mr. Robert H. Harrison | -2- - September 12, 1984

criteria pollutant stations and thus are located according to guidelines for
obtaining representative data.) Nevertheless, any near-rpad bias in the
benzene concentrations at the stations should be removed by using CO
measurements at 31 other monitoring stations as surrogate benzene
measurements, The average value across the basin derived by that technique
is, appropriately, 20 percent lower than the average measurement among the
four benzene monitors.

Indoor Benzene Levels Cannot be Ignored

You state that indoor benzene levels are significant and cannot be ignored in
determining benzene exposure and in developing control measures. We agree
that indoor air exposures to toxic air contaminants may be an important factor
to consider in the risk management phase during which the Board will consider
adoption of toxic control measures. However, during the risk assessment
(substance identification) phase, AB 1807 requires the Department of Health
Services to consider ambient concentrations and risk of harin to public health
from exposure to these ambient concentrations.

In regard to the CPSC study, the interim report provided benzene data only for
one house although the study included forty houses. We are hopeful that the
final report will include benzene data for all forty houses.

We are pleased to learn that you are gathering information on ambient benzene
concentrations in the South Coast Air Basin. We would appreciate receiving a .
description of the study in progress and the results when the study is

completed,

Thank -you again for your comments, If you wish to discuss these comments more
?r ig you have further questions on the report, please contact Barbara Fry at
916) 322-8276. _ . ' -

William V. Loscutoff, Chief

Toxic Pollutants Branch
Stationary Source Division
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M-’
July 27, 1984
Dear Sir or Madam:
Subject: Department of Health Services'
Report on Benzene (Part B)
In my June 20, 1984, letter informing you that Part A - "A Review of Benzene
Uses, Emissions, and Public Exposure® of the benzene report for the Scientific
Review Panel (SRP) was available for review, I indicated that the Department
of Health Services (DHS) portion of the report, Part B - "A Review of Benzene
Health Hazards," would not be available for review until the final report is
submitted to the SRP. However, on July 25, 1984, we received the final
version of Part B from DHS. We now expect. to submit the full report to the
SRP in about 30 days and are making Part B available prior to its formal
submittal to the SRP. I am also making it available now so that when we
— formally submit the report to the Panel we can also provide them with any
written comments you may have on Part B.
If you would 1ike to obtain a copy of the Part B report, please call our
Public Information Office at (916) 322-2990 or send your request to the
attention of:
Public Information Office
~ Re: Benzene Report - Part B
California Air Resources. Board
-P. 0. Box 2815
Sacramento, CA 95812
In order for your comments to be included in our submittal to the SRP, we are
requesting that comments on the Part B report be submitted to us by August 30,
1984. Written comments should be sent to:
William V. Loscutoff, Chief
Toxic Pollutants Branch
Air Resources Board
P. 0. Box 2815
Sacramento, CA 95812
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We are also updating our mailing 1ist. If you wish to remain on the list,
please return the enclosed form by August 30, 1984, If we do not hear from
you by that date, we will assume you wish to be deleted from our mailing list.

Sincerely,

o
Peter D. Venturini, Chief
Stationary Source Division

Enclosure

cc: Alex Kelter
Assemblymember Sally Tanner




STATE OF CALIFORNIA . ) GEORGE DEUKMEJIAN, Governc

AIR RESOURCES BOARD
1102 @ STREET

*0. BOX 2815

JACRAMENTO, CA 95812

S’

September 12, 1984

Dear Sir or Madam:

Subject: Your Comments on the Department of
Health Services' Report on Benzene (Part B}

Thank you for your comments on Part B of the benzene report for the Scientific
Review Panel (SRP). Your comments have been forwarded to the Department of
Health Services for review. Also, your comments will be appended to the final
benzene report which will be submitted to the SRP in a few days.

Sincerely, _ '
N 42%2&%’ 74;y’
William V. Loséutoff, Chief

Toxic Pollutants Branch
Stationary Source Division
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August 17, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch
Air Resources Board

P.0O. Box 2815

Sacramento, Ca. 95812

Dear Mr. Loscutoff:

The Health Effects of Benzene, Part B of the Report on
Benzene, is a good and reasonable document based on data avail-
able. We have no additional information for the Scientific
Review Panel. '

The possible health effects of benzene from exposure to
indocr air is of concern. The point was raised in Part A of.
the Report but not addressed. It was considered beyond the scope
of this document which responds to the statutory direction of -
AB 1807. We believe indoor exposure to benzene may be a more
significant problem. We recommend that it be addressed by the
Department of Health Services because there is a public health
responsibility to 8o so, even without a specific legislative
mandate.

Thank you for the opportunity to review the Report.

Yours truly,

Glaéys Meade
Environmental Health Director _ -

cc: Dean Sheppard, M.D.
California Thoracic Society:

GM/br | ‘ .
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ARCO Petroleum Products Company
515 South Flower Street
Los Angeles, Calitornia 90071 - ‘
Telephone 213 486 8750 ‘ '
David A. Smith

Consultant
Environmental Regulatory Compliance

August 30, 1984

William V. Loscutoff, Chief
Toxie Pollutants Branch
Air Resources Board

Post Office Box 2815
Sacrainento, California

Dear Mr. Loscutoff:

Attached are brief ARCO Petroleum Products Company (APPCo) comments on the
California Air Resources Board preliminary draft report entitled, "Part A - A Review of
Benzene Uses, Emissions and Public Exposure." APPCo personnel also contributed to and
fully support the comments submitted to you by the Western Oil and Gas Association
(WOGA) on Part A and the associated Department of Health Services Part B report
entitled, "Health Effects of Benzene."

In pérticular, we wish to emphasize WOGA's point that the DOHS did not present the
“range of risks to- humans resulting from current or anticipated exposure" of benzene
required by the Health and Safety Code Section 39660(c). A range of risk determination

f— requires the use of various assumptions and methods to evaluate risks at certain dose

levels. DOHS failed to do this. This omission is exemplified in the Department's dismissal
of data from human studies which have been used by all other governmental agencies in
assessing human benzene exposure risks. It is these types of problems that make us .
believe the Part B report is seriously deficient.

If you wish to discuss any of the attached comments on Part A, please call me at the
ebove phone number. Please call Dr. Charles Lapin at 213/486-3825 if you have quesnons
with regard to Part B which you wish to dxscuss with us. .

e - Sifikerely,

e

. A. Smith .
nsultant, Environmental/Health Planning

DAS/bf
Attachment

ce:  Dr. C. A, Lapin
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California Chambar of Commaearce

August 29, 1984

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board

P.0. Box 2B15

Sacramento, CA 95812

Dear Mr. Loscutoff:

Thank you for the opportunity to comment on the report entitled
"Health Effects of Benzene, Part B", '

A task force comprised of representatives from the California
Environmental Health Group and the Chemical Industry Council of
California has reviewed the benzene report. The attached
comments express this group's concerms.

As you may know, the California Environmental Health Group (CEHG),
was organized by the California Chamber of Commerce to achieve .
industry's concurrence on issues concerning the state's development

of a cancer policy. .

Our review essentially agrees that benzene should be listed as a
toxic airborne substance in California. However, our task force
strongly disagrees with the report's approach to risk assessment,
and thus, the conclusions that derive from that approach. It

is our view, that the role of the Department of Health Services
(DHS) in this process is to scientifically assess the effects of
benzene exposure, using appropriate risk assessment models. This
report wanders off into opinion and selective assumptions which
give it a distinct bias rather than the objective fact finding
posture of scientists.

We believe the Science Review Panel will be sufficiently concerned
with the quality of the benzene report to return it to the DHS

so that it may remove its many subjective comments and to broaden
'its information concerning risk assessment models.

-3 ,erely/
/> P J'UL AT 5/1 )
John; T. Hay :
' : ﬁij;édent ‘
JTH: je ’ .
Enclosure
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Comments on the Benzene Health Assessment Document
Prepared by a task force of the
Chemical Industry Council of California
in association with the
California Environmental Health Group

The following comments on Part B, HEALTH EFFECTS OF BENZENE are primarily
directed at the approach to risk assessment applied by the Department of
Health Services(DHg¥L?EEEEr than to the interpretation of the data applicable
to the specific substance. While we question some of the data
interpretations, detailed technical criticisms would require more time than
has been allowed for comment.

We strongly support the use of the risk assessment technique in the
regulatory process. We acknowledge that the term, 'risk assessment" is
ill-defined and that no universally accepted standards exist for the risk
assessment process. We further acknowledge that this is a newly devised and
rapidly developing technique in which virtually all elements are clouded with
uncertainty.

Irrespectlve of these shortcomlngs, we believe that the risk assessment
technique offers the best available basis for fulfilling risk management
responsibility.

In that context, we offer these comments with the hope that they will
contribute to the improvement and clarification of the risk assessment
process so that it will develop into a valuable tool for the use in the
management of hazardous substances.

Our comments are divided into four subject areas for ease of discussion.
These areas are not discrete and some overlap in comment necessarily occurs.

. A, Separation of the Risk Assessment and Risk Management Functions

1. Background

~- AB1807(Tanner) - Chapter 1047, September 23, 1983; pioneered the
statutory mandate of the risk assessment process in regulatory
affairs. A primary provision of this law is the functional
separation of risk assessment and risk management. .

While the inclusion of this principle pre-dated by some months the
publication of the National Research Council's(NRC) report
entitled, Risk Assessment In The Federal Government: Managing The
Process, the subject was discussed extensively by all interested
California parties prior to its acceptance, The adoption of that
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principle into the regulatory process was a priméry recommendation
of the NRC Committee.

- In the same report, the NRC committee debated at length the
propriety of organizationally separating these responsibilities by
placing the authority for each in different agencies.

Not having the benefit of the NRC Committee's thinking, and
because of California's particular organizational structure,
responsibility for risk assessment was assigned to the Department
of Health Services, and that for risk management to the California
Air Resources Board and (in the case of pest1c1des) to the
Department of Food and Agriculture. .

A major factor in that choice was the desire to encourage, to the
maximum extent possible, a clear separation of scientific
. determinations from societal judgments so that the latter could be
based on the best available scientific knowledge. The benzene

assessment document indicates that the goal was not fully
realized.

- The DHS benzene report represents the initial attempt at
implementation. of AB1807. Contrary to the goal of this
legislation, the benzene document intermingles scientifically
established fact with policy considerations.

Just such a pitfall is warned against in the NRC report (page
142):

"Organizational arrangements that separate risk
assessment from risk management decision-making will
not necessarily insure that the policy basis of
choices made in the risk assessment process is clearly
dlstlnguished from the scientific basis of such
choices."

A review of the DHS benzene report reveals a recurring pattern of
an edmixture of scientific fact and risk management policy
considerations without a clear distinction made between the two.

2. Specific Comment

- Explicit examples of risk management policy considerations
included in the document are (emphasis added):

* "Since the threshold dose for the human population should be
the threshold dose for the most sengitive individual; this
dose may be so low as to be effectively zero."(Page 49)

* "The ARB is encouraged to use the assumptions stated above
for regulatory purposes."(Page 80) (emphasis added)

B-66




Many examples of implied policy statements can be found throughout
the document. Inclusion of such statements not only confuse the
uninitiated reader but clearly infringes on the risk management
prerogative. Advocacy of specific risk management policies would
best be reserved for the public hearing provided for in §39666(a)
of AB1807.

B. Inferential Bridges

1, Background

—

In the assessment of the risk from exposure to a suspected human
carcinogen for regulatory purposes, it is necessary to adopt
assumptions st many points in the process because the cause of
cancer and the operative mechanisms are unknown. The NRC report
justifies the use of these "inferential bridges" as necessary to
provide a complete data base from which the risk assessment
proceeds,

2, Specific Comments

The benzene document proceeds from a single set of selected
assumptions (both stated and implied) about the causation and
mechanism of cancer, then presents selected data which support
those assumptions. ' :

In the case of the benzene assessment, there can. be no argument

about any of the individual "inferential bridges” adopted by DHS.

Each represents a logical assumption: in the light of current
scientific knowledge. .

Because this subject is esoteric, elternative assumptions of equal
scientific validity should be presented in parallel, This would
make clear to the non-specialist reader that differing valid
conclusions can derive from the same data.

A second concern with the DHS document is the lack of clearly
stated assumptions -and science policy decisions. Scientific
tradition dictates that the reporter make clear to the reader the
distinction between a statement of established scientific fact and
an assumption adopted by the author as an "inferential bridge"
(see previously cited NRC report). :

In the May 22, 1984 Federal Register, the Office of Science and
Tethnology Policy(OSTP) published Chemical Carcinogens; Notice of

Review of the Science and Its Associated Principles., Principle #29
states: . _

"While several considerations often enter the risk
assessment process, it is most important to maintain a
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clear distinction among facts (statements supported by
data), consensus (statements generally held in the
scientific community), assumptions (statements made to
fill data gaps), and scientific policy decisions
(statements made to resolve points of current
controversy)." .

The final paragraph of Chapter 6.I1.D of the OSTP document states:

"Finally, it is important in the characterization of
human cancer risk to summarize briefly any judgments
or assumptions - that may have entered into the risk
assessment process to insure that they are clearly
differentiated from scientific fact.(1l)"

The DHS' method of presentation appears to be in conflict with
this principle, The assumptions upon which the assessment is
based are vaguely stated and scattered throughout the report.
Identified examples of stated or implied assumptions include
(emphasis added):

*

"In a case such as benzene, where general biclogical evidence

does not strongly suggest a threshold, the staff of DOHS
recommends treating the substance as__if 1t had no

threshold." (Pages 1/2, Exec, Summ.)

"Chromasomal abnormalities may occur at lower levels than

. previously thought and may represent a state which carries an

increased risk of cancer," (Page 2, Exec. Summ.)

" ..the staff of the DHS considers that benzene should be

treated as a substance without a carcinogenic
threshold."(Page 2, Exec. Summ.)

(Re:low dose extrapolations) "Such extrapolations depend on
meny assumptions, each with its own uncertainties." (Page 2,
Exec. Summ.)

"Since employed people tend to be healthier than the general
population, we would expect to see less disease and death in
a group of workers. Therefore, use of the general population
as the control will overestimate the number of cases of
disease we would expect to see in the workers and thus
obscure our ability to detect a small increase in the
workers' rate of disease."(Page 43)

"But the ©processes of carcinogenesis appear to be
qualitatively different from those in classical
toxicology."(Page 46)

"This scenarié, so different from classic toxicologic
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processes,  makes a threshold less likely for
carcinogenesis."(Page 46) _

"Therefore, since we cannot know which of the possible
carcinogenic mechanisms are already operating and
contributing to background incidence, we will assume that no
additional exposure, however small, may be considered free of
risk."(Page 47)

"For this reason, the staff of the DHS as a general rule
assumes that an identified carcinogen has no threshold and
does not distinguish between "genetic" (directly acting on
DNA) and Tepigenetic" . (not directly .acting on DNA)
carcinogens for the purposes of identification or
dose~response assessment."(Page 47) -

"However, this model produces a threshold by requiring that
the carcinogen be instantaneously deactivated, which is

unlikely."(Page 48)

"If this were true, chromosomal damage due to low-level
exposures to benzene could cause cancer."(Page 51)

"Because of the inability to completely resolve many of the
criticisms of the CAG benzene risk assessment, the staff of
DHS has elected to base its risk assessment on data available.
from recent animal bioassays (NTP 1983) although for purposes
of comparison the staff of DHS will «cite the Rinsky
re-evaluation of the Infante study used in the CAG
assessment."(Page 56) ‘

"Although it could be argued that these chronic toxicological
insults from high doses of benzene could be responsible for
the carcinogenic response to benzene, the staff of DHS
believes that the evidence supporting this theory
(cytotoxicity) is insufficient and at present there does not
appear to be convincing scientific or public health grounds
to justify incorporating the cytotoxic:ty theory in the rlsk
assessment process."(Page 71)

"In the absence of decisive empirical evidence as to the best
scaling factor, the staff of DHS has adopted the convention
of scaling the dose rate by body surface area, a procedure
routinely used by pediatricians for calculatlng medical doses
for babies and children."(Page 73)

"Except when relevant pharmacokinetic data on both humans and
animals and data which allow a time-to-tumor type model are
available, the staff of the DHS préfers the multistage
model."(Page 79)
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* "To account for the possibility of dose additivity to
background carcinogens, the staff of the DHS recommends using
the linearized 957 upper confidence level."(Page 85

The Executive Summary of the DHS document (which is all that many
individuals are likely to read) presents a collage of scientific
fact, assumptions, and scientific policy decisions without a
distinction of which is which. This may (or may not) develop a
large misinformed constituency for the dotument.

Pages 1 through 30 properly contain, in the main, a citation of
scientific data, most of which enjoys science community
consensus.

In contrast, Pages 31 through the first half of 35 consist solely
of a summary of the controversial principles (science policy
decisions) contained in the original draft of the California
Carcinogen Policy. Contrary principles based on equally valid,
scientific data are either not presented or are dismissed with
only superficial justification. No clear distinction is made
between fact and assumption.

A second glaring example of policy considerations following
scientific data begins with the last paragraph on page 85 and
continues through the end of page 87.

C. AB1807 Mandate For Conducting The Health Assessment

1. Background

AB1807 sets out the requirements for DHS in conducting an
evalustion prior to proposing the designation of a substance as a
toxic air contaminant. In addition to the general requirements
that DHS shall consider all aveilable scientific data (§39660(b)),
it shall also assess the availability, and quality of data on
health effects, including potency, mode of action and other
relevant biological factors of the substance (§39660(c). Finally,
AB1807 specifies the manner in which results of the evaluation are
to be reported (§39660(c), second paragraph). This important
provision dictates a variety of requirements and requires careful
consideration. Because of its importance, the second paragraph of
§39660(c) is included in its entirety: :

"The evaluation shall also contain an estimate of
the levels of exposure which may cause or contribute
to adverse health effects and, in the case where there
is no threshold of significant adverse health effects,
the range of risk to humans resulting from current or
anticipated exposure.'(emphasis added)

The intent of this subsection is two-fold;. first, to differentiate
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between the clearly identifiable levels of a toxic air contaminant
which cause or contribute to adverse health effects and those in
which the 1level of causation is less ascertainable, i.e., no
threshold of effect.

Secondly, in the case where the levels causing or contributing to
an adverse effect are not clearly ascertainable, the intent is to
define a range of risk to humans from current or anticipated
exposure where the risk of an adverse health effect is determined
to be significant.

The following table illustrates how these provisions would apply
in the case of. benzene.

Adverse Health Effect = Leukemia

Is there
Level causing significant What is
or contributing to risk of adverse the range
Threshold? adverse health effects health effects of risks?
YES DHS Report Not Applicable Not Applicable
NO ~ Not Applicable DHS Report DHS Report

The DHS health evaluation circumvents the scientific analysis
mandated by AB1807 by imposing policy decisions which will make it
difficult for risk managers to understand. (1) whether or not a
threshold exists, (2) whether or not the risk of adverse health

effects of benzene are significant and (3) the range of those
risks to humans.

* Determination of a threshold for adverse effects,

The DHS report does not directly address this question.
Instead, it discusses thresholds as they relate to data
interpretation and extrapolation models. The report effects
a strong policy bias within DHS to deny thresholds for
carcinogens. For example, the report's discussion of
thresholds is based on the premise on page 45:

"There is & theoretical reason. to believe,
however, that the carcinogenic effect of benzene
or indeed of any carcinogen could convey a low
probability of causing cancer at very low doses,
A small probability applied to a large population
can produce an unacceptable number of cancers,

hence the concern with the possible 'no
threshold'  properties of <carcinogens like
benzene."

