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Executive summary______________________________ 

Coffey Environments Pty Ltd was commissioned by the Cooperative Research Centre 
for Contamination Assessment and Remediation of the Environment (CRC CARE) to 
prepare a detailed review of the background to the respective international approaches 
on total petroleum hydrocarbons.  This was designed to ascertain the basis to 
decisions on differences in the use of the Total Petroleum Hydrocarbon Working Group 
(TPHCWG) hydrocarbon fractions that are used internationally but are subject to 
adjustment in some cases.  This was an outcome associated with discussions arising 
from the Technical Working Group and Petroleum Project Advisory Group meetings 
held in Melbourne on 20 November 2007 and 29 November 2007 where the outcomes 
of the working document on total petroleum hydrocarbons were presented. 

The objective is to provide a detailed review of the background to respective 
international approaches on total petroleum hydrocarbons in order to ascertain the 
basis to decisions on differences in the use of the TPHCWG fractions and associated 
toxicological, fate and transport data and the specified scope of works including an 
examination of:  

• the US Agency for Toxic Substances and Disease Registry (ATSDR)’s position on 
total petroleum hydrocarbons (TPH), based on their current documentation 

• the Netherlands, Institute of Public Health and the Environment (RIVM)’s use of an 
extended range of TPH fractions based on recent publications 

• the UK Department of Environment’s use of an extended range of TPH fractions as 
presented in regulatory publications 

• the Canadian Council of Ministers of the Environment (CCME)’s use of a reduced 
series of TPH fractions as detailed in regulatory publications, and 

• the New Zealand (NZ) approach in the use of AIP fractional approaches that are a 
reduced group of fractional ranges as presented by the NZ Ministry for the 
Environment (MfE). 

The review strategy encompassed a literature review of regulatory publications in this 
area and related documentation and email correspondence to a range of international 
regulatory scientists, consultants, researchers and academics through personal and 
public networks. 

A consistency in terms of the background information used in the development of TPH 
fractional approaches was identified with regional adjustments including: 

• the use of risk-based techniques of assessment common to all areas 

• staged approaches in the site assessment of petroleum-hydrocarbon impacted land 

• the use of specific indicator substances such as carcinogens (benzene, 
benzo[a]pyrene) and commonly encountered contaminant non-carcinogens such as 
ethylbenzene, toluene, xylenes and naphthalene, followed by TPH fractions, and 

• the assessment of TPH fractions undertaken either concurrently with, or sequentially 
to, the indicator substances. 

Table 7 summarises the information relevant to each national position across these 
issues. 
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Selection of fractions and data for toxicological evaluation and fate and transport 
characteristics has consistently been drawn from the work of the TPHCWG.  The 
adaptation of that work, however, has differed from minor adjustment to reduction of 
the numbers of TPH fractions using various methods including, in some cases, 
adjustment of toxicological endpoints.  In addition, although some commonality exists 
for TPH fractional analytical procedures each agency has examined or documented 
specific procedures for evaluation or implementation. 

ATSDR has directly captured the TPHCWG fractions with an extension of the aromatic 
equivalent carbon (EC) range of >EC5-EC8 of the TPHCWG to aromatic EC>5-EC9 to 
capture all the BTEX substances in this range.  This has also been adopted by RIVM.  
The ATSDR then use the 13 fractions for fate and transport evaluation and the 
exposure assessment with consolidation of ranges into the seven toxicity fractions for 
evaluation.  RIVM is also consistent with this approach in deriving their updated 
maximum permissible risk values. 

The UK Environment Agency has undertaken extensive consultation on TPH 
approaches and has extended the TPH fraction range to also include aromatic   
>EC35-44 for both aliphatic and aromatic ranges and a combined >EC44-70 range.  
The implementation of their recommendations is currently under consideration. 

The CCME and New Zealand MfE have adopted a reduction in TPH fractions in their 
documentation embodying weighted averaging approaches and assumptions on the 
distribution of aromatic and aliphatic components.  The CCME presents its approach 
using a combination of TPHCWG data and product composition in conjunction with 
regional evaluation of fresh product in terms of aromatic and aliphatic components to 
determine this distribution.  The New Zealand basis uses an emphasis on specific 
indicator substances and a special case for PAHs in diesel in reducing dependence on 
the assessment of TPH aromatics.  The weighting procedure for the aliphatic ranges, 
however, is not detailed.  The NZ MfE has also undertaken a consultation phase and is 
currently reviewing its position on TPH assessment based on consultation outcomes. 

The international perspective as presented for these agencies is one of dynamic flux 
with a number of agencies currently reviewing their position on the approach to TPH.  
The CCME and RIVM positions appear the most consolidated, incorporating both 
human health and eco-toxicological evaluations.  The ATSDR position has not changed 
and, although a huge amount of documentation has been generated in the United 
States, jurisdictional uptake has varied considerably with an apparent diversity of 
approaches.  In all cases regional considerations have factored significantly in the 
process of determining suitable frameworks. 
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1.  Introduction___________________________________ 

1.1 Preliminary 
Coffey Environments Pty Ltd was commissioned by the Cooperative Research Centre 
for Contamination Assessment and Remediation of the Environment (CRC CARE) to 
prepare a detailed review of the background to the international approaches on total 
petroleum hydrocarbons.  This was designed to ascertain the basis to decisions on 
differences in the use of the Total Petroleum Hydrocarbon Working Group (TPHCWG) 
hydrocarbon fractions that are used internationally but are subject to adjustment in 
some cases. 

This review seeks to address issues raised following the presentation of the working 
document on total petroleum hydrocarbons at two CRC CARE meetings involving the 
Technical Working Group (TWG) on 20 November 2007 and the Petroleum Project 
Advisory Group (PAG) on 29 November 2007 in Melbourne. 

 

1.2 Background  
The diversity of total petroleum hydrocarbons (TPHs) derived from crude petroleum is 
reflected in the wide range of uses throughout residential, commercial and industrial 
sectors of the community.  As a consequence these substances are frequently 
encountered on contaminated sites world-wide and are more pronounced in Australia 
and New Zealand, South-East Asia, the United States, Canada, the United Kingdom 
and Europe where jurisdictions have attempted to identify, assess and address the 
problem.  The significance of the problem in Australia is demonstrated by the reported 
frequency of this type of land contamination with an estimated 50% of the 200,000 
contaminated sites nationally (National Environment Protection Council (NEPC) 1999) 
considered to be contaminated by petroleum hydrocarbons (NEPC 2006, p.34). 

TPH includes a range of general classes such as petroleum derived gases; liquefied 
gases; solvents; petrol; white spirits; kerosene; jet fuels; fuel oils such as diesel, 
automotive and railroad fuel; lubricating oils; asphalts and waxes.  These chemicals are 
environmentally mobile and will result in contamination of soil, air and water with their 
environmental fate and transport behaviour a reflection of molecular weight and 
chemical structure. In general terms compounds with low carbon numbers, low 
molecular weight and simple structures exhibit greater combustibility, volatility, water 
solubility and environmental mobility. The properties of hydrocarbons are extensive and 
crude oil distillation products comprise thousands of hydrocarbons that may include 
mixtures and single chemical entities obtained at a variety of fractionation 
temperatures.  Additional refinery procedures following distillation result in a range of 
specialised products that may be quite distinct from those obtained at the time of 
distillation (ATSDR 1999). 

The risk assessment of mixtures such as TPHs involves difficulties due to limited 
toxicological data and varied approaches and analytical protocols.  Progressive 
development in the risk assessment of TPHs has been under consideration since the 
early 1990s and has focused on the requirements of the assessment of mixtures.  
Overall approaches have focused on a staged strategy for assessment commencing 
with indicator chemicals of significance such as carcinogens to TPH fractional mixtures. 
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Australian development in the assessment of hydrocarbons on contaminated sites 
began with the adoption of early soil and groundwater guidelines from the Institute of 
Public Health and the Environment in the Netherlands (see VROM 1994), followed by 
documentation in the assessment of service station sites (NSW EPA 1994) and a 
number of papers in the National Workshops on the Health Risk Assessment and 
Management of Contaminated Sites (Lindon 1993; Turczynowicz 1998, 2003), some of 
which are embodied in the National Environment Protection (Assessment of Site 
Contamination) Measure 1999 (NEPC 1999).  The latter focused on the work of the 
TPHCWG.  

Note that throughout this document equivalent carbon (EC) fractional ranges are 
presented differently, e.g. >EC8-EC16 or >C8-C16 and these reflect the manner of 
representation in the various agencies.  They all represent the EC TPH fractional 
ranges that are based on boiling point differentiation against molecular weight (refer 
Section 3.3). 

There has been a consistency in the approach to the application of TPH fractions when 
assessing petroleum hydrocarbon contaminated sites based to a significant degree on 
the work of the TPHCWG. However, variance in this approach in certain jurisdictions is 
recognised and is the subject of this report. 

 

1.3 Objective 
The objective is to provide a detailed review of the background to respective 
international approaches on total petroleum hydrocarbons in order to ascertain the 
basis to decisions on differences in the use of the TPHCWG fractions and associated 
toxicological, fate and transport data.  This review may contribute to the adoption of a 
defined series of TPH fractions in Australia. 

 

1.4 Scope of works 
The developed scope for review of international approaches would examine: 

• the US Agency for Toxic Substances and Disease Registry (ATSDR)’s position on 
TPH, based on their current documentation 

• the Netherlands, Institute of Public Health and the Environment (RIVM)’s use of an 
extended range of TPH fractions based on recent publications 

• the UK Department of Environment’s use of an extended range of TPH fractions as 
presented in regulatory publications 

• the Canadian Council of Ministers of the Environment (CCME)’s use of a reduced 
series of TPH fractions as detailed in regulatory publications, and 

• the New Zealand (NZ) approach in the use of AIP fractional approaches that are a 
reduced group of fractional ranges as presented by the NZ Ministry for the 
Environment (MfE). 
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1.5 Review strategies 
In order to obtain the most current information for this report the following was 
undertaken: 

• a literature review of regulatory publications in this area and related documentation, 
and 

• email correspondence to a range of international regulatory scientists, consultants, 
researchers and academics through personal and public networks. Network 
contacts are detailed in Appendix A and an example of the email sent is presented. 
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2.   International agencies__________________________ 

2.1 Canadian Council of Ministers for the Environment (CCME) 
2.1.1 Background 

The Canadian Council of Ministers of the Environment (CCME) works to promote 
cooperation on, and coordination of, environmental issues such as waste management, 
air pollution and toxic chemicals. CCME members develop nationally-consistent 
environmental standards and objectives to achieve a high level of environmental quality 
across the country. The CCME adopts an advisory role as it does not have the 
authority to implement or enforce legislation; each jurisdiction subsequently decides 
whether or not to adopt CCME recommendations. 

The CCME is made up of environment ministers from federal, provincial and territorial 
governments. Fourteen ministers meet twice a year to discuss national environmental 
priorities and determine work to be carried out under the auspices of the CCME. 

A steering committee, the Environmental Planning and Protection Committee, made up 
of senior staff from each jurisdiction, provides ongoing advice to the CCME and 
coordinates specific CCME projects assigned to intergovernmental task groups. In this 
way, member governments can respond quickly to emerging issues, set national 
environmental strategies, and develop long-term plans. 

Through task groups, CCME members work cooperatively to achieve specific goals, 
and to reach consensus on proposed national policies, programs, standards and 
guidelines. For example, one such task group is the Soil Quality Guidelines Task 
Group with a mandate to develop, approve and publish national soil quality guidelines 
for the protection of environmental and human health. The National Guidelines and 
Standards Office of Environment Canada acts as the technical secretariat for the task 
group, providing technical coordination and delivery of new and revised soil quality 
guidelines.  The task group has also been actively involved in the development of 
Canada-Wide Standards (CWS) for contaminants in soils. 

 

2.1.2 Publications 

The Soil Quality Guidelines Task Group has produced numerous guidance documents 
on the development and use of soil quality guidelines and managing contaminated 
sites in Canada, as well as providing input to the 1999 CCME publication entitled 
Canadian Environmental Quality Guidelines. 

