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APPENDIX A

METHODS OF COMPUTING BENZENE EMISSIONS, EXPOSURE, RISK
AND CONTROL COSTS

I.  INTRODUCTION

This appendix summarizes the methods used to estimate uncontfo]]ed and
controlled benzene emissions, exposure and cancer risk from retail service
stations, and the cost-effectiveness of the proposed airborne toxic control
measure (ATCM) to reduce the cancer risk from these sources, The proposed
ATCM, which is included in the staff report to the Board, would require
ARB-certified Phase I and II vapor recovery at all new retail service stations
and at existing retail service stations with annual gasoline throughputs of at
least 240,000 gallons. The proposed ATCM would not impact nop-attainmen;
areas that present]y.have vapor recovery programs,

Retail service stations are é]assified by staff into three control
categories fﬁf purposes of estimating benzene emissions, exposure and risk.
The first category consists.of stations with no present vapor recovery
controls. The second category is stations with Phase I controls but no Phase
II controls. The third cateqgory is stations with both Phase I and II
controls. Benzene emissions, eiﬁosure, and risk were ca}cu1ated for each air
basin based on the.total gasoline throughputs for each of these three
categories. |

"Exposure” to an air pollutant normally refers to the concentration of
the pollutant in thé air multiplied by the population exposed to that
concentration multiplied by the time period of exposure. However, as
estimated in this report, exposure to benzene is calculated as the annual
average ambient benzene concentration (parts per billion or ppb) times the

number of persons {millions). Thus, the units for expressing exposure are



millions of ppb-persons, The use of an annual average concentration implies
that the duration is one year. This is convenient because when multiplied by
the commonly used units for a compound's risk factor (expressed as excess
cancers per ppb among a million people expased for 70 years); eachrunft of
exposure (106 ppb-persons) corresponds to a number of "theoretical cancers”
occurring prematurely during 70-year lifetimes. This calculation implicitly
assumes that exposure in a given year is representative of an individual's
average lifetime exposure.

Three types of benzene exposure were considered from retail service
stations. The first type of exposure, termed ambiént exposure, refers to the
areawide population-weighted average exposure in an air basin excluding
elevated loca} (hot spot) exposures., Ambient benzene exposure estimates are
based on ambient mcﬁitoring data {or estimated émbieﬂt benzene concentrations}
and the fraction of total benzene emissions attributable to servicé stations.
for example, if 1 mi1¥ﬁon people are exposed to an annsé] average benzene
concentration of 1.0 ppb {1.0 mi%]fon ppb-persons exposure), and service
station benzene emissions account for 1 percent of total benzene emissions,
then ambient exposure‘from service stations is 1 percent of 1 million
gpbupersgns or .01 million ppﬂ—persens.

The second type of benzene exposure, termed hot spot neighborhsod
exposure, is the elevated exposures to residents living near service
stations. Hot spot neighborhood exposures are estimated by using modeling
techniques,

The third type of benzene exposure from service stations is termed
vehicle fueling exposure. A self-service customer experiences this short-
term hot spot exposure during vehicle fueling as a result of direc% exposure

to gasoline vapors driven out of the vehicle gasoline tank as it is
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filled. To estimate the benzene cancer risk and incidence from vehicle
fueling, the short-term fueling concentrations are converted to annual average
benzene concentrations. The Department of Health Services, which performed
the risk assessment for benzene, recommends the use of equivalent annual
average benzene concentrations for estimating the cancer risk from both
short-term and long-term benzene exposures. A letter from the Department of
Health Services recommending this procedure is included at the end of this
appendix.

Once the annual average benzene exposure is calculated, the range of risk
for benzene (22-170 excess 1ifetime cancer cases per million people pef ppb
benzene) is multiplied by the exposure to estimate the excess lifetime cancer
cases (cancer incidence). The estimated reduction in cancer incidence from
ambient exposure is directly proportional to the redUctfon in benzene
emissions. The estimated reduction in cancer incidence from hot spot fueling
exposure is based on the gaeo1jne throughput at stations tﬁat,would be
required to-add Phase II under -the -ATCM,

II. .BENiENE EMISSIONS AND REDUCTIONS

The fraction of benzene in total hydrocarbon (THC) emissions from retail
service stations is directly related to the benzene content of gasoline.
Since the benzene content of gasoline is projected to increase 31 percent

between 1984 and 2000 (see Benzene Control Plan), the fraction of benzene in

THC emissions is projected to increase concurrently from .6 to .8 weight
percent of THC emissions. These benzene fractions are lower than those

estimated for the Benzene Control Plan (1.0 weight percent in 1984, 1.3 weight

percent in 2000}, and are based on additional data reviewed after the Benzene

Control Plan was deve]oped.ﬂiédﬁdzigigf




The following data were used to estimate benzene emissions from retail
service stations in the year 2000: 1) 1984 total retail gasoline sales in
California (provided by the California Department.of Transportation); 2) Board
of Equalization data on taxable service station sales in each county in 1984;
3) o1l refiners' survey data indicating that gasoline throughput will increase
9% between 1984 and 2000; 4) THC emission factors from‘ARB certification tests
and AP-42; 5) existing vapor recovery requirements; 6) districts' data on
gasoline throughput at exempt bulk plants {assuming this gasoline is sold at
service stations with no controls, consistent with exemptions in district
rules); and 7) the factor of .8 weight percent benzene in THC emissions from
all retail service stations. The benzene and THC emission factors used for
each category of control are summarized in Tab1g A-1.

TABLE A-1

THC AND BENZENE EMISSION FACTORS FOR GASOLINE SERVICE STATIONS
(1bs/thousand gallons in year 2000)

No Phase I* Phase I & II*
: Controls Only
Emission
Source
THC  Benzene  THC Benzene  THC Benzene
Loss during storage 9.8 .076 0.475 .0028 0.475 .0C38
tank filling ;
Breathing loss 1.0 .008 1.0 .008 .05 .0004
Loss dyring vehicle 10.0 .08 10.0 .08 .5 .004
fueling ~
Spillage 0.7 .0056 0.7 (056 0.7 L0056
Total 21.2 .1696 12.175  .0974 1.725 L0138

* Based on 95% control efficiency



The Bay Area Air Quality Management District and the Monterey Bay Unified
Air Pollution Control District provided data on the number of service stations
and the total throughput of stations in various size classes. These data were
used to estimate the throughputs subject to control, and potential reductions
in benzene emissions undef the proposed ATCM. The Monterey District data
represented North Central Coast Air Basin. The Bay Area data were
extrapolated to other areas of the State, based on population densities, The
Bay Area data as a whole were assumed to represent South Coast and San Diego
Air Basins. The data on gas station size distribution 1n Napa County were
assumed to represent all the other air basins, since Napa has a lower
population density which is similar to the other air basins.

The calculations pf reductions in benzene emissions, exposure and risk and
the associated cdéts were based on the casoline sales subjecf to.coﬁtro1 under
the proposed ATCM (240,000 gallons pér year throughput cutoff) and under the
alternative throughput.cutoffs considered (24,000, 60,000, 120,000, and
480,000 gallons per yéar).

Retail gasoline sales in 1984 were estimated in each air basin for three
station categories. These categoriés were uncontrolled, Phase I controlled,
and Phase I and II éohtro]]ed stations. These sa]és, shown in Table A-2, are
projected to increase nine percent by year 2000. This statewide projection
may underestimate gasoline sa1e§ growth in areas affected by the measure.

The following discussion explains how the retail gasolihe sales were
estimated for each control category. Service station sales tax data were used
to apportion statewide retail gasoline saTes to each county. County sales
were thenlsummed to estimate district or air basin sales. For a county split
between air basins, the amount of gasoline sold in each portion of the coﬁnty

was assumed to be proportional to population.
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Table A-2

RETAIL GASOLINE SALES IN 1984
{(Mi1lions of Gallons)

Phase I & II

Air Basin Uncontrolled Phase 1
Great Basin 39.5 0. 0.
Lake 15.6 0. 0.
Lake Tahoe 1.5 25.3 0.
Mountain Counties 84,7 103.4 0.
N. Central Coast 34,0 158.0 - 0.
N. Coast 143.0 0. 0.
N. E. Plateau 43.6 0. 0.
Sacramento Valley 98.5 159.6 474,
San Joaquin Valley 166.9 0. 847.7
S. E. Desert 44.6 25.6 122.8
S. Central Coast 34.6 81.0 382.2
S. Coast 36.0 0. 4,734.5
San Francisco Bay Area - 26. 0. . 2,444 .5
San Diego 0. 0. 884.4
Statewide . 769.3 592.8

$,860,2

- Within each éistrict, the gallons sold Qere~categorized as
uncontrolled, Phase I controlled, or Phase I and II controlled based on
district rules and data provided by the districts. Gasoline delivered
from exempt bulk plants was assumed to be delivered to uncontrolled
stations. The remajning ga]]bﬁs sold were divided between the categeries
"Phase I controlled” and "Phasé I~and 1I controlled" based on district
rules,

Sacramento Valley, Southeast Desert and South Central Coast Air Basins
contain both attainment and non-attainment areas. In these air basins,
the uncontrolled and Phase I controlled sales were assumed to occur in the

attainment areas and the Phase I and II controlled sales were assumed to
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occur in the nonattainment areas.

The percent of total county retail gasoline sales by station
throughput was provided by the Bay Area, Monterey Bay Unifﬁed and Toulumne
County Air Pollution Control Districts. The districts' data were compared
with data from the Whitney Leigh Corporation's December 1986 Bay Area and
Sacramento Gas Track Repérts. The Whitney Leigh Gas Track Reports showed
a higher percentage of throughput occurring in large stations compared to
the Bay Area data. The districts' data, instead of the Whitney Leigh
data, were used in calculating the emission reductions and costs
associafed with the various throughput cutoffs considered because: 1)
the districts' data are based on nearly all stations in the area rather
than a sample; and 2) the districts' data include non-urban areas whichr'
are more repfeséntative of the éttainment areas impacted by the ATCM; Use
of the districts' data with a hfgher percentage of small stations results’
in a lower percentége qf throughput controlled under the proposéd ATCM, &
lower estimated cancer reduction, and a higher estimated'cost per cancer |
reduced. The percent of retail gaso]iﬁe sales classified by station
throughput is shown in Table A-3. The percent of a county's gasoline sold
at stationS with throughputs. exceeding thelalternative throughput cutoffs
of 24,000, 60,000, 120,000, 240,000, and 480,000 gallons per year are
shown in Table A-4,

0f all the counties in the Bay Area, Napa was assumed most
representative of rural attainment areas based on a comparison of
population densities. Based on the size distribution of stations in Napa

County, annual throughput cutoffs of 24,000, 60,000, 120,009, 240,000, and



‘Table A-3

PERCENT OF TOTAL RETAIL GASOLINE SALES
BY STATION THROUGHPUT

Station Volume (thousands of gallons per year)

County <24 24-60 60-120 120-240 240-480  >480

BAAQMD DATA
Alameda .06 .16 29 2.9 18.3 78.2 -

Contra Costa .03 .16 .44 2.5 18.2 78.7
Marin 4,16 .25 1.1 19.4  78.9
Napa .03 .29 3.05 8.7 32.8 55.2
San Francisco .10 .43 .75 2.0 20.4 - 76.3
san Mateo 03 .0 .41 20 176 797
Santa Clara .04 .08 .34 2.6 18.3Q - 78,7
S. Solano 01 13 .64 3.2 16.8 79.2
S. Sonoma 08 .29 .94 3.8 42 807
Average Bay Area .05 A7 .49 2.7 18.4 58.2
Air Basin :

WHITNEY LEIGH DATA

Bay Area .00 03 .16 1.0 3.8 94.9
~ Sacramento 00 .00 .39 1.3 4.2 94,1
MBAPCD DATA <24 24-60 60-120 120-240 >240
Monterey | A1 .52 .74 4.4 94.2
San Benito .32 .38 .00 3.3 96.0
Santa Cruz .01 .39 .73 1.5 - 97.4
Average NCC .08 47 .71 3.4 95.4
Air Basin :
TUOLUMNE CO. APCD ESTIMATE 2240
qu1umne Co. 4 95.0
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Table A-4

PERCENT OF TOTAL RETAIL GASOLINE SALES BY STATIONS EXCEEDING
THROUGHPUT CUTOFFS

Throughput Cutoff (thousands of gallons per year)

County 24 60 120 240 480
Alameda 99, 94 99.78 99,5 96. 6 78.2
Contra Costa 99,97 99,81 99.4 96.9 78.7
Marin 99. 86 99.69 99,4 98.3 78.9
Napa 99.97 99.69  96.6 88.0 55.2
San Francisco 99.90 99.46 Q8.7 96,7 76.3
San Mateo 99,97 99,87 99.5 97.3 79.7
Santa Clara . 99.96 99.88 99.5 07.0 78.7
S. Solano 99.99  99.85  99.2  96.0 . 79.3
S. Sonoma 99,92 99.63 98.7 . 94.9 80.7
SFBA Air Basin o |

Average 99,95 99.78  99.3 .. 96.6 78.2
Monterey 99,89 99.37 98.6 94.2 76.3/
San Benito 99.68 99.30 99.3 96.0 77.717
Santa Cruz 99. 99 99.60  98.9 97.4 78.81/
“NCC Air Basin

Average 99,92 99.45 98.7 95.4 77.21/
Tuolumne _ 95.0

1/ NCC percent greater than 240,000 x Bay Area percent greater than 480,000
Bay Area percent greater than 240,000
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480,000 gallons would controi 99.97, 99.69, 96.7, 88, and 55 percent of the
total retail gasoline sales, respectively. In other Bay Area counties, 95
to 98 percent of retail gasoline is sold by stations seliing more than
240,000 gallons per year.

| Data received Tater from Monterey Bay and Tuolumne County Districts
indicate that in those rural attainment areas about 35 percent of total
retail gascline sales are by stations dispensing more than 240,000 gallons
per year. We used the Monterey Bay data to represent that area (North
Central Coast Air basin), and used the Napa data to represent all qtﬁer
attainment areas.

Using Napa County data to estimate the size distribution of stations in
attainment areas other than North Central {oast Air Basin may underesﬁimate
the percent of gasoline controlled under the proposed ATCM by up to 8
percent, Thus, reductions in eﬁissions and risks could also be
underestimated by about 8 percent, The coét‘per pound benzene reduced and
the cost per cancer reduced may be overestiéatéd about 15 percent due to the
higher percentage of sales attribuied to small throughput stations which are
less cost-effective to control. Total costs may be overestimated about 8
percent due to the use of Napa siée distribution data.

Using the percent throughput distributions discussed above, benzene
emissions, exposure, and potential cancer incidence were calculated for year
2000 with no new controls, and with throughput cutoffs of 24,000, 60,000,
120,000, 240,000 and 480,000 gallons per year. Table A-5 summarizes the
reductions in benzene and hydrocarbon emissions in year 2000 with the

proposed throughput cutoff of 240,000 gallons per year.



Table A-5

IMPACT OF THE PROPOSED ATCM ON BENZENE AND
HYDROCARBON EMISSIONS FROM RETAIL SERVICE STATIONS
(Tons/Year in 2000)

AIR BASIN WITHOUT ATCM WITH ATCM EMISSION REDUCTICONS
‘ HC  Benzene HC Benzene HC Benzene
Great Basin 456 3.7 88 o7 369 3.0
Lake Co. 180 1.4 35 .3 145 1.2
Lake Tahoe 185 1.5 45 .4 140 1.1
Mountain Cos. 1,660 13.3 356 2.9 1,310 10.5
No. Central Coast 1,710 13.7 286 2.3 1,420 11.4
North Coast 1,650 13.2 318 2.5 1,340 10.7
Northern Plateau 500 4.0 g6 .8 410 3.3
Sacramento Valley* 2,200 17.6 478 3.8 1,720 13.8
Southeast Desert* 685 5.5 140 1.1 545 4.4
So. Central Coast* 936 7.5 209 1.7 728 5.8
TOTAL 10,200 B8l.4 2,050 16.4 8,120 65.2

* Attainment portion of air basin.

Benzene Emissions in the Attainment Portion of Sacramento Valley Air
Basin (SVAB) Without the Proposed ATCM

The following sample calculations for the SVAB show the methods of
calculating benzene emiséions from retail service stations in year 2000
without the proposed ATCM. The emission factors are taken from Table A-1.
The 1984 volumes of -gasoline sold shown in Table A-2 are increased to
reflect the projected 9 percent increase between 1984 and 2000.

1) Emissions From Stations Without Controls

107.4 x 106 gallons x .1696 1b. benzene x 1 ton = 9.1 t/y
yr. 109 gallons 2,000 Tbs.

2) Emissions From Stations With Phase I Controls

174.0 x 106 gallons x .0974 1b. benzene x 1 ton = 8.5 t/y
‘ yr. 162 gallons 2,000 1bs.



3) Total Benzene emissions Without ATCH
o =491 t/y+ 85ty
= 17.6 t/y

Benzene Emissions in Attainment Portion of SVAB With the Proposed ATCM

The following sample calculations show the methods of calculating benzene
emissions from retail service stations in year 2000 with implementation of the
proposed ATCM. Under the proposed ATCM with a station throughput cutoff of
240,000 gallons per year, 88 percent of uncontrolled and Phase I controlled
throughput in attainment portions of the SYAB would be controlled with both Phase
I and II (based on data from Napa County}.

Yolume of gasoline without control equals

(107.4 x 10)(1-.88) = 12.9 x 10% gallons
- Ve}ume of gasoline wifh only Phase I control equa];
 (174.0 % 10%)(1-.88) = 20.9 x 105 gallens
A,Velume of gasoline with Phase I and Il contro]s'equa1s

(1074 x 108+ 174.0 x 105)(.88) = 248 x 10° gallons

1} Emissions From Stations Without Contrecls

12,9 x 106 gallons x .1696 1b. benzene x 1 ton = 1.1 t/y
yr. 109 gallens 2,000 ibs.

2) Emissions From Stations With only Phase 1 Control

20.9 x 106 gallons x .0974 1b. benzene x 1 ton = 1.0 t/y
yr. 10° gallons 2,000 Tbs.

3} Emissions From Stations With Phase I and Il Controls

248 x 106 gallons x .0138 1b. benzene x 1 ton = 1.7 tfy
yr. 109 gallons 2,000 Tbs. ‘

4} Total Benzene Emissions with ATCM

1.1 t/y + 1.0 t/y + 1.7 t/y
3.8 t/y


https://106)(.88
https://106)(1-.88
https://106)(1-.88

5) Benzene Emission Reductions

17.6 t/y - 3.8 t/y
13.8 t/y

ITI. BENZENE EXPOSURE, RISK AND REDUCTIONS

Benzene emissions from service stations contribute to total areawide
benzene exposure and .result in short-term elevated exposures during vehicle
fueling. The staff estimated total ambient benzene exposure in 1984 from all
sources based on ambient monitoring data for benzene and carbon monoxide
(correlated to benzene). Since benzene is an ubiquitous and stable air
contaminant, the fraction of total ambient bénzene exposure attributab]e to
service stations is estimated to be equal to the fraction of total benzene
emissions attributable to service stations..

Further review 6f_the ambient beﬁzene éxposure estimates for attainment

areas included in the Technical Support Document to Proposed Benzene Control

Plan revea]éq that these estimates were too high.because they were based in
“part on CO mén{toring data from sites representing the highest or
source-impacted CO concentrations. In order to make a more éccurate estimate
of annual average benzene concentrations in rural areas, the ;taff chose to
uﬁe the lowest rural area annual CO concentration documented for California
(.22 ppm); the equivalent annual average benzene concentration is .8 ppb and
was applied to all attainment areas. This reduced the previous total ambient
benzene exposure estimate by about 50 percent.
In nonattainment areas, the annual average benzene concentration for each

census tract was multiplied by the. population in the census tract to estimate
the (popu]ation)'exposure in units of ppb-persons. The exposures in each

census tract were then summed to estimate the total exposure to ambient
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benzene in each air basin. In each attainment area, the areawide exposure was
‘estimated as .8 ppb times the population,

In order to estimate the portion of total ambient exposure in 1984
attributable to service stations in each air basin, the service station
fraction of total benzene emissions was calculated for each air basin, and
multiplied times the estimated total ambient exposure in that air basin.

The calculation of the service station fraction of total benzene
emissions in each air basin is based on current regulations and assumes: 1)
the ratio of on-road wotor vehicle benzene emissions to total benzene
emissions {excluding oil field and fefinery emissions) is 0.78 in all of
Califernia; and 2) the ratio of gas sales to on-road vehicle miles traveled

(VMT) is the same throughout the state. The method of calculation is shown

below.
G = gallons sold in & given area
- Fss = the service station emission factor {1bs benzene emitted per gallon
‘ sold) as a weighted average af uncontrolled, Phase I, and Phase I
' and 11 sales calculated for each area in 1284.
Eor = on-road benzene emissions (1bs/year)
For = on-road benzene emission factor {1bs/mile)
VMT = on-road miles (traveled on gasoline)
1984 Service Station Fraction of = G {gallons/year) x Fss {1b/gallon)
Total Benzene Emissions . Eor/.78 :
= .78 x _G_x Fss
Eor

A8 x G X Fss
YMT  {Eor/VMT)

]

The statewide gasoline use per mile, G = 11,5 x 10° gallons,
VMT  1.78 x 10'T miles

and statewide on-road emissions per mile, Eor = 16,540 tons x 2000 1b/ton,
' VMT 1.78 x 1010 miTes

are assumed to apply in all areas. (Total 1984 gasoline sales was provided by
talTrans, and gasoline powered VMT are from the EMFAC7C-Burden Run 7A dated
April 6, 1987.)
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Thus, the ratio of service station to total benzene emissions is

.78 x 11.5 x 102 gal X Fss (1b/gal)
1.78 % 1071 miles - (16,500 tons x 2000 1b/ton)/1.78 x 1071 miles

= 270 (gal/1b) x Fss (1b/gal)
The service station benzene emission factor (Fss) is calculated for each
area. In the attainment portion of Sacramento Valley Air Basin, with 1984
gasoline sales of 107.4 x 106 uncontrolled gallons and 174.0 X 108 phase
| contro]]gd gallons, and using 1984 emission factors (reflectina a higher
weight percent benzene in gasoline) the service station benzene emission
factor is calculated as follows:

Fss = (107.4 x 106 gal}{.127 1b/103 gal)+(174.0 x 106}(.073 1b/103 gal)
(107.4 x 10t + 174.0 x 100) gal

= .0936 1b/103 gal
Thus, in the attainment portion of Sacramento Valley Air Basin the ratio of
service station fo total benzene emissions is -
270 gal/1b x .0936 x 1073 1b/gal = .0253
The sample calculation of 1984 ambient éﬁposure due to service station
emissions in the attaiﬁment portion of Sacramento Valley Air Basin is as
follows:

1984 Total Benzene exposure

(.82 ppb) x (483,000 persons)

(.3866 x 106 persons)

1984 ambient benzene exposure
from service stations

{.3866 x 106 ppb-persons) x (.0253)

.00978 x 106 ppb-persons

Areawide ambient benzene exposuré from service stations in year 2000
was estimated by multiplying the 1984 ambient exposure estimates times the

relative changes in population and emissions between 1984 and 2000. Sample
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calculations for year 2000 ambient exposures are sﬁown below, following the
discussion of exposure during vehicle fueling.

