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Proposed Agenda for General Electric EPA Meeting
November 6,1995

EPA Region 1, New York, NY

I. Introductions (10:00-10; 15) John Haggard
n. Description of the basic approach (10:15-10:35) Paul Price

A. Description of Mcroexposure Monte Carlo
B. What questions need to be answered for the Hudson River?

1. Exposure characterization
a. Baseline analysis
b. Evaluation or remedies

2. Developing toxicologically relevant measures of dose
HE. SpecHc topics (10:35-11:30) Paul Price

A. (Jr-^ertainty and variability
B. Determining fish concentrations: species selection,

concentration selection, cooking loses, and cooking preferences
C. Temporal changes in concentrations of PCBs in fish
D. Temporal changes b angler behaviors
E. Durations of exposure
F. Dose rate determinations
G. Discussion

IV. Sortware Issues (11:30-12:00) Cynthia Curry
A. Software programs used
B. Description of the code
C. Key operations

1. Look-up tables
2. Binary decisions
3. Design of loops
4. @Risk/EXCEL functions

Lunch (12:00-1:00)

V. Computer demonstration (1:00-3:30) Cynthia Curry
A. Demonstration of operation
B. Step through the program
C. Discussion

VI. Departure (3:30)
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GE Corporate
Environmental Programs

John C. Haggard General Electric Company
Engineering Project Manager I Computer Owe South, Albany, NY 12205
Hudson River 518 458-6619. Dial Comm: 8'920-9000

Fx: 518458-9247

August 11,1995

Mr. Douglas J. Tomchuk
Remedial Project Manager
USEPA
290 Broadway, 20th Floor
New York, NY 10007-1866

Dear Mr. Tomchuk:

This letter is in response to your phone call of July 27 with Mr. Paul Price of ChemRisk. In
that phone call you declined our offer to hold a meeting in either Portland or New York where
ChemRisk would have explained or walked EPA through the results of the 1990 Maine Angler
Survey. Instead you requested that we send you a copy of the raw data on fish consumption
collected in the 199^ survey along with a copy of the analysis used to develop our final
estimates. We are disappointed that you would not take us up on our offer to explain this
important information and we hope you reconsider.

Enclosed with this letter are the materials you requested:

• A diskette containing the raw data in a fixed-format ASCII file (mefisLdat);

• A copy of the survey instrument annotated to link survey question responses with
variable names in the raw data file;

• A template document identifying where specific variables are located within the raw
data file for each respondent;

• A copy of the command sequence with interpretive comments that develops the raw
data into consumption rates (written in SYSTAT's DATA programming language);

• A copy on diskette (mefshcmd.cmd) of the command sequence without interpretive
comments that could be used in SYSTAT to replicate the analysis;

• A copy of a summary table of fish consumption rates based on the variables in the final
file as created by the command sequence;

• A reprint of the Ebert et al. (1993) article from North American Journal of Fisheries
Management in which the survey results are published; and

• The original report prepared by ChemRisk in July 1992 that contains information not
included in the journal article.
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Mr. Douglas J. Tomchuk
August 11,1995
Page 2____________

We trust that these technical details will help to make the analysis more understandable and
useable by scientists on your staff and your contractors. Please place a copy of this
information in the Site Administrative record. If you have any questions concerning the
enclosed materials please contact Russell Keenan at (207) 774-0012. We would be pleased to
answer any questions that arise as you use the data and interpretive materials.

Sincerely,

John G. Haggard
Engineering Project Manager

Enclosures

cc, with enclosures:
Barbara Beck, Ph.D.
Jackie Moya

cc, without enclosures:
Kevin Garrahan
Russ Keenan, Ph.D.
Marian Olsen
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ChMiRtok • A Dlvtolon of McUran/Hart
November 6.1995

Data Sources for MIcroExposure Program of Fish Consumption for the Hudson River

MIcroaxpcMure Model Submitted to
ERA Region II

Parameter
Probability of Mortality

Probability of Intercounty Mobility

Probability of Angling Cessation

Age Frequency

Gender Probability

Fish Consumption Rate

Body Weight

Cooking Loss

Cooking Preference

Species Preference

Location
INPUT.XLS

INPUT.XLS

INPUT.XLS*

INPUT.XLS

MACROH.XLS ($B$38)

INPUT.XLS

INPUT.XLS

MACROH.XLS ($E$139)

MACROH.XLS ($E$139)

INPUT.XLS

Source
National Center for Health Statistics. 1990. Vital Statistics of the United States:
1987. Vol. II - Mortality. Part A. U.S. Department of Health and Human
Services, Hyattsvllle, MD. (cited in Johnson and Capel, 1992).
Johnson, T. and J. Capel. 1992. A Monte Carlo Approach to simulating
residential occupancy periods and Its application to the general U.S. population.
EPA-450/3-92-011.
U.S. Department of Commerce. 1991. Current Population Reports, Series P-20,
No. 456, Geographic Mobility: March 1987 to March 1990. Government Printing
Office, Washington, D.C.
Extracted from ChemRisk's 1991 Maine Angler Survey (data from category:
rivers and streams, consuming anglers).

Extracted from ChemRisk's 1991 Maine Angler Survey (data from category:
rivers and streams, consuming anglers).

Extracted from ChemRisk's 1991 Maine Angler Survey (data from category:
rivers and streams, consuming anglers).

Extracted from ChemRisk's 1991 Maine Angler Survey (data from category:
rivers and streams, consuming anglers).

EPA, 1989. Exposure Factors Handbook. U.S. Environmental Protection
Agency, Office of Health and Environmental Assessment EPA/600/8-89/043.
July.
Sherer, R.A. and P.S. Price. 1993. The effect of cooking processes on PCS
levels in edible fish tissue. QA Good Practice, Reg., and Law. Vol. 2., No. 4.

Extracted from ChemRisk's 1991 Maine Angler Survey.

Connelly, N A, B A Knuth. and C.A. Bisognl. 1992. Effects of the Health
Advisory Changes on Fishing Habits and Fish Consumption In New York Sport
Fisheries. Human Dimension Research Unit, Department of Natural Resources,
State College of Agriculture and Life Sciences, Fernow Hall, Cornell University,
Ithaca, NY. Report for the New York Sea Grant Institute. September. Project
No. R/FHD-2-PD.

CO
o

o
H

LIpW Fraction of Fish Mass MACROH.XLS ($B$24:$B$35) NYDEC data, 1973-1992 (average by species).

• (ncoiporatMJ In ProtabHtty rt Intwoounly MoMKy.



Definition of Variables Used in Microexposr re Program of Fisli Consumption for the
Hudson River

Presented to

U.S. EPA Region H
New York, NY

November 6, 1995

A Division of McLaren/Hart
Environmental Engineering
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ChemRisk - A Division of McLaren/Hart Microexposure Model Submitted to
November 6, 1995 EPA Region H

The attached table provides a list of variables used in the Microexposure program, including
locations, units, and definitions. This table, which presents variables in alphabetical order, is intended
to aid the analyst as he or she steps through the model, tracking consumption rates, intake rates, etc.
It will be especially helpful when the analyst attempts to identify differences between, for example,
int!6, AROC16, DOSE16, DOSEsuml6, and sum!016!

As a note, in developing variable names for the program, the term "intake" was defined as the mass
of PCBs consumed as a result of fish consumption. This term was switched to "dose" once the
angler's "intake" was divided by his or her body weight.
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ChemRUk • A Division of McLaren/Hart
November 6,1995

Microexposure Model Submitted to
EPA Region II

Definition* of Variable* U*ed In Microexposure Program of Rah Consumption for the Hudson River

CO
en
H
H

Variable

A
ADD16
ADD21
ADD54
ADDT

adj1016
adj1221
adj12S4
adjTPCB
AROC16
AROC21
AROC54

BWP
bwrange

Conc1016
Conc1221
Conc1254
cookloss
counter
dieage

dier
DOSE16

DOSE16sum
DOSE21

DOSE21sum
DOSE54

OOSE54sum
dr

err1016
err1221
en-1254
errTPCB
excess

exitrange
exposure
FishData
FishMass

G

Macro Location(s)

ANGLERO; EXITLOOP
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
HARVESTQ; FishRateQ
HARVESTQ; FishRateQ
HARVESTO; FishRateQ
HARVESTQ; FishRateQ
HARVESTQ; SUMDOSESQ
HARVESTQ; SUMDOSESQ
HARVESTQ; SUMDOSESQ
ANGLERQ; BWQ
BWO
HARVESTQ
HARVESTO
HARVESTQ
HARVESTQ
INITIALIZE2Q; HARVESTO
EXITLOOPQ
EXITLOOPQ
SUMDOSESQ; EXITLOOPQ
INITIAUZEQ: SUMDOSESO
SUMDOSESQ; EXITLOOPQ
INITIALIZEQ; SUMDOSESQ
SUMDOSESQ: EXITLOOPO
INITIALIZER SUMDOSESQ
HARVESTO
FishRateQ
FishRateQ
FishRateQ
FishRateQ
INITIAUZE20; FishRateQ
EXITLOOPQ
EXITLOOPO
HARVESTO
HARVESTQ; FishRateQ
ANGLERO; BWO; EXITLOOPO

Units

years
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

mg
mg
mg
mg
mg
mg
mg
%ile

unitless
mg
mg
mg

unitless
unitless
years

unitless
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

unitless
mg
mg
mg
mg
g

unitless
years

unitless
0

unitless

Definition

age of angler
angler's Average Daily Dose of Aroclor 1016
angler's Average Daily Dose of Aroclor 1221
angler's Average Daily Dose of Aroclor 1254
angler's Average Daily Dose of Total PCBs
intake of Aroclor 1016 after accounting for excess of fish masses consumed
intake of Aroclor 1 221 after accounting for excess of fish masses consumed
intake of Aroclor 1 254 after accounting for excess of fish masses consumed
intake of Total PCBs after accounting for excess of fish masses consumed
final intake of Aroclor 1016 (based on decline and cooking loss factors)
final intake of Aroclor 1221 (based on decline and cooking loss factors)
final intake of Aroclor 1254 (based on decline and cooking loss factors)
body weight percentile of angler
range of cells containing body weight data in INPUT.XLS
Aroclor 1016 concentration of individual fish selected (lipid normalized)
Aroclor 1221 concentration of individual fish selected (lipid normalized)
Aroclor 1254 concentration of individual fish selected (lipid normalized)
fraction of PCB intake lost as a result of cooking method selected
conditional: if equal to '0". RATEFQ2 not satisfied; if '1", RATEFQ2 satisfied
sets the variable "A" to age at death if angler dies
equal to "0" if angler dies based on demographics, "1 " if angler lives
final intake of Aroclor 1 01 6 divided by angler's body weight
tracks sum of yearly Aroclor 1016 doses for angler
final intake of Aroclor 1221 divided by angler's body weight
tracks sum of yearly Aroclor 1221 doses for angler
final intake of Aroclor 1254 divided by angler's body weight
tracks sum of yearly Aroclor 1 254 doses for angler
decline rate of PCBs, based on 1 st order kinetics
quantifies excess intake of Aroclor 1016 due to consumption of excess fish masses
quantifies excess intake of Aroclor 1221 due to consumption of excess fish masses
quantifies excess intake of Aroclor 1254 due to consumption of excess fish masses
quantifies excess intake of Total PCBs due to consumption of excess fish masses
the difference of total fish masses consumed in one year and the selected annual fish consumption rate
range of cells in INPUT.XLS associated with mortality and mobility
total number of years angler was exposed; same as exposure duration
range of cells corresponding to fish sampling data in INPUT.XLS
mass of individual fish selected
gender of angler selected; "0" if male selected, '1" if female selected



Ch«v Jk-A Division of McLarm/Hart
November 6,1995

Microexposure Model Submitted to
EPA Region II

Definitions of Variables Used In Microexposure Program of Fish Consumption for the Hudson River

H1

O

o\
H
10

Variable

hibw
hibwperc

ID
int16
int21
int54

intTPCB
iteration

k
LADD16
LADD21
LADD54
LADDT
lipamel

lipb
lipbb
lipblc
lipblg
lipchp
lipnop
lippksd
liprb

lipweye
lipwp
lipyp
lobw

lobwperc
mobility
mortality
moveage

mover
pdeath
plive

pmove
pstay

quartile
rartgex

RATEFQ1

Macro Location(s)