Recently, the Soil Quality Guidelines Task Group has put considerable effort into 
developing the CWS for Petroleum Hydrocarbons in Soil, which is a remedial standard 
specifying consistent methods and outcomes for assessment and management of sites 
contaminated by petroleum hydrocarbons.  The CWS for Petroleum Hydrocarbons 
(PHC) in Soil, endorsed by Ministers in May 2001, was revised in January 2008 after 
an extensive review (refer Section 4.1). 

http://www.ccme.ca/
http://www.ccme.ca/ourwork/soil.html?category_id=43
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A range of recent Canadian documents and reports relating to petroleum hydrocarbons 
in soil have been produced including: 

• CCME 2008a, Canada-Wide Standard for Petroleum Hydrocarbons (PHC) in Soil: 
Scientific Rationale Supporting Technical Document, PN 1399, Canadian Council of 
Ministers for the Environment, Winnipeg, Manitoba, Canada. 

• CCME 2008b, Canada-Wide Standard for Petroleum Hydrocarbons (PHC) in Soil: 
User Guidance Petroleum Hydrocarbons in Soil, PN1398, Canadian Council of 
Ministers for the Environment, Winnipeg, Manitoba, Canada. 

• CCME 2008c, Petroleum Hydrocarbons in Soil Canada-Wide Standard: User 
Guidance – Overview, Canadian Council of Ministers for the Environment, 
Winnipeg, Manitoba, Canada. 

• CCME 2007, Socio-economic Analysis of Proposed Updated Criteria, Canada-Wide 
Standard for Petroleum Hydrocarbons in Soil, PN 1400, Canadian Council of 
Ministers for the Environment, Winnipeg, Manitoba, Canada. 

• CCME 2005a, Review of Canada-Wide Standards for Petroleum Hydrocarbons in 
Soil: Report of the Model Parameter Advisory (MPA) Sub Group, Canadian Council 
of Ministers for the Environment, Winnipeg, Manitoba, Canada. 

•  CCME 2005b, Review of Canada-Wide Standards for Petroleum Hydrocarbons in 
Soil: Report of the Toxicity Reference Value (TRV) Advisory Sub Group, Canadian 
Council of Ministers for the Environment, Winnipeg, Manitoba, Canada. 

• CCME 2003, Canada-wide Standard for Petroleum Hydrocarbons in Soil, Report to 
Ministers, Canadian Council of Ministers for the Environment, Winnipeg, Manitoba, 
Canada. 

• CCME 2001a, Reference Method for the Canada-Wide Standard for Petroleum 
Hydrocarbons in Soil - Tier 1 Method, PN 1310, Canadian Council of Ministers for 
the Environment, Winnipeg, Manitoba, Canada. 

Refer http://www.ec.gc.ca/ceqg-rcqe/English/ccme [accessed 6/5/2008]. 

 

2.2 Institute for Public Health and the Environment – The 
Netherlands 

2.2.1 Background 

The National Institute for Public Health and the Environment (RIVM) is a recognised 
leading centre of expertise in the fields of health, nutrition and environmental 
protection. Research work is mainly conducted for the Dutch Government, but the 
knowledge is shared with governments around the world. The results of the research 
which includes monitoring, modelling and risk assessment are used to underpin policy 
on public health, food, safety and the environment. 

RIVM undertakes activities to promote both public health, and a healthy and safe living 
environment. The principal task of RIVM is to conduct research and collect knowledge 
worldwide with results being used to support the Dutch government in formulating its 
policy. 

http://www.ccme.ca/assets/pdf/pn_1399_phc_sr_std_1.2_e.pdf
http://www.ccme.ca/assets/pdf/pn_1399_phc_sr_std_1.2_e.pdf
http://www.ccme.ca/assets/pdf/phc_mpa_rpt_1.0_e.pdf
http://www.ccme.ca/assets/pdf/phc_mpa_rpt_1.0_e.pdf
http://www.ccme.ca/assets/pdf/final_phc_method_rvsd_e.pdf
http://www.ccme.ca/assets/pdf/final_phc_method_rvsd_e.pdf
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RIVM’s objectives include: 

• research 

• policy support 

• national coordination 

• intervention programs and 

• provision of information to professionals and the general public. 

RIVM is responsible for providing impartial and reliable information to members of the 
public and professionals who work in the fields of health care, infectious diseases, 
medicines, the environment, and nutrition and safety. The objective of RIVM is to make 
optimum use of scientific knowledge and expertise, and then make this knowledge and 
expertise accessible. 

RIVM conducts risk assessments, develops models and methodologies, and 
participates in numerous national and international committees. RIVM is the official 
research facility for the Ministries of Health, Welfare and Sport and Housing, and 
Spatial Planning and the Environment in the Netherlands, and serves the Inspectorate 
for Public Health and the Inspectorate of Housing, Spatial Planning and the 
Environment. RIVM also works for the Ministries of Agriculture, Nature Management 
and Food Quality; Transport, Public Works and Water Management, and for the Dutch 
Food and Consumer Product Safety Authority (VWA). 

The RIVM forms part of a network supporting the European Commission and 
cooperates with a range of European and agencies worldwide. RIVM collaborates 
closely with fellow specialists at universities and research institutes in the Netherlands 
and around the world. 

European agencies RIVM is involved with include: 

• European Food Safety Agency (EFSA) 

• European Centre for Disease Prevention and Control (ECDC) (Stockholm) 

• European Environmental Agency (EEA) (Copenhagen) 

• Chemical Bureau (Helsinki), and 

• Medical & Safety Agency (London). 

The RIVM also collaborates in international projects related to public health and the 
environment by sharing expertise and research findings. 

Global agencies RIVM is involved with include: 

• World Health Organization (WHO) 

• Food & Agricultural Organization (FAO) 

• United Nations Environment Programme (UNEP) 

• United Nations Industrial Development Organization (UNIDO), and 

• World Bank. 

http://www.rivm.nl/en/aboutrivm/projects/index.jsp
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The RIVM consists of 30 units, functioning mainly as laboratories or centres, depending 
on the tasks carried out. Similar units are grouped into one of four divisions under a 
division director. These divisions include: 

• Centre for Infectious Disease Control Division 

• Public Health and Health Services Division 

• Nutrition Medicines and Consumer Safety Division, and 

• Environment and Safety Division. 

 

2.2.2 Publications 

The RIVM has been involved in a number of publications related to petroleum 
hydrocarbons. These include: 

• Verbruggen, EMJ 2004, Environmental Risk Limits for Mineral Oil (Total Petroleum 
Hydrocarbons), National Institute of Public Health and the Environment, Bilthoven, 
The Netherlands, RIVM report 601501021/2004. 

• Swartjes, FA 2002, Variation in calculated human exposure. Comparison of 
calculations with seven European human exposure models, National Institute of 
Public Health and the Environment, Bilthoven, The Netherlands, RIVM report 
711701030/2002. 

• Franken, ROG, Baars, AJ, Crommentuijn, GH & Otte, P 1999, A proposal for revised 
Intervention Values for petroleum hydrocarbons (“minerale olie”) on base of fractions 
of petroleum hydrocarbons, National Institute of Public Health and the Environment, 
Bilthoven, The Netherlands, RIVM report 711701015. 

• Baars, AJ, Theelen, RMC, Janssen, PJCM, Hesse, JM, van Apeldoorn, ME, 
Meijerink, MCM, Verdam, L & Zeilmaker, MJ 2001, Re-evaluation of human-
toxicological maximum permissible risk levels, National Institute of Public Health and 
the Environment, Bilthoven, The Netherlands, RIVM Report 711701025. 

Information on RIVM was obtained from http://www.rivm.nl/en/ [accessed 6/5/2008]. 

 

2.3 New Zealand Ministry for the Environment (MfE) 
2.3.1 Background 

The Ministry is the New Zealand Government's principal adviser on national and 
international matters that affect the environment and environmental sustainability, 
which supports social and economic well-being. 

The main outcomes of the Ministry are to ensure that: 
• New Zealand’s air, water, land and built communities are healthy 

• New Zealand is able to capitalise on its natural environmental advantages 

• New Zealand’s natural resources are managed effectively and New Zealanders are 
encouraged to use resources sustainably, and 

• risks to people, the economy and the environment from pollution, contamination and 
other environmental hazards are minimised. 

http://www.rivm.nl/bibliotheek/rapporten/711701025.html
http://www.rivm.nl/bibliotheek/rapporten/711701025.html
http://www.rivm.nl/bibliotheek/rapporten/711701025.html
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The role of the Ministry for the Environment is to: 

• provide leadership on environmental sustainability across central and local 
government and the community 

• work in partnership with others in central and local government, business and the 
community to improve our environment and encourage sustainable practices 

• correct problems that require central government intervention, and 

• measure and report on the health of the environment. 

 

2.3.2 Responsibilities 

In 1986, The Environment Act established the Ministry for the Environment and the 
Office of the Parliamentary Commissioner for the Environment. The Commissioner is 
an officer of Parliament appointed for a five-year term to provide an independent check 
on the system of environmental management and the performance of public authorities 
on environmental matters. 

The functions of the Ministry for the Environment, as set out in the Environment Act 
1986, are: 

• To advise the Minister on all aspects of environmental administration, including: 

– management policies for natural and physical resources and ecosystems to meet 
the objectives of the Environment Act 1986 

– significant environmental impacts of public or private sector proposals, 
particularly those that are inadequately covered by existing legislative or other 
environmental assessment requirements, and 

– ensuring effective provision is made for public participation in environmental 
planning and policy formulation, particularly at the regional and local level. 

• To obtain information, and to conduct and supervise research, so it may advise the 
Government on environmental policies. 

• To provide the Government, its agencies, and other public authorities with advice 
on: 

– the application, operation, and effectiveness of the Acts specified in the Schedule 
to the Environment Act 1986 in relation to the achievement of the objectives of 
the Act 

– procedures for the assessment and monitoring of environmental impacts 

– pollution control and the co-ordination of the management of pollutants in the 
environment 

– the identification and likelihood of natural hazards and the reduction of the effects 
of natural hazards, and 

– the control of hazardous substances, including the management of the 
manufacture, storage, transport, and disposal of hazardous substances. 

• To facilitate and encourage the resolution of conflict in relation to policies and 
proposals which may affect the environment. 
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• To provide and disseminate information and services to promote environmental 
policies, including environmental education and effective public participation in 
environmental planning. 

• To generally provide advice on matters relating to the environment. 

• To carry out functions specified under any other enactment. 

The Ministry for the Environment is responsible for administering the following laws, 
including amendments and regulations under these laws: 

• Soil Conservation and Rivers Control Act 1941 

• Environment Act 1986 

• Resource Management Act 1991 

• Ozone Layer Protection Act 1996 

• Hazardous Substances and New Organisms Act 1996 

• The Energy Efficiency and Conservation Act 2000 

• Climate Change Response Act 2002 

• Aquaculture Reform (Repeals and Transitional Provisions) Act 2004, and 

• Fiordland (Te Moana o Atawhenua) Marine Management Act 2004. 

 

2.3.3 Publications 

The Ministry for the Environment produces a wide range of publications on 
environmental legislation, policies and issues. These include guidelines, consultation 
documents, information papers, reports, pamphlets and information sheets. 

Available publications related to total petroleum hydrocarbons (TPH) include: 

• MfE 1999a, Guidelines for Assessing and Managing Petroleum Hydrocarbon 
Contaminated Sites in New Zealand, Ministry for the Environment, Wellington, New 
Zealand.  This is the main NZ document pertaining to assessment of petroleum-
hydrocarbon impacted land. 

• MfE 1999b, Draft Sampling Protocols and Analytical Methods for Determining 
Petroleum Products in Soil and Water, May 1999, Ref ME613, Ministry for the 
Environment, Wellington, New Zealand. The objective of this guideline is to provide 
cost-effective, reliable information that will permit screening, assessment and where 
appropriate evaluation of the risks posed by contamination. 