-7 -
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This statement of policy, again a function of risk management
not of science, colors the discussion of the. conceptual
mechanisms to explain the observed no effect threshold in
~ several detailed epidemiology studies as well as the animsal
bioassays. :

Unlike other substances where we must rely solely on animal
data, the health effects of benzene exposure have been
studied extensively in human populations. In the case of
benzene, we need not rely solely on an extrapolation from
animal to man, but rather can observe a threshold of
significant effects in those populations. -

With this knowledge, experimental data can be properly
applied to fairly extrapolate 8 practical or operational
threshold to a value which takes inte consideration
individuals more sensitive than workers, and which
incorporates & sufficient margin of safety to correct for
insufficient resolving power of epidemiology. This approach
is consistent ' with the Federal OSTP GUIDELINES which
recommends in Principle #25: -

"Decisions on the carcinogenicity of chemicals
in humans should be based on considerations of
relevant data, whether they are indicative of a
positive or negative response and should use
sound biologicel and statistical principles.
This weight of evidence approach can include
consideration of the following factors and should
give appropriate weight to each on a case-by-case
basis:

(a) findings from long-term animal studies
(b) results from epidemiclogical studies."

DHS, in the final analysis, ignores humen epidemiology opting
instead for linear extrapolation of the incidence of
. preputial gland tumors found only in rodents. The Department
supports this position by establishing a standard not
included in statute for deciding whether a threshold can be
determined. The report states, "...the staff of DHS as e
general rule assumes that an identified carcinogen has no
threshold..."(page 47) and "To argue for ‘a threshold, the
staff of DHS would require strong positive evidence that
benzene acts only through mechanisms which ought to have a
threshold,"(emphasis added) (page 1) or" compelling
arguments" (page 2). :

AB1807 includes no such criteries, instead it prescribes
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either an ",..estimate of the levels of exposure which may
cause or contribute to adverse health effects and in the case
where there is no threshold of significant adverse health
effects, the range of risk to humans.hiemphasis added)

- Significant adverse health effects

* The question of whether benzene exposures pose a significant
risk of adverse health effects, at least in worker
populations, was closely examined by the U.S. Supreme Court
in the OSHA Benzene Standard Case (Industrial Union
Department, AFL-CIO v. American Petroleum Institute, 8 OSHA
1586). Although that case dealt with a different law and its

focus was on a standard proposal to reduce worker exposure
from 10 to 1 ppm of benzene, the court's reasoning in
applying the term 'significant risk' as the prerequisite for
more stringent regulation of benzene by OSHA, is certainly
germane to the review of the health effects assessment under
AB1807,

In the OSHA case, many of the same worker epidemiologyy
studies and extrapolations presented in the DHS report were

- examined. Yet the court, in reviewing all the evidence,:
could not find an OSHA showing of a significant risk of
leukemia for workers exposed to 10 ppm of benzene over a 50
year working lifetime, This is an exposure approximately
35,000 times greater than the 941'2%2 exposure at which DHS
has estimated a 17 in a million risk and nearly 7,000 times

- greater than the ARB has estimated to be the exposure of the
entire California population.

.* The DHS report has attempted, through one conservative
assumption piled on top of another, to convince the ARB that

the public in California exposed to 4.6 ppb will experience
233 excess cancer deaths,.This is a projective precision which
probably exceeds the limits of technology.

*# The conservative assumptions responsible for these risk
estimates are (emphasis added) ’

A policy decision to use the Krump Multi-Stage Model)
to extrapolate carcinogenic response data from high
dose to low dose, and directly from animals to man
(with slight corrections for body size).

There are other models available for this purpose which
equally fit the data in the observable range. At a
minimum, a range of estimates using alternative models
as required by AB1807, should have been tested.

Principle #26 of the OSTP Guidelines states,
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- "No single mathematical procedure is
recognized as the most appropriate for low
dose extrapolation in carcinogenisis." .

* Rejection of alternative theories compromised the selection
of models with different slope or & functional threshold.

At a minimum, DHS should have described how these approaches
would have affected the range of risks estimate. Rejection
of one such approach, 'the pharmacokinetics model', on the
basis that metabolites must be "instantaneously deactivated"
for it to to be plausible (page 48), is not supported by
science or logic, '

The metabolic pathway presented on page 7 indicates that
benzene is metabolized into a generally asccepted carcinogenic
moiety. - benzene oxide/epoxide - which subsequently is
further metabolized into various non-carcinogenic species
including phenol or conjugsted with glutathione and tissue
macro molecules.

These biochemical processes provide ample justification to
seriously consider a theory which postulates a finite
conversion rate of benzene to oxide/epoxide and with rapid
deactivation to non-carcinogenic species. Unless one
dogmatically accepts the -one-hit theory', substantial
evidence exists to support a functional threshold based on
this pharacokinetic approach. .

Recent work in this area, not referenced in the DHS document
has just come to our attention., This was done by E. J.
O'Flaherty and M. Andersen and will be published in November
1984 by the National Science Foundation in State Of The Art
In Risk Assessment. A pre-publication copy is attached for
your information, ‘ :

Salient conclusions from this work sre:

"The  most important single application of
pharmacokinetic principles is to quantitation of
the relationship between applied or administered
dose and effective or delivered dose, defined as
the concentration or amount of toxic agent
reaching the receptor gsites. Administered dose
is rarely congruent with effective dose. Over
narrow ranges, especlally at low doses, effective
dose may be proportional to applied dose. But as
dose (or exposure) increases, the likelihood that
applied and effectiv se are not i
increases also. Specifically, within the range

- 10 -
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of the maximum tolerated dose (MID) and the 1}
MID, doses that &are routinely used not only in
carcinogenic  bioassays, but also in the
evaluation of other kinds of toxicities, careful
and thorough studies with a variety of compounds
have shown that effective and administered dose
are not linearly related. Dose dependence of
metabolism has been demonstrated for ~ vinyl
chloride (Watanabe et al., 1976, 1978), for
1,1-dichloroethylene (McKenna et al., 1978a, b;
Andersen et al., 1979), for methylene chloride
(ott et al., 1983), for styrene (Ramsey and
Andersen, 1984; Andersen et al., 1984), and for
trichloroethylene and perchloroethylene (Buben
and O'Flaherty, 1984), among others, The
pervasiveness of dose-dependent pharmacokinetic
behavior at exposures large enough to be toxic is
now well established. Its consequence is that
high-dose data, such as those usually obtained in
animal studies, cannot be_ extrapolated directly
into the low-dose- range. Unless the
pharmacokinetic basis of the relationship between
administered and effective dose is understood and
is incorporated into the extrapolation process,
extrapolation from n;g¥ to low doses is not
biologically defensible.”(emphasis added)

* lse of delivered _dose (page 45) as the basis for risk

assessment adds additional conservation to the risk estimate
because about 502 of benzene administered has been shown to
be exhaled even when the route of eadministration is by
gavage. . Also, this focus on delivered dose misses the point
cited above regarding benzene metabolism and effective dose,

* QOther compounding assumptions: 957 upper confidence 3level
data plugged into models, most sensitive species/most
sensitive organ. . ,

- Range of risks

* As has been discussed above, AB1807 requires DHS to present
the range of risk when no threshold is found for significant
adverse health effects. Although DHS mentions alternative
theories (but not alternative risk assessment procedures) it
merely discredits them and presents only a single estimate of
risk. This approach appears to be inconsistent with the
AB1807 requirements and objective scientific analysis
intended for scientific peer review,

Further, OSTP Guideline #27 stateé,

- 11 -
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" ..quantification of the various sources of
uncertainty involved can .be as important as the
projection of the risk estimate itself.”

This implies the desirability for the presentation of a range
of risks rather than a single value as presented in the DHS
document.

DHS has used a single mathematical model and applied it to
the findings of several different animal bioassys and
epidemiclogical studies (See Table VI-5, Pages 73/75 and
Figure VI-2, Page 84).

Because each mathematical model derives from a variety of
facts, consensus, and assumptions (inferential bridges), the
selection of a single model automaticelly introduces biases.
Scientific policy decisions are implicitly adopted by this
approach.

The resulting qu‘antification of risk is valid only if the
_assumptions are valid, Application of other assumptions of

equal scientific validity would result in markedly differen
conclusions. ‘

It would be more appropriate, in response to the AB1807
mandate for the presentation of a range of risks, to. apply
several models which fit the data to the same study
populations and to depict the range of risks represented by
those applications. This would provide valuable insights
into the validity of the theoretical life time risks.

In the case of the DHS assessment, if the stated theoretical
lifetime risk at an exposure level of 0,1 ppb (page 85) is
applied in the strictest sense to the Infante/Rinsky et al.
population, more cancer deaths (by several orders of
magnitude) would appear to be generated than were actually
observed for all causes of death in the study population. It
would be helpful to see the results of this same application
of theoretical risks derived from the use of other models.

The presentation of these kinds of data to the individuals
statutorily responsible for risk management would facilitate
arrival at e more realistic judgement concerning the actual
likely risk from exposure to the substance. This is, after
all, the primary purpose of the risk assessment process.

The benzene - document presents no ealternative assessments
based on different assumptions. This, the individuals
responsible for risk management will be left with a single
choice of policy. This is contrary to the AB1807 mandate
that a range of risks be presented when inadequate evidence

-12 -
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of a threshold is encountered.

D. Manner of Data Interpretation Presentation

In a number of instances the document presents data in a way which tends
to place undue emphasis on equivocal data without making it clear that
the corollary is equally likely. In the document this is done by .the.
use of the words 'may' and 'might' to precede an interpretation
following the presentation of a fact.

Examples of this type of ambiguity include (emphasis added):
# "Toxic doses may retard fetal development.(Page 30)"

* "There is some evidence that high and prolonged exposure to benzene
may affect menstrual and reproductive function."(Page 30)

* " ..the staff of DHS does wish to point out that a larger
epidemlological study might dindeed dimplicate benzene in the
causation of cancer at sites other than the hematopoietic
system."(Page 42)

* "yhile not wishing to put too much emphasis on significance testing
in this particular study, stasff does wish to emphasize that =&
larger epidemiological study might indeed d implicate benzene in the
causation of ~cancer at. other sites than hematopoetic(sic)
system."{Page 82)

Other examples of variations on this fallacy include the citing of
non-significant statistical data to support preconceived assumptions
while dism1351ng statistically significant data when they do not support

the ‘'pattern'. In some instances, there is the citation of
non-significant statIStical data followed by a "this may prove, etc.",

without a concomitant, "may not prove".

In other instances where alternatlve assumptions are presented, they are
dismissed with such phrases as "which is unlikely" even when such
assumptions are accepted by & significant segment of the scientific
communlty.

Examples of these fallacy are found on Pages 38, 39, 42, 63, 8] and 82.
An interestlng example is a statement regardlng the association between
aplastic anemia and leukemia in which "are said to" on pege 25 becomes
"are" on page 35. A reading of these pages with this perspective in mind
will provide adequate examples, .

- 13 -
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HSF: State of thé Art in Risk Assessment

V1. Pharmacokinetic Methods in Risk Assessment

Ellen J. 0'Flaherty, Ph.D.
and -
Mel Andersoﬁ. Ph.D;

Nov. 1984
{pre-publication)
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Pharmacokinet{cs {s an {ndependent arez of speciaﬁzation {n the sense that

{t can be discussed independently of other aspects of dose-response assessmen

o

in humans and animals., But pharmacokinetic technigues have utility enly to .

extent that they can contribute to resolution of dose-response relationships in
animals and {n humans and to biologically reasonazble species-to-species conver-
sfons of dose-response relationships. Pharmacokinetic principles can also faci-
1{tate conversions zmong .equivalent doses when route and duration of exposure
differ, and can contribute to definition of conditions under which su;h conver=

sions are not justifiable,

-

The most important single application of pharmacokinetic principles is
quantitation of the relationship between applied or administared dose and effec-
tive or delivered dose, defined as f.he concentration or amount of %oxfc agent
reaching the receptor sites, Administared dose 1is rarely congruent with effec-
tive dose. Over narrow ranges, especially a2t Tow doses, effective dose may be

proporticnal to applied dose. But as dose {or exposure) increasss. the Tikeli-

hood that applied and effective dose are not proportional {ncreases ais.

Specifically, within the range of the maximum tolerated dose (MTD) and 1/2 MTD,
doses that are 'rout1ne‘iy ‘used not only in carcinogenicity bicassays but alsc in
the evaluation of other kinds df toxicities, careful and thorough studies with 2
variety of compounds have shown that effective and administered dose are not
Tinearly related. Dose dependence of metabolism has been demonstrated for vinyl
chloride  (Watanabe et al,, 1976, 1978}, for 1,1-dichlorcethylene (McKenna et
al,, 1978a, b; Andersen et al,, 1979), for methylene chloride (0tt et 21.,
1983), for styrene (Ramsey and Andersen, 1984; Andersen et al., 1984), and for
trichloroethylene and perchloroethylene (Buben and D'th‘erty, 1984.1. among

. others, The pervasiveness of dose~dependent pharmacokinetic behavior at expo=

-1-
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sures Jarge enough to be toxic is now well establisked. Tts consequence {s that
high-dose data, such as those wusuaily ob'_tained in animal studies, cannot be
extrapolated directly into the low-dose range., Unless the pharmacokinet{c basis
of the re1ation§h1ﬁ between administered and effective dose §s understood and {s
{ncorporated into the extrapclation process, extrapolation from high to Tow

doses 1s not d{ologically defensidble.

Two examples of the kinds and magnitudes of errcrs that can be introduced if
extrapolations are carried out without regard for kinetic beh.avior will be shown
and briefly discussed. In the first, production of an active metabolite is
cnbacity—1im1tgd at high doses; {n the second, exposure to active agent

fncreases disproportionately at high doses,

Vinyl chloride, which {s associated in huma_n; with .development of the rare
tumor, hepatic anglosarcoma, also causes hepatic angiosarcoma {as well as other
tumor.é). in rats.. The prevalence of ang*losarcm in vinyl chloride-treatad rats
reaches a nmaximum at {intermediate viny) cﬁ‘laride dose rates and .does not
increase further with further increases {n vinyl chloride dose rate {Maltoni and
_Lefemine, 1975) (Figure la). When Gehring et 21. (1978) expressad preva_'.lence aﬁ
a function of the rate of biotransformation = that is, of the rate of formation
of an- sctive metabolite = the platesu in the dose-response curve disappeared
(Figure ). The dashed‘ extrapolition Tine in Figure la shows clearly that
extraqohtinn from even the Jow-dose range of the admihi stared dose-response
cyrve tands to underestimate the slope of the true dose-response relationship.
Extrapeolation from the high~dose range leads t© gross overestimation of the car-

cinogenicity of low doses of vinyl ehloride.

Urethane {ethyl carbamate}, a compound that {s not known to be tumerigenic

fn humans, produces multipie pulmonary adenomas in mice. 1n this case, the
-z‘
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dose-effect relationship (Fiéure 2a) shows an fncreasing {ncremental rise with
dose (Sichak and 0'Flaherty, 1984). The active mofety in urethane adenogenesis
has not been unequivocally established.. However, when tumor 1nc1denc..
expressed a5 a function of the arez2 under the curve of urethane concentration in
the blood versus time, a measure of effective dose, the relationship betwean
dose and effect 1s 1{near (Figure 2b). 1In this case, linear extrapolation of
effect out of the high-administered-dose range would have underestimated the

adenogenicity of low doses of urethane, ‘ .

In Figures 1 and 2, the relationships between administersd and effective
doses are different, and the expressions of effective dose (rate of metabolism,
and area under the cgncentrat'lon' curve) are different. Practical techniques for
{ncorporation of pharmacok{netfc information {nto evaluation of dose-response
relationships can be resolved into techniques for addressing two questions: {1)
What 1s the effective dose = that s, how {s it o be measured? and {2} What is
the relationship of adm‘ln;lstered to effective dase?. Thase questions can be
fnextricably interrelated in practice: for example, 1t my be necessa.
establish the best measure of effect{vé dose empirizcally, as that measure that
best resolves anomzlies in the applied dose-response curve., But for clarity and

simplicity of presentation, the two questions will be addressed sepaﬁtﬂy here,
1. Appropriate Measures of Ef'i'ect'lve Dase

There is no universally applicable measure of effective dose. To begir
wi{th, whether the critical effé:t fs most closely _asso:iated with peak con
centration at the receptor sites, integrated tstal exposure of receptor "s*!'tes t
- the chemical, or some intermedfats mast.:re such as‘ fntegraﬁe;t tnta‘l' exposure t

concentrations above 2 threshold value, {s-often not known, All that can b
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stated with certainty a prior{ fis .that appropriate dpse correlates of effect
will be effect-depen&ent. For example, {t {s generally agreed that the effec-
tive dose of 2 genetically-acting carcinogen is the igiegrated total exposure of
the receptor sitas to reactive mo1ecu1es, whe ther parent or matabolita. 0n the
other hand, the acute toxfci:y of a rapidly-acting tnxicant such as cyanide {s

much more clesely relatsd to peak concentrations fn blood and tissues.

The urethane eximp!e'of Figure 2 can be extended to {1lustrate the effect
dependence of the appropriate measure of exposure. The LD50 of vrethane in mice
{s about 2 g/kg, zpproached by the doses sbown in Figure 2. Manipulation of
the urethane elimination ratea in order to a!ter the relationship between area
under the concentration curve and applied (intraperitoneal) dose Teaves the
acute Jethality of urethane unchanged even though these manipulations result in
shifts in urethane adendgeﬁicity. Presumably thiS di;tinction occurs because
acute.1etha!1ty.is gssociated with peak (fnitial) cquentratjqn, which {s unaf-
fected by ;1tera£10n fn the urethane elimination rats, while adenogenesis i:

-

associated with an expression of total exposure that is dependernt on eliminaticn

rate,

In the absence of specific knowledge as to the measure of ¥:posure that {:
the primary determinant of toxieity in § particular case, blologically Hu i~
H“hpnnﬂn;hruﬁmﬁméfudmduemnﬂnaofpﬁdwcm.u
out11ped. The procedures recomrmended here have at Teast reasunab1§‘1ikeiihoc:
of success; that is, it is reasonab1e'ta_expect them to lead to successful resec-
Tution of anomalous applied dose-response curves fn 2 significant percentage ¢
cases, Nonetheless, the regulator cannot afford to Jose sight of the fact tha

there 1s no substitute for reliable experimental or epidemio1ogicai i{nformaticn
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Some of the procedures recormendéd here for estimation of effective dose are

madel-independent, but others are based on very simple pharmacokinetic models.