BWQ
BW()
HARVESTQ
HARVESTQ; FishRateQ
HARVESTQ; FishRateQ
HARVESTQ; FishRateQ
HARVESTQ; FishRateQ
SUPERMACROQ
INITIALIZEQ; HARVESTQ
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
INITIALIZE(); HARVESTQ
INITIALIZEQ; HARVESTQ
INITIALIZEQ; HARVESTQ
INITIALIZEQ; HARVESTQ^
INITIALIZEO; HARVESTQ^
INITIALIZEQ; HARVESTQ
INITIALIZEQ; HARVESTQ
INITIALIZEO; HARVESTQ
INITIALIZEQ; HARVESTQ
INITIALIZEQ; HARVESTQ
INITIALIZEQ; HARVESTQ
INITIALIZEQ; HARVESTQ
BW()
BW()
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
EXITLOOPQ
EXITLOOPO
ANGLERQ
ANGLERQ
EXPOSURELOOPQ

Units

kg
%ile

unittess
mg
mg
mg
mg

unitless
unitless

mg/kg-day
mg/kg-day^
mg/kg-day
mg/kg-day^
unitless
unitless
unitless
unitless
unitless
unitless
unitless
unitless
unitless
unitless
unitless
unitless

kg
%ile

unitless
unitless
years

unitless
unitless
unitless
unitless
unitless
unitless
unitless
g/day

Definition

body weight associated with hibwperc
higher boundary of BWP selected
identifies individual fish selected from INPUT.XLS
Intake of Aroclor 1016 associated with individual fish selected
Intake of Aroclor 1221 associated with individual fish selected
Intake of Aroclor 1254 associated with individual fish selected
Intake of Total PCBs associated with individual fish selected
tracks number of anglers modeled; set equal to T for the first angler selected
rate constant for 1st older decline of PCB concentrations
angler's Lifetime Average Daily Dose of Aroclor 1016
angler's Lifetime Average Daily Dose of Aroclor 1221
angler's Lifetime Average Daily Dose of Aroclor 1254
angler's Lifetime Average Daily Dose of Total PCBs
lipid fraction of American eel (estimated from NYDEC data, 1973 - 1992)
lipid fraction of bass (estimated from NYDEC data, 1 973 - 1 992)
lipid fraction of brown bullhead (estimated from NYDEC data, 1 973 - 1 992)
lipid fraction of black crappie (estimated from NYDEC data, 1973 - 1 992)
lipid fraction of bluegill (estimated from NYDEC data, 1973 - 1992)
lipid fraction of chain pickerel (estimated from NYDEC data, 1973-1 992)
lipid fraction of northern pike (estimated from NYDEC data, 1973-1 992)
lipid fraction of pumpkmseed (estimated from NYDEC data, 1 973 - 1 992)
lipid fraction of rock bass (estimated from NYDEC data, 1 973 - 1 992)
lipid fraction of walleye (estimated from NYDEC data, 1 973 - 1 992)
lipid fraction of white perch (estimated from NYDEC data, 1973 - 1 992)
lipid fraction of yellow perch (estimated from NYDEC data, 1973 - 1992)
body weight associated with lobwperc
lower boundary of BWP selected
range of cells in MACROH.XLS that contain pmove and pstay
range of cells in MACROH.XLS that contain pdeath and plive
sets the variable "A" to age upon moving if angler moves
equal to '0* if angler moves or stops angling based on demographics, "1 ' if angler stays
probability that angler dies based on demographic data
probability that angler lives based on the complement of pdeath
probability that angler moves or stops angling based on demographic data
probability that angler does rw! move/stop angling based on the complement of pmove
one of 4 ascending ranges of fish consumption rates
equal to the quartile selected for angler
daily fish consumption rate selected for angler



Ch«mR!*k - A Division of McLarm/Hart
Novembers, 1995

Microexposure Model Submitted to
EPA Region II

Definitions of Variables Used In Microexposure Program of Rsh Consumption for the Hudson River

Variable Macro Location(s) Units Definition

RATEFQ2
SPECIES
startage
sum1016
sum1221
sum1254
sumTPCB

t
TDOSE

TDOSEsum
Totalfs

TOTRATES
TPCB

TPCBConc
WGT

EXPOSURELOOPQ; HARVESTQ; FishRateQ
HARVESTQ
ANGLERQ; EXITLOOP
INITIAUZE2Q; HARVESTQ; FishRateQ
INITIAUZE2Q; HARVESTQ; FishRateQ
INITIAUZE2Q; HARVESTQ; RshRateQ
INITIAUZE2Q; HARVESTQ; RshRateQ
HARVESTQ
SUMDOSESQ; EXITLOOPQ
INITIAUZEQ; SUMDOSESQ
INITIALIZE2Q; HARVESTQ; FishRateQ
INITIALIZER EXPOSURELOOPQ
HARVESTQ; SUMDOSESQ
HARVESTQ
BWQ; SUMDOSESQ

g/year
unities*
years
mg
mg
mg
mg

years
mg/kg
mg/kg

0
g/year

mg
mg
kg

RATEFQ1 * 365.25 days/yr
species selected based on species preferences
set equal to age of angler at 1 st year of exposure
for any given year, tracks sum of intakes of Aroclor 1016
for any given year, tracks sum of intakes of Aroclor 1221
for any given year, tracks sum of intakes of Aroclor 1254
for any given year, tracks sum of intakes of Total PCBs
the number of years angler has been exposed
final intake of total PCBs divided by angler's body weight
tracks sum of yearly Total PCB doses for angler
for any given year, tracks fish masses consumed
tracks sum of annual consumption rates for angler
final intake of Total PCBs (based on decline and cooking loss factors)
Total PCB concentration of individual fish selected (lipid normalized)
body weight interpolated between lobw and hibw

H
O
•

u>

u>



.J»k - A Division of McLaran/Hart
November 6,1995
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Data Sources for MIcroExposure Program of Fish Consumption for the Hudson River

Mteroexposure Model Submitted to
EPA Region II

Parameter
Probability of Mortality

Probability of Intercounty Mobility

Probability of Angling Cessation

Age Frequency

Gender Probability

Fish Consumption Rate

Body Weight

Cooking Loss

Cooking Preference

Species Preference

Location
INPUT.XLS

INPUT.XLS

INPUT.XLS*

INPUT.XLS

MACROH.XLS ($B$38)

INPUT.XLS

INPUT.XLS

MACROH.XLS ($E$139)

MACROH.XLS ($E$139)

INPUT.XLS

Source
National Center for Health Statistics. 1990. Vital Statistics of the United States:
1987. Vol. II - Mortality, Part A. U.S. Department of Health and Human
Services, Hyattsville, MD. (cited in Johnson and Capel, 1992).
Johnson, T. and J. Capel. 1992. A Monte Carlo Approach to simulating
residential occupancy periods and its application to the general U.S. population.
EPA-450/3-92-011.
U.S. Department of Commerce. 1991. Current Population Reports, Series P-20,
No. 456, Geographic Mobility: March 1987 to March 1990. Government Printing
Office, Washington, D.C.
Extracted from ChemRisk's 1991 Maine Angler Survey (data from category:
rivers and streams, consuming anglers).

Extracted from ChemRisk's 1991 Maine Angler Survey (data from category:
rivers and streams, consuming anglers).

Extracted from ChemRisk's 1991 Maine Angler Survey (data from category:
rivers and streams, consuming anglers).

Extracted from ChemRisk's 1991 Maine Angler Survey (data from category,
rivers and streams, consuming anglers).

EPA, 1989. Exposure Factors Handbook. U.S. Environmental Protection
Agency, Office of Health and Environmental Assessment. EPA/600/8-89/043.
July.
Sherer, R.A. and P.S. Price. 1993. The effect of cooking processes on PCS
levels in edible fish tissue. QA Good Practice, Reg., and Law. Vol. 2., No. 4.

Extracted from ChemRisk's 1991 Maine Angler Survey.

Connelly, N A, B.A. Knuth, and C.A. Bisogni. 1992. Effects of the Health
Advisory Changes on Fishing Habits and Fish Consumption In New York Sport
Fisheries. Human Dimension Research Unit, Department of Natural Resources,
State College of Agriculture and Life Sciences, Fernow Hall, Cornell University,
Ithaca, NY. Report for the New York Sea Grant Institute. September. Project
No. R/FHD-2-PD.

LlpkJ Fraction of Fish Mass MACROH.XLS ($B$24:$B$35) NYDEC data, 1973-1992 (average by species).

• Incorporated In ProbsbMHy of Intaroounty Mobility.
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ChwnRtek • A Divtelon of McLararVHart
November 6,1995

1
2
3
4
6
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

A

FILE
LAST REVISED:

B C D E F

Input Sheet for MicroExposure Program of Rsh Consumption for the Hudson River
3-Nov-95

AGE-SPECIFIC DEMOGRAPHIC DATA

AGE

10
11
12
13
14
IS
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
80
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

AGE
FREQUENCY

DISTRIBUTION

6
6
6
6
6
6
6
6
6
3
5
3
7
12
11
10
14
16
10
13
16
12

-12
14
18
8
17
13
12
10
13
12
18
10
8
11
6
10
5
6
11
3
9
1
1
6
6
4
5
7
8
2
2
5
4
8

PROBABILITY OF MORTALITY
Mate

0.00016
0.00018
0.00025
0.00042
0.00058
0.00082
0.00103
0.00121
0.00132
0.00141
0.00148
0.00155
0.00161
O.C0161
0.00159

Female
0.00012
0.00012
0.00015
0.00020
0.00028
0.00037
0.00047
0.00053
0.00054
0.00053
0.00051
0.00049
0.00049
0.00049
0.00051

0.00156 1 0.00053
0.00154
0.00153
0.00156
0.00161
0.00167
0.00173
0.00180
0.00187
0.00192
0.00201
0.00211
0.00220
0.00228
0.00238
0.00251
0.00265
0.00284
0.00306
0.00333
0.00364
0.00397
0.00438
0.00484
0.00537
0.00596
0.00659
0.00729
0.00805
0.00868
0.00976
0.01070
0.01180
0.01304
0.01444
0.01597
0.01757
0.01917
0.02071
0.02223
0.02378

0.00055
0.00056
0.00058
0.00060
0.00062
0.00064
0.00068
0.00072
0.00078
0.00084
0.00090
0.00097
0.00105
0.00112
0.00120
0.00131
0.00143
0.00159
0.00178
0.00198
0.00220
0.00245
0.00272
0.00302
0.00335
0.00371
0.00409
0.00448
0.00490
0.00534
0.00583
0.00640
0.00707
0.00782
0.00864
0.00952
0.01041
0.01133
0.01226
0.01326

PROBABILITY AN ANGLER IN THE
NORTHEAST MOVES OUT OF
COUNTY OR STOPS ANGLING

Moto
0.031
0.051
0.062
0.047
0.064
0.024
0.052
0.049
0.038
0.038
0.067
0.087
0.087
0.087
0.067
0.096
0.096
0.096
0.096
0.096
0.057
0.057
0.057
0.057
0.057
0.039
0.039
0.039
0.039
0.039
0.033
0.033
0.033
0.033
0.033
0.024
0.051
O.O51
0.051
0.051
0.048
0.048
0.048
0.048
0.048
0.051
0.051
0.051
0.051
0.051
0.040
0.040
0.051
0.051
0.051
0.041

Female
0.031
0.051
0.062
0.047
0.064
0.024
0.052
0.049
0.038
0.038
0.087
0.087
0.087
0.087
0.067
0.096
0.096
0.096
0.096
0.096
0.057
0.057
0.057
0.057
0.067.
0.039
0.039
0.039
0.039
0.039
0.033
0.033
0.033
0.033
0.033
0.024
0.061
0.051
0.061
0.051
0.048
0.048
0.048
0.048
0.046
0.051
0.051
0.051
0.051
0.051
0.040
0.040
0.051
0.051
0.051
0.041

MfcrtMxpofur* Modal Submitted to
EPA Region II

10.3616



ChwnRMc • A Dlvtolon of McUrarVHart
November 6,1995

1
2

66
67
68
69
70
71
72
73
74
76
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

A

FILE:
LAST REVISED:

B c D E F

Input Shaat for MicroExposurc Program of Fish Consumption for Ihe Hudson River
3-Nov-95

AGE-SPECIFIC DEMOGRAPHIC DATA

AGE

66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

AGE
FREQUENCY

DISTRIBUTION

0
4
1
1
3
3
2
4
1
2
1
3
0
4
0
1
0
0
0
0
0
0
0
0
0

PROBABILITY OF MORTALITY
Malo

0.02554
0.02766
0.03032
0.03346
0.03693
0.04058
0.04437
0.04829
0.05237
0.05671
0.06147
0.06671
0.07256
0.07904
0.06e21
0.09407
0.10265
0.11181
0.12146
0.14309
0.15686
0.16766
0.17307
0.18541
1.00000

Famale
0.01439
0.01565
0.01715
0.01875
0.02060
0.02256
0.02470
0.02702
0.02953
0.03233
0.03W.
0.03693
0.04287
0.04736

PROBABILITY AN ANGLER IN THE
NORTHEAST MOVES OUT OF
COUNTY OR STOPS ANGLING

Mala
0.041
0.013
0.013
0.013
0.010
0.010
0.010
0.010
0.010
0.014
0.014
0.014
0.014
0.014

0.05250 ] 0.017
0.05839 1

0.06525
0.07333
0.08296
0.10169
0.11809
0.127C.
0.13526
0.15041
1.00000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Female
0.041
0.013
0.013
0.013
0.010
0.010
0.010
0.010
0.010
0.014
0.014
0.014
0.014
0.014
0.017
1.000
1.000
1.000
1.000 .
1.000
1.000
1.000
1.000
1.000
1.000

Mfcroaxpotura Modal Subnritted to
EPA Region II

10.3617



t I.