• MfE 1998, Environmental Guidelines for Water Discharges from Petroleum Industry 
Sites in New Zealand, Ministry for the Environment, Wellington, New Zealand.  This 
document provides Guidance for the owners and managers of petroleum industry 
sites on how to ensure water discharges will not cause significant adverse effects on 
the environment. 

Information on the New Zealand Ministry for the Environment was obtained from 
http://www.mfe.govt.nz/ [accessed 06/05/2008]. 

 

http://mfe.resultspage.com/search?p=R&srid=S1%2d1&lbc=mfe&w=petroleum%20hydrocarbons&url=http%3a%2f%2fwww%2emfe%2egovt%2enz%2fpublications%2fhazardous%2fsampling%2dprotocols%2doil%2dmay99%2epdf&rk=8&uid=964335885&sid=2&ts=c2&rsc=OxraRdTwtkLyUIw7&method=and
http://mfe.resultspage.com/search?p=R&srid=S1%2d1&lbc=mfe&w=petroleum%20hydrocarbons&url=http%3a%2f%2fwww%2emfe%2egovt%2enz%2fpublications%2fhazardous%2fsampling%2dprotocols%2doil%2dmay99%2epdf&rk=8&uid=964335885&sid=2&ts=c2&rsc=OxraRdTwtkLyUIw7&method=and
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2.4 UK Environment Agency 
2.4.1 Background 

The UK Environment Agency is the leading public body protecting and improving the 
environment in the United Kingdom. The role of the Agency includes addressing 
flooding and pollution incidents; reducing industry impacts on the environment; 
cleaning up rivers, coastal waters and contaminated land; and improving wildlife 
habitats. As such the Agency is involved in the management of air, water and land 
quality issues. 

The Agency has an Environment Science Programme which focuses on five main 
areas of activity: 

• Setting the agenda: To identify the strategic science needs of the Agency to inform 
its advisory and regulatory roles. 

• Sponsoring science: To fund people and projects in response to the needs identified 
by the agenda setting. 

• Managing science: To ensure that each project funded is fit for purpose and that it is 
executed according to international scientific standards. 

• Carrying out science: To undertake the research itself, by those best placed to do it 
– either by in-house Agency scientists, or by contracting it out to universities, 
research institutes or consultancies. 

• Providing advice: To ensure that the knowledge, tools and techniques generated by 
the science programme are taken up by relevant decision-makers, policy makers 
and operational staff. 

 

2.4.2 Publications 

The Environment Agency has published a number of documents related to petroleum 
hydrocarbons including:  

• Environment Agency 2003, Principles for Evaluating the Human Health Risks from 
Petroleum Hydrocarbons in Soils: Consultation Paper, R&D Technical Report P5-
080/TR1, Almondsbury, Bristol, UK. 

• Environment Agency  2004, Review of Comments on: Environment Agency Public 
Consultation Paper – Principles for Evaluating the Human Health Risks from 
Petroleum Hydrocarbons in Soils, R&D Project Record P5-080/TR2, Almondsbury, 
Bristol, UK. 

• Environment Agency 2005, The UK Approach for Evaluating Human Health Risks 
from Petroleum Hydrocarbons in Soils, Science Report P5-080/TR3, Almondsbury, 
Bristol, UK. 
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2.5 US Agency for Toxic Substances and Disease Registry (ATSDR) 
2.5.1 Background 

The Agency for Toxic Substances and Disease Registry (ATSDR) was created by the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA), more commonly known as the Superfund law. The Superfund program is 
responsible for identifying and remediating the most hazardous waste sites in the 
United States. 

The U.S. Environmental Protection Agency (EPA) currently targets more than 1200 
National Priorities List (NPL) sites for clean-up, however, the ATSDR is the lead federal 
public health agency responsible for determining human health effects associated with 
toxic exposures, preventing sustained exposures, and mitigating associated human 
health risks at these NPL sites and others throughout the country. 

ATSDR mission objectives, as an agency of the U.S. Department of Health and Human 
Services, is to serve the public by using the best science, taking responsive public 
health actions, and providing trusted health information to prevent harmful exposures 
and disease related to toxic substances. 

ATSDR is directed by congressional mandate to perform specific functions concerning 
the effect on public health of hazardous substances in the environment. These 
functions include public health assessments of waste sites, health consultations 
concerning specific hazardous substances, health surveillance and registries, response 
to emergency releases of hazardous substances, applied research in support of public 
health assessments, information development and dissemination, and education and 
training concerning hazardous substances. 

In order for ATSDR to carry out its statutory responsibilities, ATSDR has a joint Office 
of the Director with the National Centre for Environmental Health (NCEH). The Office of 
the Director contains seven functional units. In addition, there are three offices and five 
program-specific divisions to support and implement program areas including:  

• public health assessments 

• toxicological profiles 

• emergency response 

• exposure and disease registries 

• health effects research 

• health education, and 

• special initiatives in environmental health. 

The following goals have been established for ATSDR: 

• prevent ongoing and future exposures and resultant health effects from hazardous 
waste sites and releases 

• determine human health effects associated with exposure to Superfund-related 
priority hazardous substances 

• mitigate the risks of human health effects at toxic waste sites with documented 
exposures 

• build and enhance effective partnerships, and 

http://www.hhs.gov/
http://www.hhs.gov/
http://www.atsdr.cdc.gov/congress.html
http://www.atsdr.cdc.gov/HAC/PHA/
http://www.atsdr.cdc.gov/toxpro2.html
http://www.atsdr.cdc.gov/2p-measuring-health-effects.html
http://www.atsdr.cdc.gov/2p-data-resources.html
http://www.atsdr.cdc.gov/2p-environmental-education.html
http://www.atsdr.cdc.gov/2p-special-initiatives.html
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• promote effective and efficient agency management. 

 

2.5.2 Publications 

ATSDR produces a range of documents meeting the needs of the general public and 
the health profession community.  These include Toxicological Profiles, TOXFAQs™, 
TOXFAQs™ Chemical Agent Briefing Sheets, Health Assessments and Consultations, 
and Case Studies in Environmental Medicine. 

ATSDR has a number of publications related to petroleum hydrocarbon contaminants. 
These include: 

• ATSDR 1999, ToxFAQs™: Total Petroleum Hydrocarbons (TPH).This fact sheet 
answers the most frequently asked health questions about total petroleum 
hydrocarbons (TPH). Refer http://www.atsdr.cdc.gov/tfacts123.html [accessed 
06/05/2008]. 

• ATSDR 1999, Toxicological Profile: Total Petroleum Hydrocarbons (TPH) for Total 
Petroleum Hydrocarbons (TPH). A comprehensive scientific publication for health 
professionals. Refer http://www.atsdr.cdc.gov/toxprofiles/tp123.html#bookmark03 
[accessed 14/05/2008]. 

Information on ATSDR was obtained from http://www.atsdr.cdc.gov/ [accessed 
06/5/2008]. 

http://www.atsdr.cdc.gov/tfacts123.html
http://www.atsdr.cdc.gov/toxprofiles/tp123.html
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3.  Total Petroleum Hydrocarbon Working Group 
(TPHCWG) 

3.1 Background 
Information on the TPHCWG and their approaches to the site assessment of petroleum 
hydrocarbons have been reviewed by Turczynowicz (1998, 2003) in the last two 
National Workshops on the Assessment of Site Contamination.  The latter focused on 
the application of one of the Australian-developed non-steady-state vapour intrusion 
models (see Robinson 2003) to the development of preliminary health-based 
investigation levels (HILs) for benzene, toluene, ethylbenzene, xylenes (BTEX), 
naphthalene and aliphatic and aromatic EC≤16 TPH fractions.  The following 
information is a synopsis of the key issues from those papers. 

Preliminary guidance on the evaluation of the fate of chemical mixtures was proposed 
by Custance et al. (1992) who recommended three approaches: indicator chemicals, 
the use of surrogate chemicals, and the whole hydrocarbon mixture.  Each of these 
could be used in the assessment process or in combination.  These approaches could 
be paralleled when examining the health risk assessment of TPH contaminated sites. A 
subsequent review by Heath, Koblis and Sager (1993) on the impact of surrogate 
selection for TPH risk assessment used major risk drivers to represent a mixture or a 
product.  Examples included the use of benzo(a)pyrene and pyrene to represent diesel, 
and, benzene/benzo(a)pyrene/n-hexane/pyrene/toluene to represent petrol with BTEX.  
Conservatism in estimates of risk was considered an issue in this approach resulting in 
excessive remediation costs. 

The use of fraction-specific TPH measures appears to have first been proposed by the 
Massachusetts Department of Environmental Protection (MaDEP 1994) where the 
mass of petroleum hydrocarbons quantified for each fraction by an approved analytical 
technique is converted to a medium specific concentration that is used for exposure 
assessment.  A toxicity value assigned for each fraction is used in dose response 
evaluations.  Cancer risks or hazard quotients are subsequently summed across the 
fractions to arrive at total values.  This additive method is consistent with US EPA’s 
approach to chemical mixtures in cases where data for a mixture is deficient (MaDEP 
1994). 

A further approach was subsequently developed by the Total Petroleum Hydrocarbon 
Criteria Working Group (TPHCWG), an international group formed to investigate 
approaches to the assessment of sites contaminated by TPH. 

 

3.2 The TPHCWG and TPH approach 
The TPHCWG was an international group convened in 1993 to address the disparity 
among clean-up requirements used in various US states at sites contaminated with 
hydrocarbon materials including fuels, crude oils and lubricating products.  The Group’s 
goal was: 

‘To develop scientifically defensible information for establishing soil cleanup 
levels that are protective of human health at petroleum contaminated sites’ 
(Potter & Simons 1998). 
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The Working Group was guided by a steering committee comprising representatives 
from industry, government and academia.  Some of the more than 400 participants 
involved at that time included the US Gas Research Institute, several major petroleum 
companies (Chevron, Exxon, British Petroleum and Shell), the American Petroleum 
Institute, the Association of American Railroads, several US state governments, the US 
Environment Protection Agency, the US Department of Defense, the University of 
Massachusetts, and a number of private consulting firms. 

The TPHCWG derived environmental fate and transport data and toxicological data 
that represent specific total petroleum hydrocarbon fractions. The process involved 
extensive reviews of the existing literature on environmental fate and transport data 
and toxicological data with more than 200 chemicals reviewed in the former case and 
some 250 chemicals in the latter. 

In order to determine fraction-specific properties, simple screening-level partition 
modelling was applied to each chemical to determine leaching and volatilisation 
properties.  Using these results the chemicals were grouped into defined fractions and 
fate and transport properties assigned to these fractions, based on an empirical 
relationship to boiling point. These properties can be used in determining fraction-
specific exposure potential (Gustafson et al. 1997). 

The toxicology review identified data for about 38% of the 250 chemicals that were 
examined affirming the data deficiency that exists for many chemicals; 26% of the 
chemicals had sufficient toxicity data to develop criteria. It must be stressed that the 
surrogates are not designed to represent carcinogenic substances but are specifically 
developed for non-carcinogens that remain after the evaluation of carcinogenic 
substances.  The carcinogens are a principal part of the indicator chemicals group 
assessment. Indicator chemicals, principally carcinogens, will generally drive the 
remediation process. TPHCWG have reported reference doses (RfDs) and reference 
concentrations (RfCs) developed for TPH fractions from the data identified in the 
literature (Gustafson et al. 1997).  A chronic reference concentration (RfC) is:  

‘An estimate of a continuous inhalation exposure for a chronic duration (up 
to a lifetime) to the human population (including susceptible subgroups) 
that is likely to be without an appreciable risk of adverse health effects over 
a lifetime. It is derived from a Benchmark Concentration Level (BMCL), a 
No Observed Adverse Effect Level (NOAEL), a Lowest Observed Adverse 
Effect Level (LOAEL), or another suitable point of departure, with 
uncertainty/variability factors applied to reflect limitations of the data used’.   