These models are based on the assumptions that metabolism is describable by.
single expression {(that is, that there is only one metabolic pathway or that all
parailel pathways have {dentical kinetic character{stics); that only one metabo-
1ic patiway is associzted with sfgniffcant toxicity; and that elimination kine-
tics a}e e{ther first-crder or Michael{s-Mentan, .Tllle' apprcprintene'ss of these
simple models has already been establi{shed for a mmbe'r of cnmlpmmd;, #nd it
- .appears reasonably certain that the models will be ;hwn t0 possess broad.uti--
1‘.lty. But at the sime time, 1t is absolutely certain that these™ simple phar—
macokinetic models are not accurately des'criptive of the pharmacokinetic
behavior of a1l chemicals, For example, methylene chioride {s metabolized 1in
rats by mulitiple para'l‘lﬂ ‘pathways, &t least two ;f uhiéh are saturable 2nd are
potential'lj capable of generating toxfcelogfcally actfve intarmediates or meta-
belic end products (DiVincenze and Hamilton, 1975; Anders et s1., 1577; McKenna
et 2l., 1982); Complex metabolic behavior such as this can sometimes be
quztely descridbed by simple models. For example, careful analysis of the
chioride duse-carcinogenicity relaticnship in rats s;‘.;ggests that both depletion
of g‘lutath'lone. presumadly involved 1n metabolite eHminat‘ioﬁ. ‘and capacity-
Timited production of carcinogen{é metabolite may contribute to the form of the
vinyl chloride dose-angicsarcoma he'la"t'lonsh'lp (Natanabe et al., 1977).
Nonetheless, this relationship {is satisfactor{ly described by a single
expression of Michaelis-Mentsn form {Gehring et al,, 1978l Such simplifica-
“tions are not always successful, however, The anomalous dose-rasponse curve for
ethylene dichloride lethtlity in rats 'c.an .be only partially. resoclved by 1ncor-
porating a term for saturability of metabolite production. Differential effect:

5=
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of microsomal enzyme {nducers and {nhibitors on ethy'lehé dichloride Tethalfty
suggest that the rate of production of ethylene dichloride njetaboﬁtes correla~
tes well with ethylene dichioride toxicity only within limited dose ranges and
in the‘ absence of treatments altering the rate of active metabolite elimination

(Andersen et al., 1980).
Acute Exposure

Unless acute lethality is the dominant concern, it 1s probably ;nost reaso-
nable to relats expecﬁd effect after acute exposure to_ thas amcunt of active
agent reaching the receptor sites. More practically, this translates into the
amount of active agent moving through the blood. (The assumption of proper—
tionality betwean concentration 1n blcod or plasm anc_! concentration at raceptor
sites is not always well founded. However, distribution s not as Tikely to bde
a source of dose dependency as s elimfnation). The total amount mving‘through

the blood 1s the integral of c_nncentntfon in blood over time:

t=o00

c(t)dt, | (1)
t=0

where -C{t) 1s the concentration &t time ¢t and the {ntegration is c'arr'le.d out
front=0 % ts oo. ' |

Equation (}) represents the total area under the concentration curve, AUC..
1f d'l.spesit'lon kinetics are not dose~dependent, AUl is directly proporticnal
both %o dose and to the half-]ife, tuz. of the compounds

wee = Ry - whn @
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where ¥ {s the volume of distribution and k. {s the rate constant for elimina-
tion. ‘Equation (2) applfes uhe;her the toxfcant 1s administerer
*{nstantanecusly® ({ntravenously) or {s absorbed by a first=order mechan{
(orally or byl {nhalation). D s the bioavai{lable dose, which, except in the
case of intravencus administration, may be only a fraction of the administared
dose. Since this fraction is ordimarily not known except from 2 comparison of
(AUC o) oral uith_t.mc“)i.v.. the experimentally determined area under the curve
{s usually calculatad directly from the concentration data rather than by using
Equation (2). The caleulation can be carried out by sumsing the areas of the
‘trapezoids formed by connecting sequential concentrztion data points by straight
Ti{ne segments and extending perpendicular 1ine segments from each of these
paints to the concentration axis. The &rea from the last concentration point t
.1nf'ln'lte tine {s calculated as C/ke, where C {s the concentration at the last
sampling time. .

Even 1f disposition kinet{cs are dose-dependent, AUC,o fs the appropriate
measure of {intagrated effective dose, although it 1s né Tonger propérﬁena'l
administered dose. An explicit equation relating AUCoq to dose has been derived
for the M{ chae'liﬁ-ﬂenten mde IHagner; 1873): |

AUC.-WT?V;)-(-:%- +Kn)' '(3).

where Vg 1s the maximum elimination rate achieved when all active elimination
sites .are occupied, Xg is the half-saturation constant or the concentration a2t
which elimination rate = = Vp/2, and D and Y are as previously defined. This
 equation can be used whenever the applicability of Michaelis-Menten kinetics has

-7
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pesn verified. Generally, however, it probably {s mest defensible simply %o
cu;:u]ate the area under the experimental concentration curve. This procedure

{s not model-dependent, so that it may be used whenever 1n1:egrated effect{ve

exposure §s the dose referent of cholce.

In principle, the area under the curve of concentration of a chemically
stable actfv'e metaboﬁta.may be used 2s the measure of effe:t*!v.e dose of the
metabolite. 1In practice, such measurements are 1ikely to be less useful for en-
" vironment2) toxicants than for drugs. The principal features of the metabolic
profiles of drhgs are known, and drug metabolites are often sufficiently chemi-
cally stat_ﬂe to0 circulate in the blood. Indeed, prodrugs are de;igned specifi-
.cﬂ‘ly'to produce stable active metabolites, 1In cunirast. the metabolic patterns
of environmental contaminants are usually not fully tnowh. 2nd 'metabo'lftes, par=
ticularly highly active ones, are ‘er1_y to be chemfcaily umstable ard, there~
fore, not measurzblie {n the blood. This rpo.iut vill be discussed fu;‘:her below,

Chronie Expesure

When ﬁn ekposure 1is ex.tended. in time to a point at which 1t can no Tenger be
- called acute, even calculation of wﬂud dose {s subject to some controversy.
Traditionally, when eiposure is ﬁtemdiate_ in duration, Habef"s Law ‘ha's been
used... This procedure, a concantnﬁon X t'!me_ci- dose rate x time calculation,
gives total exposure to an environmental contaminant,  When zcute doses are
given- r_epeated‘iy' at wide'ly-#paced intervals, as in dafly oral gavage of an
exper.‘lmenta‘l animal, the number of doses times the daily f.l_ose has b.een' used as
an equivalent measure of total dose (Decad et al., 1581). Over periods of time
that are short relative to the half-1ife of the compound, the'se estimﬁtes may be

appropriate, However, %o use this type of calcuh_t'!on {s to overloock the fact
-B-
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that_body burdens of a chzmicaj do not increase {ndefin{tely with increasing
Tength of exposure. As';'consequence of the acTion of elimination mechanisms,
the body burden reaches a steady state 2fter 2 period of time dictated by

half-1ife of the compound, and ia the absence of factors acting to alter the
volume of distribution eor the half-1{fe does not Iincrease further even though
exposure continues at the same rate, It should therefore not be surprising that
careful examination of published toxicity data has shown that the long-term no-
effect dose mate of a chemical can be predicted with reasonable assurance from
the short-term no-effect dose rate {McNamara, 1976). A committee of the Society
of Toxicology stated fn 1974 that, “with the excsption of carcinogenesis and
certain rare neyrological effects, there is 1ittle, 1f any additional {nfor—
matfon obtafned on the character of toxic effects that are not detected within
three months of tastfng with animals.” Those few effects whose appearance s
delayed tend 0 be effects wi th Tong induction periods rather than effects whose
occurrence reduir;-# prolonged exposure to the toxfcant. Thus, stsady-state con-
centration fn the blood is 2 better measure of effective dosle than {s any ki--

of aret under the dlood concentratiaon curve during chronic exposure.

In fact, the relationship of steady-state concentration Cgg to basic phar=
nacokinetic parameters demonstrates ¢that Cge s exactly analogous to the

AUCoo measured after a single dose. When disposition mechanisms are not dose-

dependent,

Cog = DR o (ORMER | (4)
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where DR {s dose rate, expfessed’as. rate of absorption into the systemié cir-
culation, and V and ke 2re as previously defined. Equation (4) has the same
form as Equation (2}, For the Michaelis-Menten model, with a2 single capacity-
1{mited elimination mechanism, -

¢ m DR (rsi) e Bk sy,
ss | IvH'vm'j' '(vIT_J'vm Kn ¥ Css * (5}

as long as DR does not exceed Yy, Equation (5) fs analegous, although not fden- -

tfda'l, to Equation (3). ‘ -

Steady-state concentration can be measured directly in the blood. 1If éxpo-
sure {s continuous, such as fin an {inhalation exposure to stea;iy state, con-
centration measurement presents no theoretical diff‘f:_u'lty.. If, however,
exposure has béen intermittent rather than contir.:sous_- for example, if a test.
chemi‘ca'l has been _given repeatadly to animals by daﬂy' gavage, or {f a con-
taminant {s present in food - the average concentration <€ during the dosc
interval T {s equivalent t©o Cgq. T in the nth dose {ntarval {s defined as
(Wagner et a1,, 1965)

o |
T, - -'eﬁ:(n.t)&t, (6)
tl',. -

It can be shown (Yan Rossum and Tomey, 1968) that when stsady staté ‘has been
reached, provided that disposition {1s not dose-dependent the value of the
{ntegral in Equation (6) 1s D/(ke)(V) where D {s the repeated dose, so that the

average concentration at steady state is

4"_



b1 D DR .
C|! - = . 7
T (kI TkJIV) (7)

Thus, while Cgg 1s the appropriate measure of effective exposure during c.
tinuous esxposure to steady state, when a'n experiment2) design fnvolves repeated
admin{stration of a test compound whose kinetics are notl dose-dependent, AUC
from th to theq at steady statg my be used 235 a surrogate for Cgg since the two
are directly proportional, This tachnique is of l1ittle more than academic
{ntarest, however, since the value of AUC from t“ to they at steady state {s
seldom if ever known, - Measurements such as these are not rout{nely undertaken
by the experimentalist. 1t {s unl{kely that {important inaccuracies or bias
would be fntroduced by substituting for either T or AUC from t; %0 tnp4] the con-
centration mezsured in blood at some convenient constant time after administra-

tion of the repeated dose as the measure of effective dose.

Like AUCqp, Ces and C at steady state are 1ndependent of any kinetic model.
The major restrictian on their appropriate app‘lication is that all ‘u:x'lco'l
cally critical compartaents must have reached a :teady-state re‘!ationship ‘
the blocd within the time period of measurement. '

The regulator {s frequently concerned with toxicants whose concentration
cannot be measured, Sometimes ana]yt'lca‘l-probums preclude diri.-ct peasurement
of concentration, but more ofte;n the aét;ve miety 1s Simp'ly i{nherently
unmeasurzble. Many environmental toxicants are not direct acting. These agents
are ‘converted to toxic or reactive metabolites. Most often, the chemical {den-
%Mty of the active metabolite has not been firmly established, and often it is
not even known with certainty whether core than one metabolite {s active. It

, . would be {mpractical to undertake {dentification and quantitation .of actiw

all-
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metabolites of 211, or even of the majority of potential environmental toxf-
cants. Furthermore, in some cases the toxicologically active metabolf tas my be
so reactive that they do not leave the tissue, or perhaps even the {ntracellular
site, where they were formed., Their very -existence Is {ntrinsically unde~
monstrable by standard analytical methods, and must be inferred from indirect
evidence such as the chemical {dentity of metabolic end products {see, for
example, Miller and Guengerich (1982)), Gillette (1974 a,b) has .p,.esented )
perspective on the kinetics and toxicity of these short-lived, chemically reac-
tive species, which have the potential to dind covalently to cellular macronoies
cules, For compounds that generate such reactive metabolitss, & surrogate

measure of effective dose must be sought,

Phamcokinetic principles provide the basis for defining two surrogate
measures of effective dose that have been successfully utilized when an.undetsr—
mined or analytisally undemonstrable netaboﬁte was betieved tn be the toxic
‘agent. Use of these effective~dose surrogates 1: appropriate on'ly when the cri-
teria uut‘lined below have been met. It should be clear that 2 dose surrogata
need not be egqual in magnitude to the effective dose, nor even be expressed 1n

the same units, It must, however, be proportionzl to effective dosa,

One of the two measures that have successfully been used -as surrog#tes for
effecﬂve dose .is the rate of formation of active metabolites, or, more accura=
tely, the rata of loss of parsnt compound, This tschnique .13 based on the
assun:.gtions thet (1) The critical effect s associatad with mti1 exposure 0
active metabolites rather than with peak concentrations, (2) The rate of for—-
matfon of —the critical u;etabolite(s) is proportional t the rate of disap-
pearance of the parent chemical and (3) E‘lim‘!pat‘lon of the critical
metabolite(s) is first-crder. ' | |
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The requirement that the eritical effect be associated with total integrated
.e:posure {s almost certain to be met by highly reactive molecules, but say not
be met by chemically unreact{ive molecules ~ that {s, by zgents that zct by c’
dpining reversibly with receptor sites, For the latter grm.;p of toxicants, slow
production of metabolite over an extended time period may not be toxicologically
equivalent to rapid metabolite production with achievement of high con-
cantrations in body.ﬂuids at early times after administration, even though
{ntagratod exposure ray be the same in the two cas}es; .As discusse.d briefly
above, the proper dose correlates of tnxfcit'y wi]'l'be-e?fect-spedﬂc for
l:evers'lb‘ly-act'fng agenﬁ. For this group of toxfcants, .tox'lcity. petabolic, and

pharmacokinatic data must be {nterpreted and correlated with particular care.

When exposure {s either continuous or chronfc to steady stats and the three
conditions above have been set, then $%t can be predictad by analogy with
Equation (4) that total exposure to metabolite should be proportiocnal to the
rate of metabolite 2ppesrance, Effac-tive dose shou'l;l be propﬁrtiona'l 40 expo~
sure as Jong as the enzyme systems catalyzing h-anr;fdrmatian of toxicant tn.
active ligtaboﬁte(s) are not near ﬁtuntion. but may approach constancy at high
exposyre where the rate of active metabolite productio; has reached its maximum

value,

Measurement of the rate of loss of parent compound 1s less readily appli-
cable to data from-an acute study, for two nisons. First, the rate of metabo=
11sm {s not constant during the period of elimination of & single dose, as it is
at siendy .sute. Commonly, the rate of metabolism aftar 3 s*!ng'lé dose varias
either directly with concentration (first-order metabolism) or in accordance

with Michael{s-Menten kinetics (from a mazfmum of Ym down into the first-drder

»]3=-
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concentration range). .If there {s én'ly one metabolfte and the parent coempound
{s retained Jong enough that virtually 211 of it is transformed, the rate of
transformation {s not fmportant. However, {f there is mare than one metaboldte
or {f the parent compound {s excreted dfrect‘ly 2s wall és being metabolized,
ratec of transformation can be very fmportant since the concentration dspenden-
éies of competing elimination 'mechan{sms ccntro'l.the relative amounts of dif-
ferent metabolites  produced, Second, other_ disposition nonlinear{ties my
. control metabolism and toxjcity. For example, methylene chloride readily enters
the fat, After 2 single dose, 1t is released slowly from fat and reentars the
bloed, fr:fm which it is redistributed to tissues fncluding rgtabc;ﬁz'lng ﬂ‘ssues.
Thus, methylene chloride and fts metabolites persist in the body for time
periods much .‘longer than would be expected on the basis of their elimination
hi!f-?ivne.s slone (Ratney et al., 1974 or Stewart et al.,.1976).

Nonetheless, experience has shown that the rate of loss of th§ administered
compound from the blood over 2 Timited time pericd can be & vseful and toxicolo-
gically relevant surrogate for effective dose. This was the technique used by
Gehring et al. (1978) ta resoclve the vinyl chioride dnse—car:inoggnfcity turve
(Figure 1), and by Andersen et al. (19?9) ts resolve the 1,i-dichloroethyiens
dose=lethality curve, '

_ The second measure that has succ.essfuﬁy been used as a surrogate "for effec-
tive dose-is total excretion of stable end products of metabolism. This tach-
nique fs suftable for use when (1) A1l stable end products originate either
directly or {indirectly from the toxie 1ntemed1ate.(there ey, of course, be
only one end product, in which ca_.se_th'_ls eriterion s mt‘automiﬂcaﬂy). or

‘else 211 parallel metabolic pathways have the same Vo §nd Km values, and {2} The

-4~
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eritical effect is 'assaciated with total exposure. Under these cond‘ijtions total
stable end products of metabol{sm represent the "dose” of active metabolfte; th
amount and possibly the chemjca’l {identity of the reactive precursor are 1nferr.

from the amounts and chemical identities of excreted metabol{tes.

Because it 1s based on cumulative excretfon and does not have time as one of

{ts dimensfons, this technique fs appropriite for use either with acute or with:
chronic data.' When 1t {s applied %o chronfc datz, total stable metabolites
excreted within a dose intarval or within 2 unft of time at steady stats are
" pelated to dose rate,

-

1t 1s worth repeating that both the elimination rate and the tntal excretad
metabol{te surrogates are subject to the same l{mitation: that effective dose s

pr-esumed to be an amount rither than a concentration.

2. The Relationship of Adnin{stered to Effective Dose

“ The pr'lnc"iﬁn'i source of ﬂolse-dependent kinetic bdehavior is the iatri
cepacity Timitation of most elimination mechanisms fncluding all biotransfor—
mation mechanisms and ¢ number of rema) and hepatic excretion mechanisms as
well. This futrins'fc dose dependence 1s the direct consequence of constraints
on the number of metabolizing enzyuﬁ mh:u}es or of membrane transport proteins
responsible for sctive biliary excretion or Tor renmal mbuiar secretion and
active reabsorption, While there are other causes of dose-depén_dent kinetics,

capaci ty-1imited elimination 1s the only one that wi1l be explicitly dealt witn

: here,

The fam{l{ar Michaelis-Mentsn equatfon descrides the behavior of the

simplest capacity-limited systam, 1ir which physical combination of 2 single
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substrate molecule with a single carrfer protein or enzjfae mlecule 1s prere-
quisite to excretion or dlotransformaticn:
d ﬂﬁnXF) _
Ak s o A - (8)
where dC/dt is the rezction velocity v or the rate of change of concentration at

the active sita, and Vp and Kp are as previously defined,

In spite of the gxtr.eme and, in many respects, unrea'list'!g simplicity of the
reaction scheme that gives rise to the Hichae‘lis-ﬂénten equatinn: the overall
rates of biotransformation and transport mechanisms often turn out to be descri-
bable by equations of the Michaelis-Mentsn form. This is presumbly due t the
fact that of the many sequential steps making up an elimination process, a
single st?p i{s rate=limiting, As. 'loflg as raquisite c;:factors are present in -
excess, the activity of the overall elimination process usuzlly appruiimates

Michael{s-Menten behavior,

Even though the rate of elimination may be rejated t the amount of
substrate pn:enﬁ at biotransformation or transport sftes by Michaelis-Menten
kinetics, the actual .rate of elimination 1in vivo my not display
Michaelis-Menten behu'ler.' This {s because under certain conditions, the rate
of arrival of substrate at the eHan-nat‘lon sites s lower than the rate zt which
the elimination mechanism {s able to zetabolize or excrete the chemical. These

cond{tions are most 1fkely to be met for high-atfinity elimination processes, as
will be shown,

Elimination, or clearance, takes place in many organs. Since the 1{ver 15
the &om‘tnmt site of metabolic .é'liﬁ'lnat'lon. the eq:fat'lons ifn this section are
written in notation appropriate to clearance by the 1iver,

alf=
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Two hepatic: clearances can be defined. _ One, 'the intrinsic c'!éarance
€line (WITkinson and Shand, 1975), relates the rats of hepatic eliminatien to
the concentration of the chemical at the elimination site. It {s based direcﬂ.
on the Michaelis-Menten equation:

Y vm

DA S )

where Cy 45 the concentration of the chemical fa Yver tissue fluid., Clyqy is
the volume of l{ver tissue flufd that {s cleared of the chemical pe-r unit time.
It repre‘sents the ability of the Tiver to eliminata the chemical in the ebsence
of any flow restrictions. |

Clearance, as ¥t {s customar{ly measured, relates the rate of hepatic elimi-
nation to the concentration of the chemical {n the blood entering the Tiver,
Cine Since v = @ (Cip = Couel, where Cqp Is the concentration of the chemicas
in Bepat‘lc arter{al blood, Cgye s its :anéentraﬂon in hepatfc venous b'lub
ultd Q 1s hepatic perfusion rate,

Oe- e Q(Cm - l.’oui'.)

