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LETTER OF TRANSMITTAL

TO: Ms. Eva Chu DATE: May 11, 2000
Alameda County Health Care Services Agency
Department of Environmental Health
1131 Harbor Bay Parkway, 2" Floor
Alameda, California 94502

FROM: Gene Y. Ng

PROJECT: 2801 MacArthur Boulevard.
SCI JOB NUMBER: 838.006

OFFICE SENT FROM: Lafayette

WE ARE SENDING YOU: 1 copy(ies)

REMARKS:

Dear Ms. Chu:

With this letter, Subsurface Consultants, Inc. (SCI) transmits the Oakland Specific Risk-Based Corrective
Action (RBCA) output tables generated for the above-referenced project. These tables were omitted from
the Corrective Action Plan (CAP) dated August 13, 1999. Also attached are the Tier 3 input parameters
used to generate these output tables, which were included in the CAP.

As shown on these output tables, the site-specific target levels (SSTLs) for benzene concentrations in
subsurface soil are the same numbers tabulated on page 9 of the CAP. Subsurface soil SSTLs for benzene
were calculated for depths ranging from 2.5 to 35 feet below ground surface (bgs). Based on the results of
the CAP, the use of these SSTLs as soil cleanup levels at the project site would serve to protect human
health, based on the anticipated commercial use of the site (assuming construction at grade).

We propose that Ms. Aniko Molnar, Environmental Consultant representing the APA Fund, and Jeriann
Alexander of SCI meet with you after you have reviewed these tables to further discuss implementation of
the CAP. As you know, the APA Fund is prepared to solicit competitive bids for implementation of the
CAP as soon as possible. We would like to suggest either May 17 at 1 p.m., or anytime on May 18, for
meeting at you office. Please contact Ms. Molnar at (415) 389-0810, and either Jeriann Alexander or
myself to confirm a meeting time or to suggest an alternate time if these are not convenient for you.

3736 Mt. Diablo Boulevard m Suite 200 m Lafayette, California 94549-3659 m (925) 299-7960 m Fax (925) 299-7970
171 12th Street w Suite 202 m Oakland, California 94607-4911 w (510) 268-0461 m Fax (510) 268-0137
301 River Street m Suite 9 @ Napa, California 94559-3416 m (707) 257-6993 m Fax (707) 257-6995



TRANSMITTAL

If there are any questions, please feel free to call.

Sincerely,

Gene Y. Ng
Staff Engineer

ce: Ms. Aniko Molnar
Environmental Consultant

7 Morning Sun Avenue
Mill Valley, California 94941



Table 6
Tier 3 Input Parameters
(Sandy Silt)

TARGET RISK LEVELS

Units

unitless

= adulf res.

Tar et cancer I'ISk (IELCR)

umtless

= adult res

Exposureitime to indoor alr hrid 24 24 8
EXposure tlme f0. outdoor air- hr/d 16 16 8
mg/d 100 200 50
m®/d 15 10 11
m°/d 20 10 20
iid 2 1 1
mg/cm? 0.5 0.5 0.5
cm? 5000 2000 5000
EXp freq to water used for recreatlon diyr 120 120 0
= ). tlme to water Used-for- recreatton hr/d 1.0 2 0
fso r,?éit:;f;cl::narea exposed to water used om? 20000 8000 0
lngestuon rate of water used for L 0.05 0.05 .
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Table 6

Tier 3 Input Parameters

(Sandy Silt)
GUTDGGR AND INDOOR )
\(OLAT!LIZATIONIBUILDING
PARAMETERS o :
Indoor air exchange rate B 1/s 5.60E-04 =adull res. 1.40E-03
Busldmg air vofumelﬂoor area ] cmem? 229 =aduit res. 305
Foundation thickness ~ =~ . =7 cm 15 =adult res. 15
Areal fraction of cracks in' buuldmg L
foundatlon : R cm?/om?® 0.001 =adult res. 0.001
Foundatlon air content n cm’em® 0.25 =gdult res. =adult res.
Foundatloﬁ water content” - cm®/cm’® 0 =adult res. =adult res.
Partacu!ate emission rate; glem’-s 1.38E-11 =adult res. 1.38E-11
‘{"'”d -spesd above ground surfac?e cm/s 322 =adull res. =adult res.
in-outdoor air.mixing.zone &

 of Source area parallel to wmd _ _

: n dwater ﬂow directton cm 1500 =adult res. =adult res.
®utdoo aif mmng zone hezg_t cm 200 =aduft res. =adult res.
Averaging.time-for.vapor-flux H s 9.46E+08 =adult res. 7.88E+08

838.006\Cakland RBCA_T3SS.xls




Table 6
Tier 3 Input Parameters
(Sandy Silt)

SATURATED ZONE PARAMETERS:

=adult res.

Groundwater Darcy velocity

Groundwater mixing zone thickness

=adult res.

VADOSE ZONE-PARAMETERS: . " - y
Lower depth of suficial soil zone .. =adull res. =adult res.
Fraction organic carbon (FOC*) g ocig soil =adul res. =adult res.
Vadose ;Edﬁe thickriess o cm =adult res. =adult res.
cmfyr 6 =adult res. =adult res.
cm =aduit res. =adult res.
Depth to subsurface soil. sources cm madu!tkrhes. =adult res.
Vadose zone air: content cm/em® =adult r:es, =adult res.
Total soil porosnty cm/em’ =adult res, =adult res.
Vadose zone water content w2 em¥em® =adultres. =adult res.
Soil bulk densﬂy Tt e glem® =adult.res. =adult res.
Gaplllary fringe thickness . cm =adult.res. =adult res.
Capillary fringe air content _ cm/em® =adult res. =adult res.
Capillary finge water content . - -+ cm*em®

838.006\0akland RBCA_T3SS.xls




Oakland Tier 3 RBSLs (2.5 feet bgs)

Medium Exposure Pathway Land Use  |Type of Risk Act:::zh- A&? T:::' Acetone Anﬂ’:“" Arsenic | Barium anBt:nr:Lae)r-le Benzene B:;f:é:]'
Residential Carcinogenic 3.2E+00 2.5E+00 | 2.7E+01 2.5E-1
Surficial Soil [mgfkg] lnge]s:;;a; E:r:malf : Hazard | 31£+03 | 3.1E+03 | 4.8E+03 | 1.66+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commerciall | Carcinogenid) 1.6E+01 8.3E+00 | 9.0E+01 | 8.3E-01
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.4E+04 | 1.0E+05 | 2.56+02 | 9.4E+04 5.2E+02
Residential [C2rcinogenic SAT | 1.5E+01 SAT
Inhalation of Hazard SAT SAT 4.4E+04 SAT 6.1E+01
Outdoor Aif Vapers | commerciall | Carcinogenia SAT | e.8E+01 |  SAT
Industrial Hazard SAT SAT SAT SAT 4.0E+02
Residential Carcinogenic SAT 1.4E+00 SAT
Subsurface Soil tnhalation of Indoor Hazard SAT SAT 4.2E+03 SAT 4.5E+00
[mg/kg] Alr Vapors Commercial/ | Carcinogenic) SAT 4.5E+01 SAT
Industrial Hazard SAT SAT SAT SAT 2.6E+02
Ingestion of Residential | C2rcinogenic 4.48+00 | 1.28+02 | 1.08+01 | 32603 | 92E+00
Groundwater Hazard | 3.0E+02 | 2.0E+02 | 7.8E-01 SAT 44E+00 | 1.2E+02 32E-03 | §2E+00
'"f_";‘:ﬁ; ;’y Commercial/ | Carcinogenic 4.4E+00 | 1.26+02 | 4.4E+01 | 3203 | 92E+00
Industrial Hazard SAT SAT | 51E+00 | SAT | 445400 | 1.2E+02 32603 | 9.2E+00
Residential | C2rcinogenic 50E-02 | 1.0E+00 | 56E-04 | 1.0E-03 | 2.0E-04
Ingestion of Hazard 9.4E-01 9.4E-01 1.6E+00 >Sol 5.0E-02 1.0E+00 1.0E-03 2.0E-04
Groundwater Commerciall | Carcinogenic 50602 | 10E+00 | 25603 | 10503 | 208504
Industrial Hazard >Sol >Sol 1.0E+01 >Sol 50802 | 1.0E+00 1.06-03 | 20504
Residential Carcinogenic| >Sol 3.8E+00 >Sol
Groundwater [mg/l] lnhalﬂilitrivaof Indoor Hazard >Sol >Sol 3.0E+04 >Sol 1.3E+01
pors Commercial/ | Carcinogenic| >Sol 1.3E+02 >Sol
Industrial Hazard >Sol >Sol »Sol >Sol 7.5E+02
Residential Carcinogenic| >Sol 1.1E+03 >Sal
Inhalation of Hazard >Sol >Sol >Sol >Sol >Sol
Qutdoor Air Vapors | commercialr Carcinogenic >Sol >Sol >Sok
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestiony Dermal Residential | Carcinogenic 2 DE-02 1.6E-04 | 63E-02 | 11E05
[mgfl] Hazard | 11E+00 | 1.7E+00 | 4.2E+01 >Sol 12E-01 | 2.8E+01 1.8E-01

*ltalicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
> 50L = RBSL exceeds solubility of chemical in water

Printed: 05/05/2000 1of9 Qakland RBSLs



Qakland Tier 3 RBSLs (5.0 feet bgs)

. . | Acenaph- | Acenaph- Anthracen . . Benz({a)- Benzo{a)-
Medium Exposure Pathway Land Use Type of Risk] thene thylene Acetone e Arsenic Barium anthracene Benzene pyrena
. Residential | Carcinogenic 3.2E+00 2.58+00 | 2.7E+01 | 2.5E8-01
Surficial Soil [mgfkg] lnge?r::ar:fa t?:r:ma!/ Hazard 31E+03 | 3.1E+03 | 48E+03 | 1.6E+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commerciall | Carcinogenic| 1.6E+01 8.3E+00 | 9.0E+01 | 8.3E-01
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.1E+04 | 1.0E+05 | 2.5E+02 | 9.4E+04 5.2E+02
Residential | C2rcinogenig SAT 3.1E+01 SAT
Inhalation of Hazard SAT SAT 8.7E+04 SAT 1.2E+02
Qutdoor Air Vapors | commercial/ | Carcinogenic SAT | 14E+02 |  SAT
Industrial Hazard SAT SAT SAT SAT 8.0E+02
) Residential Carcinogenic SAT 1.4E+00 SAT
Subsurface Soil Inhaiation of Indoor Hazard SAT SAT 4.3E+03 SAT 4.6E+00
[mg/kg] Alr Vapors Commerciall | Carcinogenic SAT | 4.6E+01 SAT
Industrial Hazard SAT SAT SAT SAT 2.7E+02
Ingestion of Residential | S2rcinogenic 446+00 | 1.2E+02 | 1.0E+01 | 32E-03 | 92E+00
Groundwater Hazard | 3.0E+02 | 2.0E+02 | 7.8E-01 SAT 44E+00 | 1.25+02 3.26-03 | 9.2E+00
'“E';if::‘:y Commerciall | Carcinogenic 446+00 | 1.26+02 | 4.4E+01 | 326803 | 92400
Industrial Hazard SAT SAT 5.1E+00 SAT 4.4E+00 | 1.2E+02 3.2E-03 | 9.2E+00
Residentlal _LCarcinogenic 50502 | 1.06+00 | 56E-04 | 10503 | 20504
Ingestion of Hazard | 9.4E-01 | 9.4E-01 | 1.6E+00 >Sol 50E-02 | 1.05+00 10603 | 20E04
Groundwater Commerciall  |Carcinogenic 50502 | 1.0E+00 | 2.58-03 | 10503 | 20504
dlustiial Hazard >Sol >Sol 1 0E+01 >Sol 50E-02 | 1.0E+00 1.06-03 | 2.06-04
Residential Carcinogenic| >Sol 3.8E+00 >3ol
Groundwater [mgfl] Inhal:#vam; :;door Hazard >Sol >Sol 3.0E+Q4 >Sol 1.3E+01
P Commerciall | Carcinogenic >Sol 1.3E+02 >Sol
Industrial
Hazard >Sol >Sol >Sol >Sol 7.5E+02
Residential Carcinagenic| >Sol 1.1E+03 >Sol
Inhalation of Hazard >Sol >Sol >Sol >Sol >8ol
Outdoor ArVapors | o merciall Carcinogenic >Sol >Sal >Sdl
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestion/ Dermal Residential Carcinogenic 2.0E-02 1.6E-04 6.3E-02 1.1E-05
[mg/l} Hazard | 1.1E+00 | 1.7E+00 | 4.2E+01 >Sol 12E-01 | 2.8E+01 1.8E-01

*Italicized concentrations based on Cakifornia MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
> S0L = RBSL exceeds solublity of chemical in water

Printed: 05/05/2000 10f9 Qakland RBSLs



Oazkland Tier 3 RBSLs (7.5 feet bgs)

. . Acenaph- | Acenaph- Anthracen . . Benz{a)- Benzo(a)-
Medium Exposure Pathway Land Use Type of Risk| thene thylene Acetone o Arsenic Barium anthracene Benzene pyrene
Residential | Carcinogenic 3.2E+00 2.5E+00 | 2.7E+01 | 2.5E-01
. . Ingestion/ y
Surficial Soil [mg/kg] nge]s::alagf:na Hazard 3.1E+03 [ 3.1E+03 | 4.8E+03 | 1.6E+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commercial/ | Carcinogenic| 1.6E+01 8.3E+00 | 9.0E+01 | 8.3E-0
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.1E+04 | 1.0E+05 | 2.56+02 | 9.4E+04 5.2E+02
Residential Carcinogenic| SAT 4.6E+01 SAT
Inhalation of Hazard SAT SAT 1.3E+05 SAT 1.8E+02
Qutdoor AirVapors|  commerciall | Garcinogenic SAT 2.1E+02 SAT
Industrial Hazard SAT SAT SAT SAT 1.2E+03
- Residential Carcinogenic SAT 1.4E+QQ SAT
Subsurface Soil inhalation of Indoor Hazard SAT SAT 4.4E+03 SAT 4. 7E+00
[mg/kg] Air Vapors Commerciall  |Carcinogenic SAT | 47E+01 | SAT
Industrial Hazard SAT SAT SAT SAT 2.8E+02
Ingestion of Residential | Carcinogenic 4.46+00 | 1.26+02 | 1.0E+01 | 3.2E-03 | 9.2E+00
Groundwater Hazard | 3.0E+02 | 2.0E+02 | 7.8E-01 SAT 4.46+00 | 1.2E+02 3.2E-03 | 9.2E+00
'T’;Z‘éf;:y Commerciall | Carcinogenic| 4.4e+00 | 1.26+02 | 44E+01 | 32803 | 928400
Indusirial Hazard SAT SAT | 5AE+00 | SAT | 4.4E+00 | 12E+02 30E-03 | 9.2E+00
Residential Carcinogenic 5.0E-02 1 0E+QQ 5.6E-04 1.0E-03 2.0E-04
Ingestion of Hazard 9.4E-01 | 9.4E-01 | 1.6E+00 >Sol 5.0E-02 | 10E+00 1.0E-03 | 2.0E04
Groundwater Commerciall | Carcinogenic 50502 | 10E+00 | 2.56-03 | 1.0603 | 2.0E-04
Industrial Hazard >Sol >Sol | 1.0E+01 | >Sol | 50F-02 | 1.0E+00 1.06-03 | 2.0E-04
. Residential Carcinogenig >Sol 3.8E+00 >Sol
Groundwater [mg/i] ]nhafitrlci;aaog lrr;door Hazard >Sol >Sol 3.0E+04 >Sol 1.3E+01
P Commercial/l | Carcinogenic >Sol 1.3E+02 >Sol
Industrial Hazard >Sol >Sol >Sol >Sol 7.5E+02
- Residential Carcinogenic >Sol 1.1E+03 >Sol
Inhalatgon of Hazard >Sol >Sol >Sol >Sol >Sol
Qutdoor Air Vapors Commerf:iall Carcinogenic >Sol >Sol >Soal
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation ingestiony Dermal Residential  |C2rcinogenic 2 DE-02 1.6E-04 | B6.3E02 | 1.1E-05
[mgfl] Hazard 116400 | 1.7E+00 | 4 2E+01 >Sol 126-01 | 2.8E+01 1.8E-01
*|talicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
> 50L = RBSL sxceeds solubility of chenical in water
Printed: 05/05/2000 10f9 Ozkland RBSLs



Oakland Tier 3 RBSLs (10.0 feet bgs)

N . .} Acenaph- | Acenaph- Anthracen . . Benz{a)- Benzo{a)-
Medium Exposure Pathway Land Use Type of Risk] thene thylene Acetone o Arsenic Barium anthracene Benzene pyrene
_ Residential | C2¥cinogenic 3.2E+00 2.56+00 | 27E+01 | 2.5E-01
Surficial Soil [mg/kg] Ingef»;;:!ar?; tfi):rl]'malf Hazard 31E+03 | 3.1E+03 | 4.8E+03 | 1.6E+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commercial/ | Carcinogenic 1.6E+01 8.3E+00 | 9.0E+01 | B.3E-01
Industrial Hazard | 2.0E+04 | 20E<04 | 31E+04 | 1.0E+05 | 256402 | 04E+04 5.2E+02
Residential Carcinogenic} SAT 8.2E+01 SAT
inhalation of Hazard SAT SAT SAT SAT 2.4E+02
Outdoor Air Vapors | commerciall | Carcinogenic SAT | 27E+02 |  SAT
Industrial Hazard SAT SAT SAT SAT 1.6E+03
. Residential | Carcinogenic) SAT 1.5E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 4.4E+03 SAT 4.9E+00
[mg/kg] Alr Vapors Commerciall | Carcinogenic SaT | 49Es01 | sAT
Industrial Hazard SAT SAT SAT SAT 2.8E+02
Ingestion of Residential | Carcinogenid 44E+00 | 1.2E+02 | 1.0E+01 | 32603 | 9.2E+00
Groundwater Hazard | 3.0E+02 | 2.0E+02 | 7.8E-01 SAT | 44E+00 | 1.26+02 32603 | 9.26+00
'”E‘;cht::t;’y Commerciall | Carcinogenic| 44E+00 | 1.25+02 | 4.4E+01 | 3.2603 | 9.2E+00
Industrial Hazard SAT SAT | 54E+00 | sAT | 44r:00 | 12F:02 226.03 | 9.2+00
Residential _LCarcinogenic 50602 | 1.0E+00 | 56E-04 | 10803 | 20504
Ingestion of Hazard | 94E-01 | 94E-01 | 16E+00 | >80l 5.0E-02 | 1.0E+00 1.06-03 | 2004
Groundwater Commercial/ | Carcinogenic 50602 | 1.0E+00 | 25603 | 10603 | 20F04
Industrial Hazard >Sol >Sol | 1.0E+0t | >sol | 5002 | 10F+00 10603 | 20F04
. Residential Carcinogenic >Sol 3.8E+00 >Sol
Groundwater [mgf] Inhafilrrti;\aofo ::door Hazard >Sol >Sol 3.0E+04 | >Sol 1.3E+01
p Commerciall | Carcinogenic >Sol 1.3E+02 >Sol
Industrial
Hazard >Sol >Sol >Sol >Sol 7.5E+02
. Residential Carcinogenic >Sol 1.1E+03 >Sol
Inhalat{on of Hazard >Sol >Sol >Sol >Sol >Sol
Outdoor Alr Vapors Commercial/ | Carcinogenic >Sol >Sol >Sal
Industrial Hazard >Sol >Sol >Sol >Sol >Sal
Water for Recreation Ingestion/ Dermal Residential | Careinogenic 2 QE02 1.66-04 | 6.3E02 | 1.1E.05
[mgll] Hazard | 1.1E+00 | 1.7E+00 | 4.2E+01 >Sol 12601 | 2.8E+01 1.8E-01

*Malicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>50L = RBSL exceeds solubifity of chemical in water

Printed: 05/05/2000 1of9 QOakiand RBSLs



Oakland Tier 3 RBSLs (12.5 feet bgs)

. .| Acenaph- | Acenaph- Anthracen Benz(a)- Benzola)-
Medium Exposure Pathway Land Use Type of Risk thene thylene Acetone o Arsenic Barium anthracene Benzene pyrane
_ Residential Carcinogenic] 3.2ZE+00 2.5E+00 2.7E+01 2.5E-01
Surficial Soil [mgfkg] lngelsr::?;fa t?:ﬁnalf Hazard 3.1E+03 | 3.1E+03 | 4.8E+03 | 1.6E+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commercial/ | Carcinogenic| 1.6E+01 8.3E+00 | 9.0E+01 | 8.3E-01
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.1E+04 | 1.0E+05 | 2.56+02 | 9.4E+04 5.2E+02
Residential Carcinogenic] SAT 7.7E+01 SAT
Inhalation of Hazard SAT SAT SAT SAT 3.1E+02
Outdoor Air Vapors | commerciall | Carcinogenic] SAT | 34E+02 | sAT
Industrial Hazard SAT SAT SAT SAT SAT
) Residential Carcinegenic SAT 1.5E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 4 5E+03 SAT 5.0E+00
[mglkg] Alr Vapors Commercial/ | Carcinogenic] SAT 5.0E+01 SAT
Industrial Hazard SAT SAT SAT SAT 2.9E+02
Ingestion of Residential | Carcinogenic 4.4E+00 | 12E+02 | 1.0E+01 | 3.2E03 | 9.2E+00
Groundwater Hazard 3.0E+02 | 2.0E+02 | 7.8E-01 SAT 445+00 | 1.28+02 3.2E-03 | 9.2E+00
[ "
"l:fﬁ:t:’y Commerciall | Carcinogenic 44E£+00 | 1.2E+02 | 44F+01 | 32E-03 | 9.2E+00
Industrial Hazard SAT SAT 5.1E+00 SAT 445400 | 1.2E+02 32608 | 9.2E+00
Residential | Carcinogenic 50602 | 1.0E+00 | 5.6E-04 | 1.06-03 | 2.0E5-04
Ingestion of Hazard 9.4E-01 | 9.4E-01 | 1.6E+00 >Sol 50602 | 1.0E+00 1.0E-03 | 2.0F-04
Groundwater Commerciall | Carcinogenic 50602 | 1.0E+00 | 25603 | 1.05-03 | 20E-04
Industrial Hazard >Sol >Sol | 1.0E+01 | >Sol | 50802 | 1.08+00 1.0E-03 | 20504
Residential Carcinogenic >80l 3.8E+00 >3S0l
Groundwater [m g | Inhal:.nc;? of Indoor Hazard >3ol >Sol 3.0E+04 >Sol 1.3E+01
r vapors Commerciall  |Carcinogenic >Sol 1.3E+02 >5al
Industrial
Hazard >Sol >Sol >Sol >Sol 7.5E+02
Residential Carcinogenic >80l 1.1E+03 >Sol
Inhalat!on of Hazard >Sol >Sol >Sol >Sol >Sol
Outdoor Alr Vapors Commercial/ | Carcinogenic >Sol >Sol >Sol
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestion/ Dermal Residential | Carcinogenic 2.0E-02 1.66-04 | 63602 | 11E-05
fmg/] Hazard | 1.1E+00 | 1.7E+00 | 4.2E+01 >Sol 1.2E-01 | 2.8E+01 1.8E-01
*talicized concentrations based on California MCLs
SAT = RBSL exceeds saturated $oil concentration of chemical
> 30L = RBSL exceeds sahubility of chemical in water
Printed: 05/03/2000 1of9 Oakland RBSLs



Oakland Tier 3 RBSLs (15.0 feet bgs)