Vehicle Fueling Exposure

Four papers provide data used by the staff to estimate the benzene
concentration experienced by the person filling a fuel tank.

Hart1el§/ collected 3-hour "personal samples" (sampling medium
attached to the person) from station attendants at 26 non-vapor-recovery
(NVR) stations, one of which was in California. He also recorded the time
during which each attendant was manually filling vehicles and the ambient
concentration of benzene in the sﬁation. Using these data, Hartle adjusted
the average concentration determined from each 3-hour sample to yield an
estimate of the concentration of benzene in the vapor plumes from the
vehic]g fills as experienced by the atten&ant. He aisc reported henzene
analyses for the gasolines.

Table A-6 shows Hart]é'é results and our adjustments to reflect 1.8 -
volume percent benzene in gasoline. They show a mean value of 1.7 ppm.

Hartle also sampjed at two vapor recovery (VR) stations in California.
He calculated .12 ppm benzene in the vapor p1ﬁme at a benzéne content of
1.56 volume percent. This results is equivalent to .13 ppm at 1.8kv01ume
percent. Tironi et a1.1l/ collected 17 samples?* in thew"breathing zone"
of a person filling vehicles from a single NVR nozzle. The sample
collections all occurred wthin four feet of the fill pipe. However, in 13

cases the attendant did ndt hold the nozzle during the fill and so was

* The 17 samples were taken when the ambient temperature ranged from 5% to
81 degrees Fahrenheit. Another 15 samples were taken at temperatures
from 5 to 26 degrees Fahrenheit. We did not use these data because of
the low temperatures atypical of California.



Table A-6
HARTLE'S RESULTS FOR NVR, WITH ARB ANALYSIS

No. of Benzene in Exposure Conc., ppmasb
Location Samples Gas, Yol. %

reported adjustedC

Chio 5 1.02 1.19 2.1

Florida 19 1.80 2.10 2.1
Ohio _ 9 1.64 .70 77

California 4 1.47 .93 1.1
weightedd mean: 1.7

mean

while attendant was within arm's reach of the nozzle
reported value x 1.8 vol% / actual vol%

by number of samples

[~ N I =l )

~ farther from the nozzle than a self-service customer stands. A fuel sample
was taken early in the program. It showed benzene;as 3.2 percent. of the

- carbon in the gasoline. This is about 2.5 volume percent. However, there
were two subsequent fuel deliveries; so in general, the benzene contenf of the
fuels is not known. i

Table A-7 summar%zes the results. They suggest a benzene concentration
of 1.2 to 1.7 ppm in the breathing air of someone ho]éihg the fill nozzle, but
much Tower concentrations a short distance away.

McDermott and Voslgfrused personal samplers on attendants at six NVR
stations and at one VR station (in California), Samples were collected over
four hours. There was no attempt to disaggregate the benzene collected during
fills from the four-hour total. The gasolines were analyzed for benzene and

had a median value of 0.7 volume percent. However, the paper does not report

the gasoline compositions test-by-test. Table A-8 summarizes the results.
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Table A-7
SUMMARY OF RESULTS OF TIRONI ET AL.

Benzene Conc., ppm

No. Samples mean median
Attendant held 4 1.7 1.2
ngzzle
Attendant did not 13 12 .09

hold nozzle -

Note: several fuels involved
Table A-8
SUMMARY OF RESULTS OF McDERMOTT AND VOS

Location . No. Samples ‘ Mean Benzene, ppm -
WR |
‘ Texas 12 ' .02 .
- California 10 .06
Connecticut 19 : .24
Louisiana 10 .04
Florida 12 T .06
I[1l1inois 10 R
weighted* mean: .10
VR v
California 11 .05

* By number of samples. -

The results can be adjusted roughly to a while-pumping basis by applying
the ratio found by Hartle for fhe concentration while pumping to the sample
average concentration. Hartle's data are in Table A-9. Applying the mean
ratio of concentrations at NVR stations, 11, to McDermott's results yields 1.1

ppm for NVR; applying Hartle's ratio of concentrations at VR stations, 2.5, to
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McDermott's VR results yields .13 ppm. Adjusting from 0.7 to 1.8 volume |
percent benzene in gasoline yields 2.6 ppm for NVR. Because only one of
McDermott's seven stations had VR, the mean benzene content (.7%) cannot be
attributed to the VR result and an adjustment to 1.8 volume percent benzene
cannot be made,
Table A-9
HARTLE'S DATA ON BENZENE CONCENTRATION RATIOS

: Number of Benzene, ppm
Location Samples average during fill Patio
R |
Ohio 5 .206 - 1.1¢ 5.8
Florida 19 .131 2.10 16
Ohio : g .097 .700 7.2
California 4 193 - .928 4.8
o - weighted* mean: 11.3
VR . : )
California 8 046 LA16 2.5

* By number of samples. E —

Clayton Environmental Consu1téntsl§f sampled the breathing air of -
people pumping gasoline in 13 NVR staticﬁs {three in California). The benzene
in the gaso1ine'was measured;‘ However, the results--2.8 volume percent
average, and 4 volume percent in California--are unreasonably high compared to
values reported by,Califo?ﬁfa's gasoline refinérs; so we regard Clayton's
gasoline compositions as unknown. Table A-10 shows Clayton's results.

Table A-11 summarizes all the analyses discussed above and lists the
strengths and weaknesses of each. The individual analyses yield values from

.94 to 2.6 ppm for the concentration experienced by a person holding the
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Table A-10

RESULTS OF CLAYTON ENVIRONNENTAL STUDY
(NVR)

Geometric Mean

Benzene Exposure

Location No. Samples Concentration, ppm
Pennsylvania 22 1.00
" 26 76
Georgia 23 .70
" 27 .81
" 25 1.47
. 15 1.30
California 18 .66
" 23 1.25
" 19 1.71
Texas 25 .93
! 24 .36
" 16 1.46
¢ 24 ’ .55
' ‘weighted* mean: .94
* By number of samples.
‘ Table A-11
SUMMARY OF ANALYSES
- Estimated
Reference Strength . Weakness . NVR VR
Hartle fuel analyzed ' concentration 1.7 13
during fill not
directly measured
Tironi conc, during few data; inade- 1.2 to -
111 directly quate fuel analysis 1.7b
measured
McDermott/ many data; fuel conc, during fill 2.6 .13b
Yos analyzed not directly meas-
ured; only mean
benzene content of
fuel reported
Clayton many data; conc. inadequate fuel .94b -
Environ. during fill dir- analysis

ectly measured

a by ARB staff .
b not adjusted to 1.8 vol% benzene in gasaline
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nozzle during a fi1l at a NVR station. We have chosen the value 1.5 ppm as a
fairly conservative (low) value wiihin this range. The data suggest .13 ppm
for VR stations.

Time of Filling

The value of 1.5 ppm benzene applies while the gasoline is being pumped.
Data in the report by Clayton Environmental allow an estimate of that time.
Clayton recorded the time between the gas cap being removed before the
gasoline delivery and it being replaced. Table A-12 shows the data. The

average quotient of gallons delivered and minutes is 5.5 gallons per minute

(gpm).
Table A-12
DELIVERY VOLUMES AND TIMES IN CLAYTON REPORT
No. Sample Total Total Quotient
Location ~ Periods Gallons Minutes -(gal/min)
Pennsylvania 22 1,130 211 5.36
" 28 1,460 . 247 5.91
" 23 1,237 215 5.75
Georgia 27 1,253 255 4,91
" R 25 1,366 222 . 6.15
b 15 664 110 £.05
California 18 905 168 5.38
" 23 1,158 192 6.02
" 19 833 178 - 4,68
Texas 25 1,005 225 4.47
" 24 1,178 206 5.73
" 16 865 154 5.63
" 24 1,510 251 6.02

Total: 14,560 2,634 Overall: 5,53
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We assume that the cap-on/cap-off time included 30 seconds when pumping
did not occur. Then,

1 min = 1 + 1/2 min
5.5 gal  pump rate gallons pumped

We assume that the typical delivery (gallons pumped) is six gallons. This
yields a pump rate of 10 gpm, which applies to NVR‘stations.

The typical maximum flow rate for a NVR nozzle is 12 gpm, while a VR
nozzle is limited by law to 10 gpm. According to the Division of Measurement
Standards (Department of Fbod and Agriculture) which is responsible for
ensuring‘that gasoline meters are accurate, the typical maximum flow rate for
a VR nozzle is 7 gpm. Therefore, we estimate the typical delivery rate as 10
x 7/12 = 5.8 gpm for VR nozzles.

The exposure to benzene during a typical gasoline delivery -is thus:

1.5 ppm x 6 gal/10 gpm x 1 person = .96 ppm-person-min {NVR) or

.13 ppm x 6 gal/5.8 gpm x 1 person = .13 bpm-pérson~min (vni

"The individual éxpnsure to the self-serve cﬁstomer‘whn purchases 20 gallons of

gasoline per week is 156 ppm-personFminutes'per year.

(.9 ppm-person-min/6 gal delivery)(20 gals/week)(52 weeks/year)

156 ppm-person-min/year

(156 ppm-person-min/year) (1000 ppb/ppm)(1 year/525,600 min)

0.3 ppb-persons

This equivalent average annual exposure gives an added individual risk of 7 to
51 excess lifetime cancers per million person. Based on the year 2000
projected gasoline sales in attainment areas 1.1 million persons may be
exposed to this risk.

(1,133,000 gal/year)/(20 gal/person/week)(52 weeks/year))
= 1,090,000 persons
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Benzene Exposure, Cancer Risk and Cancer Incidence in the

Attainment Portion of SVAB Without the Proposed ATCM

The Department of Health Services recommends the use of equivalent annual
average benzene exposures for ca1cu1ating"risk, so the ARB staff converted the
short-term elevated benzene exposures from vehicle fueling to annual average,
exposures in order to calculate cancer risk and cancer incidence, The
‘ following sémple calculations for SVAB show the metheods of calculating benzene
exposure and cancer incidence in yéar 2000 without the proposed ATCM.

Exposure Calculations Without the ATCM

1} Ambient exposure from service stations without ATCM

Year 2000 exposure = 1984 exposure x 2000 emissions x 2000 population
1984 emissions 1984 popuiation

The }984 beniene emfssions from service stations in the étfainment portion of
Sacramento+Valley Air Basin were calculated using 1984 gasoline sales and 1984
emission factors for uncontrolled and Phase I'cdnfrolTéd stations.

((98.5 x 10 gal)(.127 Tb/1000 gal.)

+ (159.6 x 108 gal.}(.073 1b/1000 gal.))(1 ton/2000 1b.)

=12.1 Tons

Year 2000 exposure = 1984 exposure x 2C0C emissions y 2000 population
1984 emissions 1984 population

Year 2000 exposure = .00978 x 106 ppb-persons x 17.6 t/¥ x 582,000
12.1 t/y 483,000

.0173 x 106 ppb-persons
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2) Fueling exposure from service stations without ATCM
Stations Without Phase II Control

Fueling
exposure = (gallons without Phase II) x (1/pump rate)
‘ x (# persons assumed exposed) x (breathing zone concentration)
x (years/minute)

(107.4 +174.0) x 106 gals. x 1 min. _x 1 person x 1,500 ppb x 1 yr. -
yr 10 gals. 525,600 min.

.0803 x 106 ppb-persons
3) Total Benzene Exposure from Service Stations without ATCM
Total benzene exposure from service stations = ambient exposure + fueling exposure

(.0173 + .0803) x 106 ppb-persons
.0976 x 108 ppb-persons

Woa

Cancer Risk and Cancer Incidence Calculations without ATCM

Benzene cancer risk = Benzene exposure per million persons x range of risk

Benzene cancer incidence = Benzene exposure x range of risk

Range of risk = 22 to 170 excess lifetime cancers
709 ppb-persons

#

.0976 x 106 ppb- persens x 22 excess 11fet1me cancers
T06" ppb-persons

Lower bound of risk

2.15 potential excess lifetime cancers or {dividing by
population) 3.6 cancers per million persons

"

0976 x 106 ppb-persons x 170 excess lifetime cancers
10% ppb-persons

Upper bound of risk

n

16.6 potential excess lifetime cancers or 28 cancers per
mitlion persons

Cancer risk without the ATCM = 3.6 to 28 cancers per million persons
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Cancer incidence without the ATCM = 2,15 to 16.6 potential excess lifetime
cancers

Benzene Exposure, Cancer Risk and Cancer Incidence in Attainment
Portion of SVAB with the Proposed ATCM

Exposure Calculations

1) Ambient exposure from service stations with ATCM

Year 2000 exposure = 1984 exposure x 2000 emissions x 2000 population
1984 emissions [G8% population
.00978 x 106 ppb-persons x 3.8 t/y x 589,000 = ,0038 x 106 ppb-persons
12.1 t/y 483,000

2) Fueling exposure from service stations with ATCM
Stations Without Phase II Controls

Fueling = 33.9 x 100 gals. x 1 min. x 1 person x 1,500 ppb x 1 yr.
exposure yr. 10 gals. 525,600 min.

= ,0097 x 106 ppb-persons
Stations with Phase II Controls

Fueling = 248.2 x 106 gals. x _1 min. x 1 person x 130_ppb‘x 1 yr.
exposure ' yr. - 5.8 gals. : 525,600 min.

= .0106 x 10% ppb-persons

Total fueling exposure = (.0097 + .0106) x 106 ppb-persons
= .0203 x 105 ppb-persons
3) Total benzene exposure from service stations with ATCM

Total benzene exposure * = ambient exposure + fueling exposure
from service stations

(.0038 + .0203) x 10® ppb-persons

.0241 x 105 ppb-persons

Cancer Risk and Cancer Incidence Calculations with ATCM

Benzene cancer risk = Benzene exposure per million persons X range of risk

Benzene cancer incidence = benzene exposure x range of risk
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Range of risk = 22 to 170 excess lifetime cancers
100 ppb-persons

.0241 x 106 ppb-persons x 22 excess lifetime cancers

Lower bound of risk
105 ppb-persons

i

.53 potential excess lifetime cancers or {dividing by
population} .9 cancers per million persons

Upper bound of risk = .0241 x 106 ppb-persons x 170 excess lifetime cancers

10% ppb-persons

= 4.1 potential excess lifetime cancers or 6.9 cancers
per million persons

Cancer risk with the ATCM = .9 to 6.9 cancers per million persons
Cancer incidence with the ATCM = .53 to 4.1 potential excess lifetime cancers

Reduction in cancer
incidence from ATCM

cancer incidence without ATCM - cancer incidence with ATCM

H]

(2.15 to 16.6 potential excess lifetime cancers) -
(.53 to 4.1 potential excess lifetime cancers)

-0

1.6 to 12.5 potential excess 1ifetime cancers reduced

_Benzene Exposure to Nearby Residents

To estimate the incremental increase in benzene expesureiio residents
1iving near a service station, the annual averageibeﬁzene concentrations
from a-single service station were estimated using the EPA Industrial Source
Compiex Short Term (ISCST) model. For modeling purposes, the station was
assumed to be-a continuously emitting ground level point source. The
benzene emission rates were calculated using the emission factors 1ﬁ Table
A-1 for a station without vapor recovery, a station with Phase I control,
and a station with Phase I and II controls. An annual gasoline throughput
of 960,000 gallons was used because it represents a typical size of service
station. The benzene emission rates in grams per second were calculated as

follows:
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Benzene (#%a1s./zr!(#1bs./1000 ga]s.!(453.6 gms/1b)
Emission Rate = 65 days/yr}(24 hrs/day)(60 min/hr)(60 sec/min
For a station without vapor recovery the benzene emission rate is:

{960,000 gal/yr)(.1696 1b/1000 gal)(453.6 gms/1b) = .002342 gm/sec
(365 days/yr}(24 hrs/day)(60 min/hr)(60 sec/min)

For a station with Phase I control, the benzene emission rate is .001345
gm/sec; and with both Phase I and II controls the benzene emission rate is
.00071906 gm/sec, These benzene emission rates and 1963-4 meteorological
records from the Los Angeles Executive Airport (LAX) were inputs to the
model.- Los Angeles data were used because results were avai]able and because
the average annual wind speed at LAX (7.9 mph) is similar to the average (7.3
mph) for 169 stations in Ca]ifornia.li/ Benzene concentrations were
predicted at 36 ten degree intervals (0%, 10%, ..., 350%) at distances

of 25, 50, 75, 100, 150, 200, 300, 500, 1000 and 2000 meters. The 36 benzene
concenirationS'predicted af each distance were averaged to get a spatially
averaged annual average benzene concentration;at that distance. The ISCST
model is not validated for distances 1es§ than 100 meters, so the benzene
concentrations predicted at 25, 50, and 75 meters are rough estimates. The
spatially averaged annual average benzene concentratfon at each distance is
shown for the three levels of control in Table A-13.

Using the modeling results and data on typical population densities of
towns and cities in attainment areas, staff estimated the population in
attainment areas residing near uncontrolled and Phase I controlled service
stations that are experiencing average neighborhood benzene exposures of .07
ppb above the ambient concentration. Neighborhood expdsure to an additional
.07 ppb benzene increases the individual cancer Eisk from retail service

stations by 1.5 to 12 lifetime cancers per million persons.
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Table A-13

ANNUAL BENZENE CONCENTRATICNS1/
AND CANCER RISK AT VARYING DISTANCES
FROM SERVICE STATIONS

Level of Control

Distance None Phase I Phase I & II
(meters) (ppb) Risk2/ (ppb) Risk (ppb) Risk
253/ .97 21-1€5 .56 12-95 .079 1.7-13
503/ .26 5.7-44 .15 3.3-26 .021 .46-3,6
753/ RY 2.6-20 071 1.6-12 .010 .22-1.7
100 .072 1.6-12 041 . .80-7.0 ,0059 J13-1.0
150 .034 .75-5.8 .019 42-3.2 .0027 .06-.46
200 .020 .44-3.4 011 .24-1.9 .0016 .04-,27
300 .0095 .21-1.6 ~.0055 Ja2-.9 .00078 .02-.13
500 .0036 ,08-.6 .0021 .05-.4 - .00029 .006-.,05
1000 L0010 .02-.17 .00059 .01-.1 .000084 .002-.01

2000 .0003 ,007-.05 .00019 .004-.03 .000026 .001-.004

1/ Average of annual average concentrations above background for 36 equidistant
points at each distance. Assumes 960,000 gallons per year throughput.

2/ Lifetime cancers per million persons.

3/ Concentrations shown for distances less than 100 meters are uncertain
because the ISCST model is not validated for those distances.

The following information Qas used to estimate the approximate
population subject to neighborhood hot spot benzene exposures of .07 ppb: 1)
model ing results showing the average benzene concentration between 25 and
approximately 207 meters from an uncontrolled service station dispensing %60,000
gallons per year is .07 ppb; 2) modeling results showing the average benzene
concentration between 25 and approximately 141 meters from a Phase I controlled
station dispensing 960,000 gallons per year is .07 ppb; 3) population data
showing the typical population density of towns and cities in attainment areas
is 3,000 persons per square mile and the assumption that no one is expected to
reside within 25 meters of a service station; and 4) the assumption that the

number of uncontrolled (non-vapor recovery or NVR) and Phase I‘controlTed

stations may be estimated by dividing the uncontrolled and Phase I controlled
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throughputs by the throughput of a typical size retail service station (960,000
gallons per year). Based on this information, 153 persons are expected to Tive
between 25 and 207 meters from each of 613 uncontrolled stations and 70 persons
are expected to Tive between 25 and 141 meters from each of 673 Phase I
controlled stations in attainment areas. Thus, the ﬁotal number of persons
experiencing average neighborhood benzene concentrations of .07 ppb above the
ambient concentration is egqual to the number of each type of station times the

persons 1living near those stations. The calculation is shown below:

Neighborhood
population
exposed = (pop. near NVR station) (# of NVR stations)
+ (pop. near Phase I station) (# of Phase I stations)

(153)(613) + (70){673)

140,000 persons exposed to an adéitigna% (average)A.07 ppb benzene
Total populatidn,inmattainment areas = 3.2 mitlion hersons ‘
- % of total pcpu]af?en gxpesed %l(¥40,008/3.2 million) x 100% = 4%

The following calculation explains how the modeling results shown in
Table A-13 were used to estimate'éhe approximate areas subject to average
concentrations of 0.07 ppb. The population exposure in.a given area (ﬂ)
between y and z meters from the source was estimated by integrating
population density times concentration over area A. The concentrations
shown in table A-13 are approximated by the following two egquations:
¢ {ug/m3) = ( 5 x 105) q 7 R1.85 and
C {ppb benzene) = { 5 x 105) @ 7{(R1-85)(3.16))
since 3.19 ppb benzene equals 1 ug benzene/m3

0 is the emission rate in grams per second and R is the distance from
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the source in meters (m). Letting Pm represent population per square meter,
Pmi represent population per square mile, and A represent area in square

meters,

Exposure {ppb-persons)} = jﬁ Pm {persons/m2) C(ppb) dA (ml)
A .

