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BASIC DATA 

The project provided an introductory level training on risk assessment and risk management of chemicals 
to regulators in the APEC region.  The goal was to increase the capacity on risk assessment and risk 
management of chemicals, so that regulatory approaches in the region are developed in a sound manner and, 
in the long term, facilitate the trade of chemicals among economies in the region. 

The project consisted of a two day training workshop on risk assessment and risk management, where 
technical and scientific approaches and tools to conduct risk assessments were discussed, as well as how data 
analysis leads to risk management approaches.  The workshop also provided a forum to exchange experiences 
by economies in the region that use these tools and approaches. 

The two day training workshop on risk assessment and risk management took place at the Chulabhorn 
Research Institute in Bangkok, Thailand, on November 7 and 8, 2012.  The agenda is included in Appendix I. 

VENUE:  CHULABHORN RESEARCH INSTITUTE 

The Chulabhorn Research Institute was founded by Professor Dr. Her Royal Highness Princess 
Chulabhorn Mahidol, the youngest daughter of Their Majesties King Bhumibol Adulyadej and Queen Sirkit 
of Thailand, with the purpose of assisting in the development of Thailand by highlighting the role of science 
in social and economic development. 

The Chulabhorn Research Institute is currently working to develop a distance learning tool for the 
assessment of risk from the use of chemicals to support capacity building efforts in developing countries.  
The aim of the distance learning tool is to develop capacity building materials on risk assessment of chemicals 
for Thailand and other Asia-Pacific countries under the Strategic Approach to International Chemicals 
Management (SAICM).  During the APEC workshop, economies were introduced to the draft distance 
learning tool, and invited to participate in the efforts to finalize the development of the tool, as well as to use 
it in their capacity building activities. 

The Chulabhorn Research Institute also has the ability to host technical trainings in their facilities.  They 
developed the information for participants and provided all the logistical support for the meeting.  Their 
facilities allow for hosting a lecture style workshop of about 40 participants and also have break out rooms 
for group discussion.  A highlight of the workshop was the implementation of the paperless concept, thanks 
to the ability of the Chulabhorn Research Institute to provide internet access and make computers available 
to all participants all training materials were available on line.  Through the dedicated website, participants 
were able to access the workshop materials during the training, as well as download the materials once they 
were back at their home offices.   

Participants were welcomed to the workshop by Dr. Mathuros Ruchirawat, Vice-president for Research 
and Academic Affairs of the Chulabhorn Research Institute, who emphasized the need for improving 
capacity and cooperation among chemical regulators in the region, particularly in developing economies, in 
the area of risk assessment and risk management of chemicals.  Appendix II contains the welcoming remarks 
by Dr. Ruchirawat.  As the Vice-president for Research and Academic Affairs, Dr. Ruchirawat directs the 
research in nine laboratories in Chemistry and Biomedical Science, as well as planning and initiating integrated 
research programs; in addition, Dr. Ruchirawat is responsible for directing and implementing an innovative 
post-graduate educational program and short-term training programs in the areas that are of urgent need in 
Thailand and in developing countries in Asia-Pacific region.  Dr. Ruchirawat has a B.Sc. in Life Sciences from 
the University of Liverpool, England, and a Ph.D. in Nutritional Biochemistry and Metabolism from the 
Massachusetts Institute of Technology, Cambridge, MA, U.S. 
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WHO HUMAN HEALTH RISK ASSESSMENT TOOLKIT 

 The WHO developed the human health risk assessment toolkit to provide users with guidance to 
identify acquire and use the information need to assess chemical hazards, exposures and the corresponding 
health risks in their given health risk assessment contexts at the local and/or national levels.  The toolkit 
provides a roadmap for conducting a human health risk assessment, identifies information that must be 
gathered to complete an assessment, and provides links to international resources from which the user can 
obtain information and methods essential for conducting the human health risk assessment 
(http://www.who.int/ipcs/publications/methods/harmonization/toolkit.pdf). 

 The APEC workshop training was based on the WHO toolkit, as well as risk management tools 
identified by OECD and included in the IOMC toolbox for decision-making in chemicals management 
(http://www.who.int/iomc/toolbox/en/index.html).  Finally, a module on risk communication was added to 
the workshop to address some of the interest identified by participants before the workshop. 

STEERING COMMITTEE 

As part of the project, a steering committee was convened to provide overall direction to the planning of 
the workshop.  The steering committee held conference calls and commented on documents by email.  The 
steering committee provided the overall concept for the workshop, an objective, tentative program, and 
identified the ideal profile for the participants.  The materials developed by the steering committee then were 
finalized by the group of experts that delivered the workshop.  The steering committee included 
representatives from Australia, Chinese Taipei, Malaysia, Mexico, New Zealand, the Philippines, Thailand, 
U.S., Viet Nam and WHO.  Some of the experts also participated in the steering committee discussions.  The 
roster of the steering committee is included in Appendix III. 

EXPERTS 

A group of experts was identified to deliver the workshop.  Dr. David MacIntosh was the principal 
expert who adapted the WHO toolkit concepts to the workshop concept developed by the steering 
committee, and through consultations with the other experts/speakers, developed the final agenda and 
training materials.  David L. MacIntosh, Sc.D., C.I.H, is Chief Science Officer at Environmental Health & 
Engineering, Inc. (EH&E) in Needham, Massachusetts. Dr. MacIntosh oversees the scientific aspects of 
projects conducted by scientists, industrial hygienists, and engineers who specialize in diagnosing and 
analyzing the complex relationships among sources, pathways, and receptors of environmental stressors that 
influence health in the built environment. His recent activity has focused on problematic building materials, 
ambient air quality, heavy metals, naturally occurring radioactive materials, persistent organic pollutants, and 
risk analysis training materials. Dr. MacIntosh is also an Adjunct Associate Professor of Environmental 
Health at the Harvard School of Public Health where he teaches a course on exposure assessment. Prior to 
joining EH&E, Dr. MacIntosh was a tenured faculty member at the University of Georgia. He earned a 
doctorate in Environmental Health from the Harvard School of Public Health and a M.S. and B.S. from 
Indiana University. Dr. MacIntosh is active in professional service through organizations such as the 
International Society for Exposure Science, the Centers for Disease Control and Prevention, and the World 
Health Organization.  

Dr. Lynn Panganiban further developed the materials on hazard identification and presented the topic at 
the workshop.  Dr. Panganiban is the Chair of the Department of Pharmacology and Toxicology at the 
University of the Philippines, College of Medicine.  In addition, she is a consultant with the National Poison 
Management and Control Center of the Philippine General Hospital and a consultant with the Environmental 
and Occupational Health Office of the National Center for Disease Control.  Dr. Panganiban is also a 
member of the Interagency Committee on Environmental Health of the Department of Health, the Pesticide 
Technical Advisory Committee of the Fertilizer and Pesticide Authority, and of the roster of experts on the 
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Globally Harmonized System (GHS) of UNITAR/ILO.  Dr. Panganiban holds a Doctor of Medicine and a 
Bachelor of Science in Zoology from the University of the Philippines. 

Similarly, Dr. Salmaan Hussain Inayat-Hussain further developed the materials on hazard characterization 
and presented the topic at the workshop.  Dr. Inayat-Hussain is the Dean of the Faculty of Health Science of 
the Universiti Kebangsaan Malaysia, and is also a Professor of Toxicology at the Environmental Health 
Program.  Dr. Inayat-Hussain has extensive experience in academia, as well as capacity building in the private 
and public sectors, having been a visiting research associate at the University of Colorado Health Science 
Center in  the U.S., the Chief Executive Officer of Melaka Biotechnology Corporation in Malaysia, as 
consultant in the Regional Capacity Building Program for Health Risk Management of Persistent Organic 
Pollutants in South East Asia (a project funded by the World Bank), and as an adviser for the development of 
the WHO Human Health Risk Assessment toolkit.  Dr. Inayat-Hussain received his Ph.D. in Biochemical 
Toxicology at the University of Leicester in UK and a B.Sc. in Pharmacology from the Universiti Kebangsaan 
Malaysia. 

The third speaker was Dr. Mario Yarto, who further developed the materials on risk management and 
risk communication and conducted a discussion on those issues at the workshop.  Dr. Yarto is currently an 
independent environmental consultant, working internationally with UNITAR on projects related to their 
Chemicals and Waste Programme, UNEP chemicals (SAICM Secretariat, Stockholm Convention Secretariat 
and Mercury Programme), and the Commission for Environmental Cooperation.  Dr. Yarto’s experience 
includes project coordination, technical assistance and training on POPs, PRTR design and implementation, 
SAICM implementation and the sound management of mercury waste.  Dr. Yarto’s experience also includes 
membership on policy, scientific and technical international working groups, such as the Persistent Organic 
Pollutants Review Committee, the chemicals Review Committee of the Rotterdam Convention and the 
OECD Working Group on Pesticides.  Previously Dr. Yarto was the Director of Research on Chemicals and 
Ecotoxicological Risks at the National Institute of Ecology of the Ministry of Environment and Natural 
Resources in Mexico.  Dr. Yarto holds a Ph.D. in Chemistry, with a specialization on Instrumentation and 
Analytical Science from the University of Manchester Institute of Science and Technology (UK), and a B.Sc. 
In Chemistry from the Instituto Tecnologico y de Estudios Superiores de Monterrey, Mexico. 

Finally, the team of speakers also received support from Dr. Daam Settachan, at the Chulabhorn 
Research Institute, who was instrumental in providing the link between the logistic arrangements and the 
needs of the experts and participants, as well as provided support with the group discussions during the 
workshop.  Dr. Settachan leads the laboratory of Environmental Toxicology and has been involved with the 
assessment of exposure to carcinogenic air pollutants in populations with increased susceptibility either due to 
life-styles, occupation, or through dietary sources; and also oversees the rodent inhalation and toxicity facility.  
Dr. Settachan is also a member of the faculty of the Environmental Toxicology program at the Chulabhorn 
Research Institute, and has been involved in the development of the distance learning tool on risk assessment 
based on the WHO Human Health Risk Assessment toolkit.  Dr. Settachan holds a Ph.D. in Environmental 
Toxicology form Texas Tech University. 

Appendix IV contains the list of experts. 

PARTICIPANTS 

The main audience for the workshop was chemical regulators in the region.  The Steering Committee and 
the team of experts developed the following profile for the participants: 
 

The organizers are seeking managers and supervisors with basic knowledge of toxicology, and fate and transport 
terminology, e.g. reference dose, daily intake, acute toxicity, chronic toxicity, pathways of exposure, etc. The goal is that the 
training may cover more advanced concepts on risk assessment and risk management, allowing regulators to discuss 
challenges they face during their daily work. Organizers are also seeking managers and supervisors that: 
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• are responsible for developing or reviewing risk assessment documents related to industrial chemicals; 
• have an ability to influence risk management decisions in their organizations and influence regulatory decisions of 

other organizations in the economy; and/or 
• are responsible for communicating findings of risk assessments and risk management decisions to others in their 

institutions, across the government, to the regulated community or the general public. 
 
Ideally, the participants will be able to apply the knowledge acquired during the training to their routine work, and 

share the knowledge with others. 
 
While the main audience for the training is regulators in the region, please note that the training is also open to 

industry, academia and civil society groups interested in chemical regulations. 
 
Participants were invited based on their previous participation at Regulator’s Forum meetings, and the 

Chemical Dialogue also received an invitation.  Funding was provided to two representatives from those 
economies eligible for funding that were nominated by the Chemical Dialogue or by a representative at the 
Regulator’s Forum.  In addition, the U.S. government provided travel support for two speakers and additional 
participants from Malaysia, Philippines, and Viet Nam. 

 
The list of participants is included in Appendix V, the final numbers include:  42 participants (without 

including those representing the Chulabhorn Research Institute and the APEC Secretariat), 15 economies 
represented, representatives from industry from Thailand and the U.S., and the gender distribution of the 
group was 16 males and 26 females.  The information provided to the participants is included in Appendix 
VI. 

  

KEY OUTPUTS 

TRAINING MATERIALS 

The main output from the workshop are the training materials developed that allow for a quick review of 
basic risk assessment and risk management concepts, with two case studies to apply the concepts reviewed.  
As mentioned before, the materials are intended for an audience with some previous knowledge on 
toxicology concepts and needs a review of the concepts and how to apply them on regulatory activities 
related to chemicals management. 

The training materials developed were divided in three main sections:  an introduction (which included a 
general overview and a specific review of the concepts related to risk assessment and risk management), the 
risk characterization (which included hazard identification and characterizations, and exposure assessment), 
and risk management (which also included risk communication). 

The following sections will provide a more detailed description of the materials.  Copies of the training 
materials and reference materials used by the speakers are included in Appendix VII, the case studies used for 
group discussion are included in Appendix VIII.  In addition, speakers provided reference materials to the 
participants, which are available at the paperless website but not included in this report due to the length of 
the documents. 

INTRODUCTION 

The introduction consists of two modules:  the overview and concepts on risk management and risk 
assessment. 
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The purpose of the overview module is to provide a review of basic concepts.  At the end of the review, 
the participants have an understanding of environmental health, the benefits of the chemical industry to the 
overall economy, as well as the potential significant harm and risk to health.  Also, participants will be able to 
articulate that sound management of chemicals is essential to avoid significant risks to human health and 
ecosystems and corresponding costs to national economies.  Finally, the module reviews other international 
efforts and explains how APEC contributes to building capacity in the region. 

The concepts on risk management and risk assessment module presents an overview of the training and 
the topics that will be covered during the training, through diagrams and a roadmap that will be revisited 
during the discussions to ensure that participants keep in mind the overall process of risk assessment, risk 
management and risk communication for the management of chemical hazards in the environment. 

RISK CHARACTERIZATION  

This section consisted of four modules:  hazard identification, hazard characterization, exposure 
assessment and risk characterization.   

The hazard identification module goal is to provide participants with an understanding of how to identify 
and describe the hazardous properties of a chemical substance and what resources are available from 
international organizations to further identify a chemical of interest.  Participants should be able to 
understand that the goal of hazard identification is to determine the possible adverse effects of an agent or 
situation to which an organism, system or population could be exposed. 

The hazard characterization module goal is to provide participants of an understanding of the metrics 
used to characterize the toxicity of a chemical for human health risk assessment and of the “dose-response” 
relationship.  Similar to the previous module, the hazard characterization module also present resources from 
international organizations that area available to further characterize a chemical of interest.   

The learning objectives of the exposure assessment module are to provide participants with an 
understanding of the purpose of exposure assessment for health risk assessment, the primary attributes of 
exposure, the routes and pathways by which people and other organisms can be exposed to hazardous 
substances, common metrics of exposure (concentration, intake rate, and dose), general approaches to how 
exposure is evaluated and their corresponding strengths and limitations, how knowledge of exposure can 
support a risk management process, and international resources that provide additional exposure information. 

The last module of this section was the risk characterization module.  The purpose of this module is to 
integrate the results of hazard identification, hazard characterization and exposure assessment into a risk 
characterization.  In addition, the module provides participants with an understanding of the purpose of a risk 
characterization, common metrics used to describe risk and approaches for discussing uncertainties, 
assumptions, and scientific judgments. 

CASE STUDY I.  RISK ASSESSMENT – NONYLPHENOL 

The risk characterization section of the training concluded with a case study on risk assessment of 
nonylphenol.  The case study was conducted thorough smaller working groups during the workshop.  The 
purpose of the case study was to apply the concepts of risk assessment through an example, practice the 
roadmap provided during the workshop and share experiences with other workshop participants. 

RISK MANAGEMENT AND COMMUNICATION 

The first module of this section on risk management provides participants with an understanding of the 
relationship of risk management with risk assessment, the objective of risk management, the socio-economic 
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factors and considerations that are involved in risk management, the role of cost-benefit analysis in risk 
management, types of tools available to risk managers, and consultations with stakeholders. 

The second module on risk communication is intended to provide participants with an understanding of 
the importance and place for skills in risk communication, the principles of risk communication, key elements 
of effective risk communication, and resources available to gain a deeper understanding of risk 
communication. 

CASE STUDY II.  RISK MANAGEMENT AND RISK COMMUNICATION – PCB CONTAINING CAULK 
IN AN ELEMENTARY SCHOOL 

At the end of the lecture, workshop participants worked on a second case study focusing on PCB 
containing caulk in an elementary school.  The case study included an application of the risk assessment 
methodologies reviewed the previous day, and incorporation of risk management decisions and risk 
communication with school administrators, teachers, parents, students and the community at large. 

 SHARING EXPERIENCES BY ECONOMIES 

Four economies and an industry representative were invited to do presentations of how they use risk 
assessment and risk management in their regulatory processes; and the rest of participants were invited to 
share their experiences on similar topics.  The presentations included:   

- Industry’s perspective on the sound management of chemicals:  elements for decision making by 
Marianne Heinrich of BP. 

- Risk Assessment and Management in Chemical Industry in Viet Nam by Nguyen Xuan Sinh of the 
Ministry of Industry and Trade of Viet Nam. 

- Chemical Risk Assessment and Management among Institutions of the Environment Sector by Maria 
Teresa Gomez Osorio and Leonor A. Cedillo of the Ministry of the Environment in Mexico and the 
National Institute of Ecology and Climate Change of Mexico (respectively). 

- Risk Assessment and Risk Management:  Applications and Practices in the Philippines by 
Perseveranda-Fe J. Otico of the Department of Environment and Natural Resources of the 
Philippines. 

- U.S. TSCA New Chemicals Program by Ana Corado of the U.S. Environmental Protection Agency. 

 

KEY OUTCOMES 

FUTURE USE OF THE MATERIALS 

The materials will be available to participants for their use at their home offices, and the project overseer 
will contact them six months after the workshop to assess how they have been using the materials.  Also, the 
Chulabhorn Research Institute is keeping a copy of the materials and a videotape of the workshop for future 
use in their trainings.  In addition, the materials will be available to other participants at the Regulator’s 
Forum and the Chemical Dialogue. 
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Finally, the project overseer is reaching out to WHO and OECD to share the materials and case studies; 
as well as with other technical experts in the Asia-Pacific region.  It is expected that the materials will be 
available through several networks in the region for future use. 

SUGGESTIONS FOR FUTURE TRAININGS 

Initial reactions by participants indicated their interest in similar trainings at the sub-regional level, making 
it easier for more participants from a specific economy to attend the workshop.  In addition, there was an 
interest to further explore the links between risk assessment, risk management options and regulatory 
activities.  It is worth noting that the Philippines included a detailed series of recommendations regarding 
future trainings in their presentation. 

According to the evaluation received, participants indicated interest in longer workshops with more 
hands on training and including case studies dealing with specific regulatory activities underway at economies 
in the region. 

OTHER AREAS OF POSSIBLE FUTURE COOPERATION AMONG ECONOMIES 

During the presentations by the economies, feedback from the evaluations received, and several 
comments from participants at the workshop indicated interest in related topics, these include:  chemical 
inventories and tracking of chemicals in commerce, outreach to small and medium size enterprises, 
implementation of PRTR and GHS systems, responding to oil spills, collaboration on a common research 
agenda.  Participants were encouraged to consider the objectives of APEC and the Chemical Dialogue in 
particular, as well as the Regulator’s Forum action plan, and to identify if there are specific proposals that 
could be put forward as formal projects sponsored by the Chemical Dialogue and the Committee on Trade 
and Investment. 

In addition, participants were introduced to the distance learning tool developed by the Chulabhorn 
Research Institute and also invited to participate in its validation process and other trainings sponsored by the 
Institute. 

 

OVERALL IMPACT AND  LESSONS LEARNED 

Participants found the workshop a useful review of methodologies.  The discussions regarding the case 
studies and the examples from the economies were also useful to further understand the technical concepts, 
as well as the challenges economies face in their daily application of their regulatory systems. 

Lessons learned from the workshop include: 

1.  The commitment from a group of CD members and Regulator’s Forum members to serve in a 
steering committee to provide guidance to the workshop, to ensure the content is of interest to all 
participants. 

2. Selection of a hosting institution with an excellent scientific reputation in the region and with the 
experience to deliver training.  In addition, the Chulabhorn Research Institute provided great hosting 
accommodations and ensured that all participants had appropriate logistic support during the 
workshop. 

3. The use of a paperless workshop allowed for flexible approach to the training materials while at the 
same time implementing “green” meeting practices. 
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4. A team of experts with excellent academic credentials and practical experience that could respond to 
the questions raised by the participants, as well as guide the discussion to drawn on the personal 
experience of the participants. 

5. Administrative support from the APEC Secretariat was key to ensure that all the participants and 
experts could attend the meeting. 

A follow up evaluation would allow for a better assessment of the impact after 6 months of the 
workshop. 

During the evaluation process, the following recommendations were identified: 

-  Support for further capacity building activities sponsored by APEC. 

- Additional coordination with participants and sharing materials in advance to better prepare 
participation at the workshop. 

- Additional time for more interactions and discussions of activities underway at the economies in the 
region. 

- Some participants indicated that they will be applying the concepts during the implementation of 
specific programs at their organization; also some of them indicated that they will be sharing the 
materials with others in their organization. 

- More guidance is needed during project implementation to appropriately use the funds approved in 
the budget. 

 

CONCLUSIONS AND NEXT STEPS 

Participants expressed great appreciation for the workshop and interest in future use of the materials, as 
well as seeking opportunities for future collaboration among economies in the region, the expectation is that 
the support and interest will translate in additional topics for discussion at future Regulator’s Forums, at the 
Chemical Dialogue or through future project proposals.  Interest seem to be focused on sub-regional 
workshops using translation or other local languages, more discussions regarding cooperation on current 
regulatory activities, more in depth application of risk assessment methodologies to regulatory activities. 

 

APPENDICES 
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APPENDIX I.  AGENDA 

                  

7 November 2012 - 8 November 2012 - Bangkok 

Regulatory cooperation - Introductory level training on risk assessment and risk management to 
provide tools for the development of sound chemical regulations 

Objective 
To provide introductory level training on risk assessment and risk management of chemicals to regulators 
in the region. The goal is to increase the capacity on risk assessment and risk management of chemicals, 
so that regulatory approaches in the region are developed in a sound manner and, in the long term, 
facilitate the safe trade of chemicals among economies in the region. Technical and scientific approaches 
and tools to conduct risk assessments will be discussed, as well as how data analysis leads to risk 
management approaches. The workshop will also provide a forum to exchange experiences by 
economies in the region that use these tools and approaches. 

 

DAY ONE - November 7, 2012 

07.30 - 08.00 Registration 
All participants pre-registered & materials distributed electronically in advance. Registration 
table to confirm participants at location, provide any necessary updates to materials, & other 
handouts that might be useful to guide the workshop. 

08.00 - 08.10 Opening ceremony 

08.10 - 08.30 Introduction 
Participants & trainers introduce themselves. Short explanation of logistics & overall program 
for two days of work. Short review of objectives of workshop. 

08.30 - 09.00 Introductory overview 
David MacIntosh (Environmental Health and Engineering, USA) 
Introductory discussion of chemical industry, chemical production & use, health & environmental 
impacts, international agreements & approaches, & existing tools in risk assessment & risk 
management. 

09.00 - 09.30 Concepts on risk assessment & risk management 
David MacIntosh (Environmental Health and Engineering, USA) 
Overview of Risk Management & role of Risk Assessment in the process: note components of risk 
management: risk evaluation, control points, risk monitoring, & risk communication [OECD 
toolkit]; Review risk assessment: environmental health paradigm & a roadmap [WHO toolkit]. 

09.30 - 10.30 Hazard Identification & characterization 
Lynn Panganiban (University of Philippines) and Saalman Hussain Inayat Hussain (Universiti 
Kebangsaan Malaysia) 
Chemical identity & hazardous properties; suggestions for international resources. 

10.30 - 10.45 Coffee Break 

http://www.apec.org/
http://www.cri.or.th/
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10.45 - 11.45 Hazard identification & characterization (continued) 
Qualitative or quantitative description of inherent properties of chemicals having potential to 
cause adverse health or environmental effects. Main focus on training will be on identifying & 
discussing applicability of existing evaluations conducted at international level, with reference to 
national evaluations as needed. GHS, INCHEM & other sources of hazard characterization 
information will be introduced. 

11.45 - 12.30 Exposure assessment 
David MacIntosh (Environmental Health and Engineering, USA) 
Exposure pathways, exposure factors & exposure routes, exposure vs dose, exposure metrics 
[WHO toolkit]. 

12.30 - 13.30 Lunch break 

13.30 - 14.15 Exposure assessment (continued) 
Estimating exposures: validity & reliability; modeling or measurement approaches, including 
biomarkers of exposure. 

14.15 - 15.30 Risk characterization 
David MacIntosh (Environmental Health and Engineering, USA) 
Comparison with guidance/guideline values & description of uncertainties [WHO toolkit]. 

15.30 - 15.45 Coffee break 

15.45 - 17.30 Case study - risk assessment 
led by David MacIntosh (Environmental Health and Engineering, USA) 
Problem formulation, hazard assessment, exposure assessment, risk characterization (guided 
exercises & facilitated discussion). 

DAY TWO - November 8, 2012 

08.00 - 09.30 Risk management and Risk Communication 
Mario Yarto (Environmental Consultant, Mexico) 
Problem definition, management options, costs & benefits, evaluation; socio-economic 
considerations [OECD toolkit]. 

09.30 - 09.45 Coffee break 

09.45 - 12.30 Case study (continued) 
led by David MacIntosh (Environmental Health and Engineering, USA) 
Risk management & risk communication. 

12.30 - 13.30 Lunch break 

13.30 - 15.15 Examples of risk assessment & risk management in APEC region 
Countries & stakeholders present examples of how risk assessment & risk management concepts 
are applied in their regulatory processes. Presenters will be provided key messages & templates 
to ensure presentations reinforce topics covered during training & to avoid redundancy. Please 
note there will be time for about 3 presentations before the coffee break & 2 after the break, for a 
total of 5. Presentations anticipated at this time include: 

• Industry's perspective: Sound Management of Chemicals: Elements for Decision Making, 
by Marianne Heinrich (BP) 

• Risk Assessment and Management in Chemical Industry in Viet Nam, by Nguyen Xuan 
Sinh (Ministry of Industry and Trade of Viet Nam) 

• Chemical Risk Assessment and Management among Institutions of the Environment 
sector, by Maria Teresa Gomez Osorio and Leonor A. Cedillo (Ministry of Environment 
in Mexico) 
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• Risk Assessment and Risk Management: Applications and Practices in the Philippines, by 
Perseveranda-Fe Otico (Environmental Management Bureau, Philippines) 

• TSCA New Chemicals Program, by Ana Corado (U.S. EPA) 

12.30 - 13.30 Lunch break 

15.30 - 16.30 Examples of risk assessment & risk management in APEC region (continued) 

16.30 - 16.45 Final questions & answers, & comments on examples 

16.45 - 17.00 Conclusion and final remarks 
Participants will be asked to participate in an evaluation of the workshop. 

Hosting and application development for CRI Paperless Office is provided by the Office of Computer Services, Chulabhorn 

Research Institute 
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APPENDIX II.  WELCOME ADDRESS BY DR. MATHUROS RUCHIRAWAT  

 
Dear distinguished experts and participants of the workshop entitled, “Regulatory cooperation - Introductory level 
training on risk assessment and risk management to provide tools for the development of sound chemical 
regulations”. 
 
It gives me great pleasure to welcome you all today, on behalf of the team of organizers and sponsors, to the 
Chulabhorn Research Institute for the start of this very important workshop. This training workshop will consist of two 
days of training on risk assessment and risk management, where technical and scientific approaches, tools to 
conduct risk assessments, as well as how data analysis leads to risk management approaches, will be discussed. 
 
The goal of this workshop is to increase the capacity on risk assessment and risk management of chemicals so that 
regulatory approaches in the region are developed in a sound manner and, in the long-term, facilitate the safe trade 
of chemicals among economies in the region. The workshop will also provide an opportunity for regulators to 
exchange experiences on how these tools and approaches are used by each economy in the region. 
 
The Chulabhorn Research Institute, through the leadership and guidance of Her Royal Highness Princess 
Chulabhorn Mahidol, the youngest daughter of Their Majesties the King and Queen of Thailand, and President of the 
Institute, has been involved in capacity building activities in the areas of toxicology and risk assessment of chemicals 
for over 20 years, primarily in the Asia Pacific Region. The Institute has organized more than 50 training courses and 
workshops in the areas of toxicology and risk assessment with more than 3,000 participants from over 35 economies, 
to train a critical mass of people with the knowledge to carry out risk assessments in the region. In addition to training 
on-site here at the Institute, in-country training has also been organized in many economies in South Easy Asia, 
including Bhutan, Cambodia, Indonesia, Laos PDR, Malaysia, Myanmar and Viet Nam. 
 
The Institute, through our WHO Collaborating Center for Capacity Building and Research in Environmental Health 
Science and Toxicology, has also been involved in collaborations with the World Health Organization, through their 
International Programme for Chemical Safety at their headquarters in Geneva, as well as their South East Asia 
regional office in New Delhi, in areas related to risk assessment and chemical safety. 
 
Through a Quick Start Programme-funded project, the Institute, the WHO, and the Universities of Ottawa in Canada 
and Utrecht in the Netherlands, have been working for the past 2 years to develop an electronic distance learning tool 
in risk assessment and risk management, that will complement our on-site training activities and help us to reach a 
larger audience. This interactive tool will allow government officials who need a refresher course to go through 
training at their own pace and in their own free time, without the costs associated with traveling, as well as the 
disruptive time away from work. This distance learning tool is scheduled to be completed and unveiled early next 
year. 
 
Through our annual international training course on “Environmental and Health Risk Assessment and Management of 
Toxic Chemicals” held here on-site at the Institute, as well as the interactive electronic distance learning tool, the 
Chulabhorn Research Institute will continue to train participants in the areas of toxicology, risk assessment and risk 
management, with the goal of training a critical mass of qualified personnel who can carry out risk assessments in the 
region. It is our belief that risk assessments will allow identification and prioritization of chemical safety and chemicals 
management issues that will lead to minimization of impacts on health and the environment from the use of chemicals 
in development. 
 
I wish you all a very pleasant stay here in Bangkok, and hope that this workshop will be very informative and useful 
for you for your daily work. 
 
If there is anything we can do to make your stay more enjoyable, please don’t hesitate to let one of our staff know. 
We also look forward to seeing you all at the welcome dinner this evening. 
 
