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Perspectives on Exposure 
Assessment

Soil Ingestion and Pica

Ed Stanek
Biostatistics and Epidemiology Program

Department of Public Health
University of Massachusetts at Amherst

Soil/Dust Ingestion Mouthing Behavior Colloquium Arlington, VA May 24-25

Overview

• Routes  of Exposure
– Inhalation, Ingestion (food, water), dermal 

absorption, Non-food ingestion
• Potential Dose

– Contaminant Conc*Intake Rate*Time
• Definition of Exposure
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Definition of Exposure:
Contaminant Conc*Intake Rate*Time

For a Person:
• Exposure over a lifetime =
• Sum exposure each year=
• For a year, Sum over days=
• For a day, Sum over hours=
• For an hour, Sum over minutes…… 

Need results for a Population!

Exposure
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Ingestion on a day

For subject “s”
Day “d”
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Historical Recommendations 

• Guidelines (judgement )
• Measurement Challenges

– Sample People
– Sample time (days)

• Error 
– Systematic Bias
– Measurement error
– Methodological bias
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Soil Ingestion Studies

• Directly measure exposure
– Unbiased?? (Validity)
– Fewer Assumptions (?)

• Problems…
– Yes- but much has been learned

Example: Adult Experimental Study 

• 10 adults, each followed for 7 days
• Study repeated 4 times
• Experimental Effect:

– No soil
– 20 mg/d soil 
– 100 mg/d soil
– 500 mg/d soil
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Source:  wsed05p01. sas 5/ 20/ 2005 

-200

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

St udy Subj ect

1 2 3 4 5 6 7 8 9 10

What about Dust?

• Concentration about ½ that for soil (for Al)
• Soil capsules = twice the dust
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Different Tracers?

• Example of Si

Source:  wsed05p03. sas 5/ 20/ 2005 
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How do Tracers Compare?

• Al vs Si
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More Tracers?

• Add Y and Zr

Source:  wsed05p05. sas 5/ 20/ 2005 
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Basic Description of Transport from Food Ingestion

Meal
1

Meal
2

Meal
3

Day 1 Food
Intake

in
Body

Passes
Through Stool

Stays in Body

Excreted in Urine

Absorbed

First 1/22nd
1/2etc

Time 0 Urine 1 Half life Urine 2 Half lifes

First 1/2 2nd
1/2 etc

Excreted in Stool

Day 1Day 23 Day 1 Day 2 3
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Ingestion on a day

For subject “s”
Day “d”

sdk sd sdk

s sd sdk

Y E
E

µ
µ β δ

= +

= + + +

Ingestion in a Population

For the “ith” subject  on the “jth” day, “kth” measure

ijk i ij ijkY B D Eµ= + + +

( ) 2var Subject Variancei SB σ= =

( ) 2var  Varianceij DD Dayσ= =

( ) 2var  Varianceijk EE Errorσ= =
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Soil Ingestion Studies

• Directly measure exposure
– Validity  …. yes
– Fewer Assumptions   … yes

• Problems…
– Yes- but much has been learned

Challenges

• Generalizing from 
– Sample of People
– Sample of time (days)

• Separating Error 
– Systematic Bias
– Measurement error
– Methodological bias
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Thanks