(and assuming P is constant in area A)
Pm C dA
5

B

z
ﬁnj— C 2w R dR {defining area A as y < R < z)

i"

Z
(Pm 2 w5 x 105 0/3.19)f R dR/R1.8%
y

but Pn {persons/m2)} = Pmi (person/mile2)(1 mile/1609 m)Z,
50 substituting for Pm

1]

‘Exposure (ppb-person) = (Pmi)(1/1609)2(2 v 5 x 105 Q/3. 19{jﬂ Rdr/R1.85

(performing the }ntegrat1on)

(Pm7}{(1/1609)2(2 » 5 x 105 c;s 19)(R- 15/7.15)
eva}uated over R =y to R =

2,536 (Pmi) @ (z-15 - y-15)
evaluated over R = y to R =

The population weighted average concentration in area A, defined hy y and z,
is Cp = Exposure (ppb - persons)/population in area

Population =
P (persons/mile2){1 mile/1608 m)2 7= ({22 - y2) m2)

Thus the average concentration Cg in area A is

Ca = exposure (ppb - persons)
population

= (2.536)(Pmi) (Q) (z+15 - y-15)
(Pmi)(1/16091< 1r (22 - yZ)
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We assume that the population density is zero at distances less than y
equal to 25 meters. Given an average concentration of interest, €, and
defining y, as 25 meters we can calculate z to find the approximate
geographic area in which this average concentration (C} occurs. Rearranging
terms,

22 = (z-15) (2.536) (1609)2 (Q)/( 7 C) = y2 - (y.15) (2.536) (1609)2 (Q)/(™ ¢)
Lletting € = .07 ppb, y = 25 meters, and using Q = .002342 (gm/se¢) for an
-uncontrolled 960,000 gallon per year station, we can solve iteratively for z.

z = 207 m.

Similarly for a Phase I controlled 960,000 gallon per year station with

Q

Z

.001345 gm/sec, y = 25 meters, and C = .07 ppb, and solving iteratively,

141 meters.

H

Thus, given the modeling aésumptions, areas 25 meters tﬁ 207 meters aﬁd 25
meters to 141 meters from uncontrolled and Phase I controlled (960,000
gallon per‘year) statioﬁs would experience average concentrations Qf .07
ppb. |

These areas, ANVR around a non-vapor recovery station, and A; around a

Phase I controlled station are,

Agvr = 7 (2072 - 252) = 132,650 m2, and

A1

= 1 (1412 - 252) = 60,495 m2

Assuming a typical population density of 3,000 persons per square mile, the
populations in these areas are,

Population (Area m2) (1 mile/1609 m)2 (population/miZ)

Population yygr = (132,650 m2) (1 mile/1609 m)2 (3000 pop/mile2)

154 persons, and

Population 1 = 70.1 persons
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The numbers of stations delivering 960,000 gallons per year which would
account for the year 2000 uncontrolled and Phase I controlled gasoline sales
of 588 and 646 million gallons are 613 uncontrolled and 673 Phase I
controlled stations. Thus about 94,000 persons residing near uncontf011ed
stations and 47,000 persons residing near Phase [ controlled stations may
experience average benzene concentrations of .07 pbb above ambient,

The exposures without the ATCM near all uncontrolled and Phase I
controlied stations are 6,600 and 3,300 ppb-persons Péspective1y.

{0.07 ppb}{94,000 persons)

6,600 ppb-persons
(0.07 ppb){47,000 persons) = 3,300 ppb-persons

The average concentration above ambient, 0.07 ppb {in the areas 25 to
207 from uncontrolled stations and 25 té 141 m from Phase I controlled
stations), would be reduced for thase stations affected by the ATCM. The
concentratianis proportional to the emission rate, so based on the emission
Fates in Table A-1, the average concentration 25 to 20?’%rom the modeled
uncontrolled station is reduced to 0.057.ppb.
{0.07 ppb)(.0138 1b/1000 gal)/{.1696 1b/1000 gal) = 0.057 ppb
Similarly, the average concentration 25 to 141 m from the modeled Phase I
controlled station is reduced to 0.099 ppb.
- {0.07 ppb)(.0138 1b/1000 gal)/(.0973 1b/1000 gal) = 0.C%9 ppb
The proposed ATCM would control approximately 88 percent of the throughput
in attainment areas, so the remaining neighborhood exposure with the ATCM is

calculated as follows,
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Near all previcusly uncontro11ed stations,

(6,600 ppb-persons)(.12 + .88 (.0138)/(.1696)) = 1,300 ppb-persons

and near all previously Phase I controlled stations,

(3,300 ppb-persons)(.12 + .88 (.0138)/(.0974)) = 800 ppb-persons

Thus, total residual neighborhood exposure is about 2,000 ppb-persons., Thus
the exposure to nearby residents is reduced from about 10,000 to 2,000
ppb-persons, a reduction of about 80 percent.

Cancer incidence is also reduced. Without the ATCM, 0.2 to 2 lifetime
cancers are predicted, and with the ATCM 0.04 to 0.3 cancers are predicted
based on the following calculations.

Without the ATCM:

(10,000 ppb-persons)(22 x 1076 cancérs/ppb-person) = 0.2 cancers
(10}000)(170 X 10'6'cancers/ppb-persion) = 1.2‘cancers o

With the ATCM: | |

(2,000hppb-persons)(22 X 10'5 tancefs/ppbeperson)_= 0.04 cancers
(2,000 ppb;bersons)(170 X 10'6 cancers/ppb—pérson) = 0.3 cancéks'
IV. COST-EFFECTIVENESS

The cost estimates for Phase II vapor recovery at service stations are
based on the American Petroleum Institute report titled "Analysis of Stace
II, Onboard Canister and Incremental Stage II Cost Effectiveness"l/ and
data on dispenser modification costs from an equipment manufacturer.g/

From these data, an average annualized cost of $.005/gallon was calculated
for installation of new Phase II vapor recovery systems at existing service

stations with an annual throughput of 960,000 gallons.
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To estimate the cost effectiveness of requiring Phase I vapor recovery
in addition to Phase II on service stations with an annual throughput
greater than 24,000 gallons, cost data from ARB's document Reasonably

Available Control Measures, June 9, 1978§f were used. This document

ing]udes cost estimates for Phase I systems at service stations ranging from
$0.05 to $0.23/1b, of THC reduced, depending on the number of storage tanks
at the stétions. Inflating these costs to 1985 dollars using economic
indicators showing a 48% increase between 1978 and 1985, the average cost
for Phase I is estimated to be $.001/gallon. The overall weighted
cost-effectiveness and the cost- effectiveness for stations with annual
throughputs ranging from 24,000 to 960,000 gallons are calculated.
The following were g]sb used to estimate the éost-effectivenéss of
requiring Phase II vapor recovery at service Stations with annual
throughpuis greater than 9; equal to 24,000 gallons. 7
0 Sales tax of é% was added to all costs for installation of various
vapor recovery systemé. ‘ o

0 The annualized cost was ca1cu]ated'u§ing a 10% interest ;ate and
amortization periods of fifteen years for underground plumbing and
first year 60221& and hose costs, and three years for dispenser
components excluding nozzles and hoses.

Table A-14 shows the factors used to calculate the equipment and
installation costs for balance Phase II systems at service stations. These
factors include costs for underground plumbing, nezzies, dispenser
modifications, installation, system certification, permits and labor. Table

A-15 shows the annual maintenance costs per nozzle for these systems. Table
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A-16 shows the total equipment and installation costs for various size
stations, Estimates of the impact of an onboard canister control progrém on

the costs and benefits of Phase II vapor recovery and

Table A-14
EQUIPMENT AND INSTALLATION COSTS FOR BALANCE PHASE II SYSTEMS

Underground Plumbing ' $7,793 + $289.50/nozzle
(mean of manifolded and
individual return costs)

Site-specific engineering* $1,005 to $1,548

(2 to 18 nozzles) -
Nozzles - $206/nozzle
Dispenser Modifications $328/nozzle

(hoses, check valves, hanger
kits, flame arresters,
flow limiter, etc.)

"~ Installation costs ' $175/nozz]e‘

System certification . $666
(tank test, pressure test,
and liquid blockage test)

Permit $332 to $1,036 (2-18 nozzles)
Labor ~ $ 76 (1 to 6 nozzles)
' $114 (7 to 12 nozzles)
$152 (13 to 18 nozzles)

* Costs for engineering drawings/plans, permits and supervision for
retrofitting underground tanks and piping.

estimates of the costs to local agencies of the proposed ATCM are included

at the end of this section.
In Table A-17, capital costs from Table A-16 are annualized and combined

with annual costs of maintenance, permits, and property taxes to calculate
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the total annual cost for five different station sizes. The value of
product recovered is calculated and subtracted to give the net annualized

cost and the cost per gallon.

Table A-15
ANNUAL MAINTENANCE COSTS FOR BALANCE PHASE II SYSTEMS
($/nozzle/year)
Nozzle Replacement. $ 46

(once every 18 months, $17 annual
credit for standard nozzle replacement)

Vapor hose replacement {once § 68
every 18 months) ,

Boot and Face Plate Replacement $ 75
(boot - 3 times per year, face plate -
1.5 times per year)

. Permit Fee "8 22.50%

Total . $211.50

# Greater than- cost estimate by API. Based on existing permit fees required
by local districts to recover costs of annual inspections.

The Phase II costs per gallon calculated for stations with annual
throughputs of 24,0C0, 120,000, 240,000, 480,000, and 960,000 gallons were used
to repreﬁent the control costs at stations with annual throughputs ranging from
24,000 to 60,000 gallons, 60,000 to 240,000 callons, 240,000 to 480,000
gallons, and greater than 480,600 gallons, respectively. Table A-18 summarizes
the control costs for stations with varying annual throughputs. Figure A-1
graphically displays the cost per gallon vs. station throughput.

Using these values, the throughput-weighted average costs per gallon for
Phase II control and for Phase I and II control were calculated for each air
basin based on annual throughput cutoffs of 24,000, 6C,000, 120,000, 240,000

and 480,000 gallons.
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Table A-16

CAPITAL COST OF EQUIPMENT AND INSTALLATIOM

No. Islands/No. Nozzles

1/2 1/4 2/8 3/12
Underground plumbingl/ 8,874 9,488 10,716 11,943
Site engineering2/ 1,005 1,074 1,213 1,332
Nozzles and hoses3/ 750 1,499 2,999 4,498
Installation Costs ' )
System Certificationd/. 666 - 666 666 666
Initial Permit3/ 332 420 596 772
Laborﬁ/( ‘ 76 . 76 114 . 114
Subtotal 11,703 13,223 16,304 - 18,325
Dispenser modification 382 763 1,526 2,290
Total 12,085 13,986 17,830 21,615
1/ Mean of manifolded and individual return costs
($7,793 + ($289.50/nozzle)(# nozzles))(1.06)
2/ Engineering drawings, plans, permits and supervision for retrofitting
tanks and piping.
3/ ($147.60/hose + $206/nozzle)(# nozzles and hoses)({1.06)
4/ Tank, pressure, and liquid blockage tests
5/ $244 + ($44/nozzle)(# of nozzles) based on a survey of nine districts
with vapor recovery programs.
6/ $ 76 for 1 to 6 nozzles, $114 for 7 to 12 nozzles, $152 for 13 to 18
nozzles
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Table A-17
ANNUALIZED PHASE I1 CONTROL COSTS

Station Size in‘Ga11ohs/Year
No. Islands/No. Nozzles

24,000 120,000 240,000 480,000 960,000
1/2 1/4 1/4 2/8 3/12

Annualized Capital Costs

Underground plumbing and

first year nozzle and .

host costsl/ 1,535 1,737 1,737 2,139 2,535
Dispenser Modifications2/ 154 307 307 613 921
Annual Maintenance Costs :

Boots and Faceplates3/ 159 - 318 318 636 954
Nozzles and Hoses%/ 242 483 483 967 1,450
Permit Fees5/ 45 90 . 90 180 270
Property Tax8/ 121 140 140 178 216
Total Annualized Cost 2,256 3,075 3,075 4,714 6,346
Product Recoveryl/ ' 45 . 226 451 903 1,80¢
Net Annualized Cost 2,211 2,84¢ 2,624 3,810 4,540
Cost/Gallon (Cents)&/ 9.2 2.4 1.1 .8 .5

Annualized capital costs = i(1 + i)a/((1 + 1))@ - 1 x capital cost =
A0+ .D)15/((0 +# 1315 2 1) x capital costs = .131 x capital cost,
where i = interest rate (0.10), a = amortization period (15 years)
for items 1 through 6 from Table A-16. :
Same as above, but a = 3 years for dispenser modifications
Annualized costs = .1(1 + .1)3/((1 + .1)3 -1 x capital cost

= ,402 x capital cost
($75/nozz1e)(# nozzles)(1.06)
($46/nozzle + $68/nozzle)(# nozzles)(1.06)
($22.50/n0zz1e)(# nozzles)
(capital cost)(0.01)
Annual Product Recovery = (# gal/year)(10.45 1b/1000 gal)($.90/gal)

(5.0 1b/gal)

Net Annualized Cost/(# gal./year)
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Table A-18

CONTROL COST BY STATION THROUGHPUT
(cents per gallon)

Station Throughput

(gallons/ year) , Control Added
Calculated for 1/ Applied to2/ Phase II Only Phase 13/ & II
24,000 24,000 to 60,000 9.2 9.3
120,000 60,000 to 240,000 2.4 2.5
240,000 240,000 to 480,000 1.1 1.2
480,000 480,000 .8 .S
5 .6

960,000 greater than 480, 000 .

1/ Cost per gallon was calculated from these station throughputs.

- 2/ Cost per gallon was applied to the fraction of gaso11ne sold by stations

) with these throughput ranges.

3/ Based on ARB's document Reasonably Available Control Measures (1078),
Phase I control costs are. estvmated at 0.1 cent per gallon.

Under fhe proposed ATCM with an annual thfoughput (tp) cutoff of 240,000
(240 K) ga]ions; the average cost per gallon was calculated as follows:
average cost per gallon =
({cost/gal., at 240K gals./yr.)(fraction tp from é40K to 480K gals./yr.)
+ {cost/gal. at 960K cals./yr.)(fraction tp 480K gals./yr.))

{fraction tp from 24CK to 480K gals./yr.) + {fraction tp 480K gals./yr.))
Using the Napa County throughput data, the average cost per gallon for Phase I.

and II control is:
(.3281)($.012/ga1)+(.5515)($.005/g$1)/(.3281-f .5515) = $.0082
the average cost per gallon for Phase II control only is:
(.3281)(3.011/gal) + (.5515)($.005/gal)/(.3281 + .5515) = §$.0072
Due to the higher cost per ga1lon of controlling lower throughput stations,

the average cost per gallon depends on the throughput cutoff. The estimated
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throughput-weighted average costs per gallon of Phase II control are shown
below for the North Central Coast (which has a higher percentage of larger
stations than in Napa County) and for the remainder of the State (based on

Napa County data).

Table A-19
THROUGHPUT-WEIGHTED CONTROL COSTS BY THROUGHPUT CUTOFF
{cents per gallon)

Other

North Central Coast Attainment Areas
Throughput ,
Cutoff Phase II Phase I & II Phase Il Phase I & II
{gal/yr)
24,000 .71 .81 .94 1.04
60,000 .69 .79 .92 1.02
120,000 .67 .77 .87 .97
240,000 .61 S & I .72 - 82
480,000 .50 .60 .50. .60

‘The station size disirfbuticn and the lower control costs calculated for
North Central Coast Air Basin may be represehtative of other attainment
areas, but data are not ayai]able to verify the station size distribdtion in
these areas. |

A.  CONTROL COSTS IN SVAB

The annual cost of the proposed ATCM in each air b;sin was calculated
based on the average costs per gallon shown above and fhe gallons of gasoline
throughput affected, The cost effectiveness of the proposed ATCM in the
Sacramento Valley Air Basin is calculated below.

Cost-Effectiveness Calculations
throughput controlled with Phase 1 & 11)($.0082/gal) +

(

(throughput controlled with Phase I11)}( .0072/cal)
é(]07'4 - 12.9) x 106 gal)($.0082/gal)
$

Annual cost

o+ #

(174.0 - 20.9) x 106 gal))($.0072/gal)
1.88 x 106
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The cost per annual cancer reduced was calculated as follows:

Cost per annual cancer reduced = annual cost
estimated T1fetime cancers reduced//0

The cost per annual cancer reduced using the lower bound of the range of risk
for benzene (22 excess 1ifetime cancers/million persons/ppb) is:

$1.88 x 105 = $82 x 106/annual cancer reduced
1.6 Tifetime cancers reduced/?ﬂ

The cost per annual cancer reduced using the upper bound of the range of risk
for benzene {170 excess lifetime cancers/million persons/ppb) is:

$1.88 x 106 = $11 x 105/annual cancer reduced
12.5 lifetime cancers reduced/70

The average cost per pound of benzene reduced in each air basin was
calculated as follows: - T ' '

Average = (annual cost in the air basin)
Cost/1b.  (tons benzene reduced){2000 1b/ton)

For the Sacramento'VaE1ey Air Basin, the average cost per poﬁnd'?sé ‘

~ §1.88 x 106 = $69/1b
(17.57 - 3.82 tons)(2000 1b/ton)
The potential costs and benefits from the proposed ATCM calculated for each

air basin using the methodology shown for the attainment portion of
Sacramento VYalley Air Basin are summarized in Table A-20.

The following calculations show the impacts between 1990 and year 2000 on
the costs and benefits of Phase II controls in the proposed AT{M if EPA
implements an onboard control program for all 1992 and later model year
gasoline vehicles. A discussion of issues related to the implementation of
an onboard control program is included in the attached article from
Automotive News., The calculations of the impacts of onboard controls are

based on the following assumptions: 1) the amortization period for
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TABLE A-20

POTENTIAL COSTS AND BENEFITS FROM THE SERVICE STATION

BENZENE CONTROL MEASUREL/

|
S~

$106/Cancer Case Reduced =

Annual Cost

Cancers reduced per year

A-43

Baseline Service Reduction .
Station Health Impacts in Cost/1b.  $106/Cancer
Cancer Cancer Cancer Reduced Case
Basin Incidence2/ Risk3/ Incidence Reduced3/
GBY .3-2.3 8.5-66 .23-1.8 $53 §12-396
Lake County .16-1.2 2.7-21 12-.94 $53 $0.2-%7N
Lake Tahoe .22-1.7 3.4-26 .16-1.3 $83 $10-$81
Mountain 1.6-12 3.5-27 1.2-9.3 $66 $10-381
Counties
No. Central 2.0-15 2.8-22 1.6-12 $67 $8.5-%66
Coast '
North Coast 1.3-9.7 4,0-3 1.0-7.4 $53 $11-383
Northeast .39-3.0 3.8-29 .30-2.3 $53 $11-381
Plateau -
Sacramento 5.0-39 2.6-20 1.6-13 369 $11-%82
Valley '
San Diego 1.5-12 .59-4.6 Not affected by measure
S.F. Bay Area 4.7-36 .70-5.4 Not affected by measure:
San Joaquin 3.5-27 1.3-9.7 Not affected by measure
Valley '
Southeast 1.0-7.7 1.2-9.0 .63-4.9 $61 $7.6-359
Desert .
South Coast 11-84 .77-6.0 Not affected by measure
So. Central 1.6-12 1.2-9.0 .8-6.2 $72 $94-473
' Coast :
Attainment ’
Areas Only 9.9-77 3.1-24 7.6-59
Weighted Average $64 $2.8-476
Total 34-260 1-8
1/ Applies to retail service stations in year 2000
2/ Ppotential excess lifetime cancer cases
3/ Potential excess lifetime cancer cases per million persons



underground plumbing and first year nozzle and hose costs decreases from
fifteen years to ten years; 2) no product is recovered from Phase Il vapor
recovery; 3) the percent of gasoline dispensed to vehicles equipped with
onboard controls will be 1.8% in 1991 and w11l increase to 68.8% by the year
2000 (based on ARB emission inventory data showing the percent of vehicle
miles travelled attributable to 1992 and later model year vehicles between
1991 and 2000); 4) onboard contrels would reduce benzene exposure from
vehicle fueling to the same degree as Phase II vapor recovery (85%); and 5)
the proposed ATCM will be fully implemented by January 1, 1990.

Phase II Cost-Effectiveness Calculations

Annualized Capital Costs for a 480,000 gallon/year station
$16,304(.163) + $1,526(,402) = 33,27

Total Annualized Cost

Annualized capital costs +
annual maintenance + permit fee +

property tax

$3,271 + 41,603 + $180 + $178

. = $5,232
‘Cost/gallon with onboard = $5,232 = $.01
controls in place 480,000
Cost/gallon without onboard = $3,810 = $.008
controls 480,000
{from Table A-18)
Cost increase per gallon = $.011 - $.008 = $.003 or 38%

Benzene emissions from vehicle fueling which would be controlled by Phase
11 vapor recovery or onboard controls account for about 94% of the cancer
incidence {9.3 to 72 cancer cases) from uncontrolled service stations in

attainment areas. The remaining 6% of the cancer incidence (.6 to 5 cancer
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cases) results from benzene emissions from underground storqge'tanks
(controlled by Phase I vapor recovery). The cancer incidence from
underground storage tank emissions would not be reduced by onboard controls.

To estimate the impact of onboard controls on the effectiveness of the
proposed ATCM, the annual cancer incidence in attainment areas due to fueling
and ambient exposures from service station benzene emissions was calculated
for years 1990 to 2000 for the following contral scenarios:

1) no new controls;

2) onboard controls on all 1992 and iater model year gasoline vehicles;

3) ATCM implemented in 1990; and

4) onboard controls on all 1992 and later model year gasoline vehicles

and ATCM implemented in 1990.
The reductions in annual canégr incidence under each control scenario are

shown in Table A-21 and were calculated as follows.