Thank you. 
--- 
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APPENDIX III.  STEERING COMMITTEE 

 
Title Last name First name Organization Position Economy Gender 

Dr. Gredley  Matthew  NICNAS, National 
Industrial Chemicals 
Notification and 
Assessment Scheme, 
Australian Government 
Department of Health 
and Ageing  

Head, 
Reform 
Program  

Australia  M 

Dr. Li Jowitt SAHTECH, Safety and 
Health Technology 
Center 

 Chinese 
Taipei 

M 

Mr. Abdul Aziz Nor Azam Department Of 
Environment, Malaysia 

Assistant 
Director 

Malaysia M 

Ms. Eng Andrea Environmental 
Protection Authority 

General 
Manager 

New 
Zealand 

F 

Ms. Vilma Morales Directorate General of 
Environmental Quality, 
Ministry of 
Environment 

 Peru F 

Ms. Mendoza Emmanuelita Environmental 
Management Bureau – 
DENR 

Supervising, 
Environment
al 
Managemen
t Specialist 

Philippines F 

Ms.  Brabante Angelita  Environmental 
Management Bureau – 
DENR 

Chief, 
Chemical 
Managemen
t Section 

Philippines F 

Ms. Rivera Ana Environmental and 
Occupational Health 
Office 

Department of Health 

Supervising 
Health 
Program 
Officer 

 

Philippines F 

Ms. Chareonsong Pornpimon Pollution Control 
Department 

Senior 
Environment
al Scientist 

Thailand F 

Ms. Heinrich Marianne 
Urbauer 

BP Lead 
Product 
Regulatory 
Specialist 

USA F 
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Title Last name First name Organization Position Economy Gender 

Mr. Irwin Mike The Procter & Gamble 
Company 

Principal 
Engineer, 
Product 
Safety & 
Regulatory 
Affairs 

USA M 

Ms. Nguyen Thi Ha Head of Conventions, 
Inter Cooperation 
Division 

Viet Nam 
Chemicals 
Agency 

Viet Nam F 

Dr. Nguyen Xuan Sinh Director, Center of 
Chemical Database 
and Incident Response 

Viet Nam 
Chemicals 
Agency 

Viet Nam M 

Dr. Gutschmidt Kersten Public Health and 
Environment, WHO 

 Technical 
expert 

M 

Dr. Yarto Mario Independent 
consultant 

 Technical 
expert 

M 

Dr. Panganiban Lynn University of 
Philippines, College of 
Medicine 

Chair of 
Pharmacolo
gy and 
Toxicology 

Technical 
expert 

F 
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APPENDIX IV.  LIST OF EXPERTS 

 
 

Title Last name First name Organization Role  Gender 

Dr. MacIntosh Daivd Chief Science Officer, 
Environmental Health & 
Engineering 

Technical contractor  M 

Dr. Ruchirawat Khunying 
Mathuros 

Chulabhorn Research 
Institute (CRI) 

Logistics contractor and 
speaker 

F 

Dr. Settachan Daam Chulabhorn Research 
Institute (CRI) 

Overall logistics and 
technical support 

M 

Dr. Gutschmidt Kersten Public Health and 
Environment, WHO 

Technical support M 

Dr. Yarto Mario Independent consultant Speaker M 

Dr. Panganiban Lynn University of Philippines, 
College of Medicine 

Speaker F 

Dr. Inayat-
Hussain 

Salmaan 
Hussain 

Malaysia Speaker M 
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APPENDIX V.  LIST OF PARTICIPANTS 

 
 
 
 

Chile 
 

1. Hernan Latuz Abarzua 
Engineer 
Ministry of Environment 
Chile 
hlatuz@mma.gob.cl 

7. Yi-Hsuan Lin (Ellen Lin) 
Engineer 
Safety and Health Technology Center 
(SAHTECH) 
Chinese-Taipei 
yhlin@sahtech.org 

 
2. Ingrid Henriquez Cortez 

Lawyer 
Ministry of Environment 
Chile 
ihenriquez@mma.gob.cl 

 
 

China 

Indonesia 
 
8. Tri Ligayanti 

Section Head of Business Climate and 
Cooperation Ministry of 
Industry Indonesia 
triligayanti@yahoo.com 

 
3. Li Ningtao 

Deputy Director 
Technical Center for Safety of Industrial 
Products China 
lint@tjciq.gov.cn 

9. Regina Anindita 
Industry Analyst 
Ministry of Industry 
Indonesia 
regina_reginess@yahoo.com 

 
4. Zhao Jie 

Deputy Director 
Department of International Trade and 
Economic Affairs Ministry of Commerce 
China 
zhaojie_gj@mofcom.gov.cn 

Japan 
 
10. Tomoko Aoyagi 

Visiting Scholar 
U.S. EPA 
USA 
aoyagi.tomoko@epa.gov 

 
Chinese-Taipei 

 
5. Hsiu Chuan Lin (Angella Lin) 

Project Manager 
Safety and Health Technology Center 
(SAHTECH) 
Chinese-Taipei 
hclin@sahtech.org 

 
6. Huang Pi-Wei 

Researcher 
Safety and Health Technology Center 
(SAHTECH) 
Chinese-Taipei 
will@sahtech.org 

 
Hong Kong 
 
11. Ron Yang 

Environmental Protection Officer 
Environmental Protection Department 
HKSAR 
Hong Kong China 
ryang@epd.gov.hk 

  

mailto:hlatuz@mma.gob.cl
mailto:yhlin@sahtech.org
mailto:ihenriquez@mma.gob.cl
mailto:triligayanti@yahoo.com
mailto:lint@tjciq.gov.cn
mailto:regina_reginess@yahoo.com
mailto:zhaojie_gj@mofcom.gov.cn
mailto:aoyagi.tomoko@epa.gov
mailto:hclin@sahtech.org
mailto:will@sahtech.org
mailto:ryang@epd.gov.hk
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Malaysia New Zealand 
 

12. Salmaan Hussain Inayat Hussain 
Dean of Faculty 
Universiti Kebangsaan Malaysia 
Malaysia 
S_inayathussain@yahoo.com 

19. Andrea Eng 
General Manager Compliance 
Hazardous Substances 
ERMA 
New Zealand 
andrea.eng@epa.govt.nz 

 
13. Mohd Faisal Alias Assistant 

Director Department of 
Environment Malaysia 
mfa@doe.gov.my 

20. Ilana Burton 
Application Team Leader 
Environmental Protection Authority 
New Zealand 
Ilana.Burton@epa.govt.nz 

 
14. Rosiah Mohd Ali 

Assistant Environmental Control Officer 
Department of Environment 
Malaysia 
rosiah@doe.gov.my 

 
15. Thahirah Kamarulzaman 

Principle Assistant Director Department 
of Environment 
Malaysia 
thahirah@doe.gov.my 

 
 

Mexico 
 

16. Mario Yarto 
Environmental Consultant 
Mexico 
marioyarto@gmail.com 

 
Peru 
 
21. Jennifer Luque Luque 

Environmental Specialist 
Area de Gestion de Riesgos 
Ambientales y Sustancias Quimicas 
Direccion General de Calidad Ambiental 
Peru 
jluque@minam.gob.pe 

 
22. Vilma Morales Quillama 

Coordinator 
Area de Gestion de Riesgos 
Ambientales y Sustancias Quimicas 
Direccion General de Calidad Ambiental 
Peru 
vmorales@minam.gob.pe 

 
17. Leonor Cedillo Becerill 

Director of Research regarding 
Chemical Substances and Eco- 
toxicological Risks 
National Institute of Ecology 
Mexico 
leonor_cedillo@yahoo.com 

 
18. Maria Teresa Gomez Osorio 

Secretariat of the Environment and 
Natural Resources 
Jefa de Departmento de Gestion para 
Suelos Contaminados de la DGGIMAR 
Mexico 
teresa.gomez@semarnat.gob.mx 

Philippines 
 
23. Lynn Panganiban 

Chair of Pharmacology and Toxicology 
College of Medicine 
University of Philippines 
The Philippines 
lcrpanganiban@uppoisoncenter.org 

 
24. Ana Trinidad Rivera 

Supervising Health Program Officer 
Environmental and Occupational Health 
Office Department of Health 
The Philippines 
rivera_attf@yahoo.com 

mailto:S_inayathussain@yahoo.com
mailto:andrea.eng@epa.govt.nz
mailto:mfa@doe.gov.my
mailto:Ilana.Burton@epa.govt.nz
mailto:rosiah@doe.gov.my
mailto:thahirah@doe.gov.my
mailto:marioyarto@gmail.com
mailto:jluque@minam.gob.pe
mailto:vmorales@minam.gob.pe
mailto:leonor_cedillo@yahoo.com
mailto:teresa.gomez@semarnat.gob.mx
mailto:lcrpanganiban@uppoisoncenter.org
mailto:rivera_attf@yahoo.com
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25. Emmanuelita Mendoza 

Supervising Environmental 
Management Specialist 
Chemical Management Section 
Environmental Quality Division 
Environmental Management Bureau 
The Philippines 
emb.mendoza@gmail.com 

 
 

26. Perseveranda-Fe J. Otico 
Senior Environmental Management 
Specialist 
Pollution Research Section 
Research and Development Division 
Environmental Management Bureau – 
DENR, 
The Philippines 
fejotico@yahoo.com 

 
 

Russian Federation 
 

27. Elena Zhurba 
Counselor 
Coordinating Informational 
Service Center for CIS Enterprises 
Russia 
e.zhurba@ciscenter.ru 

30. Doolalai Sethajintanin Pharmacist, 
Professional Level Hazardous 
Substances Control Group Ministry of 
Public Health 
Thailand 
doolalai@fda.moph.go.th 

 
31. Krittiya Meanjai 

Professional Level 
Ministry of Industry 
Thailand 
krittiya.k@diw.mail.go.th 

 
32. Chaiporn Pumkam 

Pharmacist, Professional Level 
Thailand 
chaipornpk@yahoo.com 

 
33. Chaveng Chao 

Honorary Chairman 
The Federation of Thai Industries 
Thailand 
chaveng.chao@bayer.com 

 
34. Mahabir Koder 

Chairman 
The Federation of Thai Industries 
Thailand 
mahabir@acth.co.th 

 
 

Singapore 
 

28. Augustine Kwan 
APEC Secretariat 
Singapore 
ak@apec.org 

35. Mayuree Na Rangsilpa 
Deputy Secretary General 
The Federation of Thai Industries 
Thailand 
mayuree.r@adityabirla.com 

 
 
United States 

 
Thailand 

 
29. Jariya Mitroupathump 

Scientist, Senior Professional Level, 
Ministry of Industry 
Thailand 
Jariya.m@diw.mail.go.th 

36. David MacIntosh 
Chief Science Officer 
Environmental Health and Engineering 
USA 
DMacIntosh@eheinc.com 

 
37. Ana Corado 

Environmental Engineer 
Office of Pollution Prevention and Toxics 
US Environmental Protection Agency 
USA 
Corado.Ana@epamail.epa.gov 

 
 

mailto:emb.mendoza@gmail.com
mailto:fejotico@yahoo.com
mailto:e.zhurba@ciscenter.ru
mailto:doolalai@fda.moph.go.th
mailto:krittiya.k@diw.mail.go.th
mailto:chaipornpk@yahoo.com
mailto:chaveng.chao@bayer.com
mailto:mahabir@acth.co.th
mailto:ak@apec.org
mailto:mayuree.r@adityabirla.com
mailto:Jariya.m@diw.mail.go.th
mailto:DMacIntosh@eheinc.com
mailto:Corado.Ana@epamail.epa.gov
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38. Donald L. Wilke 
Principle Scientist 
Procter & Gamble Company 
USA 
wilke.dl@pg.com 

 
 

39. Marianne Urbauer Heinrich 
Lead Product Regulatory Specialist 
BP USA 
Marianne.Heinrich@bp.com 

 
 

Viet Nam 
 

40. Bui Thanh Huong 
Official of Plan Protection Department 
Ministry of Agriculture and Rural Department 
Viet Nam  
huong_vinhto@yahoo.com 

 
41. Le Viet Thang 

Expert 
Viet Nam Chemical Agency  
Viet Nam  
thanglv@moit.gov.vn 

 
42. Nguyen Xuan Sinh 
Director 
Center of Chemical Database and 
Incident Response 
Viet Nam Chemicals Agency  
Viet Nam  
sinhnx@moit.gov.cn 

 
43. Vu Tat Dat 

Official of Pollution Control Department 
Ministry of Natural Resource and 
Environment 
Viet Nam 
vudatcnr@yahoo.com 

  

mailto:wilke.dl@pg.com
mailto:Marianne.Heinrich@bp.com
mailto:huong_vinhto@yahoo.com
mailto:thanglv@moit.gov.vn
mailto:sinhnx@moit.gov.cn
mailto:vudatcnr@yahoo.com
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APPENDIX VI.  INFORMATION FOR PARTICIPANTS 

 
INFORMATION FOR 

PARTICIPANTS 
(If you have any questions, please contact krittika@cri.or.th or 

vina@cri.or.th) 
 
1. PURPOSE 

 
This information document provides administrative, logistical and general 
information for the workshop on risk assessment and risk management for 
regulators and other stakeholders in the APEC region. 

 
2. BACKGROUND 

 
The project seeks to provide introductory level training on risk assessment and 
risk management of chemicals to regulators in the APEC region. The goal is to 
increase the capacity on risk assessment and risk management of chemicals so 
that regulatory approaches in the region are developed in a sound manner and, in 
the long term, facilitate the trade of chemicals among economies in the region. 

 
This project builds upon a previous workshop funded by APEC, Good Regulatory 
Practice, “Case Study Workshop on the Chemicals Sector - from Principles to 
Practice” (CTI 10/2009A), as well as current activities of the Chemical Dialogue that 
seek to promote regulatory best practices for chemicals management in the region. 
In addition, it is envisioned that this training will be based on existing risk 
assessment training developed by the WHO under the International Programme on 
Chemical Safety and the OECD Environment Directorate on chemicals, as well as 
efforts by the Chulabhorn Research Institute to develop an electronic distance 
learning tool (DLT) on risk assessment of chemicals. 

 
The project is sponsored by the government of the United States of America, and 
co- sponsored by the National Industrial Chemicals Notification and Assessment 
Scheme of the Australian Government Department of Health and Ageing; Safety 
and Health Technology Center, Chinese Taipei; the Environmental Protection 
Authority of New Zealand; and the Environmental Ministry of Peru. 

 
The project consists of a 2-day training workshop on risk assessment and risk 
management, where technical and scientific approaches and tools to conduct 
risk assessments will be discussed, as well as how data analysis leads to risk 
management approaches. The training workshop will also provide a forum to 
exchange experience by economies in the region that use these tools and 
approaches. 

mailto:krittika@cri.or.th
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The project overseer is Ms. Ana Corado, Environmental Engineer, US Environmental 
Protection Agency, USA. The Thai coordinator is Dr. Mathuros Ruchirawat, Vice- 
president for Research and Academic Affairs, Chulabhorn Research Institute. 

 
3. OBJECTIVES 

 
The key objectives of the workshop are as follows: 

 
(i) To provide regulators in the region with information on technical and scientific tools 

to conduct risk assessment and risk management of chemicals; 
(ii)To increase the understanding of chemicals management regimes in the region by 

continuing exchanges and enhancing the understanding of regulatory practices in 
place or under development in the different economies in the region; and 

(iii)To inform stakeholders of the existing tools and methodologies used in the risk 
assessment and risk management of chemicals, and how such technical analysis 
can inform the development of regulations. 

 
4. PARTICIPANTS 

 
The workshop is designed for regulators in the region, particularly those from 
developing economies, and those in charge of developing or implementing 
regulations of industrial chemicals. The project offers an equal opportunity for 
participation regardless of gender, and nominations of female regulators and 
participants across the APEC region is encouraged. 

 
The organizers are seeking managers and supervisors with basic knowledge of 
toxicology, and fate and transport terminology, e.g. reference dose, daily intake, acute 
toxicity, chronic toxicity, pathways of exposure, etc. The goal is that the training may 
cover more advanced concepts on risk assessment and risk management, allowing 
regulators to discuss challenges they face during their daily work. Organizers are also 
seeking managers and supervisors that: 

 
• are responsible for developing or reviewing risk assessment documents related to 

industrial chemicals; 
• have an ability to influence risk management decisions in their organizations and 

influence regulatory decisions of other organizations in the economy; and/or 
• are responsible for communicating findings of risk assessments and risk 

management decisions to others in their institutions, across the government, to the 
regulated community or the general public. 
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Ideally, the participants will be able to apply the knowledge acquired during the 
training to their routine work, and share the knowledge with others. 

 
While the main audience for the training is regulators in the region, please note that 
the training is also open to industry, academia and civil society groups interested in 
chemical regulations. 

 
5. MEETING DATES AND VENUE 

 
The meeting is scheduled to take place at the Chulabhorn Research Institute, 
Bangkok, Thailand, on November 7-8, 2012. 

 
6. PROGRAM AND LANGUAGE 

 
A tentative programme is included (see attached). The workshop will be held in 
English. 

 
7. SECRETARIAT 

 
Ms. Krittika Polrat 
Chulabhorn Research Institute 
Office of Academic Affairs 
Email: krittika@cri.or.th 
Tel: (662) 574-0622 x3958 

 
Ms. Vina Inpanbutr 
Chulabhorn Research Institute 
Office of Academic Affairs 
Email: vina@cri.or.th 
Tel: (662) 574-0622 x3930 

 
8. NOMINATION 

 
The project overseer requested nominations from regulators in all APEC economies. 
In addition, notifications were sent to Chemical Dialogue participants. 

 
9. REGISTRATION 

 
Those participants nominated by their economies and self-funded participants are 
invited to submit a completed pre-registration form (see attached). In addition, a 

mailto:krittika@cri.or.th
mailto:vina@cri.or.th
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registration desk will be available on-site at the workshop venue (6th floor, Service 
Building, Chulabhorn Research Institute). 

 
10.ENTRY FORMALITIES AND VISA REQUIREMENTS 

 
All participants entering Thailand must be in possession of valid passports or travel 
documents endorsed and valid for Thailand. 

 
Passport holders from 42 countries DO NOT require a visa when entering Thailand 
for tourism purposes if their stay in the Kingdom does not exceed 30 days. The 42 
countries are as follows: Australia, Austria, Belgium, Brazil, Bahrain, Brunei 
Darussalam, Canada, Denmark, Finland, France, Germany, Greece, Hong Kong, 
Indonesia, Iceland, Ireland, Israel, Italy, Japan, Korea, Kuwait, Luxembourg, 
Malaysia, Monaco, Netherlands, New Zealand, Norway, Oman, Peru, Philippines, 
Portugal, Qatar, Singapore, Spain, South Africa, Sweden, Switzerland, Turkey, 
United Arab Emirates, U.K., U.S.A., and Viet Nam. 

 
It is recommended, however, that enquiries regarding visa and entry regulations 
should be made to the Royal Thai Embassy or Consulate nearest to you before your 
departure. 

 
11.DOCUMENTATION 

 
The training will be conducted in a paperless system, meaning that all documents 
will be shared through a web-based system. Participants are requested to bring their 
own laptops or other mobile device with wireless capability for accessing and 
reading the documents. Wifi service will be made available and all participants will 
be provided with access codes. 

 
12.ACCOMMODATION 

 
Accommodation for participants to this workshop is reserved at 2 locations in 
walking distance of the venue (please see CRI campus map below): 
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(1) The Miracle Grand Convention Hotel 
 

The Miracle Grand Convention Hotel is located next door to the Chulabhorn 
Research Institute. Please visit their official website at http:// 
www.miraclegrandhotel.com for more information. Please be aware that the rates 
available for workshop participants (specified below) are special discount rates: 

 
• “Superior” room - single occupancy (2,100* THB per room per night) 
• “Superior” room - double occupancy (2,400* THB per room per night) 
• “Deluxe” room - single or double occupancy (3,200* THB per room per night) 

 
*All rates inclusive of breakfast. 

(2) CRI Residence 

The CRI Residence is located behind the CRI Convention Center on the campus 
of the Chulabhorn Research Institute. It includes 70 hotel rooms (standard, 
deluxe and suites), 10 apartment units for long-term stay, a swimming pool, and 
fitness center. The room rates are as follows: 

http://www.miraclegrandhotel.com/
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• hotel unit - single occupancy (1,200** THB per room per night) 
• hotel unit - double occupancy (1,500** THB per room per night) 
• 1-bedroom apartment unit (1,500** THB per room per night) 

 
**These rates do not include breakfast, which is an extra 150 THB per person per 
day. 

 
Kindly complete and submit the Accommodation Reservation & Travel Itinerary 
Report form (attached) to indicate your preference. CRI will provide your details to 
the hotel or CRI Residence. Please note that due to limited availability, the hotel and 
apartment units at the CRI Residence are on a first-come-first-served basis, with 
priority given to funded participants. 

 
13.MEALS 

 
During the workshop, buffet lunches will be arranged for participants in the area in 
front of the room where the workshop is held (6th floor, Service Building). Kindly 
specify any special dietary requirements you may have in the pre-registration form 
so that any necessary arrangements can be made prior to your arrival. Payment for 
the buffet lunches will be collected on November 7th at the registration desk. 

 
For participants who stay at the Miracle Grand Convention Hotel, breakfast is 
included in the room rates. For participants who stay at the CRI Residence, 
breakfast is an extra 150 THB per person per day. Dinner can be had at any one of 
the many restaurants available at the Miracle Grand Convention Hotel at reasonable 
prices, or at one of the local restaurants nearby. Kindly request further information 
regarding restaurants nearby from the local staff. 

 
A reception hosted by the Chulabhorn Research Institute will be held on the evening 
of November 7th at the Chulabhorn Convention Center. 

 
14.TRANSPORTATION 

 
CRI will provide transportation to and from the airport for all participants on the day 
of arrival and departure. Kindly provide details about your finalized travel itinerary on 
the attached Accommodation Reservation & Travel Itinerary Report form at least two 
weeks before the workshop. The Miracle Grand Convention Hotel and CRI 
Residence are located within walking distance of the workshop venue. 
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The national airport of Thailand is Suvarnabhumi Airport. For more information kindly 
visit their official website at http://www.suvarnabhumiairport.com/index_en.php. 

 
The best way to check for flight options to Suvarnabhumi Airport from your 
respective country is to check with your preferred airline or travel agency. The 
national airline of Thailand is Thai Airways International. For more information, kindly 
visit their official website at http://www.thaiairways.co.th/thailand/en/home.htm. 

 
There, from the Timetable tab, you can select your city of origin, and preferred 
departure and return dates to see a list of scheduled dates and times for available 
flights from your city of origin to Bangkok (websites for other airlines may be slightly 
different). For example, for a flight from Los Angeles sometime around November 
6th, flight TG693 leaves LAX airport on November 3rd (1 PM), 4th (12 noon) and 6th 
(12 noon) with stop over in Seoul, Republic of Korea. Flights from within the region, 
e.g. from Manila, will mostly be direct flights, and there will usually be more options 
in terms of flight departure times. 

 
15.EXPENSES AND ALLOWANCE 

 
APEC funding is being offered for 2 participants from the 10 travel-eligible 
economies with round trip economy class airfare and per diem according to the 
APEC guidelines. The 10 travel-eligible economies are Chile, Indonesia, Malaysia, 
Mexico, Papua New Guinea, the Philippines, Peru, Russia, Thailand and Viet Nam. 
If an economy wishes to send more than 2 participants, the expenses for the 
additional participants will be borne by that economy. The US government is also 
offering additional funding to some eligible economies. 

 
Other participants from APEC economies are welcome to send participants on  self- 
funded basis. 

 
Participants from travel-eligible economies who wish to seek APEC funding for their 
travel expenses (airfare + per diem) should submit their best airfare quotation and 
detailed travel itinerary from a travel agent (clearly indicating the airfare, taxes, 
currency, flight duration of each sector, travel class, arrival and departure dates and 
times, etc.) to the APEC Secretariat directly, requesting attention to Ms. Mary Tan, 
for approval. Please quote the project number (CTI 05/2012T) in the 
correspondence to the APEC Secretariat. 

 
Travel expenses, per diem and accommodation expenses will be provided on a 
reimbursement basis. If approved participants should require an advance payment, 
they must make such a request to the APEC Secretariat on an individual basis 10 

http://www.suvarnabhumiairport.com/index_en.php
http://www.thaiairways.co.th/thailand/en/home.htm
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working days (by 17 October 2012) before travel commences. Requests 
reaching the Secretariat after this deadline will not be accepted and 
processed. The request should be made along with the requirements mentioned 
above. 

 
All the details regarding the approval of the airfare (for participants from the 10 
travel-eligible economies and the speakers) and the per diem for speakers must be 
coordinated directly with the APEC Secretariat. 

 
16.SIGNINGS OF UNDERTAKINGS 

 
Once the APEC Secretariat has approved travel fares and itineraries, they will send 
the participants a travel undertaking for their signature. The undertaking is a contract 
between the participants and the APEC Secretariat, in which the participants agree 
to perform the Terms of Reference and the APEC Secretariat commits to reimbursing 
the participants for the travel expenses. The travel undertaking must be 
completed at least 8 working days before travel commences. The APEC 
Secretariat will not reimburse travel costs which are not supported by the 
signed undertaking. The undertaking will be based on the quotation of the most 
direct and economic return trip (including airfare and airport taxes, if any) to attend 
the workshop. 

 
17.DRESS CODE 

 
The dress code for the workshop is formal unless otherwise announced. 

 
18.EVALUATION 

 
Participants are required to complete and return a questionnaire form at the end of 
the workshop. This questionnaire will be distributed at the workshop. In the 
evaluation form, each participant is encouraged to discuss the benefits of the 
workshop and to make requests for future projects concerning the subject. 

 
19.GENERAL INFORMATION ABOUT THAILAND 

 
(a) General information 

 
Thailand is situated in Southeast Asia, with a population of about 65 million, 
approximately 7 million of whom live in Bangkok, the capital city. The official 
language is Thai, although English is also spoken and understood. Thailand is a 
constitutional monarchy, with the King as the Head of State, and an elected 
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Prime Minister authorized to be Head of the Government. The current Prime 
Minister is Yingluck Shinawatra. The economy of Thailand is reliant on exports, 
which account for 60% of the approximately US $200 billion GDP. The main 
exports are rice, rubber, textiles, automobiles, computers and other electronic 
appliances, and jewelry. The majority (95%) of Thais are Buddhist. 

 
(b) Voltage, electrical plug/outlet information 

 
Electrical outlets in Thailand are charged to 220V at 50 cycles per second, which 
is compatible with appliances from the U.K. but not those from the U.S. and 
many other nations. While most computer cables have adaptors for voltage, 
visitors from the U.S. and those not on the 220/50V system will have to bring 
adapters to run most other appliances. Outlets in Thailand generally feature flat, 
two-pronged plugs, though some feature holes for round plug ends. Few outlets 
feature three holes (grounded outlets), so it is often necessary to have a three to 
two prong adapter for using notebook computers in Thailand. 

 
(c) Weather 

 
The weather in Thailand is generally hot and humid. The weather can be divided 
into 3 seasons: the hot, rainy, and cool seasons. November is considered the 
very early part of the cool season for Thailand, with the rainy season peaking in 
September and ending around October. The average temperatures in Bangkok in 
November are approximately 23oC (low) and 32oC (high). 

(d) Local currency & foreign exchange rate 

The local currency is the Thai Baht (THB). The exchange rate is 30.09* THB to 1 
US dollar (USD). [* As of 29 August 2012] 

(e) Useful phone information 

The country code for Thailand is 66 and the city code for Bangkok is 2. Calling 
from Thailand on a public phone is easy, with a phone card available at most 
convenience stores, e.g. “7-11”. Emergency numbers are often three or four digit 
numbers, including for the Thai Tourist Police, which is 1155. Mobile phones in 
Thailand use the GSM system, and pre-paid SIM cards can be purchased for the 
major carriers (AIS, DTAC and TRUE). 
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General Information for Confirmed Participants 
 
 
 
1. Map 

 
Please see the map below for guidance on how to get from the hotel to the venue for 
the workshop. For those participants staying at the CRI Residence there will be a 
van to pick you up in front of the residence for drop off at the front of the Chemistry 
Research Building (at 7.10 AM, 7.20 AM and 7.30 AM on November 7th). For those 
staying at the Miracle Grand hotel, there will be a van leaving from the hotel at 7.15 
AM for drop off at the front of the Chemistry Research Building at the Chulabhorn 
Research Center. 

 
The workshop will be held in room #607, which is located on the 6th floor of the 
Service Building (behind the Chemistry Research Building). Participants should 
enter the Chulabhorn Research Institute Chemistry Research Building, take the 
elevator to the 6th floor, and follow the signs to room #607 (take a left out of the 
elevator, take another left at the first corner, and then walk straight to the end of the 
corridor). The registration desk will be in front of room #607. 
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2. Address and phone numbers of the Miracle Grand Convention hotel (in English and 
Thai): 

 
The Miracle Grand Convention Hotel 
99 Kamphaeng Phet 6 Road, 
Talad-Bangkhen, Laksi, 
Bangkok 10210, Thailand 
Tel : (662) 575-5599 
Fax :(662) 575-5555 
Email: info@miraclegrandhotel.com 

 
โรงแรมมราเคล   
99 ถนนวภาวดรงสต 
หลกส 
กรงเทพฯ 10210 
โทร. 02-575-5599 

3. Address and phone numbers of the CRI Residence (in English and Thai): 

CRI Residence 
Chulabhorn Research Institute 
54 Kamphaeng Phet 6 
Talat Bang Khen, Lak Si 
Bangkok 10210, Thailand 
Tel. (662) 984-8620 
Mob. (6681) 932-0632 
Fax. (662) 984-8665 

 

 

สถาบนวจยจฬาภรณ 
54 ชร 6 
ตลาดบางเขน หลกส
กรงเทพฯ 10210 
โทร. 02-984-8620 
โทร. 081-932-0632 

mailto:info@miraclegrandhotel.com
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4. Pick up at airport 

 
A driver will be awaiting you on your arrival at exit #3 (after you go through 
immigrations, pick up your luggage, go through customs, and turn right into the 
arrival area. Walk for about 200 meters towards the waiting area. The driver will be 
holding a sign with your name on it. The meeting point is located just before the 
Airport Information desk (see photo below). 

 

 
 
 

It will take approximately 60-90 minutes (depending on traffic) from the airport to 
your hotel. 

 
3. Emergency contact numbers 

 
Mr. Vutthi Prakaiphetkul 
Manager 
Chulabhorn Convention Center & CRI Residence 
081-932-0632 

 
Dr. Daam Settachan 
Chulabhorn Research Institute 
081-811-7512 

 
4. Participants will be requested to pay for lunch at the time of registration on 
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November 7th. The cost is $30 USD covering lunch for both days. Coffee/tea 
breaks are complimentary. Please prepare the exact amount as we are unable to 
give you change. 

 
5. Participants will receive a wireless account for accessing the Internet at the venue. 

 
********

* 
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APPENDIX VII.  TRAINING MATERIALS (PRESENTATIONS)



Pr
es

en
ta

tio
n

by
:

D
r.

D
av

id
M

ac
In

to
sh

A
PE

C
ris

k
as

se
ss

m
en

ta
nd

ris
k

m
an

ag
em

en
tw

or
ks

ho
p

N
ov

em
be

r7
-8

,2
01

3
B

an
gk

ok
,T

ha
ila

nd

• 

• 

– 

• 

– 

38



• 

– 

• 
–  – 

• 
– 

• 
–  – 

• 
– 

•  •  •  • 

•  • 
– 

•  • 
– 

39



• 
–  – 

•  •  • 

• 

40



•  •  •  •  • 

41



•  •  •  •  • 

•  •  •  •  • 

42



•  •  •  • 

43



Co
nc

ep
ts

 o
n 

Ri
sk

 M
an

ag
em

en
t 

an
d 

Ri
sk

 A
ss

es
sm

en
t 

1 

Pr
es

en
ta

tio
n

by
:

D
r.

D
av

id
M

ac
In

to
sh

A
PE

C
ris

k
as

se
ss

m
en

ta
nd

ris
k

m
an

ag
em

en
tw

or
ks

ho
p

N
ov

em
be

r7
-8

,2
01

3
B

an
gk

ok
,T

ha
ila

nd

Ri
sk

-B
as

ed
 M

an
ag

em
en

t o
f C

he
m

ic
al

 H
az

ar
ds

 

•
In

fo
rm

at
io

n 
on

 c
he

m
ic

al
 to

xi
ci

ty
 a

nd
 e

xp
os

ur
e 

is 
us

ed
 to

 su
pp

or
t a

 w
id

e 
ra

ng
e 

of
 d

ec
isi

on
s a

bo
ut

 la
nd

 u
se

 a
nd

 o
th

er
 h

um
an

 a
ct

iv
iti

es
.  

 
 

•
Co

ns
id

er
 th

es
e 

qu
es

tio
ns

 th
at

 re
la

te
 to

 h
um

an
 h

ea
lth

: 
–

Is
 th

e 
w

at
er

 sa
fe

 to
 d

rin
k?

 
–

Ar
e 

ch
em

ic
al

s r
el

ea
se

d 
fr

om
 a

 b
ui

ld
in

g 
a 

ca
us

e 
of

 il
ln

es
s i

n 
pe

op
le

 n
ea

rb
y?

 
–

Ho
w

 m
uc

h 
do

es
 th

e 
ai

r p
ol

lu
tio

n 
in

 a
 c

ity
 c

on
tr

ib
ut

e 
to

 il
ln

es
s a

nd
 m

or
ta

lit
y?

 
–

W
he

n 
sh

ou
ld

 fo
od

 b
e 

ha
rv

es
te

d 
af

te
r t

he
 c

ro
ps

 h
av

e 
be

en
 tr

ea
te

d 
w

ith
 a

 p
es

tic
id

e?
 

–
Is

 th
e 

fo
ul

 sm
el

l i
ns

id
e 

th
at

 b
ui

ld
in

g 
go

in
g 

to
 m

ak
e 

oc
cu

pa
nt

s o
f t

he
 b

ui
ld

in
g 

sic
k?

 
–

Ar
e 

ch
em

ic
al

s a
 c

au
se

 o
f e

le
va

te
d 

ra
te

s o
f c

an
ce

r o
f i

n 
a 

ce
rt

ai
n 

po
pu

la
tio

n?
 

 

•
Co

ns
id

er
 th

es
e 

qu
es

tio
ns

 th
at

 re
la

te
 to

 e
co

lo
gi

ca
l i

nt
eg

rit
y:

 
–

Is
 th

e 
di

ve
rs

ity
 o

f o
rg

an
ism

s i
n 

a 
la

ke
 a

ffe
ct

ed
 b

y 
ch

em
ic

al
s i

n 
th

e 
se

di
m

en
t o

r w
at

er
? 

–
Ar

e 
lo

ca
l e

m
iss

io
ns

 o
f m

er
cu

ry
 a

dv
er

se
ly

 a
ffe

ct
in

g 
po

pu
la

tio
ns

 o
f p

re
da

to
ry

 b
ird

s a
nd

 
m

am
m

al
s?

 
–

W
ill

 e
m

iss
io

ns
 fr

om
 a

 p
ro

po
se

d 
el

ec
tr

ic
ity

 g
en

er
at

in
g 

st
at

io
n 

ha
ve

 a
 n

eg
at

iv
e 

ef
fe

ct
 o

n 
th

e 
pr

od
uc

tiv
ity

 o
f t

he
 lo

ca
l f

or
es

t a
nd

 a
gr

ic
ul

tu
ra

l f
ie

ld
s?

 

 

In
fo

rm
at

io
n 

N
ee

de
d 

…
 

•
So

ci
et

y’
s a

bi
lit

y 
to

 p
ro

vi
de

 a
ns

w
er

s t
o 

qu
es

tio
ns

 li
ke

 th
os

e 
lis

te
d 

on
 th

e 
pr

ev
io

us
 p

ag
e 

de
pe

nd
s i

n 
la

rg
e 

pa
rt

 o
n 

th
e 

qu
al

ity
 a

nd
 q

ua
nt

ity
 o

f i
nf

or
m

at
io

n 
av

ai
la

bl
e 

ab
ou

t t
he

 
ha

za
rd

s o
f c

he
m

ic
al

s a
nd

 e
xp

os
ur

e 
to

 c
he

m
ic

al
s.

 T
he

 
re

le
va

nc
e 

of
 th

at
 in

fo
rm

at
io

n 
to

 th
e 

ci
rc

um
st

an
ce

s o
f i

nt
er

es
t 

is 
an

ot
he

r i
m

po
rt

an
t c

on
sid

er
at

io
n.

  
 

•
Ho

w
 d

oe
s s

oc
ie

ty
 p

ro
te

ct
 h

um
an

 h
ea

lth
 a

nd
 th

e 
en

vi
ro

nm
en

t 
fr

om
 c

he
m

ic
al

 h
az

ar
ds

, e
ve

n 
w

he
n 

th
e 

in
fo

rm
at

io
n 

ne
ed

ed
 to

 
do

 so
 is

 n
ot

 c
om

pl
et

e?
 

    

Ri
sk

-B
as

ed
 M

an
ag

em
en

t o
f C

he
m

ic
al

s 

•
Th

e 
an

sw
er

 is
 th

ro
ug

h 
a 

cy
cl

e 
of

 in
te

r-
re

la
te

d 
ac

tiv
iti

es
: 

  

•
 

44



Sc
op

e 
of

 th
e 

W
or

ks
ho

p 
•

Fu
nd

am
en

ta
l c

om
po

ne
nt

s o
f r

isk
-b

as
ed

 m
an

ag
em

en
t o

f c
he

m
ic

al
s 

 

Ri
sk

 
As

se
ss

m
en

t 
Sc

ie
nc

e-
ba

se
d 

Ri
sk

 
M

an
ag

em
en

t 
Po

lic
y-

ba
se

d 

Ri
sk

 C
om

m
un

ic
at

io
n 

In
te

ra
ct

iv
e 

ex
ch

an
ge

 o
f 

in
fo

rm
at

io
n 

co
nc

er
ni

ng
 ri

sk
s 

 

In
pu

ts
 to

 R
is

k 
M

an
ag

em
en

t D
ec

is
io

ns
 

Ri
sk

 
M

an
ag

e-
m

en
t 

Ri
sk

 
As

se
ss

m
en

t 

So
ci

al
 

Fa
ct

or
s 

Et
hn

ic
 

Va
lu

es
 

Te
ch

ni
ca

l 
Fe

as
ib

ili
ty

 

Co
st

 

Le
gi

sla
tiv

e 
/ 

Po
lit

ic
al

 
Fa

ct
or

s 

Th
e 

Ri
sk

 A
ss

es
sm

en
t P

ro
ce

ss
 

•
Ri

sk
 a

ss
es

sm
en

t i
s a

 p
ro

ce
ss

 to
 e

st
im

at
e 

th
e 

na
tu

re
 a

nd
 li

ke
lih

oo
d 

of
 a

dv
er

se
 e

ffe
ct

s 
in

 p
eo

pl
e 

or
 th

e 
en

vi
ro

nm
en

t t
ha

t m
ay

 b
e 

ex
po

se
d 

to
 c

he
m

ic
al

s i
n 

co
nt

am
in

at
ed

 e
nv

iro
nm

en
ta

l m
ed

ia
, n

ow
 

or
 in

 th
e 

fu
tu

re
. 

