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Motivation

CETESB – São Paulo Environmental Agency

São Paulo

Regulation DD038/2017: Stablishes that Human Health Risk Assessments 

(HHRA) must be made considering CETESB HHRA spreadsheets

§ Excel model spreadsheet

§ Equations from USEPA - Risk Assessment Guidance for Superfund (RAGS)

CETESB HHRA Spreadsheets
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Urban Residents

Construction WorkerIndustrial/Commercial Workers

Rural Residents
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Motivation CETESB HHRA Spreadsheet



20
24

 B
at

te
lle

 C
hl

or
in

at
ed

 C
on

fe
re

nc
e 

– 
D

en
ve

r, 
C

ol
or

ad
o 

Motivation CETESB HHRA Spreadsheet
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Model does not consider the occurrence of biodegradation of 

petroleum hydrocarbons vapors under aerobic conditions in 

soil vadose zone.

 

SSTL 2017 – Industrial/Commercial Receptors
Vapor Inhalation in indoor environments

Parameter Unit SSTL CETESB
(2021)

EPA
(2023)

Benzene mg/kg 0.234 0.2 51.0
Ethylbenzene mg/kg 1.4* 1.4 250.0
Toluene mg/kg 372.00 80.0 47,000.0
Xylenes mg/kg 19.0* 19.0 2,500

 *CETESB intervention value was adopted since SSTL developed was bellow the legal limit

Subsurface Soil

USEPA Regional Screening Levels are at least 2 orders of magnitude higher than 
CETESB intervention values for soil.

Motivation



Concepts of Biodegradation
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complex compounds into simpler products (ITRC)

The vadose zone above an area contaminated by a 
petroleum release is normally an aerobic 
environment in which O2 can be readily replenished 
from the atmosphere

The most rapid rates of biodegradation typically 
occur under aerobic conditions

Microorganisms that biodegrade PHCs are 
ubiquitous in most subsurface soils

Rates of petroleum vapor biodegradation usually 
exceed the rates of PHC transport via diffusion ITRC (2014): Petroleum Vapor Intrusion: Fundamentals of Screening, Investigation, and Management

ITRC (2014): Petroleum Vapor Intrusion: Fundamentals of Screening, Investigation, and Management
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USEPA. Petroluem Hydrocarbons and Chlorinated Solvents Differ in Their Potential for Vapor Intrusion. 2012



20
24

 B
at

te
lle

 C
hl

or
in

at
ed

 C
on

fe
re

nc
e 

– 
D

en
ve

r, 
C

ol
or

ad
o 

Methodology
11 Empirical Data – Soil Vapor

To assess the potential for PHC vapor biodegradation 
along the vadose zone

Human health risk assessment using CETESB 
Spreadsheets (do not consider PHC Biodegradation)

22 CETESB HHRA Spreadsheet
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Methodology
11 Empirical Data – Soil Vapor

To assess the potential for PHC vapor biodegradation 
along the vadose zone

Human health risk assessment using CETESB 
Spreadsheets (do not consider PHC Biodegradation)

22 CETESB HHRA Spreadsheet

33 Bioattenuation factor 
Actual Site PHC vapor concentrations and oxygen 
measurements were set up on BioVapor to obtain 
bioattenuation factors

BioVapor Model (API, 2012 *Public domain software)

44
SSTL & Risk Calculation: 
Bioattenuation factors were set up on RBCA to calculate 
SSTL and Risk

Software RBCA



Results
Step 01 – Empirical Data – Soil Vapor
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Results
Step 01 – Empirical Data – Soil Vapor
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0.5 mbgs

4,0 mbgs

8,0 mbgs

10,0 mbgs

BTEX Concentration (µg/m³)

O2 Concentration (%)

1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

0.0% 5.0% 10.0% 15.0% 20.0%

Benzeno Tolueno Etilbenzeno Xilenos VI Benzeno 
(464,7 µg/m³)

VI Tolueno
(730.000 µg/m³)

VI Etilbenzeno
(1.831,4 µg/m³)

VI  Xilenos
(14600 µg/m³)

O2 (%)

BTEX vapor concentrations – Bioattenuation of up to 07 ordens of magnitude along the soil profile



Results
BioVapor – Bioattenuation Factor

Bioattenuation Factor – Indoor Environments
1,2,4-Trimethylbenzene 2.17E-07
1,3,5-Trimethylbenzene 2.02E-07
Benzene 2.26E-07
Ethylbenzene 9.47E-08
Toluene 1.73E-07
p-Xylene 1.60E-07
m-Xylene 1.72E-07
o-Xylene 9.75E-08

BioVapor: developed by American Petroleum Instituto (API, 2012)
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Input data:

Vadose zone: site specific or default data from CETESB (2021).