. (10)
n cin_

v
in .

The way in which measured clearance 1s related o factors such as hepatic
perfusion rate and intrinsic clearance is determined'b'y the way in which Cy 13
related to Cjp and Cgyp. Two models of hepatic extraction have been proposed.

In the well-stirred model {Rowland et al,, 1973), the 1liver is considered a

«]T=
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single well-stirred compartment in equitibrium with -(venbﬁs) blood Teaving the
'lﬁer. so that C1 = Coyt. In the paraliel-tube model (Brauer, 1963), the liver
{s seen as 2 bundle of parallel tubes along which the con:entrfa.tion of toxicant
declines steadily from Cq, to Coyt. The two models predict different dependen-
cles of mezsured clearance on intrinsic é‘learance and blced flow (Pang and
Rowland, 1977}, Thére is experimental support for both models, a'l'thoug'h the
well=stirred model appeafs to be somewhat better supported by published experi-

.mental data (Nies et al., 1976; Hﬂkfnson,_ 1976). Because of this and decause

the twe models predict the same Timiting behavior when efther Q 3> Clyue or
Clipe >> Q, the simpler, well-stirred model will be used to fllustrate this
1infting behavior.

In the well-stirred mdel, €1 = Cout. 1If €y s substitutad for Cout i
Equation (10) and the equation rearranged to give C1 in terms of Clype,

= Q c—a—cj‘"‘ ) o
Q+ int
When Q > Clyne, Equation (11) reduces to
c1 = C‘l{nt »

When Clype >°Q, Egquation (11) reduces o
Cl=qQ.

These relationships, and their consequences, ar'e f1lustrated in Figure 3 for
two capacity=limited elimination mechanisms, one high-affinity (Tow Kj) and one
lou-afﬁn*iw {high Kg). Since the two mechani sms havef the same Vp value, at anﬁ
given substrate concentration €7 less than saturating the high-affinity mecha-
nism will dominate the low-affinity mechanism (Figure 3) (see 2150 the defini-
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tion of Clynes Equatien (9)). For ‘the high=a#finity mechanism, 1n ﬁct. there
exists a significant range of concentrations within which the elimination mech

nism can clear Hlver fluid of the chemical more rapidly than the chemical ca.
transferred from blood to 1iver fluid (e.g., ¥' > v and Cljqe > C1). In this
low concentration range, hepatic perfusien {s rate-l1imiting. At sufficiently
high concentrations of the chemical in perfusing blocd, however, the elimination
mechanism s saturated, v > v' (and €1 > c1%,,t). and elimination is capacity~
Yimited, This ﬁpe of behavior {s one example of 'ﬂjp-ﬂop" Hnet'lc:«., i{n which
ene of several intemhfed staps is rate-limiting in one concentrztion ringe
while another becomes rate=1imiting in another concantration range, Fifp~flop
kinetics of elimination have been observed for styrene (Andersen et ﬂ.. 1984}
and for most of the low-molecular-weight, volatile halogenated hydrocarbons,
such as the chlorinatsd ethylenes and methylene chloride (Filser and Bolt, 1979;
Andersen, 1981). The exceptfon sppears to be perchlcroethylene, for which Yo 1s

extremaly low,

Perchlorocthylene 1s an example of the other extreme of depeﬁden’.
c¢learance on blood flow and on 'ln.u"lnsic clearance, in which the rate of
transfer of the chemical from bleod to Tiver fluid is sore rapid at a1l con-
centrations than {s the rate of removal of the chemical from Tiver fluid by the
elimination mechaniss (Figure 3; .v > v" and CI> C'lf“,t). Elimination d:
capacity-1i{mited at all concentrations, and the chenﬁ-ca'l display:

Michaelis-Menten kinetics throughout the entire dose range,

Effective dose should reflect the. form of concentration dependence of th
rate-limiting step {n the metabolism and excretfon sequence. This may be :

elimination step or, 1f a metabolite 1s active, 1t may be formation of the mat:

-19-
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bolite, Clearly, the way in which a.capa:1t3-1imited prﬁcess affects the rela-
tionship between administerad and effect‘lv& dose will depend on whether the

critical process controls formation or elimination of the active wofety.

Elimination is Rate-Determinine

Hhen elimination is rate~determining for the active mofety, either parent er
metabclite, then effective dose-js to be expected to {ncrease wore rapfdly than
 administered dose as the critical elimination mechanism approaches saturatien.
0f course, {f substrate concantrations are much lower than Ky or 1f elimination
1s not capacity-limitad, then administered and effect'lv.e dose are propaftionﬂ

throughout the entire dose ringe.

1f elimination s Michaelis-Mentan fin form, then effective dose should
{ncrease as the sum of two dose terms, one linear and .one quadrztic (Equation
(3) and Equation f5)). This s the behavior shown by urethane (Figure 2}, for
which, however, ciimination {s close %o saturation‘thr;ughcut the ent:Ire experi-

mental dose range, so that the quadratic term {s dominant and the linear term is

nct apparent,

On the other hand, {f elimination disp_‘lays fiip~flop kinetics, then the
gdministered dose-effective dose relationship should haveE two linear segments
with a short transftion regfon, as' f1lustrated by Ramsey. and Andersen (1984)
(Figm-.e 4) 1n the simlatad dependence of styrene steady-stats blood con-

~centration on styrene concentration in {nhaled air.

Formation 1s Rate-~Betermining

When formation {s rate~determining, the effective dose should approach a |
constant maximum as the administsred dose or dose rate {ncreases beyond <¢he

-20-
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point at which the ‘cr1t1cﬂ fcrmation mechanism {s séturated. Provided that
mechanisms for eliminatfon of the zctive {ntermediate do not themselves approach
saturation, further increments {n administered dose should not cause additiona
increments in toxicity, This 1s the behavior shown by vinyl chloride (Figure
1).

In this case too, the shape of the administered dose-effective dose rela-
tionship should 'reflect whether the appreach to saturation §s dictated by
Michaelis-Mentan or by flip-flep kinetics. (Andersen. (1881) has pointed out
that the shape of the Q{nﬂ chloride {nhalation dose-metabolfsm curve (Hatanabe
ﬁ al., 1978) s not {inconsistent with perfusion limitation at atr con-
centrations from 1 to 100 ppm, even though the fnhalation dose-hepatic.angfosare
coma curve (Maltoni and Lefemine, 1975) {1s satisfaciorily describeﬁ‘ by a

Michael{s~Henten expression for air concentrations from 50~10,000 ppm}.

The distinction between fTip~flop and Hichaelis-Mentsn behavior when for-
pation of active metabolftes is rate-limiting is well §1lustrated by per
lorcethylene - and frichloroethylene. .Bn:h .of these c'mounds generats
hepatotoxic wmetabolitas, Rats were given repeated da:ﬂy doses of trich-
lorcethylene or perchloroethylene by gavage for six weeks, and total metabolism
was measured and expressed as total 24-hr excretion of stable metabolites iIn
yrine (Buben and 0'Flaherty, 1984); Metabolism of both compounds proved ts be
capacity~1imitad, but they displayed distinctly different kinetfc behavior,
Elimination of trichlorcethylene was perfusfon-Timited at low dose rates (Figure
S5a}, while elimination of perchlorcethylene was uﬁacity-'ﬂ’:‘:ﬁted at all dose
rates {Figure Sb)., The dose dependen;e of hepat.ox‘lcfty-‘af both eompounds

nirrored the dose dependence of metabol{sm, plateauing at high dose rates but

=21~
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dirﬁct1y proportional to Tower dose rates of tr1:h1or6ethy1ene and displaying
Kichaelis-Henten kinetics throughout the entire range of perchloroethylene dose
rates. As a2 result ¢f the congruence of the dose-effect and dose~metabelism
curves for both compounds, the reTat'lonsh'ip I_:etween magnitude of effect and

total urinary metabolite i{s 1inear in both cases (Figure 6).

Thus, the amount of metabolism of both tr'l:h'loroethy%ené and perch-
lorocethylene {s directﬁ related to their hepatotoxicity, {rraspective of
whether this @metabalism {s perfusion-1imited at 1low dose ratss
(tr'lch'lordethy'lene) or capacity=limited at Tow dose rates (perchloroethylene),
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Figure 1. (a)

Figure 1. (a)

Figure 3. (a) .

Figure 4,

Yinyl chloride concentration, ppm ‘Inlra'lr. versus he‘pat‘lc
angjosarcoma prevalence {n rats (Maltoni and Lefemine, 1975);
Yogeprobit scales. The solid line 4s the 1ine of best fit;
the dashed line is a linear extrapolation. (b) Rate of vinyl
chloride metabolism (Watanabe et 21., 1978) versus hepatic
angfosarcoma prevalence 1n rats (Gehring et al., 1578); log-

probit s:a'les..

Administered urethane dose versus pulncnary adenoma preva-
Jence fn mice. (b) Urethane concentrations in the bdlood,
{ntagrated over time (AUCop), versus pu'i.monary ;denm preva=-
Tence in mice., From Sichak and 0'Flaherty, 1984, with‘ par~

missfon.

Dependence of rate of extraction o.n concantration in blood
entering the ¢issue and of rate -of wmetabolism on.con-
centration in tissue fluld. Metabolism {s shown for ®io
enzymes, for bath of which ¥y » 5.0, (b) Dependence of the

three corresponding clearances on referent concentrations.

Simulated styrene co;tcentrat‘lcns in arterial blood of mice,
rats, and humans versus styrene concentration in {nhaled air.
Light lines are bdlood concentrations after {inhaling styrene
continuously for 6 hr.. Heavy 1ine {s bdlood concentration
after inhaling styrene continucusly for 400 hr to reach
steady stats concentration;; From Ramsey and Andersen, 1984,

with permission.,
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Figure 5. (a)

Figure 6. {(a)

=

" Total ur{nary metabol{tes excretéd withia 24 hourS of admfi-

.atstration of a repeat orzl dose of tichleroethylene =

mice. Most points represent means of data from 7-9 m.
SEM {is shown, (b} Tetal urinary metaboﬁtes excreted within
24 hours of administration of a repeat oral dose of perch-
Torocethylene to mice. Most points represent means of data
from 9~11 mice. SEM {s shown. From Buben and C'Flaherty,
1984, with permiss{on. -

H

Liver weight to body Qeight ratic in wice after € weeks of
daily oral administraztion of t-'lch'l.oroethy'lené. § days/week,
as a function of 24-hour urinary metabolite excretfon. (b)
Liver weight tnlhody weight ratio in mice after 6 weeks of
daily oral administraﬂon of percthlorcethylene, 5 days/week,

as a function of 24=hour urinary metabelfte excretion. From

Buben and 0'Flaherty, 1984, with permission,
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California Council for
Environmental and
Ecchomic Balance .

August 29, 1984

Mr., William V. Loscutoff
Toxic Pollutants Branch
Air Resources Board

P.0. Box 2815
Sacramento, Calif. 95812

Dear Mr. Loscutoff:

The Council takes this opportunity to comment upon
the draft of Part B, "Health Effects of Benzene,' prior to
its submittal to the Scientific Review Panel. '

While the report mentions the uncertainty associated
with the assessment of risks of carcinogenicity from exposire
to chemical compounds such as benzene, we believe that t
document's accuracy and utility as a basis for risk mana?
ment by the Air Resources Board would be substantially en-
hanced if it more explicitly acknowledged -- and quantified,
where possible -- the various sources of uncertainty in the
risk assessment. In this regard, we offer the following"
specific comments that are consistent with state law (Health
and Safety Code Sections 39650-39674) and with the framework
drafted by the federal Office of Science and Technology
Policy (OSTP) on "Chemical Carcinogens; Review of the Science
and Its Associated Principles" (49 FR 21594 et seq).

° Assumptions and Scientific Policy Decisions. Should
be Explicitly Identified and Summarized -

One of the OSTP principles for risk azssessment is the
importance of maintaining '"a clear distinction among facts
(statements supported by data), consensus (statements gen-
erally held in the scientific community), assumptions
(statements made to £ill data gaps), and science policy
decisions (statements made to resolve points of current
controversy)." (49 FR 21599) A committee of the National
Research Council has identified 50 separate decision points
in a typical risk assessment for carcinogenicity, and found
no scientific consensus about how to deal with many of t
The NRC concluded that "Policy considerations inevitably}’
affect, and perhaps determine, some of the choices." (Risk
Assessment in the Federal Government, page 33)
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Although the risk assessment does in certain cases dis-
tinguish explicitly between facts, consensus, assumptions and
science policy decisions, it would be useful to the public, to
risk management agencies, and probably also to the Scientific
Review Panel, if the risk assessment were to.include a summary
of the judgments and assumptions that entered into the risk
zssessment process so as to differentiate them from scientific

act.

° Quantification of Sources of Uncertainty and
Identification of a Range of Risk

According to the federal OSTP risk assessment principles,
"The quantification of the various sources of uncertainty involved
in cancer risk assessment can be as important as the projection of
the rigk estimate itself. The sources that might be addressed in-
clude: (a) The statistical uncertainty associated with a given
risk estimate; (b) The variability introduced by the selection of
a particular low-dose extrapolation procedure; (c) When risk esti-
mation is based on laboratory generated data, the biological vari-
ability associated with the use of a particular test organism and
its scaling or extrapolation to man.”" (49 FR 21599) The draft
benzene risk assessment apparently quantifies only one of these
three sources, i.e, the statistical uncertainty associated with
a given risk estimate by calculation of confidence limits.

Although the risk assessment does include in Table VI-5 a .
range of risks, they are all calculated using a single model.
OSTP policy notes that "... the choice of a particular low-dose
extrapolation model can have a profound influence on the estimated
low-dose risk. Therefore, it has been proposed that an indication
of the variability introduced by model selection be obtained by
considering the range in the magnitude of low-dose risk estimates
-associated with the more commoniy-employed models.' (49 FR 21660)
Accordingly, the Council recommends that the risk assessment be
expanded to include estimates of human risk based on other models
in addition to the multi-stage model. Inclusion of human risk
estimates so derived would more accurately describe the actual
range of potential human risk as required by state law (Health
and Safety Code Section 39660(c)). ’

The Council believes that these recommended additions to the
‘benzene risk assessment would result in a more complete and accurate
representation of the potential human risks posed by exposure to
benzene, and a sounder basis for risk management decisions. ‘

Sincerely,

dyed Ul

Evelyn F. Heidelberg
EFH:pj , Vice President

cc: Assemblywoman Tanner
Corinne Marshall
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Chevron

Chevron U.S.A. Inc.
v 575 Market Sweet, San Francisco, California ® Phane 14151 §34-2242
Mai Aogress P 7 Bor 633 Sz frar-uec Ch 92120 7643

W. T. Danker

Manager, Envirarmenta! Programs
Enviranmen:, Sirety. Fre and Heatth

August 30, 1984

Department of Health Services
Report on Benzene - Part B
Health Effects of Benzene

Mr. William V, Lascutoff, Chief

Toxic Pollutants Branch

Air Resources Board

P. O. Box 2815 |
Sacramento. CA 95812 ' -

Dear Sir:

Chevron has reviewed the subject report, and we appreciate the opportunity to
comment prior to submitting the report to the Scientific Review Pane] (SRP).
OQur comments, listed below, are aimed at making the report a balanced
presentation of information that can be used efiectively by the SRP and the Air
Resources Board, during the decision making process.

1. In its approach to quantifying the carcinogenic risk presented
by the exposure to airborne benzene, the DHS appears to mix
policy decision with scientific fact. As a matter of "scientific
policy”, the Department has selected a linear no-threshold
mode] to extrapolate human risk from the most conservative
animal data available. The multistage model was preferred by
the Department because "it at least is based on some of the
theoretical concepts of carcinogenesis." It must be pointed out,
however, that there are a number of other risk models, also
based on the theoretical concepts of carcinogensis, which would
adequately fit the experimental data. Several of these models
may be even better predictors of the observed data than the
multistage model. We believe it would be more appropriate to
apply a range of models to the experimental data. This would
allow the assumptions and unceriainties inherent in each model
to be fully evaluated so that their limitations are clearly
understood throughout the decision making process.

2.  We have several concerns regarding the animal data selected by
the Departrhent as the basis for its risk calculations. The data




Mr. William V. Lascutoff =~ -2~ August 30, 1984

was obtained from a study utilizing oral dosing rather than
inhalation, despite the many acknowiedged and theoretical
differences in the distribution and excretion of benzene
following exposure by these routes. While clearly identifying
the hematopoietic system and bone marrow as the target organs
of benzene's toxicity in both animals and man, the Department
selected the incidence of preputial gland tumors as the basis
from which to make its risk extrapolations. It is important to
note that these tumors have been observed only among males of.
one specie in one study. In addition, we do not believe there is
conclusive evidence that benzene produces tumors in human
beings at sites other than those of the hematopoietic and
{ymphatic systems.

3. We believe that the DHS incorrectly concludes that
epidemiological (human) studies are not useful in developing
quantitative risk assessments because they lack sufficient
statistical power to establish no observed adverse effect levels
{or thresholds). While this may often be true, epidemiological
studies are useful in establishing upper statistical bounds for
cancer incidents at differing levels of human exposure. Such
information has been used as the basis for extrapolation of
cancer risk at low exposures by the EPA and OSHA in the
establishment of their benzene standards.

4, In addressing the concepts of thresholds, we believe the
Department has made several unfounded distinctions between
carcinogenic mechanisms and those of other toxicological end
points ("classic toxicological processes"). These differences are
then used in the selection of a linear no-threshold risk
assessment model. The potential impacts of physiologic reserve
and adaptation on carinogenic responses appeared to have been
discounted by the Department despite evidence demonstrating

- the rates of genetic repair mechanisms, redundant genetic
sequences, and immune surveillance in modifying the
carcinogenicity of chemicals. The substantial background
incidence of cancer in man is interpreted by DHS to
demonstrate that human exposure to carcinogens is already well
in excess of any possible population threshold for at least some
mechanisms. This overjooks, however, the contribution to the
background incidence of many spontaneous biological events
which need not be related to environmental agents, such as
disruption in cell-to-cell communications and errors in DNA
replication and repair. The DHS has suggested that the human
population is likely to be characterized by a wide distribution of
thresholds, such that there would be no absclute lower bound.
This hypothesis does not appear supportable in light of the

. myriad of other traditiona! toxicological responses for which
practical population thresholds have been established.
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5.  In reviewing the evidence concerning non-genetic mechanisms .
of carcinogenesis, we believe the DHS has overlooked several
lines of supportive evidence, such as the development of
bladder tumors following the induction of bladder stones by
terephthalates, the induction of lung and mesothelial tumors by
natural and man-made fibers having specific physical
characteristics, and skin tumor promotion by phorbol esters.