Control Scenario 2

Reduction in Cancer
Incidence from Onboard = cancer incidence with no new controls
Controls Only - cancer incidence with onboard controls

Control Scenario 3

Reduction in Cancer cancer incidence with no new controls
Incidence from ATCM - cancer incidence with ATCM
Without Onboard

Control Scenario 4

Reduction in Cancer cancer incidence with onboard controls
Incidence from ATCM -~ cancer incidence with onboard controls and ATCM
With Onboard
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Table A-21 shows the implementation of onboard controls would reduce the

effectiveness of the proposed ATCM by 32% between 1990 and 2000.

Table A-21
ANNUAL REDUCTION IN CANCER INCIDENCE

Calendar Attributable to the ATCM ‘ Onboard
Year Without Onboard With Onboard Controls Only

1990 0-.77 .10-,77 ) 0
1991 .10-.77 .10-.76 .00~.02
1992 .10-78 .09-71 .01-08
1993 .10-79 .08~.65 .02-15
1994 .10-79 .08-.59 .03-.23
1965 .10-.80 .07-.53 .04-.31
1996 .10-,80 ,06-.47 .05-.38
1997 .11-.81 .06-.43 .06-.,44
1998 A1-.82 .05-.38 .06-.50
1999 11-,82 ~ ,04-,34 .07-,55
2000 A1-.83 - S .04-.31 .08-.60

Total ~1.1-8.8 .77-5.9 \42-3.2

Costs to Local Agencies

The start-up costs local agencies will incur in implementing the proposed
ATCM are estimated based on the following assumptions: 1) afl of the stations
affected by the ATCM will install vapor recovery control equipment in 1920;
2) about 1 biliion gallons of gasoline will require controls in 1920 as a
result of the ATCM; 3) each retail service station has 12 nozzles and pumps
960,000 gallons of gasoline per year; 4) the costs to local agencies of

reviewing and processing initial permits and authorities to construct are
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about $244/station + $44/nozzle (based on a survey of 9 districts with vapor
recovery programs); and 5) the costs to local agencies of annual inspéctfons
and reinspections due to equipment defects or customer complaints are about
$22.50/nozzle (based on district survey).

These cost estimates are high because all stations are assumed to be
controlled during the first year of imp]ementafion. Full implementation of
the proposed ATCM may not occur until two to three years after district board

adoption. The method of calculating the costs to local agencies is shown

below.

Costs to Local Agencies Calculations

Gallons affected by ATCM in 1990 = 1984 gals x increase in x fraction of
: affected throughput throughput

(1984-1990)8/  controlledb/

(539.6 + 592.8) x 106 gal x 1.033 x .e8
1.03 x 109 gal s

Estimated number of stations
affected by ATCM 1.03 x 102 gal x 1 Station

960,000 gal

= 1,073 stations

Estimated number of nozzles
affected by ATCHM

1,073 stations x 12 nozzles
station

12,876 nozzles

Costs for initial permits
and authorities to construct = $244/station + $44/nozzle

Costs for annual inspections
and reinspections = $22.50/no0zzle

a/ Annual {ractiona] increase in throughput {xg ca1cu;ated as
(1 + x)(2000-1984) = 1,09, x = 1.0054, x(1990-1984) - 7 0328

- b/ Throughput weighted average of throughput affected by proposed ATCM.
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Cost per station for initial

permits and authorities to = $244/station + {$44/nozzle) x (12 nozzles)
construct station
= §772/station
Total costs for initial = $772/station x 1,073 stations
permits and authorities to , :

construct = $828,400

Total costs for annual

inspections and reinspections = $22.50/nozzle x 12,876 nozzles
= $289,700

Total costs to Tocal agencies = $828,400 + $289,700
= $1,118,100

A-48



br—-Y

'EPA wants early phase-in of vapor-recovery canisiers

By Heten Kahn
AUTOMOTINE NLWS SIATF AEPORIER

WASHINGTON — EPA wants all aulo
manifnchners to begin phasing in eanisters
fo recover gasoline vapors otherwise lost
tharing fucling.

But EPA would [irst require refiners 1o
lower gasoline velatility in line with aulo
makers' contention that the vapors can be
controlled by making gaseline less volatile.

Al the same time, those urban areass not
atiaining healthlul ground-level ozone levels
will still have to require Jocal gas stations to
control refueling vapors.

According to a summary fact sheet ob-
tained by Automotive News, that is the sub-
stance of the long-awailed EPA proposal
sent to the White House Office of Manage-
ment and Budget, which has the final say
over what regulations meet the Reagan ad-
mrinistration policy guidelines.

Strong opposition is expecled from Lhe
aule industry; from some key lawmakers
such as Rep. John Dingell, D-Mich.; and
from within the Office of Management and
Budge! itsell.

Although the EPA document ephrﬁign—
cally lists 1990 and iater models as those
planned Jor onboard controls, that would
soem virlually impossible if EPA allows the
24 months' leadtime promised by the same
document. It would, in fact, be almost mi-
raculous if the proposal could be published,
initial comments on a whole raft of issues
garnered and a f[inal regulation issued by
September for the start of the model year.

It may even be optimistic to expect that
the canisters will be installed by 1991
models, in view of a potential lawsuit
against EPA that is being prepared. In prep-
aration for that potential suit, mosi major
automakers funded a study that is expected
to be released soon, showing that evapora-
tive hydrocarbon controls should be on gas
station pumps, not on vehicles. The potential
suit has been draited in case EPA fails lo

foree nonatlainment arcas to wqmm s
slation vapor recovery condyols.

The firm behind these moves, Mullina-
tional Business Svrvices, employs two Tor-
mer Office of Management and Budget olfi-
cials and one who formerly worked for Gen-
eral Motors.

Muitinalional Business Seyvices also has
been writing letters 1o EPA, arguing for gas
station controls and against any more vehi-
cle regulation.

f
The EPA proposal would cover all gaso—ﬁ‘

line-powered cars, light teucks up to 8,500
pounds GVW and all heavy-duty gasoline
engines. It envisages either a threc-year
phase-in — 70 peircent of a maker’s fleet the
first year, 90 the second and across the
board in the thivd year — or a two-year
phase-in. That is a very fast phase-in pe-
riod compared lo Lhe four-year passive-re-

siraint one which went from 1D percent in

the first year to 25 in the second, 40 in the
third and then 160 percent.

The EPA apparently favers phasing in the
controls rather than requiring them for all
cars at one time because it is easy to fil big-
ger canisters or add a second canister on
bigger vehicles, but it is a major problem
with smaller ones.

Even with phase-in — which could allow a
manufacturer to design first for modcls al-
ready scheduled 1o be changed — the major
burden would fall on makers who specialize
in producing small cars,

The onboard vapor recovery standard

being proposed by EPA would be 0.10 grams

per galion, and it would apply Lo cars and’

Light trucks at high altitudes as well.

Estimated cost used by EPA is $14 per car,
$23 per light truck and between $30 and $48
per heavy-duty gasoline engine. Eslimated
cost per gas station affected s given as $12,-
204,

Comparative cost for roughly one ton of
vapor recovered is pgiven as $2,200 for on-
board controls vs. $2,700 to $3,600 for gas

station vontroly, including a actor Tor in-
canvenience to motorists coping with a
heavy nozzle that must be interlocked and
then delayed until the system is in balance.
No figure is given in the new document for
thzl inconvenience faclor; carlier, EPA had
used a penny a gatlon.

EI'A also would have refiners start reduc-
ing gasoline yolatility in the summer of 1989
and continue reductions through the sum-
mer ol 1992, Fuines are reduced — espe-
cially in hot weather — when gasoline is less
volatile.

The EPA would incorporate the [ive cli-
malic, areas designated by the American So-
ciety of Testing and Materials in its volatility
rules. In the average-temperature region of
the country, a limit of 10,5 pounds per

- square inch (Reid vapor pressurce) would be

instituted in surnmer 1989, and that would
be lowered to 9.0 psi by the summer of 1992,
Limits for the other regions would vary ac-
cording Lo their mean temperatures.

- EPA also proposes allowing a 0.1 psi ex-
emption for aicohol blends, but that would

- end in 1993.

The automakers have contended that if
gas volatility were controlled, the preblems

: of evaporative hydrocarbons from vehicles

could be virtually eliminaled. Limiting hy-
drocarbons is the main goal of the evapora-
tive standards. Ozone is formed by a compli-

© caled chemical reaction of nitrogen oxide

and hydrocarbons. Ozone is itnown to cause
respiratory problems. When filtered by sun-
light, ozone creates smog.

. An EPA expert in emissions control, Phi-

lip Carlson, recently 1old an Onlario confer-
ence that a 9 psi summertime limit could
lower vehicle HC evaporative losses by 63
percent by the year 2600

Bul EPA justified its choice of onboard
controls by claiming efficiency is much
higher for onboard systems: There is less
danger of tampering and enforcement is ea-
sier. Greater health beneflits accrue with
fewer cancers, and the problem of gas vola-

tility will b resolved by the 1990 wmodel
year, it sald.

According Lo FPA, changing gasoline vol-
atility would result in an immediate 8 per-
cent reduction in hydrocarbons., Further re-
ductions could be expected as mare cary are
equipped with the systems and as fuel injec-
tion replaces carburetors, which emit inote
vapors. Eight arcas not now able to reach
healthful ambient ozone levels would be
helped by 1095.

A recent letter from Multinational Busi-
ness Services to EPA said the eight areas
which already have gas statipn controls ac-
count for 27 percent of the gasoline used
in all the areas that will not attain ambient
air standards afler 1387, Three more arcas —
New Jersey, New York and Massachusetts —
have comumitted to implementing gas station
eontrols. The group also said that seven
more areas are expected to commil (o gas
station controls, The grand tolal would then
become about 70 percent of the post-1987
gasoline consumption in areas nol expected
to meet the ambient ozone air quality stan-
dard.

In testimony last week before the Senate
Environmental Committee, Christopher C,
Green, GM's biomedical expert, questioned
the level of theé ambient ozone standard. He
told senators that no “clinically significant
health effects” result from exposure to ozone
concentrations at or near the standard.

But the EPA document noj only defends
its standard — as does the American Lung
Association — it also said repeated expo-
sures may damage lungs.

The EPA document said it will not advo- .
cate any unsafe onboard system — an issue
raised first by the Insurance Institute for
Highway Safely. NHISA experts have indi-
cated that the onboard canisters may make
the cars safer.

EPA said it has no estimate of the effects
of lowered gasoline volatility or onboard
controls on fuel economy. -



State of Cai:fnmu:

Memorandum

fo

H

from

Dr. Michael Lipsett Date : aAugust 22, 1985
Department of Health Services .

2151 Berkeley way Subiect  pHealth Effects of
Berkeley, CA 94704 - . High Level Short-

Term Benzene
EXposures

*

Air Resources Board . \é
William V. Loscutoff, Chief

Toxic Pollutants Branch
Stationary Source Division

As part of our effort to develop control measures for
benzene, we are estimating short term high level exposures (e.d.,
during vehicle refueling}, as well as long term exposures to
average ambient concentrations, Some preliminary estimates show
that cumulative annual doses from short term exposures in some
instances may be equivalent to the annuzl dose from average-

ambient concentrations.

Since the dose-response curve you developed for benzene
applies to long term low level exposures, I regquest your -
recommendation on how to evaluate the risk from short term ‘high
level exposures (e.g., 2 ppm for 10 minutes per week).

I would appreczate your response by Septembe: 13, 1985,
If you have any questions, please contact Barbara Fry at
B-492-8276. _
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State of California ‘ o . , i Mpgﬂm-niufﬂnhhw
Memorandum

Novenber 1, 1985
T :william Loscutoff, Chief Date - g

Toxic Pollutant Branch

Stationary Sources Division S”M“?’ Health Effects
1102 Q Street ‘ ' ' Short-term Benzene
Sacramento, Ca 95814 . ' Exposure

‘From : Fpidemiological Studies e

and Surveillance Section
2151 Berkeley Way
Berkeley, Ca 94704

In response to your recent request for a recommendation on how to evaluate
the carcinogenic risk of benzene from short-term, high level exposures, the
staff of the Department of Health Services suggest that you consider the
cumutative short-term exposures {concentrations x total time exposed} as a
fraction of total 1ifetime exposure, since the risk estimates in part B of
the AB 1807 benzene document were based on continucus lifetime exposure.

The dose-response curve is linear at low doses, allowing straightforward ex-
trapolation to yield the incremental risk from such exposures. This
procedure is obviously somewhat crude, but in the absence of pharmacokinetic
and epidemiologic data suggesting another approach, it is the method used by
regulatory agencies, including the Environmental Protection Agency. I have
already discussed this matter with Barbara Fry, but if you have any addi-
tional questzans please contact me or Dr. Narman GraV1tz at 8/571-2669.

7"7,‘,@@/ 2,7

Michael Lipsett, M.D., d D.
.Acting Chief

Air Toxics Unit

Department of Health Services
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PUBLIC COMMENTS AND RESPONSES
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December 1, 1¢85 « Stephen J. Plank, M.D., Dr. P.H.
et it R T R T
—Sata

Resang Lo It

IR IIERE REGElVED
Peter Venturini, Chief ~ ggata
Stationary Source Division DEC 3 B
Air Resources Board
P.0. Box 2315 smwmf:“m
Sacramento, CA 953812 O

Dear Mr. Venturini:

I would appreciate the following comments being pleced into the record
regarding the proposed benzene control measure werkshkop on Dacember 16, 1986,

1. I see no justification for this measure.

. 2. It seems -to me that this pollutant is ome which the State should control .

from the stancpoint of original production of the Iuel and not piece-
meal by way of wvaper recovery. '

3. The Technical Review Group and Air Resources Board are going tc have
to show concrete data on past cancer dezths frem benzene from fuel
sources and not just a calculation of probshle czacer risks. The

expenditure of millicns of dollars deserves better justifjication than
this,

4, Since a majority of the Technical Review Group mezbers who participate
in this rules development are from urban districts which already have
Phase I and II vapor recovery, I can see why they support it. Its
impact on their areas, beth from a cost and control standpoint, will
be minimal. Rural agricultural and rurzl resourc2 districts should
be flatly exempted from the rule.

5.  The application of the probable excess cancer risis, when computed on
‘a district basis in rural areas, does not show a2 .evel of probable
risk which warrants this control measure.

6. 1 zm requesting thet I be supplied with z cepy ¢ the zzlculaticns
znd assuzptions used to derermine the shori-tatm and znnuel exposure
ralues (ppz) for benzene and also at whet izvel It is zresent in the

a=bient air in rural areegs of the s:taze.

20ARD OF SUPERV'ECSS

Sermz2n L. Swendiman Scb Bosworin Abe Hathensz, s T tlazine Rey 7. "Pzie’" Feters
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7. The zpplicatien of this rule in rural areas will be deva.tating to the
business climate as it pertains to retail service szztions. It will
most certainly cause a domino effect of station closures if implemented.

I would appreciate a response to these coxzments before the December 16
workshop. :

Sincerely,.
Richard B. Booth, Control Officer
Aitr Quality Management District

RBB:1lkm
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1102 Q STREEY
PO, BOX 2815
SACRAMENTD, CA 95812

December 11, 1986

Richard B. Booth

Air Pollution Control Officer

Shasta County Air Pollution Contrel Listric:
1855 Placer Street

Redding, CA. 96001

Dear Mr. Booth:

This letter is in response to your LDecember 1 letter to
Peter Venturini regarding the proposed benzenre control measure
for retail service stations. You comnnented that vou see no :
justification for this measure and that prinarily urban districts
participated.in the development of this meesure. To clarify how
and why we &are pursuing development ¢f this ccntrol measure, I

will briefly summarize the history of the control measure
development process.

The Air Resources Board approved the Proposed Benzene
Control Plan (Plan) at its July 24, 1986 meeting. 1In approving
the Plan, the Board directed the ARB staff to work closely with
the Districts through the Technical Review Group (TRG) to further
analyze and assess potential nonvehicular reasures related to
gasoline marketing sources, and bring before the Board those
measures which warrant further consiceration. The Plan's
schedule for bringing control measures to the 3card showed that
gasoline marketing measures would be develcped first because the
contrel technology is readily availeble.

The TRG at its August 5th meeting decided to form a
Subcommittee consisting of rural ané urban district
representatives to investigate the casoline marketing control
nmeasures., William Roddy, Chairman of the T2G, wrote a letter to
all of the Air Pollution Control Officers c¢n 2zugust 7th inviting
their participation on the Subcommittee (ccpy enclosed)., In
response to that letter, the following districts are represented
on the Nonvehicular Benzene Control Subcorrittse of the TRG: 1)
Yuba/Sutter Counties; z) Placer Countvy; 3) Zuolumne County;

4) Sierra County:; 5) Fresno County; 6) lonterev; 7) San
Bernardino County; 8) Bay Area; anc¢ ¢) South Coast.

B-3
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The Subcommittee investlcatec potential costs and
benefits of implementing benzene control measures for bulk
plants, bulk terminals and retail service stations in each air
basin as well as statewide. The Subcommittee considered
pcpulation-weighted average exposures and elevated local
exposures, Upon completion ¢f this investigation, the
Subcommittee decided to focus its resources on a potential
control measure for retail service stations since this measure is
the most cost-effective and would account for 90% of the ‘
pctential benefits fron implementation of all the casoline
marketing control measures,

You suggest that benzene controls should focus on fuel
production rather than vapor recovery. In approving the Benzene
Control Plan, the Board directed the ARB staff tc give high
priority to the develorment of potential vehicular and motor
vehicle fuel-related benzene control measures. Conseduently,
significant staff resources and reséarch dollars are being
devoted to developing vehicular exhaust benzene standards and a
control measure limiting the benzene and/or aromatic content of
gasoline, :

You also commented that data on past cancer deaths from
fuel benzene sources are required prior to developing this
control measure rather than probable cancer risks. The Board
considered the health-effect findings of the Department of Health
Services, the Scientific Review Panel, and public comments when
it identified benzene &as a toxic air contaminant. The
health-effect estimates we used in evaluating the benefits of the
service station measure is based on the Department of Health
Services' risk assessment which identified a range of risk of
22-170 excess lifetime cancers per million people continucusly
exposed to 1 ppb benzene. Benzene emissions from vehicle fueling
at uncontrolled retail service stations are estimated to be a
significant source of personal benzene exposure (0.4 ppb annual
average). Since the control technology for these sources is
available and relatively cost-effective, the Subcommittee decided
to pursue development of a control neasure.

As you requested, I have ernclosed data on ambient
benzene concentrations in rural zreas and an explanation of the
methods used to determine short-term and annual averags benzene
exposures, Appendix B.of the Technical Support Docunent to
Frorosed Benzene Control Plan provides a detailed discussion of
ambient benzene concentrations and the methods of calculating
benzene exposure. Pacge 3-8 of the Xppendix explzins that since
ambient monitoring datz were not asvailable for scome rural
cocunties (including Shesta), every census tract in these counties

B-4
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was assigned the lowest calculated benzene concentration of 0.8

ppb; the corresponding annual average CC concentration is 0,22
PPR. :

You indicate that this control neasure would result in
an economic hardship to retail service stations, The cost
estimates for this control measure are weichted by station size
distribution and include the highest potent1a1 costs which would
be for a station with 2,000 gallons/month throughput ($5.00/1b.
total hydrocarbon recucec} However, the draft measure does not
reguire installation of vapor recovery controls at stations with
throughputs below 20,000 gallons/month until storzge tanks are
replaced. The average cost of the measure is equivalent to
$0.25/1b. THC or approximately $0.005 per gzsoline gallon.

Thank you for your ¢omments on the prcoposed benzene
control measure for retail service stations. If you have further

questions or comments, please contact me at (915) 322-6023 or
Don Ames at .(916) 322-8285.

Sincerely,

pii. Yo

William V. Loscutoff, Chxef
Toxic Pollutants Branch
Stationary Source Division

Enclosures

¢c: Peter Venturini
Bill Roddy, Chairman, TRG

B-5



COUNTY OF SACRAMENTO
AlIR POLLUT!ON CONTROL DISTRICT

NORM COVELL

G E- \\l E’D AR POLLUYTION CONTROL OFFICER -
RE $323 Tech Center Orive, Suits 800
\ % ) Sacramnto, Catlfornis 95826
e , 916} 366-2107
December 11, 1986 o - nary 3OV
S oot 4
i Resov™®

California Air Resources Board
PO Box 2815
Sacramento, CA 95812

Attn: Peter Venturini, Chief
Stationary Source Division

-Subject: PROPOSED AIRBORNE TOXIC CONTROL MEASURE TO REDUCE BENZENE
EMISSIONS FROM RETAIL SERVICE STATIONS

Dear Peter:

I will be unable to attend the subject consultation meeting on December 16,

however I would like to offer the following comments on the proposed control
measures: : ‘

Section (b)(1)(b)(c)

The way this section is worded, it is possible to read the annual throughput
as applying either to each individual tank or to the entire facility. I~ -
suggest inserting the word "facility" between "annual" and "throughput".

Section (b){(2)(b)(F) : ‘

There will probably be a lot of service stations in this throughput category;
particularly in the smaller metropolitan and rural areas where phase II vapor
recovery is not presently required. This exemption will discourage replace-

ment of older tanks. Furthermore, it will put an owner who replaces tanks

at a competitive disadvantage to other facilities in terms of O & M costs
and customer acceptance.

In 1980, when phase II vapor recovery was implemented in the Sacramento area,
the District received numercus complaints from dealers who installed the new
equipment ahead of their competitors and saw their business seriously diminished
until full program implementation occurred. I suspect that the same phenomenon
will occur again and have its effect for several years unless all facilities

which are ultimately subject to the regulation are put on the same compliance
schedule. ‘
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Section (b){3)

The prohibition against topping off will be unenforceable because it is

" impossible to draw a definite line between premature shutoff and topping
off. For a number of reasons, a vapor recovery nozzle will shut off pre-
maturely and one cannot be sure that a fuel tank is full without trying at
least conce to restart the flow of fuel. Therefore, T suggest that the rule
not attempt to address topping off.

