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CONCENTRATION ASSESSMENT 
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Generic exposure equation:

Where:


C = Concentration of substance in medium 
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CR = Contact Rate with medium


ED = Exposure Duration











Intake of medium

BW = Body Weight


AT = Averaging Time

CONCENTRATION ASSESSMENT PLAN

Specify Data Quality Objectives

· Decide what to test for

· Contaminants know to be present 

· Target Analyte List – Routine Analytical Services

24 inorganic chemicals

51 volatile organic compounds (plus 10 highest peaks)

66 semivolatile organic compounds (plus 20 highest peaks)

28 pesticides/arochlors 
17 chlorinated dibenzo-p-dioxins/chlorinated dibenzofurans (CDDs/CDFs)
· Other information needed for modeling

· Decide where to test

· Media

· Locations

· Decide when to test

· Season

· Weather

CONCENTRATION MODELING

Types of fate and transport models

· Surface water

· Ground water

· Air

· Bioaccumulation

Example – dust from unpaved roads:
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where

	C(X)
	=
	air concentration of dust at distance X from site

	M
	=
	vehicle miles traveled per year

	k
	=
	particle size multiplier

	s
	=
	silt content of road surface

	Sp
	=
	mean vehicle speed

	W
	=
	mean vehicle weight

	w
	=
	mean number of wheels

	Dp
	=
	number of days with 0.01 inch precipitation per year

	(y
	=
	dispersion coefficient in the lateral (crosswind) direction

	(z
	=
	dispersion coefficient in the vertical direction

	(
	=
	mean wind speed


DATA NEEDED FOR MODELING – CHEMICAL SPECIFIC 
Inherent chemical characteristics:

	Property
	
	Effect

	Solubility in water
	
	Dissolving vs. floating or sinking

	Relative solubility octanol:water (Kow)
	
	Partitioning – fat:water, soil:water

	Henry’s Law constant
	
	Transfer between water and air


Environmental fate

· Chemical changes
· photolysis

· oxidation

· reduction

· hydration

· hydrolysis

· Biological changes
· biotransformation

· bioaccumulation

DATA EVALUATION – QUALITATIVE

Step 1: Qualitative data analysis

A. Is the chemical detected?

1. What are detection limits?

· IDL – Instrument Detection Limit

· MDL – Method Detection Limit

· CRQL – Contract Required Quantitation Limit

· SQL – Sample Quantitation Limit

2. If the chemical is detected in any sample, keep it in analysis

B. Is the chemical site-related?

1. Not if “background”

· Natural or anthropogenic

· Must do statistical analysis

2. Not if in blanks

· Types of blanks

· laboratory – calibration, reagent

· trip

· field

· Chemical is “detected”

· If concentration is > 5 times blank concentration

· If concentration is > 10 times blank concentration for methylene chloride, acetone, toluene, 2-butanone, and phthalate esters

DATA EVALUATION – QUANTITATIVE

Step 2: Quantitative Data Analysis

A. Chemicals not detected in all samples
Use substitution for “below QL”


Zero
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B. Calculate mean and upper bound values

1. mean = average
2. upper bound = mean + 1.96 × SEM

a. SEM = Standard Error of the Mean

b. Confidence in mean, not in range of data

3. Example: mean = 0.10, 3 samples vs. 15 samples

[image: image5.wmf] 

AT

ED

  

 

BW

IR

  

  

C

   

   

Dose

·

·

=

[image: image6.wmf]  

AT

 

BW

ED

 

 

CR

  

  

 

   

Dose

C

  

·

·

·

=


[image: image7.wmf]0

10

20

30

40

50

60

70

[image: image8.wmf])

day

 water

of

 

liters

  

(e.g.

[image: image9.wmf])

 water

of

liter 

chemical

 

mg

  

(e.g.

[image: image10.wmf] 

AT

ED

  

 

BW

CR

  

  

C

   

   

Dose

·

·

=

[image: image11.wmf]0.00

0.04

0.08

0.12

0.16

0.20

0.24

[image: image12.wmf] 

AT

ED

  

 

BW

IR

  

  

C

   

   

Dose

·

·

=

[image: image13.wmf]  

AT

 

BW

ED

 

 

CR

  

  

 

   

Dose

C

  

·

·

·

=

[image: image14.wmf])

 water

of

liter 

chemical

 

mg

  

(e.g.