 
•

Ri
sk

 a
ss

es
sm

en
t i

s a
 sc

ie
nt

ifi
c 

pr
oc

es
s,

 b
ut

 a
lso

 in
co

rp
or

at
es

 p
ol

ic
y 

ju
dg

em
en

ts
 

 
•

In
 g

en
er

al
, r

isk
 d

ep
en

ds
 o

n:
 

–
Ho

w
 m

uc
h 

of
 a

 c
he

m
ic

al
 is

 p
re

se
nt

 in
 a

n 
en

vi
ro

nm
en

ta
l m

ed
iu

m
 (e

.g
., 

ai
r, 

w
at

er
, s

oi
l) 

–
Ho

w
 m

uc
h 

co
nt

ac
t a

 p
er

so
n 

or
 o

th
er

 o
rg

an
ism

 h
as

 w
ith

 th
e 

en
vi

ro
nm

en
ta

l m
ed

iu
m

 
–

Th
e 

to
xi

ci
ty

 o
f t

he
 c

he
m

ic
al

 
  

•
 

Bi
ol

og
ic

al
, 

ch
em

ic
al

, p
hy

si
ca

l 
an

d 
so

ci
al

 
de

te
rm

in
an

ts
 o

f t
he

 
cr

iti
ca

l e
ve

nt
s 

le
ad

in
g 

fro
m

 
re

le
as

e 
of

 to
xi

c 
ag

en
ts

 in
to

 th
e 

en
vi

ro
nm

en
t t

o 
re

su
lti

ng
 d

is
ea

se
 

or
 in

ju
ry

 in
 p

eo
pl

e 
or

 th
e 

en
vi

ro
nm

en
t

Em
is

si
on

 
so

ur
ce

(s
)

En
vi

ro
nm

en
ta

l 
co

nc
en

tra
tio

ns

Ex
po

su
re

In
te

rn
al

 d
os

e

Ad
ve

rs
e 

ef
fe

ct
(s

)

Po
llu

ta
nt

 tr
an

sp
or

t, 
tra

ns
fo

rm
at

io
n 

an
d 

fa
te

 p
ro

ce
ss

es

D
em

og
ra

ph
ic

, 
ge

og
ra

ph
ic

, l
ife

st
yl

e 
an

d 
ec

ol
og

ic
al

 
at

tri
bu

te
s

Ph
ar

m
ac

ok
in

et
ic

s1

Ph
ar

m
ac

od
yn

am
ic

s2

W
ha

t e
nv

iro
nm

en
ta

l 
ex

po
su

re
s 

ar
e 

ex
pe

ct
ed

 to
 o

cc
ur

, 
an

d 
w

ha
t i

s 
th

e 
re

su
lti

ng
 d

os
e 

to
 

ta
rg

et
 ti

ss
ue

?

W
ha

t i
s 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

do
se

 to
 

th
e 

ta
rg

et
 ti

ss
ue

 
an

d 
ad

ve
rs

e 
ef

fe
ct

s?

Is
 th

e 
en

vi
ro

nm
en

ta
l 

ag
en

t c
ap

ab
le

 o
f 

ca
us

in
g 

an
 

ad
ve

rs
e 

ef
fe

ct
?

W
ha

t i
s 

th
e 

es
tim

at
ed

 ri
sk

 
fro

m
 

an
tic

ip
at

ed
 

ex
po

su
re

?

Ex
po

su
re

 
as

se
ss

m
en

t 

Ha
za

rd
 

ch
ar

ac
te

riz
at

io
n 

Ha
za

rd
 

id
en

tif
ic

at
io

n 

Ri
sk

 
ch

ar
ac

te
riz

at
io

n 

1  P
ha

rm
ac

ok
in

et
ic

s -
 w

ha
t t

he
 b

od
y 

do
es

 to
 th

e 
ag

en
t 

2  P
ha

rm
ac

od
yn

am
ic

s -
 w

ha
t t

he
 a

ge
nt

 d
oe

s t
o 

th
e 

bo
dy

 

M
ec

ha
ni

st
ic

 b
as

is
 fo

r t
he

 
se

qu
en

ce
 o

f e
ve

nt
s 

in
 th

e 
en

vi
ro

nm
en

ta
l h

ea
lth

 p
ar

ad
ig

m

E
nv

iro
nm

en
ta

l 
he

al
th

 p
ar

ad
ig

m
R

is
k 

as
se

ss
m

en
t f

ra
m

ew
or

k

8 

45



Th
e 

Ri
sk

 A
ss

es
sm

en
t P

ro
ce

ss
 

Ad
ap

te
d 

fr
om

 E
PA

 2
01

1 

•
Pr

ob
le

m
 F

or
m

ul
at

io
n 

– 
De

te
rm

in
es

 th
e 

ob
je

ct
iv

e 
of

 th
e 

as
se

ss
m

en
t 

in
cl

ud
in

g 
th

e 
ch

em
ic

al
s,

 p
op

ul
at

io
ns

, a
nd

 ti
m

e 
fra

m
es

 o
f i

nt
er

es
t. 

•
Ha

za
rd

 Id
en

tif
ic

at
io

n 
– 

Ex
am

in
es

 w
he

th
er

 a
 c

he
m

ic
al

 h
as

 th
e 

po
te

nt
ia

l t
o 

ca
us

e 
ha

rm
 to

 h
um

an
s a

nd
/o

r e
co

lo
gi

ca
l s

ys
te

m
s,

 a
nd

 if
 so

, u
nd

er
 w

ha
t 

ci
rc

um
st

an
ce

s.
 

•
Ha

za
rd

 C
ha

ra
ct

er
iza

tio
n 

(o
r D

os
e-

Re
sp

on
se

 A
ss

es
sm

en
t)

 –
 E

xa
m

in
es

 th
e 

nu
m

er
ic

al
 re

la
tio

ns
hi

p 
be

tw
ee

n 
ex

po
su

re
 a

nd
 e

ffe
ct

s.
 

•
Ex

po
su

re
 A

ss
es

sm
en

t –
 E

xa
m

in
es

 w
ha

t i
s k

no
w

n 
ab

ou
t t

he
 fr

eq
ue

nc
y, 

du
ra

tio
n,

 ti
m

in
g,

 a
nd

 le
ve

ls 
of

 c
on

ta
ct

 w
ith

 a
 c

he
m

ic
al

. 
•

Ri
sk

 C
ha

ra
ct

er
iza

tio
n 

– 
Ex

am
in

es
 th

e 
lik

el
ih

oo
d 

of
 ri

sk
 to

 h
ea

lth
 th

at
 is

 
ba

se
d 

up
on

 th
e 

ex
te

nt
 o

f e
xp

os
ur

e 
to

 a
 c

he
m

ic
al

 a
nd

 th
e 

to
xi

ci
ty

 o
f a

 
ch

em
ic

al
, a

nd
 th

e 
st

re
ng

th
 o

f t
he

 d
at

a 
fo

r s
up

po
rt

in
g 

co
nc

lu
sio

ns
 a

bo
ut

 
th

e 
na

tu
re

 a
nd

 e
xt

en
t o

f t
he

 ri
sk

. 

•
 

Ro
ad

 M
ap

 fo
r 

Ri
sk

 A
ss

es
sm

en
t 

W
HO

 C
he

m
ic

al
 R

is
k 

As
se

ss
m

en
t T

oo
lk

it 

H
az

ar
d 

Id
en

tif
ic

at
io

n

Is
 th

e 
id

en
tit

y 
of

 th
e 

ch
em

ic
al

 k
no

w
n?

Is
 th

e 
ch

em
ic

al
 p

ot
en

tia
lly

 h
az

ar
do

us
 

to
 h

um
an

s?

E
xp

os
ur

e 
A

ss
es

sm
en

t

In
 w

ha
t w

ay
s 

co
ul

d 
pe

op
le

 c
om

e
in

to
 c

on
ta

ct
 w

ith
 th

e 
ch

em
ic

al
?

H
ow

 m
uc

h 
ex

po
su

re
 is

 li
ke

ly
 

to
 o

cc
ur

?

Fo
r h

ow
 lo

ng
 is

 e
xp

os
ur

e 
lik

el
y 

to
 o

cc
ur

?

W
ha

t m
et

ric
(s

) o
f e

xp
os

ur
e 

is
 

ne
ed

ed
 to

 c
ha

ra
ct

er
iz

e 
he

al
th

 
ris

ks
?

H
az

ar
d 

C
ha

ra
ct

er
iz

at
io

n
W

ha
t p

ro
pe

rti
es

 o
f t

he
 c

he
m

ic
al

 
ha

ve
 th

e 
po

te
nt

ia
l t

o 
ca

us
e 

ad
ve

rs
e

he
al

th
 e

ff
ec

ts
?

D
o 

he
al

th
-p

ro
te

ct
iv

e 
gu

id
el

in
es

 
ex

is
t f

or
 th

e 
ch

em
ic

al
?

W
ha

t a
ss

um
pt

io
ns

 a
bo

ut
 e

xp
os

ur
e

an
d 

do
se

 a
re

 in
co

rp
or

at
ed

 in
to

he
al

th
-b

as
ed

 g
ui

de
lin

es
 fo

r t
he

 
ch

em
ic

al
?

D
o 

th
os

e 
as

su
m

pt
io

ns
 re

fle
ct

 
co

nd
iti

on
s 

sp
ec

ifi
c 

to
 th

e 
lo

ca
l

po
pu

la
tio

n?

R
is

k 
C

ha
ra

ct
er

iz
at

io
n

H
ow

 d
oe

s 
th

e 
es

tim
at

ed
 e

xp
os

ur
e

co
m

pa
re

 to
 h

ea
lth

-p
ro

te
ct

iv
e 

gu
id

el
in

es
?

Ri
sk

 C
om

m
un

ic
at

io
n 

Pr
ob

le
m

 
Co

nt
ex

t 

Ri
sk

 
As

se
ss

m
en

t 

Id
en

tif
ic

at
io

n 
of

 
M

an
ag

em
en

t 
O

pt
io

ns
 

Ri
sk

 
M

an
ag

em
en

t 
De

ci
sio

n Ac
tio

ns
 a

nd
 

Ev
al

ua
tio

n 

En
ga

ge
 

St
ak

eh
ol

de
rs

 

•
Ri

sk
 co

m
m

un
ic

at
io

n 
is 

an
 o

pe
n,

 
in

te
ra

ct
iv

e 
ex

ch
an

ge
 o

f i
nf

or
m

at
io

n 
am

on
g 

st
ak

eh
ol

de
rs

. 
 

•
Ri

sk
 co

m
m

un
ic

at
io

n 
is 

gr
ou

nd
ed

 in
 

sc
ie

nc
e-

ba
se

d 
ap

pr
oa

ch
es

 fo
r 

co
m

m
un

ic
at

in
g 

ef
fe

ct
iv

el
y 

in
 se

ns
iti

ve
 

or
 co

nt
ro

ve
rs

ia
l s

itu
at

io
ns

, i
nc

lu
di

ng
 

sit
ua

tio
ns

 w
he

re
 co

nc
er

n 
is 

hi
gh

 a
nd

 
tr

us
t i

s l
ow

. 
 

•
As

 sh
ow

n 
in

 th
e 

fig
ur

e,
 e

ffe
ct

iv
e 

co
m

m
un

ic
at

io
n 

of
 ri

sk
 is

 a
n 

es
se

nt
ia

l 
co

m
po

ne
nt

 o
f a

ll 
st

ag
es

 o
f t

he
 ri

sk
 

an
al

ys
is 

cy
cl

e.
 

   

Ke
y 

M
es

sa
ge

s 
•

Th
e 

ob
je

ct
iv

e 
of

 th
is 

w
or

ks
ho

p 
is 

to
 p

ro
vi

de
 a

n 
in

tr
od

uc
tio

n 
to

 ri
sk

-b
as

ed
 

ap
pr

oa
ch

es
 fo

r t
he

 m
an

ag
em

en
t o

f c
he

m
ic

al
 h

az
ar

ds
 in

 th
e 

en
vi

ro
nm

en
t. 

•
Th

e 
w

or
ks

ho
p 

w
ill

 c
ov

er
 th

re
e 

in
te

r-
re

la
te

d 
to

pi
cs

: (
1)

 ri
sk

 a
ss

es
sm

en
t, 

(2
) r

isk
 

m
an

ag
em

en
t, 

an
d 

(3
) r

isk
 c

om
m

un
ic

at
io

n.
 

•
Ri

sk
 a

ss
es

sm
en

t i
s a

 sc
ie

nc
e-

ba
se

d 
pr

oc
es

s t
o 

es
tim

at
e 

th
e 

m
ag

ni
tu

de
 a

nd
 

lik
el

ih
oo

d 
of

 a
dv

er
se

 e
ffe

ct
s a

ss
oc

ia
te

d 
w

ith
 e

xp
os

ur
e 

to
 c

he
m

ic
al

s i
n 

co
nt

am
in

at
ed

 e
nv

iro
nm

en
ta

l m
ed

ia
, n

ow
 o

r i
n 

th
e 

fu
tu

re
. 

•
Ri

sk
 m

an
ag

em
en

t i
s t

he
 p

ro
ce

ss
 w

hi
ch

 e
va

lu
at

es
 h

ow
 to

 p
ro

te
ct

 h
um

an
 h

ea
lth

 
an

d 
th

e 
en

vi
ro

nm
en

t a
nd

 le
ad

s t
o 

an
 a

ct
io

n 
in

te
nd

ed
 to

 c
on

tr
ol

 ri
sk

. 
•

Ri
sk

 co
m

m
un

ic
at

io
n 

is 
an

 o
pe

n,
 in

te
ra

ct
iv

e 
ex

ch
an

ge
 o

f i
nf

or
m

at
io

n 
am

on
g 

st
ak

eh
ol

de
rs

 th
at

 fa
ci

lit
at

es
 th

e 
as

se
ss

m
en

t a
nd

 m
an

ag
em

en
t o

f r
isk

. 
 

      

46



Pr
es

en
ta

tio
n

by
:

D
r.

Ly
nn

Pa
ng

an
ib

an
in

co
lla

bo
ra

tio
n

w
ith

D
r.

D
av

id
M

ac
In

to
sh

A
PE

C
ris

k
as

se
ss

m
en

ta
nd

ris
k

m
an

ag
em

en
tw

or
ks

ho
p

N
ov

em
be

r7
-8

,2
01

3
B

an
gk

ok
,T

ha
ila

nd

• 

   

•  • 

–  –  – 

• 

47



   
 K

EY
 C

O
M

PO
N

EN
TS

 : 
•  T

ox
ic

ok
in

et
ic

s 
:  

•  T
ox

ic
od

yn
am

ic
s:

  

     

•  • 

     

•  • 

Ph
ys

ic
o-

ch
em

ic
al

 a
nd

 to
xi

co
lo

gi
ca

l p
ro

pe
rt

ie
s:

  
  V

ol
at

ili
ty

, V
ap

or
 P

re
ss

ur
e,

 S
ol

ub
ili

ty
, M

el
tin

g 
P

oi
nt

, 
   

   
B

oi
lin

g 
P

oi
nt

 

48



     

•  • 

H
az

ar
do

us
 E

ffe
ct

s/
C

rit
ic

al
 E

ffe
ct

:  
   

 S
tru

ct
ur

e-
A

ct
iv

ity
 R

el
at

io
ns

hi
p 

  
   

 A
ni

m
al

 T
ox

ic
ol

og
ic

 T
es

ts
 

   
 In

-v
itr

o 
S

tu
di

es
 

   
 E

pi
de

m
io

lo
gi

c 
D

at
a 

   
 E

nv
iro

nm
en

ta
l T

ox
ic

ol
og

y 
     

• 

–  –  – 

• 

–  –  –  –  –  – 

   
C

ar
ci

no
ge

ni
c 

ve
rs

us
 

 N
on

-c
ar

ci
no

ge
ni

c 
O

ut
co

m
e 

 

•  •  •  •  • 

49



           

       

• 
• 

50



• 
• 

    –  –  –  –  –  – 

–  –  –  –  – 

51



“E
va

lu
at

io
n:

 T
he

re
 is

 s
uf

fic
ie

nt
 e

vi
de

nc
e 

in
 h

um
an

s 
fo

r 
th

e 
ca

rc
in

og
en

ic
ity

 o
f f

or
m

al
de

hy
de

. T
he

re
 is

 s
uf

fic
ie

nt
 

ev
id

en
ce

 in
 e

xp
er

im
en

ta
l a

ni
m

al
s 

fo
r t

he
 c

ar
ci

no
ge

ni
ci

ty
 

of
 fo

rm
al

de
hy

de
. O

ve
ra

ll 
ev

al
ua

tio
n:

 F
or

m
al

de
hy

de
 is

 
ca

rc
in

og
en

ic
 to

 h
um

an
s 

(G
ro

up
 1

). 

 

52



   

53



       

     

       

       

Is
 th

e 
id

en
tit

y 
of

 th
e 

ch
em

ic
al

 
kn

ow
n?

 

Is
 th

e 
ch

em
ic

al
 

ha
za

rd
ou

s?
 

Fu
ll 

te
xt

 se
ar

ch
 

of
 IN

CH
EM

 
da

ta
ba

se
 

Re
vi

ew
 a

ny
 av

ai
la

bl
e 

pu
bl

ic
 d

oc
um

en
ts 

on
 th

e 
sp

ec
ifi

c s
ou

rc
e 

or
 si

te
  

Co
m

m
un

ic
at

e 
w

ith
 

pa
rti

es
 w

ho
 m

ay
 h

av
e 

kn
ow

le
dg

e 
of

 th
e 

so
ur

ce
 o

r s
ite

 

Lo
ca

l o
ffi

ci
al

s 
an

d 
sta

ke
ho

ld
er

s 

W
H

O
 

IP
C

S 

St
op

 

Pr
oc

ee
d 

to
 e

xp
os

ur
e 

as
se

ss
m

en
t a

nd
 d

os
e-

re
sp

on
se

 ev
al

ua
tio

n 

N
o 

Y
es

 

N
o 

G
at

he
r i

nf
or

m
at

io
n 

on
 

ch
em

ic
al

 b
yp

ro
du

ct
s a

nd
 

w
as

te
 st

re
am

s a
ss

oc
ia

te
d 

w
ith

 
th

e 
so

ur
ce

 o
r p

ro
ce

ss
 

Se
ar

ch
 e

m
is

sio
n 

sc
en

ar
io

 d
oc

um
en

ts
 

fo
r t

he
 in

du
str

y 
or

 
pr

oc
es

s o
f i

nt
er

es
t 

Ex
am

in
e 

in
fo

rm
at

io
n 

on
 

cl
as

sif
ic

at
io

n 
an

d 
la

be
lin

g 
pr

ov
id

ed
 

by
 in

te
rn

at
io

na
l 

or
ga

ni
za

tio
ns

 

D
et

er
m

in
e 

if 
he

al
th

-b
as

ed
 

gu
id

el
in

es
 h

av
e 

be
en

 e
sta

bl
ish

ed
 

fo
r t

he
 c

he
m

ic
al

 

Y
es

 

54



Pr
es

en
ta

tio
n

by
:

D
r.

Sa
lm

aa
n

H
us

sa
in

In
ay

at
H

us
sa

in
in

co
lla

bo
ra

tio
n

w
ith

D
r.

D
av

id
M

ac
In

to
sh

A
PE

C
ris

k
as

se
ss

m
en

ta
nd

ris
k

m
an

ag
em

en
tw

or
ks

ho
p

N
ov

em
be

r7
-8

,2
01

3
B

an
gk

ok
,T

ha
ila

nd

• 

     

• 

– 

• 
–  – 

•  • 

B
io

lo
gi

ca
l, 

ch
em

ic
al

, p
hy

si
ca

l 
an

d 
so

ci
al

 
de

te
rm

in
an

ts
 o

f t
he

 
cr

iti
ca

l e
ve

nt
s 

le
ad

in
g 

fro
m

 
re

le
as

e 
of

 to
xi

c 
ag

en
ts

 in
to

 th
e 

en
vi

ro
nm

en
t t

o 
re

su
lti

ng
 d

is
ea

se
 

or
 in

ju
ry

 in
 p

eo
pl

e 
or

 th
e 

en
vi

ro
nm

en
t 

E
m

is
si

on
 

so
ur

ce
(s

) 

E
nv

iro
nm

en
ta

l 
co

nc
en

tra
tio

ns
 

E
xp

os
ur

e 

In
te

rn
al

 d
os

e 

A
dv

er
se

 
ef

fe
ct

(s
) 

P
ol

lu
ta

nt
 tr

an
sp

or
t, 

tra
ns

fo
rm

at
io

n 
an

d 
fa

te
 p

ro
ce

ss
es

 

D
em

og
ra

ph
ic

, 
ge

og
ra

ph
ic

, l
ife

st
yl

e 
an

d 
ec

ol
og

ic
al

 
at

tri
bu

te
s 

P
ha

rm
ac

ok
in

et
ic

s1
 

P
ha

rm
ac

od
yn

am
ic

s2
 

W
ha

t e
nv

iro
nm

en
ta

l 
ex

po
su

re
s 

ar
e 

ex
pe

ct
ed

 to
 o

cc
ur

, 
an

d 
w

ha
t i

s 
th

e 
re

su
lti

ng
 d

os
e 

to
 

ta
rg

et
 ti

ss
ue

? 

W
ha

t i
s 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

do
se

 to
 

th
e 

ta
rg

et
 ti

ss
ue

 
an

d 
ad

ve
rs

e 
ef

fe
ct

s?
 

Is
 th

e 
en

vi
ro

nm
en

ta
l 

ag
en

t c
ap

ab
le

 o
f 

ca
us

in
g 

an
 

ad
ve

rs
e 

ef
fe

ct
? 

W
ha

t i
s 

th
e 

es
tim

at
ed

 ri
sk

 
fro

m
 

an
tic

ip
at

ed
 

ex
po

su
re

? 

M
ec

ha
ni

st
ic

 b
as

is
 fo

r t
he

 
se

qu
en

ce
 o

f e
ve

nt
s 

in
 th

e 
en

vi
ro

nm
en

ta
l h

ea
lth

 p
ar

ad
ig

m
 

E
nv

iro
nm

en
ta

l 
he

al
th

 p
ar

ad
ig

m
 

R
is

k 
as

se
ss

m
en

t f
ra

m
ew

or
k 

W
ha

ti
s 

th
e

re
la

tio
ns

hi
p 

be
tw

ee
n 

do
se

to
 

th
e 

ta
rg

et
 ti

ss
ue

 
an

d 
ad

ve
rs

e 
ef

fe
ct

s?
 

55



   

• 

•  • 
–  –  – 

• 
–  – 

56



 
 
 
 

   
 

 

 

(a
)

(b
)

(c
)

(d
)

57



58



• 
• 

Fi
gu

re
 7

: H
yp

ot
he

tic
al

 c
ur

ve
 fo

r 
an

 a
ni

m
al

 c
ar

ci
no

ge
ni

ci
ty

 s
tu

dy

A
da

pt
ed

 fr
om

: L
ev

y 
&

 W
eg

m
an

 1
98

8.

•  • 
•  •  • 

59



•  •  •  •  •  • 

 

 

 

 

 

     

Fi
gu

re
 2

3:
 P

ro
po

se
d 

su
bd

iv
is

io
n 

of
 d

ef
au

lt 
un

ce
rt

ai
nt

y 
fa

ct
or

s 
to

 b
e 

us
ed

 in
 

ri
sk

 a
ss

es
sm

en
t

R
ep

ro
du

ce
d 

fr
om

 IP
C

S 
20

09
b 

w
ith

 p
er

m
is

si
on

 fr
om

 W
H

O
.

60



•  •  •  • 

–  –  –  – 
• 

•  •  • 
•  • 

R
ef

er
en

ce
 M

at
er

ia
l 2

: E
xa

m
pl

es
 o

f  
U

nc
er

ta
in

ty
 F

ac
to

r u
se

d 
do

m
es

tic
al

ly
 a

nd
 in

te
rn

at
io

na
lly

N
IT

E
C

ER
I

"G
ui

de
lin

e 
on

 In
iti

al
 R

is
k

A
ss

es
sm

en
t V

er
.2

.0
",

20
07

.1)

C
ab

in
et

 O
ffi

ce
,

G
ov

er
nm

en
t o

f J
ap

an
Fo

od
 S

af
et

y 
C

om
m

is
si

on

 ”
G

lo
ss

ar
y 

re
ga

rd
in

g
Fo

od
 S

af
et

y 
(R

ev
is

ed
ve

rs
io

n,
 a

dd
en

da
)"

20
06

.2)

M
in

is
tr

y 
of

 H
ea

lth
,

La
bo

ur
 a

nd
 W

el
fa

re
H

ea
lth

 S
ci

en
ce

s 
C

ou
nc

il
Se

ct
io

n 
M

ee
tin

g 
on

Li
vi

ng
 E

nv
iro

nm
en

t, 
an

d
D

rin
ki

ng
 W

at
er

”R
ev

ie
w

s 
re

ga
rd

in
g

W
at

er
 Q

ua
lit

y 
St

an
da

rd
s"

20
03

.3)

M
in

is
tr

y 
of

 th
e

En
vi

ro
nm

en
t

”I
ni

tia
l E

nv
iro

nm
en

ta
l

R
is

k 
A

ss
es

m
en

t o
f

C
he

m
ic

al
s 

Vo
l 5

"
G

ui
de

lin
e 

fo
r I

ni
tia

l R
is

k
A

ss
es

sm
en

t o
f

C
he

m
ic

al
s 

20
06

.4)

G
H

S 
In

te
r-

M
in

is
te

ria
l

C
om

m
itt

ee

O
ut

lo
ok

 o
n 

R
is

k
A

ss
es

sm
en

t f
or

C
on

su
m

er
 P

ro
du

ct
s

B
as

ed
 o

n 
Ex

po
su

re
 fo

r
G

H
S 

La
be

lli
ng

, 2
00

7.
5)

U
.S

. E
PA

A
 R

EV
IE

W
 O

F
R

EF
ER

EN
C

E 
D

O
SE

S
A

N
D

 R
EF

ER
EN

C
E

C
O

N
C

EN
TR

A
TI

O
N

PR
O

C
ES

SE
S.

 E
PA

/6
30

/P
-

02
/0

02
F,

 2
00

2.
6)

IC
H

 (I
nt

er
na

tio
na

l
C

on
fe

re
nc

e 
on

H
ar

m
on

iz
at

io
n 

of
Te

ch
ni

ca
l R

eq
ui

re
m

en
ts

fo
r R

eg
is

tr
at

io
n 

of
Ph

ar
m

ac
eu

tic
al

s 
fo

r
H

um
an

 U
se

)

IC
H

 H
ar

m
on

is
ed

Tr
ip

ar
tit

e 
G

ui
de

lin
e

Im
pu

rit
ie

s:
 G

ui
de

lin
e 

fo
r

R
es

id
ua

l S
ol

ve
nt

s
Q

3C
(R

3)
,1

99
7.

8)

EC
ET

O
C

 (E
ur

op
ea

n 
C

en
tr

e
fo

r E
co

to
xi

co
lo

gy
 a

nd
To

xi
co

lo
gy

 o
f C

he
m

ic
al

s)

Te
ch

ni
ca

l R
ep

or
t N

o.
 8

6,
20

03
.10

)

A
us

tr
al

ia
D

ep
ar

tm
en

t o
f H

ea
lth

 a
nd

A
ge

in
g

En
vi

ro
nm

en
ta

l H
ea

lth
R

is
k 

A
ss

es
sm

en
t,

G
ui

de
lin

es
 fo

r a
ss

es
si

ng
hu

m
an

 h
ea

lth
 ri

sk
s 

fr
om

en
vi

ro
nm

en
ta

l h
az

ar
ds

,
20

04
.11

)

R
at

:  
5

R
at

:  
4

10
0.

4 (2
.5

)
M

ou
se

: 1
2

M
ou

se
: 7

D
og

: 2
G

ui
ne

a 
pi

g:
 3

R
ab

bi
t: 

 2
.5

R
ab

bi
t: 

 2
.4

10
0.

6 (4
.0

)
M

on
ke

y:
 3

M
on

ke
y:

 2
O

th
er

 a
ni

m
al

s:
 1

0
D

og
: 1

.4

10
0.

5 (3
.2

)

10
0.

5 (3
.2

)
1 

m
on

th
: 1

0
H

al
f-l

ife
 *

) o
r m

or
e:

1
3 

m
on

th
s:

 5
M

id
-lo

ng
 te

rm
**

)
 2

6 
m

on
th

s:
 2

M
id

 te
rm

**
*)

 5
12

 m
on

th
s:

 1
S

ho
rt 

te
rm

 1
0

1 
fo

r f
et

al
 to

xi
ci

ty
as

so
ci

at
ed

 w
ith

 m
at

er
na

l
to

xi
ci

ty

5 
fo

r f
et

al
 to

xi
ci

ty
 w

ith
ou

t
m

at
er

na
l t

ox
ic

ity

5 
fo

r a
 te

ra
to

ge
ni

c 
ef

fe
ct

w
ith

 m
at

er
na

l t
ox

ic
ity

10
 fo

r a
 te

ra
to

ge
ni

c 
ef

fe
ct

w
ith

ou
t m

at
er

na
l t

ox
ic

ity

E
xt

ra
po

la
tio

n 
be

tw
ee

n 
ro

ut
es

(O
ra

l t
o 

In
ha

la
tio

n,
 In

ha
la

tio
n 

to
D

er
m

al
) a

re
 s

ta
te

d 
as

 "n
ot

 s
et

".

*)
 R

ep
re

se
nt

at
io

n 
of

 th
e

"q
ua

nt
ity

 a
nd

 q
ua

lit
y 

of
sc

ie
nt

ifi
c 

da
ta

".

1)
ht

tp
://

w
w

w
.s

af
e.

ni
te

.g
o.

jp
/ri

sk
/fi

le
s/

gu
id

an
ce

_v
er

2_
20

07
01

15
.p

df
2)

ht
tp

://
w

w
w

.fs
c.

go
.jp

/y
ou

go
sh

u_
fs

c.
pd

f
3)

ht
tp

://
w

w
w

.m
hl

w
.g

o.
jp

/s
hi

ng
i/2

00
3/

04
/s

04
28

-4
b.

ht
m

l
4)

ht
tp

://
w

w
w

.e
nv

.g
o.

jp
/c

he
m

i/r
ep

or
t/h

18
-1

2/
pd

f/c
hp

t1
/1

-2
-1

.p
df

5)
ht

tp
://

w
w

w
.m

et
i.g

o.
jp

/p
ol

ic
y/

ch
em

ic
al

_m
an

ag
em

en
t/k

ok
us

ai
/G

H
S

/c
on

su
m

er
_p

ro
du

ct
_l

ab
el

lin
g.

ht
m

6)
ht

tp
://

w
w

w
.e

pa
.g

ov
/IR

IS
/R

FD
_F

IN
A

L[
1]

.p
df

7)
ht

tp
://

w
w

w
.in

ch
em

.o
rg

/d
oc

um
en

ts
/e

hc
/e

hc
/e

hc
21

0.
ht

m
8)

ht
tp

;//
w

w
w

.ic
h.

or
g/

LO
B

/m
ed

ia
/M

E
D

IA
42

3.
pd

f
9)

ht
tp

://
ec

b.
jrc

.it
/e

us
es

/
10

)E
C

E
TO

C
, D

er
iv

at
io

n 
of

 A
ss

es
sm

en
t F

ac
to

rs
 fo

r H
um

an
 H

ea
lth

 A
ss

es
sm

en
t, 

Te
ch

ni
ca

l R
ep

or
t N

o.
86

 (2
00

3)
11

)h
ttp

://
w

w
w

.h
ea

lth
.g

ov
.a

u/
in

te
rn

et
/w

cm
s/

pu
bl

is
hi

ng
.n

sf
/C

on
te

nt
/o

hp
-e

hr
a-

20
04

.h
tm

~o
hp

-e
hr

a-
20

04
-o

bj
ec

tiv
es

.h
tm

10 *)

C
ar

ci
no

ge
ni

ci
ty

 w
ith

th
re

sh
ol

d:
 1

0

*)
 C

an
 b

e 
ad

de
d 

de
pe

nd
in

g
on

 th
e 

ty
pe

 a
nd

 q
ua

lit
y 

of
te

xt
 a

t e
va

lu
at

or
's

 ju
dg

m
en

t.
If 

th
e 

U
Fs

 e
xc

ee
d 

10
,0

00
 th

e
da

ta
 w

ill
 n

ot
 b

e 
us

ed
.

D
ef

in
iti

on
 o

f t
es

t d
ur

at
io

n:
1 

m
on

th
 =

 1
 - 

le
ss

 th
an

 3
m

on
th

, 3
 m

on
th

s 
= 

3 
- l

es
s

th
an

 6
 m

on
th

s,
 6

 m
on

th
s 

= 
6

- l
es

s 
th

an
 1

2 
m

on
th

s,
 1

2
m

on
th

s 
= 

12
 m

on
th

s 
an

d
m

or
e

U
p 

to
 1

0 

10
 **

)

1
10

1
10

*)

10 10

S
ub

ch
ro

ni
c 

to
 C

hr
on

ic
: 1

0
 N

ot
 a

pp
lic

ab
le

 to
 a

 s
ho

rte
r

pe
rio

d 
th

an
 S

ub
ch

ro
ni

c

Ta
ke

 in
to

 a
cc

ou
nt

 (v
al

ue
 la

rg
er

 th
an

 1
)

TD
: t

ox
ic

od
yn

am
ic

s,
 T

K
:

to
xi

co
ki

ne
tic

s

N
o 

de
sc

rip
tio

n 
du

rin
g 

th
e 

te
st

,
ho

w
ev

er
, i

t i
s 

ta
ke

n 
in

to
co

ns
id

er
at

io
n 

w
ith

 d
rin

ki
ng

 w
at

er
qu

al
ity

 s
et

tin
g.

*)
 if

 th
e 

ch
ar

ac
te

ris
tic

s 
of

to
xi

ci
ty

 is
 s

ev
er

e,
**

) i
f c

ar
ci

no
ge

ni
ci

ty
 e

xi
st

s.

*)
 1

 y
ea

r f
or

 ro
de

nt
s 

or
ra

bb
its

. 7
 y

ea
rs

 fo
r c

at
s,

do
gs

, a
nd

 m
on

ke
ys

.
**

) 6
-m

on
th

 s
tu

dy
 in

 ro
de

nt
s,

or
 a

 3
.5

-y
ea

r s
tu

dy
 in

 n
on

-
ro

de
nt

s.
**

*)
 3

-m
on

th
 s

tu
dy

 in
ro

de
nt

s,
 2

-y
ea

r s
tu

dy
 in

 n
on

-
ro

de
nt

s.

10

S
ho

ul
d 

be
 s

et
 a

s 
th

e 
fa

ct
or

to
 u

se
 in

 c
al

cu
la

tin
g 

th
e

M
O

E
.

*)
 if

 N
(L

)O
A

E
L 

is
 s

et
 u

si
ng

no
n-

ca
rc

in
og

en
ic

 e
ffe

ct
s 

bu
t

po
ss

ib
ly

 c
ar

ci
no

ge
ni

c 
to

hu
m

an
.

**
) i

f N
(L

)O
A

E
L 

is
 s

et
 u

si
ng

ca
rc

in
og

en
ic

 e
ffe

ct
s.

