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CPIEM2.0 Features

n Combines microenvironment concentrations with
activity patterns

n Monte Carlo framework

n  9 microenvironments

n  Optional mass-balance module

n  Large default database
n  Uncertainty and variability treated separately
n  User-friendly Windows platform
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CPIEM Level 1-2:
Integrated Exposure
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Ei
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Ci       = concentration in microenvironment i (e.g., µg/m3),
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CPIEM Level 1-2:
Time-Weighted Average Exposure
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TWA  = time-weighted average total exposure conc (e.g., µg/m3),

Ei
TWA  = time-weighted average microenviroment exposure conc (e.g., µg/m3),

Ci = concentration in microenvironment i (e.g., µg/m3),
ti  = time in microenvironment i (e.g., min), and
T = total time period of investigation (e.g., 1440 min)
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CPIEM Level 1-2:
Dosage
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DT     = total inhalation dosage (e.g., µg per day)
Di     = microenvironment inhalation dosage (e.g., µg per day)
BR  = breathing rate (e.g., m3/hr)
Ei

INT
 = integrated exposure conc over exposure period (e.g., µg-hr/m3 per day),
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CPIEM Level 3:
Microenvironment Concentrations

  

V
d
dt

C pQC S k k k VC QCin out in in= + − + + −( )1 2 3

Cin = indoor concentration (e.g.,µg/m3)
V = enclosure volume(e.g.,m3)
p = penetration factor (dimensionless fraction)
Q = air flow rate (m3/hr)
Cout = outdoor concentration (e.g.,µg/m3)
S = indoor generation rate (e.g.,µg/hr)
k1 = reactive decay rate (e.g., 1/hr)
k2 = net surface adsorption rate (i.e., adsorption – de-adsorption) (e.g., 1/hr)
k3 = net deposition rate (i.e., deposition – resuspension) (e.g., 1/hr)
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Scenario Selection
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Adding or Editing
Scenarios
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Inputs for All Simulation Levels

n Pollutant

n Number of trials

n Random number seed
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Pollutant Selection
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Inputs for Level 1-2

n Integration/averaging period

n Population subgroups ⇒⇒ activity patterns*

n Microenvironment concentrations*

n Breathing rates (dosage)

*Probability distribution
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Integration Period Selection

n 24 hour ⇒ daily concentration

n 12 hour AM ⇒ daily concentration

n 12 hour PM ⇒ daily concentration

n 8 hour ⇒ 24 concentration values per day

n 1 hour ⇒ 24 concentration values per day
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Microenvironment Selection



20

Activity Pattern Weight Selection

n None: all patterns selected with equal probability

n Sample: adjusts for oversampling of subpopulations

n Time: adjusts for oversampling of subpopulations and
day-types
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Population Subgroup Selection
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Adding or Editing
Population Subgroups
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Indoor Concentration Specification
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Indoor Concentration Cases
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Adding or Editing
Indoor Concentration Cases
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Distribution Types

n Normal: arithmetic mean, std deviation

n Lognormal : arithmetic mean, std deviation

n Triangular: maximum, mode, minimum

n Uniform: maximum, minimum

n Percentile: up to 12 pairs of percentiles and

                     associated values

n Dataset: name of MS Access file (*.mdb)



28



29

Importing Data from Level 3
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Selecting Cases and
Assigning Weights
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Breathing Rate Selection
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Adding or Editing Breathing Rates
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Level 3 Inputs

n Indoor emission source specification*
n Outdoor concentration*
n Penetration rate*
n Indoor sink rate*
n Enclosure volume*
n Air exchange rate*

*Probability distribution



34

Indoor Source Specification
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Indoor Source Types

n Long-term: static features of buildings (e.g.,
interior finishes, furnishings, some
appliances)

n Episodic: used or present regularly or
infrequently (e.g., carpet cleaning, painting,
dry-cleaned clothes)

n Frequent: used on a daily basis, often more
than once a day (e.g., cooking, showering,
tobacco smoking)
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n Loading: quantity of material present or used
described relative to building volume (e.g.,
square feet per cubic meter of building)

n No loading: quantity of material present or
used described in absolute terms (e.g.,
square feet)

Indoor Source Types
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Indoor Source Case Selection



38

Indoor Source Specification Inputs

SOURCE TYPE
Long-term Episodic Frequent

Percent of cases       X       X       X
Quantity present/used       X       X       X
When installed       X
Time since use       X
Duration of use       X       X
Episodes per day       X
Start time       X
Initial emission rate       X       X       X
Decline in rate       X       X       X
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Adding or Editing
a Long-term Source Case
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Emission Rate: Long-Term Source

rteVQIER −×××=
rteQIER −××=

ER = emission rate (e.g., µg/hr)
I = initial emission rate (e.g., µg/hr/ft2, ug/BTU)
Q = quantity present or used (e.g., ft2/m3, BTU/hr)
V = volume of building (m3)
t = time since installed (months)
r = decline in rate (1/months)