ChatnRisk - A Division of McLwm/Hart
Novombar 6,1995

1
2

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

G

AGE

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

H 1 J K L
%

M N 0 P Q R

AGE-SPECIFIC BODY WEIGHT OF MALES (kg)

Percentite
0

26.9
26.8
30.5
34.4
39.9
46.0
525
50.4
55.5
55.5
55.5
55.5
55.5
55.5
55.5
58.4
58.4
58.4
58.4
58.4
58.4
58.4
58.4
58.4
58.4
58.8
58.8
58.8
58.8
58.8
58.8
58.8
58.8
58.8
58.8
59.7
59.7
59.7
59.7
59.7
59.7
59.7
59.7
59.7
59.7
59.0
59.0
59.0
59.0
59.0
59.0
59.0
59.0
59.0
59.0
53.5

5
26.9
26.8
30.5
34.4
39.9
46.0
522
50.4
55.5
55.5
55.5
55.5
55.5
55.5
55.5
58.4
58.4
58.4
58.4
58.4
58.4
58.4
58.4
58.4
58.4
58.8
58.8
58.8
58.8
58.8
58.8
58.8
58.8
58.8
58.8
59.7
59.7
59.7
59.7
59.7
59.7
59.7
59.7
59.7
59.7
59.0
59.0
59.0
59.0
59.0
59.0
59.0
59.0
59.0
59.0
53.5

10
27.9
28.8
32.1
362
43.1
48.7
53.9
53.1
59.3
59.3
59.3
59.3
59.3
59.3
59.3
61.9
61.9
61.9
61.9
61.9
61.9
61.9
61.9
61.9
61.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
63.0
63.0
63.0
63.0
63.0
63.0
63.0
63.0
63.0
63.0
57.8

IS
29.4
31.5
35.4
37.7
46.3
50.3
55.0
54.6
60.9
60.9
60.9
60.9
60.9
60.9
60.9
64.6
64.6
64.6
64.6
64.6
64.6
64.6
64.6
64.6
64.6
66.6
66.6
66.6
66.6
66.6
66.6
66.6
66.6
66.6
66.6
66.3
66.3
66.3
66.3
66.3
66.3
66.3
66.3
66.3
66.3
65.4
65.4
65.4
65.4
65.4
65.4
65.4
65.4
65.4
65.4
60.4

25
31.3
33.2
37.3
39.3
49.3
54.3
57.8
58.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
68.4
68.4
68.4
68.4
6S.4
68.4
68.4
68.4
68.4
68.4
712
71.2
71.2
715
715
712
715
715
715
715
70.9
70.9
70.9
70.9
70.9
70.9
70.9
70.9
70.9
70.9
69.4
69.4
69.4
69.4
69.4
69.4
69.4
69.4
69.4
69.4
655

50
34.5
36.4
42.1
47.7
55.5
60.2
63.6
65.7
70.9
70.9
70.9
70.9
70.9
70.9
70.9
76.7
76.7
76.7
76.7
76.7
76.7
76.7
76.7
76.7
76.7
78.9
78.9
78.9
78.9
78.9
78.9
78.9
78.9
78.9
78.9
78.1
78.1
78.1
78.1
78.1
78.1
78.1
78.1
78.1
78.1
76.8
76.8
76.8
76.8
76.8
76.8
76.8
76.8
76.8
76.8
735

75
39.1
455
48.8
56.4
62.7
65.4
71.7
725
79.1
79.1
79.1
79.1
79.1
79.1
79.1
84.6
84.6
84.6
84.6
84.6
84.6
84.6
64.6
64.6
84.6
87.3
87.3
87.3
87.3
87.3
87.3
87.3
87.3
87.3
87.3
88.7
88.7
88.7
88.7
88.7
88.7
88.7
88.7
88.7
88.7
84.8
84.8
84.8
84.8
84.8
84.8
S4.B
84.8
64.8
84.8
81.7

85
435
50.3
525
59.6
64.7
68.6
77.7
76.5
83.9
83.9
83.9
83.9
83.9
83.9
83.9
905
905
905
90.2
905
905
905
905
905
905
93.6
93.6
93.6
93.6
93.6
93.6
93.6
93.6
93.6
93.6
94.0
94.0
94.0
94.0
94.0
94.0
94.0
94.0
94.0
94.0
89.8
89.8
89.8
69.8
89.8
89.8
89.8
89.8
89.8
89.8
86.9

90
45.8
54.4
56.5
64.1
68.7
71.8
815
82.3
89.4
89.4
89.4
89.4
S9.4
89.4
89.4
945
945
945
945
945
945
94.2
945
945
945
97.7
97.7
97.7
97.7
97.7
97.7
97.7
97.7
97.7
97.7
98.3
98.3
98.3
98.3
98.3
98.3
98.3
98.3
98.3
98.3
93.7
93.7
93.7
93.7
93.7
93.7
93.7
93.7
93.7
93.7
90.5

95
52.7
59.7
67.3
70.9
71.9
80.3
91.1
87.9
98.3
98.3

i _ 98.3
38.3
96.3
86.3
96.3

10 i. 7
101.7
101.7
101.7
101.1
101.7
101.7
101.7
101.7
101.7
103.5
103.5
103.5
103.5
103.5
103.5
103.5
103.5
103.5
103.5
104.3
104.3
104.3
104.3
104.3
104.3
104.3
104.3
104.3
104.3
101.4
101.4
101.4
101.4
101.4
101.4
101.4
101.4
101.4
101.4
96.0

100
52.7
59.7
67.3
70.9
71.9
80.3
91.1
87.9
98.3
98.3
98.3
96.3
98.3
98.3
98.3

101.7
101.7
101.7
101.7
101.7
101.7
101.7
101.7
101.7
101.7
103.5
103.5
103.5
103.5
103.5
103.5
103.5
103.5
103.5
103.5
104.3
104.3
104.3
104.3
104.3
104.3
104.3
104.3
104.3
104.3
101.4
101.4
101.4
101.4
101.4
101.4
101.4
101.4
101.4
101.4
96.0

MicroaxpoMjr* Modal Submitted to
EPA Region II

10.3618



a -

ChwnRltk • A Division of UcLaran/Hart
November 6.1995

1
2

66
67
68
69
70
71
72
73
74
75
76
77
76
79
80
81
82
83
84
85
86
87
88
69
90

G

AGE

66
67
68
69
70
71
72
73
74
75
76
77
78
79
60
61
82
83
64
85
66
87
88
89
90

H 1 J K L M N O P 0 R

AGE-SPECIFIC BODY WEIGHT OF MALES (kg)

Percentile
0

53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5

5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5

10
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.6
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.8
57.6
57.8

15
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4
60.4

25
65.2
65.2
652
652
65.2
65.2
652
65.2
652
652
652
652
652
652
652
652
652
652
652
652
652
652
652
652
652

50
732
73.2
73.2
732
732
732
732
732
732
732
732
732
732
732
732
732
732
732
732
732
732
732
732
732
732

75
81.7
81.7
81.7
81.7
81.7
81.7
81.7
81.7
81.7
81.7
81.7
81.7
81.7
61.7
81.7
81.7
81.7
81.7
61.7
81.7
81.7
81.7
81.7
81.7
81.7

85
86.9
86.9
86.9
86.9
66.9
86.9
86.9
86.9
86.9
86.9
86.9
86.9
86.9
86.9
86.9
66.9
86.9
86.9
86.9
86.9
86.9
86.9
86.9
86.9
86.9

90
90.5
90.5
90:5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5
90.5

95
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0

100
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0
96.0

Mteroexposura Model Submitted to
EPA Region II

10.3619



ChwnRWc - A Division of UcUran/H«t
November 6,1995

Microttcpotur* Modd Sut
EPA

1
2

10
11
12
13
14
15
1C
17
18
19
20
21
22
23
24
25
26
27
26
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

8

AGE

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

T U V W X V Z AA AB AC AD

AGE-SPECIFIC BODY WEIGHT OF FEMALES (kg)

Percent! le
0
25.6
29.5
31.2
35.3
39.9
43.2
44.1
45.3
45.6
45.6
45.6
45.6
45.6
45.6
45.6
46.4
46.4
46.4
46.4
46.4
46.4
46.4
46.4
46.4
46.4
48.4
48.4
48.4
48.4
48.4
48.4
48.4
48.4
48.4
48.4
47.3
47.3
47.3
47.3
47.3
47.3
47.3
47.3
47.3
47.3
47.6
47.6
47.6
47.6
47.6
47.6
47.6
47.6
47.6
47.6
46.2

s
25.6
29.5
31.2
35.3
39.9
43.2
44.1
45.3
45.6
45.6
45.6
45.6
45.6
45.6
45.6
46.4
46.4
46.4
46.4

L 46.4
46.4
46.4
46.4
46.4
46.4
48.4
48.4
48.4
48.4
48.4
48.4
48.4
48.4
48.4
46.4
47.3
47.3
47.3
47.3
47.3
47.3
47.3
47.3
47,3
47.3
47.6
47.6
47.6
47.6
47.6
47.6
47.6
47.6
47.6
47.6
462

10
27.0
30.3
34.3
37.5
41.7
44.9
47.2
48.8
48.1
48.1
48.1
48.1
48.1
48.1
48.1
48.7
48.7
48.7
48.7
48.7
48.7
48.7
48.7
48.7
48.7
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
SOS
50.2
502
502
502
502
502
502
502
502
502
502
502
502
502
502
502
502
502
502
49.8

15
28.9
31.3
36.3
39.8
43.6
46.4
48.6
50.3
49.6
49.6
49.6
49.6
49.6
49.6
49.6
502
502
502
502
502
502
502
502
502
502
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.5
52.5
52.5
52.5
52.5
52.5
52.5
52.5
52.5
52.5
53.3
53.3
53.3
53.3
53.3
53.3
53.3
53.3
53.3
53.3
52.3

25
30.3
33.7

• 38.7
43.8
46.8
48.1
51.1
51.9
52.2
522
522
522
522
522
522
53.2
532
532
532
532
532
532
532
532
532
55.9
55.9
55.9
55.9
55.9
55.9
55.9
55.9
55.9
55.9
562
562
562
562
562
562
562
562
562
562
56.5
56.5
56.5
56.5
56.5
56.5
56.5
56.5
56.5
56.5
56.3

50
34.3
40.0
45.2
48.6
52.8
53.9
55.3
58.3
57.1
57.1
57.1
57.1
57.1
57.1
57.1
59.9
59.9
59.9
59.9
59.9
59.9
59.9
59.9
59.9
59.9
62.4
62.4
62.4
62.4
62.4
62.4
62.4
62.4
62.4
62.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
64.4
63.8

75
39.2
45.3
51.6
55.6
60.1
59.5
61.1
63.6
64.1
64.
64.
64.
64.
64.
64.1
68.7
68.7
68.7
68.7
68.7
68.7
68.7
68.7
68.7
68.7
72.9
72.9
72.9
72.9
72.9
72.9
72.9
72.9
72.9
72.9
74.8
74.8
74.8
74.8
74.8
74.8
74.8
74.8
74.6
74.8
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
72.8

85
43.6
50.8
57.7
61.9
64.4
62.0
67.4
692
69.6
69.6
69.6
69.6
69.6
69.6
69.6
77.3
77.3
77.3
77.3
773
77.3
77.3
77.3
77.3
77.3
80.8
80.8
80.8
80.8
80.8
80.8
80.8
80.8
80.8
80.8
81.5
81.5
81.5
81.5
81.5
81.5
81.5
81.5
81.5
81.5
81.3
81.3
81.3
81.3
81.3
81.3
81.3
81.3
81.3
61.3
79.1

90
45.4
53.0
60.2
66.3
67.4
64.8
732
71.5
74.2
742
742
742
742
742
742
832
832
832
832
832
832
83.2
832
832
832
86.7
86.7
86.7
86.7
86.7
86.7
86.7
86.7
86.7
86.7
86.5
86.5
86.5
86.5
86.5
86.5
86.5
86.5
86.5
86.5
86.4
86.4
86.4
86.4
86.4
86.4
86.4
86.4
86.4
86.4
83.6