10

Ta
ke

 in
to

 a
cc

ou
nt

 *)
N

o 
sp

ec
ifi

c 
va

lu
e

10

10
1

10
S

ub
ac

ut
e 

to
 S

ub
ch

ro
ni

c:
 3

S
ub

ch
ro

ni
c 

to
 C

hr
on

ic
: 2

S
ub

ac
ut

e 
to

 C
hr

on
ic

: 6

w
he

n 
da

ta
 a

va
ila

bl
e,

TK M
ou

se
; 7

   
   

   
  T

D
R

at
; 4

   
   

   
   

   
   

3
G

ui
ne

a 
pi

g;
 3

R
ab

bi
t; 

2

M
ou

se
: 7

R
at

:  
4

M
on

ke
y:

 2
D

og
: 2

In
ha

la
tio

n 
ar

ea
:  

1

(s
ys

te
m

ic
 e

ffe
ct

s,
 lo

ca
l

ef
fe

ct
s)

G
en

er
al

 p
op

ul
at

io
n:

 5
W

or
ke

rs
: 3

S
ub

ac
ut

e 
to

 C
hr

on
ic

: 6
S

ub
ch

ro
ni

c 
to

 C
hr

on
ic

: 2
Lo

ca
l E

ffe
ct

s 
by

 In
ha

la
tio

n:
 1

EC
B

 (E
ur

op
ea

n 
C

he
m

ic
al

B
ur

ea
u)

EU
SE

S2
.0

 B
ac

kg
ro

un
d

R
ep

or
t I

II,
 M

od
el

C
al

cu
la

tio
ns

 p
ag

e 
III

-1
91

,
Ta

bl
e 

III
-1

08
, 2

00
4.

9)

10 10

(1
0)

3 
or

 1
0

×2
.5

W
H

O
/IP

C
S

En
vi

ro
nm

en
ta

l H
ea

lth
 C

rit
er

ia
21

0:
 P

rin
ci

pl
es

 fo
r a

ss
es

si
ng

th
e 

ris
k 

to
 h

um
an

 h
ea

lth
 fr

om
ex

po
su

re
 to

 c
he

m
ic

al
s,

 1
99

9.
7)

 1
0

R
em

ar
ks

[U
nc

er
ta

in
ty

 F
ac

to
rs

(U
Fs

) a
nd

 o
th

er
s]

G
en

er
al

ly
 th

e 
se

tti
ng

 o
f A

D
I

us
e 

10
0 

w
hi

ch
 is

 th
e 

m
ix

 o
f

in
te

rs
pe

ci
es

 a
nd

in
tra

sp
ec

ie
s,

 a
nd

 d
ep

en
di

ng
on

 th
e 

qu
al

ity
 o

f d
at

a,
 a

do
pt

la
rg

er
 fa

ct
or

s 
(s

uc
h 

as
 5

00
,

10
00

, 1
50

0)
.

Th
e 

Te
ch

ni
ca

l P
an

el
re

co
m

m
en

ds
 li

m
iti

ng
 th

e
to

ta
l U

F 
ap

pl
ie

d 
fo

r a
ny

pa
rti

cu
la

r c
he

m
ic

al
 to

 n
o

m
or

e 
th

an
 3

00
0 

an
d 

av
oi

di
ng

th
e 

de
riv

at
io

n 
of

  a
 re

fe
re

nc
e

va
lu

e 
th

at
 in

vo
lv

es
ap

pl
ic

at
io

n 
of

 th
e 

fu
ll 

10
-fo

ld
U

F 
in

 fo
ur

 o
r m

or
e 

ar
ea

s 
of

ex
tra

po
la

tio
n.

*)
in

 th
e 

ab
se

nc
e 

of
 a

ny
 o

th
er

sp
ec

ifi
c 

to
xi

co
ki

ne
tic

 o
r

to
xi

co
dy

na
m

ic
 d

at
a,

 a
 d

ef
au

lt
fa

ct
or

 o
f 3

 (i
n 

co
nj

un
ct

io
n

w
ith

 H
E

C
 d

er
iv

at
io

n)
 o

r 1
0 

is
ap

pl
ie

d

W
or

ke
rs

: 5
G

en
er

al
 p

op
ul

at
io

n:
 1

0
 1

0

In
 a

dd
iti

on
 e

xt
ra

po
la

tio
n 

fro
m

ro
ut

e 
to

 ro
ut

e 
is

 c
on

si
de

re
d.

*)
 It

 is
 c

on
si

de
re

d 
as

 th
e

un
ce

rta
in

ty
 in

 th
e 

ex
tra

po
la

tio
n

of
 th

e 
do

se
-r

ea
ct

io
n,

 in
cl

ud
in

g
th

e 
un

ce
rta

in
ty

 a
ss

oc
ia

te
d 

w
ith

th
e 

ch
ar

ac
te

ris
tic

 o
f t

he
 e

ffe
ct

an
d 

qu
al

ity
 o

f t
he

 d
at

ab
as

e.

D
ep

en
ds

 o
n 

co
nd

iti
on

3 
or

 1
0

U
p 

to
 1

0

U
p 

to
 1

0

 U
p 

to
 1

0

U
p 

to
 1

0 
*)

N
or

m
al

ly
 1

0
(1

10
) *

*)

In
te

rs
pe

ci
es

In
tr

as
pe

ci
es

Ex
po

su
re

 d
ur

at
io

n

LO
A

EL
 to

 N
O

A
EL

In
co

m
pl

et
en

es
s 

of
 D

B

C
ha

ra
ct

er
is

tic
s 

of
to

xi
ci

ty
 (s

uc
h 

as
ca

rc
in

og
en

ic
ity

 w
ith

th
re

sh
ol

d 
va

lu
e)

10

U
p 

to
 1

0

3
1

10

10
10

10

10 10
10

10

10
10

  C
om

pa
ris

on
 o

f U
nc

er
ta

in
ty

 F
ac

to
rs

 o
f N

E
D

O
 1

 P
R

O
 a

nd
 IC

H

 E
x)

 N
E

D
O

 1
 P

ro
 in

iti
al

 ri
sk

 a
ss

es
sm

en
t f

or
 fo

rm
al

de
hy

de
 

A
do

pt
 th

e 
N

O
A

E
L 

fro
m

 th
e 

26
 w

ee
ks

 in
ha

la
tio

n 
ex

po
su

re
 te

st
 o

n 
th

e 
m

on
ke

y

 
U

nc
er

ta
in

ty
 F

ac
to

r: 
 S

pe
ci

es
 d

iff
er

en
ce

 (1
0)

, I
nd

iv
id

ua
l s

pe
ci

fic
ity

 (1
0)

, t
es

t p
er

io
d 

(2
)

 
U

nc
er

ta
in

ty
 F

ac
to

rs
: 1

0×
10

×2
20

0

 
U

nc
er

ta
in

ty
 F

ac
to

r i
n 

th
e 

IC
H

 d
es

cr
ib

ed
 a

bo
ve

: S
pe

ci
es

 d
iff

er
en

ce
  (

3)
, I

nd
iv

id
ua

l s
pe

ci
fic

ity
  (

10
), 

Te
st

 p
er

io
d 

(1
0)

 
U

nc
er

ta
in

ty
 F

ac
to

rs
: 3

×1
0×

10
30

0

1)
ht

t
//

f
it

j
/i

k/
fil

/
id

2
20

07
01

15
df

1 1

C
i

fU
i

F
fN

E
D

O
1

P
R

O
d

IC
H

1)
ht

t
//

f
it

j
/i

k/
fil

/
id

2
20

07
01

15
df

C
i

fU
t

i
t

F
t

fN
E

D
O

1
P

R
O

d
IC

H

   
• 

• 

• 
• 

• 

61



 

•  •  • 

   
•  •  • 

62



 
             

   
Is

 th
e a

llo
ca

tio
n 

of
 

al
lo

w
ab

le
 d

ai
ly

 
in

ta
ke

 a
pp

ro
pr

ia
te

? 

Pr
oc

ee
d 

to
 e

xp
os

ur
e 

as
se

ss
m

en
t 

N
o 

Y
es

 

D
et

er
m

in
e 

if 
th

e 
as

su
m

pt
io

ns
 o

f t
he

 g
ui

de
lin

e 
va

lu
e 

ar
e 

ap
pr

op
ria

te
 fo

r t
he

 si
tu

at
io

n 

D
et

er
m

in
e 

th
e a

pp
ro

pr
ia

te
 

co
nt

ac
t r

at
e 

D
et

er
m

in
e 

th
e 

ap
pr

op
ria

te
 

al
lo

ca
tio

n 
of

 a
llo

w
ab

le
 d

ai
ly

 
in

ta
ke

 

Is
 th

e 
as

su
m

ed
 c

on
ta

ct
 ra

te
 

ap
pr

op
ria

te
 fo

r t
he

 
po

pu
la

tio
n 

of
 in

te
re

st?
 

D
et

er
m

in
e 

th
e 

sit
ua

tio
n-

ap
pr

op
ria

te
 a

llo
w

ab
le

 
da

ily
 in

ta
ke

 b
as

ed
 o

n 
co

nt
ac

t r
at

e 
an

d/
or

 
al

lo
ca

tio
n 

Y
es

 

R
ev

ie
w

 th
e 

in
te

rn
at

io
na

l g
ui

de
lin

e o
r d

os
e-

re
sp

on
se

 fa
ct

or
 se

le
ct

ed
 in

 th
e 

ha
za

rd
 

id
en

tif
ic

at
io

n 
st

ep
 

N
o 

 S
ou

rc
es

 o
f g

ui
da

nc
e 

va
lu

es
 fo

r c
he

m
ic

al
s 

de
ve

lo
pe

d 
by

 
in

te
rn

at
io

na
l o

rg
an

iz
at

io
ns

. 
 

63



Pr
es

en
ta

tio
n

by
:

D
r.

D
av

id
M

ac
In

to
sh

A
PE

C
ris

k
as

se
ss

m
en

ta
nd

ris
k

m
an

ag
em

en
tw

or
ks

ho
p

N
ov

em
be

r7
-8

,2
01

3
B

an
gk

ok
,T

ha
ila

nd

Ex
po

su
re

A
ss

es
sm

en
t

Le
ar

ni
ng

 O
bj

ec
tiv

es
 

•
Th

e 
pu

rp
os

e 
of

 e
xp

os
ur

e 
as

se
ss

m
en

t f
or

 h
ea

lth
 ri

sk
 a

ss
es

sm
en

t 
•

Th
e 

pr
im

ar
y 

at
tr

ib
ut

es
 o

f e
xp

os
ur

e 
•

Th
e 

ro
ut

es
 a

nd
 p

at
hw

ay
s b

y 
w

hi
ch

 p
eo

pl
e 

an
d 

ot
he

r o
rg

an
ism

s c
an

 b
e 

ex
po

se
d 

to
 h

az
ar

do
us

 su
bs

ta
nc

es
 

•
Co

m
m

on
 m

et
ric

s o
f e

xp
os

ur
e:

 c
on

ce
nt

ra
tio

n,
 in

ta
ke

 ra
te

, a
nd

 d
os

e 
•

Ge
ne

ra
l a

pp
ro

ac
he

s t
o 

ho
w

 e
xp

os
ur

e 
is 

ev
al

ua
te

d 
an

d 
th

ei
r 

co
rr

es
po

nd
in

g 
st

re
ng

th
s a

nd
 li

m
ita

tio
ns

 
•

Ho
w

 k
no

w
le

dg
e 

of
 e

xp
os

ur
e 

ca
n 

su
pp

or
t a

 ri
sk

 m
an

ag
em

en
t p

ro
ce

ss
 

•
In

te
rn

at
io

na
l r

es
ou

rc
es

 th
at

 p
ro

vi
de

 a
dd

iti
on

al
 e

xp
os

ur
e 

in
fo

rm
at

io
n 

By
 th

e 
en

d 
of

 th
is 

m
od

ul
e,

 w
or

ks
ho

p 
pa

rt
ic

ip
an

ts
 

sh
ou

ld
 h

av
e 

an
 u

nd
er

st
an

di
ng

 o
f: 

B
 

Ex
po

su
re

 D
ef

in
ed

 
•

W
ha

t i
s e

xp
os

ur
e?

 
–

Ex
po

su
re

 is
 c

on
ta

ct
 b

et
w

ee
n 

a 
ha

za
rd

ou
s a

ge
nt

 a
nd

 a
 ta

rg
et

 
su

ch
 a

s a
 p

er
so

n,
 p

la
nt

, a
ni

m
al

, 
or

 o
th

er
 re

ce
pt

or
 o

f i
nt

er
es

t. 
 

Co
nt

ac
t t

ak
es

 p
la

ce
 a

t a
 li

ni
ng

 
of

 th
e 

or
ga

ni
sm

 su
ch

 a
s t

he
 

lu
ng

, s
ki

n,
 a

nd
 e

ye
s.

 
–

Co
nt

ac
t g

en
er

al
ly

 o
cc

ur
s w

he
n 

ha
za

rd
ou

s a
ge

nt
s a

re
 in

 a
ir,

 
w

at
er

, f
oo

d,
 so

il,
 o

r p
ro

du
ct

s 
th

at
 c

on
ta

in
 a

 h
az

ar
do

us
 

su
bs

ta
nc

e.
 

–
So

ur
ce

 
•

W
HO

 2
00

0 
 

•
ht

tp
:/

/w
w

w
.in

ch
em

.o
rg

/d
oc

u
m

en
ts

/e
hc

/e
hc

/e
hc

21
4.

ht
m

 

•
Ex

po
su

re
 a

ss
es

sm
en

t 
–

Ex
po

su
re

 a
ss

es
sm

en
t i

s t
he

 
pr

oc
es

s o
f e

st
im

at
in

g 
or

 
m

ea
su

rin
g 

th
e 

m
ag

ni
tu

de
, 

du
ra

tio
n,

 a
nd

 fr
eq

ue
nc

y 
of

 
ex

po
su

re
 to

 a
n 

ag
en

t, 
al

on
g 

w
ith

 th
e 

nu
m

be
r a

nd
 

ch
ar

ac
te

ris
tic

s o
f t

he
 

po
pu

la
tio

n 
ex

po
se

d.
  I

de
al

ly,
 a

n 
ex

po
su

re
 a

ss
es

sm
en

t d
es

cr
ib

es
 

th
e 

so
ur

ce
s,

 p
at

hw
ay

s,
 ro

ut
es

, 
an

d 
un

ce
rt

ai
nt

ie
s i

n 
th

e 
as

se
ss

m
en

t. 
  

Bi
ol

og
ic

al
, 

ch
em

ic
al

, 
ph

ys
ic

al
 a

nd
 

so
ci

al
 

de
te

rm
in

an
ts

 o
f 

th
e 

cr
iti

ca
l e

ve
nt

s 
le

ad
in

g 
fro

m
 

re
le

as
e 

of
 to

xi
c 

ag
en

ts
 in

to
 th

e 
en

vi
ro

nm
en

t t
o 

re
su

lti
ng

 d
is

ea
se

 
or

 in
ju

ry
 in

 p
eo

pl
e

Em
is

si
on

 
so

ur
ce

(s
)

En
vi

ro
nm

en
ta

l 
co

nc
en

tra
tio

ns

H
um

an
 

ex
po

su
re

In
te

rn
al

 d
os

e

Ad
ve

rs
e 

ef
fe

ct
(s

)

Po
llu

ta
nt

 tr
an

sp
or

t, 
tra

ns
fo

rm
at

io
n 

an
d 

fa
te

 p
ro

ce
ss

es

D
em

og
ra

ph
ic

, 
ge

og
ra

ph
ic

 a
nd

 
lif

es
ty

le
 a

ttr
ib

ut
es

Ph
ar

m
ac

ok
in

et
ic

s1

Ph
ar

m
ac

od
yn

am
ic

s2

W
ha

t e
nv

iro
nm

en
ta

l 
ex

po
su

re
s 

ar
e 

ex
pe

ct
ed

 to
 o

cc
ur

 
fo

r h
um

an
 

po
pu

la
tio

ns
, a

nd
 

w
ha

t i
s 

th
e 

re
su

lti
ng

 
do

se
 to

 ta
rg

et
 

tis
su

e?

W
ha

t i
s 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

do
se

 to
 

th
e 

ta
rg

et
 ti

ss
ue

 
an

d 
ad

ve
rs

e 
ef

fe
ct

s 
in

 h
um

an
s?

Is
 th

e 
en

vi
ro

nm
en

ta
l 

ag
en

t c
ap

ab
le

 o
f 

ca
us

in
g 

an
 

ad
ve

rs
e 

ef
fe

ct
 in

 
hu

m
an

s?

W
ha

t i
s 

th
e 

es
tim

at
ed

 
hu

m
an

 h
ea

lth
 

ris
k 

fro
m

 
an

tic
ip

at
ed

 
ex

po
su

re
?

Ex
po

su
re

 
as

se
ss

m
en

t 

Ha
za

rd
 

ch
ar

ac
te

riz
at

io
n 

Ha
za

rd
 

id
en

tif
ic

at
io

n 

Ri
sk

 
ch

ar
ac

te
riz

at
io

n 

1  P
ha

rm
ac

ok
in

et
ic

s -
 w

ha
t t

he
 b

od
y 

do
es

 to
 th

e 
ag

en
t 

2  P
ha

rm
ac

od
yn

am
ic

s -
 w

ha
t t

he
 a

ge
nt

 d
oe

s t
o 

th
e 

bo
dy

 

M
ec

ha
ni

st
ic

 b
as

is
 fo

r t
he

 
se

qu
en

ce
 o

f e
ve

nt
s 

in
 th

e 
en

vi
ro

nm
en

ta
l h

ea
lth

 p
ar

ad
ig

m

E
nv

iro
nm

en
ta

l 
he

al
th

 p
ar

ad
ig

m
R

is
k 

as
se

ss
m

en
t f

ra
m

ew
or

k

3 

64



Ha
za

rd
ou

s S
ub

st
an

ce
s 

•
Ri

sk
 a

ss
es

sm
en

ts
 re

qu
ire

 e
st

im
at

es
 o

f 
ex

po
su

re
 fo

r a
 w

id
e 

va
rie

ty
 o

f h
az

ar
do

us
 

su
bs

ta
nc

es
 

–
Ch

em
ic

al
 h

az
ar

ds
: v

ol
at

ile
 o

rg
an

ic
 

co
m

po
un

ds
, p

es
tic

id
es

, s
em

i-v
ol

at
ile

 
or

ga
ni

cs
, g

as
es

, a
er

os
ol

s,
 h

ea
vy

 m
et

al
s,

 e
tc

. 
–

Bi
ol

og
ic

al
 h

az
ar

ds
: v

iru
s,

 fu
ng

i, 
ba

ct
er

ia
, 

al
le

rg
en

s,
 in

fe
ct

io
us

 a
ge

nt
s 

–
Ph

ys
ic

al
 h

az
ar

ds
: i

on
izi

ng
 ra

di
at

io
n,

 h
ea

t, 
el

ec
tr

om
ag

ne
tic

 fi
el

ds
, n

oi
se

 
 

•
Ri

sk
 a

ss
es

sm
en

ts
 c

om
m

on
ly

 fo
cu

s o
n 

ha
za

rd
ou

s s
ub

st
an

ce
s o

ne
 a

t a
 ti

m
e,

 b
ut

 
m

us
t a

lso
 co

ns
id

er
 si

m
ul

ta
ne

ou
s e

xp
os

ur
e 

to
 m

ul
tip

le
 su

bs
ta

nc
es

 th
at

 h
av

e 
th

e 
sa

m
e 

to
xi

co
lo

gi
ca

l p
ro

pe
rt

ie
s (

e.
g.

, 
or

ga
no

ph
os

ph
at

e 
in

se
ct

ic
id

es
) 

 
•

Co
-o

cc
ur

in
g 

ex
po

su
re

 to
 m

ul
tip

le
 

ha
za

rd
ou

s s
ub

st
an

ce
s w

ith
 d

iff
er

en
t 

to
xi

co
lo

gi
ca

l  
pr

op
er

tie
s a

re
 so

m
et

im
es

 th
e 

su
bj

ec
t o

f r
isk

 a
ss

es
sm

en
t –

 e
.g

., 
ca

rc
in

og
en

s,
 n

eu
ro

to
xi

ca
nt

s,
 a

nd
 li

ve
r 

to
xi

ns
. 

     

Ex
po

su
re

 a
nd

 R
is

k 

•
Ex

po
su

re
 is

 th
e 

cr
iti

ca
l l

in
k 

be
tw

ee
n 

em
iss

io
ns

 o
f a

 
ha

za
rd

ou
s s

ub
st

an
ce

 a
nd

 ri
sk

 
 

•
Ri

sk
 is

 a
 fu

nc
tio

n 
of

 e
xp

os
ur

e 
an

d 
to

xi
ci

ty
.  

 
–

W
he

n 
th

er
e 

is 
no

 e
xp

os
ur

e,
 th

er
e 

ca
n 

be
 n

o 
ris

k.
   

–
Lo

w
 e

xp
os

ur
e 

to
 a

n 
su

bs
ta

nc
e 

w
ith

 
hi

gh
 to

xi
ci

ty
 y

ie
ld

s l
ow

 ri
sk

.  
Li

ke
w

ise
, h

ig
h 

ex
po

su
re

 to
 a

 
su

bs
ta

nc
e 

w
ith

 lo
w

 to
xi

ci
ty

 a
lso

 
yi

el
ds

 lo
w

 ri
sk

.  
–

Hi
gh

 e
xp

os
ur

e 
an

d 
hi

gh
 to

xi
ci

ty
 ca

n 
pr

od
uc

e 
a 

le
ve

l o
f r

isk
 th

at
 

w
ar

ra
nt

s f
ur

th
er

 a
tt

en
tio

n 
an

d 
ev

al
ua

tio
n 

of
 a

pp
ro

ac
he

s f
or

 
m

an
ag

in
g 

th
e 

ris
k.

 

 

•
Th

e 
co

ur
se

 th
at

 a
n 

ag
en

t 
fo

llo
w

s f
ro

m
 th

e 
so

ur
ce

 to
 th

e 
re

ce
pt

or
 

•
Ex

po
su

re
 p

at
hw

ay
s c

an
 b

e 
co

m
pl

et
e 

or
 in

co
m

pl
et

e 

Ex
po

su
re

 P
at

hw
ay

 
•

If 
th

e 
ex

po
su

re
 p

at
hw

ay
 is

 in
co

m
pl

et
e,

 
th

e 
ag

en
t d

oe
sn

’t 
re

ac
h 

th
e 

re
ce

pt
or

, 
re

du
ci

ng
 th

e 
ris

k 
•

U
nd

er
st

an
di

ng
 th

e 
ex

po
su

re
 p

at
hw

ay
 is

 
cr

iti
ca

l f
or

 id
en

tif
yi

ng
 o

pp
or

tu
ni

tie
s t

o 
re

du
ce

 in
ta

ke
 o

f a
 h

az
ar

do
us

 a
ge

nt
 

 

6 

  

Ex
po

su
re

 P
at

hw
ay

 

7 

65



•
Ha

za
rd

ou
s a

ge
nt

s c
an

 e
nt

er
 th

e 
bo

dy
 th

ro
ug

h 
th

re
e 

ro
ut

es
 o

f e
xp

os
ur

e 
 

•
In

ha
la

tio
n 

–
Ag

en
t i

s p
re

se
nt

 in
 o

ut
do

or
 o

r i
nd

oo
r a

ir 
of

 lo
ca

tio
ns

 v
isi

te
d 

by
 a

 re
ce

pt
or

 
–

Ab
so

rp
tio

n 
co

ul
d 

oc
cu

r t
hr

ou
gh

 th
e 

re
sp

ira
to

ry
 tr

ac
t 

 
•

In
ge

st
io

n 
–

Ag
en

t i
s p

re
se

nt
 in

 w
at

er
, f

oo
d,

 so
il,

 o
r d

us
t t

ha
t i

s c
on

su
m

ed
 in

te
nt

io
na

lly
 o

r 
un

in
te

nt
io

na
lly

 
–

Ab
so

rp
tio

n 
co

ul
d 

 o
cc

ur
 th

ro
ug

h 
th

e 
ga

st
ro

in
te

st
in

al
 tr

ac
t 

 
•

De
rm

al
 a

bs
or

pt
io

n 
–

Ag
en

t i
s p

re
se

nt
 in

 a
 li

qu
id

, s
ol

id
, a

ir,
 o

r a
 p

ro
du

ct
 th

at
 is

 co
nt

ac
t w

ith
 th

e 
sk

in
 

–
Ab

so
rp

tio
n 

co
ul

d 
oc

cu
r t

hr
ou

gh
 th

e 
la

ye
rs

 o
f t

he
 sk

in
 

 
•

Ro
ut

e 
of

 e
xp

os
ur

e 
ca

n 
be

 a
n 

im
po

rt
an

t c
on

sid
er

at
io

n 
in

 th
e 

po
te

nt
ia

l f
or

 
ad

ve
rs

e 
ef

fe
ct

s o
f e

xp
os

ur
e 

to
 a

n 
ag

en
t 

 
 

Ex
po

su
re

 R
ou

te
s 

8 

 

Ch
ar

ac
te

ris
tic

s o
f E

xp
os

ur
e 

•
M

ag
ni

tu
de

 
–

Th
e 

am
ou

nt
 o

f a
 h

az
ar

do
us

 su
bs

ta
nc

e 
in

 
an

 e
nv

iro
nm

en
ta

l m
ed

iu
m

 o
r c

on
su

m
er

 
pr

od
uc

t 
–

Th
e 

ra
te

 o
f c

on
ta

ct
 w

ith
 th

e 
su

bs
ta

nc
e 

 
•

Du
ra

tio
n 

–
Th

e 
pe

rio
d 

of
 ti

m
e 

ov
er

 w
hi

ch
 a

n 
in

di
vi

du
al

 o
r p

op
ul

at
io

n 
m

ay
 b

e 
ex

po
se

d 
–

Ra
ng

es
 fr

om
 sh

or
t (

se
co

nd
s)

 to
 lo

ng
 

(li
fe

tim
e)

 
 

•
Fr

eq
ue

nc
y 

–
Th

e 
pe

rs
ist

en
ce

 o
f e

xp
os

ur
e 

ov
er

 a
 c

er
ta

in
 

du
ra

tio
n 

of
 ti

m
e 

–
Co

nt
ac

t c
ou

ld
 b

e 
ra

re
, i

nt
er

m
itt

en
t, 

or
 

co
nt

in
uo

us
 

 
•

Ti
m

in
g 

–
Vu

ln
er

ab
le

 p
er

io
d 

–
Ch

ild
ho

od
 

–
Pr

eg
na

nc
y 

   

Ex
po

su
re

 

Ha
za

rd
ou

s 
Su

bs
ta

nc
es

 

Du
ra

tio
n 

Ti
m

in
g 

Fr
eq

ue
nc

y 

M
ag

ni
tu

de
 

 

Co
nt

in
uu

m
 o

f E
xp

os
ur

e 
M

et
ric

s 

Co
nc

en
tr

at
io

n 

Em
iss

io
n 

Ex
po

su
re

 

Do
se

 

Tr
an

sp
or

ta
tio

n,
 

di
lu

tio
n,

 d
eg

ra
da

tio
n,

 
fo

rm
at

io
n,

 re
m

ov
al

 

Ti
m

e-
lo

ca
tio

n 
pa

tt
er

ns
; 

ex
po

su
re

 fa
ct

or
s 

Ab
so

rp
tio

n 
ac

ro
ss

 th
e 

sk
in

, l
un

g,
 

or
 G

I t
ra

ct
 a

nd
  s

ub
se

qu
en

tly
 to

 
th

e 
ta

rg
et

 o
rg

an
 

15
 to

ns
 o

f S
O

2 r
el

ea
se

d 
to

 a
ir 

fr
om

 
fo

ss
il 

fu
el

 c
om

bu
st

io
n 

ea
ch

 d
ay

 

10
 m

ic
ro

gr
am

s o
f S

O
2 p

er
 

cu
bi

c m
et

er
 o

f o
ut

do
or

 a
ir 

20
0 

m
ic

ro
gr

am
s o

f S
O

2 
in

 a
ir 

in
ha

le
d 

ea
ch

 d
ay

 

30
 m

ic
ro

gr
am

s o
f S

O
2 d

iss
ol

ve
d 

in
 

flu
id

s o
f t

he
 re

sp
ira

to
ry

 tr
ac

t p
er

 d
ay

  

10
 

Co
nt

in
uu

m
: A

 c
on

tin
uo

us
 se

qu
en

ce
 in

 w
hi

ch
 a

dj
ac

en
t 

el
em

en
ts

 a
re

 n
ot

 p
er

ce
pt

ib
ly

 d
iff

er
en

t f
ro

m
 e

ac
h 

ot
he

r, 
al

th
ou

gh
 th

e 
ex

tr
em

es
 a

re
 q

ui
te

 d
ist

in
ct

. 

Bo
dy

 
bu

rd
en

 

10
0 

na
no

gr
am

s o
f 

SO
4 p

er
 m

ill
ili

te
r 

of
 sa

liv
a 

N
et

 e
ffe

ct
 o

f i
nt

ak
e,

 a
bs

or
pt

io
n,

 
m

et
ab

ol
ism

, a
nd

 e
lim

in
at

io
n 

•
Th

re
e 

ba
sic

 a
pp

ro
ac

he
s f

or
 q

ua
nt

ify
in

g 
ex

po
su

re
 

–
Ea

ch
 a

pp
ro

ac
h 

co
ns

id
er

s d
iff

er
en

t d
at

a 
 

–
Ea

ch
 a

pp
ro

ac
h 

ha
s d

iff
er

en
t s

tr
en

gt
hs

 a
nd

 w
ea

kn
es

se
s 

–
U

sin
g 

th
e 

ap
pr

oa
ch

es
 in

 co
m

bi
na

tio
n 

ca
n 

st
re

ng
th

en
 th

e 
cr

ed
ib

ili
ty

 o
f a

n 
ex

po
su

re
 

as
se

ss
m

en
t 

 
•

Po
in

t o
f C

on
ta

ct
 M

ea
su

re
m

en
t 

–
M

ea
su

rin
g 

th
e 

ch
em

ic
al

 a
t t

he
 p

oi
nt

 o
f c

on
ta

ct
 w

ith
 p

eo
pl

e 
or

 th
e 

en
vi

ro
nm

en
t 

–
M

ea
su

rin
g 

th
e 

du
ra

tio
n,

 fr
eq

ue
nc

y 
an

d 
tim

in
g 

of
 c

on
ta

ct
 

 
•

Sc
en

ar
io

 E
va

lu
at

io
n 

–
Se

pa
ra

te
ly

 e
va

lu
at

in
g 

ex
po

su
re

 co
nc

en
tr

at
io

ns
 a

nd
 ti

m
e 

of
 c

on
ta

ct
 

–
Co

m
bi

ni
ng

 th
at

 in
fo

rm
at

io
n 

to
 e

st
im

at
e 

ex
po

su
re

 
 

•
Re

co
ns

tr
uc

tio
n 

–
Es

tim
at

e 
ex

po
su

re
 fr

om
 b

od
y 

bu
rd

en
 a

nd
 d

os
e 

af
te

r t
he

 e
xp

os
ur

e 
ha

s t
ak

en
 p

la
ce

 

Q
ua

nt
ify

in
g 

Ex
po

su
re

 

11
 

 

66



•
M

ea
su

rin
g 

th
e 

am
ou

nt
 o

f a
 c

he
m

ic
al

 a
t t

he
 

po
in

t o
f c

on
ta

ct
 w

ith
 p

eo
pl

e 
or

 th
e 

en
vi

ro
nm

en
t 

–
U

su
al

ly
 re

po
rt

ed
 a

s a
 c

on
ce

nt
ra

tio
n 

 
•

W
he

th
er

 m
ea

su
re

d 
or

 m
od

el
ed

, i
n 

th
e 

fie
ld

 
or

 in
 a

 c
on

tr
ol

le
d 

se
tt

in
g,

 e
xp

os
ur

e 
co

nc
en

tr
at

io
ns

 a
lw

ay
s r

ep
re

se
nt

 a
 c

er
ta

in
 

tim
e 

an
d 

lo
ca

tio
n 

 
•

Im
po

rt
an

t t
o 

un
de

rs
ta

nd
 th

e 
sp

at
ia

l a
nd

 
te

m
po

ra
l d

im
en

sio
ns

 o
f a

n 
ex

po
su

re
 

co
nc

en
tr

at
io

n 
in

 c
om

pa
ris

on
 to

 th
e 

co
rr

es
po

nd
in

g 
di

m
en

sio
ns

 o
f t

he
 

as
se

ss
m

en
t q

ue
st

io
n 

–
In

st
an

ta
ne

ou
s o

r v
er

y 
sh

or
t t

er
m

) 
–

In
te

gr
at

ed
 o

ve
r t

im
e 

•
Ti

m
e 

se
rie

s 
•

Di
sc

re
te

 

Po
in

t o
f C

on
ta

ct
 M

ea
su

re
m

en
ts

 

12
 

Pe
rs

on
al

 a
ir 

Fo
od

 a
nd

 w
at

er
 

Sk
in

 

 

Ex
am

pl
e 

of
 T

em
po

ra
l a

nd
 S

pa
tia

l D
im

en
si

on
s  

13
 

Sh
or

t-
te

rm
 

co
nd

iti
on

 

W
ith

in
-c

ity
 

va
ria

bi
lit

y 

Ra
in

 

Co
m

pa
re

 th
e 

co
ns

ist
en

cy
 o

f t
he

se
 2

4-
hr

 
av

er
ag

es
 w

ith
 th

e 
va

ria
bi

lit
y 

of
 th

e 
1-

hr
 

av
er

ag
es

 o
n 

th
e 

ot
he

r c
ha

rt
 

•
Ex

po
su

re
 re

qu
ire

s t
ha

t a
 h

az
ar

do
us

 a
ge

nt
 a

nd
 a

 p
er

so
n 

ar
e 

pr
es

en
t i

n 
th

e 
sa

m
e 

lo
ca

tio
n 

at
 th

e 
sa

m
e 

tim
e 

 
•

Sc
en

ar
io

 e
va

lu
at

io
n 

re
fe

rs
 to

 c
om

bi
ni

ng
 se

pa
ra

te
 a

na
ly

se
s o

f 
co

nc
en

tr
at

io
ns

 a
nd

 ti
m

e-
lo

ca
tio

n 
pa

tt
er

ns
 

 
•

Co
nc

en
tr

at
io

ns
 a

nd
 ti

m
e-

lo
ca

tio
n 

pa
tt

er
ns

 c
an

 b
e 

de
te

rm
in

ed
 fr

om
 

m
ea

su
re

m
en

ts
 o

r m
od

el
s 

 
•

Ex
po

su
re

 ca
n 

be
 q

ua
nt

ifi
ed

 in
 se

ve
ra

l d
iff

er
en

t f
or

m
s 

–
Ti

m
e-

w
ei

gh
te

d 
av

er
ag

e 
co

nc
en

tr
at

io
n 

–
Cu

m
ul

at
iv

e 
co

nc
en

tr
at

io
n 

(c
on

ce
nt

ra
tio

n 
x 

tim
e)

 
–

In
ta

ke
 ra

te
 

 
•

Th
es

e 
te

rm
s a

re
 o

fte
n 

sy
no

ny
m

s f
or

 e
xp

os
ur

e:
 e

xp
os

ur
e 

co
nc

en
tr

at
io

n,
 e

xp
os

ur
e 

do
se

, p
ot

en
tia

l d
os

e,
 a

dm
in

ist
er

ed
 d

os
e 

 Sc
en

ar
io

 E
va

lu
at

io
n 

14
 

 
•

Ti
m

e-
w

ei
gh

te
d 

av
er

ag
e 

ex
po

su
re

 
–

An
 a

ve
ra

ge
 o

f l
oc

at
io

n-
sp

ec
ifi

c 
co

nc
en

tr
at

io
ns

 w
ei

gh
te

d 
by

 th
e 

am
ou

nt
 o

f t
im

e 
a 

pe
rs

on
 sp

en
ds

 in
 e

ac
h 

lo
ca

tio
n 

 
–

TW
A 

Ex
po

su
re

 =
 

 (C
i · 

f i)  

 
 

 
w

he
re

, 
 

 
 

C 
= 

co
nc

en
tr

at
io

n 
 

 
 

 
f =

 fr
ac

tio
n 

of
 ti

m
e 

sp
en

t i
n 

lo
ca

tio
n 

i 
 

 
 

i =
 a

n 
in

di
vi

du
al

 lo
ca

tio
n 

 
 

 
n 

= 
th

e 
to

ta
l n

um
be

r o
f l

oc
at

io
ns

 

  

Ti
m

e-
W

ei
gh

te
d 

Av
er

ag
e 

Ex
po

su
re

 

15
 

i=
1 n 

 

67



•
Ex

am
pl

es
 

–
Pa

ck
-y

ea
rs

 fo
r c

ha
ra

ct
er

izi
ng

 e
xp

os
ur

e 
fro

m
 li

fe
tim

e 
to

ba
cc

o 
us

e 
•

O
ne

 p
ac

k-
ye

ar
 =

 a
ny

 c
om

bi
na

tio
n 

of
 ci

ga
re

tt
e 

co
ns

um
pt

io
n 

an
d 

du
ra

tio
n 

th
at

 is
 e

qu
iv

al
en

t t
o 

20
 c

ig
ar

et
te

s s
m

ok
ed

 e
ve

ry
da

y 
fo

r o
ne

 y
ea

r 
•

Eq
ui

va
le

nc
ie

s f
or

 o
th

er
 fo

rm
s o

f t
ob

ac
co

 
•

Ca
lc

ul
at

or
s a

va
ila

bl
e  

–
pp

m
-y

ea
rs

 fo
r c

ha
ra

ct
er

izi
ng

 li
fe

tim
e 

ex
po

su
re

 to
 b

en
ze

ne
 

•
O

ne
 p

pm
-y

ea
r =

 a
ny

 c
om

bi
na

tio
n 

of
 b

en
ze

ne
 co

nc
en

tr
at

io
n 

an
d 

du
ra

tio
n 

th
at

 is
 e

qu
iv

al
en

t t
o 

8-
ho

ur
 a

ve
ra

ge
 b

en
ze

ne
 p

er
so

na
l a

ir 
co

nc
en

tr
at

io
n 

of
 

1 
pp

m
 o

ve
r o

ne
 y

ea
r o

f f
ul

l-t
im

e 
w

or
k 

–
W

or
ki

ng
 L

ev
el

 M
on

th
 (W

LM
) f

or
 c

ha
ra

ct
er

izi
ng

 li
fe

tim
e 

ex
po

su
re

 to
 

ra
do

n 
•

1 
W

LM
 =

 a
ny

 c
om

bi
na

tio
n 

of
 ra

do
n 

co
nc

en
tr

at
io

n 
in

 a
ir 

an
d 

du
ra

tio
n 

th
at

 
is 

eq
ui

va
le

nt
 to

 1
00

 p
ic

oc
ur

ie
s o

f r
ad

on
 p

er
 li

te
r o

f a
ir 

fo
r 1

70
 h

ou
rs

 
 

•
Be

ca
us

e 
tim

e 
is 

an
 e

xp
lic

it 
co

m
po

ne
nt

 o
f t

hi
s m

et
ric

, w
e 

ar
e 

no
w

 tr
an

sit
io

ni
ng

 fr
om

 c
on

ce
nt

ra
tio

n 
in

to
 e

xp
os

ur
e 

an
d 

do
se

 
  

Cu
m

ul
at

iv
e 

Ex
po

su
re

 

16
 

 

Ex
po

su
re

 R
at

es
 

17
 

•
Co

nc
en

tr
at

io
ns

 a
nd

 c
on

ta
ct

 w
ith

 e
nv

iro
nm

en
ta

l m
ed

ia
 a

re
 

co
m

bi
ne

d 
to

 e
st

im
at

e 
th

e 
am

ou
nt

 o
f a

n 
ag

en
t d

el
iv

er
ed

 to
 a

 
lin

in
g 

of
 th

e 
bo

dy
 p

er
 u

ni
t t

im
e.