. Acenaph- | Acenaph- Anthracen . . Banz{a)- Benzo{a)-
Medium Exposure Pathway Land Use Type of Risk} thene thylene Acetone e Arsenic Barium anthracene Benzene pyrene
. Residential | CaTcinogenic 3.2E+00 2.56+00 | 2.7E+01 | 2.5E-01
Surficial Soil [mg/kg] lr1gelsr:lr?ar?:a S:I?nall Hazard 31E+03 | 31E+03 | 48E+03 | 16E+04 | 20E+01 | 5.2E+03 8.2E+01
Commercial/ | Carcinogenic 1.6E+01 8.36+00 | 9.0E+Q1 | B8.3E-01
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.4E+04 | 1.0E+05 | 2.56+02 | 9.4E+04 5.2E+02
Residential Carcinegenic SAT 9.3E+01 SAT
Inhalation of Hazard SAT SAT SAT SAT 3.7E+02
Qutdoor Air Vapors Commerciall  {Carcinogenic SAT 4.1E+02 SAT
Industrial Hazard SAT SAT SAT SAT SAT
. Residential Carcinogenic SAT 1.5E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 4 6E+03 SAT 5.1E+00
[mg/kg] Air Vapors Commercial/ | Carcinogenic] SAT 5.1E+01 SAT
Industrial Hazard SAT SAT SAT SAT 3.0E+02
Ingestion of Residential | C2rcinogenic 44E+00 | 1.2E+02 | 1.05+01 | 3.2E-03 | 9.2E+00
Groundwater Hazard 3.0E+02 | 2.0E+02 | 7.8E-D1 SAT 4.4E+00 | 1.2E+02 3.26-03 | 9.25+00
"‘:_‘:f:a"t:y Commercial/  |Carcinogenic 4.4E+00 | 1.26+02 | 4.4E+01 | 32503 | 9.2E+00
Industrial Hazard SAT SAT | 54E+00 | SAT | 44E+00 | 1.2F+02 3.2E-03 | 9.2E+00
Residential | CaTcinogenic 50502 | 1.0E+00 | 56E04 | 1.05-03 | 20504
Ingestion of Hazard 9.4E-01 | 9.4€-01 | 1.6E+00 >Sol 5.0E-02 | 1.0E+00 1.0E-03 { 2.0E5-04
Groundwater Commerciall | Carcinogenic 50502 | 1.08+00 | 25603 | 1.0E-03 | 20E-04
Industrial Hazard >Sol >Sol | 1.0E+01 >Sol | 50E-02 | 1.08+00 1.0-03 | 2.0E-04
Residential Carcinogenic >Sol 3.8E+00 >Sol
Groundwater [mg/l] Inhai:t:c;rrlam; Indoor Hazard >Sol >Sol 3.0E+04 >Sol 1.3E+01
pors Commercial/ | Carcinogenic >8ol 1.3E+02 >3ol
Industrial Hazard >Sol >Sol >Sol >Sol 7 SE+02
Residential Carcinogenic >Sol 1.1E+03 >Sal
Inhalation of Hazard >Sol >Sol >Sol >Sol >Sol
Qutdoor Air Vapors Commercial/ ] Carcinogenic >Sol >Sol >8ol
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation ingestion/ Dermal Residential | Carcinogenic 2 0E-02 16E04 | 63602 | 11E-05
[mafl] Hazard | 1.1E+00 | 1.7e+00 | 4.2E+01 >Sol 1.2E-01 | 2.8E+01 1.8E-04
*Kalicized concentrations based on Califorma MCLs
SAT = RBSL exceeds saturated soil cancentration of chemical
> 30L = RBSL exceeds solubility of cherical in water
Printed 05/05/2000 1of9 Oakland RBSLs



Oakland Tier 3 RBSLs (17.5 feet bgs)

Medium Exposure Pathway|  Land Use  |Type of Risk Ai:::Sh' Auc; '::::' Acetone Anth;acen Arsenic | Barium ar?t:nr:(c?;a Benzene B:;'::é:)'
Residential | Carcinogenic 3.2E+00 2.5E+00 | 2.7E+01 | 2.58-01
Surficial Soil [mgrkg] 1nge$::;fa Eoe:nalf Hazard | 3.1E+03 | 3.4E+03 | 4.86+03 | 1.6E+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commerciall | Carcinogenic] 1.6E+01 8.3E+00 | 9.0E+01 | B.3E-1
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.1E+04 | 1.0E+05 | 2.56+02 | 9.4E+04 5.2E+02
Residential Carcinogenic| SAT 1.1E+02 SAT
Inhalation of Hazard SAT SAT SAT SAT 4.3E+Q2
Outdaor Air Vapors | commercials Carcinogenic SAT 4.8E+02 SAT
Industrial Hazard SAT SAT SAT SAT SAT
Residential Carcinogenic SAT 1.6E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 4.7E+03 SAT 5.2E+00
[mg/kg] Alr Vapors Commerciall | Carcinogenic| saT | s2et01 | sAT
Industrial Hazard SAT SAT SAT SAT 3.0E+02
Ingestion of Residential Carcinogenic| 4 4E+00 1.2E+02 1.0E+01 3.2E-03 9.2E+00
Groundwater Hazard | 3.0E+02 | 2.0E+02 | 7.8E-01 saT | 44e+00 | 1.28+02 32603 | 9.2E+00
ITE?::: :y Commercial/ | Carcinogeni] 445400 | 1.28+02 | a.4e+01 | 32F-03 | 9.2E+00
Industrial Hazard SAT SAT | 51E+00 | SAT | 44F+00 | 1.2E+02 32F03 | 9.0F+00
Residential | C2rcinogenic 50602 | 1.06+00 | 5.6E-04 | 1.0503 | 205-04
Ingestion of Hazard 9.4E-01 9.4E-01 1.6E+00 >Sol 5.0E-02 1.0E+00 1 0E-03 2.0E-04
Groundwater Commerciall | Carcinogenic 506-02 | 1.08+00 | 2.58-03 | 1.0503 | 20E-0¢
Industnal Hazard »Sal >Sol | 1.0E+01 | >Sof | 5002 | 1.0E+00 1.0E-03 | 20E-04
Residential Carcmogenic; >3ol 3.8E+00 >Sol
Groundwater [mgfi] 1nha}:itric31aof Indoor Hazard >Sol >Sol 3.0E+04 >3ol 1.3E+01
pors Commercial/ | Carcinogenic| >Sal 1.3E+02 >8ol
fndustrial Hazard >Sal >Sol >Sol >Sol 7.5E+02
Residential Carcinogenic >Sol 1.1E+03 >Sol
Inhalation of Hazard >Sol >Sol >Sol >Sol >Sol
Outdoor Air Vapors | commercials Carcinogenic| >Sol >Sol >Sol
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestion/ Dermal Residential | Carcinogenic 2.0E-02 16E04 | 6.3E-02 | 1.1E-05
[mg/l] Hazard | 1.1E+00 | 1.7E+00 | 4.2E401 >Sol 1.26-01 | 2.8E+01 1.8E-01

*Italicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>>80L = RBSL exceads solubility of chemieal in water
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Qakland Tier 3 RBSLs (20.0 feet bgs)

- .| Acenaph- | Acenaph- Anthracen . . Benz{a)- Benzo(a)-
Medium Exposure Pathway Land Use Type of Risk] thene thylene Acetone e Arsenic Barium anthracene Benzene pyrene
_ Residential | Carcinogenic 3.2E+00 2.5E+00 | 2.7E+01 | 2.5E-01
Surficial Soil [mg/kg] lﬂge;srfl:;; t?::nah' Hazard 31E+03 | 3.1E+03 | 4.8E+03 { 16E+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commerciall | Carcinogenic} 1.6E+01 8.3E+00 | 9.0E+01 | 8.3E-01
industrial Hazard | 2.0E+04 | 20E+04 | 3.1E+04 | 1.0E+05 | 2.5E402 | 9.4E+04 5.2E+02
Residential | “arcinogenic SAT 1.2E+02 SAT
Inhalation of Hazard SAT SAT SAT SAT 4.9E+02
Outdoor Air Vapors Commercial/ |Carcinogenic SAT 5.5E+02 SAT
Industrial Hazard SAT SAT SAT SAT SAT
) Residential Carcinogenic SAT 1.6E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 4.8E+03 SAT 5.4E+00
[mglkg] Alr Vapors Commerciall  |Carcinogenic| saT | s4E+01 | saT
Industrial Hazard SAT SAT SAT SAT 3,1E+02
Ingestion of Residentia] _ LCarcinogenic 446+00 | 1.2E+02 | 1.0E+01 | 32F-03 | 9.2E+00
Groundwater Hazard | 3.0E+02 | 20E+02 | 7.86-01 SAT 445400 | 1.2E+02 32603 | 9.2E+00
'T_‘;Z?ﬁ;;y Commerciall | Carcinogenic 44E+00 | 1.28+02 | 4.4E+01 | 32603 | 9.2E+00
Industrial Hazard SAT SAT | 51E+00 | SAT | 44£+00 | 12F:02 32603 | 9.2E+00
Residential Carcinogenig| 5.0E-02 1.0E+00 5.6E-04 1.0E-03 2.0E-04
Ingestion of Hazard 9.4E-01 | 94E-01 | 1.6E+00 >Sol 50502 | 1.0E+00 1.05-03 | 2.0E5-04
Grounduwater Commerciall |Carcinogenic 50502 | 1.0E+00 | 25603 | 1.0503 | 2.0E-04
Industrial Hazard >Sol >Sol | 1.0E+01 >Sol | 50F02 | 1.0Fs00 10503 | 20804
Residential Carcinogenic >Sol 3.8E+00 >Sol
Groundwater [mg/] Inhalﬁ‘a:it:?aog lrr;door Hazard >Sol >S50} 3.0E+04 >Sol 1.3E+01
P Commerciall  |Carcinogenic >Sol 1.3E+02 >Sol
Industrial
Hazard >Sol >Sol >Sol >Sol 7.5E+02
Residential | Carcinogenic >80l 1.1E+03 >Sol
lnhalat!on of Hazard >Sol >Sol >Sol >Sol >Sol
Outdoor Alr Vapors Commercial/ | Carcinogenic] >Sol >8ol >Sel
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestion/ Dermal Residential | Carcinogenic 2.0E-02 1.6E-04 | B.3E-02 | 1.1E-05
[mgll] 1 Hazard | 1.1E+00 | 1.7E+00 | 4.2E+01 >Sol 12601 | 2.8E+01 1.8E-01
*Italicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>350L = RBSL exceeds solubility of chemical in water
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Oakland Tier 3 RBSLs (22.5 feet bgs)

Medium Exposure Pathway Land Use Type of Risk] Ac;:g:gh- A::_ley T:::' Acetone Anth;acon Arsenic Barium ar?t?lnr:i?r.te Benzene B:;::,f?-
Residential | CarGinogenic 3.2E+00 2.56+00 | 27E+01 | 2.5E-01
Surficial Soil [mg/kg] Ingei?:;; tEiJ:r:maIf _ Hazard | 3.1£+03 | 3.1E+03 | 4.8E+03 | 1.6E+04 | 20E+01 | 5.2E+03 8.2E+01
Commerciall | Carginogenic 1.6E+01 8.3E+00 | 9.0E+01 8.3E-01
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.1E+04 | 1.0E+05 | 2.58+02 | 9.4E+p4 52E+02
Residential Carcinogenic| SAT 1.4E+02 SAT
Inhalation of Hazard SAT SAT SAT SAT 5.5E+02
QOutdoor Air Vapors Commerciall | Carcinogenic SAT 6.2E+02 SAT
Industral Hazard SAT SAT SAT SAT SAT
Residential Carcinogenic SAT 1.6E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 4 9E+03 SAT 5.5E+00
[mg/kg] Alr Vapors Commerciall | Carcinogenic| SAT | 55E+01 |  SAT
Industrial Hazard SAT SAT SAT SAT 3.2E+02
Ingestion of Residential | Carcinogenic 4.4E+00 | 1.26+02 | 1.08+01 | 32803 | 9.28+00
Groundwater Hazard 3.0E+02 | 2.0E+Q2 7.8E-01 SAT 4.4FE+00 1,2E+02 3.2E-03 9 2E+00
'TZZ‘:::{:V Commerciall | Carcinogenic 44E+00 | 1.2E+02 | 4.4E+01 | 32E-03 | 9.2E+00
Industrial Hazard SAT SAT | s1E+00 | saT | 44600 | 1.2Ev02 32603 | 9.2E+00
Residential | Carcinogenid 50602 | 1.0+00 | 5.66-0¢ | 1.06-03 | 20504
Ingestion of Hazard 9.4E-01 9.4E-01 1.6E+00 >Sol 5.0E-02 1.0E+Q0 1.0E-03 2 0E-04
Groundwater Commerciall |Carcinogenic 50602 | 10E+00 | 25603 | 1003 | 20E-04
Industrial Hazard >Sol >Sol 1.0E+01 >Sol 5.0E-02 | 1.0E+00 1.0-03 | 20E-04
Residential Carcinogenic >8ol 3.8E+00 >8ol
Groundwater [mg/l] Inhai:it:?aof Indoor Hazard >Sol >Sol 3.0E¢04 | >Sol 1.3E+01
pors Commercial/l | Carcinogenic >5ol 1.3E+02 >Sol
Industrial Hazard >Sol >Sol >Sol >Sol 7.5E+02
Residential Carcinogenic >Sol 1.1E+03 >Sol
Inhalat?on of Hazard >Sol >Sol >Sol >Sol >Sol
Qutdoor Air Vapors Commerciall  |Carcinogenic >Sol >Sol >Sol
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestion/ Dermal Residential | Carcinogenic, 2.0E-02 1.6E04 | 63E-02 | 1.1E-05
[mg/l] Hazard | 1.1E+00 | 1.7E+00 | 4.2E+(n >Sol 1201 | 2.8E+01 1.8E-01

*[talicized concentyations based on California MCLs
SAT = RBSL exceeds saturated soil conceniration of chemical
>>50L = RBSL exceeds solubility of chemical in water
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Oakland Tier 3 RBSLs (25.0 feet bgs)

Medium Exposure Pathway Land Use  |Type of Riskf Ac;:izh- At‘l:-uey?:r? :' Acetone Anth;acen Arsenic | Barium ar?tznr:f:?;e Benzene B:;lf;{‘:)'
Residential Carcinagenic; 3.2E+00 2.5E+00 | 2.7E+D1 2.5E-01
Surficial Soil [mg/kg] Ingeﬁ:ﬁr};t?::nau : Hazard 3.1E+03 | 3.1E+03 | 4.8E+(3 1.6E+04 | 2.0E+01 5.2E+03 8.2E+01
Commerciall  {Carcinogenic; 1.6E+01 8.3E+00 | 9.0E+01 8.3E-01
Industral Hazard | 2.0E+04 | 2.0E+04 | 21E+04 | 1.0E+05 | 25802 | g.4E+04 5.2E+02
Residential | carcinogenic] SAT 1.5E+02 SAT
Inhalation of Hazard SAT SAT SAT SAT 6.1E+02
Qutdoor Air Vapors | commerciall | Carcinogenic) saT | esEr02 | SAT
Industrial Hazard SAT SAT SAT SAT SAT
Residential | Earcinogenic SAT 1.7E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 5.0E+03 SAT 5.6E+00
[mg/kg] Air Vapors Commerciall | Carcinogenic SAT 5.6E+01 SAT
Industrial Hazard SAT SAT SAT SAT 3.3E+02
Ingestion of Residential | CArcinogenic 4.45+00 | 1.28+02 | 1.0e+01 | 32603 | 92E+00
Groundwater Hazard 3.0E+02 2.0E+02 7 8E-01 SAT 4,4E+00 1.2E+02 3.2E-03 9.2E+00
Impacted by Commerciall | Carcinogenic 44E+00 | 1.2E+02 | 4.4E+01 | 32603 | 92E+00
Industrial Hazard SAT SAT 5.1E+00 SAT 4.4E+00 | 1.2E+02 3.2E-03 | 9.2E+00
Residential | Careinogenic 50E-02 | 1.0E+00 | 56E-04 | 1.0E-03 | 2.0E-04
Ingestion of Hazard 9.4E-01 9.4E-01 1.6E+00 >Sol 5.0E-02 1 0E+00 1.0E-03 2.0E-04
Groundwater Commerdiall | Carcinogenic] 50602 | 10E+00 | 2.56-03 | 1.06-03 | 2.0E-04
Industrial Hazard >Sol >Sol | 1.0E+01 | >Sol | 5.0E-02 | 10E+00 1.0E03 | 2004
Residential Carcinogenic| >8ol 3.8E+00 >Sol
Groundwater [mg/l] lnhafit:?aof Indoor Hazard >Sol >Sol 3.0E+04 >Sol 1.3E+01
pors Commerciall | Carginegenic >Sol 1.3E+02 >Sol
Industrial Hazard >Sal >Sol >Sol >Sol 7.5E+02
Residential | =ardnogenic >Sol | 11E+03 | >Sol
Inhalation of Hazard >Sol >Sol >Sol >Sol >Sol
Qutdoor Air Vapors | commerciay Carcinogenic >Sol >Sol >Sol
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestion/ Dermal Residential | Carcinagenic) 2.0E-02 1.6E-04 | 63202 | 1.1E-05
fmgl] Hazard | 11E+00 | 1.7E+00 | 4.2E+01 >Sol 1.2E-01 | 2.8E+01 1.8E-01
*Italicized concentrations based on California MGLs
SAT = RBSE exceeds saturated soil congentration of chemical
> 80L = RBSL exceeds solubility of chemical in water
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Oakland Tier 3 RBSLs (27.5 feet bgs)

- Acenaph- | Acenaph- Anthracen . Benz{a}- Benzola)-
Medium Exposure Pathway Land Use Type of Risk| thene thylene Acetone o Arsenic | Barium | | Benzene pyrena
Residential Carcinogenic) 3.2E+00 2.5E+00 2.7E+M1 2.5E-01
. . [ font I/
Surficial Soil [mglkg] nge?ﬁl‘?a!afi)::na Hazard 3.1E+03 3.1E+03 4. 8BE+03 1.6E+04 2.0E+01 5.2E+03 8.2E+01
Commerciall | Carcinogenic 1.6E+01 8.3E+00 | S.0E+01 8.3E-01
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.1E+04 | 1.0E+05 | 2.56+02 | 9.4E+04 5.26+02
. Residential Carcinogenic SAT 1.7E+02 SAT
Inhalation of Hazard SAT SAT SAT SAT 6.7E+02
Outdoor Air Vapors [~ mercials Carcinogenic] SAT 7.5E+02 SAT
Industrial Hazard SAT SAT SAT SAT SAT
) Residential Carcinogenic| SAT 1.7E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 5.1E+03 SAT 5.7E+00
[mg/kg] Air Vapors Commerciall | Carcinogenic SAT | 57E+01 SAT
Industrial Hazard SAT SAT SAT SAT 3.3E+02
Ingestion of Residential Carcinegenic| 44E+00 | 12E+02 | 1.0E+01 3.2E-03 3.2E+00
Groundwater Hazard 3.0E+02 2.0E+02 7.8E-01 SAT 4.4E+00 1 2E+02 3.2E-03 8 2E+00
'T_‘;aa‘f:adt;’y Commerciall | Carcinogenic 4.4E+00 | 12E+02 | a.4e+01 | 32603 | 92E+00
Industrial Hazard SAT sAT | s1Ev00 | sAT | 44E+00 | 1.28:02 3.26-03 | 92E+00
Residential Carcinogenig] 5.0E-02 1.0E+00 5.6E-04 1.0E-03 2.0E-04
Ingestion of Hazard 9.4E-01 9.4E-01 1.6E+00 >Sol 5.08-02 1.0E+00 1.0E-03 2.0E-04
Groundwater Commerciall | Carcinogenic] 50602 | 1.05+00 | 2.56-03 | 1.05-03 | 2.0E-04
Industrial Hazard >Sol >sol | 1.0E+01 | >Sol | 50502 | 10E+00 1.06-03 | 2.0E-04
- Residential Car¢inogenic) >5ol 3.8E+00 >Sol
Groundwater [mg/l] Inhailitrl?aog Irr;door Hazard >Sol >Sol 3.0E+04 >Sol 1.3E+01
P Commerciall | Carcinogenic >Sol 1.3E+02 >Sol
Industrial H
azard >Sol >Sol >Sol >Sol 7.5E+02
Residential Carcinogenic >Sol 1.1E+03 >Sol
lnhalation of Hazard >Sol >Sol »>Sol >Sol >Sol
Outdoor Air Vapors Commercial/ | Carcinogenic >Sol >So! >Sol
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestion/ Dermal Residential Carcinogenic| 2.0E-02 1.6E-04 6.3E-02 11E-05
[mgfl] Hazard | 1.1E+00 | 1.7E+00 | 4.2E+01 >Sol 12E-01 | 2.8E+01 1.8E-01
*Mtalicized concentrations based on Califomnia MCLs
SAT = RBSL exceeds saturated soil cancentration of chemical
> 80L = RBSL exceeds solubility of chemical in water
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Qakland Tier 3 RBSLs (30.0 feet bgs)

Medium Exposure Pathway Land Use Type of Risk| Ai::::h' A;;?:::' Acetone A"th;acen Arsenic | Barium anBt:nr:f:i}r;e Benzene B:;::'{‘:)'
Residential Carcinogenic| 3.2E+00 2.5e+00 | 2.7E+01 2.5e-01
Surficial Soil [mgfkg] lngels;:;ia :?::nau _ Hazard | 3.1E+03 | 3.E+03 | 4.8E+03 | 1.6E+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commercial/ | Carcinogenic| 1.6E+01 8.3E+00 9.0E+01 8.3E-01
Industrial Hazard | 2.0E+04 | 2.0E+04 | 3.1E+04 | 1.0E+05 | 25E+02 | 9.4E+04 5.2E+02
Residential | S2rcinogenic SAT | 1.9E+02 | AT
Inhalation of Hazard SAT SAT SAT SAT 7.3E+02
Outdoor Air Vapors Commercial/ | Carcinogenic| BAT 8.2E+02 SAT
Industrial Hazard SAT SAT SAT SAT SAT
Residential Carcinogenic SAT 1.8E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 5.1E+03 SAT 5.8E+00
[malkg] Air Vapors Commerciall | Carcinogenic sAT | 58E+01 | SAT
tndustrial Hazard SAT SAT SAT SAT 3.4E+02
ingestion of Residential | C2mciN0genid 446+00 | 1.26+02 | 1.0E+01 | 32503 | 9.2E+00
Groundwater Hazard | 3.0E+02 | 20E+02 | 7.8E-01 SAT | 4.4E+00 | 12E+02 3.26-03 | 9.2E+00
mpacted by Commerciall  |Garcinogenid . 44E+00 | 126402 | a.4E+01 | 32603 | 9.2E+00
industrial Hazard SAT SAT | 514E+00 | SAT | 44E+00 | 12E+02 32603 | 9.2E+00
Residential | C2rcinogenid 50602 | 1.0E+00 | 56604 | 1.0503 | 20504
Ingestion of Hazard | 9.4E-01 | 0401 | 16E+00 | >sa | 50802 | 1.05+00 1.0503 | 205-0¢
Groundwater Commerciall | Carcinogenic 50602 | 1.0E+00 | 25803 | 1.0503 | 20E-04
Industrial Hazard >Sol >sol | 1.0E+01 | >Sol | 50502 | 1.0E+00 1.0503 | 20604
Residential Carcinogenic| >Sol 3.6E+00 >3ol
Groundwater [ma/l] Inhal:itrio\?aof Indoor Hazard >Sol >Sol | 3.0E+04 | >Sdl 1.3E+01
pors Commercial/ | Carcinogenic >5ol 1.3E+02 >Sol
ndustrial Hazard >Sol >Sol >Sol >Sol 7.5E402
Residential Carcinogenic; >Sol 1.1E+03 >Sol
Inhalation of Hazard >Sol >Sol >Sol >Sol >Sol
Outdoor AT Vapors [ ¢ ommerdialf Carcinogenic| >Sol >Sol >Sol
Industrial Hazard >Sol >Sol >Sal >Sol >Sol
Water for Recreation Ingestion/ Dermal Residental | Carcinogeni 2.0E-02 1.6E-04 | 63602 | 11E-05
[mgfl] Hazard | 1.1+00 | 1.7E+00 | 4.2E+01 >Sal 1.2E01 | 2.8E+01 1.8E-01