[image: image15.wmf])

day

 water

of

 

liters

  

(e.g.

[image: image16.wmf] 

AT

ED

  

 

BW

CR

  

  

C

   

   

Dose

·

·

=

[image: image17.wmf] 

AT

ED

  

 

BW

IR

  

  

C

   

   

Dose

·

·

=

[image: image18.wmf] 

AT

ED

  

 

BW

 

 

IR

  

  

C

   

   

Dose

·

·

·

·

=

FI

 

 

CF

[image: image19.wmf] 

AT

ED

 

BW

 

 

Dose

 

Absorbed

 

  

  

   

  

·

·

·

=

EV

 

 

SA

DA

event

[image: image20.wmf]m

s

s

p

·

·

·

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

÷

ø

ö

ç

è

æ

·

·

=

z

y

365

Dp

 

-

 

365

4

w

3

W

30

Sp

12

s

k

M

5.9

 

 

C(X)

5

.

0

7

.

0

[image: image21.wmf]2



C. Data gaps – options

· collect new data

· narrow scope of assessment

· use conservative assumptions

· use models

· use surrogate data

· use professional judgment

 INTAKE ASSESSMENT

Exposure ( Dose
	Chemical location
	
	Process
	
	Dose

	Outer boundary
	
	Contact
	
	Applied dose

	Crossing boundary
	
	Absorption
	
	Absorbed dose

	Internal organs
	
	Distribution
	
	Internal dose


Exposure requires:

1. A complete exposure pathway

· source

· transport medium

· point of contact

· route of intake

2. A receptor – WHO?

· Actual person or population

· Hypothetical person or population

· Susceptible subpopulation

Uncertainty: 

· Calculate two values: central tendency and high end
· Use entire distribution for later Monte Carlo analysis

INTAKE CALCULATIONS

Generic exposure equation:

Where:



C = Concentration in medium



CR = Contact Rate with medium 


BW = Body Weight (kg) 


ED = Exposure Duration (years)


AT = Averaging Time (years)

Body weight (BW) values

	
	
	Central Tendency (traditional)
	
	New

	Adult
	
	70 kg
	
	71.8 kg (mean)

	Child 1 to 6 years
	
	15 kg
	
	Yearly value

	Child 6 to 11 years
	
	30 kg
	
	Yearly value


Exposure duration (ED) values

Residential Exposure Duration:

· Adults

· 9 years – central tendency

· 30 years – high end

· 70 years – maximum

· Children

· 6 years (ages 1 to 6: highest soil exposure; ages 7 to 12 highest trespassing)

Occupational Exposure Duration

· Work activities 

· 6.6 years at a single job – central tendency

· 21.9 years for working lifetime – central tendency

Recreational Exposure Duration
· same as residential OR site specific

Averaging time (AT) values
· Noncarcinogenic effects – same as exposure duration

· Carcinogenic effects – 70 years (25,550 days)


Recent EPA discussion:

 “For less-than-lifetime human exposure scenarios, too, the lifetime average daily exposure or dose has often been used. The use of these lifetime average exposure metrics was adopted with low-dose linear cancer assessments in mind. The lifetime averaging implies that less-than lifetime exposure is associated with a linearly proportional reduction of the lifetime risk, regardless of when exposures occur. Such averaging may be problematic in some situations. This can be illustrated using both the multistage model and the two-stage clonal expansion model that predict that short-duration risks are not necessarily proportional to exposure duration and can depend on the nature of the carcinogen and the timing of exposure (Goddard et al., 1995; Murdoch et al., 1992). These examples indicate some circumstances in which use of a lifetime average daily dose (LADD) would underestimate cancer risk by two- to fivefold, and others in which it might overestimate risk (Murdoch et al., 1992). Thus, averaging over the duration of a lifestage or a critical window of exposure may be appropriate. As methodological research focuses on new approaches for estimating risks from less-than-lifetime exposures, methods and defaults can be expected to change.” (EPA Guidelines for Carcinogen Risk Assessment 2005)
INHALATION EXPOSURE CALCULATIONS




C = concentration in air (mg/m3)




IR = inhalation rate (m3/day)

