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The Need for Exposure TrackingThe Need for Exposure Tracking
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Environmental Health Tracking

Adapted from Thacker, et al., AJPH 86: 633-638 (1996)

Agent is a hazard

Agent is present in the environment

Route of exposure exists

Host is exposed to agent

Agent reaches target tissue

Agent produces adverse effect

Adverse effect becomes clinically apparent

Hazard Tracking

Exposure Tracking

Health Outcome Tracking



Priorities for Exposure trackingPriorities for Exposure tracking

High ExposureHigh Exposure
High Toxicity (Health High Toxicity (Health 
Effects)Effects)

Low ExposureLow Exposure
High ToxicityHigh Toxicity

High ExposureHigh Exposure
Low ToxicityLow Toxicity

Low ExposureLow Exposure
Low ToxicityLow Toxicity



Characteristics of ExposureCharacteristics of Exposure

Route Route –– inhalation, ingestion, absorptioninhalation, ingestion, absorption

Magnitude  Magnitude  -- what is the concentrationwhat is the concentration

Duration Duration –– minutes, days, lifetimeminutes, days, lifetime

Frequency Frequency –– daily, seasonallydaily, seasonally



Exposure EstimatorsExposure Estimators

Production volumeProduction volume
EmissionsEmissions
Environmental concentrationEnvironmental concentration
Human contactHuman contact
Internal doseInternal dose



The The ““NationalNational”” DatabasesDatabases

Term Term ““nationalnational”” can be misleadingcan be misleading
Statistically representative sample?Statistically representative sample?
Representing geographic variation?Representing geographic variation?
Representing national population?Representing national population?

NotNot…… therefore there is significant therefore there is significant 
uncertaintyuncertainty



Goals for Tracking ExposureGoals for Tracking Exposure
Collect data over time Collect data over time 
(trends, baseline)(trends, baseline)
Standard methods and Standard methods and 
qualityquality
Representative samplingRepresentative sampling
Human exposure and Human exposure and 
dose measures (personal dose measures (personal 
sampling, sampling, biomonitoringbiomonitoring) ) 
Match timeframe to Match timeframe to 
concerns concerns 

Population Exposure Population Exposure 
distributiondistribution
Characterize total Characterize total 
exposure (types, exposure (types, 
pathways, relative pathways, relative 
contributions)contributions)
Exposure to mixturesExposure to mixtures
High risk, vulnerable High risk, vulnerable 
populationspopulations



DatabasesDatabases

Question: Do databases provide adequate Question: Do databases provide adequate 
information for the estimation of population information for the estimation of population 
exposure?exposure?

Answer: It depends upon the use and Answer: It depends upon the use and 
interpretation.  interpretation.  



Exposure Tracking:Exposure Tracking:
Asking the Right QuestionsAsking the Right Questions

Sampling IssuesSampling Issues

Population IssuesPopulation Issues

Data IssuesData Issues



Sampling QuestionsSampling Questions

Are valid methods used?Are valid methods used?

Adequate number of samples?Adequate number of samples?

Level of detection appropriate?Level of detection appropriate?

Laboratory methods assured?Laboratory methods assured?



Population QuestionsPopulation Questions

Highly exposed subpopulations identified?Highly exposed subpopulations identified?

Sensitive subpopulations?Sensitive subpopulations?

Variability in exposure measured?Variability in exposure measured?

Representative sample of the population?Representative sample of the population?



Exposure Data Questions Exposure Data Questions 

Are data geographically relevant? Are data geographically relevant? 

Are data temporally appropriate? Are data temporally appropriate? 

Relevant pathways measured?Relevant pathways measured?

Do data measure trends in exposure?Do data measure trends in exposure?



Emissions, Hazard, Exposure Emissions, Hazard, Exposure 
DatabasesDatabases

Water QualityWater Quality
Air MonitoringAir Monitoring
Emissions Emissions –– permits, TRIpermits, TRI
Site specific (RCRA, Superfund)Site specific (RCRA, Superfund)
Individual exposure measures (NHEXAS)Individual exposure measures (NHEXAS)
Biomonitoring (NHANES)Biomonitoring (NHANES)



Health Effects of MercuryHealth Effects of Mercury



A National Public Health PriorityA National Public Health Priority



Mercury Concentrations, Potential Population Exposures,  Mercury Concentrations, Potential Population Exposures,  
and Hazard Index Scores for Maryland Waterwaysand Hazard Index Scores for Maryland Waterways