95
48.8
59.9
634
73.6
73.8
71.6
77.7
79.7
82.1
82.1
82.1
82.1
82.1
82.1
82.1
92.7
92.7
92.7
82.7
92.7
92.7
92.7
92.7
92.7
92.7
97.8
97.8
97.8
97.8
97.8
97.8
97.8
97.8
97.8
97.8
95.0
95.0
95.0
05.0
95.0
96.0
95.0
95.0
95.0
95.0
94.1
94.1
94.1
94.1
94.1
94.1
94.1
94.1
94.1
94.1
90.3

100
48.8
59.9
63.4
73.6
73.8
71.6
77.7
79.7
82.1
82.1
82.1
82.1
82.1
82.1
82.1
92.7
92.7
92.7
92.7
92.7
92.7
92.7
92.7
92.7
92.7
97.8
97.8
97.8
97.8
97.8
97.8
97.8
97.8
97.8
97.8
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
95.0
94.1
94.1
94.1
94.1
94.1
94.1
94.1
94.1
94.1
94.1
90.3

10.3620



ChwnRMc • A Division of McUran/Hart
November 6,1995

1
2
9
4
5
«
7
•
*
66
67
68
69
70
71
72
73
74
76
76
77
78
79
80
81
82
83
84
85
86
8?
88
89
90

S

ACE

~~'ee
67
68
69
70
71
72
73
74
75
76
77
78
79

^_SO
•81

62
83
84
85
86
87
88
89
90

T U V W X Y Z AA AB AC AD

AGE-SPECIFIC BODY WEIGHT OF FEMALES (kg)

Percentil*
0
462
462
462
46.2
46.2
46.2
46.2
46.2
46.2
462
462
46.2
46.2
462
46.2
462
462
462
462
462
462
462
462
462
462

5
46.2
462
462
46.2
462
462
462
46.2
46.2
462
46.2
462
462
462
46.2
462
462
462
462
46.2
462
462
462
462
46.2

10
49.8
49.6
49.8
49.8
49.8
49.8
49.8
49.6
49.8
49.8
49.8
49.8
49.8
49.6
49.8
49.8
49.8
49.8
49.8
49.8
49.8
49.8
49.8
49.8
49.8

15
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3
52.3

25
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3
56.3

50
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.6
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8
63.8

75
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8
72.8

85
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1
79.1

90
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
83.6
63.6
83.6
83.6

95
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3

100
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3
90.3

Microaxpoiur* Modal Subntted to
EPAftegfanii

10.3621



ChwnRisk - A Division of McLaran/Hart
November 6,1995

1
, 2

S
4
5
•
7
8
*
10
11
12
13
14
15
16
17
10
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

AF AQ

Fish Consumption Rate Data

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Asc*nding
Consumption

Rate
(s'day)
0.001
0.007
0.012
0.02
0.023
0.024
0.028
0.029
0.033
0.034
0.045
0.046
0.053
0.068
0.068
0.069
0.086
0.092
0.096
0.101
0.103
0.103
0.105
0.11
0.112
0.114
0.118
0.12
0.121
0.122
0.126
0.134
0.134
0.134
0.135
0.137
0.137
0.137
0.137
0.144
0.155
0.155
0.16
0.16
0.163
0.166
0.171
0.171
0.171
0.174
0.176
0.177
0.182
0.183
0.183
0.186

Mteroaxpoture Modol Submitted to
II

10.3622



ChsmRlsk - A Division of McUren/Hart
November 6.1995

1
2
3

66
67
60
69
70
71
72
73
74
75
76
77
76
79
60
81
82
63
64
*5
66
87
68
89
90
91
92
93
94
95
96
97
96
99
100
101
102
103
104
105
1O6
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121

AF AQ

Fish Consumption Rate Data

57
58
.59
60
61
62
63
64
65
66
67
63
69
>0
71
72
73
74
75
76
77
78
79
80
81
82
83
84
B5
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

Ascending
Consumption

Rate
(S/day)
0.187
0.193
0.195
0.197
0202
0202
0205
022
0.225
0228
0.229
0229
023
0233
0233
0.234
0241
0242
0244
0244
0246
Oi49
026
0264
0264
0269
0269
0269
0269
0269
0269
0.269
0274
0274
0274
0283
0263
0.285
0291
0294
0296
0.309
0.311
0.316
0.32
0.32 •
0.326
0.328
0.329
0.334
0.336
0.336
0.338
0.342
0.342
0.342

Microoxposure MocW Submitted to
EPA Region II

10.3623



ChwnRUk- A Division of McLaran/Hart
Novembers, 1996

1
2
3
4
5
«
7
8
»

122
123
12
12
126
12
12
129
130
13
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
14S
149
150
151
152
153
154
155
156
157
156
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

AF AQ

Fish Consumption Rate Data

113
114
11S
116
11?
1W
119
120
121
122
123
124
125
126
127
12S
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158 .
159
160
161
162
163
164
165
166
167
168

AscenoTng
Consumption

Rate
(a/day)
0.342
0.342
0.343
0.343
0.35
0.355
0.36
0.365
0.366
0.373
0.403
0.411
0.411
0.411
0.417
0.423
0.425
0.426
0.428
0.434
0.438
0.445
0.446
0.447
0.449
0.455
0.456
0.457
0.469
0.489
0.489
0.493
0.503
0.503
0.534
0.537
0.541
0.548
0.548
0.548 •
0.551
0.556
0.561
0.561
0.563
0.57
0.57
0.572
0.563
0.586
0.586
0.591
0.597
0.605
0.607
0.616

Mfcrooxpowra Modal Submitted to
ERA Region II

10.3624



ChwnRlsk • A Division of McUrwi/Hart
November 6,1995

1
2
3
4
6
6
7
8
9

17
17
180
18
18
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

AF AQ

Fish Consumption Rat* Data

169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224

Ascending
Consumption

Rate
(attay)
0.623
0.629
0.645
0.66
0.672
0.679
0.685
0.685
0.685
0.685
0.685
0.69
0.692
0.694
0.695
0.7

0.701
0.704
0.709
0.712
0.718
0.723
0.73
0.73
0.733
0.733
0.733
0.735
0.755
0.77
0.777
0.779
0.781
0.781
0.799
0.804
0.806
0.806
0.814
0.816
0.823
0.831
0.848
0.852
0.86
0.861
0.866
0.867
0.868
0.88
0.887
0.896
0.897
0.902
0.908
0.914

MterooxpoMjr* Modo) Submitted to
ERA Region II

10.3625



ChemRlsk - A Division of McLaran/Hart
November 6.1995

1
2

234
235
23
23
238
23
240
24
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

287
288
289

AF AQ

Fish Consumption Rate Data

225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240 .
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

Ascending
Consumption

Rate
(9/day)
0.917
0.917
0.924
0.929
0.946
0.96
0.962
0.977
0.995
1.023
1.027
1.027
1.027
1.03

1.042
1.063
1.071
1.071
1.06
1.099
1.101
1.122
1.13

1.141
1.165
1.176
1.18
1.181
1.192
1.195
1217
1232
1238
126

1275
128
1282
1283
1287
1295
1.303
1.312
1.326
1.343
1.343
1.343
1.344
1.368
1.369
1.402
1.421
1.424
1.426
1.426
1.426
1.433

Mfcrooxposura Model Submitted to
EPA Region II

10.3626



ChemRJsk- A Division of McUran/Hart
November*, 1995

^-^

•(•"••v,

1
2
3
4
5
C
7
(
9

290
29
292
29
294
295
296
29
298
299
300
30
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
MO
341
342
343
344
345

AF AQ

Fish Consumption Rate Data

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

Ascending
Consumption

Rate
(9/day)
1.437
1.443
1.446
1.466
1.477
1.48

1.484
1.49
1.505
1.524
1.528
1.542
1.546
1.556
1.599
1.612
1.627
1.67

1.679
1.679
1.68

1.684
1.711
1.725
1.728
1.759
1.777
1.778
1.818
1.648
1.851
1.865
1.865
1.907
1.931
1.946
1.954
1.958
1.965
1.969

2
2.015
2.015
£027
£055
£073
2.089
2.09
£094
£169
2212
2212
2214
222
2222
2234

Mteroexposure Model Submitted to
EPA Region II

10.3627



ChamRlak.ft DMsion of UcLarwi/Hart
NovwnborS, 1995

1
2
3
4
6
«
7
•
*

34C
34
348
34
350
35
35
3S3
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
360
361
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
J98
399
400
401

AF AQ

Fish CocwBwpHon Rate Data

337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352 *
353 __,
354
355
356
357
358
359
360
361
362
363
364
4ee•&X9

366
367
368
369
370
371
372
373
374
375
376
377
376
379
380
381
382
383
384
385
386
387
388
389
390
391
392

Ascending
Consumption

Rate
(g/dav)
2.274
2.311
2.316
2.328
2.36
2.396
2.461
2.468
2.492
2.502
2.521
2.538
2.538
2.58
2.612
2.618
2.641
2.688
2.692
2.696
2.705
2.718
2.738
2.76
2.834
2.862
2.871
2.931
2.963
3.004
3.062
3.08

3.146
3.159
3.19
3263
3.454
3.579
3.632
3.688
3.689
3.705
3.735
3.86
3.909
3.936
3.954
4.009
4.02
4.03
4.098
4.147
4.169
4235
428
4268

Micro0xpo«ura Modal Submtttod to
EPA Region II

10.3628



ChwnRtek - A Divfolon of McLaran/Hart
November 6,1995

î WfcH

1
2
3
4
5
C
7
8
9

402
40
404
405
406
40
408
409
41
41
412
413
414
415
416
417
418
419
420
421
422
423
424
,25

426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
54
£5
456
»57

AF AQ

Fish Consumption Rate Data

393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
406
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448

Ascending
Consumption

Rate
(Sttay)
4.292
4.339
4.34
4.427
4.489
4.586
4.599
4.662
4.687
4.765
5.035
5.073
5.105
5.165
5.373
5.374
5.398
5.492
5.628
5.665
5.719
5.743
5.821
5.867
6.01
6.069
6.117
6.117
6.192
6.231
6.278
6.349
6.478
6.717
6.744
7.118
7.428
7.869
8.403
8.881
9.144
9.645
9.728
10.631
11.418
11.445
11.637
12.006
12.465
13.667
14.168
14.364
14.416
14.444
17.741
20.015

Mtarcwxpo$ur» Modal Submttad to
EPARaglonll

10.3629
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ChamRMt - A Division of McUren/Hart
Novembers, 1995

1
2
9

458
459
460
461
462
463
464
465
466
467
4^3
469
470
471
472
473

AF AQ

Fish Consumption Rate Data

449
450
451
452
453
454
455
456
457
458
459
4SO
461
462
463

*• - 464

Ascending
Consumption

Rate
(a/dav)
20.397
21.937
22.742
25.431
25.432
28.492
30.331
31.096
32.243
42.742
46.618
53.981
94.047
111.933
117.472
118.22

Mfcroexpottjre Model Submitted to
ERA Region II

10.3630



ChamRWe • A Division of McLaran/Hart
November 6,1995

1
2
3
4
6
«
7
8
•
10
11
12
13
14
15
16
17
18
19
20
21

Al AJ

>wc*ntlles U«ed In BW(

Lobwperc
0
s
10
IS
25
50
75
85
90
95
100

Hibwperc
5
10
15
25
50
75
85
90
95
100
100

AK AL AM AN

Specie* Preference*

Spades
Bass
Rock bass
Brown bullhead
Northern pike
Pumpkinseed
Bluegill
Black crappte
Walleya
Yellow Perch
Chain pickerel
American eel
White perch

Number
0
1
2
3
4
5
6
7
8
9
10
11

Probability
0.582
0.027
0.097
0.027
0.027
0.027
0.027
0.075
0.027
0.027
0.009
0.045

Mteroaxposur* Modal SubmMad to
EPA Repon II

10.3631



ChwnR Isle - A Division of UcLarsn/Hirt
November 6,1995

1
2

10
11
12
13
14
IS
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

AP AQ AR AS AT AU AV

Fish Sampling Results

RshlDf

1
2
3
4
S
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Species

AMEL
AMEL
AMEL
AMEL

BB
BB
BB
BB

BLC
BLC
BLC
BLC
BLQ
BLQ
BLQ
BLG
CHP
CHP
CHP
CHP

B
B
B
B
B
B
B
B

HOP
NOP
MOP
NOP
PKSD
PKSD
PKSD
PKSD
RB
RB
RB
RB

WEYE
WEYE
WEYE
WEYE

WP
WP
WP
WP
YP
YP
YP
YP

UpidNorm
AR1254
(ua/g)
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
O.S
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
O.S
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.6
O.S
0.5
0.5