  
 

•
Th

is 
m

et
ric

 o
f e

xp
os

ur
e 

is 
of

te
n 

te
rm

ed
 e

xp
os

ur
e 

ra
te

, i
nt

ak
e,

 
ex

po
su

re
 d

os
e,

 o
r a

dm
in

ist
er

ed
 d

os
e 

 
•

U
ni

ts
 a

re
 ty

pi
ca

lly
 

–
Am

ou
nt

 (w
ei

gh
t, 

nu
m

be
r)

 p
er

 ti
m

e 
–

Am
ou

nt
 p

er
 ti

m
e 

pe
r b

od
y 

w
ei

gh
t 

 
•

Ex
po

su
re

 ra
te

 =
   

 E
xp

os
ur

e 
Co

nc
en

tr
at

io
n 

x 
Ex

po
su

re
 F

ac
to

r  
 

 
 

 
 

Bo
dy

 W
ei

gh
t 

 
 

 
 

  

Ex
po

su
re

 F
ac

to
rs

  

18
 

So
ur

ce
: W

HO
 

Hu
m

an
 H

ea
lth

 
Ri

sk
 A

ss
es

sm
en

t 
To

ol
ki

t: 
Ch

em
ic

al
 

Ha
za

rd
s,

 2
01

0 

Ex
po

su
re

 F
ac

to
rs

 H
an

db
oo

k 

19
 

•
U.

S 
. E

nv
iro

nm
en

ta
l P

ro
te

ct
io

n 
Ag

en
cy

, N
at

io
na

l C
en

te
r f

or
 

En
vi

ro
nm

en
ta

l A
ss

es
sm

en
t 

–
M

aj
or

 p
ar

t o
f t

he
 E

PA
 O

ffi
ce

 o
f R

es
ea

rc
h 

an
d 

De
ve

lo
pm

en
t (

no
t a

 re
gu

la
to

ry
 

pr
og

ra
m

) 
–

Pr
od

uc
es

 a
 c

om
pr

eh
en

siv
e 

co
m

pi
la

tio
n 

of
 e

xp
os

ur
e 

fa
ct

or
 re

se
ar

ch
 a

nd
 

re
co

m
m

en
da

tio
ns

 fo
r e

xp
os

ur
e 

fa
ct

or
s 

 

•
Ad

ul
t a

nd
 c

hi
ld

 v
er

sio
ns

 o
f t

he
 h

an
db

oo
k 

 •
Ex

po
su

re
 F

ac
to

rs
 H

an
db

oo
k 

w
eb

sit
e 

–
Li

nk
s t

o 
th

e 
ad

ul
t a

nd
 c

hi
ld

 h
an

db
oo

ks
 

–
Gu

id
e 

to
 c

ur
re

nt
 li

te
ra

tu
re

 
–

Su
m

m
ar

y 
of

 c
ur

re
nt

 e
xp

os
ur

e 
fa

ct
or

 re
se

ar
ch

 
 

•
Le

t’s
 ta

ke
 a

 q
ui

ck
 lo

ok
 …

 
    

68



Ex
po

su
re

 F
ac

to
rs

 H
an

db
oo

k 

20
 

Do
se

 
•

Co
nc

ep
tu

al
ly,

 d
os

e 
is 

th
e 

ex
po

su
re

 ra
te

 o
ve

r a
 le

ng
th

 o
f t

im
e 

th
at

 is
 b

io
lo

gi
ca

lly
 

(to
xi

co
lo

gi
ca

lly
) r

el
ev

an
t 

 

•
Av

er
ag

e 
da

ily
 d

os
e 

(A
DD

) i
s a

 c
om

m
on

 d
os

e 
m

et
ric

 
 

•
AD

D 
= 

Ex
po

su
re

 C
on

c 
x 

Ex
po

su
re

 F
ac

to
r x

 E
xp

os
ur

e 
Du

ra
tio

n 
x 

Ex
po

su
re

 F
re

qu
en

cy
 

 
 

 
 

Bo
dy

 W
ei

gh
t x

 A
ve

ra
gi

ng
 T

im
e 

 

•
W

he
n 

ca
lc

ul
at

in
g 

AD
D,

 a
ve

ra
gi

ng
 ti

m
e 

is 
ge

ne
ra

lly
 e

ith
er

 th
e 

pe
rio

d 
of

 e
xp

os
ur

e 
or

 
th

e 
le

ng
th

 o
f a

 ty
pi

ca
l l

ife
tim

e.
 

 
•

Le
t’s

 lo
ok

 a
t a

n 
ex

am
pl

e 
of

 c
al

cu
la

tin
g 

th
e 

AD
D 

fo
r b

ot
h 

th
e 

pe
rio

d 
of

 e
xp

os
ur

e 
an

d 
a 

lif
et

im
e 

 
 

21
 

 

Ca
lc

ul
at

in
g 

Pe
rio

d 
Av

er
ag

e 
Da

ily
 D

os
e 

•
Ca

lc
ul

at
e 

th
e 

AD
D 

ov
er

 th
e 

ex
po

su
re

 p
er

io
d 

fo
r t

hi
s h

yp
ot

he
tic

al
 sc

en
ar

io
:  

ar
se

ni
c 

is 
pr

es
en

t i
n 

dr
in

ki
ng

 w
at

er
 o

f a
 c

om
m

un
ity

 a
t a

 c
on

ce
nt

ra
tio

n 
of

 2
2 

m
ic

ro
gr

am
s p

er
 li

te
r. 

Ea
ch

 m
em

be
r o

f t
he

 c
om

m
un

ity
 c

on
su

m
es

 0
.2

 li
te

rs
 o

f w
at

er
 th

re
e 

tim
es

 a
 d

ay
, r

es
id

es
 

in
 th

e 
co

m
m

un
ity

 fo
r 3

0 
ye

ar
s,

 li
ve

s t
o 

be
 7

0 
ye

ar
s o

ld
, a

nd
 w

ei
gh

s 6
5 

ki
lo

gr
am

s.
 

 
•

AD
D 

= 
Ex

po
su

re
 C

on
c 

x 
Ex

po
su

re
 F

ac
to

r x
 E

xp
os

ur
e 

Fr
eq

ue
nc

y 
x 

Ex
po

su
re

 D
ur

at
io

n 
 

 
 

 
Bo

dy
 W

ei
gh

t x
 A

ve
ra

gi
ng

 T
im

e 
 

 
 

= 
22

 u
g/

L 
x 

0.
2 

L/
dr

in
ki

ng
 e

ve
nt

 x
 3

 d
rin

ki
ng

 e
ve

nt
s/

d 
x 

30
 y

ea
rs

 
 

 
 

 
 

65
 k

g 
x 

30
 y

ea
rs

 
 

 
 

 
 

= 
0.

2 
ug

/k
g/

d 
 

 
Th

e 
av

er
ag

e 
da

ily
 d

os
e 

ov
er

 th
e 

ex
po

su
re

 p
er

io
d 

fo
r a

 m
em

be
r o

f t
he

 c
om

m
un

ity
 is

 
0.

2 
m

ic
ro

gr
am

 o
f a

rs
en

ic
 p

er
 k

ilo
gr

am
 b

od
y 

w
ei

gh
t p

er
 d

ay
. 

  
22

 

 

Ca
lc

ul
at

in
g 

Li
fe

tim
e 

Av
er

ag
e 

Da
ily

 D
os

e 
•

Ca
lc

ul
at

e 
th

e 
AD

D 
ov

er
 th

e 
ex

po
su

re
 p

er
io

d 
fo

r t
hi

s h
yp

ot
he

tic
al

 sc
en

ar
io

:  
ar

se
ni

c 
is 

pr
es

en
t i

n 
dr

in
ki

ng
 w

at
er

 o
f a

 c
om

m
un

ity
 a

t a
 c

on
ce

nt
ra

tio
n 

of
 2

2 
m

ic
ro

gr
am

s p
er

 li
te

r. 
Ea

ch
 m

em
be

r o
f t

he
 c

om
m

un
ity

 c
on

su
m

es
 0

.2
 li

te
rs

 o
f w

at
er

 th
re

e 
tim

es
 a

 d
ay

, r
es

id
es

 
in

 th
e 

co
m

m
un

ity
 fo

r 3
0 

ye
ar

s,
 li

ve
s t

o 
be

 7
0 

ye
ar

s o
ld

, a
nd

 w
ei

gh
s 6

5 
ki

lo
gr

am
s.

 
 

•
AD

D 
= 

Ex
po

su
re

 C
on

c 
x 

Ex
po

su
re

 F
ac

to
r x

 E
xp

os
ur

e 
Fr

eq
ue

nc
y 

x 
Ex

po
su

re
 D

ur
at

io
n 

 
 

 
 

Bo
dy

 W
ei

gh
t x

 A
ve

ra
gi

ng
 T

im
e 

 
 

 
= 

22
 u

g/
L 

x 
0.

2 
L/

dr
in

ki
ng

 e
ve

nt
 x

 3
 d

rin
ki

ng
 e

ve
nt

s/
d 

x 
30

 y
ea

rs
 

 
 

 
 

 
65

 k
g 

x 
70

 y
ea

rs
 

 
 

 
 

 
= 

0.
09

 u
g/

kg
/d

 
 

 
Th

e 
lif

et
im

e 
av

er
ag

e 
da

ily
 d

os
e 

fo
r a

 m
em

be
r o

f t
he

 c
om

m
un

ity
 is

 0
.0

9 
m

ic
ro

gr
am

 o
f 

ar
se

ni
c 

pe
r k

ilo
gr

am
 b

od
y 

w
ei

gh
t p

er
 d

ay
. 

  
23

 

 

69



•
M

ea
su

re
m

en
ts

 o
f c

he
m

ic
al

s i
n 

bi
ol

og
ic

al
 

tis
su

e 
or

 fl
ui

ds
 

–
co

m
po

un
ds

 o
f i

nt
er

es
t o

r t
he

ir 
m

et
ab

ol
ite

s 
–

bl
oo

d,
 u

rin
e,

 h
ai

r, 
na

ils
, e

xh
al

ed
 b

re
at

h 
 

•
Ad

va
nt

ag
es

 
–

Ch
ar

ac
te

riz
e 

to
ta

l d
os

e 
of

 a
 c

on
ta

m
in

an
t f

ro
m

 a
ll 

so
ur

ce
s o

f e
xp

os
ur

e 
fo

r a
 p

ar
tic

ul
ar

 ti
m

e 
–

Ca
n 

be
 m

or
e 

pr
ed

ic
tiv

e 
of

 h
ea

lth
 ri

sk
 th

an
 

ex
te

rn
al

 m
ea

su
re

s o
f e

xp
os

ur
e 

–
U

se
fu

l f
or

 st
at

us
 a

nd
 tr

en
ds

 a
na

ly
sis

 a
s w

el
l a

s 
id

en
tif

yi
ng

 th
e 

en
vi

ro
nm

en
ta

l a
nd

 d
em

og
ra

ph
ic

 
de

te
rm

in
an

ts
 o

f e
xp

os
ur

e 
 

•
Di

sa
dv

an
ta

ge
 - 

di
ffi

cu
lty

 in
 c

ha
ra

ct
er

izi
ng

 
th

e 
in

di
vi

du
al

 so
ur

ce
s w

hi
ch

 c
on

tr
ib

ut
e 

to
 

to
ta

l e
xp

os
ur

e 

Re
co

ns
tr

uc
tio

n:
 B

io
m

ar
ke

rs
 o

f E
xp

os
ur

e 

24
 

 
•

He
al

th
 p

ro
te

ct
iv

e 
be

nc
hm

ar
ks

 p
ro

vi
de

 a
 st

an
da

rd
 a

ga
in

st
 w

hi
ch

 w
e 

ca
n 

de
te

rm
in

e 
w

he
th

er
 e

xp
os

ur
e 

is 
ac

ce
pt

ab
le

 (o
r n

ot
), 

hi
gh

 o
r l

ow
, i

n 
a 

ra
ng

e 
th

at
 w

ar
ra

nt
s f

ur
th

er
 e

va
lu

at
io

n.
 

 
•

He
al

th
 p

ro
te

ct
iv

e 
be

nc
hm

ar
ks

 a
re

 o
fte

n 
ex

pr
es

se
d 

in
 u

ni
ts

 o
f e

xp
os

ur
e 

– 
fo

r e
xa

m
pl

e,
 th

e 
av

er
ag

e 
da

ily
 d

os
e 

of
 a

 c
he

m
ic

al
 th

at
 is

 li
ke

ly
 to

 b
e 

w
ith

ou
t a

pp
re

ci
ab

le
 ri

sk
 o

f a
dv

er
se

 e
ffe

ct
s o

ve
r a

 li
fe

tim
e 

 
•

Th
er

ef
or

e,
 c

om
pa

rin
g 

an
 e

st
im

at
e 

of
 e

xp
os

ur
e 

to
 a

 h
ea

lth
 p

ro
te

ct
iv

e 
be

nc
hm

ar
k 

ca
n 

pr
ov

id
e 

a 
pr

el
im

in
ar

y 
ch

ar
ac

te
riz

at
io

n 
of

 ri
sk

 
 

•
Th

es
e 

co
nc

ep
ts

 w
ill

 b
e 

ad
dr

es
se

d 
fu

rt
he

r i
n 

th
e 

ris
k 

ch
ar

ac
te

riz
at

io
n 

se
ct

io
n 

of
 th

e 
w

or
ks

ho
p 

   

Ro
le

 o
f E

xp
os

ur
e 

in
 A

ss
es

si
ng

 R
is

k 

25
 

 

Ro
ad

m
ap

 fo
r 

Ex
po

su
re

 
As

se
ss

m
en

t 

26
 

Is
 th

e 
gu

id
el

in
e 

va
lu

e 
ex

pr
es

se
d 

as
 a

 
co

nc
en

tra
tio

n,
 in

ta
ke

 
ra

te
or

 c
an

ce
r s

lo
pe

 
fa

ct
or

?

Pr
oc

ee
d 

to
 ri

sk
 c

ha
ra

ct
er

iz
at

io
n

N
o

In
ta

ke
 ra

te
or

 sl
op

e 
fa

ct
or

Y
es

D
ra

w
 u

po
n 

ou
tp

ut
 fr

om
 th

e 
ha

za
rd

 
id

en
tif

ic
at

io
n 

an
d 

do
se

-r
es

po
ns

e 
st

ep
s 

to
 d

et
er

m
in

e 
th

e 
en

vi
ro

nm
en

ta
l 

m
ed

ia
, r

ou
te

s o
f e

xp
os

ur
e,

 a
nd

 
av

er
ag

in
g 

tim
es

 th
at

 a
re

 a
pp

ro
pr

ia
te

 
fo

r t
he

 si
tu

at
io

n

Es
tim

at
e 

th
e 

co
nc

en
tra

tio
n 

in
 th

e
ex

po
su

re
 m

ed
iu

m
 fo

r t
he

 
ap

pr
op

ria
te

 a
ve

ra
gi

ng
 ti

m
e

Es
tim

at
e 

th
e 

ra
te

 o
f c

on
ta

ct
 

w
ith

 th
e 

m
ed

iu
m

Is
 th

e
co

nc
en

tra
tio

n 
of

 th
e 

ch
em

ic
al

 in
 

th
e 

ex
po

su
re

 m
ed

iu
m

 
kn

ow
n?

Es
tim

at
e 

th
e 

ex
po

su
re

 ra
te

C
on

ce
nt

ra
tio

n

M
ea

su
re

m
en

t 
ap

pr
oa

ch
es

M
od

el
in

g 
ap

pr
oa

ch
es

So
ur

ce
: W

HO
 T

oo
lk

it 
fo

r 
Hu

m
an

 H
ea

lth
 R

isk
 

As
se

ss
m

en
t: 

Ch
em

ic
al

 
Ha

za
rd

s 

In
te

rn
at

io
na

l R
es

ou
rc

es
 - 

G
en

er
al

 

Li
nk

s t
o 

th
e 

do
cu

m
en

ts
 o

n 
th

is 
pa

ge
 a

nd
 th

e 
ne

xt
 p

ag
e 

ca
n 

be
 fo

un
d 

in
 th

e 
W

HO
 

EH
C 

21
4 

Hu
m

an
 E

xp
os

ur
e 

As
se

ss
m

en
t 

ht
tp

:/
/w

w
w

.in
ch

em
.o

rg
/d

oc
um

en
ts

/e
hc

/e
hc

/e
hc

21
4.

ht
m

 

70



In
te

rn
at

io
na

l R
es

ou
rc

es
 –

 R
ou

te
s a

nd
 M

ed
ia

 

Li
nk

s t
o 

th
e 

do
cu

m
en

ts
 o

n 
th

is 
pa

ge
 a

nd
 th

e 
pr

ev
io

us
 p

ag
e 

ca
n 

be
 fo

un
d 

in
 th

e 
W

HO
 E

HC
 2

14
 H

um
an

 E
xp

os
ur

e 
As

se
ss

m
en

t 
ht

tp
:/

/w
w

w
.in

ch
em

.o
rg

/d
oc

um
en

ts
/e

hc
/e

hc
/e

hc
21

4.
ht

m
 

•
Th

e 
pu

rp
os

e 
of

 e
xp

os
ur

e 
as

se
ss

m
en

t i
s t

o 
de

te
rm

in
e 

th
e 

ro
ut

e 
by

 w
hi

ch
 p

eo
pl

e 
or

 
ec

ol
og

ic
al

 re
ce

pt
or

s 
co

m
e 

in
to

 co
nt

ac
t w

ith
 a

 h
az

ar
do

us
 su

bs
ta

nc
e 

an
d 

th
e 

m
ag

ni
tu

de
 

of
 th

at
 e

xp
os

ur
e,

 in
cl

ud
in

g 
th

e 
fr

eq
ue

nc
y 

an
d 

du
ra

tio
n.

 
•

Ex
po

su
re

 c
an

 o
cc

ur
 th

ro
ug

h 
in

ge
st

io
n,

 in
ha

la
tio

n,
 a

nd
 a

bs
or

pt
io

n 
th

ro
ug

h 
th

e 
sk

in
. T

he
 

ty
pe

 a
nd

 li
ke

lih
oo

d 
of

 e
ffe

ct
 fr

om
 in

ta
ke

 o
f a

 h
az

ar
do

us
 su

bs
ta

nc
e 

ca
n 

di
ffe

r b
y 

ro
ut

e 
of

 
ex

po
su

re
.  

•
Ex

po
su

re
 is

 c
om

m
on

ly
 q

ua
nt

ifi
ed

 in
 o

ne
 o

f s
ev

er
al

 fo
rm

s:
 e

xp
os

ur
e 

co
nc

en
tr

at
io

n;
 

ex
po

su
re

 ra
te

; a
ve

ra
ge

 d
ai

ly
 d

os
e 

•
Ex

po
su

re
 m

ay
 b

e 
ba

se
d 

on
 m

ea
su

re
m

en
ts

 o
r m

at
he

m
at

ic
al

 m
od

el
s o

f t
he

 a
m

ou
nt

 o
f t

he
 

co
nt

am
in

an
t i

n 
va

rio
us

 m
ed

ia
 (a

ir,
 w

at
er

) a
nd

 a
n 

es
tim

at
e 

of
 h

um
an

 in
ta

ke
 o

f t
he

se
 

m
ed

ia
 u

nd
er

 d
iff

er
en

t a
ct

iv
ity

 p
at

te
rn

s.
 

•
Kn

ow
le

dg
e 

ab
ou

t t
he

 p
at

h 
th

at
 a

 h
az

ar
do

us
 su

bs
ta

nc
e 

fo
llo

w
s t

hr
ou

gh
 a

n 
en

vi
ro

nm
en

t 
is 

im
po

rt
an

t f
or

 (i
) u

nd
er

st
an

di
ng

 so
ur

ce
s 

th
at

 c
on

tr
ib

ut
e 

to
 e

xp
os

ur
e 

an
d 

(ii
) i

de
nt

ify
in

g 
op

po
rt

un
iti

es
 to

 m
an

ag
e 

ris
k.

  
•

In
fo

rm
at

io
n 

on
 b

ac
kg

ro
un

d 
le

ve
ls 

of
 h

az
ar

do
us

 su
bs

ta
nc

es
 in

 e
nv

iro
nm

en
ta

l m
ed

ia
 a

nd
 

de
fa

ul
t v

al
ue

s f
or

 b
re

at
hi

ng
 ra

te
s,

 c
on

su
m

pt
io

n 
of

 w
at

er
 a

nd
 fo

od
, a

nd
 a

bs
or

pt
io

n 
ac

ro
ss

 th
e 

sk
in

 a
re

 a
va

ila
bl

e 
fr

om
 a

ut
ho

rit
at

iv
e 

in
te

rn
at

io
na

l, 
na

tio
na

l, 
an

d 
sc

ie
nt

ifi
c 

or
ga

ni
za

tio
ns

. 

Ke
y 

M
es

sa
ge

s 
 

71



Ri
sk

 C
ha

ra
ct

er
iza

tio
n 

1 

Pr
es

en
ta

tio
n

by
:

D
r.

D
av

id
M

ac
In

to
sh

A
PE

C
ris

k
as

se
ss

m
en

ta
nd

ris
k

m
an

ag
em

en
tw

or
ks

ho
p

N
ov

em
be

r7
-8

,2
01

3
B

an
gk

ok
,T

ha
ila

nd

Le
ar

ni
ng

 O
bj

ec
tiv

es
 

•
By

 th
e 

en
d 

of
 th

is 
m

od
ul

e,
 p

ar
tic

ip
an

ts
 s

ho
ul

d 
ha

ve
 a

n 
un

de
rs

ta
nd

in
g 

of
: 

–
Th

e 
pu

rp
os

e 
of

 ri
sk

 c
ha

ra
ct

er
iza

tio
n 

–
In

te
gr

at
in

g 
th

e 
re

su
lts

 o
f h

az
ar

d 
id

en
tif

ic
at

io
n,

 
ha

za
rd

 c
ha

ra
ct

er
iza

tio
n,

 a
nd

 e
xp

os
ur

e 
as

se
ss

m
en

t 
–

Co
m

m
on

 m
et

ric
s u

se
d 

to
 d

es
cr

ib
e 

ris
k 

–
Ap

pr
oa

ch
es

 fo
r d

isc
us

sin
g 

un
ce

rt
ai

nt
ie

s,
 

as
su

m
pt

io
ns

, a
nd

 sc
ie

nt
ifi

c 
ju

dg
m

en
ts

 
  

2 

Ke
y 

M
es

sa
ge

s 
•

Ri
sk

 c
ha

ra
ct

er
iza

tio
n,

 th
e 

la
st

 st
ep

 in
 a

 ri
sk

 a
ss

es
sm

en
t, 

is 
a 

qu
al

ita
tiv

e 
or

 
qu

an
tit

at
iv

e 
st

at
em

en
t a

bo
ut

 th
e 

lik
el

ih
oo

d 
of

 h
ar

m
 a

ss
oc

ia
te

d 
w

ith
 

ex
po

su
re

 to
 a

n 
ag

en
t i

nc
lu

di
ng

 th
e 

id
en

tif
ic

at
io

n 
an

d 
co

ns
id

er
at

io
n 

of
 

at
te

nd
an

t u
nc

er
ta

in
tie

s.
 

•
Li

ke
lih

oo
d 

of
 h

ar
m

 is
 d

et
er

m
in

ed
 b

y 
co

m
bi

ni
ng

 re
su

lts
 o

f t
he

 h
az

ar
d 

ch
ar

ac
te

riz
at

io
n 

st
ep

 a
nd

 th
e 

ex
po

su
re

 a
ss

es
sm

en
t s

te
p.

 
•

Fr
eq

ue
nt

ly
 u

se
d 

qu
an

tit
at

iv
e 

m
ea

su
re

s o
f r

isk
 a

re
 th

e 
ha

za
rd

 in
de

x,
 e

xc
es

s 
lif

et
im

e 
ca

nc
er

 ri
sk

, a
nd

 m
ar

gi
n 

of
 e

xp
os

ur
e.

 
•

Ri
sk

 c
an

 a
lso

 b
e 

ch
ar

ac
te

riz
ed

 q
ua

nt
ita

tiv
el

y 
by

 c
om

pa
rin

g 
ex

po
su

re
 

co
nc

en
tr

at
io

ns
 fo

r a
n 

ag
en

t i
n 

an
 e

nv
iro

nm
en

ta
l m

ed
iu

m
 to

 c
or

re
sp

on
di

ng
 

gu
id

el
in

e 
va

lu
es

 d
er

iv
ed

 fr
om

 a
ut

ho
rit

at
iv

e 
or

ga
ni

za
tio

ns
 su

ch
 a

s t
he

 
W

or
ld

 H
ea

lth
 O

rg
an

iza
tio

n 
an

d 
na

tio
na

l a
ge

nc
ie

s 
•

Th
e 

ou
tp

ut
 o

f r
isk

 c
ha

ra
ct

er
iza

tio
n 

sh
ou

ld
 b

e 
pr

es
en

te
d 

in
 a

 m
an

ne
r t

ha
t 

en
su

re
s t

ha
t t

he
 ri

sk
 m

an
ag

er
 a

nd
 ri

sk
 c

om
m

un
ic

at
or

 u
nd

er
st

an
d 

th
e 

bi
ol

og
ic

al
 m

ea
ni

ng
 a

nd
 u

nc
er

ta
in

tie
s o

f t
he

 ri
sk

 a
ss

es
sm

en
t a

nd
 h

ow
 

th
es

e 
ca

n 
im

pa
ct

 o
n 

th
ei

r r
es

po
ns

ib
ili

tie
s.

  
3 

Bi
ol

og
ic

al
, 

ch
em

ic
al

, p
hy

si
ca

l 
an

d 
so

ci
al

 
de

te
rm

in
an

ts
 o

f t
he

 
cr

iti
ca

l e
ve

nt
s 

le
ad

in
g 

fro
m

 
re

le
as

e 
of

 to
xi

c 
ag

en
ts

 in
to

 th
e 

en
vi

ro
nm

en
t t

o 
re

su
lti

ng
 d

is
ea

se
 

or
 in

ju
ry

 in
 p

eo
pl

e 
or

 th
e 

en
vi

ro
nm

en
t

Em
is

si
on

 
so

ur
ce

(s
)

En
vi

ro
nm

en
ta

l 
co

nc
en

tra
tio

ns

Ex
po

su
re

In
te

rn
al

 d
os

e

Ad
ve

rs
e 

ef
fe

ct
(s

)

Po
llu

ta
nt

 tr
an

sp
or

t, 
tra

ns
fo

rm
at

io
n 

an
d 

fa
te

 p
ro

ce
ss

es

D
em

og
ra

ph
ic

, 
ge

og
ra

ph
ic

, l
ife

st
yl

e 
an

d 
ec

ol
og

ic
al

 
at

tri
bu

te
s

Ph
ar

m
ac

ok
in

et
ic

s1

Ph
ar

m
ac

od
yn

am
ic

s2

W
ha

t e
nv

iro
nm

en
ta

l 
ex

po
su

re
s 

ar
e 

ex
pe

ct
ed

 to
 o

cc
ur

, 
an

d 
w

ha
t i

s 
th

e 
re

su
lti

ng
 d

os
e 

to
 

ta
rg

et
 ti

ss
ue

?

W
ha

t i
s 

th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

do
se

 to
 

th
e 

ta
rg

et
 ti

ss
ue

 
an

d 
ad

ve
rs

e 
ef

fe
ct

s?

Is
 th

e 
en

vi
ro

nm
en

ta
l 

ag
en

t c
ap

ab
le

 o
f 

ca
us

in
g 

an
 

ad
ve

rs
e 

ef
fe

ct
?

W
ha

t i
s 

th
e 

es
tim

at
ed

 ri
sk

 
fro

m
 

an
tic

ip
at

ed
 

ex
po

su
re

?

Ex
po

su
re

 
as

se
ss

m
en

t 

Ha
za

rd
 

ch
ar

ac
te

riz
at

io
n 

Ha
za

rd
 

id
en

tif
ic

at
io

n 

Ri
sk

 
ch

ar
ac

te
riz

at
io

n 

1  P
ha

rm
ac

ok
in

et
ic

s -
 w

ha
t t

he
 b

od
y 

do
es

 to
 th

e 
ag

en
t 

2  P
ha

rm
ac

od
yn

am
ic

s -
 w

ha
t t

he
 a

ge
nt

 d
oe

s t
o 

th
e 

bo
dy

 

M
ec

ha
ni

st
ic

 b
as

is
 fo

r t
he

 
se

qu
en

ce
 o

f e
ve

nt
s 

in
 th

e 
en

vi
ro

nm
en

ta
l h

ea
lth

 p
ar

ad
ig

m

E
nv

iro
nm

en
ta

l 
he

al
th

 p
ar

ad
ig

m
R

is
k 

as
se

ss
m

en
t f

ra
m

ew
or

k

4 

72



Ri
sk

 =
 H

az
ar

d 
x 

Ex
po

su
re

 

Ri
sk

 C
ha

ra
ct

er
iza

tio
n-

Th
e 

qu
al

ita
tiv

e 
an

d,
 w

he
re

ve
r 

po
ss

ib
le

, q
ua

nt
ita

tiv
e 

de
te

rm
in

at
io

n,
 in

cl
ud

in
g 

at
te

nd
an

t 
un

ce
rt

ai
nt

ie
s,

 o
f t

he
 p

ro
ba

bi
lit

y 
of

 o
cc

ur
re

nc
e 

of
 k

no
w

n 
an

d 
po

te
nt

ia
l a

dv
er

se
 e

ffe
ct

s o
f a

n 
ag

en
t i

n 
a 

gi
ve

n 
or

ga
ni

sm
, s

ys
te

m
, o

r (
su

b)
po

pu
la

tio
n,

 u
nd

er
 d

ef
in

ed
 

ex
po

su
re

 co
nd

iti
on

s  
 

Ri
sk

= 
Ha

za
rd

 x
 E

xp
os

ur
e 

5 

M
aj

or
 C

om
po

ne
nt

s o
f R

is
k 

Ch
ar

ac
te

riz
at

io
n 

•
St

at
e 

th
e 

ob
je

ct
iv

e 
of

 th
e 

as
se

ss
m

en
t 

 
•

Q
ua

nt
ita

tiv
e 

or
 q

ua
lit

at
iv

e 
st

at
em

en
t o

f l
ik

el
ih

oo
d 

of
 h

ar
m

 
 

•
Di

sc
us

sio
n 

–
As

su
m

pt
io

ns
 a

nd
 u

nc
er

ta
in

tie
s 

–
Id

en
tif

y 
al

te
rn

at
iv

e 
in

te
rp

re
ta

tio
ns

 
–

Di
st

in
gu

ish
 sc

ie
nt

ifi
c 

co
nc

lu
sio

ns
 fr

om
 p

ol
ic

y 
ju

dg
m

en
ts

 

6 

St
at

em
en

t o
f O

bj
ec

tiv
e 

•
W

ha
t p

op
ul

at
io

n 
ha

s t
he

 p
ot

en
tia

l t
o 

be
 a

t r
isk

? 
 