Inhalation rate (IR) values 

· Residential 

· Central tendency values only, no upper bounds

· 11.3 m3/day – adult females

· 15.2 m3/day – adult males

· 4.5 m3/day – child <1 year

· 6.0 m3/day – child 1-2 years to 17 m3/day male 15-18 years

· Outdoor worker – need to define hours of exposure

· 1.3 m3/hour – central tendency

· 3.3 m3/hour – high end 

· Other activities (showering, indoor vs. outdoor air)

· match IR and time of exposure with calculated concentrations using age/sex/activity-specific values

INGESTION OF DRINKING WATER CALCULATIONS

C = concentration in water (mg/L)




IR = ingestion rate (L/day)

Ingestion rate (IR) values 

· Residential 

· Adults: 1.4 L/day – central tendency; 2.3 L/day – high end 

· Children: 0.3 to 0.97 L/day by age group – central tendencies; 0.65 to 1.7 L/day –  high ends

· Recreational 

· Adults: 0.21 to 0.65 L/hour, depending on climate and activity level 

INGESTION OF SOIL CALCULATIONS





C = concentration in soil (mg chemical/kg soil)




IR = ingestion rate (mg soil/day)




CF = conversion factor (10-6 kg soil/mg soil)




FI = fraction ingested from contaminated source (unitless)

Ingestion rate (IR) values 

· Residential 

· Adults: 50 mg/day – central tendency, no high end recommended

· Children: 100 mg/day – central tendency; 400 mg/day – high end

Fraction ingested from contaminated source (FI)

· default value is 1.0

· may be less for specific scenarios

DERMAL CONTACT WITH WATER AND SOIL CALCULATIONS

General Equation:




DAevent = absorbed dose per event (mg/cm2 -event)




SA = surface area of exposed skin (cm2)




EV = event frequency (events/year)

Absorbed dose per event (DAevent) values (includes concentration term)

Exposure to water:

· Equation:

DAevent = Kp ( Cw ( tevent
Where: 

DA = Dose absorbed per unit area per event (mg/cm2-event) 

Kp = Permeability coefficient from water (cm/hr) 
Cw = Concentration of chemical in water (mg/cm3) 
tevent = duration of event (hr/event) 

· Permeability constant ( Kp) values

· Kp’s published for many organics

· Default Kp for inorganics is 10-3 cm/hour

· Duration of event (tevent) values:

· Bathing: 10 min/day central, 15 min/day upper bound 

· Swimming: 0.5 hours/day central, 1.0 hours/day upper bound

DERMAL CONTACT (continued)

· Current EPA guidance for dermal absorption from water: 
“…the dermal dose exceeds the ingested dose [only] when the Kp is greater than about 0.1 cm/hour. It appears that most compounds of environmental concern have Kp’s less than 0.1 (only about 20 of the 200 compounds in Table 5-8 have Kp > 0.1 cm/hour).”
Absorbed dose per event (DAevent) values (continued):
Exposure to soil:

· Use absorbed fraction (by chemical class) in soil adhering to skin 

· Typical default values: 

· 0.2 to 1.0 mg soil adhering per cm2 exposed skin

· Percentage of adhered compound absorbed: volatiles 10%, semivolatiles 1%, pesticides/PCBs 0.1%, inorganics 0%

· CF = conversion factor (10-6 kg soil/mg soil)

· Results for 1 mg/kg concentration in soil:
	
	
	Central Tendency
	
	Upper Bound
	
	Units

	Absorbed dose per event (DA)

     Volatiles

     Semivolatiles

     Pesticides/PCBs

     Inorganics
	
	2(10-8
2(10-9
2(10-10

0
	
	1(10-7
1(10-8
1(10-9
0
	
	mg/cm2 -event


DERMAL CONTACT (continued)

Surface area of skin (SA) values

·  Exposure to water:

· Adults: 20,000 cm2 (central tendency), 23,000 cm2 (high end)

· Children: age and sex specific values

· Exposure to soil:

· Adults: 5,000 cm2 (central tendency), 5,800 cm2 (high end)

· Children: age and sex specific values

Event frequency (EV) values: 

	
	
	Central Tendency
	
	Upper Bound
	
	Units

	Event Frequency (EV)

Dermal Contact 


showering/bathing


swimming


with soil
	
	350/365

40/365

5/365
	
	350/365

350/365

150/365
	
	events/days per year


Soil and water dermal equations both give an absorbed dose 

Must compare to absorbed toxicity values 
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