A chronic reference dose (RfD) is:  

‘An estimate of a daily oral exposure for a chronic duration (up to a lifetime) 
to the human population (including susceptible subgroups) that is likely to 
be without an appreciable risk of adverse health effects over a lifetime. It is 
derived from a Benchmark Dose Level (BMDL), a NOAEL, a LOAEL, or 
another suitable point of departure, with uncertainty/variability factors 
applied to reflect limitations of the data used’.  
(from http://www.epa.gov/iriswebp/iris/gloss8_arch.htm [accessed 
16/05/2008]).   
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Using the American approach these RfDs/RfCs may be utilised in combination with 
exposure assessment data to develop hazard quotients and a hazard index for a 
mixture on a site, consistent with the US EPA American Society for Testing and 
Materials (ASTM) framework for the risk assessment at sites contaminated by TPH. 

 

3.3 TPHCWG recommendations 
The Working Group compiled their data collection and analytical information into five 
volumes as follows: 

• Weismann, W (ed). 1998, Analysis of Petroleum Hydrocarbons in Environmental 
Media, Total Petroleum Hydrocarbon Criteria Working Group Series Volume 1, 
Amherst, Massachusetts, Amherst Scientific Publishers. 

• Potter, TL & Simmons, KE 1998, Composition of Petroleum Mixtures, Total 
Petroleum Hydrocarbon Criteria Working Group Series Volume 2, Amherst, 
Massachusetts, Amherst Scientific Publishers. 

• Gustafson, JB, Tell, JG & Orem, D 1997, Selection of Representative TPH Fractions 
Based on Fate and Transport Considerations, Total Petroleum Hydocarbon Criteria 
Working Group Series Volume 3, Amherst, Massachusetts, Amherst Scientific 
Publishers. 

• Edwards, DA, Andriot, MD, Amoruso, MA, Tummey, AC, Tveit, A, Bevan, CJ, Hayes, 
LA, Youngren, SH & Nakles, DV 1997, Development of Fraction Specific Reference 
Doses (RfDs) for Total Petroleum Hydrocarbon (TPH), Total Petroleum Hydrocarbon 
Criteria Working Group Series Volume 4, Amherst, Massachusetts, Amherst 
Scientific Publishers. 

• Vorhees, DJ, Weisman, WH & Gustafson, JB 1999, Human health-risk based 
evaluation of petroleum release sites: Implementing the working group approach, 
Total Petroleum Hydrocarbon Criteria Working Group Volume 5,  Amherst, 
Massachusetts, Amherst Scientific Publishers. 

These publications are available for purchase as hardcopies or they are available for 
download from the US Association for Environmental Health and Sciences web site at 
http://www.aehs.com/publications.htm [accessed 06/05/2008]. 

It should be noted that the TPH fractions for fate and transport modelling are subsets of 
the TPH fractions defined for the purposes of toxicity assessment.  A total of 13 
fractions were established for the purposes of fate and transport modelling based on 
volatilisation and leaching properties while toxicity criteria were derived for seven 
fractions.  These fractions are presented in Table 1 in addition to derived toxicity 
criteria and their basis.  Volume 3 by Gustafson et al. (1997) provides the physico-
chemical properties for the 13 fractional ranges to be used for fate and transport 
assessment and are not reproduced here. 

It is important to emphasise the assumptions made in the fraction-specific TPH 
approach as defined by TPHCWG (Edwards et al. 1997). 
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These are: 

1.   ‘the method assumes that the toxicity of the fraction as tested does not significantly 
change with weathering in the environment’ (p.4) 

The hazard assessment of mixtures should be undertaken using toxicity data 
gathered on the mixture which enables the interactive effects to be integrated in the 
analysis.  Data on mixtures are limited to substances such as petrol, jet fuel and 
mineral oil, therefore such an approach is not feasible using currently available 
toxicity data. Environmental effects such as weathering and mixture partitioning in 
soil, air and water result in receptor exposure to a different product than the one 
released. There are limited toxicity data on weathered products. Both these factors 
preclude an approach involving mixtures at this time.  It is of interest that RIVM 
considered that the underlying assumptions or uncertainties were to a certain 
extent irrelevant (Franken et al. 1999, p.33), as it was considered changes in 
composition with weathering effects would be determined in the usual 
compositional evaluation using the TPHCWG fractions during site sampling and 
testing. 

2.   ‘that the composition of the fraction will not vary significantly from the surrogate 
tested’ (p.4) 

The Working Group found toxicity data on 95 of the 250 chemicals examined and 
there were only sufficient data to develop criteria for 25 of those 95.  The data cover 
aromatics, >C5-C8 and aliphatic fractions of TPH; aromatic fractions >C8-C16 and 
>C16-C35 are based on mixture data on C8-C11 only; and data on components >C35 
are not available. The Working Group considered that compounds above C20 were 
neither volatile nor soluble in groundwater and subsequently would remain on-site. 
Furthermore, TPHCWG (Edwards et al. 1997) cite Brainard and Beck (1992) who 
reported that compounds > C35 were not likely to be bioavailable by either the oral 
or dermal routes of exposure. The data limitations subsequently need to be 
recognised. 

3.   ‘that the interaction of various fractions can be assumed to be additive’ (p.4) 

This additivity assumption allows the summation of hazard quotients in the ASTM 
Risk Based Corrective Action (RBCA) framework.  Other pharmacodynamic 
processes such as potentiation, synergism or antagonism are thus excluded. 
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Table 1. TPHCWG fractions and toxicity criteria 

EC RfD 
(mg/kg/day) 

RfC (mg/m3) Health effects associated with 
dose-response studies 

Aliphatic fractions    

>5-6 
>6-8 

5.0 18.4 Hepatotoxicity, nephrotoxicity and 
neurotoxicity if >53% n-hexane 

>8-10 
>10-12 
>12-16 

0.1 1.0 Haematological and hepatic changes 

>16-35 2.0 Not available Hepatic granuloma (foreign body 
reaction) 

>35 20 Not available Hepatic granuloma (foreign body 
reaction) 

Aromatic fractions    

>5-7 (benzene) Not available Not available Human carcinogen 

>7-8 (toluene),  
now >7-92 

0.2 0.4 Hepatotoxicity, nephrotoxicity 

>8-10 
now >9-102 
>10-12 
>12-16 

0.04 0.2 Decreased bodyweight 

>16-21 
>21-35 

0.03 Not available Nephrotoxicity 

(Table from Vorhees et al. 1999) 

Footnotes:  
1.   The Equivalent Carbon (EC) Number, is related to the boiling point (BP) of a chemical normalised to 

the boiling point, BP, of the n-alkanes or its retention time in a boiling point gas chromatographic (GC) 
column. This relationship was empirically determined.  Thus, for chemicals where only boiling points 
are known, an equivalent carbon number can easily be calculated.  For example, hexane contains six 
carbons and has a boiling point of 69°C. Its equivalent carbon number is six.  Benzene, also containing 
six carbons, has a boiling point of 80°C. Based on benzene's boiling point and retention time in a 
boiling point GC column, benzene's EC is 6.5.  This approach is consistent with methods routinely used 
in the petroleum industry for separating complex mixtures and is a more appropriate differentiation 
technique than the carbon number of the chemical. It is typically how analytical laboratories report 
carbon number for chemicals evaluated on a boiling point GC column. The relationship between boiling 
point and the EC is given by: 

 EC = 4.12 + 0.02(BP) + 6.5E-5(BP)² where is the exponential quantity 

2.   Note that the aromatic TPH fractions in the range EC>5-16 encompass five for fate and transport and 
three for toxicity, EC>5-7, EC>7-8 and EC>8-16 (Edwards et al. 1997).  Review of the ECs for ethyl 
benzene, xylenes and styrene identified a misclassification in the TPHCWG documentation.  This has 
resulted in a requirement to reclassify EC>7-8 to EC>7-9 and EC>8-16 to EC>9-16 for the aromatic 
TPH fractions.  This misclassification has also been reported by Franken et al. (1999) with subsequent 
alterations being made in the Dutch documentation.  These reclassifications are also consistent with 
those of ATSDR (1999) and do not change the conclusions that establish the toxicity fraction criteria. 
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3.4 Recent information 
Email correspondence was sent to Lt Col Wade Weisman, former Chair of the 
TPHCWG, to ascertain current perspectives from the US Air Force who had initiated 
the subsequent work of the TPHCWG. He indicated he would respond in due course 
but information had not been received at the time of report drafting (Weisman 2008, 
pers. comm., 3 May).  

It is of note that the CCME Toxicity Reference Value (TRV) Subgroup convened in 
2005 as part of the five-yearly review process completed a review and analysis of the 
toxicological data to determine if more recent data and information had become 
available since the release of Edwards et al. (1997). Overall, it was the opinion of the 
TRV Advisory Subgroup and the CCME Soil Quality Guidelines Task Group (SQGTG) 
that, although various uncertainties remain with the Edwards et al. (1997) analysis, the 
toxicity reference values provided by the TPHCWG remain valid at the current time and 
represent the most reasonable published approach for addressing risk from petroleum 
hydrocarbons.  

A residual concern regarding the concentration of n-hexane within the F1 fraction 
range, however, is the subject of further assessment (CCME 2008a) fraction. Further 
discussion on this is noted in section 3.6.2.2. 
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4.  Regional approaches to total petroleum 
hydrocarbons 

4.1 Canada 
The Petroleum Hydrocarbons Canada-Wide Standard (PHC CWS) is a three-tiered, 
risk-based, remedial standard which was endorsed by the CCME in 2001 (CCME 2000, 
2001a, 2001b).  This was developed for four generic land uses, specifically agriculture, 
residential/parkland, commercial and industrial.  The standard incorporates many of the 
US approaches such as separate indicator compound and petroleum hydrocarbon 
fraction evaluation and the use of generic soil assessment levels for Tier 1 and Tier 2. 

Information from ASTM (1995) and CCME (1996, 2006) frameworks were used for the 
development of the PHC CWS framework for the assessment and management of 
contaminated sites.  This framework incorporates successive stages or tiers of 
investigation:  

• the application of generic (national) Tier 1 levels that are protective of human health 
and the environment 

• site-specific adjustments to the Tier 1 levels to calculate Tier 2 levels that 
accommodate unique site characteristics, and  

• Tier 3 levels that are developed from a site-specific ecological or human health risk 
assessment, when assumptions inherent in the Tier 1 values are not appropriate for 
a site. 

The tiered approach subsequently represents increasing degrees of site assessment 
precision and consideration of site-specific characteristics.  Details on the staged 
acquisition of site information to support a sound PHC management decision are 
presented in a separate User Guidance document.  The latter represents a ‘shift’ in 
procedures as reflected in the updated guidance documentation released in 2008. 

Although the basis to the use of petroleum hydrocarbons is that of the TPHCWG, the 
approach has been simplified through the use of only four fractions for the assessment 
of threshold effects and does not include the need to undertake an aliphatic/aromatic 
assessment of the fractional groups.   

The CCME (2001a) used analyses of representative hydrocarbon products with data 
provided from the Canadian Association of Petroleum Producers (CAPP) and 
Canadian Petroleum Products Institute (CPPI) to assume that within a TPHCWG sub-
fraction the ratio of aliphatic to aromatic hydrocarbons in each PHC fraction was 80:20 
excluding the indicator substances.  These analyses were also used to evaluate the 
proportions of different carbon ranges within each TPHCWG fraction.  The TPHCWG 
toxicity and fate and transport characteristics for the PHC CWS fractions were then 
calculated by a weighting of these parameters against the TPHCWG sub-fraction and 
appropriate summation to produce data for the four designated PHC fractions. In 
addition background contributions to the acceptable intakes of each fractional grouping 
were also evaluated. 