UpidNorm
AR1016
(ug/g)
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
O.S
O.S
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
O.S
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

UpidNorm
AR1221
(ug/g)
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

UpidNorm
Total
(uo/g)

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

WQT

(a)
170
610
730
470
410
375
560
650
470
450
280
515
225
175
355
215
560
526
452
802
950
441
810
340
422
308
231
272
862
538
1840
1440
136
136
227
161
130
150
150
96

1400
1020
1020
975
204
204
181
318
165
180
110
322

Mteroexposure Moda) Submitted to
EPA Region II

10.3632



MICROEXPOSURE PROGRAM OF FISH CONSUMPTION FOR THE HUDSON RIVER

OUTPUT.XLS

Novembers, 1995

ChemRisk'
A Division of McLaren/Hart 10.3633
Environmental Engineering a



H
O
»

10
a\
u>

ChemRlsk - A Division of McLaren/Hart
November 6,1995

Microexposure Model Submitted to
EPA Region II

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

A
FILE:

LAST REVISED:

ITERATION:

B 1 C | D | E |F
Output Sheet for MicroExposure Model of Fish Consumption
26-Oct-95

11

Angler
ID

1
2
3
4
5
6
7
8
9
10

G H

Angler Characteristics

Gender
(0=M, 1=F)

0
0
0
0
0
0
0
0
1
0

Age
at start
(years)

37
79
50
38
26
15
26
36
42
40

Age
upon moving

(years)
39
81
54
46
29
26
41
NA
44
51

Age
at death
(years)

81
82
68
57
66
65
79
68
73
90

Exposure
Duration
(years)

3
3
5
9
4
12
16
33
3
12

Average
Consumption Rate

(g/day)
0.28
1.90

.4.72
0.66
0.14
1.56
13.10
10.27
0.17
0.13



ChemHlsk - A Division of McLaren/Hart
November 6,1995

*

Mteroexposure Model Suomttted to
ERA Region II

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

J K L

LIFETIME AVERAGE DAILY DOSES (m

Aroclor
1254

3.28E-10
6.73E-09
1.37E-08
2.59E-09
1.57E-09
5.02E-08
1.79E-07
2.71 E-07
5.08E-10
6.69E-10

Aroclor
1016

3.28E-10
6.73E-09
1.37E-08
2.59E-09
1.57E-09
5.02E-08
1.79E-07
2.71 E-07
5.08E-10
6.69E-10

Aroclor
1221

3.28E-10
6.73E-09
1.37E-08
2.59E-09
1.57E-09
5.02E-08
1.79E-07
2.71 E-07
5.08E-10
6.69E-10

M

3/kg-day)

Total

9.85E-10
2.02E-08
4.12E-08
7.76E-09
4.71 E-09
1.51 E-07
5.38E-07
8.13E-07
1.52E-09
2.01 E-09

N O P Q R

AVERAGE DAILY DOSES (mg/kg-day)

Aroclor
1254

3.28E-09
6.73E-08
1.37E-07
2.01 E-08
1.57E-08
2.93E-07
7.84E-07
5.75E-07
5.08E-09
3.90E-09

Aroclor
1016

3.28E-09
6.73E-08
1.37E-07
2.01 E-08
1.57E-08
2.93E-07
7.84E-07
5.75E-07
5.08E-09
3.90E-09

Aroclor
1221

3.28E-09
6.73E-08
1.37E-07
2.01 E-08

• 1.57E-08
2.93E-07
7.84E-07
5.75E-07
5.08E-09
3.90E-09

Total

9.85E-09
2.02E-07
4.12E-07
6.03E-08
4.71 E-08
8.79E-07
2.35E-06
1.72E-06
1.52E-08
1.17E-08

U)
Ul
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Ch«mril»k - A DMtton of McLar»n/Hart
November 6,1995

Microaxpoaura Modal Submitted to.
ERA Region II.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
1«
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3ft
39
40
41
42

T U V W X

SUMMARY STATISTICS
LIFETIME AVERAGE DAILY DOSES (mo/kfl-dai

Percentlle
5
10
15
20
25
30
35
40
45
SO
55
60
65
70
75
80
85
90
91
92
93
94
95
96
97
98
99

MAXIMUM
MINIMUM

MEAN

Aroclor
1254

4.09E-10
4.90E-10
5.64E-10
6.37E-10
8.95E-10
1.30E-09
1.72E-09
2.18E-09
2.79E-09
4.66E-09
6.53E-09
9.53E-09
1.27E-08
2.47E-08
4.11E-08
7.60E-08
1.34E-07
1.88E-07
1.97E-07
2.05E-07
2.13E-07
2.21 E-07
2.30E-07
2.38E-07
2.46E-07
2.54E-07
&63E-07
2.71 E4)7
3.28E-10
5.27E-08

Aroclor
1016

4.09E-10
4.90E-10
5.64E-10
6.37E-10
8.95E-10
1.30E-09
1.72E-09
2.18E-09
2.79E-09
4.66E-09
6.53E-09
9.53E-09
1.27E-08
2.47E-08
4.11E-OB
7.60E-08
1.34E-07
1.88E-07
1.97E-07
&05E-07
2.13E-07
2.21 E-07
2.30E-07
2.38E-07
2.46E-07
2.54E-07
2.63E-07
2.71 E-07
3.28E-10
5.27E-08

Aroclor
1221

4.09E-10
4.90E-10
5.64E-10
6.37E-10
8.95E-10
1.30E-09
1.72E-09
2.18E-09
2.79E-09
4.66E-09
6.53E-09
9.53E-09
1.27E-08
2.47E-08
4.11E-08
7.60E-08
1.34E-07
1.88E-07
1.97E-07
2.05E-07
2.13E-07
2.21 E-07
2.30E-07
2.38E-07
&46E-07
2.54E-07
2.63E-07
2.71 E-07
3.28E-10
5.27E-08

)

Total

1.23E-09
1.47E-09
1.69E-09
1.91E-09
2.68E-09
3.90E-09
5.17E-09
6.54E-09
8.38E-09
1.40E-O8
1.96E-08
2.86E-08
3.81 E-08
7.41 E-08
1.23E-07
2.28E-07
4.02E-07
5.65E-07
5.90E-07
6.15E-07
6.39E-07
6.64E-07
6.89E-07
7.14E-07
7.39E-07
7.63E-07
7.88E-07
8.13E-07
9.85E-10
1.58E-07

Y Z AA AB AC AD

SUMMARY STATISTICS
AVERAGE DAILY DOSES (

Percentlle
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
91
92
93
94
95
96
97
98
99

MAXIMUM
MINIMUM

MEAN

Aroclor
1254

4.09E-10
3.84E-09
4.32E-09
4.84E-09
7J4E-09
1.25E-08
1.64E-08
1.84E-08
2.25E-08
4.37E-08
6.50E-08
9.53E-08
1.27E-07
1.84E-07
2.54E-07
3.49E-07
4.76E-07
5.96E-07
6.15E-07
6.33E-07
6.52E-07
6.71 E-07
6.90E-07
7.09E-O7
7.28E-07
7.46E-07
7.65E-07
7.84E-07
3.28E-09
1.90E-07

Aroclor
1016

3.56E-09
3.84E-09
4.32E-09
4.84E-09
7.74E-09
1.25E-08
1.64E-08
1.84E-08

L 2.25E-08
4.37E-08
6.50E-08
9.53E-08
1.27E-07
1.84E-07
2.54E-07
3.49E-07
4.76E-07
5.96E-07
6.15E-07
6.33E-07
6.52E-07
6.71 E-07
6.90E-07
7.09E-07
7.28EW
7.46E-07
7.65E-07
7.84E-07
3.28E-09
1.90E-07

mg/kg-day)

Aroclor
1221

3.56E-09
3.84E-09
4.32E-09
4.84E-09
7.74E-09
1.25E-08
1.64E-08
1.84E-08
2.25E-08
4.37E-08
6.50E-08
9.53E-08
1.27E-07
1.84E-07
2.54E-07
3.49E-07
4.76E-07
5.96E-O7
6.15E-07
6.33E-07
6.52E-07
6.71 E-07
6.90E-07
7.09E-07
7.28E-07
7.46E-07
7.65E-07
7.84E-07
3.28E-09
1.90E-07

Total

1.07E-08
1.15E-08
1.29E-08
1.45E-08
2.32E-08
3.76E-08
4.91 E-08
5.51 E-08
6.74E-08
1.31 E-07
1.95E-07
2.86E-07
3.81 E-07
5.52E-07
7.62E-07
1.05E-06
1.43E-06
1.79E-06
1.84E-06
1.90E-06
1.96E-06
2.01 E-06
2.07E-06
2.13E-06
2.18E-06
2.24E-06
2.30E-06
2.35E-06
9.85E-09
5.71 E-07



MICROEXPOSURE PROGRAM OF FISH CONSUMPTION FOR THE HUDSON RIVER

MACROH.XLS

Novembers, 1995

ChernRisk*
A Division of McLaren/Hart 10.3637
Environmental Engineering
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ChMntMk • A DtvMon o( MeLann/Hart
Novwnb«r6. 1995 EPA Region II

59
60
61

69
64
65
66

A

BW

I

-IF(Q )̂,SET.NAMErbwr.nB»1.MALERANOe),SET.NAMErbwrinB«1.FEMALERANQE»
•SET.NAMEriobwpW.HLOOKUPtBWP.bwrtnac.lH
^ET.NAME('hlbwp«rc1,VLOOKUP(lobwp«c,bwp»tCT«nQ« )̂)
•SET.NAME('tabW.HLOOKUP(latawp«fc.b«<ringt>-8))
-SET.NAMEnHbw-.H.OOKUP(hbwp»n;,bwf«ng»>-e))
-SET.NAMECWQr,k)bw+<BWP-lobwp»roV(h(bwp«c-k*wp»rcnHbw-lobw))
.RETURN!)

C

tuMrf M fM*r, M!K« nv«* dbadf imjfM M INPUT.XLS to ••»<* *om
twwrfen StW, *t»mln~ bwfrboimlmvpfnfnlil* ti INfUTXLB
tem/wt*MiP. ̂ »mlnttl>lllHr lmmlutftnfiMHtlnlNPUr.XLS
MteM fen^ n*«M •« Mwpwc fa;
MfccM (KN^ wn^M M Aftuptrc (H»;
rfjOmntujboiyiM /̂MiyiMglbftyW^pofcfellflp;
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ChwnRltk • A Divtekm of MoUrm/HMt
November 6,1995

Mfcrempowra Model Submitted to
EPAftogtonll

1
2
3
4
5
6
7
a
9
10
it
12
13
14
IS
16
17
18
19
20
21
22
23
24
25
24
27
28
29
30
31
32
33
34
35
34
37
38
39
40
41
42
43
44
45
4*
47
48
49
SO
81
52
S3
M
55
U