*Italieized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
> 80L = RBSL exceeds solubility of chemical in water
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Oakland Tier 3 RBSLs (32.5 feet bgs)

Medium Exposure Pathway Land Use Type of Risk} Acenaph- | Acenaph- | .\ ., [Anthracen| , conic | Barium | BEW@)- | popsene | BERZOWE)-
thene thylene e anthracene pyrene
. Residential | Carcinogenic 3.2E+00 2.5E+00 | 2.7E+01 | 2.5E-01
Surficial Soil [mg/kg] Ingef;;loar:g :?:r:malf Hazard | 3.1E+03 | 3.1E+03 | 4.8E+03 | 16E+04 | 2.0E+01 | 52E+03 8.2E+01
Commercial | Carcinogenic] 1.6E+01 8.3E+00 | 9.0E:01 | 83E-01
Industrial Hazard | 2.0E+04 | 20E+04 | 3.1E+04 | 1.0E+05 | 2.5E+02 | 9.4E+04 5.2E+02
Residential Carcinogenic] SAT 2.0E+02 SAT
inhalation of Hazard SAT SAT SAT SAT 7.9E+02
Outdoor AIr Vapors | oommerciall | Carcinogenic SAT | soE+02 |  SAT
Industrial Hazard SAT SAT SAT SAT SAT
' Residential Carcinogenic| SAT 1.8E+00 SAT
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 5.2E+03 SAT 6.0E+00
[mglkg] Arr Vapors Commerciall | Carcinogenic SAT | 6.0E+01 SAT
Industrial Hazard SAT SAT SAT SAT 3.5E+02
Ingestion of Residential Carcinogenic 4.4E+00 | 1.2E+02 1.0E+01 3.2E-03 9.2E+00
Groundwater Hazard | 3.0E+02 | 2.0E+02 | 7.8E-01 SAT 4.4E+00 | 1.2E+02 3.26-03 | 9.2E+00
"‘E‘;if::t:” Commerciall | Carcinogenic 445400 | 1.26+02 | 44E+01 | 3.26:03 | 9.2E+00
Industrial Hazard SAT SAT | 546+00 | SAT | 44E+00 | 1.28+02 32F-03 | 9.2E+00
Residential | Carcinogenic 506-02 | 1.05+00 | 58E04 | 1.0-03 | 20E04
Ingestion of Hazard | 9.4E-01 | 9.4E-01 | 1.6E+00 >Sol 50E-02 | 1.0E+00 1.0E-03 | 2 0E-04
Groundwater Commerciall | Carcinegenic 50602 | 1.0E+00 | 2.5E-03 | 1.05-03 | 20504
Indusirial Hazard >Sol >Sol | 1.0E+01 | >80l | 50F-02 | 1.0e+00 1.06-03 | 20F-04
- Residential Carcinogenic >Sol 3.8E+00 >Sol
Groundwater [mg/l] InhaIAait:tz?aoi Irt;door Hazard >Sol >Sol 3.0E+04 >Sol 1.3E+01
p Commerciall | Carcinogenic >Sol 1.3E+02 >Sol
Industrial
Hazard >Sol >Sol >Sot >S50l 7.5E+02
Residential Carcinogenic >Sol 1.1E+03 >Sol
InhaIatEon of Hazard >Sol >Sol >Sol >Sol >Sot
Outdoor Alr Vapors | Gommerciall | Carcinogenic >Sol >Sol >Sol
Industrial Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingestion/ Dermal Residential  LCarcinogenic 2.0E-02 16604 | 63E02 | 1.1E05
[mg/} Hazard | 1.1E+00 | 1.7E+00 | 4.2E+01 >Sol 12E-01 | 2.8E+01 1.8E-01
*Italicized eoncentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
> S0L = RBSL exceeds solubility of chemical in water
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Oakland Tier 3 RBSLs (35.0 feet bgs)

Medium Exposure Pathway tand Use Type of Risk] Ai;::gh' At?y?:::' Acetone A"th:'ce" Arsenic | Barium af;";i:’;e Benzene B:'y’f;::)'
Residential Carcinegenic 3.2E+Q0 25E+00 | 2.7E+01 2.5E—_01
Surficial Soil [mg/kg] Ingels::;; Es:nall Hazard | 3.1E+03 | 3.1E+03 | 4.88+03 | 1.6E+04 | 2.0E+01 | 5.2E+03 8.2E+01
Commerciall | Carcinogenic] 1.6E+01 8.3E+00 | 9.0E+01 | 8.3E-01
industrial Hazard | 2.0E+04 | 2.0E+04 | 3.1E+04 | 1.0E+05 | 2.56+02 | 9.4E+04 5.2E+02
Residential Carcinogenic SAT 2.28+02 SAT
tnhalation of Hazard SAT SAT SAT SAT 8.6E+02
Outdoor Air Vapors|  commercial | Carcinogenic SAT | 96E«02 | SAT
industrial Hazard SAT SAT SAT SAT SAT
Residential Carcinogenic SAT 1.8E+00 SAT
Subsurface Soil Inhalation of indoor Hazard SAT SAT 5.3E+03 SAT 6.1E+00
[mgrkg] Alf Vapors Commercial/ | Carcinogenic SAT 6.1E+01 SAT
Industrial Hazard SAT SAT SAT SAT 3.5E+02
Ingestion of Residential | Carcinogenic 445+00 | 128402 | 1.08+01 | 32503 | 9.2E+00
Groundwater Hazard | 3.0E+02 | 2.0E+02 | 7.8E-01 SAT | 24£+00 | 1.28+02 32603 | 9.26+00
'"I’f;"ctlf;:y Commerciall | Carcinogenic 24£+00 | 1.26+02 | 44E+01 | 326-03 | 9.2E+00
Industrial Hazard SAT SAT 5.1E+00 SAT 4.46+00 | 1.2E+02 3.26-03 | 9.2E+00
Resdential | Caroinogenig 50602 | 1.0E+00 | 5.6E04 | 1.0803 | 20504
Ingestion of Hazard | 94E-01 | 94E-01 | 1.6E+00 >Sol 50502 | 1.05+00 1.06-03 | 2.0E-04
Groundwater Commercial/ | Carcinogenic 50502 | 1.08+00 | 25603 | 1.0E03 | 20604
Industrial Hazard >Sol >80l | 1.0E+01 | >80l | soe02 | 1.08+00 1.0E-03 | 2.0E-04
Residential Carcinogenic >Sol 3.8E+00 >Sol
Groundwater [mg/l] lnhal:it;(:?aof Indoor Hazard >Sol >Sol 3.0E+04 >Sol 1.3E+01
pors Commercial/l | Carcinogenic >Sol 1.3E+02 >Sol
Industrial Hazard >Sol >Sol >Sol >Sol 7.5E402
Residential Carcinogenic >Sol 1.1E+03 >3S0l
inhalation of Hazard >Sol >Sol >Sol >Sol >Sol
Outdoor Air Vapors [ ommercialr Carcinogenic| >Sol >Sol >Sol
Industriaf Hazard >Sol >Sal >Sol >Sol >Sol
Water for Recreation Ingestions Dermal Residential | Carcinogenic 2.0E-02 1.6E-04 | 63E-02 | 1.1E-05
[mgfl] Hazard | 1.1E+00 | 1.7E+00 | 4.2E+01 >Sol 12E-01 | 2.8E+01 1.8E-01

*Italicized tancentrations based an Gaiifornia MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
> S0L = RBSL exveeds solubility of chemical in water

Pranted: 05/05/2000 1of% Qakland RBSLs
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5. INHALATION ROUTE

This chapter presents data and recommendations
for inhalation rates that can be used to assess exposure to
contaminants in alr. The studies discussed in this chapter
have been classified as key or relevant. Key studies are
used as the basis for deriving recommendations and the
relevant studies are included to provide additional
background and perspective.  The recommended
inhalation rates are summarized in Section 5.2.4 and cover
adults, children, and outdoor workers/athletes.

Incluston of this chapter in the Exposure Factors
Handbook is not meant to imply that assessors will always
need to select and use inhalation rates when evaluating
exposure to air contaminants. In fact, it {s unnecessary to
calculate inhaled dose when using dose-response factors
from Integrated Risk Information System (IRIS). This is
due to the fact that the “dose-response” relationships
recommended in IRIS for air contaminants are not really
based on dose, but rather concentration. Such “dose-
response” relationships require only an average air
concentration to evaluate health concerns:

+ For non-carcinogens, IRIS uses Reference
Concentrations {(RfC) which are expressed in
concentration units. Hazard is evaluated by
comparing the inspired air concentration to the
RfC.

« For carcinogens, IRIS uses unit risk values
which are expressed in inverse concentration
units, Risk is evaluated by multiplylng the unit
risk by the insplred air concentration.

5.1. EXPOSURE EQUATION FOR INHALATION
The general equation for calculating average daily
dose (ADD) for inhalation exposure is:

ADD = [[C x IR x ED] / [BW x AT} (Eqn. 5-1)
where:

ADD = average dally dose (mg/kg-day);

C = contaminant concentration in inhaled alr (g/m% for
gaseous measurements expressed in ppm (I ppm =
10° pg/m®);

IR = inhalation rate (m?/day);

ED = exposure duration (days);

BW = hody weight (kg); and

AT = averaging time (days}, for non-carcinogenic effects
AT = ED, for carcinogenic or chronle effects AT =
70 years or 25,550 days (lifetime).

The average daily dose Is the dose rate averaged
over a pathway-specific period of exposure expressed as
a daily dose on a per-unit-body-weight basis. The ADD
is used for exposure to chemicals with non-carcinogenic
nan-chronic effects. For compounds with carcinogenic or
chranic effects, the lifetime average daily dose (LADD)
is used. The LADD is the dose rate averaged over a
lifetime. The contaminant concentration refers to the
concentration of the contaminant in inhaled air, Exposure
duration refers to the total time an individual is exposed to
an air pollutant. Factors affecting inhalation rates
{expressed as cubic meters per hour) are age, gender,
welght, health status and activity patterns (i.e.,
frequencies and durations of physical activities} (Layton,
1993).

5.2. INHALATION RATE
5.2.1, Background

The health risk associated with human exposure to
airborne toxics is a function of concentration of air
pollutants, chemical species, duration of exposure, and
inhalation rate. The estimation for inhaled dose for a
given air pollutant is dependent on inhalation rate,
cemmonly described as ventilation rate (VR) or breathing
rate, which Is usually measured as minute volume, the
volume in liters of air exhaled per minute (Vg). The
volume of air exhaled (V) is the product of the number
of respiratory cycles in a minute and the volume of air
respired during each resplratory cycle, the tidal volume
(V).

When interested in calculating absorbed dose,
assessors must consider the alveolar ventilation rate, This
is the amount of air available for exchange with alveoli per
unit time. It is equivalent to the tidal volume (V') minus
the anatomic dead space of the lungs (the space containing
air that does not come into contact with the alveoli).
Alveolar ventilation is approximately 70 percent of total
ventilation; tidal volume is approximately 500 milliliters
{ml) and the amount of anatomic dead space in the lungs
is approximately 150 ml, approximately 30 percent of the
amount of air inhaled (Menzel and Admur, 1986). This
adjustment is not neaded for those assessments using dose-
response factors that are based on administered dose.

Breathing rates are affected by numerous individual
characteristics, including age, gender, weight, health
status, and levels of activity (running, walking, jogging,
etc.}. Ventilation rates (VR) are either measured directly
using a spirometer and a collection system or indirectly
from heart rate (HR} measurements. In many of the
studies described in the following sectlons, HR
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measurements are usually correlated with VR in simple
and multiple regression analysis.

In the Ozone Criteria Document prepared by the
U.S. EPA Office of Environmental Criteria and
Assessment, the EPA identified the collapsed range of
activities and its corresponding VR as follows: light
exercise (Vg < 23 L/min or 1.4 m¥%hr); moderate/
medium exercise (Vg= 24-43 L/min or 1.4-2.6 m%/hr);
heavy exercise (Vg= 43-63 L/min or 2.6-3.8 m%hr); and
very heavy exercise (Vp> 64 L/min or 3.8 m¥hr),
(CARB, 1993). Also, 20 m%day has been adopted as a
standard inhalatlon rate for humans (Federal Register,
1980). This value is widely used to determine the inhaled
dose for a given atr poliutant for adults.

The avallable studies on inhalation rates are
summarized in the following sections. Inhalation rates are
reported for outdeor workers/athletes, adults, and
children, including infants performing various activities,
Inhalation rates may be higher among outdoor
waorkers/athletes because levels of activity outdoors may
be higher. Therefore, this subpepulation group may be
more susceptible to alr pollutants and are considered a
"high-risk” subgroup (Shamoo et al., 1991; Linn et al,,
1992). The activity levels have been categorized as
resting, sedentary, light, moderate, and heavy. In most
studies, the sample population kept diaries to record their
physical activities, locations, and breathing rates,
Ventilation rates were either measured, self-estimated or
predicted from equations derived using VR-HR calibration
relationships.

5.2.2.  Key Inhalation Rate Studies

Layton - Metabolically Consistent Breathing Rates
for use In Dose Assessments - Layton {1993} presented a
new method for estimating metabelically consistent
inthalation rates for use in quantitative dose assessments of
alrborne radionuclides. Generally, the approach for
estimating the breathing rate for a specified time frame
was to calculate a time-weighted-average of ventilation
rates associated with physical activities of varying
durations {Layton, 1993). However, in this study,
breathing rates were calculated based on oxygen
consumption assoclated with energy expenditures for short
{hours) and long (weeks and months) periods of time,
using the following general equation to calculate energy-
dependent inhalation rates:

Ve=ExHxVQ {Eqn. 5-2)
where:

Vg = ventllation rate (L/min or m3/hr):

E = cenergy expenditure rate; [kilojoules/minute
(K)/min) or megajoules/hour (MJ/hi)];

H = volume of oxygen {at standard temperature and
pressure, dry alr [STPD]) consumed In the
production of 1 kilojoule [K] of energy expended
(L/K] or m*/MJ); and

VQ = ventilatory equivalent (ratio of minute volume
(L/min) to oxygen uptake (L/min}) unitless,

Three alternative approaches were used to estimate
daily chronic (long term) inhalation rates for different
age/gender cohorts of the U.S. population.

First Approach

Inhalation rates were estimated by multiplying
average daily food energy intakes for different age/gender
cohorts, volume of oxygen (H), and ventilatory equivalent
(VQ) as shown in the equation above (see fooinote (a) on
Table 5-2). The average food energy intake data (Table
5-1) were obtained from the USDA 1977-78 Nationwide
Food Consumption Survey (USDA-NFCS). The food
energy intakes were adjusted upwards by a constant factor
of 1.2 for all individuals 9 years and older (Layton,
1993). This factor compensated for a consistent bias in
USDA-NFCS atrributed to under reporting of the foods
consumed or the methods used to ascertain dietary intakes.
Layton (1993) used a weighted average oxygen uptake of
0.05 L O,/KJ which was determined from data reported
in the 1977-78 USDA-NFCS and the second National
Health and Nutrition Examination Survey (NHANES II).
‘The ventilatory equivalent (VQ) of 27 used was calculated
as the geometric mean of VQ data that were obtained from
several studies by Layton (1993).

Table 5-2 presents the daily inhalation rate for each
age/gender cohort. The highest daily inhalation rates were
res)orted for children between the ages of 6-8 years (10
m*/day), for males between 15-18 years (17 m%/day), and
females between 9-11 years (13 m3/day). Estimated
average lifetime inhalation rates for males and females are
14 m3/day and 10 m%/day, respectively (Table 5-2).
Inhalation rates were also calculated for active and
inactive periods for the various age/gender cohorts.

The inhalation rate for inactive periods was
estimated by multiplying the basal metabolic rate (BMR)
times the oxygen uptake (H} times the ventilatory
equivalent(VQ). BMR was defined as "the minimum
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Table 5-1. Comparisons of Estimated Basal Metabolic Rates (BMR} with Average Food-energy Intakes for
Individuals Sampled In the 1877-78 NFCS
Cohort/Age Body Weight BMR? Energy Intake (EFD} Ratle
) kg mj &1 keal '€ Mig!  kald! EFD/BMR

Children
Under 1 7.6 1.74 416 3.32 793 1.90
liw2 13 3.08 734 5.07 1208 1.65
Jtod 18 3.69 881 6.14 1466 1.66
Gto8 26 4,41 1053 7.43 1774 1.68

Males
91011 36 5.42 1293 8.55 2040 1.58
1210 14 50 6.45 1540 9.54 2276 1.48
15t0 18 66 7.64 1823 10.8 2568 1.41
1910 22 74 7.56 1804 10.0 2395 1.33
23 to 34 79 7.87 1879 10.1 2418 1.29
35 to 50 82 7.59 1811 5.51 2270 1.25
51 to 64 80 7.48 1788 9.04 2158 1.21
85 to 74 76 6.18 1476 8.02 1913 1.30
75 + 71 5.94 1417 7.82 1866 1.32

Females
9to 11 36 4.91 1173 7.75 1840 1.58
12to i4 49 5.64 1347 7.72 1842 L.37
15t0 18 56 6.03 1440 7.32 1748 1.21
190 22 59 5,69 1359 6.71 1601 1.18
231034 62 5.88 1403 6.72 1603 1.14
35t0 50 66 5.78 1380 6.34 1514 1.t0
51to 64 67 5.82 1388 6.40 1528 1.10
65 t0 74 66 5.26 1256 5.99 1430 1.14
75 + 62 5.11 1220 5,94 1417 [.16

Calculated from the appropriate age and gender-hased BMR equations given In Appendix Table 5A-t.
M] d'! - mega joules/day
€ keal d! - kilo calories/day
Source; Layton, 1993.
Exposure Factors Handbook Page
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Table 5-2. Daily Inhalation Rates Calculated from Food-Energy Intakes

a

[

B

Daily? Inhalation Inhalation Rates
Rate Sleep MET Value Inactive® _Active®
Cohort/Age L fm?day) W) AC il (mdav) {micay)

Chifdren

<l 1 4.5 1 1.9 2.7 2.35 6.35

1-2 2 6.8 1 1.6 2.2 4.16 8.15
3-5 3 8.3 10 L7 2.2 4,98 10.96
6-8 3 10 10 1.7 2.2 5.95 13,09
Males

9.11 3 14 9 1.9 2.5 7.32 18.3
12- 14 3 15 9 I8 2.2 8.71 19.16
15-18 4 17 8 1.7 21 10.31 21.65
19-22 L] 16 8 1.8 1.9 10.21 19.4
23 - 34 11 16 8 1.5 18 10.62 19.12
35-50 16 15 8 1.5 1.8 10.25 18.45
51-64 14 15 8 14 17 10.11 17.19
85 .74 10 13 8 16 18 834 15.01

75+ 1 13 8 1.6 1.9 802 15.24

LifetimeB average i4

Fernales

9-11 3 13 9 1.9 2.5 6.63 16,58
12- 14 3 12 9 1.6 2.0 7.61 15.20
15- 18 4 12 8 1] 1.7 8.14 13.84
19-22 4 1 8 14 16, 7.68 12.29
23.34 11 1 8 1.4 1.6 7.94 12.7
35- 50 16 10 8 1.3 15 780 1.7
51 - 64 14 10 8 1.3 1.5 7.86 118
65 - 14 10 9.7 8 14 1.5 7.10 10.65

15+ i 9.6 8 1.4 1.6 6.90 11.04

| Lifetime® average 10

Source; Laylon, 1983

Daily Inhalatlon rate was calculated by multiplying the EFD values (see Table 5-1) by H x VQ for subjects under 9 years of age and by 1.2 x H x VQ for
subjects 9 years of age and older (sce text for explanation).

Where:

EFD = Food energy intake (M]/day) or (KCal/sec)

H = Oxygen uplake = 0.05 LO,/K} ar M0

VQ = Ventlation equivalent = 27 = geometric mean of VQs (unitless)

MET = Metabolle equivalent

Inhalation rate for inactive perlods was calcutated as BMR x H x VQ and for active periods by multiplying inactive inhalation rate by F (Ses footnote £);
BMR values are from Table 5-1.

Where:

BMR = Basal metabolic rate (M]/day) or (kg/hr)

L Is the number of years for each age cohort.

For indlviduals 9 years of age and older, A was calculated by multiplying the ratio for EFD/BMR (unitless) (Table 5-1} by the factor 1.2 (see text for
explanation}.

F = (24A - §)/(24 - 5) (unitless), ratlo of the rate of energy expenditure during active hours to the estimated BMR (unitless)

Where:
] = Number of hours spent sleeping each day (hrs)

Lifetime average was caltulated by multiplylng Individual inhalation rate by correspanding L. values summing the products across coharts and dividing the
resull by 75, the total of the cohort age spans.
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amount of energy required to support basic cellular
respiration while at rest and not actively digesting
food" (Layton, 1993). The inhalation rate for active
perlods was calculated by multiplying the inactive
Inhaiatlon rate by the ratle of the rate of energy
expenditure during active hours to the estimated BMR.
This ratlo is presented as F in Table 5-2. These data for
active and inactive inhalation rates are also presented in
Table 5-2. For children, inactive and active inhalation
rates ranged between 2.35 and 5.95 m%day and 6.35 to
13.09 m*/day, respectively. For adult males (19-64 years
old), the average inactive and actlve inhalation rates were
approximately 10 and 19 m%/day, respectively. Also, the
average inactive and active inhalation rates for adult
females (19-64 years old) were approximately 8 and 12
m?/day, respectively.

Second Approach

Inhalation rates were calculated by multiplying the
BMR of the population cohorts times A (ratio of total
daily energy expenditure to daily BMR) times H (oxygen
uptake) times VQ (ventilation equivalent). The BMR data
obtained from literature had been statistically analyzed and
regression equations were develaped to predict BMR from
body welghts of various age/gender cohorts (Layton,
1993). The statistical data used to develop the regression

equations are presented in Appendix Table 5A-1. The
data obtained from the second approach are presented in
Table 5-3. Inhalation rates for children (6 months - 10
years) ranged from 7.3-9,3 m%day and ages 10-18 years
was 15 m*/day, while adult females (18 years and older)
ranged from 9,9-11 m¥day and adult males (18 years and
older) ranged from 13-17 m%day. These rates are similar
to the daily inhalation rates obtained using the first
approach. Also, the inactive inhalation rates obtained
from the first approach are lower than the inhalation rates
obtained using the second approach. This may be
attributed to the BMR multiplier employed in the equation
of the second approach to calculate inhalation rates.

Third Approach

Inhalation rates were calculated by multiplying
estimated energy expenditures associated with different
levels of physical actlvity engaged in over the course of an
average day by VQ (ventilation equivalent) and H (oxygen
uptake) for each age/gender cohort. The energy
expendtiture associated with each level of activity was
estimated by multiplying BMRs of each activity level by
the metabolic equivalent (MET) and by the time spent per
day performing each activity for each age/gender
population. The time-activity data used in this approach
were obtained from a survey conducted by Sallis et al.