The four fractional groups and the Residential pathway-specific Tier 1 PHC CWS are 
presented in Table 2.  Application of the PHC CWS involves concurrent assessments 
of indicator compounds and the four fractions. 
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Table 2.  Tier 1 Residential Petroleum Hydrocarbons Canada-Wide Standard (PHC CWS, mg/kg soil) 

Exposure pathway 
F1 
C6-C10 

F2 
>C10-16 

F3 
>C16-C34 

F4 
C34+ 

Direct contact (ingestion + dermal) 12000 6800 15000 21000 

Vapour inhalation (indoor, 
basement) 710 3600 NA1 NA 

Vapour inhalation (indoor, slab-on-
grade) 610 3100 NA NA 

Protection of potable GW 170 230 NA NA 

Protection of GW for aquatic life4 RES2 RES NA NA 

Nutrient recycling NC3 NC NC NC 

Eco soil contact 210 150 1300 5600 

Produce, ingestion NC NC NC NC 

Management limit5 800 1000 3500 10000 

(extract from Table 3, CCME 2008a) 

Footnotes:  
1. NA – not applicable, calculated value exceeds 1,000,000mg/kg or pathway excluded. 
2. RES – residual PHC formation.  Calculated value exceeds 30,000mg/kg and solubility limit for PHC 

fraction. 
3. NC – not calculated, insufficient data to allow derivation. 
4. Assumes surface water body at 10 m from site. 
5. Includes additional considerations such as free phase formation, explosive hazards and buried 

infrastructure effects. 
 

Indicator compounds include the most toxic compounds.  These include such ‘target 
compounds’ as benzene and benzo[a]pyrene and other frequently tested substances 
such as toluene, ethylbenzene and xylenes.  Note that the mass of each petroleum 
fraction in a sample is determined by subtracting the mass of the indicator compounds 
within the fraction from the overall value, thereby avoiding double counting (CCME 
2000). 

The four fractions that form the basis of Tier 1 levels were selected on the basis of a 
consideration of analytical factors, the fit with TPHCWG sub-fractions and expected 
relevance to biological response in soils. The detail below is represented from CCME 
and clearly details the relationship with TPHCWG fractions (2008a, p2-9 to p2-12): 

‘I.   Fraction 1 encompasses the range of ECN from C6 to C10  

A. This fraction is composed of the following TPHCWG sub-fractions: 

1. aromatics C>7-C8, C>8-C10 

2. aliphatics C6-C8, C>8-C10 

For aromatic hydrocarbons, the only aromatic hydrocarbons with 
EC≤8 are benzene and toluene. Since it was recommended that 
both of these components be analyzed separately in PHC 
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mixtures, the aromatic C>7-C8 was not used as a sub-fraction in 
the final evaluation. 

B. Physical-chemical properties are well defined for TPHCWG sub-
fractions within this range;  

C. Unique RfDs and RfCs are defined for each aromatic or aliphatic 
subfraction in the range;   

D. BTEX should be analyzed separately and their concentrations 
subtracted from aromatics in this fraction; 

E. Aliphatics in this range are represented by two RfD and RfCs; for 
C6-C8, and for C>8-C10;                                                                                                      

F. Non-BTEX aromatics are represented by a single RfD and RfC for 
C>8-C10. 

 
II.    Fraction 2 encompasses C>10 to C16 

A. This fraction is composed of the following TPHCWG sub-fractions: 

1. aromatics C>10-C12, C>12-C16 

2. aliphatics C>10-C12, C>12-C16 

B. Physical-chemical properties are well defined for TPHCWG sub-
fractions within this range;  

C. Aliphatics in this range are represented by a single RfD and RfC;  

D. Aromatics are represented by a single RfD and RfC. 

 
III.    Fraction 3 encompasses the range of ECN from C>16 to C34 

A. This fraction is composed of the following TPHCWG sub-fractions: 

1. aromatics C>16-C21, C>21-C34 

2. aliphatics C>16-C21, C>21-C34 

B. Physical-chemical properties are well defined for TPHCWG sub-
fractions within this range;  

C. Aliphatics in this range are represented by a single RfD;   

D. Aromatics are represented by a single RfD.  

 
IV.  Fraction 4 encompasses the range of ECN from C>34 to C50 

A. This fraction is composed of the following TPHCWG sub-fractions: 

1. aromatics C>34 

2. aliphatics C>34 

B. This fraction can represent a substantial and significant proportion 
of environmental PHC contamination, and of petroleum products 
and crude oils;             
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C. Although the physical-chemical properties are less well defined in 
this fraction, the material is not volatile and is expected to have 
minimal environmental migration;            

D. A study of mixtures provides the basis for an RfD for aliphatics in 
this range;                         

E. There are no data available to derive an RfD for aromatic PHC in 
this range, specifically. However, the toxicity of aromatics can be 
conservatively assumed to be equivalent to that of pyrene, as is 
currently done for all aromatics with an ECN C>16 under the 
TPHCWG scheme.’ 

 
A benchmark analytical method for determination of petroleum hydrocarbons in soil has 
been developed.  This has been established to address major sources of variability and 
uncertainty associated with the extraction, purification and quantification of petroleum 
hydrocarbons and resultant data (CCME 2001c).  Fraction 1 is isolated through purge 
and trap procedures followed by gas chromatography/flame ionisation detection 
(GC/FID) while Fractions 2–4 and up to C50 are extracted and purified using silica gel 
with determination by GC/FID.  In those cases where petroleum hydrocarbons greater 
than C50 are present, these may be determined gravimetrically or through extended 
chromatography.  Specific chromatographic calibration standards are required.  The 
use of this method across Canada has reduced variability in results over previous 
analytical strategies where control was limited (CCME 2000).  Performance-based 
alternatives to the benchmark procedures are, however, permitted (CCME 2008a). 

In terms of pharmaco-dynamic interactions and how to address these quantitatively, 
the PHC CWS does not consider the use of additive responses to concurrent 
exposures as recommended by other US groups such as MaDEP, TPHCWG and 
ATSDR.  A basis for this approach is that the PHC CWS Development Committee 
considers the differing fractions to result in differing toxicological endpoints hence the 
precautionary additive approach of the TPHCWG is not considered appropriate. 

A key feature of the update to the original approaches resides in the integration of 
human health and ecological levels and incorporation of management levels.  In 
addition to the risk-based values presented, rationale is provided for certain risk 
management decisions made in the final integration of human health and 
ecotoxicological inputs.  Certain factors are not easily accommodated in explicit, 
quantitative exposure and risk estimates including: 

• capabilities of current and emerging remediation technologies 

• likelihood of subsoil disturbance and excavation under different scenarios 

• potential effects of PHC on buried infrastructure 

• aesthetics 

• costs of risk reduction measures, and 

• property values and environmental stewardship. 

The Development Committee, and the Soil Quality Guidelines Task Group’s, objective 
of the integration was development of environmentally protective Tier 1 levels that are 
practical and attainable with proven remedial technologies (CCME 2008a). 
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The recent 2008 CCME publications have been a consequence of the five-yearly 
review process recommended as part of the original Ministers for Environment 2001 
meeting.  The key changes in the recent PHC CWS documentation include: 

• ‘the human soil ingestion and dermal contact pathways were combined, 
consistent with the current CCME (2006) protocol; 

• modifications were made to several fate and transport model parameters 
to reflect current science; 

• ecological direct soil contact values were updated based on further 
toxicity testing and field studies conducted since the PHC CWS was 
implemented, as well as revisions to the CCME (2006a) protocol for the 
development of guidelines based on the ecological direct soil contact 
pathway; 

• subsoil guidelines were removed from the standard due to difficulties 
with implementation, differences in approach between jurisdictions, and 
concerns about the scientific validity of the approaches for subsoils; and 

• management considerations which had previously been incorporated 
into the ecological direct soil contact guidelines for subsoils have been 
separated and stated explicitly’ (CCME 2008a, pp.2-5). 

In terms of current information, emails were sent to Canadian health and environment 
agencies (refer Appendix A), however no information had been received at the time of 
report drafting. 

 

4.2 New Zealand 
A number of meetings between the oil industry and local government representatives in 
1993 culminated in the development of guidelines for above-ground storage tank-farm 
containment systems, analytical methods (for measuring levels of contamination), 
water quality, existing underground tanks at service stations, and contaminated site 
management (MfE 1999a).  The latter guidelines were prepared under the direction of 
the Oil Industry Environmental Working Group which included oil industry, regional 
council and Ministry of Health and Ministry for the Environment representatives. 

The Guidelines for Assessing and Managing Petroleum Hydrocarbon Contaminated 
Sites in New Zealand (MfE 1999) comprises seven modules as follows: 

• Module 1: Risk-based approach to site assessment and management 

• Module 2: Hydrocarbon contamination fundamentals 

• Module 3: Site assessment 

• Module 4: Tier 1 soil screening criteria 

• Module 5: Tier 1 groundwater acceptance criteria 

• Module 6: Development of site-specific acceptance criteria 

• Module 7: Site management. 

Module 2 of these guidelines (MfE 1999a) provides a review of approaches to 
petroleum hydrocarbons, including contamination sources, petroleum hydrocarbon 
characteristics and physico-chemical properties, and sub-surface environments 
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including multiple phase migration.  Module 4 examines Tier 1 soil acceptance criteria 
while Module 5 considers Tier 1 groundwater acceptance criteria and Appendix 4 
provides information on toxicity assessment. 

The overall framework relies on specific indicator substances and selected TPH 
fractions that are based on the TPHCWG approach.  Presentation of product 
information (MfE 1999a, Table 4, pp.4-10) reviews some of the indicator contaminants 
associated with gasolines, diesel, kerosene, jet fuel, heavy fuel oils, lube oils and 
bitumen.  A number of simplifying assumptions and approximations are referred to in 
terms of adjusting the TPHCWG data but these are not presented (MfE 1999a,       
pp.4-12).  A discussion of the TPHCWG framework is made with reference to the 
Massachusetts Department of Environment Protection (MaDEP) 1994 approach and 
the TPH fractional groups specified include aliphatic C7-C9, C10-C14 and C15-C36.  
As there is no mention of equivalent carbon (EC) ranges it is considered that these 
reflect carbon molecular weight ranges. 

Further discussion (MfE 1999a, Module 4-17 to 4-20) on toxicity assessment identifies 
chemicals of concern as carcinogens, benzene and benzo[a]pyrene and non-
carcinogens, toluene, ethylbenzene, xylene, naphthalene and pyrene.  The 
assessment of polycyclic aromatic hydrocarbon (PAH) mixtures was based on site-
specific ‘toxic equivalency factor’ evaluations against the risk-based criterion for 
benzo[a]pyrene while screening criteria for the heavier TPH fractions associated with 
diesel (a special case) are based on: 

• the typical PAH content of New Zealand diesel 

• acceptance criteria for PAHs, and 

• safety factors to account for weathering effects. 

Appendix 4 (MfE 1999a) presents additional toxicological information.  Specific 
information is presented on identification of contaminants of concern based on a 
scoring system for human health and aesthetic impacts. This reports benzene, xylene 
and benzo[a]pyrene as the most important to consider for human health and surface 
soils; benzene, xylene, isopentane, 2,4-dimethylhexane and n-butane for human health 
considerations when at depth; and xylene, trimethylbenzene and diethylbenzene for 
aesthetic considerations. The subsequent indicator chemicals selected were benzene, 
toluene, ethylbenzene, xylenes and selected PAHs including naphthalene, pyrene 
(representative of non-carcinogenic PAHs) and benzo[a]pyrene (MfE 1999a APP4A-2). 