These comments have been prepaired in consultation with Dr. Robert
Wilkenield, a Toxicologist at the Chevron Environmental Health Center,
Incorporated. If you have any questions or comments, please contact Dr.
Wilkenfeld at (415) 231-6018 or Mark W. Nordheim of our Environmental,
Safety, Fire and Health Staff at (415) 894-6107.

Sincerely,

- W. T. Danker

MWN:ig
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Mr. William vV, Loscutoff, Chlef
Toxlcs Poliutants Branch
Catllifornla Alr Resources Board
P. 0. Box 2815

Sacramento, CA 95812

Dear Blil:
Sub ject: DOHS Draff "Hea!th Effects of Benzene"

Thank you for the copy of the DOHS draft of Sectlon B:
Health Effects, for your Benzene report. |In general, | have
two comments: :

1. Parts of 11, dealing wi+h biology (Sectlons |
through V) are excellent, '

2. Parts of it, dealing with aspects of Risk Management
(Secttons VI and VI1l) are Inappropriate, Incomplete, and
Inaccurate, They should be deleted or redone. Let me be
speciflic: There are three major Issues in Sections V| and
Vil. They are: :

3. Threshulds.
b. Dose-response Models.
C. Accepfab]e Risk Levels.

In each case | feel the DOHS staff has not done a fair
and complete job. : - :

Ihresholds

The issue of thresholds for carclinogenlc action has been
debated In many erenas. There are strong emotions on both
sides of this Issue. The DOHS draft comes down entirely on
the "no threshold" side. The references | sent you two weeks
ago, on the letters in "Risk Anatysis", deal with some other

i

) s
, Corporate Otfice KO
IT Corporation +23456 Hawihomne Boulevard  Suite 220+ Tonrance, Califomia 90505 « 233789933,
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views. Further, In my letter to you last week on your .

Chromlum blbllography, | cited three papers on the specific
lssue of thresholds. Of those, both the Claus and Bolander
and Koch papers make speciflic predictions about thresholds,
In Koch's paper, there Is a numerlical value glven for
benzene. A quantltative value Is readily caliculated for
Claus and Bolander's approach, | doubt that the
dose-response data from either the human epidemiology studles
or the anlmal blioassays c¢clted in the Sectlon B report can
statistically rule out the threshold model.

I+ Is fashlonable to argue that there Is no statistical
"proof" of a threshold In these kinds of sltuations. Most of
the "evidence" advanced, Including the Congressional QOTA '
study, Is simply statistical curve=-fitting exercises. |If
you ask the question "Do the data prove there Is a
Threshold?", t+he answer Is "No.," |If, on the other hand, you
ask "Do the data prove there 1s no threshold?®, the answer
again Is "No." One can assume elther mathematical model, one
with the curve forced Yo go through zero response and zero
dose, or another with the curve forced to go through zero
response 8t some poslitive fixed dose. The statisticel:
evidence ls not sufficlent to rule out or confirm elther
model. '

! believe the DOHS report needs to deal with this polnt, .
The decislon to regulate, to set thresholds, and to set alr
quality standards, Is the province of the Board and/or .County
or Reglonal Districts. The Health report needs to lay out
the Information on heelth effects in a falr and unblased
fashion. |f DOHS does not provide complete information to
begin wlth, the Sclence Review Pane!, I+ seems to me, has no
option but to require a thorough rewrite.

- Doge-response Models

t, personally, have no major quarrel wlth the use of the
Armitage-Dol!| multistage model as probably the "best"
avallable, This Is based on our present, incomplete
knowledge of mechanisms of carclinogenesis. | do not think,
however, that the Crump method for calculation gives the kind
of results that are best sulited for estimating human
dose~response relationships. Those Issues, however, have %o
" do with the cholce of model and the assumptlon of linear
extrapolation of the upper 95 percent conflidence |Imit to
zero dose,

Further, the model used does not Include the possibllity
‘of 2 threshold, as dlscussed above. | do not feel that the
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model issue !s one that can be resolved by a debate among
proponents of one or another formula. As | recall, the
federal court rejected an OSHA benzene standard In part
because all plausible models were not used, and the one
chosen gave, In the court's view, a blased result..

Therefore, it seems to me that it is Incumbent on DOHS
to present results of several models in thelr extrapoiations
to low dose. These models should Include both threshold and
non~-threshold cases. | do not belleve the calculated 95
percent UCL should be compared with the calculated MLE (see
the thlrd paragraph on page 83, and the flrst paragraph on
pagé 79). This truly is comparing apples and oranges.

Again, sectlons of the report dealing with these
sub Jects need revision,

. . _

The summary, on page 3, and the report, on page 87,
discuss the question of what Is or Is not a "negllgibie"
risk., This is totally Inappropriate for DOHS. The selection
of actionable risk level is one that your Board must make.
The Information provided in the paragraphs referred to Is
only @ miniscule fragment of 2 very complex and extensive
l1terature on the subject., Furthermore, I+ Is not a
particularly relevant or ‘1lluminating example.

DOHS has been -directed by the Governor's Office to delete
all -1tems related to RIsk Management in [ts Cancer Policy., |
do not think it appropriate to allow this kind of end run.
DOHS staff should not be providing recommendations on policy
matters to your Board, unless asked specificaltly.

| belteve the CARB staff, perhaps with the ald of a
contractor, needs to prepare some data on Risk Management
optlions for the Board. |t would be a good lIdea to have the
technical aspects of such & report reviewed by some of the
many Callfornia experts with extenslve professional
experlence In the areas of risk snalysis, assessment, and
management, Possibly this couid be done with oversight from
Dr. Mrak's panel.

Other Speclflc_Comments

The following are listed by page, In no order of
priority:
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Page 31 last paragraph - "Eour major methods are In .

current use for Identliflicatlon..."™ On pages 32 and 33, flve
methods are I1sted. Is one not a "major" method? Which?

Pages 48-49 - There are & number cof arguable statements
here about Instantaneous deactivations, cholce of "most-
sensltive Individuals", and the use of statistical
curve-fltting as evidence. |If the revislions | suggest above
about threshold are adopted, these pages willl be changed. |If
not, ! wlll provide the Sclience Rev!iew Panel wlth detalled

comments.,

Fage B0 last sentence - |+ [s not apprbprlafe for DOHS
staff to make unsupported recommendatlions to the Board, at
least according to my reading of AB 1807.

Page 82 last paragraph - Agaln ralses the questlion of
"actlonable levels" and "de minimus rlsk"™, both of which are .
the Board's province, not DOHS staff's.

Page 85 last paragraph - This polints out 2 need for some
estimates of Indoor benzene exposure leveis In Callfornia.
Most studles show that people spend nearly all (over 22
hours) of the day lIndoors, elther at home or at work. That
being the case, outdoor benzene levels may be meaningless for
assessing risk to Callfornla's clitlzens. .

Page 99 last paragraph, third llne: "Further, eech
transition (1) iIs dependent on two gonstants, & ..."™ 1| think
"perameters™ would be 2 better cholce of words,

' Please call 1f | can clarlfy or expand on any of these
polnts,

Yery truly yours,

Vet

R. Nichols Haze!wood, Ph.D.
Project Manager
Environmental Affalrs

RNH:vh
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MOTOR VEHICLE MANUFACTURERS ASSOCIATION

of the Ulnited States, Inc.

300 NEW CENTER BUILDING o DETROIT. MICHIGAN 48202 ¢ AREA 313-872-431]

S’
W. PAUL TIPPETT, Chairman et . - .
V.J. ADDUCI, President and Chief Executive Officer
THOMAS H. HANNA, Senior Vics President August 29, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Board:

P. ©O. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

Subject: Department of Health Services Report
on Benzene (Part B)

The Motor Vehicle Manufacturers Association of the United
States,; Inc. (MVMA)}* is a trade association whose members repre-
sent the major domestic motor vehicle manufacturers. We are
responding to your request for comments on the subject report.

As you outline in your letter of July 27, 1984 the subject
report unexpectedly became available on July 25, 1984. We
received that letter of availability on August 3, 1984,
immediately reqguested the document and received it on August 10,
1984. 1In order for comments to be included in your submittal to
the Scientific Review Panel, the comments were requested by
August 30, 1984.

As you know, the subject report is very long, detailed and
complex. The document obviously reguired a great deal of time and
effort to develop. Likewise, & proportionate amount of time and
effort are required for development of review comments. 1In
addition, it is evident from reading only the executive summary
that certain recommendations and numerocus assumptions contained in
the document, require extensive scientific review and discussion.
For these reasons, we are requesting a 60 day extension of the
comment period for the subject document.

*MVMA members are AM General Corporation, American Motors
Corporation; Chrysler Corporation, Ford Motor Company, General'
Motors Corporation, International Harvester Company, M.A.N.
Truck and Bus Corporation, PACCAR Inc, Volkswagen of America,
Inc.; and Volvo North America Corporation.
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We trust that this request will be approved because the
Board has expoused a commitment to a sound scientific basis for
regulation of toxic air pollutants. A comment period which allows
less than adequate time for thorough scientific evaluation would
be contrary to the Board's commitment to sound science.

. We would appreciate expeditious consideration and reply to .
our reguest Zor an extension of the comment peripd. ‘ ,

Sincerely,

. b .
Dr. Fred W. Bowditché
Vice President

Technical Affairs

FWB/S
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AIK KEODUUKLED DUAKRY
1102 @ STREET

£.0. BOX 2815

SACRAMENTO, CA 95812

‘\_,: September 12, 1954
Dr. Fred W. Bowditch, Vice President
Technical Affairs
Motor Yehicle Manufacturers Association

of the United States, Inc.
300 New Center Building
Detroit, MI 48202
Dear Dr. Bowditch:
Subject: Department of Health Services Report on
Benzene (Part B)
Thank you for your letter of August 29, 1984 in which you request a sixty day
extension of the comment period on A Review of Benzene Health Hazards (Part B)
by the Department of Health Services. _ -
Unfortunately, our schedule for implementing AB 1807 does not allow us to
postpone the submission of the benzene report to the Scientific Review Panel
(SRP). We have committed to making the submission on September 14. The Panel
will have 45 days (plus 15 extra days, if requested and granted) to review the
- report and return its written findings to the Air Resources Board. During
~ that period, you may submit written comments on the report directly to the SRP
: or we can forward the comments for you. .
I would 1ike to note that we are not required to release Part B for public
review before its submittal to the SRP. However, we did make it available to
the public as soon as we received it in order to assist SRP review by
maximizing the opportunity for public review and submittal of comments to the
Panel for its consideration. A copy of your letter and this response will be .
included in the report to the Scientific Review Panel. .
Thank you again for your comments. If you wish to discuss these comments
more, please contact Barbara Fry at (916) 322-8276.
- Sincerely, |

W Amas for
William V. Loscutoff, Chief
Toxic Pollutants Branch
Stationary Source Division
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Natural Resources Detense Council, Inc.

25 KEARNY STREFET
SAN FRANCISCO, CALIFORNIA 94108

415 421-0561
Washington Office _ New York Office
1725 1 STREET, N.W, : 122 FAST 42ND STREET
SUITE Goo NEW YORKh. N.Y. 101068
WASHINGTON, D.C. 200006 212 y44-0049

zo2 223-8210

August 31, 1984

Mr, William V. Loscutoff, Chief
Toxic Pollutants Branch

Alr Resources Board

P.O. Box 2315

Sacramento CA 95812

RE: Department of Health Services' Report on Benzene
(Part B) :

Dear. Mr, Loscutoff:

I am writing in response to your request for comments
on the Department of Health Servicesreport, Health Effects of
Benzene. I apologize for the lateness of our comments and hope
that you will find them useful nonetheless.

As you know, NRDC has been an active critic of the federal
Environmental Protection Agency's program to regulate airborne
toxic contaminants. We are therefore very pleased to see California':
program begin to move forward, as evidenced by publication of this
report on the health effects of benzene. Generally speaking, we
believe the report deserves high commendation. It is thorough,
up to date, and scientifically sound. It is thoughtful in both
analysis and presentation. The report's conclusions are all based -
on conservative assumptions and should brook little disagreement
among the scientific community.

We are particularly impressed with the report's treatment
of the related questions of thresholds and risk. We completely
agree with the conclusion that there are no compelling arguments
for a benzene threshold and that it is prudent under the circum-
stances to conclude that none exists. We also agree with the
report's distinction between voluntary and involuntary risk.
As the report points out, public tolerance of involuntary risks
is much lower than for those incurred voluntarily. This important
distinction must be kept in mind when considering emission standards
for various sources. ' '

New England Qffice: 16 PRESCOTT STREET * WELLESLEY HILLS, MA, 02131 * 637 2470472

- Public Lands Institute: 1720 RACE STREET » DENVER, €O, 80206 » $03 3779740 L "J
100%, Recycled Paper Lt T
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The report's discussion of risk would be benefited,
however, by inclusion of a related point. This report considers
only the risk from benzene, and its conclusions will be used to
set a standard for control of benzene emissions. But we also know
that similar risks are imposed by hundreds of other airborne
toxic substances, and that the total risk from all these exposures
is likely to be far greater than the risk from each of them
individually. Indeed, the total risk may be greater than the
cunmulative sum of all the risks due to synergism, a possibility
not explored by the report. While there is not currently much
evidence to enable us to quantify either cumulative or synergistic
risks, their likely existence argues for additional conservatism
in setting emissions standards for individual peollutants.

The report's executive summary is a clear and concise
collation of the report's most important findings. The summary
stresses primarily the acute toxic health effects and cancer
resulting from benzene exposure. To these we would add reference
to reproductive effects, which are discussed in the body of the
report. As the report suggests, these can also be significant .
and should be highlighted in the summary. -

In conclusion, the Department of Health Services' report
represents an impeortant contribution to our understanding of the
health effects of benzene. While NRDC believes it could be
strengthened in some respects, we generally support its conclu-
sions. We hope that the report -- which clearly demonstrates
the need for concern about benzene emissions -=- will be followed
in short order by regulatory action.

If you have any questions about these comments, please
do not hesitate to call me or my colleague, Lawrie Mott,

Sincerely,

| oz

| Laura B. King
Senior Staff Scientist

cc: Assemblywoman Sally Tanner .
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Internationsl Offices:
255 Union Bivd., Lakewood, CO R0228

Oil, Chemical & Atomic Workers 303-987-22729
international Union, AFL-CIO Mail: P.O. Box 2812, Denver, CO 80201
EXPRESS MAIL

August 28, 1984

Mr. William V. Loscutoff, Chief
Toxie Pollutants Branch

Air Resources Board

P.0. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff: _ .

Thank you for the opportunity to comment on the Department of Health
Services’ report on Benzene (Part B). This report has been reviewed
by the health and safety staff of the 0il, Chemical and Atomic Workers
International Union. We find that this is a good study that
appropriately considers the health risks to persons exposed to
benzene, whether from the workplace or the environment.

We agree completely with the position of the Department of Health that
there is no known safe threshold for benzene exposure so that it
should be treated as if it had no threshold.

We were also glad to see the Department take a prudent position on
benzene risks from atmospheric emissions. The Union would only
recommend that the Department review the two most recent benzene
studies which serve to further underscore its carcinogenicity. These

are:
1) "Statistical Analysis of Hematology Data From the
Chronic Test of Benzene."” By Program Resources, Inc.,
P.0. Box 12794, Research Triangle Park, RC 27709, 5/31/84
2) NTP Technical Report on the Toxicclogy and Carcinogenesis
Studies of Benzene, NIH Publication #84-2545, Draft 7/84
\
A
f'{'. -
e v Yy
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We also took the liberty to review Part A, "A Review of Benzene Uses,
Emission and Public Exposure'", prepared by the staff of the Air
Resources Board.

We would agree with the Air Resources Board that "additional testing
of benzene emissions from petroleum refineries and asphalt plants
should be performed prior to considering control measure development
for these sources".l We would urge that this testing be done without
delay so that any necessary control measures can be required and
instituted in & timely manner.

- Thank you for submitting these two documents for review.

Sincerely,

(,/‘ﬂ/ i

Dan C. Edwards, Director
Health and Safety Department

SK/DCE/mb

"ecc: Robert Wages, V-P, OCAW

' Jack Foley, Director, District #1
Thomas Lind, Int‘l Representative
Robert Boudreau, Int‘l Representative

! Since the two studies cited in the report offer only rough
approximations of benzene emissions fromlrefineries and asphalt
plants, it is reasonable to want more precise measurements.
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Western Oil and Gas Association

727 West Seventh Street, Los Angeles, California 80017
" (213) 627-4866

September 10, 1984

William V. Loscutoff

Chief, Toxics Pollutant Branch : Express Mail
Air Resources Board :

1102 Q Street

Sacramento, California 95812

Re: ARB Report on Benzene
Health Effects ~- Part B

Dear Mr. Venturini:

The Western 0il and Gas Association ("WOGA") thanks
you for providing an opportunity to submit written comments on
the Department of Health Services' ("DHS") report, "Health
Effects of Benzene - Part B," to be submitted to the Scientific
Review Panel ("SRP") along with the report itself., The general
comments that follow are intended to be constructive and apply
not only to this report but to future health effects evaluations
as well. We will submit more detailed comments on the benzene
report at a later date.

~Introduction

WOGA does not dispute that benzene must be listed
as a toxic air contaminant. California law requires that
substances identified as hazardous air pollutants pursuant to
section 112 of the Clean Air Act must be identified by the
Board as toxic air contaminants., ' (Health and Safety Code
§ 39655. )_/ The purpose. of these comments is to assure
that the best scientific data and analysis is used to estimate
the risk to human health from benzene at ambient levels. 1In
subsequent proceedings, these risk estimates will guide the Air
Resources Board ("ARB") in deciding whether ambient benzene
levels can be reduced in a manner that will result in improved
health at an acceptable cost. Accordingly, it is important that
the risk estimates be as accurate and realistic as possible.

While the DHS Part B report attempted to do this, it
seriously overestimated the likely risk of exposure to benzene
because it:

a. Did not critically evaluate the animal
studies used;

*/ All statutory references will be to the California Health
and Safety Code, unless otherwise noted.
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b. Mixed science and policy decisions in
estimating risk and did not clearly
identify when this mixing occurred;

c. Failed to presern: a range of risks which
would show the uncertainties in the
analysis, as required by law;

4. Based its risk estimates on & number of
conservative assumptions which do not
have a sound scientific basis;

e. Disregarded all data from human studies;:
and

f. Made no effort to relate the results
of the risk assessment to observed
effects in hqmans.
Each of these points are discussed in the sections that follow.

Lack of Critical Evaluation of Laboratory Data.

The report fails to critically review the animal
studies on which the risk estimate is based. It appears that
the risk estimate was based on the NTP Study results simply
because these results showed effects from benzene at the lowest
‘dose. The report does not evaluate the quality of the study. or
the appropriateness of using it as the sole basis for estimating
the risk to humans posed by benzene. Accordingly, the risk .
estimates derived from this constricted data base are highly
uncertain. '

Lack of clear separation between scientific
and policy decisions,

The Tanner bill (Health & Safety Code §§ 39650 et
seq.) established the regulatory framework for the identifica-
tion and regulation of toxic air contaminants. Separate and
distinct duties and responsibilities were provided for both the
DHS and the ARB.