Table 5-3, Daily Inhalation Rates Obtained from the Ratlos
of Tatal Energy Expenditure to Basal Metabolic Rate (BMR)

Gender/Age Body Weight® BMR? H Inhalation Rate, Vg
(yrs) (ke) (MJ/day) vQ A (m¥0,/M]) (nday)®

Male

0.6- <3 14 34 27 1.6 0.05 7.3
3- <10 23 4.3 27 1.6 0.05 8.3
10 - <18 53 6.7 27 1.7 0.05 15

18 - <30 76 7.7 27 1.59 0.05 17

30 - <60 80 7.5 27 1.59 0.05 16
60+ 75 6.1 27 1.59 0.05 13
Female

0.5-<3 11 2.6 27 16 0.06 5.6
3-<10 23 4.0 27 1.8 0.05 8.6
10- <18 50 5.7 27 1.5 0.05 12

18 - <30 62 5.9 27 1.38 0.05 11

30 - <60 68 58 27 1.38 0.05 11
B0+ 67 5. 27 1.38 0.05 9.9

used: male == 1.7 and female = 1.5,

Source: Layton, 1993,

2 Body weight was based on the average welghts for age/gender cohorts In the U.S. population,

¥ The BMRs (basal metabollc rate) are calculated using the respective body welghts and BMR equations (see Appendix Table 5A-1).

¢ The values of the BMR multiplier {(EFD/BMR) for those 18 years and older were derived from the Bastotls et al. (1989) study: Male =
1.59, Female = 1.38. For males and females under 10 years old, the mean BMR multiplier used was 1.6. For males and females aged
10 to < 1B years, the mean values for A glven in Table 5-2 for 12-14 years and 15-18 years, age brackets for males and females were

¢ Inhalation rate = BMR x A x H x VQ; VQ = ventllation equivalent and H = oxygen uplake,
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(1985) (Layton, 1993). In that survey, the physical-
activity categories and associated MET values used were
sleep, MET=1, light-actlvity, MET=1.5; moderate
activity, MET=4; hard activity, MET=8; and very hard
activity, MET=10. The physical activities were based on
recall (Layton, 1993). The survey sample was 2,126
individuals (1,120 women and 1,006 men) ages 20-74
years that were randomly selected from four communities
in Californla. The BMRs were estimated using the
metabolic equations presented in Appendix Table 5A-1.
The body weights were obtained from a study conducted
by Najjar and Rowland (1987) which randomly sampled
individuals from the U.S. population (Layton, 1993).
Table 5-4 presents the inhalation rates (Vg) in m%day and
m/hr for adult males and females aged 20-74 years at five
physical activity levels. The total daily inhalation rates
ranged from 13-17 m%day for adult males and 11-15
m3/day for adult females. The rates for adult females
were higher when compared with the other two
approaches, Layton (1993) reported that the estimated
Inhalation rates obtaired from the third approach were

particularly sensitive to the MET value that represented
the energy expenditures for light activities. Layton (1993)
stated further that in the original time-activity survey {i.e.,
canducted by Sallis et al., 1985), time spent performing
light activities was not presented. Therefore, the time
spent at light activities was estimated by subtracting the
total time spent at sleep, moderate, heavy, and very heavy
activities from 24 hours (Layton, 1993). The range of
inhalation rates for adult females were 9.6 to 11 m*/day,
9.9 to 11 m%day, and 11 to 15 m Aday, for the first,
second, and third approach, respectively. The inhalation
rates for adult males ranged from 13 to 16 m%/day for the
first approach, and 13 to 17 m%/day for the second and
third approaches,

Inhatation rates were also obtained for short-term
exposures for various age/gender cohorts and five energy-
expenditure categories (rest, sedentary, light, mederate,
and heavy). BMRs were multiplied by the product of
MET, H, and VQ. The data obtained for short term
exposures are presented in Table 5-5.

Tabte 5-5. Inhalation Rates for Short-Term Exposuses

Activity Type
Rest Sedentary Light Moderate Fleavy
Gender/Age (yrs) Weight BMR? MET (BMR Muliiplter}
(kg (kirday) 1 12 2P £ 104
Inhalation Rate (m¥hi)f8
Male
0.5-<«3 14 3.40 0.19 0.23 038 078 1.92
3-<10 23 4.30 0.24 0.29 0.49 0.96 2.40
10 <138 53 6.70 0.38 0.45 0.78 1.50 3.78
18- <30 76 770 0.43 0.52 0.84 1.74 4.32
30- <60 80 7.50 0.42 0.50 0.84 £.68 4,20
60+ 75 6.10 0.34 041 0.66 1.38 342
Female
0.5-«3 11 2.60 0.14 0.17 029 0.60 .44
3-<10 23 4.00 023 0.27 0.45 0.90 2.28
10-<18 50 5.70 0.32 0.38 0.66 1.26 3.18
18- <30 62 5.90 0.33 0.40 0.66 1.32 3.30
30 - <60 68 5.80 0.32 039 0.66 1.32 3.24
| 60+ 87 5.30 0.30 038 059 1.20 300

Range of 1.5 - 2.5.
€ Rangeof 3 - 5.
Range of >5 - 20,

® “The BMRs for the age/gender cohorts were calculated using the respective body welghts and the BMR equations (Appendlx Table 5A-1}.

© Body welghts werc based on average weights for age/gender cohorts of the U.S. population
! The inhalatlen rate was calculated by multiplying BMR (KJ/day) x H (0.05 L/KJ) x MET x VQ (27) x (d/1,440 min)
8 Original dala were presented In L/min. Converslon to m*hr was abtained as follows:

Source: PLavion, 1993,
Page Exposure Factors Handbook
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Table 5-4. Daily Tnhalation Rates Based on Time-Activity Survey

Males Females
%E;c(gm) MET Body Bod

an vi

Y Weigh® BMR® Duratior®  EI VA vt Weiggﬁ BMR® Duration®  EY A vt

{kp) (KWho) _ (hr/day)  (ml/day) (w¥day) (/) kg (KVho)  (hr/dey)  (ml/day) (m¥%day) (m’/hn)

20-34
Sleep 1 76 320 7.2 23 3.1 0.4 62 283 7.2 2.0 2.8 0.4
Light 1.5 76 320 14.5 7.0 9.4 0.7 62 283 14.5 6.2 8.3 0.6
Moderate 4 76 320 1.2 1.5 2.1 1.7 62 283 1.2 1.4 1.8 1.5
Hard 6 76 320 0.64 1.2 1.7 2.6 62 283 0.64 1.1 1.5 2.3
Very Hard 10 76 320 0.23 0.7¢4 1.0 4.3 62 283 0.23 0.65 0.88 38
Totals 24 17 17 - 24 11 15
35-49
Sleep 1 81 314 7.1 2.2 3.0 0.4 67 242 7.1 1.7 2.3 0.3
Light 1.5 81 314 14.6 6.9 9.3 0.6 67 242 14.6 3.3 7.2 0.5
Moderate 4 81 314 ig 1.8 2.4 1.7 67 242 1.4 1.4 1.8 1.3
Hard 6 81 314 0.59 1.1 1.5 2.5 67 242 0.58 0.3 1.2 2.0
Very Hard 10 81 314 0.29 0.91 1.2 4.2 67 242 0.29 0.70 0.95 3.2
Totals 24 13 17 24 9.9 13
50-64
Sleep 1 80 312 7.3 2.3 3.1 0.4 68 244 7.3 1.8 2.4 0.3
Light 1.5 80 312 14.9 7.0 9.4 0.6 68 244 14.9 54 7.4 0.5
Moderate 4 80 312 1.1 1.4 1.9 1.7 68 244 il i1 1.4 13
Hard & 80 312 0.50 0.94 1.3 2.5 68 244 0.5 0.7 1.0 2.0
Very Hard 10 80 312 0.14 0.44 0.6 4.2 68 244 0.14 0.34 0.46 3.3
Totals 24 12 16 24 9.4 13
65-74
Sleep 1 75 256 73 1.9 2.5 0.3 67 221 7.3 1.6 2.2 0.3
Light 1.5 75 256 148 5.7 7.7 0.5 67 221 148 4.9 6.7 0.4
Moderate 4 75 256 1.1 .11 1.5 1.4 67 221 L1 1.0 1.3 1.2
Hard 6 75 256 0.5 0.8 1.0 2.1 67 221 0.5 0.7 0.9 1.8
Very Hard 10 75 256 0.14 0.36 0.48 3.5 67 221 0.14 0.31 0.42 3.0
Totals 24 9.8 13 24 8.5 11
2 Body weights were obtained from Najjar and Rowland {1987)
b The'basal metebolic rates {BMRs) for the age/gender cohorts were calculated using the respective body weights and the BMR equations (Appendix Table 5A-1)
®  Duration of activities were obtained from Sallis et al (1985)
¢ Energy expendiire rate (E) was calculated by multiplying BMR {KJ/hr) x (MJ/1000 KJ) x duration (hr/day) x MET
¢V ginhalation rate) was caleulated by multiplying E (MJ/day) by H{0.05 m & §M]) by VQ {27)
FV gfm hr) was calculated by multiplying BMR (Ki/hr) x (MJ/1000 KJ) x MET x H (0.05 m  /MJ) x VQ 27)
Source: Layton, 1993.
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The major strengths of the Layton (1993) study are
that it obtains similar results using three different
approaches to estimate inhalation rates in different age
groups and that the populations are large, consisting of
men, women, and children. Explanations for differences
in results due to metabolic measurements, reported diet,
or actlvity patterns are supported by observations reported
by other investigators in other studies. Major limitations
of this study are that activity pattern levels estimated in
this study are somewhat subjective, the explanation that
actlvity pattern differences is responsible for the lower
level obtained with the metabolic approach (25 percent)
compared to the activity pattern approach is not well
supported by the data, and different populations were used
in each approach which may introduce error, -

Linn et al, - Documentation of Activity Patterns in
"High-Risk" Groups Exposed to Ozone In the Los Angeles
Area - Limn et al. (1992) conducted a study that estimated
the inhalation rates for “high-risk" subpopulation groups
exposed to ozone (O) in their daily activities in the Los
Angeles area. The population surveyed consisted of seven
subject panels: Panel I: 20 healthy outdoor workers (15
males, 5 fernales, ages 19-50 years); Panef 2: 17 healthy
elementary school students (5 males, 12 females, ages 10-
12 years); Panel 3: 19 healthy high school students (7
males, 12 females, apes 13-17 years); Panel 4. 49
asthmatic adults (clinically mild, moderate, and severe, 15
males, 34 females, ages 18-50 years); Panel 5 24
asthmatic adults from 2 neighborhaods of contrasting O,
air quality (10 males, 14 females, ages 19-46 years);
Panel 6: 13 young asthmatics (7 males, 6 females, ages
11-16 years); Panel 7: construction workers (7 males,
ages 26-34 years).

Initially, a calibration test was conducted, followed
by a training session. Finally, a field study was conducted
which involved subjects’ collecting their own heart rate
(HR} and diary data. During the calibration tests,
ventilation rates (VR) and HR were measured
simultaneously at each exercise level. From the
calibration data an equation was developed using linear
regression analysis to predict VR from measured HR
(Linn et al., 1992).

In the fleld study, each subject (except construction
workers) recorded in diaries their daily activities, change
in locations (indoors, outdoors, or in a vehicle), self-
estimated breathing rates during each activity/location, and
time spent at each activity/location. Healthy subjects
recorded thelr HR once every 60 seconds and asthmatic
subjects recorded their diary information once every hour

using a Heart watch. Construction workers dictated their
diary information to a technician accompanying them on
the job. Subjective breathing rates were defined as slow
(walking at their normal pace); medium (faster than
normal walking); and fast (running or similarly strenuous
exercise). Table 5-6 presents the calibration and field
protocols for self-monitoring of activities for each subject
panel.

Table 5-7 presents the mean VR, the 99th
percentile VR, and the mean VR at each subjective
activity level (slow, medium, fast). The mean VR and
99th percentile VR were derived from all HR recordings
(that appeared to be valid) without considering the diary
data. Each of the three activity levels was determined

* from both the concurrent diary data and HR recordings by

direct calculation or regression (Linn et al., 1992). The
mean VR for healthy adults according to Table 5-7 was
0.8 m%hr. while the mean VR for asthmatic adults was
1.02 m3hr (Table 5-7). The preliminary data for
construction workers-indicated that during a 10-hr work
shift, their mean VR (1.5 m%hr) exceeded the VRs of
other subject panels (Table 5-7). Linn et al. (1992)
reported that the diary data showed that most individuals
except construction workers spent most of their time {(in a
typical day} indoors at slow activity level. During slow
activity level, asthmatic subjects had higher VRs than
healthy subjects (Table 5-7). Also, Linn et al. (1992)
reported that in every panel, the predicted VR correlated
significantly with the subjective estimates of activity
levels,

A limitation of this study is that calibration data
may overestimate the predictive power of HR during
actual field monitoring, because the wider variety of
exercise in everyday activities may result in wider
variation of the VR-HR relationship. Another limitation
of this study is the small sample size of each
subpopulation surveyed. An advantage of this study is that
diary data can provide rough estimates of ventilation
patterns which are useful in exposure assessments.
Another advantage is that inhalation rates were presented
for various subpopulations (i.e., healthy outdoor workers,
asthmatics, healthy adults, and healthy children).

Linn et al. - Activity patterns in Ozone Exposed
Construction Workers - Linn et al. (1993) estimated the
inhalation rates of 19 construction workers (who perform
heavy outdoor labor) before and during a typical work
shift. The workers were employed at a hospital
construction site in suburban Los Angeles. The study was
conducted between mid-July and early November, 1991,
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Table §-6. Callbration and Fleld Protocols for Self-Monitoring of Activitles Grouped by Subject Panels

Panel

Callbration Protocol

Field Pratocol

Panel | - Healthy Outdoor Workers -
15 female, 5 male, age 19-50

Panel 2 - Healthy Elementary School
Students - 5 male, 12 female, age 10-
12

Panel 3 - Healthy High School
Students - 7 male, 12 female, age 13-
17

Panel 4 - Adult Asthmatics, clinically
mild, moderate, and severe - 15 maie,
34 female, age 18-50

Panel 5 - Adult Asthmatics from 2
neighborhoods of contrasting Oy alr
quality - 10 male, 14 female, age 19-
46

Panel 6 - Young Asthmatles - 7 male,
6 female, age 11-16

Panel 7 - Construction Workers - 7
male, age 26-34

Laboratory treadmill exercise tests, Indoor
hallway walking tests at different setf-chosen
speeds, 2 outdoar tests consisting of 1-hour
cycles each of rest, watking, and jogging.

Outdoor exercises consisted each of 20
minute rest, slow walking, jogging and fast
walking

Outdaor exerclses consisted each of 20
minute rest, slow walking, jogging and fast
walking

Treadmill and haltway tests

Treadmill and hallway tests

Lahoratory tests on bicycles and trezdmills

Performed similar exercises as Panel 2 and
3, and also performed Job-related tests

3 days in 1 typical summer week (Includes most
active workday and most active day off); HR
recordings and activity dlary during waking
hours.

Saturday, Sunday and Monday (school day) in
early autumn; HR recordings and activity dlary
during waking hours and during sleep,

Same as panel 2, however, no HR recordings
durlng sleep for most subjects.

1 typleal summer week, 1 typlcal winter week;
hourly activity/health diary during waking
hours; lung function tests 3 times daily; HR
recordings during waking hours on at least 3
days (Including most active work day and day
off).

Similar to panel 4, personal NO, and acld
exposure monitoring included. (Panels 4 and 5
were studled In different years, and had 10
subjects in common}.

Similar to Panel 4, summer monitoring for 2
successive weeks, Including 2 controlled
exposure studies with few or no observable
respiratory effects,

HR recordings and diary information during 1
typlcal summer wark day.

Including iftng and carrying a 9-kg pipe.

Source: Linn et al 1992

Table 5-7. Subject Panel Inhalation Rates {IR) by Mean IR, Upper Percentiles, and Self-Estimated Breathing Rates

Inhalation Rates (m¥hr)

Fanel NP Mean IR Mean Self-Estimated Breathing Rates
(m3he) 99th Percentile (m3/he)
Slow Medium® Fast®
Healthy
1 - Adults 20 0,78 2,46 0.72 1.02 3.08
2 - Elementary School Students 17 0.90 1,98 0.84 0.956 1.14
3 - High School Students 19 0.84 2.22 0.78 1.14 1.62
7 - Construction Workers® 7 1,50 4.26 1.26 1.50 1.68
|
4 - Adults 49 1.02 1.82 1.02 1.68 2.46
5 - Adults® 25 1.20 2.40 1.20 2.04 4.02
6 - Elementary and High School Students 13 1.20 240 1.20 1.20 1.50
2 Some subjects did not report medium and/or fast activity. Group means were calculated from individual means (i.e., glve equal
welght to each Individual who recorded any time at the indicated activity level),
b Number of individuals in each survey panel.
¢ Caonstruction workers recorded only on 1 day, mostly durlng work, while others recorded on = 1 work or school day and > 1 day off.
d Excluding subjects also in Panel 4,
|_Source: Linnetal 1992
Exposure Factors Handbook Page
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During this period, ozone (O} levels were typically high.
Initially, each subject was calibrated with a 25-minutes
exercise test that included slow walking, fast walking,
jogging, lifting, and carrying. All calibration tests were
conducted in the mornings, Ventilation rates (VR) and
heart rates (HR) were measured simultaneously during the
test. The data were analyzed using the least squares
regression to derive an equation for predicting VR at a
given HR, Following the calibration tests and before
‘beginning work, each subject recorded their change in
activity (i.e. sitting/standing, walking, lifting/carrying,
and "working at trade" - defined as tasks specific to the
individual's job classification). Location, and self-
estimated breathing rates ("slow" similar to slow walking,
“medium” similar to fast walking, and "fast" similar to
running) were also recorded in the diary. During work,
an investigator recorded the diary information dictated by
the subjects. HR was recorded minute by minute for each
subject before work and during the entire work shift.
Thus, VR ranges for each breathing rate and activity

category were estimated from the HR recordings by
employing the relaticnship between VR and HR obtained
from the calibration tests,

A total of 182 hours of HR recordings were
obtained during the survey from the 19 volunteers; 144
hours reflected actual working time according to the diary
records. The lowest actual working hours recorded was
6.6 hours and the highest recorded for a complete work
shift was 11.6 hours (Linn et al., 1993). Summary -
statistics for predicted VR distributions for all subjects,
and for job or site defined subgroups are presented in
Table 5-8. The data reflect all recordings before and
during work, and at break times. For all subjects, the
mean inhalation rate (IR) was 1.68 m%hr with a standard
deviation of +0.72 (Table 5-8). Also, for most subjects,
the 1st and 99th percentiles of HR were outside of the
calibration range (calibration ranges are presented in
Appendix Table 5A-2). Therefore, corresponding IR
percentiles were extrapolated using the calibration data
{Linn et al., 1993),

Table 5-8. Distributions of Individual and Group Inhalatlon/Ventilation Rate for Qutdoor Workers

Ventilatlon Rate (VR) (m%hr)

Percentile

Population Group and Subgroup® Mean = SD 1 50 99
All Subjects (nb = 19) 1.68 = 0.72 0.66 1.62 3.90
Job

GCWC/Laborers (n=5) 1.44 = 0.66 0.48 1.32 3.66

Iran Workers (n=3) 1.62 =+ 0.66 0.60 1.56 3.24

Carpenters (n=11) 1.86 = 0.78 0.78 1.74 4.14
Ste

Office Site (n=7) 1.38 =+ 0.66 0.60 1.20 a2

Hospital Site (n=12) 1.86 = (.78 0.72 1.80 3.96

Source: Linn et al., 1993.

3 Each group or subgroup mean was calculated from individual means, not from pooled data.
n = number of individuals performing specific jobs or number of individuals at survey sites.
€ GCW - general construction worker.

Page
5-10

Exposure Factors Handbook

August 1996




Volume I - General Factors

Chapter 5 - Inhalation

The data presented in Table 5-9 represent
distributon patterns of IR for each subject, total subjects,
and job or site defined subgroups by self-estimated
breathing rates (slow, medium, fast) or by type of job
activity. All data include working and non-working hours,
The mean inhalation rates for most individuals showed
statistically significant increases with higher self-estimated
breathing rates or with increasingly strenuous job activity
(Linn et al., 1993}, Inhalation rates were higher in
hospital site workers when compared with office site
workers {Table 5-9). In spite of their higher predicted
VR, hospital site workers reported a higher percentage of
slow breathing time (31 percent) than the office site
workers (20 percent}, and a lower percentage of fast
breathing time, 3 percent and 5 percent, respectively (Linn
et al., 1993), Therefore, individuals whose work was
ohjectively heavier than average (from VR predictions)
tended to describe their work as lighter than average (Linn
et al., 1993). Linn et al. {1993) also concluded that
during an Oy pollution episode, construction workers
should experience similar microenvironmental O,
exposure concentrations as other healthy outdoor workers,
but with approximately twice as high VR. Therefore, the
inhaled dose of O4 should be almost two times higher for
typical heavy-construction workers than for typical healthy
adults performing less strenuous outdoor jobs.

A limitatlon associated with this study is the small
sample size. Another limitation of this study is that
calibration data were not obtained at extreme conditions.
Therefore, it was necessary to predict IR values outside
the calibration range which may introduce an unknown
uncertainty to the data set. Also, subjective self-estimated
breathing rates (l.e., "macho effect") may be another
source of uncertainty In the inhalation rates estimated, An
advantage is that this study provides empirical data useful
in exposure assessments for a subpopulation thought to be
the most highly exposed common occupational group
{outdoor workers),

Spier et al. - Activity Patterns in Elementary and
High School Students Exposed To Oxidant Pollution -
Spier et al, {1992) investigated activity patterns of 17
elementary school students (10-12 years old) and 19 high
school students (13-17 years old) in suburban Los Angeles
from late September to October {oxidant pollution season).
Calibration tests were conducted in supervised outdoor
exercise sessions. The exercise sessions consisted of 5
minutes for each: rest, slow walking, jogging, and fast
walking. Heart rate (HR) and ventilation rate (VR) were
measured during the last 2 minutes of each exercise.
Individual VR and HR relationships for each individual
were determined by fitting a regression line to HR values
and log VR values. Each subject recorded their daily
activitles change in location, and breathing rates in diarfes

Table 5-9. Indlvidual Mean Inhalation Rate (m%hr) by Seif-Estimated Breathing Rate or Job Activity Category for Qutdoor Workers
Self-Estimated Job Activity Category (m3hr)
Breathing Rate (m%hr)
Population Group and Subgroup Slow Med Fast Sit/Sed Walk Carry Trade?
All Subjects (n—=18) 1.44 1.86 2.04 1.56 1.80 2.10 1.92
Job
GCW?/Laborers (n=5) 1.20 1.56 1.68 1.26 1.44 1.74 1.56
Iren Workers (n=3) 1.38 1.86 2.10 1.52 1.74 1.98 1.92
Carpenters (n=11} 1.62 2.04 2.28 1.62 192 2.28 2.04
Slte
Offlce Site (n=7) 114 1.44 1.62 1.14 1.38 1.68 1.44
Hospital Site (n=12) 1.62 2.6 2,40 1.80 2.04 2.34 2.16
3 GCW - general construction worker
" Trade - "Working at Trade" (l.¢., tasks specific to the Individual's job classiflcation)
Source; Limn et al., 1993
Exposure Factors Handbook Page
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for 3 consecutive days, Self-estimated breathing rates
were recorded as slow (slow walking}, medium (walking
faster than normal), and fast (running). HR was recorded
during the 3 days once per minute by wearing a Heart
watch. VR values for each self-estimated breathing rate
and activity type were estimated from the HR recordings
by employing the VR and HR equation obtained from the
calibration tests.

The data presented in Table 5-10 represent HR
distribution patterns and corresponding predicted VR for
each age group during hours spent awake. At the same
self-reported activity levels for both age groups, inhalation
rates were higher for outdoor activities than for indoor
activities. ‘The total hours spent indoors by high school
students (21.2 hours) were higher than for elementary
school students (19.6 hours). The converse was true for
outdoor activities; 2.7 hours for high school students, and
4.4 hours for elementary school students (Table 5-11).
Based on the data presented in Tables 5-10 and 5-11, the
average Inhalatlon specific-activity rates for elementary
{10-12 years) and high schoal (13-17 years) students were
calcufated in Table 5-12. For elementary school students,
the average dally inhalation rates are 15.8 m%/day for light
activities, 4.62 m3/day for maoderate activities, and 0.98

m3/day for heavy activities. Also, for high school
students the daily inhalation rate during light, moderate,
and heavy activities is estimated at 16.4 m%day, 3.1
m>/day, and 0.54 m%/day, respectively (Table 5-12).