M

MACRO NAMES

PERCENTH.ES1

N

MACRO COMMANDS

^ET.NAME(Mlv»TLADD<,PERCENTlE(OUTPUTJa.S»M$130UTPUT.XLSI$M$5013.0.05))
^ET.NAMEn«mLADO',PERCENTILE(OUTPUTJQ.S»M*13f)UTPUT.XLS!$M$5014,0.1))
^ET.NAME Î«•«lTLADO^PERCE f̂TILE(pUTPUT.XLSI$M$13K^UTPUT.XLS»M$5014.0.15))
^ET.NAME('1w«ntyTlADD>,PERCENTILE(OUTPUT.XLSI$M$13:OUTPUT.XLS»M$5014,0.2))
-SET.NAMEltwentyllveTLADD'.PERCENTILEIOUTPUT.XLSISMSiaiOUTPUT.XLSUMSSOH.O^S))
•SET.NAMEnhlrty''lAOD",PERCENTILE(OUTPUT.XLS»M$13:OUTPUT.XLS»M$501 4,0.3))
-SET.NAME(-1hlrty1lv»TLAOO',PERCENTILE(CX)TPUT.XLS«M$13:OUTPUT.XLSISM$50U,0.35))
•SET.NAME(*fortyTLAOD',PERCENTH.E(OUTPUT.XLSItM$13.OUTPUT.XLSfSMSS014f0.4))
^ET.NANienortyflv»TLADD-,PERCENTlUE(C)OTPUT.XLSI$MJ13:OUTPUT.XLSWM*5014,0.*5))
^ET.NAMEfn«yTLADD',PERCENTILE(CXrrPUT.XLSI$M$13KXJTPUT.XLSWM$5014>0.5))
^ET.NAMEnWyflv»TTJWO\PERCEÎ ILE(OUTPUT.XLS»MJ13<)UTPUT.XtS«»«5014,0.55))
•SET.NAME(*«lxtyTUUX)>,PERCENTn.E(OUTPUT.XLSI$M$13<XITPUT.XLSI$M$S014,0.e))
^ET.NAMEf«lKlyfl»TlADO>,PERCENTILE(OUTPUT.XLS«V»13:OUTPUT.XLS«M$5014.0.«5))
.SET.NAMECMV»rrtyTlAOO',PERCENTILE(OUTPUT.XLSItMJ13:OUTPUT.XLS*MS5014.0.7))
^ET.hlAM(IMV«ityflv*TLAOO>,PERCENTILE(OUTPUT.XLSI$M$13:CXJTPUT.XLSISMSS014,0.75))
-SET.NAMe(-«toMyTLADO',PERCENTILE(OUTPUT.XLS«M*13:OUTPUT.XLSt$H«5014.0.8))
^ET.NAME('»lg«yth«TlAOD1,PERCeNTtLE(OUTPUT.XLSI$Mt13:OUTPUT.XLSI»M$50U,0.85))
^ET.NAME('nli»tyTlADO',PERCENTILE(OUTPUT.XLS»M$13:OUTPUT.XLSWMSS01 4,0.9))
^ET.NA»«('nln*yoo»TlADO',PERCENT«.E(OOTPUT.XLSI*M$13KDOTPUT.XLSI«M*5014,0.»1))
^ET.NAWE('nlrwtytwoTLAOOl,PeRCENTILE(OUTPUT.XLSI$M$13:OUTPUT.XLSI$M$5014,0.92))
>SET.NAkC('nlnriythfMTUUX)%PERCE ÎLE(OUTPUT.XLSI$M$13:OUTPUTja.SI$MS5014,0.»3))
^ET.NAME(tnln ŷ<oufTl>DO>,PERCENfTILE(OUTPUT.XLSI$MJ13:OUTPUT.XLS«M$5014,0.94))
^ET.NAVS('nln«tyth«TlADDt,PERCENTILE(CKJTPUT.XLSI$M$13<X)TPUT.XLSI$MJ5014,0.95))
^ET.NAW('nln»tytlxTLAOD',PERCENTILE(OUTPUT.XLSI$»«13:OUTPUT.XLSI$M$S014,0.96))
^ET.NAME('nlt»tŷ v»nTUADD<,PERCENTH.E(OUTPUT.XLSI*M$13:OUTPUT.XLSI»V$6014,0.g7))
^ET.NAME('rtn̂ «lgW'n>DO',PERCENTILE(OUTPUT.XLSI$M$13:OUTPUT.XLSWM$S014,0.08))
»̂ T.NAN«(<illnrtynln»TLADO',PERCENT«.E(OUTPUTJa.SI$M$130UTPUT.XLS8M$5014,0.8e))
>SET.NAMErm*xTLADD>,MAX(OUTPUT.XL8»Mt13X)UTPUT.XLSttW$S014)L
^ET.NAMECmlnTLADDt,MIN(OUTPUT.XL8l$M»13:OUTPUT.XL8ISM$50U))
^ET.NAME('m«nTlADO-IAVERAOE(OUTPUT.XLSt$M$13OUTPUT.Xl.SI*M*5014))
-SET.NAME(niv«LAOOS4I

lPERCENTILE{OUTPUT.XLSI(J13KXITPUT.XI.SI$J*5014lO.OS))
êT.NAMEn«lAD054t,PERCENTILE(OUTPUT.Xl.SI«J»130UTPUT.XLSWJ«8014,0.1))

>SET.NAMECflrtMnLAOOS4>,PERCENTH.E(CX^TPUT.XL3l«J«13OUTPUT.XLSISJ$S014,0.1S))
rfET.NAMEj>»rtylA0054'.PERCENTR.E(OUTPUT.XLSI»Jt13KXITPUT.XLSI$J$5014.0J))
êT.̂ «VIE{>~ntyfly•LAOO54̂ PERCE^̂ •|LE{OUTPUT.XL3l»JI13.<XJTPUT.XL3ltJ$6014,OJS))

>SET.NAMECtN(lyUUX)S4>,PERCENTILE(OUTPUT.XLS»Jt13:CXJTPUT.XLSISJ$5014,0.3))
^ET.NAME(Thlrtytl»»lADO54>.PEHCENTILE(OirrPUT.XL3ltJ$13K3UTPUT.XLSI»Jt5014.0.35))
•SET.NAME(*fortyLAOD54>,PERCENTH.E(OUTPUT.XLSItJ*13:OUTPUT.XLSI$J$S014,0.4))
^ET.NAÎ (lwtyll¥^AD054',PEHCENTILE(OUTPUT.XL3l»J«13KXITPUT.XlSI$J»5014.0.4S))
^ET.NA*«(<fmylAODS4t,PERCENTH.E(OUTPUT.XLSI$J$13OUTPUTJ<LSI$J$5014,O.S))
-SET.NAA«(myf»«U«X)54l,PERCENTILE(OUTPUT.XLSI$J$13KDUTPUT.XLSI$J»6014.0.55))
^ET.NAlWEC.txtyLAD054>.PERCENTIl.E(OUTPUT.XLSItJ»l3«UTPUT.XLSI«J$M14,0.6))
^6T.NAVe('«MyfhwLADOM',P6RCENTILE(OUTPUT.XL8l«Jtt3:OOTPUT.XL8l»J««O14,0.e»))
^ET.WME('«w«nlyLADDS4'lPEHCENTH.E(OUTPUT.XL8WJt13flUTPUT.XLS»Jt5014>0.7))
-SET.̂ W^€(••w«1tŷ ^̂ >ODS4•,PERCE f̂rlLE(CHJTPUT.XL8l$J$13<X)TPUT.XL3l»J»5014,0.75))
-SET.NAMEC»lg«yl-AOOWtPEFCENT«.E(OUTF>UT.XL8l«J«13<X)TPUT.XL3l«Jt 8014,0.8))
^ET.NAMEf«lflhVh(rt>D054'tPEnCENTILE(OUTPUT.XL8l»Jt13:OUTPUT.XL3l«J»8014.0.Mn
^ET.N*MECnl™lyUAOO84-1PEnceNT».E(OUTPUT.Xt8l«Jt13KXJTPUT.XL8ltJ«8014,0.»))
êT.N*ME(T*»«yoo»LAO084̂ PHHCENTILE(OUTPUT.XL8l»J«130UTPUT.XL8l«J»«014,O.B1))

^ET.NAMe('nkwtytwolAD084'.PERCENTILE{OUTPUT.XL8l»J»13«UTPUT.XL8l«J«8014.0.W))
^ET.I«M6(>n(n*ythr«̂ >C»S4',PERCEh4T«.E(OUTPUTja.SltJ$13<XITPUT.XL8»J«5014.0.93))
^ET.NM«('nln*v1ourtAO054\PeRCEWILE(OUTPUTJO.S»Jt13.<)UTPUTja.SI$Jt5014.0>»))

o

COMMENTS ASSOCIATED WITH MACRO COMMANDS IN COLUMN H

timid at tlmuUlM. e»fcrf*»« »umnwy»(.>»li« tllAOOf ****•! KB*. Amdor 1gS4. And* 1121. tnJAmdor 10H
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* A DlVwlOn Of mCwWGUn toft
Nwwnbw 8,1995

MfcrempoMm Modrt 8ubmm«d to
EPA Region N

225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
2*

M N
rfORMULA('-m«cioh.)(liinftylADD21 ',CXJTPUT.XLS«W$22)
^ORMULAJ%*n«croh.i(1»ltl«](tlv«LAD021 •JOUTPUT.XLSI«W»23L
»FORMULAf"fniefoh.«l»l»lxtyLAD021',CXJTPUT.XL3l*W$2*)
.FOnMULAC«m»croh.xl»HI)ttytlv»lAOOZ1'1OUTPUT.XLSI$W$28)
.FORMUL>C«T*;foh.id.lMV«nlyLADDZf,OUTPUT.XLSIJW$2e)
.FOflMULAC.m»croh.«l.lMv.ntv1lv«LAOD21>.OUTPUT.XLSI$W*2r)
^ORMULA(>>n«croh.iteMahtyUU}021>

lOUTPUT.XLSI$W$2e)
«FORMULAC«n«croh.xlil«lohMlwlADD21<,OUTPOT.XtS»W$29)
rfORMULAC î«croh.id«lnln»tyLAOD21',OUTPUT.XLS!$W$30)
•FORMULAC-micrah.]d(M(M(ya<wlAOOzr,OUTPUT.XLSISW$31)
.FORMULAC^™croh.xt»imo.tytwoLADD2r,CXJTPUT.XLSI$WS32)
-FORMULAC.rracroh.jdolnln̂ ylhrttmODZr.OOTPUT.XLSISWSaa)
^ORMULA('̂ n«croh.«l»lnln«tv(ourlADD21',OUTPUT.XLSI$W$34)
•FORMULAC«iMcroh.idilnlntty<lv«LADD2r,OUTPUT.XLS»W$3S)
rfORMULA<-«n«CfOh.)d»lnln*v«h<LAOD21 •,OUTPUT,XLSI«W$36)
•FORMULAC>niKn>h.)d*lnltwlyM«»nLAD021',OUTFUT.XLSI$W$37)
rfORMUtAC-m«fOh.)d«lnllwty«lgh«LADD2r.OUTPUT.XLS!JW$36)

-FORMULAC-(mcrah.)dilmaxLAD021'.OUTPUTJa.SI$W$40)
-FORMULAC-nweroh.xtolmlnLAD02r,OUTPUTJa.SISWS41)
^ORMULA(>-(raerahjdilmMnUOD2r,OUTPUT.XLSI$VV»42)
-RETURNO
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ChwnR., A OMrion of McUratWHirt
NovembwS. 1995

MteTMXpowrt ModM submKIwi to
EPAR»gk>nll

1
2
3
4
5
6
7
»
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
20
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
SI
52
53
M
SS
ft

P

MACRO NAMES

PERCENTXES2

Q

MACRO COMMANDS

^ET.NAMEfflv»TAOOt,PERCENTH.E(OUTPUT.XLS»n$13OUTT'UT.XLS«H$SOU.O.OS))
^ET.NAME(t»nTADOi,PERCENTILE(OOTPUT.XLS«H$13:OUTPUT.XLS«H$5014.0.1))
^ET.NAME(f(«««»TAOO',PERCENTILE(OUTPUT.XLS»fW13:OUTPUT.XLSI$R$5014.0.15))
^ET.NAME(tw»rtyTADD',PEHCENTILE(CXJTPUT.XLSI$R$13:CXJTPUT.XLS»R$5014.0i))
^ET.NAME(tw»ntytlv«TADD<,PEnCENTILE(OUTPUT.XLSI$n$t3.OOTPUT.)a-S«H$5014.055))
^ET.NAME(1hMyTADO',PEHCEr4TILE(OUTPUT.XLSI$R$13:OUTPUT.XLS«n$5014,0.3))
-SET.NAME('1hMytl»«TADD<,PERCENTILE(CXJTPUT.XLSI$R»13.<XJTPUT.XLS«H$S01 4,0.35))
^ET.NAME(toHyTAOD',PEHCENTILE(CX)TPUT.XLS»R$13«UTPUT.XLSI$RS5014,0.4))
^ET.NAWIE(•(«tŷ lv•TAOO^PERCE f̂TILE(OUTPUT.XLSI$H$13:OUTPUT.XLSI$F^$S014.0.45))
^ET.NAMEn%TAOO',PERCENTILE(OUTPUT.XLS»R$13:OUTPUT.XLS»H$5014,0.5))
^ET.NAMEfimytlv»TAOOt,PERCENTILE(OUTPUT.XLS»RI13:OUTPUT.XLS»R*S014,0.85))
^ET.NAMEt«l«tyTAOOI,PERCENTILE(OUTPUT.XLSI$H$13<DUTPUT.XLS«H$5014,0.«))
^ET.NAMECilxlyflwTAOOt.PERCENTILE(pUTPUT.XLSI$R$13«OTPUT.XLS»R$5014.0.65))
^ET.NAfceCMV»ntyTADD',PERCENTILE(OUTPUT.)O.SI«R$13:OUTPUT.XLS»R$5014,0.7))
-SET.NAME(<MV»ntyHv»TADD-.PEnCENTILE(OUTPUT.XLSI$R»13.OOTPUT.XLSISR»5014.0.75))
^ET.NAME('»lgWyTAOO',PERCENTILE(OUTPOT.XLSI$R$13:OUTPUT.XLSI*H$5014,0.8))
-SET.NAME('»lgWynv»TADO<,PEHCENTILE(OUTPUT,XLS«R$13K5UTPUT.XLSI$R*5014,0.85))
^ET.NAMECrtn»tyTADO'.PERCENTItE{CXJTPUT.XLS«R*l3.OUTPUT.XLS»H$5014,0.9))
^ET.̂ 4AME(•nln«tyoo•T«)D•,PERCEMTILE(OUTPUT.XLSI*nS13:OUTPUT.XLSI$RJ5014,0.91))
^ET.NAME(<ntne1y«woTAODl,P6RCENTILE(CKJTPUT.XLSItR$13:OUTPLrr.XLSISR$5014,0.92))
^ET.NAME('nlnetythr̂ TADO'IPERCENTILE{OOTPUT.XLSI$R$13:CJOTPUT.XLSISRJ5014.0.93))
^ET.NAME('nlrwtytourTADD',PERCENTILE(CX/rPUT.XLSI$R$13.<XJTPUT.XLS»H$S014.0.»4))
^ET.NAME{'nln»tynv»TAODI.PERCENTILE{CXJTPUT.XLSMR$13«UTPUT.XLS*R$5014,0.»5))
-SET.NAME(Viln«lytlxTAOO>,PERCENTILE{OUTPUT.XLS»H$13.<XITPUT.XLSI$R$5014,0.e6))
^ET.NAME('nl™rtyM«nTAOO-,PERCENTILE(OUTPUT.XLSISf«13:OUTPUT.XLSI$F«5014,0.97))
^ET.NAME{'nhwty«lBhtTAOO',PEHCENTILE(OUTPUT.XLSI$RS130UTPUT.XLS«R»5014,0.98))
^ET.NA«('nlr»tynlo«TADO',PERCENTH.E(OUTPUT.Xl.St$R$t3:OUTPUT.XLSI$R»5014,0.»))
-SET.h4AMECm««TADO>,MAX(OUTPUT.XLSI$R«13:OOTPUT.XLSUR*5014))
^ET.NAMEfmlnTAOO<