•
W

ha
t i

s t
he

 ti
m

e 
pe

rio
d 

of
 c

on
ce

rn
? 

 
•

W
he

re
 is

 th
e 

ex
po

su
re

 lo
ca

te
d 

an
d 

th
ro

ug
h 

w
ha

t m
ed

ia
? 

 
•

W
ha

t i
s t

he
 a

ge
nt

(s
) o

f c
on

ce
rn

? 
 

•
W

ha
t a

re
 th

e 
he

al
th

 e
ffe

ct
s o

f c
on

ce
rn

? 

7 

St
at

e 
Li

ke
lih

oo
d 

of
 H

ar
m

 

•
Ty

pi
ca

lly
 a

 p
ro

ba
bi

lis
tic

 st
at

em
en

t b
as

ed
 u

po
n 

co
m

pa
rin

g 
th

e 
am

ou
nt

 o
f e

xp
os

ur
e 

to
 a

pp
lic

ab
le

 b
en

ch
m

ar
ks

 
 

•
Ex

am
pl

es
 o

f r
isk

 st
at

em
en

ts
 fr

om
 v

ar
io

us
 c

ou
nt

rie
s (

YY
 to

 b
e 

fil
le

d 
in

) 
 

8 

73



Ap
pl

ic
ab

le
 B

en
ch

m
ar

ks
 

•
Co

nv
en

tio
ns

 fo
r d

e 
m

in
im

us
 o

r a
cc

ep
ta

bl
e 

ris
k 

 
•

He
al

th
 p

ro
te

ct
iv

e 
gu

id
an

ce
 le

ve
ls 

 
•

Gu
id

el
in

e 
le

ve
ls 

fo
r c

on
ce

nt
ra

tio
ns

 o
f c

he
m

ic
al

s i
n 

sp
ec

ifi
c 

m
ed

ia
, s

uc
h 

as
 

ai
r, 

w
at

er
, s

oi
l, 

se
di

m
en

t, 
an

d 
fo

od
 

 
•

N
or

m
at

iv
e 

le
ve

ls 
su

ch
 a

s c
on

ce
nt

ra
tio

ns
 a

nd
 e

xp
os

ur
es

 th
at

 a
re

 ty
pi

ca
l 

an
d 

pr
es

um
ab

ly
 to

le
ra

te
d 

or
 a

cc
ep

te
d 

 
•

So
ur

ce
s:

 in
te

rn
at

io
na

l a
nd

 n
at

io
na

l o
rg

an
iza

tio
ns

; s
ci

en
tif

ic
 li

te
ra

tu
re

 

9 

Ro
ad

m
ap

 fo
r R

is
k 

Ch
ar

ac
te

riz
at

io
n 

10
 

O
bt

ai
n 

th
e 

gu
id

an
ce

 v
al

ue

R
ev

ie
w

 th
e 

ob
je

ct
iv

e 
of

 th
e 

as
se

ss
m

en
t

O
bt

ai
n 

th
e 

ca
nc

er
 

sl
op

e 
fa

ct
or

 fo
r t

he
 

ch
em

ic
al

 (C
SF

)

D
oe

s t
he

 a
ss

es
sm

en
t 

qu
es

tio
n 

re
qu

ire
 

co
m

pa
ris

on
 to

 a
 

gu
id

an
ce

 o
r c

al
cu

la
tio

n 
of

 c
an

ce
r r

is
k?

C
al

cu
la

te
 ex

ce
ss

 li
fe

tim
e 

ca
nc

er
 ri

sk
: p

ro
du

ct
 o

f 
ex

po
su

re
 m

et
ric

 a
nd

 
C

SF

C
om

pa
re

 to
gu

id
an

ce
 v

al
ue

Is
 e

xp
os

ur
e 

le
ss

 th
an

, e
qu

al
 

to
, o

r g
re

at
er

 th
an

 g
ui

de
lin

e?
Is

 E
LC

R
 in

 th
e 

ra
ng

e 
of

 
ac

ce
pt

ab
le

 ri
sk

?

O
bt

ai
n 

th
e 

ex
po

su
re

 
m

et
ric

 d
er

iv
ed

 fr
om

 th
e 

ex
po

su
re

 as
se

ss
m

en
t

C
al

cu
la

te
 th

e 
ha

za
rd

 
in

de
x:

 ex
po

su
re

 
co

nc
en

tra
tio

n 
or

 ra
te

 
di

vi
de

d 
by

 g
ui

da
nc

e 
va

lu
e

C
al

cu
la

te
 

ca
nc

er
 ri

sk

R
ep

or
t r

es
ul

ts
 to

 ri
sk

 
m

an
ag

em
en

t t
ea

m

So
ur

ce
: W

HO
 T

oo
lk

it 
fo

r H
um

an
 H

ea
lth

 R
isk

 A
ss

es
sm

en
t: 

Ch
em

ic
al

 H
az

ar
ds

 

Co
nv

en
tio

ns
 fo

r d
e 

m
in

im
us

 R
is

k 

11
 

Hu
m

an
,  

N
on

-C
an

ce
r 

Hu
m

an
,  

Ca
nc

er
 

Ec
ol

og
ic

al
 

Ex
po

su
re

 ra
te

 b
el

ow
 

th
re

sh
ol

d 
fo

r a
dv

er
se

 
ef

fe
ct

 

Pr
ob

ab
ili

ty
 o

f a
 tu

m
or

 
is 

ac
ce

pt
ab

ly
 lo

w
 

Ex
po

su
re

 co
nc

en
tr

at
io

n 
be

lo
w

 th
re

sh
ol

d 
fo

r 
ad

ve
rs

e 
ef

fe
ct

 

Co
nv

en
tio

n 

He
al

th
 P

ro
te

ct
iv

e 
G

ui
da

nc
e 

Le
ve

ls
 

12
 

Hu
m

an
,  

N
on

-C
an

ce
r 

Hu
m

an
,  

Ca
nc

er
 

Ec
ol

og
ic

al
 

Ex
po

su
re

 b
el

ow
 th

re
sh

ol
d 

fo
r a

dv
er

se
 e

ffe
ct

 
Pr

ob
ab

ili
ty

 o
f a

 tu
m

or
 

is 
ac

ce
pt

ab
ly

 lo
w

 
Ex

po
su

re
 co

nc
en

tr
at

io
n 

be
lo

w
 th

re
sh

ol
d 

fo
r 

ad
ve

rs
e 

ef
fe

ct
 

Pe
rio

d 
av

er
ag

e 
da

ily
 

do
se

 (P
AD

D)
 

Li
fe

tim
e 

av
er

ag
e 

da
ily

 d
os

e 
(L

AD
D)

 
Pr

ed
ic

te
d 

en
vi

ro
nm

en
ta

l 
co

nc
en

tr
at

io
n 

(P
EC

) 

Ha
za

rd
 q

uo
tie

nt
 (H

Q
) 

Ex
ce

ss
 li

fe
tim

e 
ca

nc
er

 ri
sk

 (E
LC

R)
 

Ha
za

rd
 q

uo
tie

nt
 (H

Q
) 

HQ
 =

 P
AD

D/
AD

I (
or

 o
th

er
) 

EL
CR

 =
 L

AD
D 

x 
CS

F 
HQ

 =
 P

EC
/P

N
EC

 

Co
nv

en
tio

n 

Ex
po

su
re

 In
pu

t 

AD
I, 

TD
I, 

Rf
D,

 R
fC

, B
M

D,
 

et
c.

 
Ca

nc
er

 sl
op

e 
fa

ct
or

 (C
SF

) 
Pr

ed
ic

te
d 

N
o 

Ef
fe

ct
 

Co
nc

en
tr

at
io

n 
(P

N
EC

) 

Ha
za

rd
 

Ch
ar

ac
te

riz
at

io
n 

In
pu

t 

Ri
sk

 M
et

ric
 

Ca
lc

ul
at

io
n 

74



Ch
ar

ac
te

riz
at

io
n 

of
 N

on
-C

an
ce

r R
is

k 

Av
er

ag
e 

Da
ily

 D
os

e 
   

Gu
id

an
ce

 V
al

ue
 

HQ
 <

 1
   

 
Th

e 
ch

em
ic

al
 e

xp
os

ur
e 

is 
le

ss
 th

an
 th

e 
be

nc
hm

ar
k;

 
un

lik
el

y 
to

 re
su

lt 
in

 a
dv

er
se

 
ef

fe
ct

 

HQ
 >

 1
  

 
Th

e 
ex

po
su

re
 is

 g
re

at
er

 th
an

 
th

e 
be

nc
hm

ar
k;

 p
ot

en
tia

l 
ris

k 

•
Ha

za
rd

 Q
uo

tie
nt

 (H
Q

) 
 •

A 
m

et
ric

 fo
r e

va
lu

at
in

g 
th

e 
ris

k 
as

so
ci

at
ed

 w
ith

 e
xp

os
ur

e 
to

 
ch

em
ic

al
s t

ha
t m

ay
 c

au
se

 (n
on

-
ca

nc
er

) e
ffe

ct
s 

 
•

Ca
lc

ul
at

ed
 a

s t
he

 ra
tio

 o
f a

ve
ra

ge
 

da
ily

 to
 a

 g
ui

de
lin

e 
va

lu
e 

 
•

Gu
id

el
in

e 
va

lu
es

 fo
r a

 w
id

e 
ra

ng
e 

of
 

ch
em

ic
al

s a
re

 a
va

ila
bl

e 
fro

m
 

in
te

rn
at

io
na

l a
nd

 n
at

io
na

l r
es

ou
rc

es
 

(r
ef

er
 to

 th
e 

Ha
za

rd
 C

ha
ra

ct
er

iza
tio

n 
se

ct
io

n 
of

 th
e 

w
or

ks
ho

p)
 

Ha
za

rd
 Q

uo
tie

nt
 =

  
d

l

13
 

Ex
am

pl
e:

 H
az

ar
d 

Q
uo

tie
nt

 

Av
er

ag
e 

Da
ily

 D
os

e 
   

Gu
id

an
ce

 V
al

ue
 

•
Re

ca
ll 

ou
r e

xa
m

pl
e 

of
 p

er
io

d 
av

er
ag

e 
ex

po
su

re
 to

 a
rs

en
ic

 in
 d

rin
ki

ng
 w

at
er

 th
at

 
w

as
 p

re
se

nt
ed

 in
 th

e 
ex

po
su

re
 se

ct
io

n 
of

 
th

e 
w

or
ks

ho
p 

 
•

O
bj

ec
tiv

e:
 ch

ar
ac

te
riz

e 
th

e 
ris

k 
of

 sy
st

em
ic

 
ef

fe
ct

s t
o 

hu
m

an
 h

ea
lth

 a
ss

oc
ia

te
d 

w
ith

 
th

at
 e

xp
os

ur
e 

 
•

Av
er

ag
e 

Da
ily

 D
os

e:
 0

.2
 m

ic
ro

gr
am

s o
f 

ar
se

ni
c p

er
 k

ilo
gr

am
 b

od
y 

w
ei

gh
t p

er
 d

ay
 

 
•

Gu
id

an
ce

 v
al

ue
s 

•
2 
μg

/k
g/

d 
– 

Jo
in

t F
AO

/W
HO

 E
xp

er
t 

Co
m

m
itt

ee
 o

n 
Fo

od
 A

dd
iti

ve
s 

•
0.

3 
μg

/k
g/

d 
– 

U.
S.

 E
nv

iro
nm

en
ta

l 
Pr

ot
ec

tio
n 

Ag
en

cy
 

Ha
za

rd
 Q

uo
tie

nt
 =

  
G

id
V

l

FA
O

/W
HO

 B
en

ch
m

ar
k 

Ha
za

rd
 Q

uo
tie

nt
 =

 
0.

2 
μg

/k
g/

d 
   

2 
μg

/k
g/

d 
 = 

0.
1 

H
Q

 le
ss

th
an

 1
1

EP
A 

Be
nc

hm
ar

k 
Ha

za
rd

 Q
uo

tie
nt

 =
 

0.
2 
μg

/k
g/

d 
   

0.
3 
μg

/k
g/

d 
 = 

0.
67

 
H

Q
 le

ss
th

an
 1 14

 

Ch
ar

ac
te

riz
at

io
n 

of
 C

an
ce

r R
is

k 

Li
fe

tim
e 

Av
er

ag
e 

Da
ily

 D
os

e 
x 

Ca
nc

er
 S

lo
pe

 F
ac

to
r 

EL
CR

 <
 1

0-6
 

 
Ex

ce
ss

 li
fe

tim
e 

ca
nc

er
 ri

sk
 le

ss
 th

an
 1

 in
 a

 m
ill

io
n 

is 
ty

pi
ca

lly
 co

ns
id

er
ed

 
de

 m
in

im
us

 o
r n

eg
lig

ib
le

 
EL

CR
 >

 1
0-4

 

 
Ex

ce
ss

 li
fe

tim
e 

ca
nc

er
 ri

sk
 g

re
at

er
 th

an
 1

 in
 te

n 
th

ou
sa

nd
 is

 a
 c

om
m

on
 

be
nc

hm
ar

k 
fo

r g
at

he
rin

g 
ad

di
tio

na
l i

nf
or

m
at

io
n 

or
 re

la
xi

ng
 co

ns
er

va
tiv

e 
as

su
m

pt
io

ns
 th

at
 m

ay
 b

e 
us

ed
 in

 a
 sc

re
en

in
g 

an
al

ys
is 

•
Ex

ce
ss

 li
fe

tim
e 

ca
nc

er
 ri

sk
 

(E
LC

R)
 

 

•
A 

m
et

ric
 fo

r q
ua

nt
ify

in
g 

ris
k 

as
so

ci
at

ed
 w

ith
 e

xp
os

ur
e 

to
 

ch
em

ic
al

s t
ha

t m
ay

 c
au

se
 c

an
ce

r 
 

•
Ca

lc
ul

at
ed

 a
s t

he
 p

ro
du

ct
 o

f 
do

se
 a

nd
 th

e 
ca

nc
er

 sl
op

e 
fa

ct
or

 

EL
CR

  =
  

15
 

•
In

fo
rm

at
io

n 
on

 c
ar

ci
no

ge
ni

ci
ty

 
of

 c
he

m
ic

al
s i

s a
va

ila
bl

e 
fro

m
 

in
te

rn
at

io
na

l a
nd

 n
at

io
na

l 
re

so
ur

ce
s (

re
fe

r t
o 

th
e 

Ha
za

rd
 

Ch
ar

ac
te

riz
at

io
n 

se
ct

io
n 

of
 th

e 
w

or
ks

ho
p)

 

Ex
am

pl
e:

 E
xc

es
s L

ife
tim

e 
Ca

nc
er

 R
is

k 

•
Re

ca
ll 

ou
r e

xa
m

pl
e 

of
 p

er
io

d 
av

er
ag

e 
ex

po
su

re
 to

 a
rs

en
ic

 in
 d

rin
ki

ng
 w

at
er

 
th

at
 w

as
 p

re
se

nt
ed

 in
 th

e 
ex

po
su

re
 

se
ct

io
n 

of
 th

e 
w

or
ks

ho
p 

 
•

O
bj

ec
tiv

e:
 c

ha
ra

ct
er

ize
 th

e 
ris

k 
of

 
sy

st
em

ic
 e

ffe
ct

s t
o 

hu
m

an
 h

ea
lth

 
as

so
ci

at
ed

 w
ith

 th
at

 e
xp

os
ur

e 
 

16
 

•
Li

fe
tim

e 
Av

er
ag

e 
Da

ily
 D

os
e:

 0
.0

9 
m

ic
ro

gr
am

s o
f a

rs
en

ic
 p

er
 k

ilo
gr

am
 

bo
dy

 w
ei

gh
t p

er
 d

ay
 

 
•

Gu
id

an
ce

 v
al

ue
s 

•
1.

5 
pe

r m
g/

kg
/d

 - 
 U

.S
. E

nv
iro

nm
en

ta
l 

Pr
ot

ec
tio

n 
Ag

en
cy

 

EL
CR

 =
 L

ife
tim

e 
Av

er
ag

e 
Da

ily
 D

os
e 

x 
Ca

nc
er

 S
lo

pe
 F

ac
to

r 

= 
0.

09
 u

g/
kg

/d
 x

 1
 m

g/
10

3  u
g 

x 
1.

5 
pe

r m
g/

kg
/d

 

= 
1.

35
 X

 1
0-4

 

Th
e 

ex
tr

a 
ris

k 
of

 c
an

ce
r a

ss
oc

ia
te

d 
w

ith
 li

fe
tim

e 
ex

po
su

re
 to

 a
rs

en
ic

 in
 

dr
in

ki
ng

 w
at

er
 is

 1
.3

5 
in

 1
0,

00
0 

or
 a

pp
ro

xi
m

at
el

y 
0.

01
%

 

75



Ch
ar

ac
te

riz
at

io
n 

of
 E

co
lo

gi
ca

l R
is

k 

•
Ha

za
rd

 Q
uo

tie
nt

= 
PE

C/
PN

EC
 

 
HQ

 <
 1

   
N

o 
im

m
ed

ia
te

 c
on

ce
rn

 

HQ
 =

 1
-1

0 
 

O
f c

on
ce

rn
 if

 su
pp

ly
 v

ol
um

es
 in

cr
ea

se
 

HQ
= 

10
-1

00
 

Fu
rt

he
r d

at
a 

re
qu

ire
 

HQ
 >

 1
00

 
Re

du
ce

 ri
sk

 im
m

ed
ia

te
ly

 

18
 

Gu
id

an
ce

 v
al

ue
s 

fo
r n

on
-c

an
ce

r 
ef

fe
ct

s;
 sl

op
e 

fa
ct

or
s f

or
 c

an
ce

r 

Ex
po

su
re

 B
en

ch
m

ar
ks

 
Ex

po
su

re
 Fa

ct
or

s 
Co

nc
en

tr
at

io
n 

Be
nc

hm
ar

ks
 

In
ta

ke
 ra

te
s f

or
 

en
vi

ro
nm

en
ta

l m
ed

ia
: 

ai
r, 

w
at

er
, f

oo
d,

 so
il 

Gu
id

el
in

e 
va

lu
es

 
fo

r c
he

m
ic

al
s i

n 
ai

r, 
w

at
er

, f
oo

d,
 

so
il 

M
ed

ia
-S

pe
ci

fic
 C

he
m

ic
al

 C
on

ce
nt

ra
tio

ns
 

as
 B

en
ch

m
ar

ks
 

He
al

th
 p

ro
te

ct
iv

e 
co

nc
en

tr
at

io
ns

 fo
r 

ch
em

ic
al

s i
n 

en
vi

ro
nm

en
ta

l m
ed

ia
 a

re
 b

ac
k-

ca
lc

ul
at

ed
 fr

om
 c

on
ve

nt
io

ns
 fo

r a
cc

ep
ta

bl
e 

le
ve

ls 
of

 ri
sk

; g
ui

da
nc

e 
va

lu
es

 fo
r a

dv
er

se
 

ef
fe

ct
s,

 e
xp

os
ur

e 
fa

ct
or

s a
nd

 e
xp

os
ur

e 
fr

om
 

ot
he

r p
at

hw
ay

s o
r m

ed
ia

. 

  

19
 

Ty
pe

 o
f 

Be
nc

hm
ar

k
Ty

pe
 o

f E
ff

ec
t

Be
nc

hm
ar

k
De

sc
rip

tio
n 

of
 th

e 
Be

nc
hm

ar
k

U
ni

ts
N

ot
e

So
ur

ce

Ai
r q

ua
lit

y 
gu

id
el

in
es

W
HO

Am
bi

en
t a

ir 
qu

al
ity

 
st

an
da

rd
s

US
EP

A 
an

d 
ot

he
rs

Dr
in

ki
ng

 w
at

er
 q

ua
lit

y 
gu

id
el

in
es

Co
ns

id
er

s i
nt

ak
e 

fr
om

 
ot

he
r m

ed
ia

W
HO

M
ax

im
um

 C
on

ta
m

in
an

t 
Le

ve
ls

 fo
r d

rin
ki

ng
 

w
at

er
Co

ns
id

er
s i

nt
ak

e 
fr

om
 

dr
in

ki
ng

 w
at

er
 o

nl
y

US
EP

A 
an

d 
ot

he
rs

Ri
sk

-b
as

ed
 

co
nc

en
tr

at
io

ns

An
 e

st
im

at
e 

of
 th

e 
co

nc
en

tr
at

io
n 

of
 co

nt
am

in
an

ts
 

in
 a

ir,
 w

at
er

, a
nd

 so
il 

th
at

 is
 

in
te

nd
ed

 to
 b

e 
he

al
th

 
pr

ot
ec

tiv
e

Va
rio

us

La
rg

e 
nu

m
be

r o
f 

co
nt

am
in

an
ts

 
co

ns
id

er
ed

; v
al

ue
s d

o 
no

t c
on

si
de

r i
nt

ak
e 

fr
om

 o
th

er
 m

ed
ia

US
EP

A 
an

d 
ot

he
rs

m
g/

L,
 μ

g/
L,

 
pp

m
, p

pb

M
ed

ia
-s

pe
ci

fic
 

Co
nc

en
tr

at
io

ns

N
on

-c
an

ce
r a

nd
 

ca
nc

er
. B

en
ch

m
ar

k 
va

lu
e 

is
 th

e 
lo

w
er

 
of

 th
e 

tw
o 

co
nc

en
tr

at
io

ns
 th

at
 

yi
el

d 
ex

po
su

re
 

eq
ui

va
le

nt
 to

 th
e 

no
n-

ca
nc

er
 o

r 
ca

nc
er

 ri
sk

 
co

nv
en

tio
n 

fo
r 

ac
ce

pt
ab

le
 ri

sk

An
 e

st
im

at
e 

of
 th

e 
co

nc
en

tr
at

io
n 

of
 se

le
ct

ed
  

po
llu

ta
nt

s i
n 

ou
td

oo
r a

ir 
th

at
 is

 
in

te
nd

ed
 to

 b
e 

he
al

th
 

pr
ot

ec
tiv

e;
 se

pa
ra

te
 v

al
ue

s f
or

 
di

ff
er

en
t a

ve
ra

gi
ng

 ti
m

es

μg
/m

3  o
r p

pb

Pa
rt

ic
ul

at
e 

m
at

te
r, 

su
lfu

r d
io

xi
de

, n
itr

og
en

 
di

ox
id

e,
 ca

rb
on

 
m

on
ox

id
e,

 o
zo

ne
 a

nd
 

le
ad

An
 e

st
im

at
e 

of
 th

e 
co

nc
en

tr
at

io
n 

of
 co

nt
am

in
an

ts
 

in
 d

rin
ki

ng
 w

at
er

 th
at

 is
 

in
te

nd
ed

 to
 b

e 
he

al
th

 
pr

ot
ec

tiv
e

Ty
pe

s o
f M

ed
ia

-S
pe

ci
fic

 G
ui

de
lin

e 
Va

lu
es

 

 

Ex
am

pl
e 

of
 M

ed
ia

-S
pe

ci
fic

 G
ui

de
lin

e 
Va

lu
es

 

2.
 C

on
ta

ct
 R

at
e 

Va
ria

bi
lit

y:
 

ͻ
W

at
er

 
co

ns
um

pt
io

n 
ͻ

In
ha

la
tio

n 
ͻ

Fo
od

 co
ns

um
pt

io
n 

ͻ
De

rm
al

 co
nt

ac
t 

3.
 E

xp
os

ur
e 

Ra
te

 
Va

ria
bi

lit
y:

 

ͻ
N

at
ur

al
 so

ur
ce

s 
ͻ

Cu
ltu

ra
l 

pr
ac

tic
es

 
ͻ

Li
fe

st
yl

e 
ch

oi
ce

s 

1 

20
 

76



N
or

m
at

iv
e 

Le
ve

ls
 a

s B
en

ch
m

ar
ks

 

•
Co

nc
en

tr
at

io
ns

 a
nd

 e
xp

os
ur

es
 th

at
 a

re
 ty

pi
ca

l a
nd

 p
re

su
m

ab
ly

 
to

le
ra

te
d 

or
 a

cc
ep

te
d 

 

•
An

 a
pp

ro
ac

h 
fo

r p
ro

vi
di

ng
 c

on
te

xt
 to

 q
ua

nt
ita

tiv
e 

es
tim

at
es

 o
f 

ex
po

su
re

 a
nd

 ri
sk

 
 

•
In

fo
rm

at
io

n 
on

 n
or

m
at

iv
e 

le
ve

ls 
is 

av
ai

la
bl

e 
fro

m
 in

te
rn

at
io

na
l a

nd
 

na
tio

na
l r

es
ou

rc
es

 
•

W
HO

 E
nv

iro
nm

en
ta

l H
ea

lth
 C

rit
er

ia
 se

rie
s 

•
W

HO
 C

IC
AD

 se
rie

s 
 

21
 

Ex
am

pl
e 

of
 N

or
m

at
iv

e 
Le

ve
ls

 

22
 

St
an

da
rd

 
ra

di
at

io
n 

do
se

 
fr

om
 cl

ea
ra

nc
e 

le
ve

l 

So
ur

ce
: J

ap
an

 M
in

ist
ry

 o
f E

du
ca

tio
n,

 C
ul

tu
re

, S
po

rt
s,

 S
ci

en
ce

 a
nd

 Te
ch

no
lo

gy
 

Di
sc

us
si

on
 

•
Ri

sk
 c

ha
ra

ct
er

iza
tio

n 
sh

ou
ld

 in
cl

ud
e 

an
 e

va
lu

at
io

n 
of

 th
e 

ov
er

al
l q

ua
lit

y 
of

 th
e 

as
se

ss
m

en
t 

 
•

Fa
ir 

an
d 

op
en

 p
re

se
nt

at
io

n 
of

 th
e 

un
ce

rt
ai

nt
ie

s i
n 

th
e 

ca
lc

ul
at

io
ns

 a
nd

 a
 c

ha
ra

ct
er

iza
tio

n 
of

 
ho

w
 re

lia
bl

e 
(o

r h
ow

 u
nr

el
ia

bl
e)

 th
e 

re
su

lti
ng

 ri
sk

 e
st

im
at

es
 re

al
ly

 a
re

 
 

•
De

sc
rib

e 
th

e 
de

gr
ee

 o
f c

on
fid

en
ce

 th
e 

as
se

ss
or

s 
ha

ve
 in

 th
e 

es
tim

at
es

 a
nd

 co
nc

lu
sio

ns
 

 
•

id
en

tif
y 

th
e 

st
re

ng
th

s a
nd

 u
nc

er
ta

in
tie

s o
f t

he
 ri

sk
 a

ss
es

sm
en

t  
–

Q
ua

lit
y 

an
d 

qu
an

tif
y 

of
 a

va
ila

bl
e 

da
ta

 
–

Ga
ps

 in
 th

e 
da

ta
 o

n 
ex

po
su

re
 o

r d
os

e-
re

sp
on

se
 

–
U

nd
er

st
an

di
ng

 o
f b

io
lo

gi
ca

l m
ec

ha
ni

sm
s 

–
Sc

ie
nt

ifi
c j

ud
gm

en
ts

 th
at

 w
er

e 
us

ed
 to

 b
rid

ge
 g

ap
s i

n 
in

fo
rm

at
io

n 

 
•

Ty
pe

s o
f u

nc
er

ta
in

tie
s a

nd
 a

ss
um

pt
io

ns
 ty

pi
ca

lly
 a

dd
re

ss
ed

 in
 ri

sk
 c

ha
ra

ct
er

iza
tio

n 
–

Ag
re

em
en

t b
et

w
ee

n 
an

im
al

 to
xi

co
lo

gy
 a

nd
 h

um
an

 st
ud

ie
s t

ha
t a

dd
re

ss
 d

os
e-

re
sp

on
se

 re
la

tio
ns

hi
ps

 
–

Re
al

ism
 o

f e
xp

os
ur

e 
sc

en
ar

io
s 

–
W

he
th

er
 th

e 
as

su
m

pt
io

ns
 m

ad
e 

ar
e 

lik
el

y 
to

 o
ve

re
st

im
at

e 
or

 u
nd

er
es

tim
at

e 
ris

k 

23
 

In
te

rn
at

io
na

l R
es

ou
rc

es
 

24
 

77



Ke
y 

M
es

sa
ge

s 
•

Ri
sk

 c
ha

ra
ct

er
iza

tio
n,

 th
e 

la
st

 st
ep

 in
 a

 ri
sk

 a
ss

es
sm

en
t, 

is 
a 

qu
al

ita
tiv

e 
or

 
qu

an
tit

at
iv

e 
st

at
em

en
t a

bo
ut

 th
e 

lik
el

ih
oo

d 
of

 h
ar

m
 a

ss
oc

ia
te

d 
w

ith
 

ex
po

su
re

 to
 a

n 
ag

en
t i

nc
lu

di
ng

 th
e 

id
en

tif
ic

at
io

n 
an

d 
co

ns
id

er
at

io
n 

of
 

at
te

nd
an

t u
nc

er
ta

in
tie

s.
 

•
Li

ke
lih

oo
d 

of
 h

ar
m

 is
 d

et
er

m
in

ed
 b

y 
co

m
bi

ni
ng

 re
su

lts
 o

f t
he

 h
az

ar
d 

ch
ar

ac
te

riz
at

io
n 

st
ep

 a
nd

 th
e 

ex
po

su
re

 a
ss

es
sm

en
t s

te
p.

 
•

Fr
eq

ue
nt

ly
 u

se
d 

qu
an

tit
at

iv
e 

m
ea

su
re

s o
f r

isk
 a

re
 th

e 
ha

za
rd

 in
de

x,
 e

xc
es

s 
lif

et
im

e 
ca

nc
er

 ri
sk

, a
nd

 m
ar

gi
n 

of
 e

xp
os

ur
e.

 
•

Ri
sk

 c
an

 a
lso

 b
e 

ch
ar

ac
te

riz
ed

 q
ua

nt
ita

tiv
el

y 
by

 c
om

pa
rin

g 
ex

po
su

re
 

co
nc

en
tr

at
io

ns
 fo

r a
n 

ag
en

t i
n 

an
 e

nv
iro

nm
en

ta
l m

ed
iu

m
 to

 c
or

re
sp

on
di

ng
 

gu
id

el
in

e 
va

lu
es

 d
er

iv
ed

 fr
om

 a
ut

ho
rit

at
iv

e 
or

ga
ni

za
tio

ns
 su

ch
 a

s t
he

 
W

or
ld

 H
ea

lth
 O

rg
an

iza
tio

n 
an

d 
na

tio
na

l a
ge

nc
ie

s 
•

Th
e 

ou
tp

ut
 o

f r
isk

 c
ha

ra
ct

er
iza

tio
n 

sh
ou

ld
 b

e 
pr

es
en

te
d 

in
 a

 m
an

ne
r t

ha
t 

en
su

re
s t

ha
t t

he
 ri

sk
 m

an
ag

er
 a

nd
 ri

sk
 c

om
m

un
ic

at
or

 u
nd

er
st

an
d 

th
e 

bi
ol

og
ic

al
 m

ea
ni

ng
 a

nd
 u

nc
er

ta
in

tie
s o

f t
he

 ri
sk

 a
ss

es
sm

en
t a

nd
 h

ow
 

th
es

e 
ca

n 
im

pa
ct

 o
n 

th
ei

r r
es

po
ns

ib
ili

tie
s.

  
25

 

78



Pr
es

en
ta

tio
n

by
:

D
r.

M
ar

io
Ya

rt
o

in
co

lla
bo

ra
tio

n
w

ith
D

r.
D

av
id

M
ac

In
to

sh
A

PE
C

ris
k

as
se

ss
m

en
ta

nd
ris

k
m

an
ag

em
en

tw
or

ks
ho

p
N

ov
em

be
r7

-8
,2

01
3

B
an

gk
ok

,T
ha

ila
nd

–  –  –  –  –  – 

•  • 
–  –  – 

79



–  – 
–  –  – 

• 
–  –  – 

• 
–  – 

•  •  • 
• 

–  – 

•  •  • 

• 
–  –  –  –  –  – 

• 
–  – 

•  • 
–  –  –  –  – 

80



•  • 

– 
•  •  • 

– 
•  • 

– 
•  •  • 

• 
–  –  –  – 

•  • 
–  –  –  –  –  –  –  –  – 

• 

–  – 

• 
–  –  –  –  – 

•  • 
–  –  –  –  –  –  –  – 

81



•  •  • 
–  –  –  –  – 

•  •  • 

•  • 
–  –  –  – 

• 
–  –  – 

•  •  • 
–  –  – 

82



•  • 

•  •  •  • 

•  •  • 

•  •  •  •  • 

83



• 

–  –  – 

•  •  •  •  •  •  •  • 

•  •  • 

•  •  • 

–  –  –  – 

•  •  •  •  •  • 

84



• 
–  –  –  – 

•  • 
– 

•  • 
– 

• 
– 

• 

–  –  –  – 

• 

–  –  – 
•  •  •  •  • 

• 

–  – 
•  •  •  •  • 

– 
•  • 

– 
• 

85



Pr
es

en
ta

tio
n

by
:

D
r.

M
ar

io
Ya

rt
o

in
co

lla
bo

ra
tio

n
w

ith
D

r.
D

av
id

M
ac

In
to

sh
A

PE
C

ris
k

as
se

ss
m

en
ta

nd
ris

k
m

an
ag

em
en

tw
or

ks
ho

p
N

ov
em

be
r7

-8
,2

01
3

B
an

gk
ok

,T
ha

ila
nd

•  •  •  • 

86



•  • 

•  • 

•  •  •  •  •  • 

87



• 

•  •  • 

• 

•  •  • 

• 

•  •  • 

88



•  •  •  • 

•  •  •  • 

•  •  •  • 

•
•

•

•
•

•

•
•

•

•
•

•

•  •  •  •  •  •  •  • 

89



90



 

91 
 

APPENDIX VIII.  TRAINING MATERIALS (CASE STUDIES)
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Including Transformation Products
into the Risk Assessment for
Chemicals: The Case of
Nonylphenol Ethoxylate Usage in
Switzerland
K A T H R I N F E N N E R , C O R N E L I S K O O I J M A N ,
M A R T I N S C H E R I N G E R , * A N D
K O N R A D H U N G E R B Ü H L E R

Laboratory of Chemical Engineering, Swiss Federal Institute of
Technology, ETH Hönggerberg, CH-8093 Zürich, Switzerland

A method for applying the risk assessment approach
using ratios of predicted environmental concentrations
(PECs) and predicted no-effect concentrations (PNECs) to
mixtures of parent compounds and their environmental
transformation products is presented. Nonylphenol ethoxylates
(NPnEOs) and a selection of their most relevant transfor-
mation products are investigated as a case study illustrating
the method. The PEC values of NPnEO and its transformation
products are calculated with a regional multimedia fate
model including the transformation kinetics of the NPnEO
degradation cascade. PNEC values are derived from a
selection of toxicity data on NPnEO and its transformation
products. The toxicity of the emerging mixture of NPnEO
and its transformation products is then estimated under the
assumption of concentration addition (similar mode of
action). On this basis, PEC-to-PNEC ratios for the aquatic
environment and the sediment are calculated for the
individual components of the mixture and the mixture itself.
For this purpose, average release rates of NPnEO and
its transformation products from Swiss sewage treatment
plants were used. While the PEC values of the individual
components do not exceed the corresponding PNEC values,
the risk quotient of the mixture in water is greater than
1. In sediment, the mixture does not exceed a risk quotient
of 1. A combination of sensitivity and scenario analyses
is employed to identify the upper and lower bounds of the
results.