Sectian (h)(5)

Installation tests and annual inspections should be cléarly defined by
referencing procedures to be follewed and defining the responsible party.

Section (b){8)

Some gasoline spillage is unavoidable, particularly in self-service situations.
It is quite common for example to spill a small amount of gasoline from the
spout as it is tipped for insertion in the vehicle fill pipe. In older
vehicles it is not uncommon to have some spillage at the interface between

the nozzle face seal and vehicle fill pipe, partlcularlv when the fill pipe

is oriented with a shallow slope. A blanket prohibition against spillage
will-do nothing to prevent these types of spills. - Given the unintentional

and uncontrollable aspects of spillage, I suggest that the rule should not
attempt to regulate spillage.

Sections (c)(1) and (2)

The compliance schedule applies only to retail facilities whereas the require-
ments in Section (b}{(2)(a) could be read as applving to non-retail facilities
also. Some clarification of intent for non-retail facilities is in order.

In addition, a 12 to 24 month compliance schedule will create the same competition
problems mentioned in the Section {(b)(2)(b)(F) comments. If the 1980 Sacramento
experience is an accurate indicator, most facility owners will wait until the

last possible minute (or beyond) to meet the compliance schedule. The few that
choose to comply expeditiously will suffer a loss of customers for one to two
years. Therefore, a shorter compliance schedule is recommended.

Thank you for this opportunity to comment. If you have any gquestions, please
call Eric Skelton of my staff at 366-2107. ‘

Very/}ruly yours,
J"" i
NORM COVELL

“ Air Pollution Control Officer

NC:jb ‘ B-7
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March 20, 1987

Norm Covell

Air Pollution Control Officer

Sacramento County Air Pollution
Control District

8323 Tech Center Drive, Suite 800

Sacramento, CA 95826

Dear Norm:

‘This letter is in response to your December 11, 1986 letter
regarding the Proposed Airborne Toxic Control Measure to Reduce
Benzene Emissions from Retail Service Stations. As Barbara Fry of my
staff discussed with Eric Skelton, we did not respond to your letter
until the benzene measure was in a final draft form.

- As a result of .the December 16 public consultation meeting,
significant revisions were made to the proposed control measure.
Thus, some of your comments no longer apply to the proposed control
measure, The revised control measure requires Phase I and II vapor
recovery on all new retail service stations and existing retail
service stations with annual throughputs of at least 240,000
gallons. The requirement for installation of Phase I and II vapor
recovery control equipment when underground tanks are replaced is
deleted. Also, the compliance schedule is now two years for all
stations regardless of throughput.

You commented that the prohibitions against topping off and
spillage would be difficult to enforce, We agree with your
observation and have deleted those sections from the proposed control
measure.. You also commented that the applicability to non-retail
service stations is unclear and that the procedures and responsible
parties for installation tests and annual inspections should be
clarified, We will clarify that the measure applies to retail
service stations only, and define the procedures and responsible
parties for installation tests and annual inspections.

Your last comment was that a shorter compliance schedule is
recommended. State law allows districts to adopt more stringent
toxic control measures than those adopted by the State Board:

) ﬁ : B-8
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¥

However, in response to concerns raised at the workshop, we plan to
propose a two-year compliance schedule to give the rural districts
and small station owners sufficient time to gear up fer
implementation and enforcement of the measure,

Thank yow for your interest and comments on the proposed
measure, Your comments and this response will be included in the
staff report presented to the Board.

Sincerely,

éter D. Venturlnz, Chief
Stationary Source Division
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Mr. Peter D. Venturini, Chief Air Exscurces Baard

Stationary Source Division
Califeornia Air Resources Board
1302 Q Street

Sacramento, CA 95812

Dezr lr, Venturini:

I em writing in regard. tc activities of the Non-Vehicular Benzene
Centrol Sub Committee which is proposing to impose expensive
btenzene control reguletions on retail service stations. Members
of the Mountain Counties Air Resources Control Board have :
expressed to me their concern on the Iissve and after reviewing
information on the matter, I can echo that.concern.

Tour figures and/or assurptions reflect an estimated increase in
population of 11 per cent by the vear 2000 zrd an increase in
gasoline consumpticn of 9 per cent iIn the same period. Your
figures do not reflect where these increases will most likely
occur. If we assume future increases follow history, population
end gasoline consumption Increases wilil occur more neavily in
densely populated ereas of the stzte where gasoline vapor
recovery equipment is already required.

Yet, your proposed regulsticns only zddress expanding the use of
Phase I and Phase II vapor recovery systems in attainment areas.
Further, as I uncderstznd the proposal, only 1.4 per cent of the
total benzene emission source in Celifornia is due to the
gesoline marketing chazin - and cuch of that is zlready required
to utiliize Phase I and Phage II upcn recovery systems. So, in
effect, you propose to require all service stations in atrtainment
zre2s to install apprepriate sycstems to zttempt to control some
infinitesimal amount of tenzene anc &t a2 tremerndous cecst to
relatively small volume retailers. I can tell you that, with
very few exceptions, that kind of ccney is hard to come by in the
mountain counties,
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Quite frankly, I'm afraid we are abeut to turnm loose the
elephants to control a few ants - interesting tc observe but
rarely efficient and hardly justified.

I would urge the State Board to listen very cerefully to the
comments of the Mountain Counties Air Resources Control Board and

aveld the requiring of wholesale ;rsuallatlon of expensive and
unJuutlfied equipment.

Sincerely,

ECRJ WATERS

IiSW: 1m 4/
cc: Jack Sweeney, Supervisor
El Dorado County
Tom Bamert, Supervisor
Amador County

B-11



STAY! G CAWN

AlR RcSOURCESBOARD

1102°Q STREET
P.O. BOX 2815 -
SACRAMENTO, CA 95812 .

(916) 445-4383

December 24, 1986

Assemblyman Norman S. Waters
State Assembly

State Capitol, Room 6028
Sacranento, CA 95814

Dear Assemblyman Waters:

I am responding to your December 15 letter to Peter
Venturini in which you expressed concern over the costs and benefits
of a draft benzene control measure for retail service stations. To
clarify how and why we are pursuing development of this control

measure, I will briefly summarize the history of the benzene control
measure development process.

The Air Resources Board approved a Benzene Control Plan
(Plan) at its July 24, 1986 meeting. The Plan {(enclesed}
prioritized benzene control measures based on their relative
significance of health risks and also indicated the timeframes
required for development before the Board could consider adoption.
The Plan's schedule for bringing measures to the Board showed that
gasoline marketing measures would be developed first because the
control technology is readily available.

We have worked closely with the districts in the
development of this draft measu:e since the Board approved the
Plan. All districts were invited to participate on a district-ARB
committee which was formed to further evaluate potential stationary
source benzene control measures, including service stations. The
following districts are represented on the committee: 1)
Yuba/Sutter; 2) Placer; 3) Tuolumne; 4) Sierra; 5) Fresno; 6)
Monterey Bay; 7) San Bernardino; B) Bay Area; and 9) South Coast.
After reviewing the three gasoline marketing sources of benzene
(bulk plants, bulk terminals and service stations), the committee
decided to focus its resources on the development of a control
measure for service stations.

I agree that service stations represent a small percentage
of total benzene emissions. We are devoting significant staff
resources and research dollars to develop benzene control measures
for vehicular exhaust and gasoline, the primary sources of ambient
benzene in California., However, these neasures are very complex and
will take considerable effort and time before we can propose them

. ‘ ' B-12
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for Board adoption. Since vapor recovery controls on service
stations are readily available ‘and currently in widespread use, we
tentatively plan to inform the Board of the costs and benefits from

application of such controls in perspective with the Benzene Control
Plan.

We are currently in the process of obtaining public input
on the draft measure and thus may revise it significantly over the
next two months. In response to your comment that projections of
gasoline consumption in rural areas of the state may be too high, we
are attempting to gather further detailed information which will

project regional growth rates in addition to the statewide average
rate. : '

Thank'you for your comments.

Sincerely, -

A

s D. BO
cutive Officer

Enclosure

B-13



*  Southern Pacific Pipe Lines, Inc,

B88 South Figueroa Street
- LosZAngeles, California 80017

213/486-7760 December ISN. 1986

-

J.M.Engelhardt PsA 35-2-2
Assistant Vice President

Enqmeeﬁng

Mr. Don Ames

Air Resources Board

1102 Q Street

P. O, Box 2815

Sacramento, CA 95812

Dear Mr. Ames:

Please refer to a letter dated November 20, 1986, regarding the
consultation meeting to discuss the draft airborme toxic control measure for
benzene emissions from retail service stations..

Review of Parts B and C of the enclosure of the above-mentioned letter
reveals that some questicnable assumptions were made to arrive at the cost and

tenefit data shown in Table 1, We would appreciate your reevaluation of these
factors based on the following:

1, Value of pr;oduct recovered is the wholesale price, presentl

$0.45/gallon.” This price should replace the $0. 90/gallc>n on page G-
of the technical support document: (TSD). i

2, The assumption stated in page A-16 of the TSD that benzene is 1%
weight of THC in gasoline vapor is incorrect. Flash calculations will . .
reveal that if benzene is 1% weight of lguld gasoline, it will ke
a much smaller percent of gasoline vapor. ormation regarding these
calculations was given to Mr. Dean Simercth of your Board on August
20, 1986, Tests from SPPL facilities show that 377 lbs. of THC must
be reduced to eliminate 1 1b, of benzene.

3. The cost per lb, THC calculation on page G-6 of the TSD uses a factor
of 20,1 THC reduced per 1000 gallons. Since the difference between
Phase 1 and II is. 9.9 1b/1000 gal. and between No Controls and
Phase IT is 18.9 1b/1000 gai., the overall factor must be between the
two values. based on the volumes given on Page G-2 of the TSD, the
o correct factor should be 14.6 THC reduced/l1000 gal.

The reduction of benzene emissions by the proposed control measure can be
calculated to be 25 tons per year with 3.5 tons per year Stl%l emitted to the
atrmosphere, Based on 1984 beglzene exposure of 85 x 10° ppb-person, the
reduction in exposure is 0 099 x 10 rson. Therefore, the lower and upper
bound reduction in risk is 0,031 and .24 excess cancers reduced gﬁr year,
respectively, The cost per risk reduced is $24,500,000 to $196,000,000,

We would appreciate a review of our comments prior to further consideration
of this control measure. Please contact Mr, J. J. Spinelli at (213) 486-7751
for a more detailed discussion of this matter.

Sincerely yours,
/N ’x v T

N ‘\\ L Ve -.,.i,.‘itdafgb’:'t
J. }3) Engelhagrdt

JJIS/rrm ‘
= Mr, Mark Nordheim Mr. Tom Cornwell )
Chevron Corporation Western 0il & Cas Association
P. O. Box 7924 727 West Seventh St.

_San Francisco, CA 94120~7924 B-14Lcs Angeles, CA 90017
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MR RESOURCES BOARD
1102 Q STREET
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Mr. J. M, Engelhardt

Southern Pacific Pipe Lines Inc.
888 South Figuerca Street

Los Angeles, CA 90017

Dear Mr. Engelhardt:

This letter is in response to your December 15 letter
regarding the draft airborne toxic control mezsure for benzene
emissions from retail service stations.

Regarding your comment on the value of product
recovered, we believe it should remain at $0.20/gallon since the
retailer will receive approximately $0.90/callon for the
otherwise lost product recovered by the vapor recovery system,
The American Petroleum Institute used a product recovery value of
$0.98/gallon in its October 1986 report, Analysis of Stage 11I,
Onboard Canister and Incremental Stage 11 Cost Effectiveness,

The estimate that benzene is 1 wt.% of THC in gasoline
vapor was based on the refiners' progectlon of 2.1 wt.% benzene
in liquid gasoline by the year 2000 and the use of a balance
vapor recovery system without a vapor processor. We recognize
that benzene emissions from refrigeration units at SPPL
facilities are much lower than 1 wt.% of TH#C emissions. We are
currently reviewing related references we recently received and

it appears that we may lower our estimate of 1 wt.% down to
approximately 0.8 wt%,

Concerning the cost per pound THC calculation for 1984
in the Technical Support Document (TSD), you are correct in
pointing out that the emission reduction factor for an
uncontrolled station installing Phase I and 1I vapor recovery in
1984 should be 18.9 1lbs. THC reduced per 1,000 gallons, rather

than the factor of 20.1. This change results in a cost of

$ 21/1b. THC reduced rather than the $.20/1ic. THC reduced shown
in the TSD.

The cost per pound THC calculation fcr 1984 is based on
an in-use control efficiency of 95% for Prese I and 90% for Phase
I; vapor recovery. The cost per pound THC caiculation for the

airborne toxic control measure is based on an in-use control

efficiency of 95% for both Phase I and Il vapor recovery which we
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estimate will be attained in the year 2000, Thus, the difference
in emission reductions between stations with only Phase I and
stations with both Phase I and II is 10.5 lbs. THC reduced per
1,000 gallons. The emission reductions occurring when
uncontrolled stations install Phase I and II is 19.5 lbs, THC
reduced per 1,000 gallons.

The volumes of gasoline dispensed you refer to which are
shown on page G-20 of the TSD are for the year 1984, These
volumes are projected by refiners to increase 9% between 1984 and
2000, BRased on the projectedé volumes for the year 2000, the
overall weighted emission reduction factor would be 15.2 lbs. THC
reduced per 1,000 gallons as compared to your estimate of 14.6
l1bs. THC reduced per thousand gallons for 1984, Rather than
using a weighted-average approach, we chose to calculate
separately the emission reductions from stations installing only

Phase II and those 1nstal}1ng both Phase I and II vapor
recovery.

Your estimates of the reductions in benzene ewmissions
and risk and the cost/risk reduced in 1984 are not directly
‘comparable to the estimates for the year 2000 included in the
draft airborne toxic control measure, The estimates for the year
2000 consider the following projected changes between 1984 and
2000: 1) a 22% increase in statewide population; 2) a %%
increase in gasoline consumption; and 3) a 31% increase in the
benzene content of gasoline and gasoline vapor. These projected
changes will ‘cause an increase in bénzene emissions and risk from
retail service stations, making the proposed control measure more
cost-effective in year 2000 than a 1984 implementation date.

As a result of the December 16 public consultation
meeting, we are reevaluating our cost estimates to ensure that

they are representative of actual costs incurred by retail
service station owners.

Thank you for your comments on the draft airborne toxic
control measure for retail service stations. If you have further
questions or comments, please contact me at {(916) 3zz-8285.

sincexely,

Q@(

bonald J. es, Manager
Technology Assessment Section
Stationary Source Division

B-16



County of Tuolumne Gerald A. Benincasa

Air Poliution Control Officer

Air Pollution Control District ) 22365 So. Airport Rd.

Columbia, CA

RECEIVED MAILING: -

2 So. Green St

- Sonora. CA 353720
- {Eg4- 1987, Phone; (209) $33-5693
January 28, 1987 Stotioncry Seuree
Division
Alr Resources Board

Mr. Peter Venturi

Chief of Stationary Sources Division
ARB

PO Box 2815
Sacramento, CA 95814

Dear Mr. Venturi:

I am writing to request an interpretation of Health and Safety
Code Section 39666(C) and (D) which appear to me to be contra-
dictory. As a member of the Technical Review Group Sub-
Committee to investigate non-vehicular benzene control measures,
I have attended a number of meetings to discuss the feasibility
of requiring Phase I and Phase II vapor recovery at retail ser-
vice stations within attainment areas.

. At these meetings, I have asked your staff and Leslie Krinsk of
the legal office to interpret Health and Safety Code Sectién

39666(C) and (D) and, unfortunately, the explanations are still
unclear to me,

Specifically:

1. Are districts required to adopt an airborne toxic control
measure (ATCM) if the Board adopts it as stated in the
Health and Safety Code Section 39666(D);

Do districts have the option of adopting a less stringent
ATCM based on an assessment of risk as stated in Health
and Safety Code Section (C);

to

3. Could an "alternative level of emission reduction" as stated
in Health and Safety Code Section 39666(C) be no additional’

controls if the assessment of risk was deemed to be accept-
able;

4. VWho could determine an acceptable assessment of risk within
the district level.

I would appreciate receiving your written response as soon as
possible. ‘

Sincerely,

e

i ’ )
Deseei A ol B~17

Gerald A. Benincasa -
Air Pollution Control Officer

cc: David Nawi. ARB



| A curn

e e S ”MﬂmmAﬁW3WMWW§&
AIR RESOURCES BOARD
102 & STREET
PO, BOK 2818
SACRAMENTO, CA 95817 )

S — March 17, 1987

Mr. Gerald A. Benincasa

Air Pollution Control Officer

Tuolumne County Air Pollution
Contrel District

2 South Green Street

Sonora, CA 95370

Dear Mr. Beningasa:

I am replying to your recent letter addressed to
Peter Venturini in which you pose certain questions regarding
Health and Safety Code § 39666(c) and (d). These sections set
forth portions of the control phase of the toxic air contaminant
program enacted by the Legislature in AB 1807.

As we read the statute, following the adoption by the
state board of an airborne toxic control measure the districts are
reguired to propose and adopt equally or more stringent control
measures within 180 days of the adoption by the Air Resources

Board (ARB). We do not believe districts are free to adopt less
stringent control measures. ,

During the identification phase of the AB 1B07 process,
for toxic air contaminants which do not have an identified
thresheld exposure level fcr significant adverse health effects, a
risk assessment is prepared by the Department of Health Services
pursuant to § 39660(c¢). The report required by § 39665 provides
that the factors related to the development and adoption of
contrel measures be prepared by the Executive 0fficer of the ARB
with the participation of the districts, Factors related to risk
are specifically regquired to be considered by the ARB, pursuant to
§ 33665, in developing and adopting toxic air contaminant control
measures. This process provides a full opportunity for the
districts to present their views regarding risk. We sincerely
welcome the participation of your and other Jlocal districts in the
control measure development process. |

Sincerely, -
;‘ &}-{“37‘04
arfon Wong-Wéo

Deplity Executive Officer
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SRELIMIERY CRLLULATIONG
: BENZENE CUONTROL PLAN-VAPUR RECOVERY PROGRAM
- SHASTA COUNTY AGMD
The AGMD relied on the fullowing documents to prepars these calculations:
1. ARE Benzere.Control Plan Document-Mav 1386
2. Addendums to the Contrel Plam Oocument-July 1386
3. ARB Emission Inventory Document~-Final Inventory for 1983

Patroleum Marketing emissions for 1983 were 1.2 tons/day TO8. (TOG=THC)
fAssuming an increase of 3% per year this results in TOG emissions of 1.3}
tons/day in 1986.

For purposes of the ARE inventory TOG=ROG in this category.

Total Yearly emissions of TOG (1383) = 438 tons

Total Yearly emissions of TOG (1986) = 478 tons

The stage II provision will only apply to those stations which:

i. have retail throughputs )= 24@,202 gals/yr, or

2. which are replacing tanks and have retail throughputs )= 2408 gals/yr.
-ﬁénording to AGMD perwii records (1988) we have 74 sites which currently
pump )= 240,002 gals/yr. ALL of these site have stage I. {the attached tapu
shows the 1986 pump sales for the 74 sites) '

Total pas sales from the 74 sites in 1986 was 54,860,492 gallons.
Using the ARB factor of 12.175 1b/1008 gal, the emissions from these sites
in 1386 was 334 ton/yr TOG, or .915 tons/day. '

Radi -

Since ALL of these sites have stage I -the emissions have already been
reduced from the uncontrolled state by a factor of 43%,

(21.2-12. 175) /21. 8=43% '

Therefore the remaining 57% is the emission which will be further
controlled by the installation of stage II. | ’ :
fRccording to the table on page A-13 of the Control Flan document this GS7%

will be reduced by a factor of B1X, thus yielding a final control factor of
SoxX. «

1586 TOG emissions are 334 torns. Stage I] will reduce these emissions to a
level of B3.5 tons. A

If benzene is 1% by wt., of TO6 (THC) then the current 1%8& emission of
benzene is 3.3& tons/yr. Since the same efficiency factors anply to these
emissions, the installation of stage Il will reduce them alsc to a level of
@.635 tons/yr (1386).

Therefore the requirment to install stage II will result in net reduction
of benzene of approximately .71 torms/yr, from the 74 affected sites at
this time. :

Therefore, if the ARE~TRE proposed rule is adopted, then the AGMD would
have to adept a similar program or an equivalent program which would effect
the same level of bernzere reduction, ie. 2.71 tons/yr,

Sirce this is a contreol plan for benzere we feel the cost effectiveress of
the plan should clearly be based ¢n the benzere reductions accomplished.

-
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In'"the ARR coriol olan trere iz zubslantlal Foece fiver to tne ool
aralysis basad on THC reduction with cost analvysis data for cenzane Qgiven
“only as a passing comment for the year 2000. It is cur opiracon that tne
- majority of the cost analysis should focus on benzerne, net THC, since the
plan is aimed at benzene control, for which we are told poses a sigrnificant
hazard to health.

ESTIMATED COST ANALYSIS FOR 74 SITES WITHIN THE SHASTA AGMD

74 sites installing stage Il. (based on cost figures adjusted for Shasta

from table 6-1 and G-2)

Assuming: € islands per station, 3 pumps per islard, 2 rnozzles per puap,
Jointly manifolded, using the balance system.

, ie. Total of 12 nozzles

Capital Investment per calcualtions on p.G-5 = $13,4546.00

Annual Mainterance per site calculation om p. G-5 = $1130.08

Total Installation costs for 74 sites = $995, 204,00

Total Maintenance costs for 74 sites/yr= $88, 260,02

Total Benzene controlled tons/yr = 2,71

per year . Payback Fericd/Enissions
Cost/Category 10 yrs 15 yrs 29 yrs
Install Costs  $995004 $935004 $355004 $335004
{1 time cost) ‘ : -

Annual Cost/Site $119@ s11910 $17850 $23800 -
Annual Cost $88068 . $888,600 $1, 329, 500 %1, 761,200
{all sites) . ‘ : ‘ e .