Loading:

No loading:



41

Adding or Editing
an Episodic Source Case
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Emission Rate: Episodic Source

rteVQIER −×××=
rteQIER −××=

ER = emission rate (e.g., µg/hr)
I = initial emission rate (e.g., µg/hr/ft2, ug/BTU)
Q = quantity present or used (e.g., ft2/m3, BTU/hr)
V = volume of building (m3)
t = time since use (days)
r = decline in rate (1/days)

Loading:

No loading:
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Adding or Editing
a Frequent Source Case
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Emission Rate: Frequent Source

rteVQIER −×××=
rteQIER −××=

ER = emission rate (e.g., µg/min)
I = initial emission rate (e.g., µg/min/ft2, ug/BTU)
Q = quantity present or used (e.g., ft2/m3, BTU/min)
V = volume of building (m3)
t = time since use (days)
r = decline in rate (1/hour)

Loading:

No loading:
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Output Metric Selection
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Graphical Output Display I
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Graphical Output Display II
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Data View Output Display
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                            E N V 1     T O T A L S
 
A rith Mean                663.54     663.54
A rith S td Dev             383.21     383.21
Geo Mean                  500.58     500.58
G e o  S td Dev                 5.31       5.31
M inim u m                      0 .00       0.00
M a x im u m                   2 7 5 3 .24
2753.24
 
       5%                  206.85     206.85
      10%                  2 5 8 .41     258.41
      15%                  3 0 7 .94     307.94
      20%                  3 4 4 .90     344.90
      25%                  3 8 2 .16     382.16
      30%                  4 3 8 .53     438.53
      35%                  4 8 1 .93     481.93
      40%                  5 0 8 .37     508.37
      45%                  5 5 6 .63     556.63
      50%                  5 8 5 .55     585.55
      55%                  6 3 8 .44     638.44
      60%                  7 0 2 .55     702.55
      65%                  7 4 9 .54     749.54
      70%                  7 9 3 .45     793.45
      75%                  8 6 2 .39     862.39
      80%                  9 1 5 .68     915.68
      85%                  9 8 6 .62     986.62
      90%                 1 1 1 1 .41    1111.41
      95%                 1 3 3 2 .39    1332.39
     100%                 2753.24    2753.24

T itle:       6.1.1a
Description: 6.1.1 a (R e s id e n c e )
P o llutant:   Form a ldehyde (u g)
Int. Perio d : 2 4
T ria ls:       500   (2962)
R a n d o m  s e e d :  7777
 
 
R e s identia l (E N V 1 )
        C a s e  #     W e ig h t
           45         1
B reathing Rates
        C a s e  #     W e ig h t
            1          1

Summary Output File
(*.ste)
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             A c t Pat ID  Sex/Age  W e ight          T im e          Exposure-integrated          D o s e
  1           48521         1             2.506           18.20       615.93    505.94
  2           63995         3             0.200           24.00       1225.15   770.82
  3           20181         1             1.020           18.83       1293.42   156.07
  4           56805         3             0.172           15.25       1861.84   960.4 3
  5           47311         2             0.762           21.00       1255.16   717.2 3
  6            1581          2             1.296           21.25       368.29    318.90
  7           60111         2             0.626           19.17       649.62    546.81
  8           63665         3             0.254           23.00       1707.19   716.2 8
  9           64125         3             0.200           24.00       540.44    283.73
 10           53965         3             0.371           12.25       817.83    337.15
 11           30581         1             0.226           17.25       1524.04  1314.21
 12            4421          2              0 .181           14.50       873.75    457.97
 13            8901          2              0 .648           19.67       946.10    660.66
 14            6281          1              2 .593           7.42        713.42    448.89
 15           48475         3             0.054           19.72       1516.77   755.05
 16           42165         3             0.377           20.00       792.78    381.5 3
 17           31585         3             0.166           18.00       2157.90   917.1 1
 18            5041          2              0 .648           16.50       285.90    214.86
 19            1403          1             0.270           21.00       2408.10  1691.40
 20            26281        2           0.453              15.83       925.00   488.79

Detailed Output File for Level 1-2
(*.asc)
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Detailed Output File for Level 3
(*.asc)

