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Brief Introduction to NICOLA

NICOLA is a forum for contaminated land management in Africa, which provides a platform for co-

operation between industry, academia, regulators and service providers for the implementation of 

sustainable practices, knowledge and technologies. 

The overall objective of NICOLA is to pro-actively manage contaminated land within a science based 

sustainable best practice framework.

NICOLA has three main focus themes:

 Knowledge sharing: Provide an African forum for the dissemination and exchange of good practice, 

practical and scientific knowledge and ideas to manage contaminated land sustainably;

 Networking: Develop new relationships and strengthen existing relationships with other networks; 

and

 Inspire scientific best practice: Stimulate coordinated, interdisciplinary projects on collaborative, 

problem oriented research and knowledge transfer to address identified needs.
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Overall Purpose of Vapour Intrusion (VI) Guidance

The overall purpose of this document is to provide local guidance for the management of vapour 

intrusion, following a risk based approach and aligning with local environmental legislation. The 

guidance document consolidates the research conducted by pre-eminent organisations, such as the US 

EPA and ITRC, that have led the state of science in VI, and also incorporates local guidance, data and 

exposure scenarios that are typical to the South African setting, where available. 

The guidance focuses on vapours that have accumulated in buildings as a result of VI only (i.e. vapours 

that were derived from sub-surface sources), and does not address indoor vapours that have been 

derived from other sources, such as products, machines or vehicles present in buildings that contain 

VOCs, or vapours that are present in ambient air that migrate into indoor air spaces. 

However, the vapour intrusion screening levels (VISLs) take into account the total exposure to specific 

compounds in indoor air, to provide an overall risk. 
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Contents of VI Guidance

1. Introduction
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3. Biodegradation and VI Screening

4. Modelling

5. Vapour Sampling Methods

6. Vapour Control and Mitigation

7. Vapour Intrusion Screening Levels
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Background Legislation and Objectives

South Africa’s environmental legislation and guidance currently includes:

 NEMA and NWA (1998): Duty of care provisions for persons causing pollution or degradation of the 

environment

 NEMWA (2008): Part 8: Management of contaminated land

 DEA (2014): Norms and standards for the Remediation of Contaminated Land and Soil Quality, 

including soil screening values (SSVs)

 DEA (2010): Framework for the Management of Contaminated Land (DEA, 2010)

South Africa does not currently have any regulations or guidance specifically related to VI, however, the 

broad risk-based approach and duty of care principles do apply. 
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Key International VI Guidance
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Key international guidance for assessing and mitigating VI:

 Interstate Technology & Regulatory Council (ITRC) – October 2014 (PVI)

 United States Environmental Protection Agency (US EPA) – June 2015 (VI and PVI)

 Cooperative Research Centre for Contamination Assessment and Remediation of the Environment 

(CRC CARE) – July 2013 (PVI)
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Background to Vapour Intrusion
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 Vapour Intrusion (VI) is the process by which volatile vapours partition from contaminated subsurface 

sources (soil or groundwater) and migrate upward through the vadose zone and into overlying buildings

 VI can be subdivided into petroleum vapour intrusion (PVI) and chlorinated vapour intrusion (CVI) 

 PVI deals exclusively with petroleum hydrocarbon (PHC) compounds and differs from CVI due to vapour 

attenuation in the vadose zone, which is largely absent for chlorinated compounds

After ITRC, 2014
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Conceptual Site Model
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The VI pathway is considered “complete” for a specific building when the following conditions are met:

 A sub-surface source of hazardous vapour-forming chemicals (i.e. VOCs) is present underneath the 

building;

 The vapours have a route along which to migrate;

 Openings exist for the vapours to enter the building and “driving forces” exist to draw the vapours through 

the openings;

 One or more of the hazardous vapours derived from the sub-surface source(s) is present in the indoor air; 

and

 The building is occupied when the vapours are present in the indoor air. 
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Conceptual Site Model
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Biodegradation and PVI Screening
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(after ITRC, 2014)

 Biodegradation is important for petroleum 

hydrocarbons, which are known to degrade in 

the subsurface in the presence of oxygen, 

which diffuses into the soil from the 

atmosphere

 This process allows for development of 

subsurface separation criteria to be 

established where the risk of VI from 

petroleum hydrocarbon compounds becomes 

negligible

 The key difference with other non-petroleum 

VOCs (e.g. chlorinated VOCs) is that they 

typically degrade under anaerobic conditions 

and are thus not attenuated in the same way 

as petroleum hydrocarbons
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Separation Distance using local benzene concentrations
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Adopted Vertical Separation Distances
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Media Benzene TPH Vertical Separation 

Distance (m)

Soil

(mg/kg)

<10

<100 (unweathered petrol)

<250 (weathered petrol, 

diesel)

2

>10 (LNAPL)

