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The Research and Technology
Organisation (RTO) of NATO

RTO is the single focus in NATO for Defence Research and Technology activities. Its mission is to conduct and promote
co-operative research and information exchange. The objective is to support the development and effective use of
national defence research and technology and to meet the military needs of the Alliance, to maintain a technological
lead, and to provide advice to NATO and national decision makers. The RTO performs its mission with the support of an
extensive network of national experts. It also ensures effective co-ordination with other NATO bodies involved in R&T
activities.

RTO reports both to the Military Committee of NATO and to the Conference of National Armament Directors.
It comprises a Research and Technology Board (RTB) as the highest level of national representation and the Research
and Technology Agency (RTA), a dedicated staff with its headquarters in Neuilly, near Paris, France. In order to
facilitate contacts with the military users and other NATO activities, a small part of the RTA staff is located in NATO
Headquarters in Brussels. The Brussels staff also co-ordinates RTO’s co-operation with nations in Middle and Eastern
Europe, to which RTO attaches particular importance especially as working together in the field of research is one of the
more promising areas of co-operation.

The total spectrum of R&T activities is covered by the following 7 bodies:

o AVT Applied Vehicle Technology Panel

¢ HFM  Human Factors and Medicine Panel

e IST Information Systems Technology Panel

¢ NMSG NATO Modelling and Simulation Group

e SAS System Analysis and Studies Panel

e SCI Systems Concepts and Integration Panel

e SET Sensors and Electronics Technology Panel
These bodies are made up of national representatives as well as generally recognised ‘world class’ scientists. They also
provide a communication link to military users and other NATO bodies. RTO’s scientific and technological work is
carried out by Technical Teams, created for specific activities and with a specific duration. Such Technical Teams can

organise workshops, symposia, field trials, lecture series and training courses. An important function of these Technical
Teams is to ensure the continuity of the expert networks.

RTO builds upon earlier co-operation in defence research and technology as set-up under the Advisory Group for
Aerospace Research and Development (AGARD) and the Defence Research Group (DRG). AGARD and the DRG share
common roots in that they were both established at the initiative of Dr Theodore von Kérman, a leading aerospace
scientist, who early on recognised the importance of scientific support for the Allied Armed Forces. RTO is capitalising
on these common roots in order to provide the Alliance and the NATO nations with a strong scientific and technological
basis that will guarantee a solid base for the future.
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directly from material supplied by RTO or the authors.

Published June 2008

Copyright © RTO/NATO 2008
All Rights Reserved

ISBN 978-92-837-0047-0

Single copies of this publication or of a part of it may be made for individual use only. The approval of the RTA
Information Management Systems Branch is required for more than one copy to be made or an extract included in
another publication. Requests to do so should be sent to the address on the back cover.

i RTO-TR-HFM-057



z?

ORGANIZATION

Table of Contents

Page

List of Figures viii
List of Tables ix
Explanation of Acronyms, Abbreviations and Nomenclature X
Acknowledgements xiii
Programme Committee xiv
Executive Summary and Synthése ES-1
Chapter 1 — Terms of Reference and Programme of Work 1-1
1.1 Abstract 1-1
1.2 Terms of Reference 1-1
1.2.1  Origin 1-1
1.2.1.1  Background 1-1

1.2.1.2  Justification 1-2

1.2.2  Objectives 1-2
1.2.2.1  Products/Deliverables 1-2

1.3 Programme of Work 1-3
Chapter 2 — Overview of Biotechnologies 2-1
2.1  Abstract 2-1
2.2 Scope and Definition of Biotechnology 2-1
2.3 Key Biotechnologies 2-1
2.3.1  Genomics 2-1

2.3.2  Transcriptomics 2-2

2.3.3  Proteomics 2-3

2.3.4  Metabolomics/Metabonomics 2-3

2.3.5 Bioinformatics and Systems Biology 2-3

2.3.6  Biologically-Based Sensors (Biosensors) 2-4

2.4  References 2-4
Chapter 3 — Assessment of Genotoxic Hazards in Operational Environments 3-1
3.1  Abstract 3-1
3.2 Introduction 3-1
3.3 Methods for the Assessment of Genotoxic Hazards 3-2
3.3.1  Protein Adducts 3-2

3.3.2 DNA Adducts 3-3

3.3.3  Chromosome Aberrations 3-4

3.34  Micronuclei 3-5

3.3.5 Single Cell Gel Electrophoresis (SCGE) — Comet Assay 3-6

RTO-TR-HFM-057 iii



z?