A limitation of this study is the small sample size.
Also, it may not be representative of all children in these
age groups. Another limitation is that associated with the
accuracy of the self-estimated breathing rates reported by
younger age groups. This may affect the validity of the
data set generated. An advantage of this study is that
inhalation rates were determined for children and
adolescents. These data are useful in estimating exposure
for the younger population.

California * Air Resources Board (CARB) -
Measurement of Breathing Rate and Volume in Routinely
Performed Daily Activities - The California Air
Resources Board, CARB (1993) conducted research to
accomplish two main objectives: (1) identification of mean
and ranges of inhalation rates for various age/gender
cohorts; and (2) derivation of simple linear and multiple

Table 5-10. Distribution of Predicted IR by Location and Activity Levels for Elementary and High School Stydents

Inhalation Rates {m3/hr)

Age % Recorded Percentile Rgnkings?
{yrs) Student Laocation Actlvity Level Time?
Mean + SD 1st 50th 99.5th
10-12 EL® Indoors slow 49.6 0.84 == 0.36 0.18 0.78 2.34
(=17 medium 23.6 0.96 & (.42 0.24 0.84 2,58
fast 2.4 1.02 =+ 0.60 0.24 0.84 3.42
Cutdoors slow 8.9 0.96 + 0.54 0.36 0.78 4,32
medium 11.2 1.08 = 0.48 0.24 0.96 3.36
fast 4.3 1.14 = 0.60 0.48 0.96 3.60
13-17 HS® Indoors slow 0.7 0.78 = 0.36 0.30 0.72 3.24
{ni=19) medium 10.9 0.96 -+ 0.42 0.42 0.84 4.02
fast 1.4 1.26 = 0.66 0.54 1.08 6.84°
Qutdoors slow 8.2 0.96 = (.48 0.42 0.90 5.28
medium 7.4 1.26 + 0.78 0.48 1.08 5,70
fast 1.4 1.44 4 1.08 0.48 1.02 5.94

EL = elementary school student HS = high school student.
N = number of students that pariicipated in survey.
Highest single value.

o a0 g

Source: Spler et al., 1992,

Recorded time averaged about 23 hr per elementary school student and 33 hr. per high school student, over 72-hr. periods.
Geometric means closely approximated 50th percentiles; geometric standard deviations were 1,2-1.3 for HR, 1.5-1.8 for VR.
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Table 5-11. Average Hours Spent per Day in a Given Location and Activity Leve] for Elementary (EL)
and High School {HS) Students

Activity Level
Student Total Time Spent
(EL2 n°=17: HSh, Nc=1£_)! Locg_ﬂon Slow Medium Fast [hrsjdgv)
EL Indoor 16.3 2.9 0.4 19.6
EL Outdoor 2.2 1.7 0.5 4.4
HS Indoor 19.5 1.5 0.2 21.2
HS Qutdoor 1.2 1.3 0.2 2.7

2 Elementary school (EL) students were between 10-12 years old,
High school (HS) students were between 13-17 years old.
N corresponds to number of school students.

Source: Spler et al., 1992,

Table 5-12. Distribution Patterns of Daily Inhalation Rates for Elementary (EL) and High School (HS) Students Grouged by Activity Level

&g&; Me?n IRb Percentlle Rankings
Students s) Location Activi e? ‘m*/da

v oP (m/day) 1t 50th 99.9th
EL (n°=17) 10-12 Indoor Light 13.7 2.93 12,71 38.14
Moderate 2.8 0.70 2.44 7.48
Heavy 0.4 0.096 0.34 1.37
EL Qutdoor Light 2.1 0.79 1.72 9.50
Moderate 1.84 0.41 1.83 5.71
Heavy 0.57 0.24 0.48 1.80
HS (h=189) 13-17 Indoor Light 15.2 5.85 14.04 63.18
Moderate i4 0.63 1.26 6.03
Heavy 0.25 0.11 0.22 1.37
HS Outdoor Light 1.15 0.50 1.08 6.34
Moderate 1.64 0.62 1.40 7.41
Heavy 0.20 0,096 0,20 119

acttvity for fast.

rate {Table 5-10).
¢ Number of elementary (EL) and high school students (HS).

#  For this report, activity type presented In Table 5-7 was redefined as light activity for stow, maderate activity for medium, and heavy

b Daily inhalation rate was calculated by multiplying the hours spent at each actlvity level (Table 5-11) by the carresponding inhalation

| Source: Adapted from Spler et al., 1992 (Generated using data from Tables 5-10 and 5-11).

regression equatlons used to predict inhalation rates
through other measured variables: heart rate (HR),
breathing frequency (fg), and oxygen consumption (V).
The survey population consisted of 160 individuals {(both
genders) from California of various ages (6-77 years) and
ethnicity (CARB, 1993). CARB validated empirically
derived equations for children engaged in selected field

and laboratory studies, The test suhjects were 40 children
from 6 to 12 years old and twelve young children (3-5
years) were identifled as subjects for pilot testing purposes
(CARB, 1993},

Resting protocols conducted in the laboratory for alt
age proups consisted of three phases (25 minutes each) of
lying, sitting, and standing. They were categorized as

Exposure Factors Handbook
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resting and sedentary activities. Two active protocols
including moderate {walking} and heavy (jogging/running)
phases were performed on 2 treadmill over a progressive
continuum of intensities made up of 6 minute intervals, at
3 speeds ranging from slow to moderately fast, All
protacols involved measuring VR, HR, fy, and Vg,.
Measurements were taken in the Jast § minutes of each
phase of the resting protocol (25 minutes), and the Jast 3
minutes of the 6 minutes Intervals at each speed designated
in the active protocols.

In the field, all children completed spontaneous
play protocols, while the older adolescent population (16-
18 years) completed car driving and riding, car
maintenance (males), and housework (females) protocols.
All adult females (19-60 years) and most of the senior
(60-77 years) females completed housework, yardwork,
and car driving and riding protocols. Adult and senior
males only completed car driving and riding, yardwork,
and mowing protocols. HR, VR, and fy were measured
during each protocol and most protocols were conducted
for 30 minutes. All the active field protocols were
conducted twice,

During all activities in either the laboratory or field
protocols, inhalation rate (IR} for the children's group
revealed no significant gender differences, but these for
the adult groups demonstrated gender differences.
Therefore, IR data presented in Appendix Tables 5A-3
and 5A-4 were categorized as young children, children,
adult female, and adult male by activity levels (resting,
sedentary, light, moderate, and heavy). These categorized
data for the Jaboratory protocols are shown in Table 5-13,
Table 5-14 presents the mean inhalation rates by group
and activity levels (light, sedentary, and moderate) in field
protocols, A comparison of the data shown in Tables 5-13
and 5-14 suggest that during light and sedentary activities
in laboratory and field protocols, similar inhalation rates
were obtained for adult females and adult males.
Accurafe predictions of IR across all population groups
and activity types were obtained by including body surface
area (BSA}, HR, and fy in multiple regression analysis
(CARB, 1883). CARB (1993) calculated BSA from
measured height and weight using the equation:

BSA = Height®7} x Weight®429 x 71,84, (Eqn. 5-3)

Table 5-13. Summary of Averape Inhalation Rates {m%hr) by Age Group and Activity Levels for Laboratory Protocols

Age Resting® Sedentary” Light® Maderate? Heavy®
Young Children’ 0.37 0.40 0.65 DNP8 DNP
Children” 0.45 0.47 0.95 1.74 2.23
Adult Females! 0.43 0.48 1.33 2.76 2.96)
Adult Males® 0.54 0.60 1.45 1,93 3.63

Young children (both genders) 3 - 5.9 yrs old.
Children (both genders) 6 - 12.9 yrs ald,

- o me oo g

Source: Adapted from CARB, 1993.

Resting defined as lylng (see Appendix Table 5A-3 for originat data),

Sedentary deflned as sitting and standing (see Appendix Table 5A-3 for original data).

Light defined as walking at speed level 1.5 - 3.0 mph (see Appendix Table 5A-3 for original data).

Moderate defined as fast walking (3.3 - 4.0 mph) and slow running (3.5 - 4.0 mph) (see Appendix Table 5A-3 for origlnal data).
Heavy deflned as fast running (4.5 - 6.0 mph) (see Appendix Table 5A-3 for original data},

DNP. Group did not perform this protocol or N was too small for appropriate mean comparisons. All young children did not run.
Adult females defined as adolescent, young to middle aged, and older adult females.

Oider adults not included in mean value since they did not perform running protocels at particular speeds.
Adult males defined as adolescent, young to middle aged, and clder adult males.
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Table 5-14. Summary of Average Inhalation Rates (m%hr) by
Age Group and Actlvity Levels in Fleld Protocals

(4

Age Lipht? Sedentary®  Moderate
Young Children DNP® DNP 0.68
Childrenf DNP DNP 1.07
Adult Females® 110 0.51 DNP
Adult Males' 140! 0.62 1.78

® Light activity was defined as car mainienance {males),

housework (females), and yard work (females) (see Appendix

Table 5A-4 for orlginal data).

Sedentary activity was defined as car driving and riding (both

genders) (see Appendix Table 5A-4 for original data),

Moderate activity was defined as mowing (males); wood

working {males); yard work (males}; and play (children), (see

Appendix Table 5A-4 for original data).

4 Young children {both genders) — 3 - 5.9 yrs old.

¢ DNP. Group did not perform this protocol or N was tao small

for appropriate mean comparisons.

Children (both genders) = 6 - 12.9 yrs old.

Adult females deflned as adolescent, young to middle aged,

and older adult females.

Older adults not included in mean value since they did not

pecform this acdvity.

Adult males defined as adolescent, young to middle aged, and

older adult males.

' Adolescents nat Included In mean value slnce they did not
perform this activity.

Source: CARB, 1993,

o

o

| -
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A limitation associated with this study is that the
population does not represent the general U.S, population.
Also, the classification of activity types (i.e., laboratory
and fleld protocols) inte activity levels may bias the
inhalation rates obtained for various age/gender cohorts.
The estimated rates were based on short-term data and
may nat reflect long-term patterns. An advantage of this
study is that it provides inhalation data for all age groups.

Relevant Inhalation Rate Studies
Shamoo et al. - Improved Quantitation of Air
Pollution Dose Rates by Improved Estimation of
Ventilation Rate- Shamoo et al, (1990) conducted this
study to develop and validate new methods to accurately
estimate ventilation rates for typical individuals during
thelr normal activities. Two practical approaches were
tested for estimating ventilation rates indirectly: (1)
volunteers were trained to estimate their own ventilation
rate (VR) at various controlled levels of exercise; and (2)
individual VR and heart rate (HR} relationships were

5.2.3.

determined in another set of volunteers during supervised
exercise sessions (Shamoo et al., 1990). In the first
approach, the training session involved 9 volunteers (3
females and 6 males) from 21 to 37 years old. Initially
the subjects were trained on a treadmill with regularly
Increasing speeds, VR measurements were recorded
during the last minute of the 3-minute interval at each
speed. VR was reported to the subjects as low (1.4
m*hr), medium (1.5-2.3 m¥hr}, heavy (2.4-3.8 m¥hr),
and very heavy (3.8 m%hr or higher) (Shamoo et al.,
1990).

Following the inital test, treadmill training sessions
were conducted on a different day in which 7 different
speeds were presented each for 3 minutes in arbitrary
arder. VR was measured and the subjects were given
feedback with the four ventilation ranges provided
previously. After resting, a treadmill testing session was
conducted in which seven speeds were presented in
different arbitrary order from the training session. VR
was measured and each subject estimated their own
ventilation level at each speed. The correct level was then
revealed to each subject after hisher own estimate.
Subsequently, two 3-hour outdoor supervised exercise
sessions were conducted in the summer on two
consecutive days. Each hour consisted of 15 minutes each
of rest, slow walking, jogging, and fast walking. The
subjects’ ventilation level and VR were recorded;
however, no feedback was given to the subjects.
Electrocardiograms were recorded via direct connection or
telemetry and HR was measured concurrently with
ventilation measurement for all treadmill sessions,

The second approach consisted of two protocol
phases (indoor/cutdoor exercise sessions and field testing).
Twenty outdoor adult workers between 19-50 years old
were recruited. Indoor and outdoor supervised exercises
similar to the protocols in the first approach were
conducted; however, there were no feedbacks. Also, in
this approach, electrocardiograms were recorded and HR
was measured concurrently with VR. During the field
testing phase, subjects were tralned to record their
activities during three different 24-hour periods within one
week, These periods included their most active working
and non-working days. HR was measured quasi-
continuously during the 24-hour periods that activities
were recorded. The subjects recorded in a diary all
changes in physical activity, location, and exercise levels
during waking hours.  Self-estimated activitles in
supervised exercises and field studies were categorized as
slow (resting, slow walking or equivalent), medium (fast
walking or equivalent), and fast {jogging or equivalent).

Exposure Factors Handbook
August 1996

Page
5-15




Volume I - General Factors

Chapter 5 - Inhalation

Inhalation rates were not presented in this study.
In the first approach, about 68 percent of all self-estimates
were correct for the 9 subjects sampled (Shamoo et al.,
1990). Inaccurate self-estimates occurred in the younger
male population who were highly physically fit and were
competitive aerabic trainers. This subset of sample
population tended to underestimate their own physical
activity levels at higher VR ranges. Shamoo et al. (1990)
atiributed this to a "macho effect.” In the second
approach, a regression analysis was conducted that related
the logarithm of VR to HR. The logarithm of VR
correlated better with HR than VR itself (Shamoo et al.,
1990).

A limitation assoclated with this study is that the
populatlon sampled is not representative of the general
U.S. population.  Also, ventilation rates were not
presented. Training individuals to estimate their VR may
contribute to uncertainty in the results because the
estimates are subjective.  Another limitation is that
calibration data were not obtained at extreme conditions;
therefore, the VR/HR relatonship obtained may be
biased. An additional limitation is that training subjects
may be tao labor-intensive for widespread use in exposure
assessment studies. An advantage of this study is that HR
recordings are useful in predicting ventliation rates which
in turn are useful in estimating exposure,

Shamoo et al, - Activity Patterns in a Panel of
Outdoor Workers Exposed to Oxidant Pollution - Shamoo
et al. (1991) investigated summer activity patterns in 20
adult volunteers with potentlally high exposure to ambient
oxidant pollution. The selected volunteer subjects were 15
men and § women ages 19-50 years from the Los Angeles
area, All volunteers worked outdoors at least 10 hours per
week. The experimental approach involved two stages:
(1) indlrect objective estimation of ventilation rate (VR)
from heart rate (HR) measurements; and (2) self
estimatlon of inhalation/ventilation rates recorded by
subjects in diaries during their normal activities.

The approach consisted of calibrating the
relationship between VR and HR for each test subject in
controlled exercise; monitoring by subjects of their gwn
normal activities with diarles and electronic HR recorders;
and then relating VR with the activities described in the
diaries (Shamoo et al., 1991}, Calibration tests were
conducted for indoor and cutdoor supervised exercises {o
determine individual relationships between VR and HR.
Indoors, each subject was tested on a treadmill at rest and
at increasing speeds. HR and VR were measured at the
third minufe at each 3-minute interval speed. In addition,

subjects were tested while walking a 90-meter course in a
corridor at 3 self-selected speeds (normal, slower than
nermal, and faster than normal) for 3 minutes.

Two outdoor testing sessions (one hour each) were
conducted for each subject, 7 days apart. Subjects
exercised on a 260-meter asphalt course. A session
involved 15 minutes each of rest, slow walking, jogging,
and fast walking during the first hour. The sequence was
also repeated during the second hour. HR and VR
measurements were recorded starting at the 8th minute of
each 15-minute segment. Following the calibration tests,
a field study was conducted in which subject's self-
monitored their activities (by filling cut activity diary
booklets), self-estimated their breathing rates, and HR.
Breathing rates were defined as sleep, slow (slow or
normal walking); medium (fast walking); and fast
{running) (Shamoo et al., 1991). Changes in location,
aclivity, or breathing rates during three 24-hr periods
within a week were recorded. These periods included
their most active working and non-working days. Each
subject wore Heart watches which recorded their HR once
per minute during the field study. Ventilation rates were
estimated for the following categories: sleep, slow,
medium, and fast.

Calibration data were fit to the equation log (VR)
= intercept + (slope x HR), each individual's intercept
and slope were determined separately to provide a specific
equation that predicts each subject's VR from measured
HR (Shamoo et al., 1991). The average measured VRs
were 0.48, 0.9, 1.68, and 4.02 m%nhr for rest, slow
walking or normal walking, fast walking and jogging,
respectively (Shamoao et al., 1991). Collectively, the
diary recordings showed that sleep occupied about 33
percent of the subject's time; slow activity 59 percent;
medium activity 7 percent; and fast activity 1 percent.
The diary data covered an average of 63 hours per subject
(Shamoo et al., 1991). Table 5-15 presents the
distribution pattern of predicted ventilation rates and
equivalent ventilation rates (EVR) obtalned at the four
activity levels. EVR was defined as the VR per square
meter of body surface area, and also as a percentage of
the subjects average VR over the entire fleld monitoring
period (Shamoo et al., 1991). The overall mean predicted
VR was 0.42 m¥%hr for sleep; 0.71 m¥%hr for slow
activity; 0.84 m%hr for medium activity; and 2.63 m%hr
for fast activity, The mean predicted VR and standard
deviation, and the percentage of time spent in each
combination of VR, aclivity type {essential and non-
essential}, and location (indoor and outdoor) are presented
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Table 5-15. Distribution Pattern of Predicted VR and EVR (Equivalent Ventilation Rate) for Outdoor Workers
VR (m3/hr)? EVR® (m¥hr/m? body surface)
Self-Reported Arlthmetic Geometric Arithmetic Geometric
Activity Level N¢ Mean + S.D, Mean == S.10. Mean =+ S.D. Mean == 8.D.
Sleep 18,597 0.42 = 0.16 0.39 = 0.08 0.23 = 0.08 0.22 = 0.08
Slow 41,745 071 £ 0.4 0.65 == 0.09 0.38 = 0.20 0.35 = 0.09
Medlum 3,898 0.84 + 0.47 0.76 = 0.09 0.48 + 0.24 0.44 == 0.09
Fast 572 263+ 216 1.87 4 0.14 1.42 & 1.20 1.00 + 0.14
Percentlle Rankings, VR

i § 10 50 20 95 99 99.9
Steep 0.18 0.18 0.24 0.36 0.66 0.72 0.50 1.20
Slow 0.30 0.36 0.36 0.66 1.08 1.32 1.98 4.38
Medium 0.36 0.42 0.48 0.72 1.32 1.68 2.64 3.84
Fast 0.42 0.54 0.60 174 5.70 6.84 9.18 10.26

Percentile Ranklngs, EVR

1 5 10 50 a0 95 99 59.9
Sleep 0.12 0.12 ¢.12 0.24 0.36 0.36 0.48 0.60
Slow 0.18 0.18 0.24 0.36 .54 0.66 1.08 2.40
Medium 0.18 0.24 0.30 0.42 0.72 0.90 1.38 2.28

| Fast 0.24 0.30 0.36 0.90 3.24 3.72 4.86 5.62

2 Data presented by Shamoo in liters/minute were converted to m/hr.
b EVR = VR per square meter of hody surface area,
¢ Number of minutes with valid appearing heart rate records and corresponding daily records of breathing rate.

in Table 5-16. Essential activities include income-related
work, household chores, child care, study and other
school activities, personal care and destination-oriented
travel. Non-essential activities include sports and active
leisure, passive leisure, some travel, and soctal or civic
activities (Shamoo et al., 1991). Table 5-16 shows that
inhalation rates were higher outdoors than indoors at slow,
medium, and fast actlvity levels. Also, inhalation rates
were higher for outdoor non-essential activities than for
indoor non-essential activity levels at slow, medium, and
fast self-reported breathing rates (Table 5-16).

An advantage of this study is that subjective activity
diary data can provide exposure modelers with useful
rough estimates of VR for groups of generally healthy
pecple. A limitation of this study i that the results
obtalned show high within-person and between-person
varlability in VR at each diary-recorded level, indicating
that VR estimates from diary reports could potentiaily be
substantially misleading in individual cases. Another
limitation of this study is that elevated HR data of slow

activity at the second hour of the exercise session reflect
persistent effects of exercise and/or heat stress,
Therefore, predictions of VR from the VR/HR
relationship may be biased.

Shamoo et al. - Effectiveness of Training Subjects
to Estimate Their Level of Ventilation - Shamoo et al,
(1992) conducted a study where nine non-sedentary
subjects in good health were trained on a treadmill to
estimate their own ventilation rates at four activity levels:
low, medium, heavy, and very heavy. The purpose of the
study was to train the subjects self-estimation of
ventilation in the field and assess the effectiveness of the
training (Shamoo et al., 1992). The subjects included 3
femnales and 6 males between 21 to 37 years of age. The
tests were conducted in four stages. First, an injtial
treadmill pretest was canducted Indoors at various speeds
until the four ventilation levels were experienced by each
subject; VR was measured and feedback was given to the
subjects. Second, two treadmill training sessions which
involved seven 3-minute segments of varying speeds based
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Table 5-16. Distributlon Pattern of Inhalation Rate by Location and Activity Type for Outdoor Workers

Self-reported Inhalation rate {m®hr)

Locatlon Activity Type® Activity Level % of Time + 5.D. % of Avp.®

Indoor Essential Sleep 28.7 042 = 0.12 69+ 15
Slow 20.5 0.72 = 0.36 106 = 43
Medlum 24 0.72 + 0.30 129 + 38
Fast 0 ] 0

Indoor Non-essentlal Slow 204 0.66 = (.36 98 =+ 36
Medium 0.9 0.78 = 0.30 120 = 50
Fast 0.2 1.86 = 0.96 278 = 124

Outdoor Essential Slow 11.3 0.78 == 0.36 1T x 42
Medium 1.8 0.84 =: .54 130 =+ 58
Fast 0 0 0

Qutdoor Non-essentlal Slow 3.2 0,90 = §.66 136 =+ 90
Medlum 0.8 1.26 =+ 0.60 213 =91
Fast 0.7 2.82 + 2,28 362 = 275

4 Escentlal activities include Income-related, work, household chores, child care, study and other school actlvities, personat care, and

destinaton-oriented travel;
Non-essentlal activities Include sports and active lelsure, passive leisure, some travel, and soclal or clvic activitles.
b Sratlstic was calculated by converting each VR for a glven subject to a percentage of her/his overall average.
Source: Shamoo etal., (1991).

on initial tests were conducted; VR was measured and
feedback was given to the subjects. Another similar
session was conducted; however, the subjects estimated
their own ventilation level during the last 20 seconds of
each segment and VR was measured during the last minute
of each segment. Immediate feedback was given to the
subject's estimate; and the third and fourth stages invelved
2 outdoor sesstons of 3 hours each. Each hour comprised
15 minutes each of rest, slow walking, jogging, and fast
walking. The subjects estimated their own ventilation
level at the middle of each segment. The subject’s
estimate was verified by a respirometer which measured
VR in the middle of each 15-minute activity. No feedback
was glven to the subject.

For purposes of this study, inhalation rates were
analyzed from the raw data that were provided to the
authors by Shamoo et al. (1992). Table 5-17 presents the
mean Inhalation rates obtained at four ventilation levels
and two microenvironments (i.e., indoors and outdoors)
for all subjects. The mean Inhalation rates for all subjects
were 0.93, 1,92, 3.01, 4.80 ™3/hr for low, medium,
heavy, and very heavy activitles, respectively. The
overall percent correct score abtained for alt ventilation
levels was 68 percent (Shamoo et al., 1992}, Therefore,
Shamoo et al. {1992) concluded that this training protocol

was effective in training subjects to correctly estimate
their minute ventilation levels.