Introduction
Many chemicals are transformed to structurally related
transformation products in the environment before they are
mineralized. Each of these transformation products displays
its own toxicity and persistence. Accordingly, the EU
Technical Guidance Document on the risk assessment of
notified new substances (TGD) states a need to include such
transformation products into risk assessment for chemicals
(ref 1, Part II, p 253). However, common practice of risk
assessment does not cover the transformation products of
industrial chemicals for several reasons: (i) the relevant
transformation products have to be identified and charac-
terized, (ii) the transformation kinetics has to be explored,

(iii) the group of chemicals forms a complex mixture that is
difficult to assess, and (iv) toxicity data for transformation
products is often lacking. (For pesticides, the regulatory
requirements in Europe are more stringent than for other
industrial chemicals in that the identification, analysis, and
risk assessment of all relevant metabolites is mandatory for
their registration (2, 3).) All of these tasks pose methodological
problems and increase the time and effort required for the
assessment. Accordingly, there are only a limited number of
studies dealing with the risk assessment of transformation
products of industrial chemicals (e.g., refs 2 and 4-8).

One approach to include transformation products into
the risk assessment of their parent compounds is to identify
important transformation products, such as DDE formed
out of DDT or nonylphenol stemming from nonylphenol
ethoxylates, and to perform a risk assessment for these
substances individually (2, 9). However, this approach does
not account for a variety of other transformation products
being present at the same time nor does it cover the toxicity
of this mixture of different chemicals.

In an alternate approach, Fenner et al. (7) and Quartier
and Müller-Herold (8) have included the transformation
kinetics into the assessment. They have calculated the
environmental exposure to parent compounds and trans-
formation products as they are being formed in the degra-
dation cascade. Here, as a next step, we include the effect
assessment into this approach so that a risk assessment in
terms of a risk quotient (quotient of predicted environmental
concentrations (PEC) and predicted no-effect concentrations
(PNEC)) can be accomplished. We investigate the still widely
used nonylphenol ethoxylates (NPnEO) and their transfor-
mation products, including short-chain NPEOs, nonylphen-
oxy carboxylic acids, and nonylphenol, as a case study
(short: NPEs).

First, we calculate predicted environmental concentra-
tions of the different chemicals with an open regional
multimedia fate model that reflects the conditions in
Switzerland and includes the transformation kinetics of
NPnEO (10). Next, the toxicity of the emerging mixture of
NPnEO and its transformation products is assessed under
the assumption of a similar mode of action of the single
compounds and, therefore, concentration addition (11, 12).
The combination of fate modeling and mixture toxicity
assessment leads to a risk quotient for the entire group of
chemicals. Finally, to explore the reliability of the results, we
carry out a sensitivity and scenario analysis and compare
the results to those from two other risk assessments of
nonylphenol and nonylphenol ethoxylates (9, 12).

The overall aim of the study is to demonstrate how the
concomitant release and formation of transformation prod-
ucts can be included into the risk assessment of parent
compounds and to argue in favor of such an inclusion into
the practice of risk assessment.

Methods
Multimedia Model for Switzerland. To calculate predicted
environmental concentrations (PECs), a regional steady-state
(level III) model for Switzerland including the environmental
media soil (s), water (w), air (a), and sediment (sed) has been
set up (Figure 1). It describes the multimedia behavior and
fate of NPnEO and of all of its transformation products, as
well as the transformation reactions shown in Figure 2. Each
transformation reaction is represented in the model calcula-
tions in terms of media-specific fractions of formation, θi

xy,
which indicate the relative amount of a precursor x that is
transformed into a transformation product y. The math-

* Corresponding author phone: +41-1-632-30-62; fax: +41-1-
632-11-89; e-mail: scheringer@tech.chem.ethz.ch.
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ematical implementation is the same as described elsewhere
(7) and is presented in more detail in the Supporting
Information (Section A).

Intermedia transfer processes are similar to those in refs
13 and 14, whereas all media dimensions and some envi-
ronmental properties have been modified to be specific to

Switzerland. The media dimensions and all parameters
deviating from the globally averaged properties in ref 13 are
given in Table 1. In addition, a surface mixed sediment layer
(SMSL) has been introduced as a fourth medium, and the
model has been changed to represent an open system (i.e.,
it is assumed that the chemical can be removed from the
system through advective transport in air and water and
through burial into the permanent sediment). The quanti-
fication of the transfer processes in the SMSL model and of
the removal processes is described in the Supporting
Information (Section A).

Solving the model for steady-state conditions as described
in the Supporting Information (Section A) results in a
concentration vector cstst (in mol/m3), which contains the
steady-state concentrations for each chemical x in each
compartment i. These are used as predicted environmental
concentrations (PECs) to calculate the risk quotients.

Risk Quotient for a Mixture of Parent Compound and
Transformation Products. For a single compound x, the
risk to the organisms living in a given environmental
compartment is commonly expressed as risk quotient (RQx),
which compares the concentration cx of the compound x in
that compartment to some measure of its toxicity (e.g., ECl

x

(EC ) effect concentration, l ) effect level in percent of
affected organisms)).

To describe the environmental risk posed by the mixture
of a chemical and its emerging transformation products, ways
of predicting the risk of the mixture from the toxicity of the
individual components are needed. To this end, the concept
of mixture toxicity, up to now mainly used for the assessment
of mixtures that were initially released as such, is applied.
The components of a chemical mixture can act either
interactively (synergistically or antagonistically) or without
interaction (through similar or dissimilar modes of action)
on a given target organism. Because information about the
interaction between components is often lacking and difficult
to deduce from the chemical structures, no interaction is
assumed in most cases as a first estimate (15, pp 107-111).
Two basic concepts can be distinguished in this case. The
first is independent action (IA; also, response addition),
assuming that the mixture components act independently
on different receptor systems. The second is concentration
addition (CA), which means that the mixture components
have the same mode of action and the same slope of their
dose-effect curves so that, at each concentration level, one
component can be substituted by an equi-effective amount
of another component.

For calculating the risk of the mixture of parent compound
and transformation products, we assume CA (for a discussion
of this assumption and the mode of toxic action of NPEs, see
Supporting Information, Section B). CA has been shown
experimentally (16) and numerically (17) to overestimate the
mixture toxicity of independently acting chemicals by
maximally a factor of 10. Therefore, CA might be considered

TABLE 1. Model Dimensions and Transport Parameters for Switzerland (CH)
Compartment Dimensions

phase depth value (m)
compartment

volume CH value (m3)
interfacial

area CH value (m2)

soil (hs) 0.1 soil (vs) 3.96 × 109 air/soil 3.96 × 1010

water (hw) 3 water (vw) 5.20 × 109 air/water 1.73 × 109

air (ha) 1000 air (va) 4.13 × 1013 total (area) 4.13 × 1010

sediment (hsed) 0.02 sediment (vsed) 3.47 × 107

Environmental Properties Different from Values in Ref 13
parameter symbol value

rain rate CH urain 4 × 10-3 m/d
wind velocity uwind 4.32 × 105 m/d
water outflow CH Uwater 1.46 × 108 m3/d

FIGURE 1. Open four-compartment model for Switzerland. In each
compartment (soil (s), water (w), air (a), and sediment (sed)), all
chemicals x undergo first-order degradation (Ki

x) and transformation
(Ki

xy ) θi
xyKi

x), advective and diffusive transfer processes between
the compartments (uik

x ), and advective transport out of the system
(Kout,i). Substances are emitted into the model system as secondary
effluents into water (Iw

x) and, adsorbed to sewage sludge, into soil
(Is

x).

FIGURE 2. Simplified transformation scheme of NPnEO in waste-
water treatment plants and in natural environments according to
refs 12 and 34. Numbers of reactions are used in Table 2.
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an appropriate approach for a routine effect assessment of
most types of chemical mixtures (16).

Given CA, the concentrations of all of the components of
a mixture can be transformed into an equivalent concentra-
tion cEQ

ref of a reference compound by summing up the
concentration of each component multiplied by its relative
potency RPx. The relative potency RPx is defined as the ratio
of the toxic potency of the reference compound (ECl

ref)
divided by that of the compound x (ECl

x). The total risk of
the mixture can then be assessed by comparing the equivalent
concentration cEQ

ref with a given toxicity threshold of the
reference compound (eq 1).

Equation 1 shows the usual expression for the mixture
risk quotient (1, 12, 15, 18) indicating that, under the
assumption of concentration addition, the risk for exposure
to a mixture can be expressed as the sum of the single risk
quotients RQx of all of the toxicants of concern. Equation 1
implies that several subthreshold (i.e., ineffective) exposures
could have a cumulative adverse effect.

In the methodology suggested here, the concentration of
the single substances is not measured but predicted by means
of the previously described multimedia model. Therefore,
predicted environmental concentrations PECx are used
instead of measured concentrations cx to determine the risk
quotients. Also, not the measured effect concentrations ECl

x

are used as toxicity thresholds but predicted no-effect
concentrations PNECx, which are extrapolated from the ECl

x

values by applying extrapolation factors EFx that account
for inter- and intraspecies variability, acute to chronic
extrapolation, and extrapolation from observed effects to
predicted no-effect levels, thus PNEC ) ECl

x/EFx. Accordingly,
the definition for the mixture risk quotient RQmix as used
here is

According to the EU TGD (1), an EF of 1000 is applied if
only acute toxicity data (L(E)C50) are available for a substance.
This EF can be lowered (100, 50, or 10) if long-term studies
have been conducted. The value of the EF then depends on
the number of trophic levels for which long-term endpoints
were measured and on whether the species with the lowest
NOEC (no-observed effect concentration) also shows the
lowest acute toxicity (1).

Case Study: Nonylphenol Ethoxylates
Usage of Nonylphenol Ethoxylates in Switzerland. Non-
ylphenol ethoxylates (NPE) are high production volume
chemicals that have been used for over 40 years as detergents,
emulsifiers, and dispersing agents. NPE containing products
are used in many sectors, including textile processing, pulp
and paper processing, oil and gas recovery, steel manufac-
turing, and power generation (12). In Switzerland, NPE were
banned from use in domestic cleaning agents in 1987.
However, industrial NPE usage still exceeds 400 tons per
year in Switzerland (19). The current use leads to a total NPE
amount of 240 t treated yearly in Swiss sewage treatment
plants, of which approximately 45% (i.e., 108 t/y) are still

found in the secondary effluents (60%) and digested sewage
(40%) (20). A detailed derivation of the yearly releases of the
different NPE components in secondary effluents of Swiss
sewage treatment plants is given in the Supporting Informa-
tion (Section C). It results in the following estimated releases
of the different NPE components: 18.7 t/y of long-chain
NPnEO, 14.7 t/y of short-chain NP1/2EO (approximate ratio
3:1), 30.7 t/y of carboxylic acids NP1/2EC (approximate ratio
1:6), and 2.7 t/y of NP in secondary effluents, as well as 18.7
t/y of NP applied to the soil with the sewage sludge. These
releases are used as model inputs.

Fate of NPnEO and Its Transformation Products in the
Natural Environment. The partition coefficients and half-
lives of the compounds, which are required as substance-
specific input parameters for the exposure model, are listed
in Table A3 in Section D of the Supporting Information. Half-
lives were collected from a broad set of original publications
and were adjusted to an average temperature of 283 K.

The relative importance of the degradation pathways of
NPnEO (see Figure 2) depends on the environmental
conditions (see Table 2). If there is enough oxygen present,
as is the case in surface water and upper soil layers, the
carboxylation of NPnEO to NP1EC and NP2EC is favored.
Therefore, the fractions of formation θ1,s and θ1,w are estimated
to be 0.7 (see Table 2). In aerobic media, NP is expected to
mineralize quickly. So, the fractions of formation of NP in
aerobic compartments, θ3,s, θ3,w, θ8,s, and θ8,w, are set to 0
(note, however, that the mineralization of NP1EC and NP1EO
proceeds through NP).

In the sediment, where there are anaerobic spots, NP
formed out of NP1EC or NP1EO may be more persistent.
Because the exact fraction of persistent NP being formed is
not known, the formation of persistent NP from NP1EC and
NP1EO and direct mineralization of NP1EC and NP1EO are
assumed to be equally important (θ3,sed is set to 0.5 and θ8,sed

to 0.25). Further, under anaerobic conditions, the formation
of NP2EO from NPnEO becomes more important than under
aerobic conditions; therefore, the fraction of formation θ4,sed

is set to 0.5.
The importance of oxidation of NP2EO to NP2EC and of

NP1EO to NP1EC is not known exactly, so the fractions of
formation θ5,i and θ7,i are set to 0.5 for all media i (see Table
2).

In air, efficient degradation by attack of OH radicals is
assumed. The pathways of this process are, therefore, not
modeled explicitly.

Toxicity of NPnEO and Its Transformation Products. To
derive a predicted no-effect concentration (PNEC) for every
single substance, a broad set of toxicity data was evaluated,
containing data from databases in refs 9, 12, 21, and 22. The
EU study (9), Servos (21), and Staples et al. (22) distinguish
between data points that are considered valid and well-

RQmix )
cEQ

ref

ECl
ref

)

∑
x

cxRPx

ECl
ref

)

∑
x

cx
ECl

ref

ECl
x

ECl
ref

)

∑
x

cx

ECl
x

) ∑
x

RQx (1)

RQmix ) ∑
x

PECx

PNECx
) ∑

x

RQx (2)

TABLE 2. Fractions of Formation in Soil, Water, and Sedimenta

reaction no.
(r)

in Figure 2

fractions of
formation

in soil
(thetar,s)

fractions of
formation
in water
(thetar,w)

fractions of
formation

in sediment
(thetar,sed)

1 0.7 0.7 0.5
2 1 1 1
3 0 0 0.5
4 0.3 0.3 0.5
5 0.5 0.5 0.5
6 0.5 0.5 0.5
7 0.5 0.5 0.5
8 0 0 0.25

a In air, no transformation reactions according to the scheme in Figure
2 are expected. The fractions of formation were determined from
transformation schemes taken from refs 34-38.
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documented and those that should be used with care. Here,
only “valid” data were included.

It is known that, besides general acute and chronic toxicity,
NPE also cause estrogenic responses in aquatic organisms
that occur at concentrations similar to those at which chronic
effects occur (23). However, the relative intensity of this effect
for the different compounds is still an unresolved issue (see
ref 23 vs ref 24). The risk through estrogenic behavior is,
therefore, not yet addressed in this study.

For all substances, PNEC values in water were deduced
from acute toxicity data by applying an EF of 1000 (see Table
3). Derived that way, the PNEC values in water reproduce
the tendency of increasing toxicity with decreasing chain
length reported by Servos (21), with NP being the most toxic
compound. Accordingly, the relative potencies (RPx) occur-
ring in eq 1 reflect the relationships between the acute toxicity
data.

PNEC values for the sediment were derived from the
PNECs in water by using the equilibrium partitioning
approach (25). The resulting values in µg/kg sediment are
also listed in Table 3.

Only for two chemicals, NP and NPnEO, there are,
according to the TGD (1), sufficient chronic data available
for deriving the aquatic PNEC from these chronic data. Using
these data for NP and NPnEO leads to different PNECs (given
in Section E of the Supporting Information) and, as a
consequence, also to different relative potencies of the
components of the mixture. These relative potencies now
reflect the relationships between the chronic NOECs of NP
and NPnEO, on the one hand, and the acute data, combined
with an implicitly assumed acute-to-chronic ratio, of the other
four compounds, on the other hand.

We think that the first choice, that is, comparing the
chemicals with respect to experimental data for the same
endpoint (acute toxicity) and with a fixed EF, leads to more
reliable relative potencies, which, in turn, are required for
the mixture toxicity assessment. Therefore, we use the PNEC
values based on EF ) 1000 in our “standard scenario”. For
comparison, we investigate the effect of the PNEC values
derived from chronic NOECs for NP and NPnEO in the
alternative scenario B1 (see following section on sensitivity
and scenario analysis and Table 5; also see Section E in the
Supporting Information).

A third approach for deducing PNECs is to analyze
distributions of species sensitivities and to define the
acceptable environmental concentration as the concentration
at which 5% of the species is exposed above their toxicity
threshold (26). In ref 12, a hazardous concentration for 5%
of the species (HC5, 40 µg/L) is determined for NP from the
log-probit transformed distribution of acute toxicity data.
Extrapolation factors of 4 and 10 are applied that account for
the acute-to-chronic ratio and for sublethal effects and
species differences, resulting in a PNECdist

NP of 1 µg/L. The
PNECs of the other substances are deduced by using factors
between 2 and 200, expressing the relative toxicities of the
chemicals. (This approach assumes the same slope of the

distributional curve as for NP for all chemicals.) These PNECs
lie by a factor of 20-200 higher than those listed in Table 3
as standard values. This third set of PNEC values is discussed
in the scenario analysis as scenario B2.

Results
Predicted Concentrations. Figure 3 shows the mole fractions
of NPnEO and its transformation products in the compart-
ments soil, water, and sediment in the steady state. In air,
no relevant amounts of any of the compounds were found.
All compounds except NP partition mainly between water
and sediment with the acids NP2EC and NP1EC found
predominantly in water because of their higher water
solubility. NP, being the only compound emitted to soil
(adsorbed to sewage sludge), is mainly found in the soil
compartment.

Water concentrations range from 0.012 µg/L for NP to
0.30 µg/L for NP2EC (see Table 4 for the concentrations of
all compounds), while concentrations in sediment range from
0.15 µg/kg for NP1EC to 5.7 µg/kg for NP1EO.

To evaluate these results, the water concentrations
obtained from the model are compared in Table 4 with
measured concentrations for five locations in Swiss rivers
(27). Only for the river Glatt measurements are given that
include NP, the short-chain ethoxylates as well as the acids.
Our calculated concentrations for these five compounds
deviate from the measured concentrations in the Glatt by a
factor of 1.2-5. For NP2EO and NP1EO, the calculated
concentrations lie within the range of the measurements at
all five locations, while the concentration calculated for NP
lies below the detection limit of the measurements.

The tendency toward underprediction in the model results
might be due to the fact that the calculations represent aver-
ages of all Swiss waters, while the measurements were con-
ducted in rivers with characteristically high anthropogenic
loads.

Sediment concentrations have not been extensively
measured yet, so a comparison with the predicted concen-
trations is not possible here.

TABLE 3. Selected Toxicity Values of NPnEO and Its Transformation Productsa

NPnEOb NP2EC NP1EC NP2EO NP1EO NPc

endpoint LC50 LC50 LC50 LC50 LC50 LC50
test duration [h] 96 48 96 48 48 96
concentration [µg/L] 900 990 2000 110 110 20.7
ref 39 40 Williams, J. B. et al.,

1996 in ref 21
39 39 Brooke, L. T., 1993a,

in ref 21
extrapolation factor (EF) 1000 1000 1000 1000 1000 1000
PNEC in water (µg/L) 0.90 0.99 2.00 0.11 0.11 0.021
PNEC in sediment (µg/kg) 83.3 3.43 6.93 86.0 79.8 27.0

a Lowest acute lethal concentrations (LC50) were taken from a database that was compiled from refs 9, 12, 21, and 22. b Values for NP9EO and
NP15EO were used. c CAS Registry Number: 84852-15-3.

FIGURE 3. Mass fractions of NPE in the compartments soil, water,
and sediment (on a molar basis). Fractions in air are below 0.1%
for each compound (not shown).
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Risk Assessment. Risk quotients were calculated for water
and sediment. The risk quotients of the individual com-
pounds, RQx, and the mixture risk quotient, RQmix, in water
are listed in Table 5 (scenario “standard”). The most relevant
result here is that none of the single compounds’ concentra-
tions reaches the corresponding effect level (all RQx below
1), but the mixture exhibits a risk quotient of 2.2 and must,
therefore, be considered potentially harmful. The biggest
contributions to the overall risk stem from the three most
toxic compounds, namely, NP, NP2EO, and NP1EO. This is
still the case, although all their concentrations are lower than
the concentrations of the other compounds (NPnEO and
short-chain acids), which are less toxic than NP by a factor
of about 50-100.

Risk quotients in sediment are generally lower. They vary
between 0.021 for NP1EC and 0.071 for NP1EO. The sequence
of compounds in order of decreasing risk in sediment is
NP1EO, NP2EC, NP, NP2EO, NPnEO, and NP1EC. The
mixture risk quotient lies below 1 with a value of 0.289.

In the following, investigations about uncertainty are
conducted for water only because the mixture risk quotient
in water lies above the critical limit.

Sensitivity and Scenario Analysis. The values of the risk
quotients in water as given for the standard scenario in Table
5 depend strongly on the assumptions and input parameters
that enter the calculation of the PEC and PNEC values. The
uncertainty in the PEC values is largely due to uncertainty
and variability in model input parameters such as the
emission rates, the degradation rates, and the partition
coefficients. It also depends on choices regarding the model
geometry and the model algorithm such as the transformation
scheme expressed by the fractions of formation θi

xy. The
uncertainty in the PNEC values stems from uncertainty about

the completeness of the collected toxicity data and from the
model chosen to extrapolate from effect concentrations to
no-effect concentrations. In the following, we discuss the
influence of the most important uncertainties on the risk
quotients RQx and RQmix.

First, the sensitivity of RQmix to changes in 68 input
parameters related to the six chemicals was investigated
(emission rates, degradation rates, partition coefficients,
PNEC values, fractions of formation). For that purpose, the
normalized sensitivity of RQmix to a one percent change in
each input parameter was evaluated as described by Morgan
and Henrion (28). All sensitivities exceeding 0.01 are shown
in Figure 4. As expected, the RQmix is most sensitive to the
PNEC values and emission rates because it is directly
proportional to these two types of parameters. The order of
these sensitivities corresponds to the extent that each
compound contributes to RQmix.

The only relevant sensitivity other than to the PNEC values
and emission rates is to the degradation rates and fractions
of formation in water. As the degradation rates and fractions
of formation contribute only indirectly to the PEC and RQ
values, they are less influential though. One surprising result
is the quite high influence of the Henry’s law constant of NP.
A possible reason for this is that its value of 11.0 (Pa‚m3)/mol
is high enough that a slight change considerably influences
the distribution of NP between water and air. This assumption
is supported by the fact that NP has been measured in air
occasionally (29).

To relate the model inherent sensitivities given in Figure
4 to the uncertainties found for the input parameters, we
defined a number of different scenarios for each type of input
parameter that the mixture risk quotient was found to be
sensitive to (degradation rates, PNEC extrapolation model,

TABLE 4. Comparison of Calculated Steady-State Concentrations cw
x, and Measured Concentrations of NPE in the River Glatt

(Switzerland) and Other Swiss Rivers (27)

cNPnEO cNP2EC cNP1EC cNP2EO cNP1EO cNP

calculated concentrations [µg/L] 0.21 0.30 0.19 0.04 0.07 0.012
measured concentrations in the river Glatt [µg/L] 0.60 0.70 0.095 0.06 0.06
measured concentrations at five locations in

Swiss rivers over the period 1997-1998 (µg/L)a
nd-0.31 (2.55)b nd-0.35 nd-0.48

a nd: below detection limit of 0.03 µg/L. b Exceedingly high value, measured in small river with high loads of NPE.

TABLE 5. Calculated RQx Values in Water of Single Components x and RQmix of the NPE Mixturea

uncertain
parameter scenario description RQNPnEO RQNP2EC RQNP1EC RQNP2EO RQNP1EO RQNP RQmix

Standard 0.229 0.304 0.094 0.323 0.645 0.568 2.16

degradation
rates

(A1) upper limit
degradation rates

0.051 0.145 0.069 0.067 0.462 0.475 1.27

(A2) lower limit
degradation rates

0.363 0.448 0.065 0.524 0.664 0.646 2.71

PNEC extrapolation
models

(B1) PNECx

calculated strictly
according to TGD

0.010 0.304 0.094 0.323 0.645 0.151 1.53

(B2) PNECx taken from
distributional assessment
in (12)

1.03 × 10-3 1.51 × 10-3 0.94 × 10-3 0.018 0.035 0.012 0.069

fractions of
formation

(C1) equal shares
for parallel reactionsb

0.229 0.299 0.087 0.369 0.655 1.833 3.47

(C2) enhanced formation
of NP2/1EC from NP2/1EO
in aerobic compartmentsc

0.229 0.317 0.107 0.323 0.591 0.567 2.13

(C3) no NP formation in the
sedimentd

0.229 0.304 0.094 0.323 0.645 0.556 2.15

a Uncertain parameters such as degradation rates and fractions of formation as well as PNEC extrapolation models are varied in the different
scenarios. The standard scenario relates to the input parameters as given in Tables 2 and 3 and in A3 in the Supporting Information. b θ1,i ) 0.5;
θ2,i ) 1; θ3,i ) 0.5; θ4,i ) 0.5; θ5,i ) 0.5; θ6,i ) 0.5; θ7,i ) 0.33; θ8,i ) 0.33. c θ5,s ) θ5,w ) 0.9; θ7,s ) θ7,w ) 0.9. d θ3,sed ) 0; θ8,sed ) 0.
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fractions of formation) and calculated the corresponding RQx

and RQmix values (see Table 5, scenarios A1-C3). For the
emission rates, no alternative scenarios were defined because
we believe that the current numbers best represent the
present emission situation of NPnEO and NP in Switzerland.

Using only the fastest degradation rates from our data
collection (scenario A1) reduced RQmix by about 41% to a
value still above the critical limit of RQmix ) 1. Using the
slowest degradation rates (scenario A2) increased the RQmix

by 25%. The biggest contributions to these changes stem
from changes in RQNP2EO, RQNPnEO, and RQNP2EC. This is mainly
due to a large spread in the degradation rate data of these
compounds.

One alternative PNEC extrapolation model is to derive
each PNECx strictly according to data availability and TGD
recommendations for extrapolation factors (scenario B1, as
mentioned previously in the case study section). This led to
higher PNEC values and, correspondingly, to lower risk
quotients for NP and NPnEO and to a reduction of RQmix

from 2.16 to 1.53.
A rather different picture is obtained (scenario B2) if the

PNEC values are used that were obtained from the distri-
butional assessment of toxicity values as it was conducted
by Environment Canada (12). This is the only scenario where
RQmix drops well below 1 to a value of 0.07 due to the fact
that the PNEC values in scenario B2 lie by a factor of 20-200
higher than those of the standard scenario (see Discussion).

Scenario C1 for the case of different transformation
schemes assumes an (in this case, hypothetical) worst-case
information situation where nothing is known about the
importance of the different pathways. Therefore, equal
fractions of formation were attributed to all parallel reactions
(i.e., 100% transformation in the case of single pathways,
50% transformation in the case of two parallel pathways,
and 33.3% transformation in the case of three parallel
pathways). This assumption was made for the soil, water,
and sediment compartments equally. This scenario C1 leads
to a considerably higher RQmix of 3.47, which is mainly due
to the scenario’s assumption that toxic NP is formed in all
compartments. The other formation scenarios, C2 and C3,
address two main uncertainties about the transformation
scheme. Scenario C2 concerns the question to what extent
the acids are formed through the oxidation of short-chain
ethoxylates (reactions 5 and 7 in Figure 2) and to what extent
they are formed directly from longer-chain ethoxylates
(reactions 1 and 2 in Figure 2). Scenario C3 represents a

situation in which the sediment environment is not suf-
ficiently anaerobic for NP to be formed, so that NP1EO and
NP1EC are directly mineralized (reactions 3a and 8a in Figure
2). Interestingly, in both scenarios, RQmix shows only small
deviations from the standard scenario ((2%). Consequently,
the importance of knowing the exact transformation scheme
seems to be low as compared to other uncertainties.

Assuming that the different scenarios in Table 5 cover the
most important uncertainties, we conclude that the uncer-
tainty of RQmix is smallest due to uncertainties in the fractions
of formation (variation of RQmix by (2% in scenarios C2 and
C3), usually within a factor of 2 for different sets of degradation
rates, but on the order of at least 1 order of magnitude for
different PNEC extrapolation models.

Discussion
We first discuss our results in the light of two other recent
risk assessments for the same substance family. The first one
is the EU risk assessment for nonylphenol (9) and the second
one is a risk assessment for nonylphenol and its ethoxylates,
conducted by Environment Canada and Health Canada (12).

In the EU risk assessment for nonylphenol, ethoxylates
were only considered under the aspect that their biotrans-
formation contributes to the biggest part of NP released into
the environment but were not assessed themselves. The EU
assessment investigates a variety of possible release scenarios
of NPE from households and industry into water. Local and
regional PECs for NP were calculated under standard worst-
case assumptions (ref 1, Part IV), thus reflecting hot spot
situations and overestimating average concentrations in
European rivers and lakes. On the toxicity side, a PNEC of
0.33 µg/L was used, which lies between the value chosen in
this study (0.021 µg/L) and the value of the Canadian study
(1 µg/L). Given these assumptions, the EU risk assessment
identifies environmental risks for nearly all applications of
NPEs as well as for the production of NP and NP derivatives
(RQ values for NP range from <0.6 up to approximately 1400).
Accordingly, a ban of NPE in all water-relevant use categories
is suggested.

In our regional model for Switzerland, the risk quotient
of nonylphenol alone is around 0.6. Obviously, if only NP
was considered, no high risk would be deduced from our
generic, regional risk assessment. However, in our analysis,
we find that NP only accounts for 2.2% of the total mass in
the water compartment and for only 26% of the total risk
stemming from NPnEO and its transformation products.
Because all of these compounds exist together as mixture in
the environment, our results indicate that assessing the risk
of the overall mixture (RQmix) is required.

In the Canadian study (12), concentrations in receiving
waters for all compounds considered in our analysis were
measured. These measured concentrations were used to
calculate the risk from each single compound as well as the
overall risk of the group of compounds. Regarding the risk
quotients of the single compounds, the relative magnitude
of our RQx values corresponds to the relative frequency with
which the single compounds exceed a risk quotient of 1 in
the Canadian study. Both studies agree that NP1EO poses
the highest/most frequent single risk, followed by the other
two more toxic compounds NP2EO and NP, and that the
acids NP2EC and NP1EC exhibit lower single risks.

The comparison of our study with the EU risk assessment
and the Canadian study and the results of the scenario
analysis indicate that there are two factors that dominate
the judgment about the risk of a specific chemical. First, we
showed that it depends heavily on whether and, if so, on
how many transformation products are considered. For the
special case of NPnEO, whose transformation products are
more toxic than the parent compound itself, the transforma-

FIGURE 4. Sensitivity plot of RQmix toward emission rates (I-x(i) in
graph), degradation rates (ki-x in graph), fractions of formation
(theta r(i) in graph), partition coefficients (KH-x and Kow-x in graph),
and PNEC values (PNEC-x(i) in graph). Only sensitivities exceeding
0.01 are shown.

1152 9 ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 36, NO. 6, 2002
99

dmacintosh
Highlight

dmacintosh
Highlight



tion products account for 89% of the overall risk. For other
compounds, the effect might be less pronounced but still
relevant.

Second, the judgment about the existence of risk depends
on the PNEC extrapolation model chosen. In this respect,
EU TGD guidelines are more restrictive than North American
ones, which often use the distributional approach. PNEC
values deduced with the distributional approach are usually
larger for two reasons: (i) the distributional assessment relies
on the idea that protection of 95% of all species is sufficient,
while the TGD approach aims at protecting all species by
basing the PNEC on the effect level of the most sensitive
species (here, HC5 of 40 µg/L (distributional) vs lowest LC50

of 20.7 µg/L (TGD)), and (ii) the distributional assessment
uses lower extrapolation factors than the generic ones
suggested in the TGD to account for the remaining uncer-
tainties regarding acute-to-chronic ratio, sublethal effects,
and species differences (here, 40 (distributional) vs 1000
(TGD)).

Another factor influencing the judgment about risk is the
assumption of concentration addition. In cases where it is
not applicable but is still used as an estimate of mixture
toxicity, it will overestimate the toxicity by maximally a factor
of 10. All in all, the mixture risk quotient in this study is
subject to two conservative assumptions regarding PNEC
extrapolation and evaluation of mixture toxicity and one
nonconservative assumption in that possible estrogenic
effects are excluded from the evaluation of the mixture toxicity
at all.

Regarding the further applicability of the method pre-
sented here, the following assumptions need to be consid-
ered: (i) the use of averaged landscape parameters (no local
conditions), the steady-state conditions, the selection of
transformation products, and fractions of formation on the
PEC side, and (ii) the assumption of concentration addition
and the choice of extrapolation factors on the PNEC side.

With respect to these model limitations, the agreement
between measured and modeled concentrations as well as
the correspondence between the relative risks of the com-
pounds in (12) and those found in our model calculations
is considered sufficient. We therefore suggest that the method
proposed here could be used, with due consideration of the
aforesaid assumptions, to assess the risk of other compounds
with environmentally relevant transformation products (e.g.,
odorants such as nitro musks (30), surfactants used in shower
gels and shampoos (31), halogenated alkanes (32), or PAHs
(33)).
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Zürich is gratefully acknowledged.

Supporting Information Available
Additional information on the model mathematics, the NPE
releases, the toxicity of NPE, and the substance-specific model
input parameters. This material is available free of charge
via the Internet at http://pubs.acs.org.

Literature Cited
(1) European Communities. Technical Guidance Document in

support of Commission directive 93/67/EEC on risk assessment

for new notified substances and Commission regulation (EC) No
1488/94 on risk assessment for existing substances; European
Commission: Brussels, Belgium, 1996.

(2) Belfroid, A. C.; van Drunen, M.; Beek, M. A.; Schrap, S. M.; van
Gestel, C. A. M.; van Hattum, B. Sci. Total Environ. 1998, 222,
167-183.

(3) European Communities. Directive 91/414/EEC of 15 July 1991
concerning the placing of plant protection products on the
market. Off. J. Eur. Communities 1991, L230, 1-32.

(4) Behrendt, H.; Altschuh, J.; Sixt, S.; Gasteiger, J.; Höllering, R.;
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ea

lth
 o

f 
sp

ec
ie

s 
w

ith
in

 a
n 

ec
os

ys
te

m
. 