The statute directs DHS to "evaluate the health
effects of and prepare recommendations regarding substances . ,
which may be or are emitted into the ambient air of California
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which may be determined to be toxic air contaminants." (Section
39660(a}.) It further directs that:

"The evaluation shall assess the availability
and quality of data on health effects, includ-
ing potency, mode cf action, and other relatlve
biological factors, of the substance,

"Phe evaluation shall also contain an
estimate of the levels of exposure which may
cause or contribute to adverse health effects
and, in the case where there is no threshold
of significant adverse health effects, the
rance of risk to humans resulting from current
or anticipated exposure." _

(emphasis added, Section 39660(c).)

Thus, under this regime, the DHS's function is to objectively
review the scientific data and to make "recommendations® to the
Board as to whether a substance should be designated as a toxic
air contaminant. (Section 39660{(a)).

The ARB, in turn, has been given the authority to
identify a substance as a toxic air contaminant following a
public hearing (Section 39662(b)) and to decide if regulation
is necessary. (Section 39665.) It should also be noted that
the law grants discretion to the Board in its consideration
of substances proposed for identification as toxic air
contaminants. The statute states that:

"In evaluating the nature of the adverse
health effect and the range of risk to
humans from exposure to a substance, the
state board shall utilize scientific criteria
which are protective of public health,

- consistent with current scientific data."

(émphasis added, Section 39662(4).)

The important thing to note from these sections is
that the policy decisions regardlng whether to identify a
substance as a toxic air contaminant and, K if so, how stringently
to regulate have been left to the discretion of the ARB. To
assist the ARB in making these decisions, the statute directs
DHS to evaluate the available data and present a range of risks
on which the ARB can base its decision.
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Unfortunately, the Part B report fails to distinguish
between science and policy decisions and the risk assessment
and risk management functions clearly delineated by the statute.
This occurs because many policy decisions are incorporated
into the review as scientific decisions. We refer to the fact
that the most conservative assumptions concerning the most
constricted data base were applied at every critical point.
{(We will discuss the conservative assumptions in more detail
below. ) ‘ ‘ '

The choice of whether and to what extent to use
conservative assumptions is in itself a policy decision of great
significance to the risk estimate, Since the policy decisions
made were not clearly identified as such, the ultimate
decisionmaker -~ in this case, the ARB -- is not informed when
policy decisions have been made or of the magnitude of their
impact on the risk estimates, Thus, the picture the ARB will
receive from the Part B report is that only one scientifically
credible risk number is possible when in fact several are

credible. _ .

Failure to Present a "Range of Risks"

The statute directs DHS to present a "range of risks"
to humans from exposure to & given substance. (E.g. sections
39660(c) and 39662(d).) We do not believe that the risk
estimates for benzene provided in the report satigfy this
command,

ma—

The report could and should have presented a more
realistic picture of the uncertainty involved in these estimates
by using more than one model and by using more than one set of
defensible assumptions. This would have produced the range of
risk estimates required by the statute, rather than over-
simplifying risk to a single number. It would also have provided
a more realistic estimate of risk under a variety of scenarios
and shown how sensitive risk estimates are to the assumptions
applied to the data.

The Conservative Assumptions Used
Overestimate Risk.

The comments below are not intended to be exhaustive
but to briefly identify some of the questionable assumptions

in the report. - - , ‘
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1. Selection of an Extremely Rare Tumor

Although a number of benzene risk assessments have
been made, WOGA is not aware of any that have relied upon the
NTP benzene study and certainly none which based the whole
estimate on preputial cancers in mice at the 100 mg/kg dose
level. 1t appears that this study, this dose level and this
cancer can only have been chosen because they yield the highest
value of unit risk.

These choices should be questioned. Preputial tumors
are rare and were observed only in mice. They have not been
observed in rats or in animals exposed by gavage and inhalation
in the 1983 Maltoni studies. Furthermore, there is no tissue in
humans that corresponds to the preputial gland in mice, where
the tumors were observed in the RTP study. For these reasons,
there is no conclusive evidence that benzene produces nonhemato—
poietic or nonlymphatic tumors in humans,

2, Selection of the Most Sensztive Species in
Which an Effect Occurred.

The report states that data should come from the
most sensitive species available. (p. 85.) This conservative
assumption may be-illuminating but where human data show that
humans may not be as sensitive a contrasting assumption and its
consequences should also be presented. Relying solelx upon the
most conservative assumption results in an estimate biased in
one direction. : . :

3. Selection of the Most Sensitive Route
of Exposure.

Basing risk estimates on exposure data from oral
studies in animals tends to overestimate risk for humans since
humans are exposed to benzene almost exclusively by inhalation.
There are acknowledged differences in the distribution and
excretion of benzene following different routes of exposure.

An example of this difference is seen in the 1983 Maltoni
animal studies which used the multistage model to project human
equivalent cancer risk/ppb benzene for both oral and inhalation
routes. Inhalation of benzene at doses similar to that given
by gavage resulted in calculated risks that are three to four
times lower than those calculated from the oral studies.

For this reason, in attempting to estimate risks to humans
breathing benzene it would be more appropriate to use animal
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data derived from tests using inhalation as the route of
exposure, The report does not discuss this point nor defend
the approach taken.

4. The Interspecies Scaling Factor.

Ssurface area adjustment was used for interspecies
scaling. (P. 72-73) Available empirical information suggests
that mg/kg body weight per day is the best estimator. Alternate
adjustment methods should have been evaluated and discussed for
their impact on the calculated risk values.

5. assumption of the Multipotential Carcinogenicity
of Benzene.

The assumption is made, based on animal data, that
benzene is a2 multi-potential carcinogen when only leukemia has
been shown to occur in humans as a result of benzene expeosure,
This assumption cannot be justified. The report also refers to
benzene as causing "leukemia™ in animals. There is presently
no accepted animal model for benzene-induced leukemia. ' .

6. Choice of ‘Model.

The report states that the multistage model was used
because "it at least is based on some of the theoretical concepts
of carcinogenesis.® (p. 79) However, there are a number of
other extrapolation models which are based on other theoretical
concepts of carcinogenesis and which adequately fit the experi-
mental data, such as the Weibull or multi-hit models. Several
of these models may be better predictors of observed data than
the multistage model. The selection of one model over that
of another is clearly a policy decision which should not be
ascribed solely to scientific considerations and which should
be adequately evaluated and explained.

7. The Assumption of a Zero Threshold.

While the report states that the data did not permit
the establishment of a threshold for benzene at this time, it
should still state its criteria for determining whether a
threshold exists for future determinations,
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8. Failure to Consider Human Data.

The most serious flaw in the risk estimation is
the total disregard of data from human studies. Such data have
been used by other governmental agencies which have assessed
risk from benzene exposure. Human data can be used to set
plausible upper limits for cancer incidence at different levels
of exposure and can be used also as the basis for extrapolating
cancer risk to the low dose region. _

Human data from epidemiological studies was dismissed
because of the uncertainty in the exposure level estimates,
While this uncertainty is present, the report ignores the
important fact that the exhibited biological effects in humans
are certain even though the exposure levels which produced them
may not be. In contrast, while exposure levels may be certain
in animal studies, the comparable biOlogical human effect is
not. Yet, this reciprocal uncerta1nty in the animal data was
not addressed.

We do not mean to suggest that animal data should not
be used. Rather, it must be recognized that both kinds of data
have their inherent uncertainties. Therefore, we urge that both
human and animal data from valid studies be considered in the
risk assessment and that significant uncertainties inherent in
such data should be gualitatively and quantitatively evaluated.

In summary, the consistent application of the most
conservative assumptions on each of the points discussed above
resulted in an estimate of health risks from benzene that
is based on inadequate and inappropriate data. 1In addition,
the results of this risk assessment have no relevance to actual
human data and should not be used as the basis for regulatory
decisions. .

No attempt has been made to compare the risk
estimates to reality.

To evaluate whether the risk estimate mathematically
derived from the animal data is in touch with reality, the
estimated risk number should have been compared with numbers of
observed incidences of benzene-related cancer and leukemias in
the human population. If the risk estimate is extrapolated
to ambient and/or past workplace exposure levels, we believe the
predicted cancer and leukemia incidences will be significantly
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higher than observed leukemia incidences. 1I1f so, reliance
cannot be placed on the risk estimate at other exposure
levels.

Conclusions and Recommendations.

Based upon our preliminary review, WOGA believes that
the Part B report is seriously deficient and recommends that
the report be revised as follows: :

1. All available animal and human data
should be critically evaluated and
justification should be provided for
the studies selected.

2. Policy decisions should be avoided
if possible. '

3.. 1f policy decisions must be made, they
should be clearly identified as such
prior to any discussion of risk. .

4. A range of risk estimates should be
developed using various models, various
human and animal studies and different
assumptions. This will provide the
ARB with the range of risk reguired by
the statute,

5. Data from valid human studies should be
used in addition to valid data from
animal studies.

6. The c¢riteria to be applied by DHS for
determining thresholds for exposure to
toxic air contaminants should be
clearly specified.

7. Risk estimates should be characterized as
theoretical estimates only and should be
compared to observed human data to assess
their statistical fit.
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Wwe thank you for the opportunity to submit these
comments. If you have any questions, please contact Dr. Michael
Cardin at (213) 977-6734. .

Very truly youré,
4

Robert N. Harrison
Assistant General Manager
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contaminant. This final document includes clarificaticns requested by your

staff on our June 29 draft version.

While AB1807 did not provide resources to carry out this additional activity
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APPENDIX D. SAMPLING AND ANALYSIS.METHODS FOR BENZENE

Sites
Benzene sampling by the ARB staff in the SCAB commenced in September 1983
(see Figure 1 for relative locations). EI Monte, the first operational
site, is 15 kilometers east of the Downtown Los Angeles (DOLA) North Main
Street air monitoring station operated by the South Coast Air Quality
Management District (SCAQMD). The DOLA site, aiready in use for criteria
poT]utant sampling, was the second site selected for benzene sampling. A
third sampling site was established at the Ca]ifornia State University
Dominguez Hills facility in Carson, some 25 kilometers south of DOLA.' A
fourth sampling site was located at the SCAQMD Riverside station in
Riverside, 125 kiiometers east of DOLA. Table D-I summarizes the

activities around the four monitoring sites.

Principle of the Method

2.1 Ambient air 1s sampled into a polyvinyl fiuoride (Tedlar) film
sample bag at a constant rate for a 24-hour time interval {9 a.m, to
9 a.m.) by means of an automatic sémplér. |

2.2 After sampling, the ambient air bag sample is returned to the
laboratory and the contents are analyzed by gas chromatography (GC),
using a photoionization detector (PID).

2.3 A portion of the air sample is transferred by a syringe to a
cryogenic trap.

2.4 The integrated sample is introduced into the chromatrograph sample

stream by means of a gas sampling valve.
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2.5 The GC data system quantitates benzene by integrating the peak area
and caiculating the concentration from factors determined during

calibrafion with standards.

Range and Sensitivity

3.1 The minimum measurable concentration of benzene has been determ{ned
to be 0.5 part per billion (ppb) using prescribed instrument.
conditions, 40 ml of Sample, and a cryogenic trap.

3.2 .The‘range of benzene measurement is 1.0 to 1000 ppb. The upper
limit may be expanded by extending the calibration range or by

diluting the sample.

Confirmation of Chemical Identity

4.1 Any organic compound present in the sample having a retention time
similar to that of benzene under the operating conditions described
in this method may interfere with the quantitation. Proof of
chemical identity for benzene requires confirmation by other means.

4,2 Benzene is positively identified by means of a gas chromatograph/

mass spectrometer,

Calibration, Precision, and Accuracy

5.1 The calibration procedure employs the principles set forth in the
"Quality Assurance Handbook for Air Po11ution Measurement Systems"
(U.S. Environmental Protection Agency, 1976). 1t includes periodic
checks, and calcutations of the confidence interval basedlon

precision. .
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5.2

5.3

5.4

Standard reference materials are used in the linearity check at
concentrations which bracket the anticipated range of pollutant
concentrations. The calibration data are fitted to a straighF tine,
Y = a + bX, by the method of least squares. The calibration is
occeptable if the F-ratio is less than the 95% rejection 1imit.

The 95% confidence intervals are obtained by multipliying. the square
root of variance by the appropriate value of 't' from a 't' table.
References:

Bennett, C. A. and Franklin, N. L., "Statistical Analysis in
Chem1stny and the Chemical Industny,“ P. 222 232, John Wiley & Sons,

"Inc., New York (1954},

Draper, N. R. and Smith, H., "Applied Regression Analysis," p. 30,
John Wiley & Sons, Inc., New York (1966).

Purneli, H., "Gas Chromatography," pp. 301 302 John w11ey & Sons,
Inc., New York (1962).

U. S. Environmental Protection Agency, "Quality Assurance Handbook
for Air Pollution Measurement Systems, Volume I - Principles,"
Research Triangle Park, North Carolina 27711 (1976).

Advantages and Disadvantages of the Sampling Method

6.1

6.2

6.3

The air sampling equipment is easily set up and involves no

liquids. The ambient concentrations of benzene are stable for at

least 72 hours in the Tedlar sampling bags. Sampling bags are kept
away from direct sunlight and ore not exposed to temperatures
greater than 90°F. -

A representative integrated sample is readily obtained because fhe
equipment samples at a constant rate.

The sample is easily and repeatedly introduced into the GC by means

of a volumetric gas samp1ing valve or cryogenic trap.
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6.4 The lower concenfration']imit of the analysis may be extended by
concentrating the sample by freezing out a larger volume of the
sample.

6.5 The polyvinyl fluoride (Tedlar) film sample bag is susceptible to
leaks and permeation through the bag.

6.6 The sample is susceptible to contamination when it passes through
the diaphragm pump.

6.7 Samples collected in Tedlar bags have a shorter shelf 1ife than
samples collected in other containers and sample medians such as

stainless steel canistérs or adsorbent tubes.

7. Aégaratus
7.1 The sample system consists of a diaphragm pump, seven day timer,

flow indicator, pressure regulator, flow controller, flow by-pas;
system and the sample bag (see Figure 2). Thé diaphragm pump (of
steel and Teflon construction)} draws ambient air through the sampie
system at approximately 5 1iters per minute. Thirty-five ml per
minute of this air stream is sampled, the remaining flow is
by-passed and vented. The sample flows through a diaphragm pump, a
solenoid valve, a pressure regulator (set'for 2-3 psig to prevent
any accidentally over-filled sample bag from bursting); a flow
control needle valve, a flowmeter, and into the sample bag. A
seven-day timér reguf&tes the sampling period.

7.2 Tedlar bags, 2 mil fhickness, 50 1iter capacity, equipped with

stainless steel quick disconnect fittings.




7.3 Rigid opaque containers for Tedlar bag saﬁp]es to protect contents
from sunlight, ‘

7.4 A gas chromatograph equipped with a cryogenic inlet system and
photoionization detector.

7.5 A freeze-out system consisting of a U-shaped stainless steel trap
filled with stainless steel clippings.

7.6 A stainless steel column (6 ft. x 1/8 inch), packed with 10%
N,N-bis{2 cyanoethyl) formamide on 100/120 mesh chromasorb PAN.

7.7 For a confirmation of benzene, an alternate column should be used
such as a stainless steel GC column packed with 10% tricyanoethoxy
propane (TCEP). -

7.8 An analog recorder and a means to qﬁantitate peak areas.

7.9 A 100 ml ground glass syringe or other suitable device to transfer
air samples from the Tedlar bag to the GC sample inlet.

7.10 Assorted gas cylinder regulator, flow meters, thérmometers, and a

barometer.

8. Reagents

8.1 All reagenfs are of chromatographic grade,

8.2 Benzene NBS standard, 9.74 + .10 ppm in ultra pure air. The date of
gas cylinder preparation, certified benzene concentration, and
recommended shelf 1ife are affixed to the cylinder.

8.3 Helium, 99.995%



9.

9.1

Procedure

Preparation of bags.

9.1.1

9.1'2

9.1.3

9.1.4

9.1.5

Bags are constructed from 2 mil Tedlar sheeting (27 inches
x 27 inches),

The seams are heat sealed to form an épproximate 50 Titer
envelope. |

Swagelock S5-QC4-D-400VT stainless steel quick disconnect
fittings are attached with a stainless steel adapter and
buna 0-ring, Cajon SS-4-TA-OR-ST.

A1l newly fabricated bags are leak and contémination
tested. This involves three pressurization and evacuation
cycles using zero air. After a final pressurization to a

drum-head tightness, the bags are stored for 24 hours to

‘test for leakage. If the bags do not remain taut; they

are repaired or discarded. If the bags remain taut, the
contents of the bags are analyzed for benzene by GC. The
contents of the bag must not exceed the benzene content of
the zero air by a value greater than 2 ppb. If this
criteria is met, the bags are evacuated for field use, If
the bags éxceed the benzene level, the
pressurization/evacuation and analysis cycle procedure is
repeated.

Due to extensive handling, most bags are not suitable for
recycling. Bags suitébie for recycling are analyzed with
a flame ionization detector, evacuated, refilled with zero

air and evacuated for field use.
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9.2 Preparation of sampling device for ambient sampling.

9.3

9.4

9.5

9.2.1

9.2.2

9.2.3

9.2.4

902.5

The sample bag is attached to the sampler via the
stainless steel quick disconnect.

The sample pump is turned on and the flow adjusted with a
metering valve to 35 mi/min as determined on the rotameter.
The timer is set to start the sampler at 9 a.m. of the -
scheduled sampling day and set for é 24 hour duration.

A label ts attached to the sample bag noting the bag
number, sampling day, starting sample flow, sampling
location, and project 1og number,

After sampling is completed, the sampler is turned on
manually and the final sample flow noted on the bag

label. The sampler is turned off and the sample bag

removed via the stainless steel quick dis;onnect.

The samplie bags are transported to the laboratory in a rigid opaque

container.

The bag samples réceived at the laboratory are logged in, placed in

storage, and analysis initiated.

Analysis of samples (freeze-out method)

9.5.1

Freeze-out/Injection:

9.5.1.1 Immerse the sample loops in liquid nitfogen and allow

the temperature to stabilize (approximately &

minutes}.

9.5.1.2 After flushing the syringe with about 40 m1 of the

- sample, withdraw 40 m1 from the sample bag with a

syringe. .



9.5.1.3 Transfer the sample into the trap.
9.5.1.4 Back fill the syringe with 40 m1 of helium and flush
the 40 m1 through the trap; then f]ush helium through
the trap for 2 minutes.
9.5.1.5 Stop the helium flushing. Remove the 1/4 inch U-trap
from 1iquid nitrogen (LNZ)'
9,56.1.6 Isolate the cryogenic trap by using an "isolation
valve" which allows the c&rrier gas to by-pass the
trap.
9.5.1.7 Replace the LN, Dewar with a Dewar containing hot
water at about 80°C on the trap.
9.5.1.8 Allow ali the ice to melt from the trap.
9.5.1.9 Using the valve, introduce the sample into the
carrier gas stream.
g.5.2 Measurement of area: The area of the sample peak is
measured by any suitable integration device.
9.5.3 GC conditions for benzene
Helium gas flow: 20 ml/min
Heating bath temperature for cryogenic trap: 80°C
Column temperature: ambient

Detector temperature: 150°C

10. Calibration and Standards

10.1 Gas mixture standard: 9.74 + .10 ppm benzene-in ultra pure air in a

pressurized cylinder for which the gas composition has been

certified by NBS. The date of gas cylinder preparation, certified
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10.2

10.4

benzene concentration, and recommended maximum shelf 1ife must have

been affixed to the cylinder before shipment from NBS. The gas

mixture standard shall be used to prepare a chromatograph

calibration curve by dilution of the standard.