Region Mean Fish
Tissue
Concentra-
tion
(ppm)

Average
Consumer
Dose

Average
Hazard
Index
Dose/RfD

High
Consumer
Dose

High
Consumer
Hazard
Index
Dose/RfD

Chester 0.063 0.02205 0.2205 0.126 1.26

Choptank 0.042 0.0147 0.147 0.084 0.84

Elk River 0.003 0.00105 0.0105 0.006 0.06

Gunpowder 0.435 0.15225 1.5225 0.87 8.7

Lower 
Susquehanna

0.149 0.05215 0.5215 0.298 2.98

Nanitoke/Wicomic
o

0.172 0.0602 0.602 0.344 3.44

Patapsco 0.233 0.08155 0.8155 0.466 4.66

Pocomoke 0.009 0.00315 0.0315 0.018 0.18
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Newborns at RiskNewborns at Risk

Newborns at risk = (Number of US Women Newborns at risk = (Number of US Women 
age 15age 15--44) * (Percent U.S. population 44) * (Percent U.S. population 
reporting fish consumption) * (individual in reporting fish consumption) * (individual in 
top 5% of consumers) * (birth rate)top 5% of consumers) * (birth rate)

=60.2 million * 30.5% * 5% * 65.6/1,000=60.2 million * 30.5% * 5% * 65.6/1,000

=60, 232 newborns at risk=60, 232 newborns at risk



CDC Mercury Blood LevelsCDC Mercury Blood Levels

Females 16Females 16--49 49 

Geometric mean = 1.2 (0.9Geometric mean = 1.2 (0.9--1.6) 1.6) ugug/L /L 

9090thth % = 6.2(4.7% = 6.2(4.7--7.9) 7.9) ugug/L/L
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Mercury ExampleMercury Example

WhatWhat’’s missing?s missing?

What are key Tracking needs?What are key Tracking needs?

How do we get there?How do we get there?



Needs and Next StepsNeeds and Next Steps

Understand the links between:Understand the links between:
emissions, emissions, 
environmental concentrations, environmental concentrations, 
exposure, exposure, 
and internal doseand internal dose



Weaknesses of Hazard and Weaknesses of Hazard and 
Exposure Tracking DatabasesExposure Tracking Databases

Not Not ““truetrue”” measures of exposuremeasures of exposure
DonDon’’t characterize full range and routes of exposuret characterize full range and routes of exposure
Inadequate info on sensitive populationsInadequate info on sensitive populations
Limited number of agents includedLimited number of agents included
No mixture dataNo mixture data
Limited range of potential health endpointsLimited range of potential health endpoints
Inconsistent qualityInconsistent quality
Inaccessible to users?Inaccessible to users?
Expensive to maintainExpensive to maintain
Not kept currentNot kept current



Strengths of Hazard and Exposure Strengths of Hazard and Exposure 
Tracking Databases Tracking Databases 

Provide Provide ““baselinebaseline”” information on potential information on potential 
exposuresexposures
Provide insights for identifying emerging Provide insights for identifying emerging 
public health problemspublic health problems
Assist modeling approaches for estimating Assist modeling approaches for estimating 
exposuresexposures
Enable evaluation of trends in potential Enable evaluation of trends in potential 
and actual population exposure and actual population exposure 



Ideal Exposure Tracking DataIdeal Exposure Tracking Data

Measures individual exposure, doseMeasures individual exposure, dose
Delineates distribution of population Delineates distribution of population 
exposure exposure 
Characterizes highly exposed Characterizes highly exposed 
subpopulationssubpopulations
Measures total exposureMeasures total exposure
Apportions information by sourceApportions information by source
Provide longitudinal data on trendsProvide longitudinal data on trends



Ideal Exposure Tracking Data (2)Ideal Exposure Tracking Data (2)

Measures cross media transport Measures cross media transport 
Tracks environmental fateTracks environmental fate
Allows archiving of biological and Allows archiving of biological and 
environmental samplesenvironmental samples
Links to other databasesLinks to other databases
High accessibilityHigh accessibility
Flexibility to include new parameters Flexibility to include new parameters 
Strong public health connection!Strong public health connection!



ConclusionsConclusions

The news The news ainain’’tt all bad!all bad!

There are many applications for existing There are many applications for existing 
databases in developing exposure trackingdatabases in developing exposure tracking

The tools are improvingThe tools are improving

There is a great potential for prevention There is a great potential for prevention 
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