Table 5-17, Actual Inhalation Rates Measured at Four
Ventilatlon Levels

Mean Inhalation Rate? (m/hr)?

Subject  Locatlon Very
Low Medium Heavy  Heavy
All Indoor (Tm 1.23 1.83 3.13 4,13
subjects  post)
Outdoor 0.88 1.96 2.93 4.90
Total 0.93 1.92 3.01 4.80

2 Orlglnal data were presented In L/min. Conversion to m%hr
was obtalned as follows:

3
min g mt L
min

60 —r
B 1000L

Source: Adapted from Shamoo et al., 1992

The population sample size used in this study was
small and was not selected to represent the general U.S.
population. The training approach employed may not be
cost effective because it was labor intensive; therefore,
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this approach may not be viable in field studies especially
for field studies within large sample sizes.

U.S. EPA - Development of Statistical Distributions
or Ranges of Standard Factors Used in Exposure
Assessments - Due to a paucity of information in
literature regarding equations used to develop statistical
distributions of minute ventilation/ventilation rate at all
activity levels for male and female children and adults, the
U.S. EPA (1985) compiled measured values of minute
ventilation for varlous age/gender cohorts from early
studies. In more recent investigations, minute ventilations
have been measured more as background information than
as research objective itself and the available studies have
been for specific subpopulations such as obese,
asthmatics, or marathon runners. The data compiled by
the U.S. EPA (1985) for each age/gender cohorts were
obtained at various activity levels. These levels were
categorized as light, moderate, or heavy according to the
criteria developed by the EPA Office of Environmental
Criteria and Assessment for the Ozone Criteria Document.
These criteria were developed for a reference male adult
with a body weight of 70 kg (U.S. EPA, 1985). The
minute ventilation rates for adult males based on these
actlvity level categorles are detailed in Appendix Table
5A-5,

Table 5-18 presents a summary of inhalation rates
by age, gender, and activity level (detailed data are
presented in Appendix Table 5A-6). A description of
actlvities included in each activity level is also presented
in Table 5-18. Table 5-18 indicates that at rest, the

average adult inhalation rate is 0.5 m%hr. The mean
inhalation rate for children at rest, ages 6 and 10 years, is
0.4 m*hr each, respectively, Table 5-19 presents activity
pattern data aggregated for three microenvironments by
activity level for all age groups, The total average hours
spent indoors was 20.4, outdoors was 1.77, and in
transportation vehicle was 1.77. Based on the data
presented in Tables 5-18 and 5-19, a daily inhalation rate
was calculated for adults and children by using a time-
activity-ventilation approach. These data are presented in
Table 5-20. The calculated average daily inhalation rates
are 16 m3/day for adults, The average daily inhalation
rate for children (6 and 10 yrs) is 18.9 m3/day ([16.74 +
21.02)/2).

A limitation assoclated with this study is that many
of the values used in the data compilation were from early
studies. The accuracy and/or validity of the values used
and data collection methed were not presented in U.S,
EPA (1985). This intraduces uncertainty in the resulis
obtained. An advantage of this study is that the data are
actual measurement data for a large number of subjects
and the data are presented for both adults and children,

International  Commission on Radiological
Protectlon - Report of the Task Group on Reference Man
- The International Commission of Radiological
Protection (ICRP) estimated daily inhalation rates for
reference adult males, adult females, children (10 years
old), infant (1 year old), and newborn babies by using a
time-activity-ventilation approach. This approach for
estimating inhalation rate over a specified period of time

Table 5-18. Summary of Human Inhalation Rates for Men, Waomen, and Children by Activity Level (m¥/hour)®

b Resting® n Light? 1 Moderate® n Heawy!
Adult male 454 0.7 102 0.8 102 2.8 267 4.8
Adult female 585 0.3 788 0.5 106 1.6 211 2.9
Average adul® 0.5 0.6 a1 3.9
Child, age & 8 0.4 16 0.8 4 2.0 5 2.3
Child, age 10 10 0.4 40 1.0 29 3.2 43 3.9

-n = number of observations at each activity level.
Includes watching televislon, reading, and sleeping.

M s an o

Includes vigorous physical exerclse and climbing stalrs carrying a load.

Source: Adapted from U.S, EPA, 1085,

®  Values of Inhalation rates for males, females, and children (malo and female) presented In this table represent the mean of values reporied for each
activity level in 1985, (See Appendix Table 3A-6 for a detailed lsung of the data from U.S, FPA, 1985.)

Includes most domestic work, attendlng to persanal needs and care, hobbles, and cenducting miner indoar repatrs and home Improvements.
Includes heavy indoor cleanup, performance of mafor indoor tepaies and alteratfons, and climbing stafrs,

Derived by taking the mean of the adult male and adult female values for each activity level,
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Table 5-19. Activity Pattern Data Aggregated for Three
Microenvironments by Activity Level for all Age Groups

Average Hours Per Day
Microenvironment Activity in Each
Level Microenvironment at
Each Activity Level
Indoors Resting 9.82
Light 8.82
Moderate 0.71
Heavy 0.008
TOTAL 20.4
Qutdoors Resting 0.505
Light 0.505
Moderate 0.65
Heavy 0.12
TOTAL L.77
In Transportation Resting 0.86
Vehicle ' Light 0.86
Moderate 0.05
Heavy 0.0012
TOTAL 1.77
Source: Adapted from U,S. EPA, 1985,

Table 5-20. Summary of Daily Inhalation Rates Grouped by
Ape and Activigy level

Daily Inhalatlon Rate (m®/day)® Total
Daily IR
Sublect Resting  Light  Moderate  Heavy {n/day)
Adull Male 7.83 8.05 3.53 1.05% 21.4
Adult 3.35 5.59 2.26 064 11.8
Female
Adult 5.60 6.7F 2.96 0.85 16
Average®
Child 4.47 B 95 2.82 0.50 16.74
(age 6)
Child 4.47 1119 4,51 0.85 21.02
{age 10)
®  In this report, inhalation rate was caleulated by using the following
equation:

R
IR = T 3 IRy

IRy = Inhalation rate at i activity ﬂqr able 5-18)

1 = hours spent per day durlng " actlvity (Table 5-13}
k = number of activity periods

T = [otal time of the exposure perlad (e.g., a day)

b I this report, total dally tnhalation rate was calculated by summing
the specific activity daily Inhalation rate.

Source; _ Generated using data from Tables 5-18 and 5-19.

was based on calculating a time weighted average of
inhalation rates associated with physical activities of
varying durations. ICRP (1981) compiled reference
values {Appendix Table 5A-7) of minute
volume/inhalation rates from various literature sources.
ICRP (1981) assumed that the daily activities of a
reference man and woman, and child (10 yrs) consisted of
8 hours of rest and 16 hours of light activities. It was also
assumed that 16 hours were divided evenly between
occupational and nonoccupational activities, It was
assumed that a day consisted of 14 hours resting and 10
hours light activity for an infant {1 yr). A newborn's
daily activities consisted of 23 hours resting and 1 hour
light activity. Table 5-21 presenis the daily inhalation
rates obtained for all ages/genders. The estimated
inhalation rates were 23 mslday for adult males, 21
m*/day for adult females, 15 m%/day for children (age 10
years), 3.8 m3/day for infants (age ! year), and 0.8
m®/day for newbotns.

Table 5-21. Daily Inhalation Rates Estimated From Daily Activities®

Inhalatien Rate (IR)

Subject Resting Light Daily Inhalat{]on
(m3/hs) Actlvity Rate (DIR)
{m%Mhi) {m¥/dav)
Adult Man 0.45 1.2 22.8
Adult Woman 0.36 1.14 21.1
Child (10 yrs} 0.29 0.78 14.8
Infant {1 y1) . 0.09 0.25 3.76
Newbomn 0.03 0.09 0.78

2 Assumptions made were based on 8 hours resting and 16 hours light
activity for adults and children (10 yrs); 14 hours resting and 10 hours
light activity for infants (£ yr): 23 hours resting and 1 hour Hght activity

b for newborns.

1 &
DIR - L SRy,
T 1=t

IR; = Corresponding inhalation rate at 1™ activity
= Hours spent during the i activity

k = Number of activity perlods

T == Total time of the exposure period (1.c. a day)

Source: ICRP, 198t

A limitation associated with this study is that the
validity and accuracy of the inhalation rates data used in
the compilation were not specified. This may introduce
some degree of uncertainty in the results obtained. Also,
the approach used involved assuming hours spent by
various age/gender cohorts in specific activities. These
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assumpttons may over/under-estimate the inhalation rates
obtained.

AIFIC (1994) - The Exposure Factors Sourcebook -
ATHC (1994) recommends an average adult inhalation rate
of 18 m*/day and presents values for children of various
ages. These recommendations were derived from data
presented in EPA (1989)., The newer study by Layron
{1993) is not considered. In addtion, the Sourcebook
presents probability distributions derived by Brorhy and
Finley (1993). For each disiribution, the @Risk formula
is provided for direct use in the @Risk simulation
software (Pallsade, 1992). The organization of this
document makes it very convenient to use in support of
Monte Carlo analysis. The reviews of the supporting
studies are very brief with little analysis of their strengths
and weaknesses, The Sourcebook has been classifled as
a relevant rather than key study because it is not the

primary source for the data used to make
recommendations in this document. The Sourcebook is
very similar to this document in the sense that it
summarizes exposure factor data and recommends values.
As such, it is clearly relevant as an alternative Information
source on inhalation rates as well as other exposure
factors.

5.2.4. Recommendations

Recent peer reviewed scientific papers and an EPA
report comprise the studies that were evaluated in this
Chapter. These studies were conducted in the United
States among both men and women of different age
groups. All are widely available, The confidence ratings
in the inhalation rate recommendations are shown in Table
5-22.

Table 5-22. Confidence In Inhalation Rate Recommendations
Considerations Rationale Rating
Study Elements
« Peer Review Peer reviewed journal articles High
EPA peer reviewed report
= Accessibility Journals-wide circulation High
EPA report avallable from the Natlonal Technical Informaton Service
»  Reproducibllity Infarmation on questlonnaires and Interviews not provided. Medium
»  Focus on factor of interest Studies focus on ventilation rates and factors influencing ther. High
» Data pertinent to U.S. Sstudles conducted In the U.3, High
«  Primary data Both data collection and re-analysis of existing data occurred. Medium
+  Currency Recent studies were evaluated High
»  Adequacy of data collection period Effort was made to collect data over time High
+  Validity of approach Measurements made by Indirect methods Medlum
* Representativeness of the population An effort has been made to consider age and gender but not Medium
systematically,
»  Characterizatlon of variability An effort has been made to address age and gender, but nat’ High
systematically.
+ Lack of bias In study deslgn Subjects selected randomly from volunteers and measured in the same High
way.
«  Measurement error Measurement error fs well documented by statistics but procedures Medium
measure factor Indirectly.
Other Elements
«  Number of studies Flve key studles and five refevant studies were evaluated
= Agreement between researchers General agreement among researchers using different expei‘imenta] High
methods
Overall Rating Several studles extst that attemnpt to estimate Inhalation rates according to High
age, gender and activity,
Exposure Factors Handbook Page
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Each study focused on ventilation rates and factors
that may affect them. Studies were conducted among
randomly selected volunteers. Efforts were made to
include men, women, different age groups, and different
kinds of activities. Measurement methods are indirect,
but reproducible. Methods are well described {except for
questionnaires) and experimental error is well
documented. There is general agreement with these
estimates among researchers.

The recommended inhalation rates for adults,
children, and outdoor workers/athletes are based on the
key studies described in this chapter (Table 5-23).
Different survey designs and populations were utilized in
the studles described in this Chapter. A summary of these
designs, data generated, and their limitations/advantages
are presented in Table 5-24, Excluding the study by
Layton (1993), the population surveyed in all of the key
studies described in this report were limited to the Los
Angeles area. This regional population may not represent
the general U.S. population and may result in biases.
However, based on other aspects of the study design,
these studles were selected as the basis for recommended
inhalation rates.

The selectlon of inhalation rates to be used for
exposure assessments depends on the age of the exposed
population and the specific activity levels of this
population during various exposure scenarios. The
recommended values for adults, children {including
infants}, and outdoor workers/athietes for use in various
exposure scenarios are discussed below.

Adults (19-65+ yrs}) - For purposes of this
recommendation, adults include young to middle age
adults (19-64 yrs), and older adults (65+ yrs). The daily
average inhalation rates for long term exposure for adulis
are: 11.3 m%/day for women and 15.2 m%day for men.
An upper percentile is not recommended, Additional
research and analysis of activity pattern data and dietary
data in the future s necessarry to attempt to calculate
upper percentiles.

‘The recommended value for the general population
average inhalation rate, 11,3 m*/day for women and 15.2
m?/day for men, is different than the 20 m3/day which has
commonly been assumed in past EPA risk assessments.

Table 5-23. Summary of Recommended Values for Inhalation
Upper
Population Mean Percentile
Long-term Exposures
Children
<1 year 4.5 m*/day -
Children
1-12 years 8.7 m¥/day -
Adult
females 11.3 m¥day -
males 15.2 m/day -
Short-term Exposures
Adults and Children
Rest 0.3 mr -
Sedentary Activitles 0.4 m*hr
Light Activitles 1.0 m¥hr -
Moderate Activitles 1.2 m%hr -
Heavy Activites 1.9 m¥hr -
Outdoor Workers
Hourly Average 1.3 m%hr 3.5 m¥hr
Slow Activities 1.1 m¥hr
Moderate Activities 1.5 m%hr
Heavy Actlvities 2.3 m¥hr

In addition, recommendations are presented for various
ages and special populations (athletes, outdoor workers)
which also differ from 20 m%/day. Assessors are
encouraged to use values which most accurately reflect the
exposed population. If a risk assessment is being
conducted where an inhalation rate other than 20 m®/day
applies to the population of concern, the assessors should
consider if a dose-response relationship will be used which
was derived assuming an inhalation rate of 20 m%day. If
such an inconsistency exists, the assessor should adjust the
dose-response relationship as described in the appendix to
Chapter 1. IRIS does not use a 20 m%/day assumption in
the derivation of RfCs and RfDs, but does make this
assumption in the derivation of some cancer slope factors
or unit risks.

For exposure scenarios where the distribution of
activity patterns is known, the following results, calculated
from the studies referenced can be applied:
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Summary of Inhalation Rates for Short-Term Exposure

Arithmetic Mean (m3/hr) Reference
Activity level

Rest Sedentary Light Moderate Heavy
0.5 0.5 1.4 2.4 3.3 CARB, 1993 (Lab protocols)
- 0.6 1.2 1.8 - CARB, 1993 (Field protocols)
0.4 0.4 0.7 1.4 3.6 Layton, 1993 (Short-term exposure)
0.4 - 0.6 1.5 3.0 Layton, 1993 (3rd approach)
- - 1.7 2.2 2.7 Spier et al., 1992
- - 0.8 1.1 1.6 Linn et al., 1992
Based on these key studies, the following  4.5m%day. The mean daily inhalation rate obtained from

recommendations are made: for short term exposures in
which distributlon of activity patterns are specified, the
recommended average rates are 0.4 m%/hr during rest; 0.5
m3/hr for sedentary activities; 1.1 m¥%hr for light
activitles; 1.7 m3hr for moderate activities; and 2.8 m3/hr
for heavy activities.

Children (18 yrs old or less including infants) - For
purposes of this recommendation, children are defined as
males and females between the ages of 1-18 years old,
while infants are individuals less than 1 year old, The
inhatation rates for children are presented below according
1o different exposure scenarios.

For long-term dose assessments, the daily
inhalation rates are summarized as follows:

the Spier et al. (1992) study is much higher than the
values from the Layton (1993) study. This discrepancy
can be attributed to the survey methodologies used by
Spier et al, (1992), in which diary information and heart
rate (FR) recordings were obtained only when the children
were awake (L.e., during active hours). In contrast,
inhalation rates in the Layton (1993) study were calculated
either based on basal metabolic rate (BMR) which
Includes resting, or on food energy intake. Also, the two
studies represent different age groups. Therefore, based
on the Layton (1993) study, the recommended average
daily inhalation rate for children between the ages of 1 and
12 years is 8.7 m%day. The same shortcomings as those
discussed above can be used to reject the upper percentile
estimate (64 m’/day) obtained from the Spier et al. (1992)
study.

Summary of Long Term Exposure Data

Arithmetic Mean (m%/day)

Age M F M&F Reference

less than 1 yr (1st approach) 4.5 4.5 - Layton, 1993
1-11 yrs (st approach) 9.8 4.5 - Layton, 1993
0.5-10 yrs (2nd approach) 8.3 7.1 - Layton, 1993
10-12 yrs (calculated) - - 214 Spier et al., 1992
12-18 yrs (1st approach) 16.0 12.0 - Layton, 1993
10-18 yrs (2nd approach) 15.0 12.0 -- Layton, 1993

Based on the key study results (i.e., Layton, 1993),
the recommended daily inhalation rate for infants (children
less than 1 yr), during long-term dose assessments is

For short-term exposures in which activity patterns
are known, the data summarized below can be used:
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Summary of Short-Term Exposure Data

Arithmetic mean (m®hr)

Activity level
Rest Sedentary  Ligiht  Moderate Heavy Reference
0.4 0.4 0.8 - - CARB, 1993 (lab. protocols)
- - - 0.9 - CARB, 1993 (field protacols),
0.2 0.3 0.5 1.0 2.5 Layton, 1993 (Short-term data)
- - 1.8 2.0 2.2 Spier et al., 1992 {10-12 yrs)
- - 0.8 1.0 1.1 Linn et al., 1992 (10-12 yrs)

For short term exposures, the recommended average
hourly inhalation rates are based on these key studies.
They are as follows: 0.3 m%hr during rest; 0.4 m%hr for
sedentary activities; 1.0 mhr for light activities; 1.2
mS/hr for moderate activities; and 1.9 m%hr for heavy
activitles. The recommended short-term exposure data
also includes Infants (less than 1 yr).

Owutdoor Worker/Athlete - Inhalation rate data far
outdoor workers/athlete are limited, However, based on
the key studies (Linn et al., 1992 and 1993), the
recommended average hourly inhalation rate for outdoor

workers is 1.3 m*hr and the upper-percentile rate is 3.5 -

m3hr (see Tables 5-7 and 5-8). The recommended
average inhalation rates for outdoor workers based on
their activity levels categorized as slow (light activities),
medium {moderate activities), and fast (heavy activities)
are 1.1 m%hr, 1.5 m%hr, and 2.3 m%hr, respectively.
These values are based on the data from Linn et al, (1992
and 1993) (see Tables 5-7 and 5-9),
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Table SA-1. Statistics of the Age/Gender Cohorts Used to Develop Regression Equations for Predicting Basal Metabolic Rates (BMR)
{from Schofleld, 1985)

Gender/Age BMR Body Weight
) My ! +8D cv? {ke) NP BMR Equation® 4
Males
Under 3 1.51 0.918 0.61 6.6 162 0.249 bw - 0.127 0.95
dt0 < 10 4.14 0.498 0.12 21 338 0.095 bw + 2.110 0.83
10t < 18 5.86 .17 0.20 12 734 0.074 bw + 2.754 0.93
1810 < 30 6.87 0.843 .12 63 2879 0.063 bw + 2.896 0.65
30to < 60 6.75 0.872 0.13 64 646 0.048 bw + 3.653 0.6
60 <+ 5.59 0.928 0.17 62 50 0.049 bw + 2.459 0.7
Females
Under 3 1.54 0.815 0.59 6.9 137 0.244 bw - 0.130 0.98
Jto< 10 3.8 0.493 0.13 21 413 0.085 bw + 2,033 0.81
10to < 18 5.04 0.780 0.15 38 575 0.056 bw + 2.898 0.8
1810 < 30 5.33 0.721 0.14 53 829 0.062 bw + 2.036 0.73
30to < 60 5.62 0.630 0.1t 61 32 0.034 bw + 3.538 0.68
60 -+ 4.85 0.605 0.12 56 38 0.038 bw -+ 2.755 0.68

2 Coefficient of varation {SD/mean}

N = number of subjects
; Body welght (bw) in kg
coefficlent of correlation

Source: Layton, 1993,

=

Table 5A-2. Characteristics of Indlvidual Subjects: Anthropometric Data, Job Categories, Calibration Results*

Callbration
Subj, # Age Ht, {in) Wi, (Ib) Ethnic Group® Jobb Site® HR Ranged 1%
1761 26 71 180 Wht GCW Ofc §9-108 91
1763 29 63 135 Asn GCW Ofc 80-112 R
1764 32 71 165 Blk Car Ofc 56-87 85
1765 30 73 145 Wht GCW Ofc 66-126 R
1766 31 67 170 His Car Ofc 75-112 89
1767 34 74 220 Wht Car Ofc 59-114 498
1768 32 69 155 Bl GCW Ofc 62-152 95
1769 32 7 230 Wht Car Hosp 69-132 99
1770 26 70 180 Wht Car Hosp 63-106 .89
1771 39 66 150 Wht Car Hosp B88-118 91
1772 32 71 260 Wht Car Hosp 83-130 87
1773 39 69 170 Wht Irn Hosp 77.128 95
1774 23 68 150 His Car Hosp 68-139 98
1775 42 67 150 Wht Irn Hosp 76-118 88
1776 29 70 180 His Car Haosp 68-152 99
1778 35 76 220 Ind Car Hasp 70-129 84
1779 40 70 175 Wht Car Hosp 72-140 99
1780 37 75 242 His Irn Hosp 68-120 98
1781 38 65 165 His Lab Hosp B6-121 .89
Mean 33 70 181 70-123 94
S.D. 5 4 36 8-16 .04

#  Abbreviations are Interpreted as follows, Ethnic Group: Asn = Aslan-Pacific, Blk = Black, His = Hispanic, Ind = American
Indian, Wht = White
Job: Car = carpenter, GCW = general construction worker, Irn = ironworker, Lab = laborer
Stte: Hosp = hospital buldling, Ofc = medical office complex, Callbration data
Hr range = range of heart rates in calibration siudy
12 = coefficlent of determination {proportion of ventilation rate varlabllity explainable by heart rate variability under calibratlon-study
candltlons, using quadratic prediction equation}.
Source: Linn et al., 1993,

[ I - B I -
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Table 5A-3. Mean Minute Ventilation (V, L/min} by Group and Activity for Iaboratory Protocols
Activity Young Children? Children Adult Females Adult Males
Lylog 6.19 7.1 712 893
Slting 6.48 7.28 7.72 9.30
Standing 6.76 8.49 8.36 10.65
Walking 1.5 mph 10.25 DNP DNP DNP
1.875 mph 10.53 DNP DNP DNP
2.0 mph DNP 14.13 DNP DNP
2.25 mph 11.68 DNP DNP DNP
2,5 mph DNP 15.58 20.32 24,13
3.0 mph DNP 17.79 24.20 DNP
3.3 mph DNP DNP DNP 27.90
4.0 mph DNP DNP DNP 36.53
Running 3.5 mph DNP 26.77 DNP DNP
4.0 mph DNP 31.35 46.03° DNP
4.5 mph DNP 37.22 47.86" 57.30
5.0 mph DNP DNP 50.78" 58.4
6.0 mph DNP DNP DNP 65.66
? Young Children, male and female 3-5.9 yr olds; Children, male and female 6-12.9 yr olds; Adult Females, adolescent, young to
middle-aged. and older adult females; Adult Males, adolescent, young to middle-aged, and older adult males; DNP, group did not
perform this protocol or N was too small for appropriate mean comparisons
b Older adults not included in the mean value since they did not perform running protocol at particular speeds.
Source: CARB,_1993.