Standard of lower concentrations are prepared in the range of

one-thousandth of the NBS value to coincide with ambient

concentrations. At least two sets of standards with not less than

three independent analyses are performed to create multipoint

calibrations and to perform zero-span checks.

Calibration

10.4.1

Determination of benzene retention time. Establish
chromatograph'cdnditions identical with those in Section
9.5.3 above. Determine proper attenuator position. Fiush

the sampling loop with zero helium and activate the sample

 va1ve. Record the injection time, the sample loop

temperature, the column temperature, the carrier gas flow
rate, the chart speed and the attenuator setting. Record
peaks and detector responses that occur in the absence of
benzene. Maintain conditions, with the equipment plumbing
arranged identically to Section 9.5.3 and flush the sample
Toop for 30 seconds at the rate of 100 m1/min with oﬁe'of
the benzene calibration mixtures and activate the sample
valve. Record the injection time. Select the peak that
corresponds to benzene. Measure the disténce on the chart
from the injection time to the time at which the peak

maximum occurs. This quantity, divided by the chart
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speed,ris defined as the benzene peak retention time.
Since it is quite likely that there will be other organics
present in the sample, it is very important that positive
identification of the benzene peak be ma&e.

10.4.2 Preparation of chromatograph calibration curve. Make a.
gas chromatographic measurement of each standard gas
mixture uéing conditions identical with those listed in
Section 9.5.3. Fiush the sampling Joop for 30 seconds at
the rate of 100 mi/min with one of the standard gas

o mixtures and activate the sample valve. Record C, the
concentration of benzene injected, the attenuator setting,
chart speed, peak area, sample lodp temperature, column
temperature, carrier gas flow rate, and retention time,
Record the laboratory atmo;pheric pressure. Ca]cﬁ1ate A,
the peak area multiplied by the attenvator setting.

‘.Repeat until two consecutive injection areas are within 5
percent, then p1ot‘the average of those two values Qs. cC.
When the other standard gas mixtures have been similarly
analyzed and plotted, draw a straight line through the
points. Perform calibration daiiy; or before and after

each set of bag sampies, whichever is more frequent.

1. Quality Assurance

11.1 Bag material tests were performed to determine suitability of Tedlar

used to construct sample bags.




11.1.1

11.1.2

9.9
9.7
9.6
9.5
9.6

A bag material stability test was performed to determine

if benzene was generated within the bag material. A test
bag was filled with nitrogen gas from a 1iquid nitrogen
source and the contents analyzed initially and after 72
hours. The benzene level remained below the quantitation
level of 1 ppb and below the noise level (0.1 ppb).

A perﬁeability test was performed to determine whether any
changes in ambient benzene concentrations would occur in
the bag from the time that sampling started until the |

sample was pléced in the gas chromatograph.

Five Tedlar bags were filled with 10 ppb benzene in zero
air and the contents of the bags were analyzed at various

intervals. The results were:

Time, Hours (Approximately)
" Benzene Concentration

(ppb)
_1 s . s 72 (3 days)
9.9 9.7 9.5 9.5
9.8 9.7 9.9 9.8
9.6 9.6 9.7 0.0
9.6 9.5 : 9.5 . 9.9

- 10.0 9.9 10.3
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11.3

11.1.3 Bag Record

A log of each bag is kept to ensure that at no time is an

ambient bag used to sample high concentrations of benzene

(> 100 ppb) or any other hydrocarbons. The'1og contains date

of fabricatijon, leak testing, sampiing, sampling site/date,

‘bag identification, and bag destfuction date, '
11.1.4 Bag Contamination

If a2 bag is foqnd to have sampled source lavel concentrations

( > 100 ppb) of hydrocarbons, the bag is destroyed and

associated hardware s decoﬁtaminated.
Each sampler is tested for contamination before_fie?d use by pumping
gas from a chamber contéfning zero air until a sample bag 1is
collected. The contents of the bag are analyzed for benzene
contamination. If the benzene level remains within 1 ppb of the
original zero air analysis the sampler system is then deemed ready
for field use, If the system fails this test, it is disassembled,
decontaminated, reassembled, and retested. This check is repeated
every six months for each sampler system or more frequently if
anomolies occur. '

Analysis Audit

Immediately after the preparation of the calibration curve and prior -

to the sample analyses, an analysis audit is performed by injecting

an audit gas sampie from a mixing chamber into the GC. The analysis |

should be within & percent of the benzene audit concentration.
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12.

Calculations

12.1 The hydrocarbon concentrations, in ppb, are calculated by a data
system using the external standard method.

Concentrationi = Areai % Calibration Factor

Where in: Are_a1 = integrated benzene peak area
12.2 The calibration factor (CF) is calculated during calibration by the
equation:

CF = Conc
Area

The replicate calibrations are averaged and the arithmetic mean is

~stored as the CF to be used in subsequent analyses.

12.3 Concentration§ may be converted from ppb to ug/m3 by means of the

following formula:

ug/m3 = (p)(MK)(ppb) (103)
by

Wherein: P = pressure in atmospheres
MW = molecular weight of benzene

82.07

gas constant in (cm)3(atm)/degx mole

=
"

absolute temperature, (°K)
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Table D-1

Description of ARG/HSLD Toxic l.onpuund
tlonitoring Sites

Downtown Lus Angeles Duninquez Hills E1 Honte Riverside
L.A. Dept. of Water CA 3tate University ARG/llaagen-Snit 7002 Magnolia
and Power Deminguez Hills Laboratory Avenue

Surroundiny 1630 H. Hain Street 1000 E. ‘Hctoria st. 9528 Telstar Ave. Riverside, CA%/

Activities Los Angeles, CA}/ Carson, CAZ/ E1 Honte, CA3/

Residential West: Two-story North: Student North: Low density North: Low density
aparuient units, RousThg, trailer Fesidences single fanily units,
elenentary school park South & Mest: convalescent hote,

South: single fauily Cow density several schools
units single fanity Southwest & West:
units TTXture of single
and nultiple fanily
units, several
schools
South & East: Low
NSty single
fanily units

Traffic Continuous gasoline Light-duty Freeway Horth Heavy traffic along
and diesel powercd residential of the oonitor. Arlington ahd
light and heavy traffic On Telstar - Magnolia Avenues.
duty vehicies along gasoline and | Mainly light and
Horth Hain Street diesel vehicles nediun duty gaso-

with passenger 1ine and diesel-
cars douinant, poweraed vehicles
Greatest volunes

during cormwuting

hours.

Suall Strip comercial Business park OFffice and strip

Conercial/ .- ared, cormercial, corercial uses

TTTFICE 0se light tndustrial, along Arlington

— - and office use and Magnoifa Aves.

Light North: Carnation

ndustrial processing
plant, rubber
products company,
brass wanufacturing
and wholesating.
East: Hilk processing,
winery, raflway
transportation,
concrete company,
cowssercial trucking
and shipping, paint
coupany
South: Railway
Transportation,
trucking and
shipping operations

Hea North: 011 well

naustrial puaiping
South: 011 refining
and storage activities,
chamical manufacturing
 East: 011 well punping
Agriculture North and East:

Corbarcial nursary
crops

°

Y wonitor in & 2nd story winaow of 2 1/2 story buiiding. Amrnual predoninant wind direction:

southwest.
2/ wanitor 1n 4 van southeast of capus. Annual predominant wind divection:
g/ HMonitor in & traller in the southwast parking lot. Annual predesinant wind directien: south.
_./ Monitor in & one-story building on the sgutheast side of the Arlington-lagnolia intersection.
predouinant wind direction: west.

wast.

Annual

D-16




APPENDIX E

AMBIENT MONITORING PATA AND
METHODS OF AIR QUALITY MODELING



I.  INTRODUCTION

This appendix presents e#timates of the annual average* ambient
concentrations of benzene in the South Coast Air Basin (SCAB). The estimates
apply to areas not immediately around large point sources of‘benzene.
Estimating the locally high concentrations near sources requires different
-data and modeling techniques than those described here. The sources are |
mostly not in residential areas. Because residential pobulétion data wére
used to estimate the popu1ace's:exposure to benzene, neglecting such locally
high concéntrations does not introduce serious error.

The general methodology employed is:

1. Establish-a relationship between ambient carbon monoxide (CO)
measurements and ambient benzene ﬁeésurements at the ARBFs-fqur monitoring
stations for toxic air poliutants.

2. Apply the relationship to annual average C0 measurements at the
numerous CO monitor§ around the basin to calculate the probable benzene
concentrations at those monitors.

3. Calculate the average of the annual means over the basin, both
as a simp1e geographic average and a population-weighted average.

. For step 3, population data developed by the Sduthern Calfornia
Association of Governments for 1979 were used. Those data areutabu1ated'
according to a 5 km by 5 km grid (see Figure 1 at the end of the appendix)
that is often used in air quality modeling for the SCAB. The estimates of

annual average benzene concentrations are presentéd for those grid cells

* "Annual average" denotes the mean of all available 24-hour data during
one year. -
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through interpolation of the results derived for the CO monitoring locations

in step 2.

Also, this appendix presents estimates of the number of people exposed as

a function of concentration.

II, AMBIENT BENZENE MEASUREMENTS

ARB's Haagen-Smit Laboratory (HSL) has been monitoring benzene at four
Tocations in the SCAB, At the time of the modeling, benzene data were
available beginning September 12, 1983 through December 29, 1983. A1l samples
~are collected over a 24-hour period, beginning at 0900 PST of the Iisted date
and ending at 0900 PST the following day. The data reported for each site are
shown in Table 1. HSL estimates the accuracy of the reported values as +10
percent of actual values.

Samples are collected 5 days per week at the E1 Monte site and about once
every 5 days at the Downtown Los Angeles, Riverside, and Dominguez sites.

None of the four sites is known to be influenced by nearby large sources of
benzene. Among the-117 samples collected in 1983, the benzene concentrations
range from 1.3 ppb at Dominguez in September to 16 ppb at E1 Monte in
December. The average for all samples during the sempiing period in 1983
(approximately the 4th quarter) is 5.7 ppb.

III. CO AS A SURROGATE FOR BENZENE

The ambient measurements of benzene in Table 1 are inadequate to relfably
define the spatial and temporal distributions of benzene concentrations
throughout the SCAB. Fourth quarter data are generally not representative of

annual averages for any pollutant and would probably over-estimate annual

averages of benzene.
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Table 1 {cont'd)
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Table 1 (cont'd)
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Table 1 (cont'd)
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Since the major portions of both benzene and CO emissions are from motor
vehicle exhaust, CO may be a reasonable surrogate for benzene. Also, since
both CO and bénzehe are relatively inert with regard to atmosbheric chemistry,
one can hypothesize that their ambient concentration ratio will not be .
significantly affected as the pollutants are dispersed. These comparisons
suggest that CO is a good surrogate for benzene. If the hypothesis is va1iﬂ,
a statistically significént correlation should exist between ambient benzene
and CO. |

C0 was actually measured at only the downtown LA and Riverside sites. CO
values were interpolated to the other two benzene monitoring locations from
the surrounding CO stations. An inverse distance-squared interpolation
routine developed by McRae~ 1/ and modi fied for this appiication was used to
estimate 24 hour CO concentrations at. E1 Monte and Dominguez for the same
dates as the benzene measurements. Major mountain ranges were regarded'as
barriers that prevent interpolations to grid cells from stations across'the
mountain range. - | |

Using all 117 pairs of benzene and CO observations (or interpolated CO
nuﬁbers), the four-station data ﬁere analyzed for statistical correlation with
a SAS linear regression program.g] The resulting Pearson correlation
coefficient is 0.82 which is significant at the 0.01 percent level.* The
standard error of the benzene estimate is 1.27 ppb. These results are
encouraging, especially given the fact that most of the CO cpncentrafions were
interpolated. The regression derived from the SAS program is:

benzene (ppb) = 0.51 + 1.875 x Co (ppm)

* There is one chance in 10,000 that the populations do not correlate but
sti11 yield a calculated corre1at1on coefficient of .82.



The 24-hour CO and benzene concentrations for each station were also
analyzed to determine statisfica] correlation using multiple linear regression .
with the additional variable dT, defined as (Tmax-Tmin)/Tmin where Tmax = the
daily maximum temperature in degress Kelvin and Tmin = the daily minimum

. temperature in degrees Kelvin. The term was included as a reasonable
surrogate for venting of benzene from storage tanks during daily solar
heating. As shown in Tabile 2, dT was significant only at the downtown
Los Angeles site. This term dT was not used in the overall equation and is
not reflected in the resylts of this study.

The correlations between benzene and CO at both the meinguez and the
Riverside sites are high, .93 and .89 respective]y.. Since the CO at Riverside
was measured and the CO at Dominguez was 1ntérpc1ated, the results are

encouraging. These results are somewhat offset by the results at DOLA, where

'a correlation of only .59 was found. However, since the overall correlation
coefficient was 0.82, the methodology employed here should give reasonable .
results. B
Table 2
Regression Results
Independent Correlation CoefTicient vs. Benzene
Yariables
in Regression Dominguez Riverside E1 Monte DOLA All Stations
] 3 %L 73 59 .82

CO and dT .94 8 .75 .67 -




IV. ANNUAL AVERAGE AMBIENT BENZENE CONCENTRATION ESTIMATES

Annual average benzene concentrations were estimated at each CO monitor
using the linear regression equation on page E-7 and annuail qverage Co
concentrations from 1981 and 1982. (CO data for the full 1983 calendar year
were not released when the work was done and thus are not considered in this
report.) Since 31 stations measure CO on a continuous basis in the SCAB,
there is a high degree of spatial resolution for the calculated beﬁzené
values. Table 3 shows the 31 continuous CO monitoring sites in or near the
SCAB. It also shows the measured annual CO concentrations and the benzéne
concentrations calculated with the regression equation. The highest annual
average benzene concentrations were modeled in Burbank, Lennqx, and Lynwood,
where they are estimated to be about 7 ppb. The annual average benzene
concentrations at the air monitoring stations shown 1in Tab]e_3 were
interpolated to the grid square centers of Figure 1 using the McRae inverse
distance-squared 1nterp01ation'routine.l/ The resulting gridded annual
average ambient benzene concentrations are shown graphically in Figufes_z and
.

Risk assessment calculations require annual avérage benzene conéentrétion
estimates for the populated areas. Both residential and employment |
populations have been gridded for 1979 by the Southern.California Association
of Governments‘fpr use in transportation modeling studies. Total population |
in the modeling region is 9,792,000. Total employment is 4,961,060.
Population plots are shown in Figures 4 and 5. In general, the most dehsely

populated areas also have high employment and high benzene concentrations.
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Table 3 | |
Measured Annuat CO and Calculated Benzene at .
Air Quality Monitoring Stations
Annual CO (ppm) Annual Benzene (pp-b)

Station 1981 1982 1981 1s82

7000060 Azusa 1.72 1.18 3.74 2.72
7000069 Burbank _ 3.51 3.29 ~7.09 6.68
7000591 Glendora-Laurel _ 0.87 0.81 2,14 2,03
7000076 Lennox 3.47 3.42 7.02 6.92
7000087 LA No. Main ' 2.54 - 2.49 5,27 5.18
7000084 Lynwood 3.25 2.97 6.60 6.08
7000072 No. Long Beach 1.59 - 1.93 3.49 4.13
7000083 Pasadena-Walnut 2,60 2.82 5.39 5.80
7000088 Pasadena-W1ilson - 2.07 - 4.39
7000085 Pico Rivera 1.96 2.08 4.19 4,4
7000075 Pomona _ 2.33 1.75 - 4,88 2.30
7000074 Reseda ' 3.00 2,80 6.14 5.76
7000084 West Los Angeles 2.45 2.80 2.3 5.76
7000080 Whittier 2.30 2.08 4,82 4.4
3000176 Anaheim 2.06 1.27 4,37 2.89
3000192 Cost@ Mesa 1.65 1.65 3.60 - 3.60
3000186 E1 Toro 0.46 . 0.99 0.97 2.37
3000177 La Habra | 1.48 1.97 - 3.29 4.20
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Table 3 (Cont'd)

'Measured Annual CO and Calculated Benzene at

Air Quality Monitoring Stations

. Annual CO (ppm} Annual Benzene (ppb)
Station . 1981 1982 1981 1982
3300146 Riverside-Magnolia 2.17 2.36 4.58 4.94
3300144 Riverside-Rubidoux 1.09 1.18 o256 2,72
3300137 Paim Springs 0.89 0.83 2.39 2.07
3600197 Fontana-Arrow 1.32 .07 2.99 2.52
3600176 Fontana-Foothill 1.10 0.56 . 2.57 1.56
3600192 Redlands 1.10 0.88 2.57 2.16
3600194 San Bernardino E3R 1.48 1.04 3.29 2.46
3600175 Upland - ARB 1.84- 1.5 3.9 3.42
3600157 San Bernardino . 2.01 . 4.28 -
5600413 Simi Valley , - 0.91 - 2,22
5600420 Ventura-Figuero .- 0.69 - 1.80
4200363 Goleta - 0.86 __ - 2,12
4200355 Santa Barbara 1,32 1.48 2.99 3.29
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The data are available on magnetic tape or paper on request to the ARB's

Technical Services Division. .

Both population and cumulative population exposures to benzene are

plotted in Figures 6 through 9. These were constructed from'Figures 2, 3, and
4, Figures 8 and 9 indicate that 80 to 90 percent of the population is
exposed to annual average concentrations above 4 pbb benzene. Table 4 shoﬁs
population-weighted averages and the grid (geographic) aﬁerége benzene |
concentrations using both 1981 and 1982 CO data. Table 4 also shows the
annual avérage.among the four benzene stations estimated by multiplying the
average of all actual benzene measurements at the four stations, 5.7 ppb, by

the ratio of basinwide annual CO to fourth quarter CO from both 1981 and

1982,
Table 4
_ Annual Benzene Concentration Averages .
(ppb)

| 1981 1982

For SCAB, by regression equation? |
population-weighted average 4.8 : 4.6
grid average 4.0 3.7
For benzene stations, by CO ratioP 4.0 3.9

a Values apply to the indicated year.

b Values apply to 1983, calculated using CO data from the indicated year.




The popu]ation-weighted benzene apparently gxceeds thelgeographica1
average by about 20 percent. The four monitoring stations apparently reflect
the average concentration across the basin, althqugh anhua? average |
- concentrations are considerably higher at some locations.

Iv. LIMITATIONS TO ANALYSIS

Several important assumptions were made to estimate annual benzene
concentrations in the SCAB. These impose limitations on the use df the data.
The most important limitations are summarized below:

1. A1l available CO data have been used in this study. The
spatial representativeness of each station is unknown. Some of the CO
monitoring probes are closer to local sources than others. Lennox is
designated as ﬁ-microscale* station; the other statibns with high calculated
benzene concentrations, Burbank and Lynwood, are not. It is uncertain how |
this difference in spatial representation between Stations affects the results.