Final toxicological considerations (MfE 1999a, APP4B-1 to APP4B-3) discuss the 
TPHCWG fractional ranges (EC ranges not cited) and indicate that the aromatic and 
aliphatic separation for the purposes of the New Zealand approach would not be 
included.  The basis for this was that aromatic compounds would be assessed 
separately by direct measurement of BTEX and PAH concentrations and that the 
proposed analytical techniques would not distinguish between aromatics and aliphatics.  
The approximation to the TPHCWG toxicity fractions was subsequently set to aliphatic 
C7-C9, C10-C14 and C15-C36.  The report cites: ‘…minor changes have been made to 
the toxicological and fate and transport properties adopted, based on a weighted 
averaging approach’ (MfE 1999a, APP4B-2). However, no data are presented to detail 
the method of weighted averaging.  A similar comment is also presented in the Toxicity 
Assessment section in Appendix 4L (MfE 1999a, APP4L-10).  The data are presented 
in Table 3. 
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Table 3. New Zealand adopted toxicological properties for TPH and respective fractions 

Fractional group Oral reference dose 
(mg/kg/day) 

Inhalation reference dose 
(mg/kg/day) 

C7-C9 5.0 5.0 

C10-C14 0.1 0.3 

C15-C36 1.5 1.5 

 

The Ministry for the Environment published a discussion paper Working Towards a 
Comprehensive Policy Framework for Managing Contaminated Land in New Zealand in 
November of 2006.   A report on submissions (MfE 2007) to the discussion paper was 
recently published.  This report included responses from community and non-
government organisations (10%), industry (13%), consulting and professional (29%), 
and local and central government (48%).  A range of themes were responded to, 
including the general overview of national environmental standards, roles and 
responsibilities, guidance, liability, accreditation, capability, national information and 
miscellaneous issues.  No further documentation was available and correspondence 
with MfE indicated that the position on managing contaminated land in New Zealand is 
currently under review which includes the issue of TPH fractions and guidelines (Feise-
Preston 2008, pers. comm., 12 May). 

 

4.3 The Netherlands 
The Dutch National Institute for Public Health and the Environment (RIVM) undertook a 
revision of the intervention values for petroleum hydrocarbons through an examination 
of fractions of petroleum hydrocarbons in 1999 (Franken et al. 1999).  This work was 
undertaken by a TPH Working Group and reviewed the information available from the 
TPHCWG together with the previous Dutch Intervention Values for ‘mineral oil’ with the 
range of C10-C40 for both soil and groundwater.  The former values were 5000mg/kg 
dry weight and 600µg/L respectively.  This particular exercise was a part of the 
framework for the RIVM project ‘Main Evaluation Intervention Values’.  In addition, the 
report outcomes contributed also to the publication of revised human-toxicological 
maximum permissible risk levels (Baars et al. 2001). 

Franken et al. (1999) clearly identified the EC as an important feature of the TPH 
analytical methods.  This feature represents boiling points for hydrocarbons and is 
based on equivalent retention times on a boiling point gas chromatographic column 
normalised to n-alkanes.  Characterisation according to EC numbers is subsequently 
the physical characteristic that forms the basis for separation of petroleum components 
in chemical analysis and is also the way in which analytical laboratories report 
hydrocarbon carbon numbers evaluated by GC. 

Intervention values in the Netherlands are developed from the derivation of human-
toxicological serious soil concentrations (HUMTOX SCCs) and in combination with the 
ecological serious soil contamination concentrations (ECOTOX SCCs).  The HUMTOX 
SCCs are derived from the use of the CSOIL human exposure model with compound-
specific physico-chemical data and the maximum permissible risk (MPR) values for 
intake (Franken et al. 1999).  MPRs for TPH are subsequently an important 
requirement in the development of Dutch Intervention Values. 

http://www.rivm.nl/bibliotheek/rapporten/711701025.html
http://www.rivm.nl/bibliotheek/rapporten/711701025.html
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The Franken et al. (1999) review examined the toxicological data and agency reviews 
for hydrocarbon mixtures and individual substances such as benzene, 1,3-butadiene, 
toluene and xylenes including the TPHCWG documentation and material published by 
the Conservation of Clean Air and Water in Europe (CONCAWE) since 1992.  The 
TPHCWG approach was considered as discriminating between a reasonable number 
of fractions subsequently allowing a more detailed risk assessment while still being 
feasible in practice.  The report also considered that the underlying assumptions or 
uncertainties were to a certain extent irrelevant (p.33), e.g. changes in composition with 
weathering effects would be determined in the usual compositional evaluation using the 
TPHCWG fractions during site sampling and testing.  It was concluded that the 
TPHCWG methodology offered the best possible methodology for human health risk 
assessment offering ‘optimal reliability’ while being ‘feasible in practice’ (p.35).  The 
method of evaluation would further be based on a tiered approach examining site 
history information, then specific indicator chemicals (e.g. lead, benzene,           
1,3-butadiene, PAHs, n-hexane, toluene, ethylbenzene and xylenes) neat product, and 
finally TPH fractions. Note the TPH fraction approach, as in other countries, represents 
threshold evaluations as carcinogens are assessed as indicator substances. 

This approach results in seven TPH fractional groups based on health and these are 
presented in Table 4.  These data have been used to develop HUMTOX SCCs across 
the 13 fractional ranges consistent with TPHCWG but with the amendment regarding 
the aromatic >EC5-EC9 range (see ATSDR 1999).  Note that Franken et al. (1999) 
consider a revised RfD for aliphatic >EC5-EC8 on the following basis: 

• TPHCWG suggest an RfD of 5mg/kg bodyweight (BW) per day from route to route 
extrapolation of an RfC of 18.4mg/m3 obtained from an inhalation study with 
commercial hexane 

• TPHCWG cite six studies using n-heptane and a developed RfD of 2mg/kg BW per 
day, and 

• TPHCWG report on seven studies with various petroleum products in all of which 
the RfD varied from 1.5-2.0mg/kg BW per day. 

The RIVM position is that the data for an RfD of 2.0mg/kg BW per day has greater 
merit and subsequently has been included. 

The adoption of these human-toxicological TDIs facilitates the development of 
corresponding SCCs for the various TPH fractions calculated using the CSOIL model.  
In terms of toxico-dynamic considerations if none of the individual SCCs are exceeded 
an additive approach is undertaken where a site-specific contamination index is 
calculated from:  

∑i (measured concentration)i / SCCi 

with appropriate measures being implemented should the index be ≥ 1. 
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Table 4. Human toxicological maximum permissible risk (MPR) levels for petroleum fractions 

TPH fraction TDI1 (oral, mg/kg 
BW/day) 

Inhalation RfC2 (mg/m3) 

Aliphatic fractions   

>EC5-EC8 2.03 18.4 

>EC8-EC16 0.1 1.0 

>EC16-EC35 2.0 NA 

>EC35 20.0 NA 

Aromatic fractions   

>EC5-EC9  0.2 0.4 

>EC9-EC16 0.04 0.4 

>EC16-EC35 0.03 NA 

(Table from Franken et al. 1999) 

Footnotes:  
1.  TDI (oral), tolerable daily intake 
2.  Inhalation RfCs directly adopted from TPHCWG method 
3.  The oral RfD of 2mg/kg BW per day for n-heptane is preferred over the RfD of 5mg/kg BW per day 

calculated from route to route extrapolation from TPHCWG for this fraction. 
NA = not available and not applicable due to extremely low volatilisation. 
 
The analytical procedure for petroleum hydrocarbons (Nederlands Normalisatie-
instituut (NEN) 5773) developed for the initial 1991–1996 MPRs was modified to take 
account of the revised MPRs, and is based on a GC/FID analysis designed to evaluate 
compounds with carbon numbers from 6 to 40.  The separation technique review for 
aromatic and aliphatic fraction separation identified a silica gel column as the optimum 
material for use in separation consistent with such methods as US EPA 3611b, 
TPHCWG Direct Method, MADEP EPH Method or Texas Natural Resource 
Conservation Commission (TNRCC) 106 Method (Verbruggen et al. 2004). 

The information presented by Franken et al. (1999) was consolidated and summarised 
in a second RIVM report (Baars et al. 2001) as part of the re-evaluation of human-
toxicological maximum permissible risk levels.  Verbruggen et al. (2004) considered 
TPH fractions in terms of ecotoxicological effects in order to develop environmental risk 
limits for TPH.  The lack of suitable data had precluded their previous development 
(Franken et al. 1999). The latter approach considered 13 fractional groups across the 
aliphatic and aromatic categories. 

Information was sought from staff at RIVM through email correspondence, however, 
additional information to that presented above had not been received at the time of 
report drafting. 
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4.4 United Kingdom 
An Environment Agency consultation paper was released in June 2003 designed to 
review the principles for assessing the health risk from petroleum hydrocarbons in 
contaminated soil.  This was considered an important issue for resolution arising from 
the adoption of a risk-based approach in Part IIA of the Environmental Protection Act 
1990 and responsibilities under the Town and Country Planning Acts (Environment 
Agency 2003).  The consultation sought to engage a large range of stakeholders 
including: 

• industry and its advisors 

• trade associations and trade bodies 

• government departments and their agencies 

• non-government organisations 

• regulators 

• sector bodies 

• analytical laboratories 

• special interest groups, and 

• land remediation specialists, consultants and interested members of the public. 

It was recognised that an understanding of the toxicology of environmental 
contaminants was essential if human health risks were to be managed responsibly. 
Also recognised were the difficulties in the toxicological evaluation of petroleum 
hydrocarbons that were complex mixtures comprised of hundreds of individual 
compounds with their own unique toxicological properties.  Subsequently, a sound and 
practical approach to managing human health risk was considered by the authors to be 
a significant objective. 

The consultation document provided preliminary background information on petroleum 
and its characteristics, delineated the UK legal framework and provided a review of the 
available international approaches to TPH at that time.  The proposed program of 
research and development embodied a two-stage approach where Stage 1 undertook 
the derivation of health criteria values for individual compounds and Stage 2 undertook 
this derivation for petroleum fractions. In regards to the complexity of the approach, 
fourteen issues were identified as requiring resolution, including: 

• the use of indicator chemicals and petroleum fractions 

• selection of petroleum fractions 

• simplification of TPHCWG approach 

• separation of aliphatic and aromatic class components 

• threshold versus non-threshold substances 

• toxicological basis for selection of surrogate compounds or mixtures 

• toxicological relevance of petroleum fractions 

• additivity of health effects 

• concurrent assessment of risks from indicator compounds and petroleum fractions 

• tiered approach strategies 
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• appropriate analytical methods, costs, requirements, uncertainties in analytical 
measurement and associated implications 

• chemical analysis of heavy weathered and residual oils and their toxicological 
evaluation 

• implementation costs and implications of various approaches, and 

• aesthetic considerations and/or physico-chemical effects on the soil. 

The outcomes from extensive consultation with industry, government, academia and 
independent experts were collated (Environment Agency 2004) and evaluated through 
an expert workshop held at the Medical Research Council (MRC) Institute for 
Environment and Health in Leicester in February 2004 and subsequently published 
(Environmental Agency 2005). 

The framework is based on the evaluation of indicator compounds which represent the 
most toxic contaminants and those most frequently identified at petroleum-hydrocarbon 
contaminated sites.  Some examples are presented in Table 5. Concurrent with this 
evaluation the TPH fractions are to be assessed solely on the basis of their threshold 
(non-cancer) chronic health endpoints.  It was considered that the toxicological basis of 
each fraction and the associated fate and transport data and application of the 
Contaminated Land Exposure Model (CLEA) would be reviewed as part of the UK 
adaptation of the TPHCWG method. 

The basis of the TPHCWG framework was modified for the UK and extended to 
consider work published by the American Petroleum Institute (API) on heavier 
hydrocarbon fractions.  The API in a review of the TPHCWG methodology had reported 
that the approach failed to address the heavier petroleum fractions associated with 
mineral oils, petroleum jelly and crude oil.  This was resolved by the following 
modification: 

• aromatic >EC21-EC35 replaced by aromatic >EC21-EC44 with adoption of the 
characteristics of the previous range as a conservative measure 

• aliphatic >EC16-EC35 replaced by aliphatic >EC16-EC44 with adoption of the 
characteristics of the previous range as a conservative measure, and 

• an EC44+ fraction that included both aliphatic and aromatic components due to 
separation inabilities with the adoption of pyrene toxicological parameters and the 
development of fate and transport data for this fractional group (see API 2001). 