JMIN(OOTPUT.XtSI$R$13:OUTPUT.XLS»H$50l4))
^ET.NAMECtT»«nTADD'/VEBAQE(OUTPUT.XL9»R»13OUTPUT.XLS»R$8014))
•SET.NAME(flwA0064>,PERCENTILE(OUTPUT.XLSItJ13:OU7PUT.XLSISO$S014,O.OS))
^ET.NAME(1«iAODS4',PERCENTItE(OUTPUT.XLSISO»13CUTPUT.XLSI$O$5014,0.l»
-SET.NAÎ ('mmnADDS4*,PEnCENTILE(OUTPUT.XLSttOSl3£)UTPUT.XLSI$O$5014F0.15))
^ET.NAMECtw»ntyAD064'.PERCENTK-E(OUTPUT.XLS»O$13OUTPUT.XLSI$O$5014,OJ))
^ET.NAI«(tt»i»nty(lv»A0054',PERCENTILE(OUTPUT.XLSI$O$13flUTPUT.XLSI*O»6014,Oi5))
-SET.NAME(thlrtyAOD54'.PEHCENTILE(OUTPUTJQ.S»O»13OUTPUT.XLS«O$5014,OJ))
^ET.NAME(*tNftyfh«A0054<.PERCENTILE(OUTPUT.XLSnO$13:OU7PUT.XLSI$O$5014.0.35»
^ET.NAME(1wlyA0054<

IPERCENTILE(CXJTPUT.XLSI$O$13:OUTPOT.XLS«O$5014>0.4))
^ET.NAI«portyfK«AD054̂ PERCENTILEjpUTPUT.XLS»O*13.<>JTPUT.XLSISO$5014,0.45))
^ET.NAMECmtyADOM',PERCENTILE(OUTPUT.XLSISO$13:OUTPUT.XLSIJO*5014,0.6))
^ET.NAME(-(lftYll«ADD54-,PERCENTILE(OUTPUT.XLSI$O«l3<)UTPUT.XLSI»O»5014fO.S5))
^ET.NAI«(>iWyADD64<,PERCENTILE(OUTPUT.XLSttO«13flUTPUT.XLSI$Ot5014 )̂)
rfET.NAME('rtdyfNiirtDD64%PERCEWHf(OUTPlff.XLS»O$13«JTPOT.XLSI»O«S014,0.«5))
ÊT.NAMEC»«»n»yADOS4'.PERCEMTILE(OUTPUT.XLSI$O$13:OUTPUT.XLSI$O«5014,0.7))

^ET.WME('»«wTtyth<«AOOM\PERCENTILE(CXJTPUT.XLSItO«13£)UTPUT.XL3l«O«5014,0.75))
^ET.NAMEC»ltf«yADD64-,PERCENT«.E(OUTPUT.XL8l«0«13:OUTPUT.XLSI*0«S014,0.8))
-SET.f4AMEr«tf«ytSî ODM\PERCeNTIlf(OUTPUT.X>.SI«0$130UTPUT.XLSI«O«5014,Oi5))
>SETJMMErnln̂ A0064>,PEnCENrLE(C)UTPUTJ(L8l«C)«13:OUTPUTJ(LSI*O$5014.0̂ ))
-SET.NAI«(<nln«tyoimAOOM\PEHCEmXE(OUT»>UT.XL8(«O«13OUTPUT.XL3l»O«6014,0.ei))
êT.NAMECrtn»tytwoADD54'̂ ERCENTILE(OUTPUT.XL8l«0»1300TPUT.XLSI$0«S014,0.8Z))
r̂r.NA (̂tnln ŷfl»^ADOM\PERCENTILE(OUTPUTJaSI$O$13.<XJTPUT.XLSI$0«5014 .̂W))

rfrrj«ME('nln*y»oofAD064'PERCENTILE(OUTPUTJQ.SI$O$13OUTPUT.XLSI$O«6014.0.W))
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149
170
71
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173
174
75
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1«0
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200
201
202
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204
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210
211
212
213
214
216
216
217
218
219
220
22
22
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22

P Q
4:ORMULA(1-m»Cfoh.)d«l«)v»rKyAD054t,OUTPUT.XLSWAAJ26)
•FORMULAC-m«croh.iristBov*nlyfmADDS4>,OUTPUT.XLSI$AAS27)
•FOnMULAC-macroh.xlslelgh(yADD54<,OUTPUT.XLSI$AA$28)
rfORMULAC-miicroh.)dt!»iahtyflv«AODM',OUTPUT.XLSI$AA$2B)
•FOF1MUU(>-nMcroKid(lnlra<yADD54>,OUTPUT.XLSISAA$30)
J=ORMULAC«i»croh.)(l«lnln«tyon«A0054-,OUTPUT.XLSI$AM31)
-FORMULAC-fmcroh.>d«lr>ln«<ytwoA0054i,OUTPUT.XLSI*AA$32)
rfORMULAfrti»cfoh.)(l»lnln«rly(hf«rtD054%OUTPUT.XLS»AA$33)
-FOmiULAr>nweroh.xl«Nne<yfourADD54<,OUTPUT.XI.SI$AA$34)
-FORMULAC-m«roh.x1«lnln^y(l«AOD54'fOUTPUT.XLSI$AA$35)
rfORMULA('«r»CfOh.)ii«ln(n»ty»(xAD0541

rOUTPUT.XLSItAA*38)
-FORMULAC-n«croh.ld«lnln ŷ««v«nAD054',OUTPUT.XLS«AA$37)
^ORMULA('-maCfoh.)dslnln«ty«tghtAD0541,OUTPUT.XLSWAA$38)
-FORMULA(>Mn«;rah.xl*lnlmtynlrwADOS4<,OUTPUT.XLSI$AA$3B)
-FORMULA(-«m«cfoh.xWm«xADD54<,OUTPUT.XLS»AA$40)
-FORMULA('-nn«croh.»)»lniinADD54-,OUTPUT.XLSI$AAS41)
rfORMULA(<rtn»cfOh.)ri«lm..nADD54>,OUTPUT.XLS!$AA$42)
rfORMULAC«n»croh.)dttllv«AOD16',OUTPUT.XLSI$AB$13)
rfORMULA('«n»croh.x1«lt»n*DO16l,CXJTPUT.XLS»AB$U)
rfORMUCA('-mKTOh.ld«ltin««lA0016<.OUTPUT.XLSttA8$15)
-FORMULA(>«r»ctoh.)d«ltw«ntyAOD16I,CHJTPUT.XLSt*Ae»t6)
-FORMULAC-n»CTOh.»l«nw«ity(lv«AOD16>,OUTPUT.XLSttABJt7)
-FORMULAC-nMcroh.«linhlrlyADDie',OUTPUT.XLSI$AB$16)
^ORMULAC«n*croh.)ittlthlrtytlwADDia*,OUTPUT.XLSIfAB$10)
>FORMULAC^n*croh.«ltlfoftyADD16>,OUTPUT.XLSI$AB$20)
-FORMULAC-n»croh.xl(lfortyllwADD16<,OUTPUTJCLStSAB$21)
rfORMULAC-m«Toh.xl»mnyAOD16t,OUTPUT.XLS»AB$22)
-FORMULAC»m*<xoh.xlillHtynmADD16',OUTPUT.XLSnAB$Z3)
-FORMULAC-m«croh.xl.ltl)rtyAOOie>,OUTPUT.XLSIJAB$24)
-FORMULAC-rmcroh.xlcMi(tyfKmADDl6<,OUTPUT.XLSI$AB$2S)
-FORMULAC-iTMCfDh.»(l«m«nlyAD016>,OUTPUT.XLSI$ABS26)
^OnMULAC«racrah.xt«lMV*n(ythwADD16>,OUTPUT.XLSI$AB$27)
•FOflMULAC-n»crah.id«MgMyADD16',OUTPUT.XLSISAB$28)
^ORMULA('-n»croh.)d«!«laWyflv»AD018'.OUTPUT.XLSISABS29)
rfORMUl>C^mcroh.«t«lnln ŷADD16',OUTPUT.XLSI*A8»30)
JrORMULA('-m«roh.lit«lnln<rtyon«ADO16t,OUTPUT.XLSI$ABS31)
-FORMULAC-nwcroh.K)«lnln»tytwoADD16>.OUTPUT.XLSI»AeS32)
rfORMULA(*.m«croh.i<t«lnlr»fy1ht«ADO16'.OUTPUT.XLSI$ABJ33)
-FORMULAC«m*croh.«)>lnln*lytourADDie>

lOUTPUT.XLSI$AB$34)
-FORMULAC-n«croh.xl«lnliwly(lwAOOie>,OUTPUT.XLSISABS3S)
•FORMULAC-nwctah.H*lnlrwly««A001S>,OUTPUT.XLS«AB$36)
>FORMULAC-nwcrah.xt«lnlrM<yMvwiAD018>,C)UTPUT.XLSI$AB$37)
•FORMULAC»fMcroh.«lilnltwly*lgMAOD1«̂ pUTPUT.XLSI*ABS3a)
>FORMULA<'-nwcroh.xl«lnln«(ynlrwAD01<>,OUTPUT.XLSI«ABS3«}
>FORMULA(>-n«croh.xlilnwxAOD18'lOUTPUT.XLSI$ABi40)
^ORMUlA('rtn«cfoh.i(l»lmlnADD18'.CXJTPUT.XLSI$AB$41)
rfORMULAf̂ »croh.)d«lm.«nAODir,OLrrPUT.XLSI»A8*42)
-FOnMULA('TMc(oh.)(l*l(hMAOD2r,OUTPUT.XLSISAC*13)
J:ORMULA(<Mrl«croh.iiliH»nADD21'lOUTPUT.XLSI$AC*l4)
^OHMULA(-™cfoh.ld«tfm»«lADD2r,CXJTPUT.)a.St$AC«1S)
J:OnMULAC-n«croh.)rt«ltw«1tyAD02r.OUTPUT.XLSI$ACtie)
^OFIMULAC-muroh jdtltwwityf ImADDZI '.CXJTPUT.XLSItACSI 7)
rf:OmiULA<>-ime>olU(kNNrtyADDZ1>

]OUTPUT.XLSI*ACS1«)
^ORMULAC«T»cfOh.)HillNrtvt)v«ADD21'.OUTPUT.XL8l«AC«1»)
J:ORMULAC-n«CTO*i.xhl(ortyADD2riOUTPUT.XLSI$AC«20)
-FORMULA('-<n«cn)hjd«ltorty(lv«ADD2r.CXrrPUTjaS«ACtai)