R
es

pe
ct

iv
el

y,
 

kn
ow

le
dg

e 
on

 th
e 

fa
te

 o
f t

he
 c

om
po

un
d 

an
d 

th
e 

ta
rg

et
 o

rg
an

s 
ca

n 
be

 u
se

d 
to

 p
re

di
ct

 p
ot

en
tia

l 
ad

ve
rs

e 
he

al
th

 e
ff

ec
ts

 o
n 

th
e 

he
al

th
 o

f a
 sp

ec
ie

s d
ue

 to
 o

rg
an

 to
xi

ci
ty

.  
3.

Ec
ol

og
is

ts
 a

nd
 h

um
an

 h
ea

lth
 a

ss
es

so
rs

 c
an

 d
is

cu
ss

 th
e 

re
le

va
nc

e 
of

 a
ll 

ch
os

en
 e

nd
po

in
ts

. 
 3.

1.
2.

4
Co

nc
ep

tu
al

 M
od

el
 

 
Th

e 
co

re
 o

f a
n 

in
te

gr
at

ed
 ri

sk
 a

ss
es

sm
en

t i
s 

th
e 

co
nc

ep
tu

al
 m

od
el

. T
he

 c
on

ce
pt

ua
l m

od
el

 
is

 t
he

 c
on

de
ns

at
io

n 
an

d 
fo

rm
ul

at
io

n 
of

 h
ow

 t
he

 a
ss

es
so

rs
 (

an
d 

in
te

re
st

ed
 p

ar
tie

s)
 t

hi
nk

 t
he

 
st

re
ss

or
 r

ea
ch

es
 a

nd
 d

is
tri

bu
te

s 
ov

er
 th

e 
en

vi
ro

nm
en

t a
nd

 a
ff

ec
ts

 o
rg

an
is

m
s 

in
 th

e 
en

vi
ro

nm
en

t 
(s

ee
 F

ig
ur

e 
3 

fo
r 

th
e 

EU
 c

on
ce

pt
ua

l m
od

el
). 

 E
co

lo
gi

st
s 

an
d 

hu
m

an
 r

is
k 

as
se

ss
or

s 
sh

ou
ld

 w
or

k 
to

ge
th

er
 t

o 
ev

al
ua

te
 t

he
 c

om
m

on
 r

ou
te

s 
of

 e
xp

os
ur

e 
of

 t
he

 s
tre

ss
or

 i
n 

or
de

r 
to

 e
nh

an
ce

 e
ac

h 
ot

he
r’

s 
vi

ew
 a

nd
 u

nd
er

st
an

di
ng

 o
f t

he
 s

tre
ss

or
’s

 b
eh

av
io

r. 
Th

e 
re

la
tio

n 
be

tw
ee

n 
em

is
si

on
 o

f t
he

 
st

re
ss

or
 a

nd
 e

nd
po

in
ts

 m
ea

su
re

d 
m

us
t b

e 
w

el
l c

ha
ra

ct
er

iz
ed

.  
 Po

te
nt

ia
l I

nt
eg

ra
tio

n 
be

ne
fit

s 
 1.

B
ot

h 
hu

m
an

 a
nd

 e
co

lo
gi

ca
l 

ris
k 

as
se

ss
or

s 
sc

ru
tin

iz
e 

th
e 

qu
al

ity
 o

f 
in

fo
rm

at
io

n 
on

 t
he

 
co

m
m

on
 p

at
hw

ay
s o

f e
m

is
si

on
, d

is
tri

bu
tio

n,
 a

nd
 e

xp
os

ur
e.

 
2.

Th
er

e 
w

ill
 b

e 
be

tte
r c

on
se

ns
us

 b
et

w
ee

n 
ec

ol
og

is
ts

 a
nd

 h
um

an
 h

ea
lth

 a
ss

es
so

rs
 o

n 
th

e 
fa

te
 o

f 
th

e 
st

re
ss

or
. 

3.
In

di
re

ct
 e

xp
os

ur
e 

pa
th

w
ay

s 
vi

a 
th

e 
en

vi
ro

nm
en

t 
to

 t
he

 h
um

an
s 

ar
e 

m
or

e 
lik

el
y 

to
 b

e 
id

en
tif

ie
d 

si
nc

e 
hu

m
an

s 
ar

e 
m

od
el

ed
 a

s 
ju

st
 o

ne
 m

or
e 

re
ce

iv
in

g 
sp

ec
ie

s 
in

 t
he

 w
eb

 o
f 

ex
po

su
re

 p
at

hw
ay

s. 
 

4.
W

he
n 

re
le

va
nt

 a
nd

 p
os

si
bl

e,
 m

ul
tip

le
 s

ou
rc

es
 o

f 
ex

po
su

re
 s

uc
h 

as
 c

on
su

m
er

 p
ro

du
ct

s, 
em

is
si

on
s, 

an
d 

na
tu

ra
l e

m
is

si
on

s a
re

 in
co

rp
or

at
ed

 in
to

 th
e 

m
od

el
. 

5.
O

nl
y 

on
e 

co
nc

ep
tu

al
 m

od
el

 i
s 

pr
od

uc
ed

; 
th

e 
ec

ol
og

ic
al

 c
on

ce
pt

ua
l 

m
od

el
 a

nd
 t

he
 h

um
an

 
he

al
th

 c
on

ce
pt

ua
l m

od
el

 a
re

 o
ne

 a
nd

 a
re

 b
as

ed
 o

n 
th

e 
sa

m
e 

as
su

m
pt

io
ns

 a
nd

 d
at

a.
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 Fi
gu

re
 3

: T
hi

s 
fig

ur
e 

is
 th

e 
su

m
m

ar
y 

of
 a

 n
on

-c
om

po
un

d 
sp

ec
ifi

c 
co

nc
ep

tu
al

 m
od

el
 a

s 
us

ed
 in

 th
e 

EU
 

ap
pr

oa
ch

. T
he

 r
ou

te
s 

of
 e

xp
os

ur
e 

to
 th

e 
ta

rg
et

 o
rg

an
is

m
s 

ar
e 

vi
su

al
iz

ed
 (

se
e 

Ta
bl

e 
1)

. E
nd

po
in

ts
 w

ith
in

 
th

es
e 

ta
rg

et
 o

rg
an

is
m

s a
re

 d
ef

in
ed

 a
s s

um
m

ar
iz

ed
 in

 T
ab

le
 2

. 
 3.

1.
2.

5
In

te
gr

at
io

n 
of

 th
e 

An
al

ys
is 

Pl
an

 
 

In
 th

is
 s

te
p,

 th
e 

m
et

ho
ds

 u
se

d 
to

 e
ns

ur
e 

th
e 

qu
al

ity
 o

f 
th

e 
ris

k 
as

se
ss

m
en

t a
re

 p
ro

du
ce

d 
an

d 
di

sc
us

se
d.

 T
hi

s 
in

cl
ud

es
 g

ui
de

lin
es

 o
n 

ho
w

 to
 s

el
ec

t d
at

a,
 h

ow
 to

 a
ss

es
s 

th
e 

qu
al

ity
 o

f d
at

a,
 

ho
w

 to
 g

en
er

at
e 

an
d 

an
al

yz
e 

da
ta

, a
nd

 h
ow

 to
 c

op
e 

w
ith

 d
at

a 
in

co
m

pl
et

en
es

s. 
 T

he
 s

el
ec

tio
n 

of
 

ac
ce

pt
ab

le
 c

om
pu

te
r 

m
od

el
s 

(if
 th

ey
 a

re
 n

ee
de

d)
 is

 d
is

cu
ss

ed
 a

lo
ng

 w
ith

 a
 d

es
cr

ip
tio

n 
of

 h
ow

 
re

su
lts

 w
ill

 b
e 

pr
es

en
te

d.
 

 Po
te

nt
ia

l I
nt

eg
ra

tio
n 

be
ne

fit
s 

 1.
En

ha
nc

ed
 e

ff
ic

ie
nc

y 
an

d 
re

du
ce

d 
co

st
 s

in
ce

 d
at

a 
fo

r 
on

ly
 o

ne
 t

ra
ns

po
rt 

an
d 

fa
te

 m
od

el
 i

s 
ne

ed
ed

. 
Em

is
si

on
 d

at
a,

 p
hy

si
co

ch
em

ic
al

 p
ro

pe
rti

es
, 

fa
te

 a
nd

 d
eg

ra
da

tio
n 

da
ta

 a
re

 o
nl

y 
ne

ed
ed

 o
nc

e.
 E

co
lo

gi
ca

l a
nd

 h
um

an
 e

xp
os

ur
e 

m
od

el
s u

se
 th

e 
sa

m
e 

da
ta

 in
pu

t. 
B

y 
in

te
gr

at
in

g,
 

de
ci

si
on

s a
re

 b
as

ed
 o

n 
m

or
e 

da
ta

 a
nd

 th
e 

av
ai

la
bl

e 
da

ta
 is

 u
se

d 
m

or
e 

ex
te

ns
iv

el
y.

 
2.

B
et

te
r i

de
nt

ifi
ca

tio
n 

of
 k

ey
 re

se
ar

ch
 n

ee
ds

: (
e.

g.
, w

he
re

 d
o 

ec
ol

og
ic

al
 a

nd
 h

um
an

 h
ea

lth
 ri

sk
 

as
se

ss
or

s 
la

ck
 in

fo
rm

at
io

n)
? 

B
y 

us
in

g 
th

e 
sa

m
e 

da
ta

 o
n 

ph
ys

ic
oc

he
m

ic
al

 p
ro

pe
rti

es
, h

um
an

 
an

d 
ec

ol
og

ic
al

 h
ea

lth
 a

ss
es

so
rs

 c
an

 ta
rg

et
 sh

ar
ed

 re
se

ar
ch

 n
ee

ds
 a

nd
 tr

an
sp

or
t o

f t
he

 st
re

ss
or

. 
3.

Ec
ol

og
ic

al
 re

su
lts

 a
nd

 h
um

an
 h

ea
lth

 re
su

lts
 a

dh
er

e 
to

 th
e 

sa
m

e 
da

ta
 q

ua
lit

y 
re

st
ric

tio
ns

. 
4.

Ec
ol

og
ic

al
 r

es
ul

ts
 a

nd
 h

um
an

 h
ea

lth
 r

es
ul

ts
 a

re
 p

re
se

nt
ed

 i
n 

th
e 

sa
m

e 
te

rm
in

ol
og

y 
an

d 
if 

po
ss

ib
le

 u
se

 t
he

 s
am

e 
m

et
ho

d 
to

 e
xp

re
ss

 t
he

 r
is

k 
an

d 
th

e 
un

ce
rta

in
ty

. 
Th

is
 f

ac
ili

ta
te

s 
co

m
pa

ris
on

 b
et

w
ee

n 
th

e 
ec

ol
og

ic
al

 re
su

lts
 a

nd
 th

e 
hu

m
an

 h
ea

lth
 re

su
lts

. 
5.

If
 t

he
 a

ss
es

sm
en

t 
w

ill
 b

e 
ite

ra
te

d,
 a

n 
in

te
gr

at
ed

 a
pp

ro
ac

h 
m

ig
ht

 f
os

te
r 

th
e 

de
ve

lo
pm

en
t 

of
 

pa
ra

lle
l t

ie
rs

, w
hi

ch
 u

se
 c

om
m

on
 d

at
a 

an
d 

m
od

el
s. 

 co
ns

um
er

pr
od

uc
ts

A
ir

W
A

TE
R

A
PP

LI
C

A
TI

O
N

SO
IL

A
G

R
IC

U
LT

U
R

A
L

SO
IL

G
R

O
U

N
D

 W
A

TE
R

SO
U

R
C

E(
S)

S
E

W
A

G
E

TR
EA

TM
EN

T 
PL

A
N

T

m
ilk

cr
op

s
m

ea
t

fis
h

ai
r

ef
flu

en
t

sl
ud

ge

aq
ua

tic
ec

os
ys

te
m

m
an

EM
IS

SI
O

N
D

IS
TR

IB
U

TI
O

N
 A

N
D

 E
XP

O
SU

R
E

EX
PO

SU
R

E 
vi

a 
EN

VI
R

O
N

M
EN

T
C

O
N

SU
M

ER
 E

XP
O

SU
R

E

Fo
od

  p
ro

du
ct

ste
rr

es
tr

ia
l

ec
os

ys
te

m
Fr

es
h 

an
d 

m
ar

in
e 

108
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3.
1.

3
In

te
gr

at
ed

 R
is

k 
A

ss
es

sm
en

t 
 

In
 th

e 
EU

 R
is

k 
A

ss
es

sm
en

t f
ra

m
ew

or
k 

fo
r 

ne
w

 a
nd

 e
xi

st
in

g 
ch

em
ic

al
s 

an
d 

bi
oc

id
es

 th
e 

st
ag

e 
of

 p
ro

bl
em

 f
or

m
ul

at
io

n 
is

 a
dd

re
ss

ed
, 

ha
rm

on
iz

ed
 a

nd
 l

ai
d 

do
w

n 
in

 a
dv

an
ce

 o
f 

th
e 

pr
ep

ar
at

io
n 

of
 T

ec
hn

ic
al

 G
ui

da
nc

e 
D

oc
um

en
ts

 (
TG

D
) 

(E
C

, 
20

03
). 

Th
e 

le
ve

l 
of

 i
nt

eg
ra

tio
n 

th
er

ef
or

e 
is

 d
et

er
m

in
ed

 l
ar

ge
ly

 b
y 

th
is

 g
en

er
al

 g
ui

da
nc

e 
an

d 
in

di
vi

du
al

 r
is

k 
as

se
ss

m
en

ts
 f

or
 

sp
ec

ifi
c 

ch
em

ic
al

s 
(s

uc
h 

as
 t

he
 o

ne
 f

or
 N

on
yl

ph
en

ol
) 

do
 n

ot
 h

av
e 

an
 a

dd
iti

on
al

 p
ro

bl
em

 
fo

rm
ul

at
io

n 
st

ag
e.

 In
 s

om
e 

ca
se

s, 
th

e 
pr

ob
le

m
 fo

rm
ul

at
io

n 
st

ag
e 

re
su

lts
 in

 a
 p

ro
po

sa
l f

or
 a

 m
or

e 
ta

rg
et

ed
 ri

sk
 a

ss
es

sm
en

t, 
bu

t t
hi

s h
as

 n
ot

 b
ee

n 
do

ne
 fo

r n
on

yl
ph

en
ol

.  
  

R
is

k 
as

se
ss

m
en

t 
ac

co
rd

in
g 

to
 t

he
 E

U
-T

G
D

 i
s 

ca
rr

ie
d 

ou
t 

in
 a

 s
te

pw
is

e 
pr

oc
ed

ur
e 

en
co

m
pa

ss
in

g 
th

e 
fo

llo
w

in
g 

st
ag

es
: 

1.
 

Ex
po

su
re

 a
ss

es
sm

en
t: 

es
tim

at
io

n 
of

 th
e 

co
nc

en
tra

tio
ns

/d
os

es
 to

 w
hi

ch
 h

um
an

 p
op

ul
at

io
ns

 
or

 e
nv

iro
nm

en
ta

l c
om

pa
rtm

en
ts

 a
re

 o
r m

ay
 b

e 
ex

po
se

d.
 

2.
 

Ef
fe

ct
s a

ss
es

sm
en

t, 
co

m
pr

is
ed

 o
f  

 
a.

 
ha

za
rd

 id
en

tif
ic

at
io

n:
 id

en
tif

ic
at

io
n 

of
 th

e 
ad

ve
rs

e 
ef

fe
ct

s w
hi

ch
 m

ay
 b

e 
ca

us
ed

 b
y 

th
e 

su
bs

ta
nc

e 
 

b.
 

do
se

-r
es

po
ns

e 
as

se
ss

m
en

t: 
es

tim
at

io
n 

of
 t

he
 r

el
at

io
ns

hi
p 

be
tw

ee
n 

th
e 

le
ve

l 
of

 
ex

po
su

re
 to

 a
 su

bs
ta

nc
e 

(d
os

e,
 c

on
ce

nt
ra

tio
n)

 a
nd

 th
e 

in
ci

de
nc

e 
an

d 
se

ve
rit

y 
of

 a
n 

ef
fe

ct
. 

3.
 

R
is

k 
ch

ar
ac

te
riz

at
io

n:
 e

st
im

at
io

n 
of

 t
he

 i
nc

id
en

ce
 a

nd
 s

ev
er

ity
 o

f 
th

e 
ad

ve
rs

e 
ef

fe
ct

s 
lik

el
y 

to
 o

cc
ur

 i
n 

a 
hu

m
an

 p
op

ul
at

io
n 

or
 e

nv
iro

nm
en

ta
l 

co
m

pa
rtm

en
t 

du
e 

to
 a

ct
ua

l 
or

 
pr

ed
ic

te
d 

ex
po

su
re

 to
 a

 su
bs

ta
nc

e.
 

  
A

t t
he

 ri
sk

 c
ha

ra
ct

er
iz

at
io

n 
st

ag
e,

 th
is

 p
ro

ce
du

re
 w

ill
 re

su
lt 

in
 a

 q
ua

nt
ita

tiv
e 

co
m

pa
ris

on
 

of
 t

he
 o

ut
co

m
e 

of
 t

he
 e

xp
os

ur
e 

as
se

ss
m

en
t 

an
d 

th
at

 o
f 

th
e 

ef
fe

ct
s 

as
se

ss
m

en
t. 

Fo
r 

ne
w

 a
nd

 
ex

is
tin

g 
su

bs
ta

nc
es

 th
is

 w
ill

 b
e 

a 
PE

C
/P

N
EC

 (i
.e

., 
Pr

ed
ic

te
d 

En
vi

ro
nm

en
ta

l C
on

ce
nt

ra
tio

n 
ve

rs
us

 
a 

Pr
ed

ic
te

d 
N

o-
Ef

fe
ct

 C
on

ce
nt

ra
tio

n)
 fo

r e
nv

iro
nm

en
ta

l c
om

pa
rtm

en
ts

, a
nd

 a
 M

O
S 

(i.
e.

, M
ar

gi
n 

of
 S

af
et

y)
, 

or
 t

he
 r

at
io

 o
f 

th
e 

es
tim

at
ed

 n
o-

ef
fe

ct
 o

r 
ef

fe
ct

 l
ev

el
 p

ar
am

et
er

 t
o 

th
e 

es
tim

at
ed

 
ex

po
su

re
 le

ve
l f

or
 h

um
an

 su
b-

po
pu

la
tio

ns
. T

he
 ri

sk
 c

ha
ra

ct
er

iz
at

io
n 

fo
r b

io
ci

de
s i

s p
er

fo
rm

ed
 b

y 
co

m
pa

rin
g 

th
e 

ex
po

su
re

 t
o 

th
e 

A
O

EL
 (

A
cc

ep
ta

bl
e 

O
pe

ra
to

r 
Ex

po
su

re
 L

ev
el

), 
a 

he
al

th
 b

as
ed

 
lim

it 
va

lu
e.

 T
he

se
 P

EC
/P

N
EC

 a
nd

 M
O

S 
ra

tio
s 

sh
ou

ld
 b

e 
se

en
 a

s 
su

rr
og

at
e 

pa
ra

m
et

er
s 

fo
r 

ris
k 

ch
ar

ac
te

riz
at

io
n 

as
 t

he
y 

do
 n

ot
 q

ua
nt

ify
 t

he
 "

in
ci

de
nc

e 
an

d 
se

ve
rit

y"
 o

f 
ad

ve
rs

e 
ef

fe
ct

s. 
Th

e 
ra

tio
s 

ar
e 

us
ed

 a
s 

in
di

ca
to

rs
 fo

r t
he

 li
ke

lih
oo

d 
of

 th
e 

oc
cu

rr
en

ce
 o

f a
dv

er
se

 e
ff

ec
ts

, s
in

ce
 a

 b
et

te
r 

m
et

ho
d 

fo
r a

 m
or

e 
qu

an
tit

at
iv

e 
ris

k 
ch

ar
ac

te
riz

at
io

n 
w

ith
 g

en
er

al
 a

pp
lic

ab
ili

ty
 is

 n
ot
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e 
co

ns
id

er
ed

 
to

 
be

 
pr

ot
ec

tio
n 

go
al

s 
in

 
th

e 
Eu

ro
pe

an
 U

ni
on

 S
ys

te
m

 f
or

 t
he

 E
va

lu
at

io
n 

of
 

Su
bs

ta
nc

es
 

(E
U

SE
S)

 
ar
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 m
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 p
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ra
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e 

po
te

nt
ia

lly
 e

xp
os

ed
 

po
pu

la
tio

n 
(in

cl
ud

in
g 

se
ns

iti
ve

 
gr

ou
ps

); 
th

e 
na

tu
re

 a
nd

 s
ev

er
ity

 o
f 

th
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e 
un

ce
rta

in
tie

s 
in

vo
lv

ed
. I

n 
th
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 d
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 c
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e 

ap
pl

ie
d 

(s
ee

 
Fi

gu
re

 3
). 

In
 th

e 
en

vi
ro

nm
en

ta
l r
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r r
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 p
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 d
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 c
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 c
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 d
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l p
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 p

ro
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in

 i
nd

us
tri

al
 a

nd
 i

ns
tit

ut
io

na
l 

cl
ea

ni
ng

, 
em

ul
si

on
 p
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at
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 f
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 c
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 m
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 c
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 d
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t p
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 r
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 c
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 c
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 c
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 d
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 c
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, b
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l d
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l d
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 o
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 c
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re
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 m
at

in
g 

pe
rf

or
m

an
ce

. H
ow

ev
er

, s
ev

er
al

 o
th

er
 p
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 c

yc
le

 
le

ng
th

 w
as

 in
cr

ea
se

d 
by

 a
bo

ut
 1

5%
 in

 th
e 

F 1
 a

nd
 F

2 
fe

m
al

es
 a

t 1
60

 m
g/

kg
/d

ay
, i

n 
co

m
pa

ris
on

 
w

ith
 c

on
tro

ls
. T

he
 ti

m
in

g 
of

 v
ag

in
al

 o
pe

ni
ng

 w
as

 a
cc

el
er

at
ed

 b
y 

1.
5-

se
ve

n 
da

ys
 a

t 5
0 

m
g/

kg
/d

ay
 

an
d 

by
 t

hr
ee

 t
o 

si
x 

da
ys

 a
t 

16
0 

m
g/

kg
/d

ay
 i

n 
fe

m
al

es
 o

f 
th

e 
F 1

, F
2 

an
d 

F 3
 g

en
er

at
io

ns
. A

ls
o,

 
ab

so
lu

te
 o

va
ria

n 
w

ei
gh

ts
 w
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 d
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e 

10
0,

 2
50

 a
nd

 4
00

 m
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 d
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 d
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. C
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 b
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 c
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 t
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 d
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l d
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 c
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 l
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 c
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, t
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 d
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l d
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 d
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 m
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 c
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 p
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 p
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r p
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 m
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 d
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 f
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 b
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 m
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 m
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at
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ra
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 Risk Assessment Case Study (11/07/2012) 

Questions and Answers: 

1. Is nonylphenol typically used in products in the public domain?  

Yes, nonylphenol (NP) is used primarily as a building block for the monomers used in the production of 
resins and polymers. Sixty percent of the NP is used for the production of nonylphenol ethoxylate which 
is used in end-use products including non-agricultural pesticides, cosmetics, cleaning products and office 
products such as correction fluids and inks. 

2. What is the primary source or pathway of nonylphenol emissions into the environment? 

Small emissions of NP may occur during production, and escape to air or surface water. Most of the NP 
are released from NP containing compounds which are first passed through a wastewater treatment 
plant, aerobically degraded by bacteria into shorter nonylphenol ethoxylates or NP. In the wastewater 
treatment plant, half of the NP absorbs on particles which then stay in the wastewater treatment plant 
as sludge or are emitted into the aquatic phase and settle on the sediment. 

3. Is nonylphenol likely to be widely distributed among air, water, and soil? Why or why not?  

Majority of the emissions of NP end up in the water compartment and are relatively restricted and 
partition to the sediment and biota because NP is poorly soluble and unlikely to evaporate from the 
water. 

4. Are nonylphenol concentrations in surface water likely to be about the same everywhere?  

No. Background concentrations on average in rivers in Germany in 1989 measured 0.038 μg/L, with 
peaks up to 1.3 μg/L, while in the River Aire in England in 1995, downstream of the emission sites of 
textile processing industry, locally high concentrations of NP were found; up to 53 μg/L freely dissolved 
nonylphenol and up to 180 μg/L when including particles. Thus, as one would expect, concentrations are 
generally greatest near points of discharge into water bodies and lower elsewhere.  

5. Is nonylphenol likely to present as much of a risk to people as to ecological receptors?  

Nonylphenol is mostly an environmental health issue for aquatic organisms: in the EU risk assessment 

report, a NOEC of 0.33 μ /L was derived, while in the River Aire in England in 1995, locally high 

concentrations of NP were found, up to 53 μg/L freely dissolved NP; the Tees estuary in England 

contained up to 3.1 μg.L freely dissolved NP. The exposure of humans to nonylphenol from background 

concentrations (5.13×10-3 mg/kg/d) is of limited concern, compared to NOAEL of 15 mg/kg/d. Only a 

local high exposure could affect human health. 

6. Discuss the scope of the chemical(s) considered in the risk assessment by Fenner et al. 2002. Do they 
consider only the ‘parent’ compounds? Why or why not?  
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They investigate the still widely used nonylphenol ethoxylates (NPnEO) and their transformation 
products, including short-chain NPEOs, nonylphenoxy carboxylic acids, and nonylphenol. Because many 
chemicals are transformed to structurally related transformation products in the environment before 
they are mineralized and each of these transformation products displays its own toxicity and persistence. 
It could be seen from table 5 that RQx vary among NPnEO and transformation products using their own 
PNEC and estimated degradation rates. 

7. What is the temporal scope of the assessment: acute or chronic exposures and effects?  

Chronic. 

8. Do Fenner et al. rely on a model or measurements for their assessment of exposure?  

They used a four-compartment model. 

9. What form of exposure does Fenner et al. consider (concentration, dose, absorbed dose, etc.?)  

They used predicted environmental concentrations, expressed in units of μg/L. 

10. Where are the exposure assessment results presented in the paper?  

In table 4. 

11. Did Fenner et al. do any analysis to evaluate the validity of their exposure assessment results?  

Yes. They compared the water concentrations obtained from the model with measured concentrations 
for five locations in Swiss rivers. They found that the predicted concentrations tended to underestimate 
the value which might be due to the fact that the calculations represent averages of all Swiss waters, 
while the measurements were conducted in rivers with characteristically high anthropogenic loads. 

12. Describe the toxicity values from which Fenner et al. derived guideline values  

They used lowest acute lethal concentrations (LC50) for every single substance from a database that was 
compiled from reference 9, 12, 21, 22. 

13. What uncertainty or extrapolation factors, if any, were applied to derive guideline values?  

For all substances, PNEC values in water were deduced from acute toxicity data by applying an EF of 
1000 which accounts for acute-to-chronic ratio, sublethal effects and species differences.  

14. Rank the various chemical forms of nonylphenol considered in this paper in order of highest to 
lowest toxicity based on the PNEC. 

Toxicity from highest to lowest: NP>NP2EO=NP1EO>NPnEO>NP2EC>NP1EC. 

15. Describe the method by which the risk of the individual nonylphenol-related compounds was 
characterized  

For a single compound x, the risk to the organisms living in a given environmental compartment is 
expressed as risk quotient (RQx), which compared the concentration cx of the compound x in that 

compartment to some measure of its toxicity. In this paper, . 
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16. Describe how the risk of adverse effects from the mixture of nonylphenol-related compounds was 
characterized  

Risk quotient of mixture is derived by adding risk quotients for single compounds together, assuming 
that there is no interaction between different components of a chemical mixture and the mixture 
components have the same mode of action and the same slope of their dose-effect curves so that, at 
each concentration level, one component can be substituted by an equi-effective amount of another 
component. The formula is . 

17. Fenner et al. describe the uncertainty associated with their risk charcterization. Identify and 
describe the “two conservative” and “one non-conservative” assumption they mention in the 
second full paragraph of the final page of the paper.  

The first conservative assumption is using TGD standard which has a lower PNEC and higher 
extrapolation factor. The second is assumption of concentration addition which may overestimate the 
toxicity by maximally a factor of 10 according to Fenner et al. The non-conservative assumption is that 
possible estrogenic effects are excluded from the evaluation of the mixture toxicity at all. 

18. Compare the Fenner et al. predicted environmental concentrations (PEC) of nonylphenol to the 
values described in the WHO nonylphenol report. Discuss whether or not the Fenner et al. PECs are 
conservative.  

The PEC of NP by Fenner et al. was 0.012 μg/L. WHO NP report showed that in the water in Main in 
Germany was mostly 0.18 μg/L. In English river Lea, the total extracted amount of NP is 0.5 to 12 
μg/L and dissolved fraction of NP was 0.2 to 9.0 μg/L. In the Tees estuary, the highest concentrations 
were 0.08 to 3.1 μg/L dissolved NP and 0.09 to 5.2 μg/L total extracted NP. So we could see that the 
predicted environmental concentration of NP is lower than the observational concentration, 
especially failed to capture the upper bound. That is to say, Fenner et al. PECs are not conservative. 
This tendency toward under prediction might be due to the fact that the calculations represent 
averages of all Swiss waters, while the measurements were conducted in revers with 
characteristically high anthropogenic loads. 
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acorado
Text Box
PCBs Case Study  - Exercise


acorado
Text Box
Presentation by:  Dr. David MacIntosh
APEC risk assessment and risk management workshop
November 7-8, 2013
Bangkok, Thailand




APEC Workshop on Risk Assessment and Risk Management 

Case Study – Day 2 

An elementary school in your economy was constructed with PCB-containing caulk. Measurements of 
PCBs in indoor air were made in 7 of the 15 classrooms two weeks before the start of the school year. 
The school-wide average concentration was 650 nanograms per cubic meter of air (ng/m3). 
Concentrations in individual classrooms ranged from 300 to 1,800 ng/m3

Reporting Group: F 

. You are responsible for 
Environmental Health & Safety of the schools in your province.  

1. Your first action is to determine if the current levels of PCBs in indoor air of the school are 
acceptable for occupancy by children. From a search of the literature, you determine that non-
cancer risks will be a more sensitive conservative benchmark than cancer risk for your analysis. 
Following your organization’s normal practice, you decide to rely on the Reference Dose 
(chronic RfD) for PCBs recommended by the U.S. Environmental Protection Agency for a health 
protective guideline value for PCBs in indoor air at school. Answer the following questions about 
the challenges you encounter in deriving an acceptable concentration of PCBs in indoor air of 
the school. 

a. You quickly realize that USEPA established a RfD for two different mixtures of PCBS: 
Aroclor 1016 and Aroclor 1254. Which RfD do you choose to work with? What is your 
rationale for that choice? What is the RfD in units of nanograms per kilogram body 
weight per day (ng/kg/d)? 

b. From your experience, you understand that PCBs are highly persistent and present in 
food, soil, and biota near the top of their food web around the globe. Your research 
reveals that a reasonable estimate of dietary intake of PCBs from food for children in 
your economy is 5 nanograms per kilogram per day. Assuming no other pathways of 
exposure than diet and indoor air at school, what is the remaining amount of the RfD 
that is “available” for in-school inhalation exposure? Your answer should be in units of 
ng/kg/d. 

c. So far, so good, but you are not finished yet. You want to know a concentration of PCBs 
in indoor that will be acceptable; in other words, a guideline value for airborne 
concentrations at the school. You recognize from prior training that guideline values are 
related to guidance values (exposure rate or dose) by exposure factors. Assume that 
health risks of PCBs are independent of route of exposure. Assume that a typical child in 
the school inhales 0.5 cubic meters of air per hour on average and weigh 20 kilograms. 
School is in session for 7 hours per day, 180 days per year. Also assume that the 
duration of exposure represented by the chronic RfD is one year. Derive a guideline 
value for PCBs in indoor air of the school for children based on this information. 

 

155

http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showQuickView&substance_nmbr=0649#reforal�
http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showQuickView&substance_nmbr=0389�


2. Assume that derive the guideline value from the oral RfD for Aroclor 1254 and that the resulting 
guideline value for the annual average concentration of PCBs indoor air of the school is 175 
ng/m3

a. Calculate the Hazard Quotient for PCBs, using the school-wide average concentration in 
indoor air based upon the measurements reported above. 

. 

b. Return to the Oral RfD Summary for Aroclor 1254 then identify the Critical Effect upon 
which the RfD is based and the corresponding uncertainty factor applied by EPA to 
derive the RfD. Prepare a brief statement that you will use to inform the Director of the 
relevance and meaning of the RfD for potential risks at the school. 

c. Look ahead to the immediate future when school is scheduled to open for the year. Will 
you attempt to reduce the exposure concentrations? Will you inform other school 
officials of the situation? What recommendation will you give to the Director of the 
School System regarding information to share with parents of children who attend the 
school? What about the teachers and other staff of the school? Why? Prepare written 
answers to these questions. 
 

Reporting Group: G 

3. Assume that you and your colleagues decide to take action to reduce the indoor air PCB 
concentrations. You retain engineering and hazardous material experts who inform you that 
removal of the PCB-containing caulk would cost approximately 4 million US dollars. The experts 
also tell you that an alternative remedy would be to lower emissions to indoor by encapsulating 
the PCB-containing caulk with silicone sealant, foam board insulation, and gypsum wall board. 
Based on experience and an indoor air quality model, they are confident that school-wide 
average concentrations of PCB indoor air can be reduced to 50 ng/m3. The work could be done 
at night and on weekends (allowing the school to stay open), would be complete by the 30th

a. Will this level of mitigation result in an exposure concentration that is below the 
guideline value for indoor air of 175 ng/m

 day 
of the school year, and would cost US $200,000. 

3

b. Will you recommend that the Director to keep school in session during the remediation 
work? List at least 5 factors that you will evaluate when developing your 
recommendation for the Director. Summarize your recommendation and supporting 
rationale in a paragraph; state any assumptions that you make. 

 derived above? 

 
4. Review the following abstracts of papers published in the scientific literature then respond to 

the d below. 
a. Review the abstracts below and answer the following question 

i. PCBs: routes of exposure and human health (review paper) 
http://www.ncbi.nlm.nih.gov/pubmed/16700427 

ii. Prenatal exposure to PCBs and intelligence in children - 
http://www.ncbi.nlm.nih.gov/pubmed/18941588 
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iii. Discuss the extent to which the RfD for Aroclor 1254 provides protection against 
the risk of PCB exposure in the school having an adverse effect on the 
intelligence or cognitive functioning of students in the school? 

b. Review the abstracts and table below then answer the following questions 
i. PCBs in serum and indoor air - http://www.ncbi.nlm.nih.gov/pubmed/21724230 

ii. PCBs in serum of school students - 
http://www.ncbi.nlm.nih.gov/pubmed/15471095 

iii. Table 4-5 in this document 
iv. What is the relationship between the congeners that comprise Aroclor 1254 

(item iii) and the PCB congeners reported in items (i) and (ii)? 
v. Describe how this could information affect your recommendations for 

communicating information on potential health risks to the community?  
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APPENDIX X.  EXAMPLES BY ECONOMIES (PRESENTATIONS) 
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