‘Bemzene tons/yr 2,71 S S SRR X  saz
reduced # T

Total Costs: ‘ ‘ | $1,B875,604 < $2,315,904 $2, 756, 204

Cost $/ton  's69338 s57042 350948

Benzene reduced .

Cost $/1b T s34.67 $28, 52 $25. 47

Benzene reducsed

# UWe are assuming: )

1. the benzene portion of gas fuel composition will remain  the same
(unlikely}

2. should the X of benzene in fuel change, we have held emissiors constant
due to the probable occurence that vehicle miles will ircrease over the
three pericds thus essentially holding emissicns at the same level.

The ARE Benzere Control Flan (App G, p.G-8) states for the installation of
stage Il only, the cost per lb. of bernzere reduced in the year 2022 is
$27.23, thus our computed cost for the same year, aporoximately $28.52
coipares very well with the documert caltulations.
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- The AQMD haz taken the table con 0. k=15 of tne contrai alhn and hes n2ErtEc
several columns of data which were used in this report. This ad@rticnal

information helps to clarify the reduction percentapges from the use of
stage | or Il vapor recovery,

THC Emissions From G;soline Service Staticns
- (1bs/10@ gallons)

No Phase I %Reduct Phase 11 »Reduct Overall

Control ,oaly only *Reduct
Filling Loss 9.5 ' « 475 95% 475 2% 5%
Storage Tank
Breath, Loss 1.0 1.9 % 0.1 S% 90%
Vehicle Loss 13.3' 12.0 % : 1.2 gax 0%
Fueling» : v
Spillage @.7 0.7 2% : .7 | o% %
Total 21.2 12.178% 43% 2.275 81x %
% of émissians Remaining ~ S7% . o . 1%

CONCLUSION

The Shasta AGMD must conclude at this time that the Eenzere control measure
aimed at retail service stations is not cost effective bised on the above
cata, although the stage II program is very cost effective for the control
of THC, and would be an sxcellent measure to consider should the district
become non-attainment for ozone in the future.

We have also begun a review of several district programs wheih invelve the

stage II program to ascertain the costs involved at the district level with
respect to manpower, etc. '

Arny questions concerning this report should be directed to the Shasta AGMD
at 916-225-5674, or 1855 Placer St. Redding, Ca. 2¢0@1.

i
Richard B. Booth, APCO NZ-— | Feb, 26, 1987

PRELIMINARY DATA
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IR a..souazs BOARD

02 O STREEY .
5. BOX 2818 < -
CRAMENTO, CA  §5813

March 19, 1687

Mr. Richard Booth

Air Pollution Control Officer

Shasta County Air Pollution
Control District

1855 Placer Street

Redding, CA 96001

Dear Mr. Booth:

This is in response to your February 26, 1987 letter requesting -
that we review and comment on your calculations of the costs and
benefits of implementing the airborne toxic control measure for
benzene emissions from retail service stations in Shasta County.,

Your calculations for Shasta County are based on the costs -
and emissions estimates included in the Proposed Benzene Control
Plan (Plan). However, since the Plan was developed, we have
revised our estimates of Stage II costs and benzene emissions from
retail service stations based on enforcement costs data from local
districts and additional data received at the Decenber 1986
workshop on the draft control measure, The benzene fraction of
to<al hydrocarbon emissions is now estinated tc be .8 vt. % rather
than 1 wt. Z. The capital investment for 2 12 nozzle station is
now estimated to be $21,600 using data from the OPW Fueling
Components Group and the American Petroleum Imstitute report
titled, "Analysis of Stage II, Onbeoard Canister and Incremental
Stage II Cost Effectiveness,” October 1986. Also, the estimated
reduction in benzene emissions is based on an in-use control
efficiency of 95 percent in year 2000 for Stage II control
equipment certified by ARE.

The attached cost-benefit analysis is based on our latest
estimates of Stage II costs and berzene emissions from retail
service stations. The attachment shows the estimated cost per
pound benzene reduced has increased from previous estimates
included in the Plan, However, the cost per pound benzene reduced
($56.50) translates to a cost of .5 cent per gailon for 12 nozzle
stations with annual throughpu:s of ©60,000 gallons. The maximum
cost would be 1,1 cents/gallon for stations with 4 nozzles and
annual throughputs of 240,000 gellens,
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' Mr. Booth o -2- March 19, 1987

<
1
In our staff report %o the Board, we plan to provide
estimates of the costs and benefits associated with the benzene
control measure for retall service stations in perspective with the
Board-approved Benzene Control Plan., The Board will then determine

wvhether adeption of this control measure is warranted t6 protect
public health.

Thank you for your comments, Your letter and this
response will be included in the staff report., If you have

questions about the attached cost-benefit analysis, please call me
at (916) 322-8285.

Sincerely,

Doneald J. es, Manager
Technology Assessment Section
- Stationary Source Division

' Attachment

cc: TRG Members & Subcommittee Members



Attachaent

“COST ANALYSIS FOR BALANCE
PHASE zz VAPOR RECOVERY SYSTEYS

Capital Investment (3 1slands, 12 nozzies. 80,000 geis/=o.*)

Source
Plucbing ($7,793 + [289.50 X 12]) X 1.06 = 511,943 aprt/
- Site-specific enginaering = §1,332 . API /
Nozzles end hoses-($147.60+$206) X 12 X 1.06 = $4,498 OPW2
Dispenser modifications $180 X 12 X 1.06 = $2,290 OPW
Installation:
System certification
$ 600 ° + $33 + $33 = § 666 API
(tank test) (pressure test) (liquid blockage test)
Permit $244 + ($44/nozzle X 12) = § 772 San Diego, Bay

Area, San Joequin,

Sacramento County
. - and Fresno Cauntg

Districts

Labor | $38/hr X 3hrs = 5 114 APT
- Suetatal - $21,615

Annualized Cost of Capxtal Investment-

Assumptions: 1) 10% interest; 2) 15 years amortization period for underground
plumbing and first year nozzle and hose costs; ead 2) 3 years amortization period
for disperser components excluding nozzles and hoses.

Annual cost = i(1 + ga X capitel costs
‘ (1 +1)°-1 ‘
Where: i = interest rate _
a = amortization period A

Annualized cost = ($19,325 X .132) + (§2,290 X .402) = $3,471

Annual Maintenance:

Boots and face plates $75 X 12X 1.06 = § 954 API

Nozzles and vapor hoses ($46 + $68) X 12X 1,06 = $1,450 API
Subtotal = $2,404

Annual permit fee

to recover inspection costs: $22.50/nozzle X 12 =§ 270 Sacramento

(2.5 hrs/inspection) County APCD

Annual property tax: : $21,6151 .01 =§ 216

*Based on national distribution of retail service staztions included in
Sierra Research, March 1984, MRefueling I=issions Control-Onboard vs. Service
Station Controls.” R-26



Annual product recovery:

{# of gallons/montb2/§1 months/vear) (10. & bs2/§10§ gallons) $.90/gellon
. 5 0 lbs/gallens

(80,000 gallons/month) j_~ months/zear! (10,45 lhsllﬂ—;gallons) S, 90/3gllon
5.0 1bs/gallons

= §1, 806
Total annualized cost = §3,471 + $2,404 + $270 + §216 - $1,806
= $4,555
Cost/gallen §§,555 = .5 cents/gallon
_ 80,000 X 12 .
Cost/1b benzene .5 centségallon = $56.50/1b benzene reduced
reduced ..084 1bs/10"gallons : .

1/ American Petroleum Instifute, October 27, 1986. '"Analysis of Stage 11,
* Onboard Canister and Incremental Stage II Cost Effectiveness.”

2/ OPV Fueling Components Group, January 8, 1987. Correspondence from Glen
E. Moore to Dean Simeroth.
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THE
OUP{WERSITY
ILLINCIS
AT
CHICAGO

Heaith Resources Management (M/C 205)
School of Public Health West

Box 6958, Chicago, Rinois 50580 {VED
(312) 996~ 2297 RECE .
. :
December 3, 1986 f Stationary SOV
WS@“
hie Resources BT g

Dr. Peter D, Venturini

Crief, sStaticnary Source Division
State of California Air Resources Board
1102 ¢ Street

P. 0. Box 2815

Sacramento, California 95812

Dear Dr. Venturini:

. E - kY

Further to your communication of November 20, 1986 with referénce to
"Consultation Meeting to Discuss a Draft Airberne Toxic Control Measure
for Benzene Emissions from Retail Service Statioms™, I note that on
Page 8 of the document reductions in cancer risk zt Unconitrolled Service
Stations are based on benzene. I should like to express ©y grave
reservations on this approach, ‘as benzene is only one of a range of
carcinogens in gasoline also including ethylenedibromide and ethylenedi-
chloride. Additicnally, inhalation studies by the Zmerican Petroleum
Institute have demonstrated the high carcinogenic potency of gasocline,
probebly associated with branched alkanes fractions, vhich are orders
of magn itude higher than can be accounted for by the presence of known
carcinogens in gasoline, including. benzene. For these ressons, the
benefits of control in terms of reduction of risk may well be oxders

of magnitude of greater than your document appears to have considered.

Regrettably, I cannot attend your December 16 meeting kut I would be
grateful if you could bring this letter to the attention of the meeting

and would sppreciate any conments and reactions.

aruel §. Epstein, M. D.
Professer of Occupational
and Envirommentazl Medicine

Sincerely yours,

SS8E:lr

B-28B
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EPA AS A RISK MANAGER o

EPA has considered many factors in the decision-making process for
regulation of hazardous air pa)?utants. Regulatory options have been
evaluated on a case-by-case basis for each hazardous air pollutant. The types
of issues EPA has faced as a risk manager include the acceptability of health
risks, the public's perceptions of risk, the lack of cost-effectiveness
criteria, the relative importance of individual risk and population risk, and
the difficulties in balancing non-quantifiable benefits with quantifiable
costs and risk reductﬁenrestimates. In addition, as a federal agency, EPA
must prepare detailed cost-benefit analyses for the Office of Management and
Budget to review befdre promulgating major ﬁew regulations. In the cost-
benefit analysis the costs of control éré weighed against the moneti;ed
benefits of control and this is difficult unless all factors involved in a

“decision can be accurately represented in dollars.

Cost-Effectiveness

In contrast to cost-benefit analysis, cost-effectiveness analysis does
not meneiize bénefits but allows comparison of the costs of various controls.
In ; cost-effectiveness analysis the cost of reducing risk by a specified
amount can be coampared for several control strategies.

While EPA does consider cost-effectiveness of regulatory options, the
agehcy emphasizes that cost-effectiveness estimates do not account for the
benefits of requlations. EPA's Air and Policy Offices have attempted to set
cost-effectiveness levels io be used in setting New Source Performance

Standards for criteria pollutants, but consider cost-effectiveness on a

c-1



case-by-case basis for hazardous air po]]ytants, For example, EPA is
considering proposing hazardous afr pollutant standards for coke oven
emissions that would require BACf on all sources and cost up to $40 million
per life saved. If form§11y proposed, EPA will have determined an incremental
cost-effectiveness’of $40 m111ion to be acceptable in this case.

The risk management policy emerging under EPA Administrator Lee Thomas'
direction, emphasizes that cost/benefit analysis is not a rigid formula for
making regulatory choices. In a September 1985 memo, EPA staff was directed
not to use calculations of cost-per-life-saved as the sole basis for ruling
out regulatory options when estimates exceed the $7.5 million level suggested

in EPA's regulatory impact analysis guidelfnes.

Risk Reduction

7 EPA looks at both the maximum individual risk and the total population
risk when considering standards fo?'hagardods air pollutants. Under former -
EPA Administrator William Rucke]shaﬁs, an implied de minimus risk level was
ﬁet when controls were not ﬁroposed for benzene sources for which total
population risk was less than .1 cases/year excess cancer and maximum
1nd{v§dua1 risk was less than 107%, However, Administrator Lee Thamas has
enphasized that both overall and individual risk should be evaluated as part
of the risk management decision and has not specifically addressed the issue
of de minimus risk for regulatory purposes. He has announced that EPA risk
assessments should include identification of segments of the population at
relatively high risk. EPA defines maxiﬁum individual risk as the risk to the
most exposed persons expressed as a probability of lifetime cancer occurrence
and aggregate risk as the risk to the total exposed population expressed as

cancer cases per year.
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- Benefits

EPA's policy toward benefits analysis encourages. a qualitiative “weight
of evidence" evaiuatién of the benefits of reducing exposure to hazardous air
pollutants. In addition to risk reduction estimates, EPA regulatory options
pap#rs present qualititative evidence of toxicity such as non-cancer health
effects and other cancers not considered in the quantitative risk assessment.
Other considerations not accounted for in the risk reduction estimates include

exposure to multiple toxic air contaminants and reductions 1n other pollutants

resulting from the proposed controls.

Acceptability of Risk

As a health risk manager, EPA makes regulatory decisions which result in
an implicit determination of tﬁe "acceptability” of risk. When a regulatory
choice 1s made, corresponding risk reductions occur and any residual risk

represents the acceptableglevei for the policy makers.

Overall, EPA's regulatory policy for hazardous air pollutants reflects
the complexity of balancing public health protection and econamic costs. The

goal of the risk assessnent/risk management approach used by EPA is to provide

a framework for this complex decision-making process.
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APPENDIX D

ARB EXECUTIVE ORDERS FOR PHASE I (G-70-97-A).
AND PHASE II (G-70-52-Al) VAPOR RECOVERY SYSTEMS

ARB CERTIFICATION PROGRAM FOR VAPOR RECOVERY SYSTEMS

Health and Safety Code Sections 41954-41962 require the Air Resources
Board (ARB or Board) to adopt procedures for determining the compliance of
any system designed for the control of gasoline vapor emissions (vapor
recovery} during gasoline marketing operations. Health and Safety Code
Section 41954 requires that before a system is installied at a retail service
station it must be.certified by the ARB in accordance with certification and
test procedures adopted by the Board. The Board adopted certification and
test procedures for vapor recovery systems in 1976,

. The certiffcation and test procedures for vapor recovery systems are
included in Sections 94000-94004 of Title 17 of the California
Administrative Code. The'procédu?es specify the test methods te be used to
determine reliability and vapor recovery effectiveness, and other -
requirements which must be met for certification,

The certification procedufes,inc]ude a provision that the Exéﬁutive
Officer shall issue an‘nrder of ceriificatian if he or she determines tﬁét a
vapor recovery system conforms to all of the reguirements set forth in the
certification procedures. The Executive Orders specifying the Phase I
(6-70-97-A) and Phase II (6-70-52-AI) vapor recovery systems which conform

to all of the requirements set forth in the certification procedures are

~attached.
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-

State of California
AIR RESOURCES BOARD

Executive Crder G-70-97-A

Stage I Vapor Recovery Systems for Underground
Gasoline Storage Tanks at Service Stations

WHEREAS, the Air Resources Board {the "Board") has established, pursuant to
Sections 39600, 39601, and 41954 of the Health and Safety Code, certification
procedures for systems designed for the control of gaso11ne vapor emissions
guring fi111n§ of un&ergraund gasoline storage tanks ("Stage I vapor recovery
systems") in its “Sert1f1ca“ien Procedures for Gasoline Vapor Recovery Systems

2t Service Stations"” as last amended December 4, 1981 (the “"Certification

Procedures”), incorporated by referance in Sect1on 84001 of Title 17,
California Administrative Code;

WHEREAS, the Boarﬁ has established, pursuant to Sections 39600, 35601, and
21954 of the Health and Safety Code, test procedures for determining
compliance of Stage I vapor recovery systems with emission standards in its
"Test Procedures for Deter"wn;ng the E‘f1c1ency of Gasoline Vapor Recovery
Systems at Services Stations” as last amended September 1, 1982 (the "Tést
Frocedures"), incorporated by reference in Section 94000 of Title 17,
Lzlifornia Administrative Code;

wHEREAS, the Board finds it beneficial to consolidate Executive Orders
G.70-47-8, G-70-4-A, and G-7C-2-G, certifying Stage I vapor recovery systems -
in order to have a comp1e;e Tisting by manufacturer of all Stage 1 vapor
control equipment which has been certified and is available for use in the
coaxial and/or two point Stage I vapor recovery systems; - -

WHEREAS, the Board finds it necessary to revise Executive Order G-70-97 to
clarify the requirement for pressure/vacuum relief valves on the vents of
uncerground storage tanks and to clarify the interchangeability of certain
tzge I vapor recovery system componets,

hOW THEREFORE, IT IS HEREBY CRDERED that Executive Order 6<70-97 issued on
May 13, 1985 for Stage I vepor recovery systems for underground gasoline
storage tanks be modified by this Executive Order G-70-897-A,

iT IS FURTHER ORDERED that Stage I Systems will conform to one of the four
cntions shown in Figures 1 thru 4 of this Executive Order and only certified
vapor reccvery components (or fittings) may be used in the systems,

Exhibits 1 thru 3 (Attachec) list by manufacturer all of the certified
fittings approved for use with Stage I vapor recovery systems. The systems
shai1 octherwise comply with all 'the certification requirements in the latest
“lertification Procedures for Gasoline Yapor Recovery Systems at Service
Stztions" applicable to Stage I systems,
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IT IS FURTHER ORDERED that any underground storage tank equipped with a
Stage [ vapor recovery system and filled from a gasoline delivery tank
equipped with pressure-differential activated vapor-return vent valves must
have a pressure-vacuum relief valve on the vent of the underground storage
tank.

IT IS HEREBY ORDERED that compliance with the applicable certification
requirements and rules and regulations of the Division of Measurement
Standards, the Office of the State Fire Marshal, and the Division of
Occupational Safety and Health of the Department of Industrial Relations is
made a condition of this certification.

IT IS FURTHER ORDERED that the components and alternative configurations
certified hereby shall perform in actual use with the same effectiveness as
the certification test system. ,

IT IS FURTHER ORDERED that any alteration of the equipment, parts, design, or
operation of the configurations certified hereby, is prohibited, and deemed
inconsistent with this certification, unless such alteration has been approved
by the undersigned or the Executive Officer’s'designee.
‘ : b
i

7
-~ i
Executed at Sacramento, California this 5/?7?_day of ~cce.- 41985,

-

\\f;bl.‘/') — 1( o )

— ﬂémes D. Boyd
. Executive Officer
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~ Two Point Stage 1 Vapor’ Recovery System
i Without OQveriill Pro;ectlon

“Top of Underground
Storzge Tank

LEGEND

Fi1l Tube Vapor Cap

Fiil Adapter’ Product Elbow

GO

Vapor Elbow
Fil1l Cap

Vapor Adapter
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FIGURE 2

Coaxial Stage 1 Vapor Recovery System
Without Overfill Protection

T

}“3‘5 B
t ) v

Z\Teg of Underground -
Storage Tank

LEGEND
@ Coaxial Poppeted Fill Tube

‘ 1
Coaxial Elb‘ow‘
Coaxial Fill Adapter @ Fi11 Cap
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FIGURE 3

-Two Point Stage I Vapor Recovery System With
Overfill Pmtech on

-

Top of Underground
Storage Tank

/ .
/ LEGEND

Fill Tube _ (::) Vapor Elbow

Fi1l Adapter Extractor Assembly

Vapor Adapter (::) Float Vent Valve
Vapor Cap (::) Fill Cap
Fi1l Elbow

©OOOO

WARNING:

1. This system is not approved for use at service stations equipped with Red
Jacket or Healy Phase II vapor recovery systems.

2. Float valve overfill protection systems shoild only be used on 5ubmerged
pumping systems not with suction pump systems.

3. Overfill protection systems should only be used on gravity drop systems.
Do not use where pump off unloading is used.
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FIQURE &

Coaxial Stage 1 Vapor Recovery System
. With Overfill Protection

J--\'a’_r»c:r Return Line
? T From Phase 11
I 70 | _
2 h C—) = *
g — "y - T : To Vent
g J:IEM::B——-———-

heye:
:{'i(*i

'1 ; Top o Undercreound -

Storage Tank

<

LEGEND |
@ Coaxial Poppeted Fill Tube Extractor Assembly
Coaxial Fill Adapter @ Float yent Valve
(::) Coaxial Elbow (::) Pipe Capl/
. @ Fi11 Cap
WARNING:
1.

This system is not approved for use at service stations equwpped with Red
Jacket or Healy Phase II vapor recovery systems.

Float valve overfill protection systems should only be used as submerged
pumping systems, not with suction pump systems.