ORGANIZATION

3.4  Testing of Environmental Contamination with Genotoxic Agents 3-6
3.4.1  Air Genotoxicity 3-7

3.4.2  Water Genotoxicity 3-7

343  Soil Genotoxicity 3-8

3.5 References 3-8
Chapter 4 — Monitoring of Air in Confined and Open Spaces 4-1
4.1  References 4-3
Chapter 5 — Toxicology of Mixtures: A Review of Mixtures Assessment 5-1
5.1  Abstract/Resume 5-1
5.2 Executive Summary 5-1
5.3  Introduction 5-3
5.4  Different Approaches to Mixture Assessment 5-4
5.5  Occupational Exposure Assessment 5-5
5.6  Environmental Exposure Assessment 5-7
5.7  Current and Emerging Issues 5-8
5.8  What’s on the Horizon? 5-9
5.9 Conclusions 5-9
5.10 Acknowledgments 5-9
5.11 References 5-10
Chapter 6 — Neurobehavioral Toxicity Assessments 6-1
6.1  Abstract 6-1
6.2  Introduction 6-1
6.3  Applications of Neuropsychological Testing 6-2
6.3.1  Health Assessment 6-2

6.3.2  Readiness Status Assessments 6-2

6.3.3  Materiel Safety Evaluations 6-3

6.3.4  Relevance to Military Performance Outcomes 6-3

6.3.5  Performance Assessments 6-3

6.3.6  Warfighter Physiological Status Monitoring Systems 6-4

6.4  Hypotheses Concerning Operational Stressors and Test Performance 6-4
6.4.1  Common Brain Physiology Mechanisms Produced by Military Stressors 6-4

6.4.2  Other Stressors 6-5
6.4.2.1  Chronic Psychological Stress 6-5

6.4.2.2  Head Impact 6-5

6.4.2.3  Sleep Deprivation 6-5

6.4.2.4  Commonalities in Test Outcomes 6-5

6.4.3  Neurotoxic Exposures 6-5

6.4.4  Research Challenges 6-7
6.4.4.1  Lack of Objective Testing for Mood State 6-7

6.4.42  More Data Generated than Can be Productively Analyzed 6-7

6.5  Gulf War Illnesses — A Model of Post-Deployment Neuropsychological Concerns 6-7
6.5.1  Post-Deployment Health Concerns 6-7

iv RTO-TR-HFM-057



z?