 1  .31  .31  .31  .31  .31  .31  .31  .31  .31  .31  .31  .31  .31  .31  .31  .31  .31 .31  .31  .31  .31  .31  .31  .31
 2  .22  .22  .22  .22  .22  .22  .22  .22  .22  .22  .22  .22  .22  .22  .22  .22  .22 .22  .22  .22  .22  .22  .22  .22
 3  .38  .38  .38  .38  .38  .38  .38  .38  .38  .38  .38  .38  .38  .38  .38  .38  .38 .38  .38  .38  .38  .38  .38  .38
 4  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15 .15  .15  .15  .15  .15  .15  .15
 5  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03 .03  .03  .03  .03  .03  .03  .03
 6  .06  .06  .06  .06  .06  .06  .06  .06  .06  .06  .06  .06  .06  .06  .06  .06  .06 .06  .06  .06  .06  .06  .06  .06
 7  .30  .30  .30  .30  .30  .30  .30  .30  .30  .30  .30  .30  .30  .30  .30  .30  .30 .30  .30  .30  .30  .30  .30  .30
 8 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45 2.45
 9  .79  .79  .79  .79  .79  .79  .79  .79  .79  .79  .79  .79  .79  .79  .79  .79  .79 .79  .79  .79  .79  .79  .79  .79
10  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15  .15 .15  .15  .15  .15  .15  .15  .15
11  .19  .19  .19  .19  .19  .19  .19  .19  .19  .19  .19  .19  .19  .19  .19  .19  .19 .19  .19  .19  .19  .19  .19  .19
12 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94 2.94
13  .09  .09  .09  .09  .09  .09  .09  .09  .09  .09  .09  .09  .09  .09  .09  .09  .09 .09  .09  .09  .09  .09  .09  .09
14  .04  .04  .04  .04  .04  .04  .04  .04  .04  .04  .04  .04  .04  .04  .04  .04  .04 .04  .04  .04  .04  .04  .04  .04
15  .26  .26  .26  .26  .26  .26  .26  .26  .26  .26  .26  .26  .26  .26  .26  .26  .26 .26  .26  .26  .26  .26  .26  .26
16  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03  .03 .03  .03  .03  .03  .03  .03  .03
17  .96  .96  .96  .96  .96  .96  .96  .96  .96  .96  .96  .96  .96  .96  .96  .96  .96 .96  .96  .96  .96  .96  .96  .96
18  .17  .17  .17  .17  .17  .17  .17  .17  .17  .17  .17  .17  .17  .17  .17  .17  .17 .17  .17  .17  .17  .17  .17  .17
19  .24  .24  .24  .24  .24  .24  .24  .24  .24  .24  .24  .24  .24  .24  .24  .24  .24 .24  .24  .24  .24  .24  .24  .24
20  .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .10 .1 0
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Uncertainty
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Uncertainty

Uncertainty in input distributions

⇒⇒

Uncertainty in output distribution

0

20

40

60

80

100

0 2 4 6 8 10 12 14

P
e

rc
e

n
til

e
s

Set 1, Case a) ---  Testing 1-2 Module

11:43 02/22 2002

2.5%tile
Median
97.5%tile



54

Uncertainty Overview

Input 
Data Set 1

Input 
Data Set 2

Input 
Data Set 3

Input 
Data Set 4

Input 
Data Set 5

CPIEM2.0

CPIEM2.0

CPIEM2.0

CPIEM2.0

CPIEM2.0

Output 
Data Set 1

Output 
Data Set 1

Output 
Data Set 1

Output 
Data Set 1

Output 
Data Set 1

0

20

40

60

80

100

0 2 4 6 8 10 12 14

P
er

ce
nt

ile
s

Set 1, Case a) ---  Testing 1-2 Module

11:43 02/22 2002

2.5%tile
Median
97.5%tile

UNC
Preprocessor

UNC
Postprocessor



55

Uncertainty: CPIEMunc
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Uncertainty Preprocessor:
Number of Factors
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Uncertainty Preprocessor:
Factor and Uncertainty Specification
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Uncertainty Types

n Continuous

n Discrete

n Default

n Case name
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Uncertainty Preprocessor:
Continuous  Factors



60

Uncertainty Preprocessor:
Case Name Factors



61

Uncertainty Preprocessor:
Number of Simulations
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Parameter;Distribution;Sim 1;Sim 2;Sim 3;Sim 4;Sim 5;Sim 6;
Emissions;Ar.LN;(320.9,1285);(459.1,1285);(379.5,1285);(356.3,1285);(400.5,1285);(423.7,1285);The
distribution for the mean parameter of the Ar.LN distribution for Cpiem Factor Emissions is poorly specified.
The uncertainty distribution was truncated by 3.09535e-013% to avoid generation of impossible values.;
Volume;Case Name;(TEAM);(ADM);(SoCal);(ADM);(TEAM);(SoCal);

Uncertainty Preprocessor:
Output File