Construction parameters: default data from CETESB (2021) for 
commercial buildings.

Concentrations: soil vapor data from each monitoring well and at 
each sampling depth.

Results: 
Risks identified with CETESB 

spreadsheets were not confirmed



Results

SSTL developed by RBCA were restricted to the saturation limits in soil or 

solubility limit in groundwater.

Project team decided to set the SSTL as 50% of the saturation/solubility limits to 

prevent the occurrence of LNAPL

Software RBCA – Site Specific Target Levels (SSTL)
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Results
Software RBCA – Site Specific Target Levels (SSTL)
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Groundwater

Parameter Unit
SSTL Intervention Values

CETESB 
Spreadsheet

BioVapor + RBCA
(Bioattenuation)

CETESB 
Tap Water

(2021)

USEPA
Tap Water 

(2023)
1,2,4-Trimethylbenzene µg/l 2,900 28,500 - 56

1,3,5-Trimethylbenzene µg/l 2,900 24,000 - 60

Benzene µg/l 1,150 1,790 5 4,6

Ethylbenzene µg/l 3,420 84,500 300 15

Toluene µg/l 1,530,000 263,000 30 1000

Xylenes µg/l 2,900 28,500 - 56

SSTL developed by RBCA were restricted to the saturation limits in soil or 

solubility limit in groundwater.

Project team decided to set the SSTL as 50% of the saturation/solubility limits to 

prevent the occurrence of LNAPL



Results
Software RBCA – Site Specific Target Levels (SSTL)
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Subsurface Soil

Parameter Unit
SSTL Intervention Values

CETESB 
Spreadsheet

BioVapor + RBCA
(Bioattenuation)

CETESB 
Industrial Soil

(2021)

USEPA 
Industrial Soil 

(2023)
1,2,4-Trimethylbenzene mg/kg 1,800* 1,800.0* - 1,800.0

1,3,5-Trimethylbenzene mg/kg 1,500* 1,500.0* - 1,500.0

Benzene mg/kg 0.230 407.0 0.2 51.0

Ethylbenzene mg/kg 1.4* 111.0 1.4 250.0

Toluene mg/kg 372 243.0 80.0 47,000.0

Xylenes mg/kg 19.0 125.0 19.0 2,500

SSTL developed by RBCA were restricted to the saturation limits in soil or 

solubility limit in groundwater.

Project team decided to set the SSTL as 50% of the saturation/solubility limits to 

prevent the occurrence of LNAPL

*Intervention value was adopted since SSTL developed was bellow the legal limit
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The risk assessment approach and new SSTLs 
were accepted by CETESB. 

Additional water and soil vapor sampling 
campaigns were performed in 2022/2023 and 
confirmed the results 
(Total of 5 sampling campaigns). 

The case is in process of being closed.

Institutional control: restriction of groundwater 
consumption
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02 Conceptual Site Model: areas contaminated with petroleum hydrocarbons should include oxygen, carbon dioxide, and methane 
monitoring to assess the biodegradation potential in the vadose zone.

01 Biodegradation: Petroleum hydrocarbon vapors biodegrade rapidly under aerobic conditions along soil vadose zonel.
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02 Conceptual Site Model: areas contaminated with petroleum hydrocarbons should include oxygen, carbon dioxide, and methane 
monitoring to assess the biodegradation potential in the vadose zone.

03 CETESB Spreadsheets: vapor inhalation risks in indoor environments are generally conservative for petroleum hydrocarbons 
because they do not consider biodegradation.

04 Remediation: SSTL can be overly conservative and demand significant financial and environmental resources to restore the area 
based on vapor inhalation risk.

01 Biodegradation: Petroleum hydrocarbon vapors biodegrade rapidly under aerobic conditions along soil vadose zone.
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