ORGANIZATION

6.5.2  Neuropsychological Complaints 6-7
6.5.3  Poor Correlation between Neurological Symptom Complaints and 6-8
Neuropsychological Test Outcomes
6.54  New Studies in Force Health Protection 6-8
6.6  Current and Future Development of the ANAM Tool 6-9
6.6.1  Exploratory Efforts 6-9
6.6.2  The Way Forward 6-9
6.7  Conclusion 6-10
6.8  References 6-10
Chapter 7 — Human Exposure Biomarkers: Permethrin as a 7-1
Militarily-Relevant Model
7.1  Abstract 7-1
7.2 Introduction 7-1
7.3 Human Biomonitoring 7-2
7.3.1  Biomarkers of Exposure 7-3
7.3.1.1  Present Applications 7-3
7.3.1.2  Main Prospects 7-4
7.3.1.3  Integrated Access 7-4
7.3.1.4  Quality Assurance 7-5
7.3.1.5  Future Needs 7-5
7.3.2  Military Applications 7-6
7.4  Permethrin 7-6
7.4.1  Physical and Chemical Properties 7-6
7.4.2  Occurrence 7-6
7.4.3  Military Use 7-7
7.4.4  Toxicokinetics 7-8
7.4.5  Health Effects 7-8
7.4.6  Permethrin Biomonitoring of Exposure 7-9
7.4.6.1  Short-Term Markers of Exposure 7-9
7.4.6.2  Longer-term Markers of Exposure 7-10
7.4.6.3  Bundeswehr Approach to Permethrin Biomonitoring of Exposure 7-12
7.5  Conclusion 7-15
7.6  References 7-16
Chapter 8 — Biomarkers of Individual Susceptibility 8-1
8.1  Introduction to Genotypes and Biomarkers of Susceptibility 8-1
8.2  Techniques for Determining Genotypes 8-1
8.3  Classic Examples of Genotyping for Occupational Health 8-3
8.3.1  N-Acetyltransferases (NATS) 8-3
8.3.2  Glutathione S-Transferases (GSTs) 8-3
8.3.3  Glucose-6-Phosphate Dehydrogenase (G6PD) 8-3
8.3.4  Paraoxonase (PON1) 8-4
8.4  The Future of Genotyping in Medicine 8-4
8.5  Epigenetics and Environmental Exposures 8-5
8.6  Potential Genotyping Applications in Military Populations Exposed to Toxic Chemicals 8-5

RTO-TR-HFM-057 v



z?

ORGANIZATION

8.7 References

Chapter 9 — Neurotoxicological Interactions with Physical and
Psychological Stressors
9.1  Abstract
9.2 Introduction
9.2.1  The Problem
9.2.2  Reviews of Gulf War Illnesses Research
9.2.3  Phases of Gulf War Illnesses Research Management
9.3  Specific Etiologies and Diseases Investigated
9.3.1  Diagnostic Criteria for Infectious Diseases — Leishmaniasis
9.3.2  Other Infectious Disease Etiologies — Mycoplasma Infection
9.3.3  Investigation of Neurotoxicity of Depleted Uranium
9.3.4  Ruling Out Teratogenic and Reproductive Effects — DoD Birth Defects Registry
9.3.5  Searching for Adverse Effects of Pyridostigmine Bromide
9.3.6  Cholinergic Interactions — DEET, Permethrin, and Pyridostigmine Bromide
9.3.7  Jet Fuel and other Petroleum Products and Combustion Products of Tent Heaters
9.3.8  New Inquiries into Health Consequences of Low Dose Chemical Threat Agents
9.3.9  Observed Changes in Immunological Status and Vaccine Associations
9.3.10 Neurodegenerative Disease Risks: Amylotropic Lateral Sclerosis (ALS)
9.4  Chronic Multi-Symptom Disease and Wellness
9.4.1  Case Definition of a Poorly Defined Neurological Outcome
9.4.2  The Haley Hypothesis
9.4.3 A Focus on Chronic Multisymptom Illness
9.5  Neurotoxin Exposure Treatment Research
9.6  Force Health Protection Research, 2003+
9.7  Conclusions

9.8 References

Chapter 10 — Health Risks During the Life Cycle of the Deployed Soldier
10.1 Abstract

10.2  Introduction

10.3 Recruitment

10.4 Training Cycles

10.5 Operational Deployments

10.6 Post-Military Service

10.7 Conclusions

10.8 References

Chapter 11 — Health Risk Communication: Intended and Unintended
Consequences of Biomonitoring

11.1 Abstract
11.2  Scope of Health Risk Communication in Biomonitoring
11.3 Key Risk Issues, Some Examples

11.3.1 The Psychometric Paradigm — Operational Aspects

8-6

9-1

9-1
9-2
9-3
9-4

9-4
9-5
9-5
9-6

9-7
9-7
9-8
9-8

9-9
9-10
9-10
9-11
9-12
9-13
9-14

10-1
10-1
10-1
10-3
10-4
10-6
10-8
10-8

10-11

11-1

11-1
11-1
11-2
11-3

Vi RTO-TR-HFM-057



z?