Table 5A-4.Mean Minute Ventilation (Vi, L/min) by Group and Activity for Field Protocols

Activity Young Children® Children Adult Females Adult Males
Play 11,31 17.89 DNP DNP
Car Driving DNP DNP 8.95 10,79
Car Riding DNP DNP 8.19 9.83
Yardwork DNP DNP 19.23¢ 26.075/31.89°
Housework DNP DNP 17.38 DNP
Car Maintenance DNP DNP DNP 23.214
Mowing DNP DNP DNP 36.55°
Woodworking DNP DNP DNP 24.42°

a Young Children, male and female 3-5.9 yr olds; Children, male and female 6-12.9 yr olds; Adult Females, adolescent,
young to middle-aged, and older adult females; Adult Males, adolescent, young to middle-aged, and older adult males;
DNP, group did not perform this protocol ar N was too small for appropriate mean comparisons;

Mean value for young 1o middle-aged adults only

Mean value for older adults only

Older adults not included in the mean value since they did not perform this activity,

Adolescents not included in mean value since they did not perform this activity

L1 =T o B - o

Source: CARB 1993,
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Table 5A-5. Estimated Minute Ventifation Associated with Activity Level for Average Male Adul®
Level of work L/min Representative activities
Light 13 Level walking at 2 mph; washing clothes
Light 19 Level walking at 3 mph; bowling; scrubbing floors
Light 25 Dancing; pushing wheelbarrow with 15-kg load; stmple construction; stacking firewood
Moderate 30 Easy cycling; pushing wheelbarrow with 75-kg load; using sledgehammer
Maoderate 35 Climbing stafrs; playing tennis; digging with spade
Moderate 10 Cycling at 13 mph; walking on snow; digging trenches
Eg:tyy gg St{gfi;cc&t.mt;y skiing; rock climbing; .stair climbing
Very heavy - N, axae » playing squash or handball; chopping
Very heavy 85 Level running at 10 mph; competitive cycling
Severe 100+ Competitive long distance running; cross-country skiing
2 Average adult assumed to welgh 70 kg.
Source:  Adapted from .S, EPA, 1985
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Oakland Tier 3 RBSLs (2.5 feet bgs)
Medium Exposure Pathway Land Use Type of Risk AC:‘:an:b- A;‘;"l:::' Acetons Anthracens Arsenlc Barium a:t.::iae)l;e Benzens
Residentsl Caranogemc - 3.2E+00 b 2.5E+C0 ___27E+01
Surficial Soil [my/kgl 'ngeﬁr:;r:fat?::mv Hazard - 3.1E+03 3 1E+H03 4.8E+03 1.6E+04 2 0E+01 5 2E+03 8.2E+01
Commercialf Industnal Caranecgenic 1.6E+01 8.3E+00 S.0EH1
Hazard 2.0E+04 2 .0E+04 3.1E+04 1.0E+0S 2.5E+02 94E+H04 5.2E+02
Residental Cartinogemc SAT 1 SEH1
Inhalation of Qutdoor] Hazard SAT SAT 4.4E+04 SAT 6.1E+01
Air Vapors Commerail Industaal |Carainogenic SAT 6.8E+01
Hazard SAT SAT SAT SAT 4 QE+G2
Residential Carainegenic SAT 1.4E+00
Subsurface Soil | Inkalation of Indoor Hazard SAT SAT 4.2E+03 SAT 4 5E+00
fmg/kgl Aur Vapors Commersall nsustal |__Caranogenic SAT 4.5E+01
Hazard SAT SAT SAT SAT 2.8E+02
ingestion of Residential Caremnogenic 4.4E+00 1 26+02 1.0E+01 3.28-03
Groundwater Hazard 3.0E4+02 2.0E+02 7 8E-01 SAT 4.4E+00 1.26+02 3.26-03
512:?:;2’" Commensall Industal |_CArainogeni 4.4E+00 126402 4.4E+01 3.2E.03
Hazard SAT SAT 5 1E+00 SAT 4.4E+00 1,2E6+02 3.2E-03
Resldential Carcinogenic S5.0E-02 10E+00 5.6E-04 1.0£-03
Ingestion of Hazard 9 4E-01 94E-01 1.6E+00 >Sol 5.0E-02 1 OE+00 1.0£-03
Gromndater | mercial Industiial | Caranogenic 5.05-02 10E+00 25E-03 1.05-03
Hazard >Sol >Sol 1.0E+01 >Sol 5.0E-02 1 OE+00 1.0E-03
Restdential Carcinogenic >Sel 3.8E+00
Groundwater [mg/l] Inhalation of Indoor Hazard >8ol 8ol 3.0E+04 >Spl 1.3E+01
Aur Vapors :
Commeroiall industrial Carcinogenic >Sol 1.3E+02
Hazard >Sol >Sol >8ol >8ol 7.5E+02
Residential Carcinogenic >Sol 1.1E+03
Inhalation of Qutdoor] Hazard >Sol >Gol >Sol >Sol >Sol
AurVapors Commercialf lndustnal | C&rainogenic >Sol >So!
Hazard >Sol >Sal =3Sgl >Sol >Sol
Water for Recreation | | . Dermal Residental Ceranogen:e 2.0E-02 16E:04 63602
[mg/1] Hazard 1.1E+00 1.7E+00 4 2E+01 >Sal 1.2E-01 2,8E+01 1.8E-01
*talicized concentrations based an California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>30L = RB5L exceeds solubility of chemical it water
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Oakland Tier 3 RBSLs (5.0 feet bgs)
. Acaraph- Acanaph- Benz(a)-
Medium Exposure Pathway Land Use Type of Risk thene thylene Acetone Anthracene Arsenic Barium amthracene Benzene
Residental Carcinogenic 2.2E+00 2.5E+00 __2.7EH0
Surficial Seil mgfkg] Ingestory Derrmalf Hazard 3.4E+3 3.1E+03 4 BE+03 1 EE+H)4 2.0E+01 S5.2E+03 §.2E+01
1nhat
halaton Commeroall Industrial | C2Enogenic 1.6E+01 8.3E+00 9.0E+01
Hazard 2.0E+04 2.0E+04 3 1E+04 1.0E+05 2.5E+02 9.4E+04 5.2E+H02
Residental Caraogenic SAT 3.1E+01
Inhalation of Cutdoor Hazard SaT SAT 8.7E+M4 SAT 1.2E+4G2
Aar Vapors .
Commercali Industnal | 2cinogenic SAT 1.4E+02
Hazard SAT SAT SAT SAT 8.0E+02
Residental Carcinogenic SAT 1.4E+Q0
Subsurface Soil | inhatation of indoor Hazard SAT SAT 4.3E+03 SAT 4.6E+00
[mgikg]l Air Vapors -
Co ccralf Industrial Carcinogenic SAT 4.6E+01
Hazard SAT SAT SAT SAT 2.7EH2
Ingestion of Residental Carcinogenic 4.4E+00 1.2E402 1.0E+01 32E-03
Groundwater Hazard 3.0E+02 2.CE+02 7.8E-01 SAT 4.4E+00 1 2E+02 32E-03
impacted by - .
Leachate Commercialf Industnal Carcinogenic 4.4£400 1 2E+02 44E+1 32603
Hazard SAT SAT 5,1E+00 SAT 4. 4E+00 1 2E+02 3 2E-03
Resdental Cargrnogenic 5.05-02 1.0E+00 5.6E-04 1 0E-03
ingestion of Hazard 9.4E-01 9.4E-D1 1.6E+00 >Sol 5.0E-02 1 0E+00 1 CE-02
Groundwater
Commercialf Industrial Carcinogenic 5.05-02 1.0E+00 2.5E-03 1 OE-03
Hazard =8¢l >Sol 1.0E+01 >5ol 5.06-02 1.CE+00 1 0E-03
Residental Carcinogenic >Sol 3.8E+00
{nhalation of Indoor Hazard >Sol >Sal 3.0E+04 >Sol 1 3E+1
Groundwater {mg/1] Ar Vapors - oy -
Commercial/ Industnal fenogene o EH02
Hazard >3cl >Sol >Bal >Sel 7 SE+02
Residental Carcinogenic >Sal 11E+03
Inhalation ef Outdoor, Hazard >Sel >8ol >Sel >Sel >Sol
Air Vapors N
Gommerciall Industral |—Carcinogenic 5ol =Sl
Hazard >Sel >Sol >Sel >Sol >3ol
Water for Recreation | | bemal Residental Carginagenic 20E-02 1.6E-04 8.3E-02
[mg/] _ Hazard 11E+00 1.7E+00 4.2E+01 >Sel 1 2601 282401 18501
*ltalicized concentrations based on Cafifornia MCls
SAT == RBSL exceeds saturated soil concentration of chemical
>50L = RBSL exceeds solubility of chemical in water
Ponted 5/18/2000 1of10 Ozkland RBSLs




Oakland Tier 3 RBSLs (7.5 feet bgs)

. Acenaph- Acenaph- Benz{a)-
Medium Exposure Pathway Land Use Type of Risk thane thylene Acetone Anthracene Arsanic Barlum anthracane Benzene
Residental Carcinegenic 3.2E+00 2 5E+0C 2.7+
Surficial Soil [mgfkg] Ingestion/ Dermal/ Hazang 3.1E+03 31E+03 4.8E+03 1.6E+04 2 0E+01 5.2E+03 8.2E+01
PREIROR | ommercial ndusmal | Carcinogenc 1.6E401 B3E+00 9.0E+01
Hazard 2.0E+04 2 0E+04 3.1E+04 1.0E+05 2.5E+02 9.4E+04 5 2E+02
Residential Carcinogenic SaT 4.BE+M1
Inhalation of Outdoor] Hazard SAT SAT 1.3E+05 SAT 1.8E+02
Air Vapors .
Commerciall Industrial Carcincgenic SAT 21E+02
Hazard SAT SAT SAT SAT 12E+03
Residental Caranogenic SAT 1 AE+0
Subsurface Soil | Inhalaton of Indoor Hazard SAT SAT 43E+03 SAT 4 TEHO0
[mg/kg] Air Vapors
Co reaalf Industnal Carcincgenic SAT 4 7E+01
Hazard SAT SAT SAT SAT 2 SE+02
Ingestion of Residental Carcinogenic 4.4E+00 128402 1.0E+01 3.26-03
Groundwater Hazard 3.0E+02 2.0E+02 7 BE-01 SAT 4. 4E400 126402 32£-03
Impacted by
Leachate Commercialf Industnal Careinogenic 4. 4E+00 1 26402 4 4E+01 3.2E-03
Hazard SAT SAT 5 1E+G0 SAT 4.4E+00 1,2E+07 3 2E-03
Residential Carcinegenie S5.0E-02 1 0E+0Q 5.6E-04 1 0E-03
Ingestion of Hazard S.4E-01 9.4E-01 1.8E+C0 >Sol 5.06-02 1.0E+00 1 OF-03
Groundwater Commercial Indusiaal | Carcinogenic 5.05-02 10E+00 2 5E-03 1 0E.03
Hazard >Sol >Sol 1.0E+01 >Sol S5.0E-02 1.0E+00 1.0E-03
Residental Carcinsgenic >Sol 3 BE+OC
Groundwater [mg/l] Inhalation of indoor Hazard >Sol >Sol 3.0E+04 >Sol 1 3E+01
Arr Vapors Carcinggen >Sol 1.3E+02
Commercialf Industnal Inogentc & :
Hazard >Sol >Sol >Sol >Sol 7 5E+02
Residential Carcinogenic >Bol 11E+03
Inhalation of Outdoor| Hazard >Sal >Sol >Scl >8gl >Sol
Air Vapors N
Commercialf Industnal  |—Carenogenic >Sol >Sal
Hazard >Sol >Sol >5ol =>Scl >3ol
Water for Rﬁcreat:on ingestions Dermal Residential Carcinogerc 2.0E-02 1 6E-04 6 3E-02
Imgf] Hazarg 1AE+00 1.7E+00 4.2E+01 >Scl 1.2E-01 2 BE+01 1.8E-01
*lialicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>80L = RBSL exceeds solubility of chemicl in water
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Oakland Tier 3 RBSLs (10.0 feet bgs)

Medium

Acenaph-

Acenaph-

Benz(a)-

Exposure P,
posure Pathway Land Use Type of Risk thene thylene Acstone Anthracene Arsanic Barium a cene Banzene
Residental Carcinogenic 3.2E+00 2.5E+00 2.7E+01
Surficial Soil [mgfkg) lngeishhcgf Dermal/ Hazard 31E403 3.1E+03 4.8E+03 1.BE+04 2.0E+01 5.2E403 8.2€+01
nhzlaton
Comrercaalf Industnal Carancgenic 1.6EH1 8.3E+00 9.0E+01
Hajrd 2.0E+04 2.0E+04 3.1E+04 1.0E+05 2.5E+02 9.4E+04 5.2E+02
Residential Caranogenic SAT 6.2E+01
Inhalaton of Qutdogr] Hazard SAT SAT SAT SAT 2.4E+02
Air Vapors Carci -
Commerciall Industnal |—arciNOgenic SA 27E402
Hazard SAT SAT SAT SAT 1.6E+03
Residential Carcinegenic SAT 1.5E+00
Subsurface Soil Inhalation of Indoor Hazard SAT SAT 4 AE+03 SAT 4.9E+00
Img/kg] Hur \apors
Comemercial/ Industnal Carcinogenic SAT 4.9E+01
Hazard SAT SAT SAT SAT 2.8E+02
Ingestion of Residential Carcinogenic 4.4E+00 126402 1.0E+01 3.2E-03
Groundwater Hazard 3 0E+02 2.0E+02 7 8E-01 SAT 4.4E+00 125402 32603
Impacted b
Laactate. | Commerciall Indusinal | Carenogenic 4.4E400 128402 44401 32£:03
Hazzrd SAT SAT 5 1E+00 SAT 4.4E+00 1 26402 3 2E-03
Residential Carcinogenic B8.0E-02 1.0E+80 5.6E-04 1 0E-03
ingestion of Hazard 9 4E-01 94E-01 1.8E+00 >Sol 5.05-02 1 0E+00 1,0E-03
Groundwater
Commercalf Industnal Carcinagenc 5.0E-02 1.0E+00 2.5E-03 1 0E-03
Hazard >Sol >Sol 1.0E+01 >Sol 5.05-02 1.0E+00 1 0£-03
Residential Caranogenic >Sol 3.8E+00
Groundwater [mg/l] Inhat:ﬁci;‘-: of indoor Hazard >Sot >3al 3L0E+04 >Sol 1.3E+01
Ir Vapors
° Commerciall Industrial | Caranogenic >Sol 1:8E+02
Hazard >80l >Sol >Sol >5ol 7.5E+02
Residential Carcinogenic >Sol 1.1E+03
Inhalation of Outdoor| Hazard >Sol >Sol >Sol >Sol >Sol
Air Vapors
Commercialf Industrial Carcinogenic >Sol >Sol
Hazard >Sol >Sol >Soi >Sol >Sol
Water for Recreation | | v Dermal Residential Careincgenic 2.0E-02 16E-04 6.3E-02
[mgf] _ Hazard 1.1E+00 1.7E400 4.2E+01 >Sol 1.26-01 2.8E+01 1.6E.01
*talicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>SOL = RBSL exceeds solubility of chemical in water
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Qakland Tier 3 RBSLs (12.5 feet bas)
Medium Exposurse Pathway Land Use Type of Risk Ac;zanzh- Ag::s: Acatong Anthracens Arsenic Barium a:;':fg;e Benzane
Residental Carainogenic 32E+00 2.5E+00 2.7E+01
Surficial Soif [mg/kg] Ing&::;?ar:fa 1?::mv Hazard 31E+03 31E+03 4.8E+03 16E+04 20E+0 52E+03 8.2E+01
Commeraal! Industnal Caranogenic 1.6E+01 8.35+00 9.0E+01
Harard 2.0E4+04 2.06+04 3.1E+04 1QE+05 2.5E+02 9 4E+04 5.2E+02
Residental Caremogenic SAT 7.7E+01
Inhalation of Outdoor| Hazard SAT SAT SAT SAT 3.1E+02
AurVapors Commercial! Industnal Carmnogenic SAT 8.4E+02
Hazard SAT SAT SAT SAT SAT
Residential Carcinogenic SAT 1.5E+00
Subsurface Soil | Inhaiation of Indoor Hazard SAT SAT 4.5E+03 SAT 5 OE+00
[mg/kg] Arr Vapors Commercall Industnal |-_Carcnogene SAT 5.0E+01
Hazard SAT SAT SAT SAT 2 9E+02
Ingestion of Residential Carcinogenic 4.4E+00 1.26402 10E+01 3.26-03
Groundwater Hazard 3 0E+02 2 DE+O2 7.8E-01 SAT 4.4E+00 1.26+02 3.26-03
Mhectede” | commercal tndustnel |_Carcinogene 44400 126402 4.4E+01 3.26-03
Hazard SAT SAT 5. 1E+00 SAT 4 4£+00 1.2E+02 3 26-03
Residential Carginegenic 5.06-02 1 0E+00 5 6E-04 1.08-03
Ingestion of Hazard 9 4E-01 94E-01 1.6E+QQ >Sol 5.0E-02 1.0E+00 1.0E-03
Greundwater Commercials industnal | Carcinogenic 5 05-02 1 05400 2 5E-03 1.05-03
Hazard >Sol >Sol 1.0E+01 >Sol 5.0E-02 1.0E+00 1 0E-03
Residential Carcinogenic >Sol 3 BE+00
Groundwater [mg/l] Inhalation of Indoor Hazard >Sel >Sal 3QE+04 >Sol 1.3E+01
Al Vapors Carcinogenic >Sol 1 3E+02
Commercial/ Industnal
Hazard >Scl >Sol >Sol >Sol ¥ 5E+02
Residential Carcinogenic =Sol 11E+03
Inhalation of Qutdoor Hazard >Sol >Sol >Soi >Sol >Sol
Arvapors Commerciall Industrial | Carcinogenic >Sol >Sol
Hazard >80l >Sol >Sol >Sol >Fol
Water for Recreation | |\ .\ Sermal Residentizl Carcirncgenic 20E-02 1 8E-04 8.3E-02
[mgh] _ Hazard 1,1E+00 176400 5 2E+01 >Sol 1.2E-01 2 8E+01 1.8E-01
*Italicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>50L = RBSL exceeds solubifity of chemical in water
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Oakland

Tier 3 RBSLs (15.0 feet bgs)

Acenaph-

Acenaph-

Benz(a}-

Medium Exposure Pathway Land Use Type of Risk thene thylane Acetona Anthracena Arsenic Barlum anthracens Benzene
Residential Carcinogenic 3.2E+00 2.5E+0C 2 7E+D1
: 3 Ingesiion/ Dermal/ Hazard 3 1E+03 3.1E+C3 4.8E+03 1.6E+04 2.0E+01 S5.2E+03 8 2E+1
Surficial Soil [mg/kg] Inhataton -
Cormmercial! Industral Carcinogenic 1.6EH)1 8.3E+H00 S.0E+01
Hazard 2 QE+04 20E+04 3.1E+04 1.0E+05 2.56+02 S4E+04 52E+02
Residenba; Caranogenic SAT 9.3E+01
Inhatation of Qutdoor] Hazard SAT SAT SAT SAT 3.7E+02
Aar Vapors
Commerciall Industnal | —S2renogenc SAT 4.1E+02
Hazard SAT SAT SAT SAT SAT
Residential Carcnogenic SAT 1.5E+00
Subsurface Soil inhatation of Indoor Hazard SAT SAT 4.6E+03 SAT 5.1E+00
[mgikg] Air Vapors
Commercial/ Industnal Carcinogenic SAT 5.1E+01
Hazard SAT SAT SAT SAT 3 0E+)2
Ingestion of Residential Carcinogenie 4.4E+00 1.2E+02 1.0E+01 32603
Groundwater Hazard 3.0E+02 2.0E+02 7 B8E-01 SAT 4.4E+00 1.2E+02 3 2E-03
|
T_cht:;:y Commercial Industnal |__Caranogenic 4.4E+00 1.26+02 4.4E+01 32603
Hazard SAT SAT 5.1E+00 SAT 4.4E+00 1.2E+02 3 26-03
Residential Carginogenic 5.08-02 1.0E+00 5.6E-04 1.0E-03
Ingestion of Hazard 8.4E-01 9.4E-01 1 E+0 >Sol 5.0E-02 1.0E+80 1.0E-03
Groundwater . 2.5E-03
Commereialf Industnal Careinogenic 5.06-02 1.0E+G0 SE- 10E-03
Hazard >Sol >Sel 1 0E+01 >Sel 5.08-02 1.0E+00 1.0E-03
Residental Carcinogenic =Sot 3 BE+00
Groundwater [mg/l] Inhatation of Indoor Hazard >Sol >Sol 3 DE+04 >Sol 1 3E401
Arr Vapors .
Commereialf Industaal Carainogenic >So! 13E+02
Hzazard >Sol >Sel >Sol >Sol 7.5E+02
Residenbial Carcnogenic >Sol 1.1E+03
Inhalation of Qutdoor| Hazard >Sol =Sl =Sol >Sol >Sol
Air Vapors .
Commerciat/ Industnal Carcinogenic >8ol >Sal
Hazard >Sol >Sol >Zol >Gol >Sol
Water for Recreation Ingeshon/ Dermal Residential Carcinogenc 2.0E-02 1 6E-04 & 3E-02
[mg/l] __ Hazarg 1.1E+00 1.7E+00 4 2E+01 >Sol 1 2E-01 2.8E401 1,8E-01
*Halicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>S50L = RBSL exceeds solubility of chemical in water
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Oakland

Tier 3 RBSLs (17.5 feet bgs)

Acenaph-

Acanaph-

Benz(a)-

Medium Exposure Pathway Land Use Type of Risk thene thylene Acetone Anthracene Arsenic Barium anthracene Benzena
Residental Caranogenic 32E+00 2.52+00 2.7E+01
Surficial Soil {ma/kg] lﬂgels;g:a; hl?::mlf Hazard 3 1E+03 3IEH3 4.8E+03 1.6E+04 2.0E+01 52E+03 8.2E+01
Commercialf Industnal | Carancgenic 1.6E+01 B.3E+00 S.OE+01
Hazard 2.0E+04 2.0E+04 3,1E+4 1.0E+05 2 EE+02 Q4E+04 5.2E+02
Residential Careinpgenic SAT 1.1E+02
Inhalaton of Outdoor Hazard SAT SAT SAT SAT 4.3E+02
Aur Vapors Commerciall Industaal Carcinogenic SAT 4. 8EH2
Hazard SAT SaT SAT SAT SAT
Residential Carcinogenic SAT 1.6E+00
Subsurface Soil | Irhalation of Indocr Hazard SAT SAT 4.7E+03 SAT 5.2E+00
[malkel Airapors Commeraal/ Industnal Carcinogenme SAT 5.2E+01
Hazard SAT SAT SAT SAT 3.0E+02
ingestion of Residential Carcinogenic 4 4E+00 125402 1 0E+01 3.26-03
Groundwater Hazard 3.0E+02 2.0E+02 7.8E-01 SAT 4 4E+00 12E+02 3 2E-03
haced Y | commercal ndustnal | Carcmogenc 44E+00 128402 44E+01 32603
Hazard SAT SAT 5.1E+00 SAT 4 4E+00 1 2E+02 3 2E-03
Residential Carcinggenic 5 0E-02 1.0E+00 5.6E-04 1 0E-03
Ingeston of Hazard 94501 9.4E-01 1.6E+00 >Sol 5 0E-02 1 0E+400 1 0E-03
Groundwater | mercial Industal | Caromogenic 50602 1,05+00 25E:03 1 0E-63
Hazard >Sol >Sol 1.0E+01 >Soal 5,0E-02 1 0E+60 1.0E-03
Residential Carainogenic >3ol 3.8E+C0
Groundwater [mg/l] Inhalation of Indoor Hazard >Sol >Sol 2.0E+04 >Sol 1.3E+01
Aurvapars Commerciall Industnal | -CAENOgenc >Sal 136462
Hazard >Sol >Sol >S50l >Sol 7.5E+02
Residential Carcinogenic >Sol 1.1E+03
Inhalatien of Quidoor| Hazard >Sol >Sol >5o! >Sol >Sol
ArVapars Commerciayf Industral | Cartinegenic >Sol >Sat
Hazard >Sol >Sol >Sol >Sol >Sol
Water for Recreation Ingeston/ Derml Residental Carcinogenic 2.0E-02 1 6E-04 8.3E-02
[mg} _ Hazard 1 1E+00 1.7E400 4 2E+01 >Sof 1 2E-01 2 BE+01 1.8E-01
*lalicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>50L = RBSL exceeds solubility of chemical in water
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Oakland Tier 3 RBSLs (20.0 feet bgs)