>100 (unweathered petrol)

>250 (weathered petrol, 

diesel)

5

Groundwater

(mg/L)

<5 <30 2

>5 (LNAPL) >30 (LNAPL) 5



www.erm.com

Lateral Inclusion Zones
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To account for uncertainty in defining the exact edge of a vapour source in soil or groundwater and the extent 

of lateral vapour migration, it is recommended to establish a lateral inclusion zone (or buffer distance) beyond 

the edge of a vapour source such that any building located outside this zone may be excluded from further 

assessment for VI. 
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Attenuation across Building Slabs

Attenuation factor:

 Alpha (or α) = Attenuation Factor

α = Concentrationindoor/Concentrationsoil gas 

 Which means

 If you know “allowable” indoor air value, you can estimate the concentration of soil gas 

that may pose a risk

 Cindoor / αsoil gas = Csoil gas 

OR

 If you know the soil gas concentration you can estimate the expected indoor air 

concentration

 Csoil gas * αsoil gas = Cindoor
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USEPA Database including SA Data
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SA Data from Two Buildings
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Recommended Attenuation Factor

Vapour Intrusion Attenuation Factors from Local and International Sources:
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Data Source Attenuation Factor (α) Notes

US EPA VI database 0.03 Based on empirical unfiltered data

South African database 0.0088 Based on empirical unfiltered data

South Africa (building-specific) 0.003 – 0.0003 Based on empirical filtered data

Lahvis and Ettinger (2021) 0.0008 Based on filtered TCE data

Johnson and Ettinger (1991) 0.003 Based on mass flux principles

Recommended AF: 0.003 Applicable to slab on grade buildings
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Modelling

A number of VI models have been developed for the transport of VOCs from sub-surface soil 

and groundwater to indoor air.  The appropriate role of a model is to explain observed 

behaviour.

One-dimentional (1-D) PVI models:

 Johnson & Ettinger (J&E): Does not account for biodegradation

 BioVapor and PVIScreen: Account for aerobic biodegradation in the vadose zone

Two-dimensional (2-D) PVI models:

 PVI2D: Accounts for the lateral migration of oxygen beneath buildings, unlike the 1-D 

models  

 2-D CVI model: Accounts for vertically heterogeneous soils overlying a homogenous 

vapour source
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Soil Vapour Sampling Methods
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 Active Sampling: Active refers to actively 

extracting vapour out of the ground of a 

known volume. It gives quantitative values 

that can be used to assess risk.

 Passive Sampling: Passive refers to burying 

an adsorbent sampler in the ground and 

letting the vapours passively contact and 

adsorb onto the sampler.  Generally it does 

not give quantitative data.  
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VI Mitigation: Sub-slab Depressurisation (SSD)
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 SSD is an efficient and cost-effective solution to mitigate VI

 A SSD system induces a pressure differential between the sub-slab and the 

interior of the building by creating a vacuum beneath the slab 

 The lower pressure beneath the building prevents vapour from infiltrating into 

the building

Fan

Suction Pit

Advective Flow
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Vapour Intrusion Screening Levels (VISLs)
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VISLs were derived for indoor air in both residential and commercial/industrial scenarios using the following 

US EPA equations:

Non-carcinogenic Indoor Air Screening Level:

Carcinogenic Indoor Air Screening Level: 

 
𝐶𝑐 =

𝑇𝐶𝑅 𝑥 𝐴𝑇𝑐  𝑥 
365 𝑑𝑎𝑦𝑠
𝑦𝑒𝑎𝑟

 𝑥 
24 ℎ𝑜𝑢𝑟𝑠
𝑑𝑎𝑦

𝐸𝐷 𝑥 𝐸𝐹 𝑥 𝐸𝑇 𝑥 𝐼𝑈𝑅
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Vapour Intrusion Screening Levels
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Selected VISLs:

Compound Carcinogenic SL 

(TR = 1E-05)

Cc (µg/m3)

Non-carcinogenic 

SL (THQ = 1)

Cnc (µg/m3)

Adopted Indoor 

Air Screening 

Level (µg/m3)

Adopted Sub-slab 

Screening Level 

(µg/m3)

Benzene 3.12 31.3 3.12 1 040

Toluene Not carcinogenic 5 214 5 214 1 738 095

Ethylbenzene 9.73 1 043 9.73 3 244

Xylenes Not carcinogenic 104 104 34 762

tert-Amyl methyl ether (TAME) Not carcinogenic 64.6 64.6 21 552

Tetrachloroethene (PCE) 93.6 41.7 41.7 13 905

Trichloroethene (TCE) 6.13 2.09 2.09 695

cis-1,2-Dichloroethene (DCE) Not carcinogenic 7.30 7.30 2 433

Vinyl chloride 1.61 104 1.61 537
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