ORGANIZATION

11.3.1.1 Key Factors in the Psychometric Paradigm 11-3
11.3.1.2 Motivation — One Brick in the Foundation of Risk Perception and 11-4
Exposure Resistance
11.3.1.3 Trust in Commander and Experts — Who do Soldiers Listen to? 11-4
11.3.2 Social Amplification of Risk 11-5
11.3.2.1 Introduction 11-5
11.3.2.2 Toxic Hazards, Stress and Social Amplification of Risks 11-5
11.3.2.3 Media 11-7
11.4 Health Risk Communication and Biomonitoring 11-8
11.5 References 11-10
Chapter 12 — Recommendations 12-1
12.1 The Panel 12-1
Annex A — NATO/PfP Workshop on Environmental and Industrial Health A-1
Hazards and Public Health Concerns in International Missions
A.1 Meeting Presentations A-1
A.2  Conclusions A-2
A.2.1  Successful Meeting A-2
A.2.2 Information Sharing A-2
A.2.3  Governing Body A-3
Annex B — 2" International Workshop on Environmental and Industrial B-1
Health Hazards and Public Health Concerns in International Missions
B.1 Meeting Agenda B-1
B.2  Conclusions B-2

RTO-TR-HFM-057 vii



ORGANIZATION

List of Figures

Figure Page
Figure 7-1 Monitoring Chemicals in Occupational and Environmental Sciences 7-2
Figure 7-2 Metabolism of Permethrin 7-12
Figure 7-3 Outdoor Permethrin Fogging Operation During Deployment 7-13

(Potential Confounding Factor)

Figure 7-4 Indoor Permethrin Fogging Operation During Deployment 7-14
(Potential Confounding Factor)

Figure 9-1 Examples of Some of the Multiple Stressors Surrounding Soldiers During the 9-9
Gulf War in 1990 — 1991

Figure 10-1 Predictable Stressors Confront Warfighters During Training and in Deployments 10-2

Figure 10-2 The Role of Research by the Military Operational Medicine Research Program 10-5
(MOMBRP) of the U.S. Army Medical Research and Materiel Command
(USAMRMC) in Support of the Center for Health Promotion and Preventive
Medicine (CHPPM) for the Health Hazard Assessment (HHA) Process Used

by the US Army
Figure 10-3 Examples of Recent Deployment Hazards Encountered by Peacekeeping Forces 10-7
Figure 10-4 Overview of the U.S. DoD OEH Surveillance Process Including Steps During 10-9

Pre-Deployment, Initial Deployment, Longer-Term Land-Based Operations,
and Post-Deployment Phases

Figure 10-5 Health Risk Management Scheme Proposed for NATO 10-10

Figure 11-1 There is a Fine Balance in Health Risk Communication Between Providing 11-2
Accurate Information that Prepares Soldiers Against a Health Risk and Causing
Counterproductive Emotional Behaviors

Figure 11-2 Spectrum of Environmental and Industrial Health Threats 11-4

Figure 11-3 New Enrollments to the Gulf War Health Registry in Relationship to DoD News 11-8
Releases and Reports between June 1994 and July 1998

viii RTO-TR-HFM-057



z?

ORGANIZATION

Table

Table 5-1

Table 6-1
Table 6-2

Table 8-1

Table 9-1

Table 9-2

Table 9-3

Table 9-4

List of Tables

Page
Links to Relevant Organizations 5-10
Potential Military Applications of ANAM 6-2
Examples of Potential Neurotoxicants Relevant to the Military and Occupational 6-6
and Post-deployment Health Applications
Suppliers and Commercially-Available Products for SNP Genotyping 8-2
Examples of Hypothesized Etiologies of Undiagnosed Symptoms of Gulf War 9-3
Veterans
Some Key Research Accomplishments of the DoD Gulf War Illnesses Research 9-11
Program
Current Force Health Protection (FHP) Research, Showing Examples of Research 9-12
Initiatives
DoD Centers for Deployment Health 9-13

RTO-TR-HFM-057 ix



ORGANIZATION

Explanation of Acronyms, Abbreviations
and Nomenclature

ACGIH American Society for Governmental Industrial Hygienists (USA)