Acenaph-

Acenaph-

Benz(a)-

Medium Exposure Pathway Land Use Type of Risk thene thylone Acatone Anthracans Arsenic Barium anthracene Benzene
Residental Caranogenic 3.2E+00 2.5E+00 27E+01
: : Ingestion/ Derrralf Hazard 3 1E+03 31E+H13 4.8E+3 1.6E+04 2.0E+01 52E+03 8.2E+01
Surfictal Soil [mglkg] Irhalaton .
Commerciall Industral Carchogenie 1.6E+01 8 3E+00 9.0E+01
Hazard 2 QE+04 Z0E+Q4 3.1E+04 1.0E+05 2.5E+02 9.4E+04 5.2E+02
Residential Cargrogenic SAT 1.2E+02
Inhalation of Qutdoor| Hazard SAT SAT SAT SAT 4.9E+02
Air Vapors .
Commesoiall Industnal  |—CAIE0geMG SAT 5.5E+02
Hazard SAT SAT SAT SAT SAT
Residential Carcnogenic SAT 1.6E+00
Subsurface Soil | inhalaton of Indoor Hazard SAT SAT 4 BE+O3 SAT 5.4E+00
[mg/kg] Air Vapors
Commercialf Industnal Caranogenic SAT $.4E+01
Hazard SAT SAT SAT SAT 3.1E+02
ingestion of Residental Carcinogene 4.4E+00 125402 1.0E401 3.26-03
Groundwater Hazard 30E+02 2.0E+02 7.8E-01 SAT 4.45+00 125402 3.2E-03
impacted b .
Lonctate. | commercall Industnal |_Carciaogenic 4.4E+00 126402 4.4E+01 3.26-03
Harard SAT SAT 54E+0 SAT 4.4E+00 1 2E+02 3,2E-03
Residential Caranogenic 5.0E-02 1 0E+00 5.6E-04 1.0E-03
Ingestion of Hazard 9 4E-01 8.4E-01 1 BE+C0 =>Sol 5.0E-02 1 QE+00 1.0E-03
Groundwater
Cortrrercalf Industnal Caranogenic 5.0E-02 1 0E+00 2.5E-03 1.0E-03
Hawzard >Sol >5ol 1.0E+01 >Sol 5.0E-02 1.0E+00 1.0E-03
Residental Carcinogenic >Sol 3.8E+00
Groundwater [mg/1] | nhafauon of Indosr Hazard >Sol >So! 3 OE+04 >8al 1.3E+01
Aur Vapors
Commercialf lndustnal Caranagenic >Sol 1.3E+02
Hazard =80l >Sol >Sol >Scl 7.5E+02
Residential Caranogenie >Sol 1.1E+03
Inhalation of Cutdoor| Hazard >Sol >Sol >Sol =Sol >Sol
Air Vapors N
Cermmeraalf ndustral Caranogenic >Sal >Sol
Hazard >Sol >Sol >S50l >Sol >Sol
Water for Recreation | | -/ Dermal Residentil Carcinogenic 20E-02 18204 6 3E-02
[mg/1] Hazard 1,1E+00 1 PE+00 4.2E+01 >Sal 1 2E-01 2,8E+01 1 8E-01
*Italicized corcentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>50L = RBSL exceeds solubility of chemical in water
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Oakland Tier 3 RBSLs (22.5 feet bgs)
. Acenaph- Acenaph- Benz(a)-
Medium Exposure Pathway Land Usa Type of Risk thene thylena Acstone Anthracena Arsanic Barium anthracena Benzons
Residental Caranogenic 32400 2.5E+00 2.7E+
: = Ingestiors Dermalf Hazard 3.1E+03 3.1E+03 4.8E+03 1.6E+04 2.0E+01 5.2E4H03 B82E+01
Surficial Scif [mgfkg] Inhalation
Commeraialf industnal Carcinogenic 1.66+01 8.3E+00 90E+01
Hazard 208404 2.0E+34 3.1E+04 1.0E+05 2.5E+02 94E+H04 £.2E+02
Residental Carcinogeme SAT 14E+02
Inhalation of Outdoor] Hazard SAT SAT SAT SAT 5 5E+02
Air Vapors N
% Commercal/ Industnal |- Sergnogenic SAT 6.2E+02
Hazard SAT SAT SAT SAT SAT
Residential Caranogenic SAT 4,6E+00
Subsurface Soil | innaiation of Indoor Hazard SAT SAT 4 9E+03 SAT 5 5E+00
[maikgl Air Vapors ; .
Commercialf Industnal | Carcinogenic SAY 5 5E+01
Hazard SAT SAT SAT SAT 3 2E+02
Ingestion of Residential Carcinogenic 4.4E+00 1.2E4+02 1 0E+01 3.26-03
Groundwater Hazard 30EH)2 2.0E+02 7.8E-01 SAT 4.4E+00 1.2E+02 3.2E-03
Impacted b
onetate. | Commeraal Industnal | Caranogenic 44E+00 1.26+02 4.4E401 3.25-08
Hazard SAT SAT 5 1E+00 SAT 4 4E+00 1.2E+02 3.2E-02
Residental Carginogenic 5 0E-62 1.OE+00 5 6E-04 1.06-0%
Ingestion of Hazard 94E.01 94E-01 1 6E+00 >Sol 5 0E-02 1.0£+00 1.0E-03
Groundwater .
Commercal/ Industnal Larcinogenic 5.0E-02 1.0E+00 2 5E-03 1.0E-03
Hazard >Sol >Sel 1 0E+01 >Sol 5.0E-G2 1.0E+00 1.0E-03
Residential Carainogerue >Sal 3.8E+00
Groundwater [mg/i] | "Mhalation of tadoor Hazard >Sof >Sol 3.0E+04 >Sol 1.3E+01
Alr Vapors
Commercialf Industnal Carcincgenic >8ol 1.3E+02
Hazard >8ol >Sol >Sal >3ol 7.5E+02
Residential Carcinagenic >Sol 1.1E+03
Inhalation of Cutdoor| Hazard >8ol >Sol >Sol >Sol >Sol
Air Vapors
Conmmercialf Industnal Carenogenic >Sol >Sol
Hazard >Scl >Sol >Sol >Sol >Sol
Water for Recreation | | bermas Residenbal Carcinogenic 2.0E-02 18E-04 B.3E:02
[mgl] Hazard 1,1E+00 1.7E+00 4 ZE+01 >80l 1 26-01 2.8E+01 1.8E-01
*itaficized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemicat
>SOL = RBSL exceeds solubility of chemical in water
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Qakland Tier 3 RBSLs (25.0 feet bgs)

Acenaph-

Acenaph-

Benz{a)-

Medium Exposure Pathway Land Use Type of Risk thene thylane Acetona Anthracene Arsenic Barium a cane Banzene
Residental Carcinogente 32EH0 2.5E+00 27E+1
Surficial $oil {mgfkg] lns%lroqf Dermal/ Hazard 3.1E+03 3 1E+03 4.BE+03 1.6E+04 2 0E+01 5 2E+03 8.2E+01
Inhalation
Commeraal/ industnal Caranogenic 1.6E+G1 8.3E+00 9.08+01
Hazard 2.0E+04 2.0E+04 3.1E+04 1.0E+05 2.5E+02 9.4E+04 5§ 28+02
Residental Caronogeme saT 1,5E+02
Inhalation of Outdoor| Hazard SAT SAT SAT SAT 6 1€+02
Vapors
Arvepe Commercial/ Industrial Garanogenic SAT 8.8E+02
Hazard SAT SAT SAT SAT SAT
Residental Caronogenic SAT 1.7£+00
Subsurface Soil Inhatation of Indoor Hazard SAT SAT 4 5E+03 SAT 5 BE+00
[markg] Aur Vapors
Commercial/ Industral |—Sarcinogenic SAT 58E+01
Hazard SAT SAT SAT SAT 3.3E+H02
Ingestion of Residental Carcinegenic 4 4E+00 126402 1,0E+01 3 2E-03
Groundwater Hazard 3.0E+02 2.0E+02 7.8E-01 SAT 4.4E+00 126402 3.2E-03
Impacted by
Leachate Commercial Industnal | Carcnogenic 44E+00 1.26+02 4.4E401 32603
Hazard SAT SAT 5 1E+00 SAT 4.4E+00 1 2E+02 3 2E-03
Residential Carcinogenig 5.0E-02 1.0E+00 5.6E-04 10E-03
Ingeshion of Hazard 9.4E-01 94E-01 1.8E+00 >3ot 5.0E-02 1 0E+00 10E-03
dwat
Groundvaier | emercal Indusinal | Caraogenic 5.02-02 1.0E+0 25603 1.05:03
Hazard >Sol >8ol 1.0E+01 >Spl 5.0E-02 1.OE+00 1 0E-03
Residential Carcinogenic >Sol 3.8E+00
Groundwater [mg/] Inhalaton of Indaor Hazard >Sol >Sol 3.0E+04 >Sel 1.3E+01
Air Vapors
Cormmercialf Industnal Carcinogenic >Sal 1.3E+02
Hazard >Sol >S50l >Sel >Sol 7.5E+02
Residental Carcinogenic >Sel 1.1E+03
Inhalation of Cutdoor] Hazard >Sot =Sol >Sol >Sol >Sol
Arr Vapors N
Commercial/ Industrial Carcinogenic >Sol >80l
Hazard >S50 >3S0 >Sol >Sol >3ol
Water for Recreation ingesiion’ Desmal Resdantial Carcinogene 2.0E-02 1.6E-04 6.3E-02
[mgii] Hazard 1.1E00 17E+00 4 2E+01 >Sol 1.2E6-01 285401 1 8E-01
*Italicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>50L = RBSL exceeds solubility of chemical in water
Printed $/18/2000 1of10 Qakland RBSLs




Oakland Tier 3 RBSLs {27.5 feet bgs)

Medium Exposure Pathway Lan Use Type of Risk A than;L Athyle::- Acstone Anthracene Arsenle Barium a;?;::::ae)l;e Benzene
Residental Carcinogenic 3.2E+00 2.5E+00 2.7E+01
Surficial Soil [mgfkg] mgelsnl:;r;;l?::m" Hazard 3.1E+03 3 1E+03 4.8E+03 1 6E+04 2 OE+D% 5 2EH)3 8.2E+01
Commereall Industnal Carcinogenic 1.6E+0% 82E+00 9.0E+01
Haz_ard 2.0E+04 2.0E+H04 3.1E+04 1.0E+05 2.5E+02 9.4E+04 5.2E+02
Residential Carcinogenic SAT 1 7E+02
linhalation of Qutdoor] Hazard SAT SAT SAT SAT 6.7E+02
fur Vapors Commerciall Industrial | Casnogenic SAT 7.5E+02
Hazard SAT SAT SAT SAT SAT
Residential Caranogenic SAT 1.7E+00
Subsurface Soil Inhalation of Indocr Hazard SAT SAT 5.0E+03 SAT S.7E+00
Imafkal AirVapors Commercialf Industnal Carcinggeme SAT 5.7E+01
Hazard SAT SAT SAT SAT 3.3E+02
Ingestion of Residential Carcinogenic 4 4E+00 12F+02 1.0E+01 32E-03
Groundwater Hazard 3 0E+02 2.0E+02 7.8E-01 SAT 4 4E+00 126402 3 2E-03
'TZZZ‘:;: ¥ Commeraiall Industrial | Caranogenic 4.4E+00 126402 4.4E+01 3.26.03
Hazard SAT SAT 5.1E+00 SAT 4 4E+00 1 25+02 3 2E-03
Residential Carcinogenic 5.05-02 1 DE+00 5.6E-04 1 0E-03
Ingestion cf Hazard 9 4E-01 9 4E-01 1 BE+00 >3al 5 0E-02 1 0E+00 1 0E-03
Groundwater Commertial Industnat | CEraInogenc 5.05.62 105400 2.5E.03 10503
Hazard >Sol >5ol 1 0E+01 >Sol 50602 1OE+00 1 0E-G3
Residential Carcinogenic >3ol 3.8E+00
Groundwater [mg/l] Inhalation of Indoor Hazard >Sol >Sol 3 0E+04 >Sol 1.3E+01
Arvapers Commerciall Industnal | Carainogenic >8al 1.3E+02
Hazard >Sol >Sal >Sol >Sol 7.5E+02
Residental Carcinagenic >Sol 1.1E+03
Inhalation of Cutdoor| Hazard >Sol >Sol >Sol >Sol >5ol
A vapers Commercialf Industnal | Garenogenic >Sol >Sal
Hazard >Sol >Sol >§ol >Sol >80l
Water for Recreation | |/ bermal Residential Carcnogenic 20E02 16604 8.3E-02
[mg/] . Hazard 1.1E200 17E+00 4.2E401 >Sal 12601 2 8E+01 1.85-01
*Italicized concentrations based on California MCLs
SAT = RBSL exceeds sawrated soil concentration of chemical
>50L = RBSL exceeds solubility of cherical in water
Printed. 5/18/2000 1of10 Oakiand RBSLs




QOakiand TFier 3 RBSLs (30.0 feet bgs)
" Acenaph- Acanaph- Benz(a)-
Medium Exposure Pathway Land Use Type of Risk thene thylene Acetone Anthracene Arsenic Barium anthracene Benzene
Residental Carcinogenic 3.2E+00 2.5E+20 2.7E401
Surficial Soil [mg/kg] lngeishonf Dermal/ Hazard 3.1E+03 3.1E+03 4 8E+D3 1.6E404 2.0E+01 5.2E+03 8.2E+01
nhatabo
" Commerciall Industsial |__Camenogenic_ 1.66+01 83E+00 3.0E+01
Bazard 2.0E+04 2 OE+04 I1E+04 1.0E+05 2 5E+D2 S.4E+04 5.2E+02
Residental Carcinogenic SAT 1 9E+)2
Inhalation of Qutdosar] Hazard SAT SAT SAT SAT 7 3E+02
Aur V.
e Commerdalf Industnal | Cardinogenic SAT 82E+02
Hazard SAT SAT SAT SAT SAT
Residential Carcincgenic SAT 1.8E+00
Subsurface Seil Inhatation: of indocr Hazard SAT SAT 5.1E+03 SAT 5.8E+00
[magrkg] Air Vapors -
Commercial! ndustnal | Carcnegenic SAT S.8E+01
Hazacd SAT SAT SAT SAT 3.4E+02
Ingestion of Residental Carginogenic 4.4E+00 1 2E+02 1.0E+01 3.2E-03
Groundwater Hazard 3.0E+02 20E+02 7 8E-01 SAT. 4.4E+00 126402 3.26.03
Impacted b
LZachaiey Commercall Industnal | Sarcnagenic 4.4E+00 1.26402 44E+01 3.26-08
Hazard §'AT SAT S5.1E+Q00 SAT 4.4E+00 1.2E+02 3.2E-03
Residential Carcinogenic 5.0F-02 1.0E+00 5.6E-04 1.0E-03
I[ngestion of Hazard S4E-01 2.4E-01 1.6E+00 >S50l 5.0E-02 1.0E+00 1.0E-03
e | ereia Inausinal | Carinogen 5 6E-02 1 05400 25603 1.06-03
Hazard >Sol >Sol 1.0E+01 >80l 5 OE-G2 1.05+00 1 0E-03
Residential Carcinegenic >Sal 3.8E+00
Groundwater [ma/] Inhalation of indoor Hazard >Sol >Sol 3.0E+D4 >Sol 1.3E+01
Aur Vapors
Commercial/ Industrial Caranogenic >Sol 1.3E+02
Hazard >Sol >Sol >Sol >Sol 7.5E+02
Residential Carcinogenic >Sol 1 1E+03
Inhalation &f Cutdoer; - Hazard >Sal >S50 >Sol >8ol >Sol
Air Vapors .
Commercialf Industrial |.Cardinegenic >Sol >Eol
Hazard >Sol >Sol >Sel >S50l >Sol
Water for Recreation | | . Dermal Residential Carinegenic 2.0E-02 1.6E-04 6.26-02
tmg/l] Hazerd 1.1E+00 1 7E+00 4 2E+01 >gol 1.2E:01 28E+01 1.8E-01
*#talicized concencrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
>S0L = RBSL exceeds solubility of chemical in water
Printed. 5/18/2000 10f 10 Ozkland RBSLs




Qakland

Tier 3 RBSLs {(32.5 feet bgs)

Acenaph-

Acenaph-

Benz{a)-

Medium Exposure Pathway Land Use Type of Risk thene thylene Acetone Anthracene Arsenic Barium arthracene Benzene
Residental Caranogentc 326400 2 SE+00 2 7E+01
Surficial Soil [mg/kg] |n9€|5:;‘vaf':;5:nmu Hazard J1EH3 3 1E+03 4.8E+03 1 6E+04 2.08+01 52E+03 8.2E+01
Cemmercialf Industral Carcinogenic 1.6E+01 8 IE+00 S.0E+O1
Hazard 2.0E+04 2 0E+D4 3.1E+04 1.0E+05 2.5E+02 9.4E+04 S.2E+02
Residential Carcinogenic SAT 2.0E+02
Inhalation of Outdoor] Hazard SAT SAT SAT SAT 79E+02
Aurvepors Commergall Indusinal | —CarCA0genic AT 5.95+02
Hazard SAT SAT SAT SAT SAT
Residential Caroinogenic SAT 1 BE+0C
Subsurface Soil Inhalatien of Indoor Hazard SAT SAT 5.2E+03 SAT 5 OE+DQ
(ma/kal AurVapors Commerciall Industnal  |—Saranogenic SAT 6.0E+01
Hazard SAT SAT SAT SAT 3 5E+02
Ingestion of Residental Carcinegenic 4.4E+0Q 1.2E+02 1.08+01 3.26-03
Groundwaler Hazard 3.0E+D2 2 0E+02 7.8E-01 SAT 4.4E+00 1.2E402 3.2E-03
meacted® | commeraa Insustno: | Carmogenic 4.4E+00 1.26402 448401 3.26-03
Hazard SAT SAT 5.1E+00 SAT 4.4E+00 1.2E402 3.2E-03
Residential Carcincgenic S.06-02 1.0E+00 5 BE-04 1.0£-03
Ingeshon of Hazard 9.4E-01 9 4E-01 1.6E+00 >Sol 5.0E5-02 1.0E400 1.0E-03
Groundwater
Commercialf Industrial Carcincgenic 5 0E-02 1.0E+0G 2.5E-03 1.0E-03
Hazard =>Sol >Sol 1.0E+01 >Sol 5 0E-02 1.0E+00 1.0E-03
Reswdential Carainogenic >Sol 3.8E+00
Groundwater [mg/l] Inhatation of Indoor Hazard >Scl >8ol 3.0E+04 >Sol 1.3E+01
Air Vapors
Commerciall Industnal Carcinogenic >Sol 1.3E+02
Hazard >8ol >Sol >Sol >Gol 7.5E+02
Residential Carcinogenic »Sal 1.1E+03
Inhalaticn of Outdoor| Hazard >Sol >Sol >Sol >Sol >Sol
ArVapers Commercial! Industnal Caranogenic >Sol >Sol
Hazard >Sci >Sol >Sol >3ol >3o!
Water for Recreation Ingestion/ Derrmal Residential Carcinogenic 2.0E-02 1.8E-04 8.3E-02
[mg/] Hazard 1 1E+00 1 7E+00 4.2E+01 >Sal 1.2E-01 2.8E+01 1.8E-01
*Italicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemical
> SOL = RBSL exceeds solubility of chemical in water
Printed.  5/18/2000 10f10 Qakland RBSLs




Oakland Tier 3 RBSLs (35.0 feet bgs)

Medium Exposure Pathway Land Use Type of Risk Ac;:nzh' A:;;':s:' Acetong Anthracene Arsenic Barium a:‘i‘:g;e Benzane
Residental Carginogenic azesgn | 2 5E+)0 ___BIEM
Surficiat Soil [mgikg] lngal;nﬂh:u; UD:r:rralf Hazard 3.1E+03 3.1E+03 4.8E+03 1.8E+04 2 0E+01 5.2E+03 8§ 2E+01
Commeraalf Indusinal Caranogenic 1 BE+01 8.3E+00 9.0E+01
Ha_zz_rd 2.0E+H04 2.0E+04 3.1E+04 1.0E+05 2.5E+02 9.4E+04 S5 2E+32
Residental Caranogenic SAT 2 2E+02
Inhalation of Cutdoor| Hazard SAT SAT SAT SAT BEE+02
Aurvapers Commercialf Industnat |- C2TG00genic SAT 288402
Hazard SAT SAT SAT SAT SAT
Resdential Caranogenic SAT 1.8BE+00
Subsurface Seil Inhalatien of Indoor Hazard SAT SAT 5.3E+03 SAT 6.1E+00
[maikg] Air Vapors Commerciall Industnal | Caranogenie SAT 6.1E+01
Hazard SAT SAT SAT SAT 3.5E+02
Ingestion of Residential Carcinogenic 4.4E+00 1.2E+02 1 0E+01 3 2E-03
Groundwater Hazard 3.0E+02 2.0E+G2 7 8E-01 SAT 4.4E+00 1 2402 3 2E.03
Recee | commeraat mdustnal |_Caranogene 44E+00 126402 4 4E401 32603
Haz_aﬂ SAT SAT 5 1E+00 SAT 4,4E4+00 1 28402 3 2E-03
Residental Carcinogenic 3 0E-62 1 0E+00 5 8E-04 1.06-03
Ingestion of Hazard 9 4E-01 94E-01 1.6E+00Q >So! 5 OE-G2 1 OE+0C 1.0E-03
Groundwater Commercal Industrial 1. CATCiA008mC 5.05-62 1.08+00 2.5E-03 1.06-03
Hazard >Sol >Sol 1.0E+01 >Sol S5.0E-02 1.CE+00 1.0E-03
Residential Carcinogenic >Sol 3.8E+00
Groundwater [mg/i] 1nha1Aalt:%'|agi Lr;door Hazard >Sol >Sot 30EH4 >Sol 1.3E+01
Commerciall Industnal | Caranogenic >Sal 1.36402
Hazard >8ol >Sol >Sol >Sol 7.5E+02
Residental Carcinogenic >8ol 1 1E+03
Inhalation of Outdoor Hazard >Sal >Sot >Sol >8ol >Soi
Air Vapors
Commercial/ industnial Cercinogenic >Sol >Sal
Hazard =Sol >Sol >Sol >Sol >Sol
Water for Recreation | |\ " bermal Resdental Caranogenie 2.0E-02 16E:04 6 3E-02
[mgf] - Hazard AE+GO 1.7E+00 £ 2E+01 ol 1.2E-01 2 BE+01 1.8E:01
*talicized concentrations based on California MCLs
SAT = RBSL exceeds saturated soil concentration of chemtical
>SOL = RBSL exceeds solubility of chemical in water
Primed. 5/18/2000 10f10 Oakland RESLs