2. Indoor Benzene concentrations may not be directly'related-to
ambient concentrations. This study makes no attempt to exémine indoor
exposure. |

3. Benzene concentrations may be high on roadways. No attempt has
been made in this sfudy to estimate near-road exposures to benzene.

4, This study does not include benzene exposures in the workp]ace.‘

5. Stationary sources of benzene are not explicitly included in
this report. They are considered indirectly through their contribution to |
benzene measured at the four monitoring'stations. It is possible that areas
near large sources {1ike refineries) may have higher concentrations than those

estimated here.

* Directly affected by specific sources
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V. OTHER AMBIENT BENZENE DATA

The EPA data base compiled by SRI, Internationa]éj contains data from

ambient monitoring for benzene at several places in California. The data are
a1l from short-term studies and mostly samples of less than 24 hours

duration. Table 5 synopsizes these data. They were not used in the foregoing

analyses.
Table 5
Various Short-Term Benzene Monitoring Data
Year Month Durgg?gle(hrs.) Samples  Mean (ppb)

Azusa | 1975 Aug-Sep 3* 44 4.3
Dominguez 1976 May 1 ] 10.7
'E1 Monte 1975 Jul-Sep 3% 04 5.1
Long Beach 1975  Jun-dul 3* 3 2.8
Los Angeles 1979 Apr ' 24 9 6.0
Oakland ‘ 1979 Jul 24 8 1.5
Riverside 1980 Jul 24 11 3.8
Torrance 1976 May _ 1 | 1 4,3
Upland 1975 Jun-Aug 3 46 5.3

* The samples were all within the 2 a.m. to 3 p.m. period.




VI. BENZENE COMCENTRATIONS NEAR SOURCES

The major sources to which the public is often exposed are busy roadways
and filling stations. Following are the available data on ambient benzene
concentrations near such sources. Except for the modeling of concentrations.
near a freeway and near a busy intersection, all the data are absolute (total)
concentrations. |

Fentiman&/ et al monitored benzene concentrations at six to eight sites
~ around each of two lone filling stations and a fohr-station intersection.
Sampling times ranged from 8 to 19 hours and covered all times of the day.

One or two samples were collected at each site., The highest average benzene
concentration {between 100 and 1300 feet of the pumps) at any site was 1.9
ppb. Downwind samples were not significantly highér in benzene than were up
or crosswind samplies, Because the stations were not equipped with vapor
recovery, the data over-estimate benzene concentrations for similar situations
in urban California. |

Fentiman4/

also measured ambient benzene in 25-hour samples six to ten
feet. on both sides of aAbusy street (1600 vehicles/hr, avg). The average
measurement upwind of the road was 7.1 ppp; the average downwind was 3.0 ppb.
Benzene did not correlate well with traffic density. '
NIOSH§/ cites two British studies in which employees at fi1ling
stations and bulk loading plants wore personal benzene monitoring devices
{sampling the wearer's ambient air}. Results from the fil?ing stations ranged.
from 0.2 io 3.2 ppm. The stations were vending ggso]ines contaihing 2.8 to

5.8 volume percent benzene (3.3 to 6.9 weight percent), whereas a typical

value in California is 1.7 weight percent.éj Also, the stations did not
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have vapor recovery equipment, which is designed to capture 95 percent of

hydrocarbon vapors in urban California.* Therefore, the results of similar

tests in California should be about 2 percent of the British results ({assuming
that California gasolines are as volatile as British gasoline, which may not
be true), or 4 to 65 ppb.

In a study in the U.S.,§/ the air was sampled near the mouths of people
dispensing gasoline at self-service stations without vapor recovery. The mean
result was 1,210 ppb. This result corrected for vapor recovery is 60 ppb.

The ARB staff has modeled** benzene concentrations near a busy roadway.
For a high traffic density on a large freeway (20,000 vehicles ﬁer hour} and
at worst-case meteorology (F stability and 1 meter/second wind), the
calculated roadside concentration is 50 ppb above background, decreasing to 19
ppb at 50 meters and to 7 ppb at 150 meters.

The ARB staff has modeled*** benzene concentrations downwind of the
intersection of Wilshire Eou'levard and Veterans Avenue in the South Coast Air .
Basin. The modeling 1s based on typical weekday traffic density (100,000
vehicles per day on Wilshire and 20,000 vehicies per day on Véteréns). and
hourly meteorological data from Los Ange1es International Airport. At a
distance of 80 feet from the intersection (four‘sitgs), the maximum hourly
‘benzene concentration varied ffom 9.7 to 17 ppb above background. The maximum

annual average benzene concentration varied from 0.5 to 1.4 ppb above background.

*  Stations with vapor recovery dispense 88 percent of all gasoline in

~ California. : _
** CALINE 3 1ine source dispersion model; 20,000 gasoline vehicles per hour;

average benzene emission rate per vehicle .0992 gm/mile (4.2 percent

benzene in exhaust hydrocarbon)
*** EPA's ISCST model for area sources; 20 m.p.h.; composite benzene emission
factor of .1041 gm/mile (4.1 percent benzene in catalyst exhaust, 4.2
~ percent benzene in non-catalyst exhaust, 2.3 percent benzene in diesel

exhaust) . ’ .
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FIGURE 2

SOCAB 1981 Total Benzene in 5 KM Celis
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FIGURE 3

SOCAB 1982 Total Benzene in 5 KM Cells
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FIGURE 4

SOCAB Population 3 KM Grid Ceils

§
S lolelele %o
Potetolelelnleleloce
.0.0.0.0.99.09.99 1%
- KKIIONE LK
u*@ﬁ%@%&%ﬂﬁﬂﬁhﬂﬁ»Mﬁ%%%&W&¢
POl NS %% %
a OO XETAH
PFLY

(S ARRURNAS SHIEITRARE
RIS ELAANE S IR
OO
9 IS
> C (o)
V.. 4 ‘ 3 /2
4
(XRHRRRLIILT eI SPIKITAHKKK S
(R A o S ORI
..‘Il\\.\.
0058
o Wb~ LS iz
xnLulisirll'rhrhtwull'Ir‘rllnamww_i\&vw
ﬂmnmnsmnmmmnw&nxmnnv N
\/ H..ﬂl..f g

—

E-21



Te)
Ll
o
o
(L)
—
[T

Employment 5 KM Cells

SOCAB Total

ARKI %
no 0‘0000"0’0 .Q’ QQQ’O.‘Q” () o /
*.".uo.o....o.%.".o."o“.u&.?# N\
OOV KX DOOOO\NN
LSOOI ANNT ~
* "ol
QOO KM O YOOI KA AN N
CUAERAANSABEEIIISB OO0
Soteleleleteleteletelololol @atele o n e NG
QORI AR KA XREA XN
IOCBXXINUNN ORI AN XK XIS KLY
AR OAE S UE R IOTHAKHKD
COAAALA KKK XN ICHIAT AN OOOOOOOONOD
OO IR
RN K AR AARAXKANKNA /o
(3 +
00000040044 A
OOOOOOOOC »
00.0.0.0°0.0°0.000,00% y
LOOOOOCOOOOIF XX OO0 a7
OOOOOOCKE YOO A XN LS A0
QOO RS OO0
$.0.0.00000 <" @ > g )
RSN et R A S X X
KU et B IQIKKKNY /00 &
OO vy TR SN 72
PSS S RO SRS
e Na ¥
Y)Y » "N &2
¥ > y O
SR () 4
ey XX
. 0 AR OCOOOON
SR RXRXKIIRINEBN /o
" (XXRCOGOBOS
P EL 00000 00
009 ¢ 0707000 %
SEBRARABENNY /2

E-22




ZOH~DICCTVTOT

FIGURE 6

1981 BENZENE EXPOSURE FOR SOCAB
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FIGURE 7

1982 BENZENE EXPOSURE FOR SOCAB
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Part B Summary

Part B of the benzene report to the Scientific Review Panel is the
Department of Health Services' (Department) health effects evaluation of
benzene. The Department has examined and evaluated the available scientific
evidence with regard to three jssues:

1. Is there sufficient evidence that benzene meets the definitien
of a "toxic air contaminant" under Health and Safety Code
Section 39655?

2. Is there sufficient evidence to identify a threshold exposure -
Tevel for benzene below which no significant adverse effects
would be expected?

3. If no threshold exposure level can be identified, what is the
range of risk to humans due to current or ant1c1pated expasures
to benzene?

The Department finds there is sufficient evidence that benzene meets the
definition of a toxic air contaminant. In particular, they are in agreement
with the International Agency for Research on Cancer (IARC) that there is
sufficient evidence to consider benzene a human carcinogen., The Department
does not find there is sufficient positive evidence to identify a threshold
level for the carcinogenic effects of benzene in humans. Neither does the
Department find that there is sufficient evidence to definitively prove that
no threshold exists. Therefore, as a matter of science policy and consistent
with the positions of the EPA and IARC, they recommend that benzene should be
treated as a substance without a threshold for carcinogenesis. Based upon the
available evidence they recommend the use of those quantitative dose-response
curves for benzene's carcinogenic effect which are bounded above by the animal
test data and below by the human epidemiologic data. The upper bound curve is
based upon the upper 95 percent confidence 1imit for the multistage model
using the most sensitive site in mice, the preputial gland, which yields a
value of 170 x 10-6/1 ppb benzene, The Tower bound curve 1s based upon
extrapolations of human epidemiologic data carried out by the Carcinogen
Assessment Group of EPA, and yields a value of about 22 x 10-6/1 ppb
benzene.
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FIGURE 9

1982 BENZENE EXPOSURE FOR SOCAB
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Memorandum

T

From :

Science Review Panel Dot MOVEmber. 14, 1934

Subject: Part B Health
Effects of Benzene

Epidemiological Studies Section _

2151 Berkeley Nay, Room 515 o L -
Berkeley :

8/571-2669

‘Enclosed is the Benzene Document, revised according to commants which we have

received from you and the public. The executive summary, chavter one and
chapter six dealing with risk assessment have heen completelv redone
emphasizing the epidemiology-based risk assessment but in the context of the

“animal risk assessment. The results from several different modais are

presented. OQOur assumptions and the rationale for them are more exelicitly
stated as you requested., While the executive summary and chapter six does
contain intact material from the earlier draft there has been so much
reorganization that we elected not to clutter the margins with datailed
descrintions of previous locations., Please treat chapter one and these two
sections as if they were completely new. Chapters III, IV, Vi1, and tne
appandices are unchanged. 1In response to comments a number of fairly minor
changzs have been made for clarification in chaoters Il and V and to certain
sentences in chapter VI. We discovered that our word processor does not allow
a deleted vhrasa to be 1ined through. This means ve were not able to follow
the convention upon which we had originally agreed.

instead:

If a totally new sentence or paragi'aph has been .added, you will find 2
vertical 1ine in the left margin, similar to the one naxt to this
sentence here,

If existing material has heen reworded a marginal vertical line with
an an asterick will apear, {as in the left mar_qin of this sentence

* here) and you may refer to the enclosed “"change shest" which
references the November and July pagination and gives the previous
wording with additions underlined and deletions type in ztalucu,

If.a sentence or paragraph has been completely deleted, you will see

-"an asterick in the left margin (as we have done here). 1If you wish to

*  see what was deleted check the “change shzet" which will contain the

deleted sentence or paragraph in <itulics next to the Hovemher
document's page numher. ‘



Science Review Panel : | -2- ) ' Novemher 14, 1994

Wa believe that the earlier convention would have produced a terriblv .
confusing document given all the changes which have been made. Pearhans an
even better system then this can he develoned.

g R N -

o -

Raymend Net{i a, M.D., Dr.P.H.

An
cDa 3 !ﬂ'.P -H-




pPart B Health Effects of Benzene

~ (Summary of Changeﬁ),

Pages
November July
Revision Draft
pp 1-5 not paged
pp 7 pp 1-9

- p 9-10 p 10
p 10-11 p 11

Comments

Executive summary, rewritten
Delete previous summary

Chapter 1, rewritten; delete

previous Chapter 1

Add p 10, 4, 2. Gene

e ——

Mutations or DNA Damage 1in

Bacteria and Pungi;

Change p 10, line 21, The

ahsolute number of rever-
tants,‘however, increased by
less than a factor of two

and there was no linear



p 1l

pll

p 1l

pll

p 12

p 12

8howManes

dose-response relationship

demonstrated. Change p.11,

1ine 1, This reflects This

non- linearity may, in part,

be due to toxicity of ben-

zene oxide at the doses

‘tested to bacteria. -

delete ¥ beginning with,
“ootruvo et al tested

benzene ...."

delete, 2.2 DNA Damage,
delete line beginning with,

“Numerous studies have

v 3_délete sentence
beginning with for exawple,

Lebowitz....

delete 3.2 DNA Damage and
ensuihg ¥ beginning with

Numerous studies have

shown... -




p 12

p 13

p 14

p 14

p 15

Add, 4. Chromosomal ETtects
fn Animals '

4.1 Sister Chromatid
_Exchanges {SCEs)

Delete, 4. Chromosomal

‘Effects in animals

Add, 4.2 Micronuclei

Last 1 p 15, reworded on p
14 first ¥ Animals were
sacrificed 24 hours after

the end of exposure and

analysis was carried out on

2'_50 metaphases per anfmaT.

There were significant in-
creases in the percentage of
cells with abnormalities
'.(including or ezcluding

gaps) for animals exposed to

) 100 and 1000 ppm benzene.:

The categories

———— U — —— -

.of

chromosomal damage examined

‘were: chromosome or

chromatid gaps, chromatid

preaks, chromosome breaks or

fragments minutes angd.

A et W} e — i 2




interchanges.. There were -

elevated levels of
chromosomal abnormalities .

(group mean percentage of

cells with abnormalities) in

rats exposed to 1 and 10
ppm, but these 1eve‘is ‘were
not statistically
significant. A positive
dose-response relationship

for most categories of ab-

normalities is was exhibited

at benzene concentrations

from-1 to 1000 ppm in this

study.
p 14 f add 92
p 15 p 16 : ' delete 91, p 16, delete ¥ 2,

" p 16 add ¥ 1,15 add ¥ 2, P
15, € 3, p 15.

p 16 P17 . "Delete all of p 17, add all
of p 16.
p 17 p 18 | " Delete ¥ 1 and 2, ¥ 18.

-8-




p 18

p 19

p 18

p 29

p 32-33

p a2l

p 21

p 31

Delete Y 2, p 20, delete §

4, p 20.

Add to ¥ 3, p 18

Benzene induces SCEs in mice

" {n vivo and in human cells .

in culture.
Ingeuiure.

Change § 3, p 18. Benzene

causes chromosomal aberra-

tions (chromosome and

chromatid breaks, marker

chromosomes (for example,

dicentrics) in animals and

humaﬁs: Studies-in animals
rindicat'e that a single
_ea:pdsure at relatively high
‘coneentration c,;an be as
effectiz:te as multiple
ezp_asureé at these high
concentrations for producing

chromosomal damage.
Add ¥ 1.

Add p 30-31. and 9 1 p 32

-



'p32

p 33

p 34

p 40

p 31

p 32-33

p 33

p 39

Delete, four major methods |

are in current usé for
tdantification of potential
human ecarcinogens. These are

deageribed below.

"Add, 1.2 Methods of -

Identification change,

change 1.12.1

1.22.2 '
1.12.3

1.22.4 Case Studies '

1.12.5 Epidemiological

Studies Human

Delete, 2. Animal Bioassays

in General p 34 add

reference end of ¢ 1 (NTP,

1984)

Delete ¥ 1, p 39, add 9 1, p

40 c-hange Y 2, line 7-9,
Cause-specific standardized

mor;ta]'lty ratio (SMR)

_analyses were conducted com-

paring the workers'

experience to that of the




p 41

p 4l

p 47-49

p 50

p 51

p 52

p 42

p 43

p 45

p 45

p 47

p s

p 48

general {male and female) US

population.

Delete ¥ 2 2and % 3 p 42.
add p 1, p 41 which con-

cludes on p 47.

Delete 3 1's, on page 43.

add pages 48-50 delete ¥ 1,
pas,

Change, 2.2.2 Thresholds

Delete ¥ 1, p 47, moved t0 ¢
2 p53°

Delete ¥ 2 p 48 first sen-

. tence,

Degpite thiB....

change first sentence ¥ 1,

-Several kinetic -mode'l_s_ that

which produce a threshold in

the dosc-response curve has

have been developed.



pS3

p 53

p 56

p 57

p 60

p 61

p 49

p 47

p 52

p 53

p 57

p 84

Change first sentence ¥ 1, .

These

Variable threshold models

wvould produce....

1 2, p54was 11 p 47.

-

change, 3. 2.3 Dose-Response
Assesiment based on Human

Studies.

Delete € 2, 3, 4 p 52 add 1

2, p 56, 2.3.1 Available

Data

Add,-z..:i.z EPA Dose-Response

Assessment Model add ensue-

ing 1 and p 59 and 60 delete
11, p 53.

F'Igure- VI-1 changed.

Figure VI-2 changed.




D 62

p 62

p 62

p 53

p 54

p 54 & 55

Change, 3.2 2.3.3 Review of
Critiques of the 1977 -CAG

Dose-Response Assessment

Change line 2, p 63. The

relative risk parameter is

‘@stimated by taking the

ratio of the observed
leukemia deaths to the

expected number of deaths..

In additiog__to the critcisms

noted above for the Aksoy_

and 0tt studies, the use of

the entire U.S. population

to calculate the back-grourid

rate of leukemia was ques- -

tioned in the Rinsky

evaluation.

change line 3, p 64, Another

criticism focuses on es-
timating the slope parameter
from the average of three
different dieseases. 21_1_

-types of levkemia rather

— ———— — — ——— — —— — —— i ———— —

leukemias. For the Infante

study, ecalculations for the



p 63

p 63

p 55

p 55

slope were based on all

‘lexkemie deaths while.the

Ott study uesed only
myelogenous leukemia, and
the slope derived from

Akeoy'e data vae based on

‘all nom-lymphatic leukemias.'

Delete lines 7-12, p 55,
11,

On the other hand, the
estimate of the exposure

period in the Aksoy study

‘may be under estimated eince

the workere in thie study

tended to work at home and

thus they were likely to be. .

~exposed to benzene fumes

even after they closed their

‘ghop ‘for the day. In this

case the slepe estimated by
CAG would be higher than

actual.

Change line 15-16, ¢ 1,




p 64-82

p 56
p 82 p 58
p 84 p 58

-]11-

This ig particularly true n
the case of the'rnfante
study were it is argued that
CAG's use of the prevailing
recommended occupattonal

1imit Here it is argued that

"exposure level used. for.the

assessment

substantially......

new material to 14 p 82.

delete éntire page

add, 3.3 Dose-Response

Assessment Based on Animal

Data

change, 4. 3.3.1 Long-term

~ Animal B'ioéssays available

for Dose-Response Assessment

change, 4.1 a) Historical

~ Experimentail Data.

change 4.2 b) Recent

Bioassay

'Studi es.



p 90

p 95

p 95

p 99-108

.p 107

p 64

p 65

p 69

p 78-87 |

- 12-

delete 4.2.1 p 58
delete 4.2.2

change, 4,3 3.3.2 Discuésion

of Bioassay Results

change, Both Maltoni studies

are interim results of

lifetime bioassays.
add, new material in text
add table VI-6.

delete ‘textual material