The framework and subsequent reviews of the toxicology and fate and behaviour are to 
be used for the derivation of soil guideline values (SGVs) for petroleum hydrocarbons.  
The use of the 13 petroleum hydrocarbon fractions would be augmented by the 
additional three fractions reported by the API.  The TPH fractions proposed are 
presented in Table 6. 

The report reviewed analytical capabilities and consultation responses to these issues.  
It was acknowledged that subject to further guidance development, methods to achieve 
required standards and performance criteria for the analysis of petroleum hydrocarbons 
in soil were available.  Further guidance would be developed by the Standing 
Committee of Analysts (SCA). 

A final consideration of the report findings related to other endpoints such as 
aesthetics.  Aesthetic issues including odour and visual impact are not covered by the 
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framework, are excluded from Part IIA of the Environment Protection Act 1990 and not 
covered by CLEA, which is structured to assess adverse health effects associated with 
long-term exposures to soil contaminants. 

Recent communications with a number of researchers and senior staff at the UK 
Environment Agency and associated universities suggest that the assessment of risks 
from contaminated soil, the use of the CLEA model and TPH approaches are currently 
undergoing major revision (Martin 2008, pers. comm., 28 April). 

In summary, the overall framework and elements of the basis to that framework include 
the following: 

1.    A concurrent, combined indicator compound and fraction approach assuming 
additivity of toxicological effects unless there are scientific data to the contrary.  
This considers that: 

• the most toxic substances require differentiation 

• health criteria for fractions should reflect threshold toxicity using toxicologically 
relevant surrogate compounds or mixtures, and 

• potential toxico-dynamic factors require application. 

2.   The TPHCWG approach to identifying fractions based on fate and transport 
considerations and separation into aliphatic and aromatic components with the 
addition of the three API fractions.  A total of 16 TPH fractions are thus proposed.  
The consultation and workshop indicated that adoption of that approach in the UK 
would improve risk assessments and not prohibit development.  It was 
considered that reducing fractions would reduce the accuracy and robustness of 
risk assessments potentially leading to over-conservatism.  In addition, 
separation into aliphatic and aromatic was recognised as important owing to 
differences in toxicity and fate and transport characteristics and that assuming a 
standard split would over-simplify the analysis as the separation would vary on a 
site-specific basis.  The additional costs were considered appropriate in order to 
lead to greater confidence in risk assessments. 

3.  The development of SGVs for indicator compounds and fractions using UK health 
criteria values (HCVs) that include index doses (IDs) for non-threshold 
contaminants and tolerable daily soil intakes (TDSI). 

4.  Specific toxicological requirements included: 

• that the surrogate compound for assessing the toxicological properties of a 
fraction should be the most toxicologically relevant; representative and 
frequently detected at petroleum-hydrocarbon contaminated sites 

• that compounds within a fraction exhibiting a distinct toxicology be considered 
as indicator compounds 

• a consideration of hazard quotients (HQ) across fractions, and 

• iterative review, assessment and refinement of framework once implemented 
to ensure the latest toxicological and composition data is incorporated. 

5.  The adoption of quality assurance and quality control techniques and 
programmes to address sampling and analytical uncertainties and the 
development of a tiered analytical strategy.  The assessment of the ‘Direct 
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Method’ (AEHS 2000) and extension to the heavier end fractions would facilitate 
analytical method development in risk assessment. 

6.  Alignment with Department of Environment, Food and Rural Affairs (DEFRA) and 
Environment Agency risk assessment policy and guidance. 

7.  A practical and cost-effective approach. 

8.  A process that allows regular review against performance and new scientific 
advances. 

 

Table 5. Some petroleum hydrocarbon indicator compounds 

Non-threshold indicator compounds Threshold indicator compounds 

benzene toluene 

benzo[a]pyrene ethylbenzene 

benzo[a]anthracene xylene 

benzo[b]fluoranthene naphthalene 

benzo[k]anthracene fluoranthene 

chrysene phenanthrene 

dibenz[a,h]anthracene pyrene 

indeno[1,2,3-c,d]pyrene  

(Table from Environment Agency 2005) 

 

Table 6. UK petroleum hydrocarbon fractions 

Aliphatic Aromatic 

>EC5-6 >EC5-7 

>EC6-8 >EC7-8 

>EC8-10 >EC8-10 

>EC10-12 >EC10-12 

>EC12-16 >EC12-16 

>EC16-35 >EC16-21 

>EC35-44 >EC21-35 

 >EC35-44 

                                                                    >EC44-70 

(Table from Environment Agency 2005) 
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Information received from staff at the UK Environment Agency indicated that the issue 
of assessing risks to health from soil is currently undergoing significant revision 
including the CLEA model and the position on TPH may not be addressed until next 
year (Martin 2008, pers. comm., 28 April). 

Additional information received specified the following: 

‘We have undertaken some further work on the toxicological benchmarks 
for each fraction but this is not yet peer reviewed and published.  There is 
some further discussion in the UK about analytical methods with some 
concerns about whether the higher chain carbons can be robustly identified 
and quantified by routine analysis.  The other parts of the framework have 
stalled because of the wide reaching review of Soil Guideline Values and 
the related guidance (including the exposure model and tox documents) 
that has taken place of the past three years.  The issue has been 
complicated by Government reconsidering the basis of the guidance that 
has been produced in the context of whether or not it poses an 
unacceptable risk to health, which is deemed to be some where above an 
acceptable risk to health.  In the absence of further guidance from the 
Environment Agency, most UK practitioners follow the TPHCWG approach 
in practice’ (Martin 2008, pers. comm., 23 May). 
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4.5 United States of America 
4.5.1 Agency for Toxic Substances and Disease Registry 

ATSDR (1999) undertook a comprehensive review of the toxicology of total petroleum 
hydrocarbons as part of its national ‘Toxicological Profile’ series of professional 
publications.  This review drew on the information presented by MaDEP and the 
TPHCWG and these were considered the preferred approach to TPH assessment.  
The ATSDR considered an examination of carcinogenic effects using the indicator 
compound for which existing US EPA carcinogenic potency factors are available 
followed by the TPH fractional approach.  The petroleum fractions selected by ATSDR 
for threshold effect evaluation were similar to those presented by the TPHCWG and 
again EC ranges were identified as the most appropriate representation of TPH 
fractions.  One amendment that was proposed related to the broadening of the 
aromatic >EC5-EC8 TPHCWG range to >EC5-EC9 to include all of the BTEX 
compounds as ethylbenzene and the three xylene isomers had EC values of 8.5 and 
8.6, 8.61 and 8.81 respectively. The data presented by ATSDR is reproduced in Table 
1 (Section 3, i.e. as per the TPHCWG information). 

ATSDR (1999) identify difficulties and uncertainties in analysing and modelling complex 
petroleum hydrocarbon mixtures in the environment, however, the toxicological profile 
does not recommend any specific analytical procedure or exposure assessment model.  
It does present the physico-chemical data that were derived for the fractions and the 
application of risk assessment techniques consistent with the ASTM risk-based 
corrective action (RBCA). 

In terms of pharmaco-dynamic principles ATSDR consider additivity across the 
different petroleum compounds and fractions using an ‘index of concern’.  The 
assumption of health effects following concurrent exposures is made and the index of 
concern is the summation of the ratios of the monitored level of exposure to the 
accepted level of exposure for each of the mixture constituents.  The accepted level of 
exposure being represented by inhalation minimum risk levels (MRLs) or soil or water 
concentrations calculated from oral MRLs (ATSDR 1999, p.181). If this index is greater 
than 1, suitable actions are mandated.  This differs somewhat from the MaDEP and 
TPHCWG where additivity is assumed across fractions, irrespective of the nature of the 
toxic effect. 

 

4.5.2 US jurisdictional approaches 

As part of the communication strategy to ensure current information was presented, 
email correspondence was despatched to staff in the US EPA and to all US state 
jurisdictions.  The contact details are presented in Appendix A.  The literature review 
also highlighted the work produced by some state jurisdictions who have published 
documentation on assessment methods, such as Nebraska (Nebraska Department of 
Environmental Quality 2004) and Massachusetts (Massachusetts Department of 
Environmental Protection (MaDEP) 2003).  The most extensive work has been that of 
MaDEP who commenced the process in 1994 and whose work was subsequently 
evaluated by TPHCWG.  Their revisions of the TPH fraction approach was published in 
2003, however, evaluation of their work was outside the scope of this report.  Additional 
review is thus recommended. 
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Information received at the time of report drafting presented a fragmented approach 
across various state jurisdictions on the methodologies to assess total petroleum 
hydrocarbons.  This contrasts markedly with the development of national 
documentation such as that of the ATSDR presented in Section 4.5.1.  The degree and 
complexity of implementation was found to reflect the duration of development work in 
the area within each state jurisdiction.  This position was supported by senior Coffey 
Environments staff in California (Schack 2008, pers. comm., 29 April).  For example, in 
southern California, action levels for TPH in soils are for TPH (g)asoline, TPH (d)iesel 
and TPH (o)il and have been calculated based on soil lithology, depth to groundwater 
using simple charts with the purpose of protecting groundwater (Lindmark 2008, pers. 
comm., 29 April). 

Information received from staff at the US EPA supports risk-based decision making as 
a fundamental overall approach and it is suggested this is a reflection of the early 
publication of the ASTM RBCA documentation (ASTM 1995) for petroleum 
contaminated sites.  In addition to the TPHCWG documentation available in the US, 
the following information summarises the responses received at the time of report 
drafting: 

• Washington State Department of Ecology has developed a spreadsheet program for 
evaluating site-specific TPH fractional analysis toxicity; Hawaii Department of Health 
has developed environmental screening levels for TPH in a variety of media; the 
American Petroleum Institute has created a number of guidance documents on 
addressing light non-aqueous phase liquids (LNAPL) including models and methods 
for evaluating mobility (Small 2008, pers. comm., 1 May). 

• South Dakota has not adopted the fractionated TPH approach and still uses the 
EPA’s conservative approach of 10mg/L in groundwater; if located within a 
delineated wellhead protection area, the TPH number is 0.1 mg/L.  The soil number 
for TPH as gasoline and diesel is 500 mg/L as a trigger level which if exceeded 
initiates a site-specific assessment.  The latter employs ATSDR MRLs in the 
assessment of indoor air and underground utilities (Syed 2008, pers. comm., 14 
May). 

• The New Jersey Department of Environmental Protection, Site Remediation 
Program is currently in the process of revising its assessment of TPH and is 
examining the fractional range approach based on TPHCWG and other state 
approaches (Schick 2008, pers. comm., 14 May). 

• The District of Columbia has undertaken review processes and developed 
comprehensive documentation on the use of three TPH fractional ranges based on 
the TPHCWG approach (Sreenivas 2008, pers. comm., 14 May). 

• The State of Alaska has developed soil guidance criteria based on 3 TPH fractional 
ranges also derived from the TPHCWG approach with assumed aliphatic and 
aromatic compositions (Crapps 2008, pers. comm., 8 May). 

• In Utah, TPH is examined as TPH (gasoline) or TPH (diesel) in gross terms but 
fractionation of TPH adopts ten aliphatic and aromatic TPH fractions when leaking 
underground storage sites are assessed (Zahn 2008, pers. comm., 10 May). 
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• In Pennsylvania, the Pennsylvania Department of Environment Protection UST 
Remediation Program does not utilise TPH values for release of petroleum 
contaminants but refers to a ‘short list’ of specific petroleum related compounds for 
evaluating petroleum releases (Olewiler 2008, pers. comm., 20 May). 
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5.  Concluding remarks___________________________ 

5.1 Summary 
Review of the five international agencies and some perspective of their implementation 
in the United States has identified a consistency in terms of the background information 
used in the development of TPH fractional approaches.  Table 7 presents a summary 
of the key features of each agency’s approach. 