Overfill protection systems should only be used on crav1ty drop systems.
Do not use where pump off unloading is used.-

Required when a two point system is modified to a coaxial system.
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EXHIBIT )

Fittings Approved For Use On The Tv(o Point Stage I Vapor Recovary Systems

Fittings Required For A1l Two Point

Stage [ Vapor Recovery Systems

Additional Fittings Required For Two Point
Vapor Recovery -Systems Hith Stage I Overfil}

For Locations see Figure } Protection. For Locations See Figure 3
w1 Q| O |0 |0 |00 0 ®
‘Extractor Assembly Float
Fill Fil Vapor Yapor E1bows : Extract
Manufacturer Tube Adapter Adapter Cap Fitl Vapor %‘::c@n“t Vent xtractor ::']':e
61 AS T 60 AS AINyT 233 - MSO . 233 - WM 53 - VM
[i1:4% 61 7 633 7 1611 AV N Ik 60 T 170y 233 -~ VTS 233 - ¥ £3 - VIS
i 80 1T 233 - SD 233 - ¥ 53 - VK
’ . 0612 yC
Universal 2 2 0611 v e oo o7 v v 420 a7
¥
EBH 782 e 300 304
McDonald 245 268 A
267 A
613 ‘ ,
CN1 615 611 DB 6)1 VR ‘ 119
Emco-wheaton | A 20 A 30 A 76 A9 | fe3 | ET A79 Series 202291 or A-75
Andrews/ TF 54 AG o 56 TFR
Evertite 97 A 93 C
York-Serv, Inc. 33;

1/ Now owned by

Dixon Valve & Coupling Company .
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EXHIBIT 2

Fittings Approved For Use Oanhe Coaxial Stage I Vapor Recovery System

o

Fillings Required For A1l Coaxial
Stage 1 Vapor Recovery Systoems

Additional Fittings Required For
Coaxial Stage 1 Vapar Recovery
Systems with Overfill Protection ,

. | @+ © | ©|@ @ ®
Coaxial Poppcted gtz;;g;nr Float
Fi11 Tube Assembly | Coaxial Niiﬁ Fl§1t Extrattor Vent
Manufacturer | with Adapter - ETbow | v ¢ valve | Assembly Valve
OPY 60-TCP 60 TG | 233-M5D 233-VH 53-vM
60 TIC] 233-VIS 53-VTS
. 4" Tube 3" Tube A79-002 562290
Imco Wheaton | ABB-001 . A88-003°[ ¥ 298 | A79-003 562016 °T | A 75
4 | A79-00
EiW 783-215
Universal g V-420 7
Valve Co. 3
CNI 119

B
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EXHIBIT 3

Fittings Approved For All Stage I Vapor
Recovery Systems

Legend No. (::) ' (::)
Pipel/ L Fi1l Caps Pressure Vacuum
Manufacturer Cap Top Seal Side Seal Relief Valve
0PW 16 | 63 1T §2 95 UTE
62 TT -
' 731 727
Universal 733 732
734
By | 777 775
McDonald ' : 268 C h 267 C
‘ | 32
CNI : 64 . 33
Emco Wheaton As84 ﬁrgg
2 400 FPC
Aqdrews 2/ 54 LC
Varec 2010-811
Hazlett | : | H~PYB-1

1/ Required when a Two Point System is converted to a Coaxial Sjstem with
overfill protection.

2/  Now owned by Dixon Valve & Coupling Company.
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) State of California
AIR RESCURCES EQARD

Executive Order C-70-52-A1
Certification of Compenents for Red Jacket,
Hirt, and Balance Phase II
Vapor Recovery Systems

WHERELS, the Afir Resources Bcard (the “Board") has established, pursuznt to
Sections 3600, 38601, and 41954 of the kealth and Safety Code, certification
precedures for systems cesigned for the control of gasoline vapor emissions
during motor vehicle fueling operations ("Phase II vapor recovery systems") in
its "(ertification Procedures for Gasoline Vapor Recovery Systems at Service
Stations® as last zmended December 4, 1981 (the "Certification Procedures"),
incorperated by reference in Section 24001 of Title 17, California
Administrative Code;

WHEREAS, the Board has established, pursuant to Sections 3GE00, 39601, and
41934 of the Health and Safety Code, test procedures for cetermining
corpliznce cf Phase Il vapor recovery systems with emission standards in its-
“Test Procedures for Determining the Efficiency of Gasoline Vapor Recovery
Systems at Service Stations" as last amended September 1, 1282 (the "Test
Procecures"), incorporated by reference in Secticn 8400C of Title 17,
California Administrative Code;

Hﬁﬁﬁtés; [resser Industries has arplied for certification of the liayre Purge
System for use with ccaxial hose balance and assist Phase Il vapor recovery
systems; ' : .

WHERERE, Raihbow Petroleur Products has applied for certification of the
folleowing:

‘1. Rainbow Petroleum locels EPP-34, RPP-36, RPP-47, and RPP-49 rebuilt CPW
Focel 7V-E vapor recovery nozzle {“assist nozzie"} for use with dual hose
‘zssist Phase II vafpor recovery systems that use CPW Model 7V-E assist

- nozzles. The assist nozzle consists of an OPW Model 7V-E nozzle body and
Rzinbow Petroleum mznufactured components for the nozzle core and the
front end of the nozzle;

2. PRainbow Petrcleum manufactured components for the front end of the CPM
Yodel 7V-E vapor recovery nczzle ("manufactured components");

WEEREAS, Coocdyear Tire and Rubber Compary has applied for certification of the
Coodyear laxxir Stace II Vapor Reccvery Hose for use with coaxial hose balance
anc assist Phase II vapor recovery systems;

WHEREES, Section VIII-A of the Certification Procedures provides that the
Executive Cfficer shall issue an order cf certification if he or she
determines that & vapor reccvery system conforms to all of the requirements
sct forth in Sections I through VII; and
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WHEFEAS, 1 find that the Dresser Industries Vayne Purge System, when used with
balance and assist coaxial hose Phase 1I vapor recovery systems, conforms with
all the requirements set forth in Sections I through VII of the Certification
Procecures;

WHEREAS, 1 find that the Rainbow Petrcleum assist nozzles anc manufactured
components, when used with the Fed Jacket and Hirt Phase Il vapor recovery
systems, ceriform with all the requirements set forth in Section I through VII
of the Certification Procedures as amended on December 4, 1981, and result in
vapor recovery systems that are at least 95 percent effective for attendant
and/or self-serve use at gasoline service staticns when used in conjunction
with Phase I vapor reccvery systems that have been certified by the Board;

WHEREAS, I find that Goodyear Tire and Rubber Company's Maxxim coaxial vapor
recovery hose, when used with balance an¢ assist Phase Il vapor recovery
systems, conforms with all the requirements set forth in Sections [ through
VII of the Certification Procedures.

MC¥ THEREFGRE, IT IS HERERY CRCERED that the certification, Executive Orcer
G-70-52-AH is hereby modified to add the Dresser Industries layne Purge System
for use with balance and assist Phase II vapor recovery systems; the Rainbow -
Petroleum Products Models RPP-34, EPP-36, RPP-47 and RPP-4S assist nozzles
(see Exhibit 11) and front end menufactired components for use with the Hirt
and Ped Jacket Phase II Vapor Recovery Systems; and the Goodyear Tire and
Rubber Company Kaxxim Stage II coaxial vapor recovery gasoline hose for use
with balance, Hirt, and Red Jacket Phase II vapor recovery systems. All
Pairbow Petroleum Products nozzles and front end manufactured compenents shall
be clearly marked as shown in Exhibit 11 so as to identify that thkey were
proviced by Fainbow Petrcleum Products.

IT IS FURTHER ORDERED that the Dresser Industries VYayne Purge System, the
Fainbow Petroleum Products lMcdels RPP-34, FPP-36, RPP-47 and RPP-49 assist
vapor recovery nozzles and the Goodyear Maxxim coaxial vapor recovery hose are
certified as shown in Exhibits 4 through 11. A cross-reference identifying
vhich hose configuration is approved for each vapor recovery system is shown
in Exhibit 1. Certified compcnents for the systems are shown in Exhibit 2. A
cross reference identifying which vapor recovery nozzle is approved feor each
vaper recovery system is shown in Exhibit 3. The systems shall otherwise
comply withk all the certification requirements in the latest applicable

phase Il varor recovery system certification.

IT IS FURTREF GRDERED that where a balance type vapor recovery system is to be
installed &t a new installation only the balance type coaxial vapor recovery
nozzles anc¢ coazxial hose configurations may be used.

1T IS FUETEEFR CRCEREL that the ccompliance with the applicable certification
requirements and rules and regulations cf the Civision of lMeasurement
Stenceras, the {ffice of the State Fire Parshal, anc the Civision of
Cccupational Safety and Health of the Department of Incustrial Relations are
rmacde a concition of this certification.

-
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iIT IS FURTHER CRDEREDR that the éaﬁpcnen%s and alternative hose configurations
certified hereby shall perform in actual use with the same effectiveness as
the certification test system.

IT IS FUKTHBER CRCERED that any alteraticn ¢f the equipment, parts, design, or
operaticn of the configurations certified hereby, is prohibitec, and deemed
incensistent with this certification, unless such alteration has been approved
by the undersioned or the Executive Cfficer's designee.

IT IS FURTHER CRDERELC that all nozzles epproved for use with the Phase II
vapor recovery systems specified in this Executive Crder shall be 100 percent -
performance checked at the factory including checks of groper functicning of
211 automatic shutoff mechanisms. '

Executed at Sacramento, California this ¢f§221’ day cf ;ﬁaﬁﬂﬁtangsﬁ.

James D, Boyd
Executive Cffice
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Exhibit 1

Ezecutive Order 6-70-52-A1

‘Phase 11 Yapor Recovery Systems
Certified for Hose Configurations Shown in Exhibits 4-11

Executive
Crder Vapor Recovery
G=70~ System Name
14 Red Jacket
17 . Emco Wheaton
23 _ Exxon
25 Atlantic
: Richfield
33 Rirt
36 . OPW
38 Texaco
48 Mobil
49 Unifon

53 Chevron

D-14



‘Exhibit 2
Executive Order G-70-52-Al

Componentl/ List for Red Jacket, Hirt, or
Balance Phase Il Vapor Recovery Systems

Gilbarco

D-15

Ttem/Manufacturer SFH 1D “Exhibits

and Fodel No. No.' 'y 5 6 ] 8 9 10 11
Nozzles2/ _
Emco Wheaton A 40007/8/ 005:007:22 X X X
Emco Wheaton A 40018/ 005:007:23 X X X X X X X
-Emco Wheaton A 30037/ 001:007:5 S X X |
Emco Wheaton A 3005 005:007:6 X X X X X
Emco Wheaton A 3006 005:007:20 X X X
Emco. Wheaton A 3007 005:007:25 ' X X X X
0PK 7V-E (34,36,47,45) 002:008:14-17 X X X X
OPW 7V-H (34,36,47,49, ~ o

60-63) 005:008:29 - X X X

OPW 11V-C (22,24,47,49)6/  005:008:30 X X X X X X X
OPK 11V-E (34,36,47,49) 005:008:33 X X X X X X X
OPH 11VS-C (22,24,47,49) 005:008:34 X X X
OPW 11VS-E (34-36,47,49) 005:008:35 X X X .
OPW 11V-F (22,24,47,43) _ 005:008:37 X X X X X X - X
OPW 11VS-F (22,24,47,49)7/  005:008:38 X X X
Rainbow RA 30037/11/ 005:035:002 X X X |
Rainbow RA 3005117 005:035:003 R T | X X
Rainbow RA 300611/ 005:035:004 X _ - X X X
Rainbow RA 300711/ 005:035:005 X X X X X
EZ Flo 30037/8/ 005:029:003 X S { X ‘
£2 Flo 3005% 005:029:004 XX X X X
£2 Flo 30063/ 005:029:004 X X X
EZ Flo 30078/ 005:029:005 - X X X X X
Rainbow (RPP-34, RPP-36,

RPP-47, RPP-43) 005:035:006 X X X X
EZ Flo (EZE 8-22, EZE 8-24,

EZE 8-47, EZE8-49)10/ 005:029:002 X X X
‘High-Retractor Hose Configurations3/
fGverhead Hose Retractors

Red Jacket X X

Pomeco 100A, B, C X X
. Pomeco 102 X X

Petro-Vend PV-8 X X

CHI Series 9500,

9510 and 9930 X X X

Dresser Wayne ' '

¥odel 390-1L X X X

Gasboy Model 80-750-2 X


https://22,24,47.49

Exh{bit 2 (cont.)

Executive Order G-70-52-Al

Componentl/ List for Red Jacket, Hirt, or
Balance Phase 11 Vapor Recovery Systems

now AA_cF{4 120"y ANE « OND 37

Ttem/Nanufacturer . SFN ID Exhibits
and Model No. . © No. 4 5 b ! 8 9 10. 11
High-Retractor Dispensers4/
Cresser Wayne
Series 370/380 X
- Dresser Wayne Decade
iarketer Series 310/320 X
GCasboy Series 50 , ) X X
Tokheim Series 162 X X
Tokhein Models 242 and 244 X
Dresser Wayne Series 380 MGD X
Tokheim Models 330A and 333A MMD X
Southwest Models 2300 and 2400 LPD X
High-Hang Hose Configurations3/ .
Dispensers ‘
Eilbarco KPD X X
Hose Breakaway Fittings
. Enterprise Brass Works : .
697-V 005:034:001 X X X
Coaxia] Pose Assemblg. o
. F. Goodrich Co-AxS 005:014:1 X X X X X
B. F. Goodrich 005:014:1
Super Il Co-Ax : X X. X X
Dayco Co-Ax 005:033:2 X X X X X
Goodyear Maxxim 12/ 005 :036:001 X X X X X
tioufd Removal Systems’
Gilbarco Venturi 005:026:11 X
Wayne Purge System X
Yapor Check Valves
Emco Wheaton ,
A 225 ‘ 005:007:23 X X
£225-003 -005:007:23 X X X X
A226 : 005:007:23 X ~ .
A227 005:007:23 X X
Swivelsd/
Nozzle :
Pomeco Mocel 7 005:025:2 X X X
Husky 1+V1 005:021:2 X X X
Husky I1+VI F 005:021:2 X X X
Emco Wheaton T
A 4110-001(45-) - 005:007:12 X X X X
A 4113-001(%07}) 005:007:13 X X
OPK 43 005:008:6 X X X



Exhibit 2 (cont.)
Execut ive Order 8-70~§2~AI

Componentl/ List for Red Jacket, Hirt, or
Balance Phase II Vapor Recovery Systems

Ttem/Manufacturer ~ SFH 1D “ExPibits
and Model No. - No. 4 5 3 ] 10 11
OPW 43-T* 005:002:31 X X X
OPW 33-C¥ ~005:008:32 X X X
OPW 35-V 005:008:32 X X X
OPH 43-CR(90") 005:008:34 X -
RCR 3D 005:031:002 X X X
Island '
Emco Wheaton
A 93-000 005:007:13 X
OPW 36-C 005:008:28 X
[ispenser
Emco Wheaton g
A4113-001 (90°) 005:008:34 X X
A 92-001 005:007:11 X
Hedgon PS 3445 VRM  005:013:2 X X
OPW 43-CR{90") 005:008:34 - X X
Retractor Swivel
Searle Leather _
& Packing B-1399 X
or State Fire Marshal
approved equivalent
Flow Limiter .
Emco Wheaton A-10 or 001 :007 :1 X X X X X
State Fire Marshal *
approved equivalent
Recirculation Traps
Emco Wheaton
A 003-001 001:007:4. X X X X
Emco. Wheaton
A 94-001 005 :007:8 X X X X
Emo Wheaton
- A 95-001 005:007:9 X X X X
OPW 78, 78-S,
78-E, 78-ES . - 001:008:13 X X X X

¥63-T swivel not allowed With Hirt tall check valve.
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Exhibit 2 (cont.)
Executive Order 6-70-52-A1

Component List for Red Jacket, Hirt, or
Balance Phase 11 Vapor Recovery Systems

Spec if ic components for the Red Jacket system are listed in the
latest version of Executive Order 6-70-14. Specific components for

éh;nggt system are 11{sted 1n the latest version of Executive Order

See Exhibit 3 for a Nozzle/System Cross-Reference.

High-hang or high-retractor hose configurations are required on all
existing stations by July 26, 1986.

Other dispensers are in compliance with ARB requirements {if they are
approved by the Division of Measurement Standards and are app11cab1e
to efther of the configurations shown by Exhibits 4 5,6, &7 in this

Executive Order.

Other nozzle multiplane swivels and island single plane swivels may
be used if approved by California State Fire Marshal. HNozzle

~multiplane swivels and island single plane swivels are requ1red on

all existing twin hose dispensers by Ju]y 26, 1986.
Origina11y cert1f1ed 1n Executive Order G- 70 36-C on Harch 4, 1980.

Dua1-port nozzles not perm1tted on new installatfons utulizing a
balance type Phase Il vapor recovery system.

Boot protectcors not permitted on Emco Wheaton Models A4000 and A4001
nozzles.

Spec ific components for EZ F16 Rebuilt Emco Wheaton 3000 series vapor

recovery nozzles are listed in the latest version of Executive Order )

6-70-101.

Spec ific components for the EZ Flo Rebuilt OPW 7V-E vapor recovery
nozzle are listed in the latest version of Executive Order G-70-78.

Spécific components for the Rainbow Rebuilt Emco Wheaton A3003,
A3005, A3006, and A3007 vapor recovery nozzles are listed in the -
latest versfon of Executive Order G-70-107.

Nozzle and island swivels are optional with the Goodyear Maxxim
Coaxial Hose Assembly.
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Exhibit 3
Executive Order G-70-52-Al

Nozzle Cross-Reference

(Red Jacket and Hirt Assist Systems;

or Balance Systems)

Max. Dispensing
Rate - GPM Hot

Phase Il Vapor Recovery System/Vapor Recovery

 Nozzlel/. Systems Using Nozzles  To Exceed Comments
treo Wheaton Emco Wheaton 10 Soft Faceplate.’
A3003 Exxon : Interlock.
A4000 | Atlantic Richfield Low-pressure shutoff.
EZ Flo 3003 Texaco
Rainbow RA 3003 Mobfl
Union
Chevron
Hirt
Emco Wheaton Emco Wheaton 10 Coaxial passages for
A3005 Exxon ) for coaxial hose.
A3001 Atlantic Richfield ~ Soft faceplate.
EZ Flo 3005 Texaco ~Interlock.
Rainbow RA 3005 ¥ob1l Low pressure shutoff.
: . Union ' ‘
v Chevron
Hirt
Emco Wheaton Red Jacket 10 Loose fitting assist
A3006 . Hirt (374 in. vapor hose)’ 12 type faceplate.
EZ Flo 3006 Hirt (5/8 in. vapor hose) 10 Low-pressure shutoff.
Rainbow RA 3006 No interlock. Slim
" handle.
Emco Wheaton . Red Jacket 10 Same as A3006 except
. A3007 Hirt for coaxial
EZ Flo 3007 passageways for
Rainbow RA 3007 coaxial hose.
OPW 7-Y Model E Red Jacket, Hirt 10 Loose fitting

-34 {leaded, with clip)
-36 (leaded, without

clip)

-47 (unleaded, with c11p)
-49 (unleaded, without clip)

type faceplate.
Low pressure shut-
off. No interlock.
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Exhibit 3 (continued)
- Executive Order G-70-52-Al

Phase 11 Yapor Recovery System/Yapor Recovery
Nozzle Crcss-Reference
(Red Jacket and Hirt Assist Systems;
or Balance Systems)
Exhibit 3 (cont.)

Max, Dispensing
Rate - GPM Not

Systems Ssing'ﬂczz1es

-22 {leaded, with clip) Atlantic Richfield
-24 (leaded, without ¢lip) Chevron
-47 {unleaded, with clip) Hirt
-49 {unleaded, without clip) Mobil
Exxon
Texaco

D20

Nozzlel/ To Exceed Comments

-Rainbow Petroleum Products Red Jacket, Hirt 10 Loose fitting assist
RPP-34 (leaded, with clip) type faceplate. Low
RPP-36 (1eaded, without clip) pressure shutoff, HNo
RPP-47 {unleaded, with c1ip) interlock.

fPP-49 {unleaded, without clip)

EZ Flo EZE 8

-22 {leaded, with clip)

-24 (leaded, without clip)

~47 {unleaded, with clip)

-49 (unleaded, without ¢lip)

OPW 11V Kodel E Red-Jacket - 10 Same as OPW 11V
=34 (leaded, with clip) Hirt 4 Model € except

-36 (leaded, without clip)} -loasefitting :
47 (unleaded, with ¢lip) faceplate. No interlock
-49 (unleaded, without clip) ‘ '
OPW 11V¥S Hodel E Red Jacket 10 Same as OPW 11¥S

-34 (leaded, with clip) Hirt Hodel C except

-36 {leaded, without clip) loosefitting

-47 {unleaded, with clip) faceplate,

-49 (unleaded, without clip) No interlock

OPW 11V Model F OPW 10 Vapor check valve,

Interiock,
Low-Pressure

s huto ffﬁ

Coaxial passageways.



Exhibit 3 (continued)
Executive Order 68-70-52-Al

Phase 11 Yapor Recovery System/Yapor Recovery
Kezzle Cross-Reference ,
(Red- Jacket and Hirt Assist Systems;
or Balance Systems)
Exhibit 3 (cont.)

Max. Dispensing

Rate - GPM hot

Nozzlel/ Systems Using Kozzles To_Exceed Comments

-OPW 11VS Kodel F , OP¥ - 10 Vapor check
-22 (leaded, with clip) Atlantic Richfield valve. Interlock.
-24 (leaded, without clip) Chevron Low-Pressure
-47 (unleaded, with clip) Rirt shutoff.
-49 (unleaded, without ¢14p) Hobil Twin hose

Exxon Passageways

Texaco

Red Jacket
OPW 7V Model HZ/ Hirt with 10 Same as OPW 7-¥ -
-34 (leaded, with clip 5/8 in. vapor hose ~ ‘Model E except the
-36 {leaded, without clip) faceplate has 3
~47 (unleaded, with clip) equally spaced
-49 {unleaded, without clip) . grooves., .
-60 (leaded, with clip) Hirt with 3/4 4n. . . ‘ - P
-61 (unleaded, with clip) vapor hose . .0 12
-62 (leaded, without clip) , ' '
-63 (unleaded, without clip) -
OPW 11V Model C OPW 10 Soft Faceplate
~22 (leaded, with clip) Atlantic Richfield . Interlock., Low-
-24 (leaded, without clip) Chevron pressure shutoff,
-47 (unleaded, with clip) = HMobil Coaxfal passageway
~49 (unleaded, without clip) Exxon

Texaco
OPY 11VS Model € OoPVW 10 Soft Faceplate.
-22 (leaded, with clip) Atlantic Richfield Interlock., Low-
~24 (leaded, without clip) Chevron pressure shutoff.
~47 {unleaded, with ¢lip) Hirt Twin Hose
-49 (unleaded, without clip) Mobil passageways.

: Exxon
Texaco -

Y Spoui and bellows may be changed from leaded to unleaded, or vice versa, when
products in storage tanks are changed accordingly.