ADI Acceptable Daily Intake

AFPMB Armed Forces Pest Management Board

ANAM Automated Neuropsychological Assessment Metric, an experimental computerized system for
cognitive function testing developed by the US Army Medical Research and Materiel
Command

Apoptosis Early changes in pathways leading to programmed cell death; used as a marker of accelerated
cell death associated with toxic chemical exposures

ATSDR Agency for Toxic Substances and Disease Registry (USA)

BAT Biologischer Arbeitsstofftoleranzwert (Biological Tolerance Value for Occupational
Exposures)

BDU Battle Dress Uniform

Br,CA cis- 3 -(2,2-dibromovinyl)- 2,2-dimethylcyclopropanol- carboxylic acid (pyrethroid
metabolite)

BW Body Weight

CLCA see DCCA

C/T Ratio of Exposure Concentration to TLV

CAS-Nr. Chemical Abstracts Service Number

CEPA Canadian Environmental Protection Act (CAN)

CFR Code of Federal Regulations (USA)

CHPPM Center for Health Promotion and Preventive Medicine (USA)

CONUS Continental USA

CPR Controlled Products Regulations (CAN)

CULTEX A system for in vivo testing of the effects of toxic gases on lung cells

CwW Chemical Weapons

DCCA 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid (cis or trans) another
common abbreviation = Cl,CA (Pyrethroid metabolite)

DEET Diethyl toluamide

DFG Deutsche Forschungsgemeinschaft (German Research Foundation)

DNA Desoxyribo-Nucleic Acid

DoD Department of Defense (USA)

EKA Expositionsequivalente fiir krebserzeugende Stoffe (Exposure Equivalents for Carcinogenic
Substances)

EPI Exposure/Potency Index

F-PBA 4-fluoro-3-phenoxybenzoic acid (pyrethroid metabolite)

GC-MS Gas chromatography Mass Spectrometry

GHS Globally Harmonised Systems
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ISS

JP8

LC/MSMS
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PEL
Pyrethroids
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SCOEL
STEL

Hazard Index
High Performance Liquid Chromatography
Hazardous Substances Databank (USA)

Inductively Coupled Plasma — Mass Spectrometry
Individual Dynamic Absorption Application (US Army)
International Programme of Chemical Safety

Integrated Risk Information Service (USA)

Integral Search System

A jet fuel, kerosene-based. It is a replacement for the JP-4 fuel. The U.S. Navy uses a similar
formula to JP-8, called JP-5. It was first introduced at NATO bases in 1978. Its NATO code is
F-34. 1t is specified by MIL-DTL-83133 and British Defence Standard 91-87. Commercial
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National Institute of Environmental Health Sciences (USA)
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Non Observed Adverse Effect Level

National Occupational Health and Safety Commission (AUSTRALIA)
Non-Steroidal Anti-Inflammatory Drug

Organisation for Economic Cooperation and Development
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Occupational Safety and Health Administration (USA)

Phenylalanine hydroxylase

Physiologically-Based Pharmacokinetic Modelling
Physiologically-Based Pharmacokinetic Modelling/Pharmacodynamic
Polymerase Chain Reaction

Polyethyleneimine

Permissible Exposure Limit

Broad-spectrum insecticides-- chemicals used to kill a variety of insects. Permethrin is referred
to as a synthetic pyrethroid insecticide because, while manmade, it resembles naturally-
occuring chemicals with insecticidal properties, called pyrethrins. Pyrethrins are found
especially in chrysanthemums.

Restrictive Access Material
Reference dose (US EPA)

Scientific Committee on Occupational Exposure Limits (EU)
Short Term Excursion Limits
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TDI
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TTD
TWA

UNECE
USEPA

WHMIS
WHO
WOE
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Tolerable Daily Intake

Threshold Limit Value
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Time-weighted Averages

United Nations Economic Commission for Europe (UN)
Environmental Protection Agency (USA)

Workplace Hazardous Materials Information System
World Health Organisation
Weight of Evidence Modification
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