The use of risk-based techniques of assessment is common to all areas with staged 
approaches in the site assessment of petroleum-hydrocarbon impacted land and the 
use of specific indicator substances such as carcinogens (benzene, benzo[a]pyrene) 
and commonly encountered contaminants non-carcinogens such as ethylbenzene, 
toluene, xylenes and naphthalene.  The assessment of TPH fractions may be 
undertaken concurrently or sequentially to the indicator substances. 

Selection of fractions and data for toxicological evaluation and fate and transport 
characteristics has consistently been drawn from the work of the TPHCWG.  The 
adaptation of that work however, has differed from minor adjustment to reduction of the 
numbers of TPH fractions using various methods including in some cases adjustment 
of toxicological endpoints.  In addition although some commonality exists for TPH 
fractional analytical procedures each agency has examined or documented specific 
procedures for evaluation or implementation (refer Table 7). 

ATSDR has directly captured the TPHCWG fractions with an extension of the aromatic 
>EC5-EC8 range of the TPHCWG to aromatic EC>5-EC9 to capture all the BTEX 
substances in this range.  This has also been adopted by RIVM.  The ATSDR then 
uses the 13 fractions for fate and transport evaluation and the exposure assessment 
with consolidation of ranges into the seven toxicity fractions for evaluation.  RIVM is 
also consistent with this approach in deriving their updated maximum permissible risk 
values. 

The UK Environment Agency has undertaken extensive consultation on TPH 
approaches and has extended the TPH fraction range to also include aromatic   
>EC35-44 for both aliphatic and aromatic ranges and a combined >EC44-70 range.  
The implementation of their recommendations is currently under consideration. 

The CCME and New Zealand MfE have adopted a reduction in TPH fractions in their 
documentation embodying weighted averaging approaches and assumptions on the 
distribution of aromatic and aliphatic components.  The CCME present their approach 
using a combination of TPHCWG data and product composition in conjunction with 
regional evaluation of fresh product in terms of aromatic and aliphatic components to 
determine this distribution.  The New Zealand basis uses an emphasis on specific 
indicator substances and a special case for PAHs in diesel in reducing dependence on 
the assessment of TPH aromatics.  The weighting procedure for the aliphatic ranges, 
however, is not detailed.  The NZ MfE has also undertaken a consultation phase and is 
currently reviewing its position on TPH assessment based on consultation outcomes. 

The international perspective as presented for these agencies is one of dynamic flux 
with a number of agencies currently reviewing their position on the approach to TPH.  
The CCME and RIVM positions appear the most consolidated, incorporating both 
human health and ecotoxicological evaluations.  The ATSDR position has not changed 
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and although a huge amount of documentation has been generated, jurisdictional 
uptake has varied considerably with an apparent diversity of approaches.  In all cases 
regional considerations have factored significantly in the process of determining 
suitable frameworks.



 

Table 7. Summary of regional approaches to TPH 

 United States 
ATSDR 

International 
TPHCWG 

Canada 
PHC CWS 

The Netherlands 
RIVM 

New Zealand 
Ministry for the 
Environment 

United Kingdom 
Environment Agency 

Indicator 
substances 

Indicator 
compounds 
include most toxic 
compounds only. 

Indicator 
compounds 
include most 
toxic 
compounds 
only. 

Indicator 
compounds 
include most toxic 
compounds (target 
compounds) and 
others frequently 
tested for. 

Indicator compounds 
include most toxic 
compounds and 
others frequently 
tested for. 

Specific indicator 
chemicals cited: 
BTEX, naphthalene, 
pyrene, benzo[a]pyrene.

Individual compounds 
identified. 

Fractions 
 
Number  
and 
basis 

Similar to 
TPHCWG. Minor 
modification to 
aromatic groups to 
include all BTEX 
compounds in 
same fraction. 
 
EC numbers as 
per TPHCWG 

13 analytical 
fractions (6 
aliphatic and 7 
aromatic) using 
7 toxicity values 
(3 aliphatic and 
4 aromatic). 
 
Fractions based 
on EC number, 
driven by 
fraction 
transport 
properties and 
subsequently 
summed to 
produce toxicity 
fractions. 

4 fractions based 
on 13 developed 
by TPHCWG. 
Separate 
evaluation of 
aromatic/aliphatic 
compounds not 
required. 
 
EC numbers, as 
per TPHCWG. 

7 fractions based on 
toxicity values (3 
aliphatic and 4 
aromatic). 
 
EC numbers as per 
TPHCWG. 

3 aliphatic fractions 
only. 
 
Not clear on whether 
EC or C numbers 
presented.  No 
reference to TPHCWG 
EC numbers. 

16 petroleum 
hydrocarbon fractions:  
7 aliphatic 
8 aromatic 
1 combined fraction 
 
TPHCWG plus API 
fractions 

 



 

Table 7. Summary of regional approaches to TPH (cont.) 

 United States 
ATSDR 

International 
TPHCWG 

Canada 
PHC CWS 

The Netherlands 
RIVM 

New Zealand 
Ministry for the 
Environment 

United Kingdom 
Environment Agency 

Basis of 
toxicity 
and 
transport 
properties 

Most toxic 
compound/mixture 
in fraction generally 
used as surrogate 
for toxicity values. 

Toxicity values 
based on 
surrogates and 
fresh product 
compositions. 
Transport 
properties 
based on entire 
fraction. 

Use of TPHCWG 
toxicity and 
transport data. 

Toxicity values based 
on surrogates. 
Transport properties 
based on entire 
fraction (as per 
TPHCWG). 

Use of adjusted 
TPHCWG toxicity and 
transport data. 
Method of adjustment 
not presented. 

TPHCWG/API toxicity 
and transport data with 
review. 

Toxico-
dynamics 
of 
concurrent 
exposure 

Precautionary 
approach, 
developing ‘index 
of concern’, based 
on addition of 
hazard quotients 
across fractions for 
compounds 
affecting same 
target organs or 
systems. 

Precautionary 
approach, 
based on 
addition of 
hazard 
quotients 
across 
fractions. 

Not advised due to 
different 
toxicological 
endpoints and 
exposure pathways 
of different 
fractions. 

Precautionary 
approach, based on 
addition of hazard 
quotients across 
fractions. 

Additive effects 
considered when using 
acceptance criteria. 
 
Precautionary 
approach adopted. 

Additive effects of 
concurrent exposure 
across fractions 
considered. 

 



 

 

Table 7. Summary of regional approaches to TPH (cont.) 

 United States 
ATSDR 

International 
TPHCWG 

Canada 
PHC CWS 

The Netherlands 
RIVM 

New Zealand 
Ministry for the 
Environment 

United Kingdom 
Environment Agency 

Application of 
approach 

As for TPHCWG Use of RBCA 
3-tiered 
approach. 
Look up tables 
for Tier 1 and 
increasing use 
of site-specific 
information in 
Tiers 2 and 3. 

Use of RBCA 3-
tiered approach. 
Look up tables for 
Tier 1 and 
increasing use of 
site-specific 
information in Tiers 
2 and 3. 

Use of a tiered 
approach, moving 
from generic 
guidelines to less 
conservative values 
by using site-specific 
data. 

Use of a 3-tiered 
approach, moving from 
generic guidelines to 
less conservative 
values by using site-
specific data. 

Subject to current 
development. 

Recommended 
analysis 

As for TPHCWG Direct method. 
 
Indicator 
compounds not 
reported. 

2-step analytical 
method developed 
and benchmarked 
across laboratories 
in Canada. 
 
Indicator 
compounds not 
reported. 

Single analytical 
method (NEN 5733) 
recommended. 
 
Indicator compounds 
not reported. 

Based on American 
Petroleum Institute 
Method for 
Characterisation of 
Petroleum 
Hydrocarbons in Soil. 
 
Chemicals of concern 
not reported. 

Direct method (AEHS 
2000) with extension 
and review suggested. 
 
Indicator compounds not 
reported. 

Other 
comments 

  Aesthetic issues, 
such as odour, 
identified as a 
need for further 
research. 

 Aesthetic issues, such 
as odour, identified as 
requiring site-specific 
assessment. 

Based on extensive 
public consultation and 
expert workshop 
discussions. 
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APPENDIX A. _________________________________________ 
National and international contacts 
 
Emails were sent to a range of international regulatory scientists, consultants, 
researchers and academics through personal and public networks. Network contacts 
are subsequently detailed.  An example of the email sent is presented. 

 

“Dear… 
 
“As part of a project for the Australian Cooperative Research Centre for the 
Contamination and Remediation of the Environment (CRC CARE) we are reviewing the 
international approaches to assessment of soil petroleum hydrocarbon contamination 
using Total Petroleum Hydrocarbon (TPH) fractional groupings.  We are seeking 
information on the fractional ranges employed, e.g. TPHCWG, and the fate/transport 
and toxicological data associated with their use.  Of particular interest is the regional 
policy decisions that have been reached and the basis to those outcomes. 

We would be grateful for any information you could provide in this regard or relevant 
contact to pursue in "State Name". 

The following Table in this Appendix summarises the contacts



 

 

National and international contacts 

Name Agency Position Email Response 
Dianne Trommer State of California  trommerd@gwgate.swrcb.ca.gov Sent 8/5/08 

Dr V. Sreenivas Government of the District of 
Columbia 

Chief of Environmental 
Health Affairs v.sreenivas@dc.gov 

Sent 9/5/08 
Received 9/5/08 
Received 14/5/08 

Bruce Wicherski State of Idaho  bruce.wicherski@deq.idaho.gov Sent 8/5/08 
Sent 10/5/08 

Elaine Douskey State of Iowa  elaine.douskey@dnr.iowa.gov Sent 8/5/08 
Sent 10/5/08 

Roger Boeken State of Kansas  Rboeken@kdhe.state.ks.us Sent 8/5/08 

John Mitchell State of Kansas  gblackbu@kdhe.state.ks.us Sent 14/5/08 

Stephen Chustz State of Louisianna  stevec@deq.state.la.us 
stephen.chustz@la.gov 

Sent 8/5/08 
Sent 10/5/08 

Scott Gestring State of Montana  Sgestring@mt.gov Sent 10/5/08 

Kevin Schick 

State of New Jersey 
NJDEP/SRWM 
Bureau of Environmental 
Evaluation & Risk 
Assessment 

Bureau Chief 
 

Kevin.Schick@dep.state.nj.us 
Sent 5/8/08 
Sent 9/5/08 
Received 13/5/08 

Doug Miller State of South Dakota  doug.miller@state.sd.us Sent 8/5/08 

Nayyer Syed SD - DENR - GWQ Senior Hydrologist Nayyer.Syed@state.sd.us Received 14/5/08 

Debbie Mann 
Tennessee Department of 
Environment and 
Conservation 

NRDA Program Manager Debbie.Mann@state.tn.us 

Sent 8/5/08 
Sent 9/5/08 
Sent 10/5/08 
Received 10/5/08 

 

mailto:stephen.chustz@la.gov


 

Dr Rory B. Conolly, 
Sc.D. 

National Center for 
Computational Toxicology 
Office of Research And 
Development 
U.S. Environmental 
Protection Agency 

Senior Research Biologist Conolly.Rory@epamail.epa.gov 

Sent 17/4/08 
Sent 18/4/08 
Received 21/4/08 
Sent 27/4/08 
Received 2/5/08 

Earl L. Crapps State of Alaska Environmental Specialist, 
ADEC SPAR Earl.Crapps@Alaska.Gov 

Sent 6/5/08 
Received 8/5/08 

Dr Michael F. Hughes, 
Ph.D., D.A.B.T. US EPA Research Toxicologist hughes.michaelf@epa.gov 

Sent 29/4/08 
Received 29/4/08 

Dr William K. Boyes, 
Ph.D. 

National Health and 
Environmental Effects 
Research Laboratory Office 
of Research and 
Development US 
Environmental Protection 
Agency 

Neurotoxicology Division Boyes.William@epamail.epa.gov 

Sent 26/4/08 
Received 29/4/08 
Sent 29/4/08 
Received 30/4/08 
Received 1/5/08 
 

John Boyer State of New Jersey  john.boyer@dep.state.nj.us 
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