2/ OPW 7V Hodel E nozzle with OPH 7V Mocel H bellows/faceplate is acceptable.

D-21



Executive Order 6-70-52-Al )
Twin Hose Side Mount High-Retractor Cénfiguratien
For Existing Installations Only

¥ Overhead Hose Retractor
!’/5:, Nozzle
! Multi plane swivel on Qagar and
1iquid hose.
b Gasoline 1iquid hose length shall
to 7 feet be selected and hose installed to
‘J avoid interference with vapor hose

‘ — oparation,‘

10" maximum

-5/8 inch or larger I.D. (3/4 inch or
larger 1.D. for Hirt system and. 12 gpm)
! o -vapor hose. Vapor hose length as needed

.to permit natural drainage into vapor -
return piping when retractor is in
retracted position, and still.avoid

/ sfwkinking when fully extended.

20" minimum
vmw*tscation of vapor check valve, if required,
_1 > may be installed inside or outside of
Y l ' ~ dispenser.

gwive1 “#,/QL///! ‘~\“NN\“‘-~S‘“-,‘\~N Riser(3/4 inch or Jarger inside

State Fire Marshal approved 0.495 inches diameter galvanized pipe,)
I.D. minimum,45° with stops.

1. See Exhiblt 2 for the component }1st*

2. A flow limiter is required on dispensers that have a maximum f%owrate in excess
of 10 gpm (12 gpm for dispensers with the Hirt system using Emco Wheaton Model
A3006 and 3/4 inch vapor hoses). A flow limiter may be required on all gasoline
dispensers at the optaen of the local air pollution control district.

3. A recirculation. trap is not required.

4, Use apprapr1ate hose ties.

5. Vapor return piping may be instal?ed on the inside or on the outside of the
dispenser cabinet.

6. The Emco Wheaton Model A4000 series nozzles are permitted only when used in
conjunction with approved vapor check valves.

-
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« Execytive Order G-70-52-Al
loaxial Hose Side-Mount High-Retractor Configuration
For A1l New and Existing Installations

Overhead Hose Retractor

MNZ”__,.u» Retractor Swivel

-

] ﬁ | Coaxial Hose Assembly

o , . "‘ﬂmsz*" Nozzle
5 to 7 feet \ = { ‘
3 o ' = 3K Nozzle Swivel equal to or
] )
L 10%maximum : | m#ﬂz-**”’"'greatér than 30°

¥

Gasoline Flufid Hose .
”szﬂ,,ﬁf' (or pipfng inside dispeﬁser)

Hose assembly sloped to permit
. natural drainage into vapor

return piping when retractor is

15% minimum

L " in retracted position.
P %ﬁi} . “Location of vapor check valve,
A — ( vi\”‘~\N‘-__;I if required.
Riser (3/4 inch or sland- Swivel
larger inside diameter .
galvanized pipe).

>te: 1. See Exhibit 2 for the component list.

A flow limiter is required on dispensers that have a maximum flowrate in excess

of 10 gpm. A flow limiter may be required on all gasoline dispensers at the
option of the local air pollution control d1str1ct,
3. A recirculation trap is not required.

4. . Vapor return piping may be installed on the inside or on the outside of the
c¢ispenser cabinet.

The Emco Wheaton Model A4000 Series nozzles are permitted only when used in
conjunction with approved vapor check valves.
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Executive Order 6-70-52-Al
Twin and CGaxial Hose Dispenser-ﬂount High-Retractor Configuration

Retractor

5 feet

10" maximum

j Dispenser

interference with vapor hose operation.

\ Nozzle .
S;”””’ Gasoline- 1{qu1d hose length shall be
—jg;:”" selected and hose installed to avoid

-

Multi plane swivels on vapor and liquid
hose. 1If coaxial hose is used, use
gggzle swivel equa1 to or gréater than

— ‘5/8 inch or larger 1.D. (3/4 inch or
.Jarger 1.D. for Hirt System and 12 gpm)
vapor hose. Vapor hose or coaxial hose
Tength as needed to permit natural
-drainage into vapor return piping when
retractor is in retracted position and
'still avoid kinking when fully extended.

‘éz*"'tocation of vapor check va1ve; may be
\) installed inside or outside of dispenser

TN
.

- *

*

*

W W g s

- B l if required. -
(---—- Swivel

State Fire Marshal approved 0.495 inch
1.D. minimum. 45° with stops.

See\Exhtblt Z for the component 1ist.

A flow limiter is required on dispensers that have a maximum flowrate in excess

of 10 gpm (12 gpm for dispensers with the Hirt sysiem using Emco Wheaton Model
A3006 nozzles and 3/4 inch vapor hoses). A flow limiter may be required on all
gasoline dispensers at the option of the local air pollution control district
A recirculation trap is not required. :

Use appropriate hose ties.

Vapor return piping may be installed on the outside or on the inside of the
dispenser cabinet.

Riser, 3/4 inch or.larger inside diameter galvanized pipe.

The Emco ¥heaton Model A4000 series nozzles are permitted on!y when used in
conjunction with approved vapor check valves.

The coaxial hose dispenser-mount high-retractor configuration can be used for

all new and used installations.
The twin hose dispenser-mount nich-retractor conficuratinn mav nnt bha uced far


https://nozz1.es

5/8" or larger 1.D. (3/4

inch or larger 1.D. for Hirt “”J‘
System and 12 gpm) vapor hose. :
o o . ,. _
. Nozzle .’/f?/’// A

Notes:

EX&IBIT 7
Executive Order 6-70-52-Al

Twin Hose Dispenser-Hount High-Retractor Configvration'
For Existing Installations Only

- “““"21——~"““ Retractor with dual-hose

‘Dispenser

clarmp or single hose clamp.

——

Hose tie vraps applied
approximately every foot
" to hold vapor and product
hoses together.

- Multi plane swivel required
on nozzle end of thé vapor
and 1iquid- hoses.

-
: e .

' [)fif' Minimum hé?ght above island.

20"

: -
——

See Exhibit 2 for- the component 1ist.

A flow limiter is required on dispensers that have a maximum flowrate
in excess of 10 gpm ?32 gpm for dispensers with the Hirt system using
Emco Wheaton Model A3006 nozzles and 3/4 inch vapor hoses). A flow
limiter may be required on all gasoline dispensers at the option of the
local pollution control district.

A recirculation trap is not required.

Hose swivels not required at dispenser end of hoses.

Riser must be 3/4 inch or larger inside dizmeter galvanized pipe
Twin hose dispenser-mount high-retractor configuration not permitted
on new {nstallation. , .
The Emco Wheaton Model A4000 nozzles are permitted only when used in
conjunction with approved vapor check valves.
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spenser iﬁ

Executive Order - 70-52-A1
ﬂigh-ﬁa»ractor Dispenser-Coaxial Hose Configuration
For AT1 New and Existing Instal1aticns

- ! . -t

:Retractor and
Hose Clamp

Coaxial Hose

»

A45° Swivel (Optional
for Tokheim MMDs)

90° Swivel

7 7 7 7 o 7 7 4 4 7 i /

L~

Use a 1 inch or Iarger inside diameter galvanized pipe for riser.
A recirculation trap is not required.

© A flow limiter is required on dispensers that have a maximum flowrate in excess

of 10 gpm. A flow limiter may be required on all gasoline dispensers at the
option of the local air pollution control district,

For dispenser islands greater than 4 feet in width, each vapor hose length,
shall not be longer than the sum of one-half the dxspenser island width, in
feet, plus 7 feet.

For dispenser islands less than 4 feet, the maximum hose length is 9 feet.
Coaxial hose stiffeners must be 1nc1uded and long enocugh to prevent kinking
or flattening of hose.

Retractor must retfact coaxial hose to tcp of dispensers when not in use.
Tension on retractor hose clamp must not be 1n excess 0f that required to
return hose to top of dispenser, .
The Emco Wheaton Model A4000 series nozzles are permitted only when used in

conjunction with approved vapor check valves.
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Executive Order G-70-52-A1

High -Hang Coaxial Hose Configuration with Retractor
For A1l New and Existing Iasta]]ations

Hose Retractor
Swivel

ication of vapor
ieck valve) if
quired,

Coaxial Hose
Assembly

| _——Z— Nozzle

< ———— 90° and a 45° nozzle
swivel or a 45° swivel
and- 24" of stiff hose.

7 7 7 77 A Sy Ay A &

7. Useal inch or larger inside diameter galvanized pipe for riser.

2. A'recirculation trap is not required.

3, A flow limiter is required on dispensers that have a maximum flowrate in excess
of 10 gpm. A flow limiter may be required on all gasoline dispensers at the
option of the local air pollution control d%str1ct.

4. For dispensers jslands greater than 4 feet in width, each vapor hose Iength
shall not be longer than the sum of one-half the d1spenser island width, in
feet plus 7 1/2 feet.

. For dispenser islands less than 4 fest, the maximum hose length is 9 1/2 feet.
. Coaxial hose stiffeners must be 1nc1udeé and Tong enough to prevent kinking

tes:

5

)
or flattening of hose.

7. Retractor must retract coaxial hose to top of dispensers when not in use.

8. Tension on retractor hose ¢lamp must not be in excess of that required to
return hose to top of dispenser.

8. 90° swivel is not required if hose stiffener 2t nozzle {s >24 inches in length.

0. The Emco Wheaton Model A4000 series nczzles are permitted only when used in

~conjunction with approved vapor checked valves.
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dtes:

CARLIDLY 1V : T

: Executive Order G-70-52-Al )
Rxgh-Hang Coaxial Hose Configuratfon With Liquid Removal System
For A1l New and Existing Installations

= Location of vapor check
o valve, .if required.

Coaxial Hose Assembly

Nozzle

l

“Z. Venturi

Ya

Liquid"Pigkup

N

1.

Use a 1 inch or larger ipside'diameter galvanized pipe for riser.
A recirculation trap is not required.
Hose length = 10 1/2 ft. maximum.

Coaxial hose stiffeners must be included and long enough to prevent kinking
or flattening of hose.

An ARB certified 1iquid removal system must be installed and maintained
according to manufacturer's specifications.

A flow limiter is required on all dispensers that have a maximum f1QWrate '
in excess of 10 gpm. A flow limiter may be required on all gasoline
dispensers at the option of the local air pollution control district.

The Emco Wheaton Model A4000 series nozzles are permitted only when used in
conjuction with approved vapor check valves.
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(MODEL:RPP 47 SHOWN)

EL SYSTEM

47 RED JACKET

Full Serve, Loaded
Full Serve, Unloaded
Sell Sorve, Loaded
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x
0
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Products name and the noxale
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{under lsnder guard)
| o :
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PREFACE

The Caré%nogen Assessment Group of the Office of Health and Environmental
Assessment has prepared this evaluation at the request of the 0ffice of Air
Quality Planning. and Standards and the Office of Mobile Sources. The purpose
of the document is to review the available evidence regarding the carcinogen-
icity of gasoline vapors to people expased to vapor emissions during refueling
of motor vehicles. This review characterizes the likelihood that'gasoline
vapors are carcinogenic to exposed humans and provides an upper-bound quanti-
tative estimate of the human risk per uﬁit of exposure. This information is
needed to assist the Agency in evaluating risk management options for reducing
the hazard from expasure to gasoline vapors. In the development of this

document the available scientific literature has been reviewed through 1985.

-



ABSTRACT

In qhis‘&ocument the likelihood that unleaded gasoline vapors are carcino-
genic to humans is evaluated. From'carcinogenicity data in animals, an estimate
is made of the magnitude of cancer risk a person would experience, under the
a55umption-that gasoline vapors are carcinogenic. »All biological factors
believed to be relevant to carcinogenesis are reviewed including: (a) chronic
and shorter-term animal studies of aerosolized whole gasoline, various gasoline
fractions, and analogous hydrocarbon mixtures; and (b) epidemiologic studies of
occupations involving exposure to gasoline vapors. Fifty-five epidémio1ogic
studies involving gasoline exposure are reviewed. A quantitative analysis of
cancer 1ncide;ce in the two long-term animal gasoline inhg]ation studies is
performed, an upper-bound cancer risk potency estimate is calcuiated; and the
uncertainties in the estimate are discussed, The major conciusions are:

{1} although employment in the petroleum'refineries is possibly'assﬁciatéd

" with cancers of the stomach, respiratory system, and lymphopoietic and hemato-
poietic tissues, exposure to gasoline cannot be implicated as a causative

agent because of confounding exposure to other chemicals and inadequate
information on gasoline exposure; (2) the occurrence of liver cancer in feﬁale
mice and kidney cancer in male rats provides "sufficient" evidence in animals
that inhalation of wholly aerosolized gasoline is carcinogenic; and (3) gasolire
.vapors from vehicle refueling might be less carcinogenic than indicated by
animal experiments using wholly aerosolized gasoline, if the less volatile
components, which are apparently responsible for acute kidney toxicity, also

contribute to the observed carcinogenic response.
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1. SUMMARY AND CONCLUSIONS

1.1. SUMMARY
1.1.1. Qualitative

1.1.1.1. Animal Studies--A lifetime inhalation bioassay of unleaded gasoline

in Fischer 344 rats and B6C3F1 mice has induced a statistically significant in-
creased incidence (6/100) of renal carcinomas in the kidney ﬁortex of male rats
and a larger, also statistically significant, increase in the incidence (20/
100) of hepatocellular carcinomas in female mice. Female rats and male mice
had no significant treatment-related increase in tumors at any organ site. The
increase of renal carcinomas in male rats was statistically significant at the
highest dose tested (2,056 ppm) but not at the two lower doses (292 ppm and 67
ppm). However, the combined incidence of adenoma/éarcinoma/sarcoma was also
significantly increaﬁed at the intermediate dose. In mice, the incideﬁce of
liver carcinomas alone énd'édenoha and carcinoma combined w;s significantly
increased in the highest but not the two lower dose groups. Moderate decre-
ments in the body weight gain in the high-dose groups indicate that the maximum
tolerated dose was reached. Glomerulonephrosis occurred in nearly all of the
male rats, and mineralization of the pelvis was correlated with dose. However,
there was no correlation between animals with tumors and those with mineraliza-
tion. .

The same- pattern of glomerulonephritis, as well as positive tumor
respanses, occurred with chronic inhalation exposure to synthetic fue]s.(RJ-S
and JP-10). Chronic inhalation studies with jet fuels used by the Air Force
and Navy (JP-4 and JP-5) have resulted in the same nephrotoxic lesions, but no

information is available about the carcinogenic response.
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In a series of exposures of male rats to a variety of distillate fractions
as we11'as ta individual components of gasoline, toxicity was correlated with
the paraffin Eempounds present in the 145° to 280°F distillate fractions and
not with aromatic compounds in the mixture. The most'taxic compounds were
branched-chain aliphatics, generally in the C6-C9 range, although some larger
molecules such as 2,2,4,4-tetramethyl octane also showed a high level cf(activ-
ity. The acute and subchronic renal toxicity of déca!in, a volatile hydrocar-
bon of the same general type as those found in gasoline, is confined to male
rats and did not occur in female rats or in mice, dogs, or guinea pigs.

The renal toxicity pattern observed with exposure to hydrocarbon mixtures
involving protein accumulation in renal tubules is clearly different than the
kidney lesions occurring spontaneously in old rats, and occurs in males of both -
Fischer 344 Snd Sﬁrague-ﬁawley strains, ﬁat not in females of these strains or
in mice of monkeys. Mutagenesis tests of unleaded gasoline have been carried
out in Salmonella, yeast, mouse lymphoma in vivo cytogemetics, in mouse domi-
nant lethal systems, and ifn a rat kidney cell DNA repair model. Various gaso-
line féedstocks have been tested in mouse lymbhama and in vivo cytogenetics
assays. The results of most of these assays have not met the criteria for pos-
itive responses.

1.1.1.2, Epidemiologic Studies--Fifty-five studies were reviewed to determine

if there is any .epidemiologic evidence for an assa;iat?on between gascline
expasure and cancer risk., Since unleaded gasoline was only introduced in the
mid-1970s, even recent epidemiologic studies are not likely to show an un1eaded‘
gasaline effect becausé of the long latency period generally associated with
cancer. Therefore, this review was not limited to unleaded gasaline exposure,

but addressed any potential gasoline exposure,

1-2
E-16



None of the studies reviewed provided qualitative as well as quantitative
estimates of gasoline exposure.

Seven sﬁﬁdies were identified that evaluated the association between em-
ployment in the gasoline service industry and cancer risks; the industry here
includes gasoline service station owners and attendants, gérage workers, gaso-
line and fuel truck drivers, and those who reported working with gasoline. The
study by Stemhagen et al. {1983) provided some evidence of an asséciation be-
tween gasoline service station employment and fisk of primary liver cancer.

The remaining six studies were judged inadequate.

Twenty-five studies were reviewed that evaluated the association between
employment in a petroleum refinery (a work environment with potential gasoline
exposure) and cancer risk. Judged individually, ;hesé"stué§es provided inade- .
quate evidence of an association. However, judéed collectively £ﬁese studies
provide suggestive evidence of an association between employment in a petroleum
hef?nery and risk of stomach cancer, respiratdry system cancer (i.e., lung, )

'ﬁfegrd, nasal cavity, and sinuses), and cancer of the lymphatic and hematopoi-
etic tissues. | |

Nineteen case-contral siudies were reviewed which evaluated employment
in the petroleum industry as a cancer risk factor. The study by Howe et al.
(1980) provided limited evidence of an assoliation between petroleum industry
employment and risk of bladder cancer.

Also reviewed were four protocols of epidemiologic studies in progress.
These studies may provide evidence of an association between gasoline éxposure
and cancer risk; however, these findings are 3 to § years in the future.

1.1.2, Quantitative

Data from the APl study on kidney tumors in male rats and liver adenomas

and carcinomas in female mice were used to derive an estimate of the incremen-



tal upper-limit unit risk due to continuous human exposure to 1 ppm of unlead-
ed gasoline. Since the animals breathed an aerosol of whole gasaline under
laboratory conditions, whereas humans are expected to breathe only the more
valatile coméénents of the mixture, the estimates are uncertain. If tumor
induction is caused by the same, relatively nonvolatile C6-C9 branched hydro-
carbons that are primarily resbonsib]e,for the nephrotoxicity in male rats,
theh the quantitative estimates of the risk of breathing gasoline vapors may
be overly conservative. The carcinogenic potency estimate for unleaded gaso-
line was derived from a continuous exposure study, whereas the actual human
exposure is periodic in most cases. The available information is not adequate
to determine if this will result in an overestimation or an underestimation of
risk. The estimates fro§ the mouse and rat data are similar: 2.1 x 10f3 (ppm)'i
from mouse data and 3.5 x 10°3 (é%m)“l from rat data,

The presence of 2% benzene in thé unleaded gasoling mixture could theoret-
fcally. contribute to the response, although the mouse liver ahd rat kidney have
not been the iarget organs in animaf experiments with henzene. Ba;ed on thcsé
experiments, it is estimated that the contribution of benzene to the response
observed in the AP] unleaded gasoline studies could be on the order of 20%,
However, there is no qualitative evidence that benzene actua11y is~contrﬁbut%ng
to the response, |
1.2. CONCLUSIONS

On the basis of a small but definite kidney tumor response in male rats
and a sfénifi;ant hepatocellular response in female mice, using EPA's Guide-
lines for Carcinogen Risk Assessment {U.S. EPA, 1986) to classify the weight of
evidence for carcinogenicity in experimental anfmafs. there s sufficient
evidence to conclude that gasoline vapors are carcinogenic in animals. The

similar pattern of response in rats to the synthetic fuels RJ-5 and JF-10;
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and the renal toxicity observed in chronic bioassays with JP-4 and JP-5, sup-
port the findings with unleaded gasoline, indicating that some agent or com-
bination of }éents common to these mixtures is responsible for the 6bserved
effects.

The relevance of the rat kidney response to human carcinegenicity has been
questioned on the basis of experiments showing that early-occurring kidney
toxicity is apparentlj caused by the interaction of gascline hydrocarbon
components with a unique protein {alpha-2-microglobulin) produced in large
quantities only by the male rat and not other species. If this toxicity were
the cause of the kidney tumor response, the case for human carcinogenicity
would be weakened. However, given the current evidence, the Carcinogen Assess-
ment Group Eaanet disregard the rat kidney tumor response-as an indication of
potential hﬁman carcinagenicity for several reasons: (a) the link between.
'hydrocarbon nephropathy and tumbr induction is not proven; (b) with very Fow
exceptions, chemicafs causing cancer in humans a]sé cause cancer in animals,
'{Rdfcating a similarity of response across the animal kingdom; and {c) the
kidney of experimental animais is a demonstrated target organ for more than
100 cércinogenic chemicals.

The EPA Science Advisory Board and the Health Effects Institute have
independently raeviewed the earlier.draft of this report. Both groups agreed
that the evidence for carcinogenicity in animals meets the EPA Guidelines
criteria for sufficient evidence in animals and inadequate evidence in humans.
They both pointed aut the uncertain relevance of rit kidney tumors as an indi-
cation of human response and the difficulty in making quantitative estimates
of gasoline vapor potency from ;he animal study of whole gasoline when the

identity of the carcinogenic component is unknown.



The epidemiologic studies colleétively provide limited evidence that
occupational exposure in the petroleum industry is associated with certain
types of cantér. However, the evidence for evaluating gasoline as a potential
carcinogen is cbnsidered inadequate under the EPA Guidelines criteria for
epidemiologic evidence,

Based on sufficient evidence in animal studies and inadequate evidence in
epidemiologié studies, the overall weight of evidence for unleaded gasoline is
EPA category B2, meaning that unleaded gasoline is a probable human carcinogen.

The carcinogeni¢ potency of unleaded gasoline, using data frém the most
sensitive species tested, is 3.5 x 10-3 per ppm. This is a plausible upper
bound for the increased cancer risk from unleaded gasoline, meaning that the

true risk is not tikely to exceed this estimate and may be lower.
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