R

•

t

.
•

••

.•

•

•

•



C • A Diviwoo of MoLmnA tart
Novwnbw«, 1995

MlMOMpaMra Modtl SubmHtod to
EPAFtogtooM

225
226
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f Q
.FORMULAC^n.croh.)d.mttyADD211,OUTPUT.XLS«AC$22)
-FORMULAC-nwcrah.xkKlflythwAOD2r,OUTPUTJ(LS«AC»23L.
«FORMULAC.microh,xtelt(KtyAt)02f,OUTPUT.XLSIJACJ24)
«PORMULAC.macroh.xltl«lxty1ly«ADDzr,OUTPUT.XLS»ACS25)
rfOWvlULA(Vm«toh.«Jtl««v»ntyADD21I,OUTPUT.XLSIMC$Z6)
^OftVULA('-m«croh.«l«l»v»nty1tv»A0021',OUTPUT.XLSI$AC$2n
-FORMULA('-mMroh.idiMgMyAO021 '.OUTPUT.XLSI JACJ28)
rfORMULAC-t™croh.«)«!»lghtytlv»AOO21 1,OUTPUT.XLSI*AC$29)
rfOnMULAC-m»croh.K)slnln«tyAD021 '.OUTPULXLSISACSaO)
rfORMULAC«n«croh.rt«lnlr»tyo(wAOD2r,OUTPUT.XLSI$AC$31)
-FORVULACrtn«roh.xl.lnln«tytwoAD02r,OUTPUT.XLStSAC$32)
-FORMULAC^nacroh.x(.lnlnety1hm^DD2r,OUTPUT.XLSI$AC$33)
-FORMULAf-mtCfoKidslnlrwtvl ourAOOZI ',OUTPUT.XLSI$AC$34)
rfORMULA('«i»cfo»i.x)»lnln«tyfl«AD021<,OUTPUT.XLSt«ACi35)
•FORMULAC îi«cit)h.«t>tnlrw(ytlxAD02r,OUTPUT.)a.SI$AC$36)
«FORMULAr>mKroh.)d(ilnlra(y««wnADDZ1>,OUTPUT.XLSI$AC$37)
^ORMUt>f.Riwoh.xl*lnln«̂ ghtAOD2r,OUTPUT.XLSI$AC$38)
^ORMULAr-nvcroh.xtalnliwIyntMAOOZI'.OUTPUTJa.SWACfaB) _
^ORMULAC-«cfoh.)d«lm»xADD2r,OUTPUT.)a.8l»AC»40)
-FORMULAC-«mcmh.xMnilnADD2r.OUTPUTJa.SISAC$41)
-FOnMULArMmcroh.tf*tmMHiA0021>.OUTPUTja.S«AC$42)
rfORMULA(1 «̂ooh.xl»llt««1lonI.OUTPUT.XLSItBtr)
.RETURNO
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Description of the Basic Approach
to Model PCB Dose Rates from

the Consumption of Fish from the
Upper Hudson River

Paul Price
at

USEPA Region E
November 6,1995
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<E>ChemRisk
A Division of McLaren/Hart
Environmental Engineering
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) ) •)
Topics

D MicroExposure Monte Carlo
D Answering the key question:

What is the distribution of toxicologically relevant dose
rates that will occur in anglers fishing the Upper Hudson
under remedial options?
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This presentation will not focus on
the source or specific values of the
exposure inputs but rather on the

modeling of dose rate distributions
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Microexposure Event
Modeling of Fish Consumption

(Jl
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PriceGE/EPAI995



The Traditional System of Exposure
Scenarios

Provides a simplified model of the relationship
between exposures and dose rates

Generally does not deal with time-dependent
changes
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Three Types of Time in Exposure Scenarios

Q Toxicological definition of time

Chronological time

Biological time

H
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Toxicological Definitions of Time

i-1o
•

w
a\
a\

Determined by the duration of exposure necessary
to cause an effect

• acute

• subchronic

• chronic

• lifetime

Price GE/EPA 1995



Chronological and Biological Time

Calendar years in which
the exposures occurred

Biological age of the
exposed individual

a\
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Scenario World View

Exposure to a fixed environmental concentration
Constant behavior
30 years of exposure
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In Reality

Environmental concentrations vary in time

• Randomly (short-term)

• Systematically (long-term)

Individual's behavior is also highly variable

Short-term variation

Age-dependent (long-term)
U>
a\
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Long-Term Variation in PCB
Concentrations in Hudson River Fish

3c

2.5 - Largemouth Bass

V&S
lipid

1.5

1

0.5

0

7 Yellow Perch

i ... i
1974 1976 1980 1980 1982 1984 1986 1988
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Percent

Individual's Mobility Varies by Age

o
•

u>

Total mobility rate

Percent who moved within counties
—I——I——I-

Percent who moved between counties
(excludes moves from abroad)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Age (years) U.S. Census, 1991
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Monte Carlo Analysis of Existing Exposure
Scenario Models

Uses same equation as traditional exposure calculations:

Dose _ Duration x Intake Rate x Environmental Concentrations
Lifetime x Body Weight

But replaces point estimates with distributions.

W
o\
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Information on Variation in Exposure Factors
May Not Be Appropriate for Calculating a
Distribution of Long-Term Doses

Q Consumption data

• Based on short-term surveys

• Age-dependent behavior

Q Duration is age-dependent

Q Variation in concentration of PCBs in fish
00
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Exposure Scenarios Should Model:

When Exposure Begins
• Age of the individual
• Date of the exposure

a\
«j
o

How Intensity Varies During Exposure
• Age-specific behaviors
• Date-specific information on

the intensity of the source of
the exposure

When Exposure Ends
• Age of the individual
• Date of the exposure



H
O
•

W
CTI

Microexposure Event Modeling

Considers an individual's exposure as a series of
separate exposure events

Q Models each event separately
Defines each exposure event in terms of

• Age of the individual

• Distribution of possible environmental concentrations
(random variation)

• Predicted environmental concentrations (long-term trends)

Price GE/EPA 1995 17



Microexposure Modeling

Dose _ Duration x Intake Rate x Environmental Concentrations
Rate Lifetime x Body Weight

Duration Annual Number
(in years) ^ of Events

Dose =
\ A*.A w «^ «»*.*. »^r m
^ • ' <g

* — — Individual
Averaging 2*i Body Weight 2j Dose Event

Time

H
O
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CO
a\-j
to
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Angling
Duration

LADD -
70

years
Body

Weight

Fish
Consumed Fish

Concentration x
on a Lipid Basis

percent Rsh (1.Cooking
y ids X Size X Loss)
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Proposed Approach

O
*

U>

Model the dose received from each fish consumed
and sum the doses to determine the long-term
dose rates for each angler, taking into account:

• the proper use of the distribution of PCB concentrations in
fish

• species preference

• cooking losses

• temporal changes in PCB concentrations

• exposure duration

• timing of remedial alternatives

20



MicroExposure
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Fish
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Fish Consumption Analysis - Module 1
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Fish Consum Dtion Analysis
Mod ule 2
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^ ̂ ê l̂̂ nf|ir̂
•^onsliiSiptioh^rate? r
- ... . . . • • .-• -....-.. r....... .. ,,r. i ......i.. ... ;< •: .

•̂ •*. ~^«5 ~*T«fctT* T* - ~^« • » •• • •- - •*• " :^*' ,;.V^GorrectflastimassB:

•::-?5-«>=35<-,-«» -;;;- •-: • • ~-:.~ir-t . .Jjwsannual consumption
- • - - - * - " . * -*- •* - ; - ' ' ' • *•-'• •- r- .

10.3677



O

-4
CO

y )
Fish Consumption Analysis

&

w^**^^^

^: • : . ' . : X';,*,.$ W ! ' > . • • * V ' - ^
Determine L/ADD



What are the Goals of Exposure
Assessment for the Hudson River

Develop distributions of interpersonal variation of
dose

Q Toxicologically relevant dose rates
Reflect changes in source terms associated with
different remedial actions

o
•
LO
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Interpersonal Variation in Dose

Q Define dose rates for the "high-end" individual
Define dose rates for the "typical" individual
Define the dose distribution and the average dose
rate for deriving estimates of population risks
Evaluate dose rates to subpopulations
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Toxicologically Relevant Dose Rates

Q For Carcinogenic Risk Assessment:
• Lifetime Average Daily Dose Rate (LADD)

Q For Noncarcinogenic Risks:
• Chronic Average Daily Dose Rate

H
o
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Incorporation of Impacts of Remediation

CO
10

Remediation will not occur for some time
Initial impact may be an increase in fish
concentrations
Reductions in fish concentration may not occur
until some time after remediation
Control of specific sources may have different
effects for different portions of the river

Price GE/EPA 1995 28



Dose Rate Determination

Q LADD Estimate:
• The sum of all doses (on a body weight basis) divided by

an averaging time of 70 years

Chronic Exposure Estimate:
• RfD is intended to be protective for chronic exposures:

averaging time is defined as seven years or duration of
exposure, whichever is larger.
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Duration and the Definition of the
Exposed Population

Past
Today

Future

Began
Fishing

Ceased
Fishing

Historical Current Future
Exposure Population Exposures
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00
<y\
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it*.

Total Duration of Exposure
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Definition of the Exposed Population
Past exposures are not the focus of the risk
assessment

• existence of the ban on fishing

• remedial actions can only change future exposures

Because of the potential for natural remediation
and the remedial activities at Baker Falls, future
exposures are expected to decline
Therefore, the population with the highest risks is
the current population
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Duration of Exposure

Not defined as a distribution in the model input
Based on mobility, angling cessation, and lifespan
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Temporal Changes in Angler Behavior

Fish consumption rates
• stability of annual estimates
• age-related changes in intake

Q Age-related mobility of anglers
Q Age-related changes in body weight

o
•
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Temporal Changes in Fish Concentration

The current program uses a simple exponential
decline model to predict future concentrations of
lipids

• Could be replaced with more complex temporal models
(see journal article)

Q Assume that percent lipid is constant over time
• could be replaced with a variable term to account for

year-to-year variation in percent lipid
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Fish Concentrations

Model currently treats concentration of PCBs in
fish on a lipid normalized basis

• allows a comparison of data from different years

• consistent with certain modeling approaches (see Phase I
document)

Model uses a single lookup table to locate linked
data on PCB concentration and fish mass
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Determining the Future Concentration of
a Specific Fish______________

Modeling will indicate trends in the mean
concentration of PCBs in fish
We propose that the distribution of fish
concentration at a specific reach be adjusted for a
future year based on the change in the mean
concentration

Concentration Concentration
in a Randomly _ in a Randomly Mean Concentration in Year X

Selected "~ Selected * ————————————————
Fish in Year X Pish in Year Y Mean Concentration in Year Y
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Estimating the Dose Received by
Consumption of One Fish________

Species selection based on species preference
Selection of a concentration is random event
within a species
Cooking loss defined as the fraction of PCB
remaining after cooking based on the frequency of
use of specific cooking methods

^ PCB concentration „ , , . . , ~ , ,-. ,. , ,Dose= n. .,, .N *% lipids * fish mean* (1-cooking loss)(hpid basis)
u>
a\
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Uncertainty and Variability

Uncertainty is the imprecision that occurs due to a
lack of knowledge about the true value

Q Variability is imprecision that occurs due to the
heterogeneity of the true values

o
•
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The Proposed Approach

Focuses on interindividual variation in dose rate
Uncertainty should be dealt with by adoption of
conservative assumptions in the selection of
distributions for input and by sensitivity analysis
of the impact of alternative assumptions
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Conservative Assumptions

Selection of angler consumption rates from
multiple streams

»

Proposed cooking loss underestimates the true
loss
Rate of cessation of angling in underestimated
No consideration of "temporary" cessation of
angling or intermittent practice of catch and
release

vo
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Exposure to Specific Age Groups

The model can investigate distribution of doses
for specific age groups
Fish consumption data not available for ages
under 1.8
We conservatively estimate intake rates for 10- to
18-year olds

Q Because of higher mobility, LADDs for children
may be smaller than the general population
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Software Issues

Presentation to USEPA Region II
Cynthia Curry

November 6,1995
New York, NY
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Environmental Engineering
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Software Used to Develop Microexposure Model

D Microsoft Excel Spreadsheet with Business Graphic
and Database: Version 4.0, Microsoft Corporation,
1992

Q @Risk: Risk Analysis and Simulation Add-In for
Microsoft Excel: Version 3.0, Palisade Corporation,
1994

O
•
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Model Description

D Written as a series of Excel macros, or series of
commands

D Contains three linked spreadsheets:

Input
Sheet

*4 ————— !». Macro
Sheet

^ —— ». Output
Sheet

O
•
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Input Sheet

D Contains input distributions of data, e.g., body
«•

weight by age and gender
Percentile ——:——*-Age

o
•

w
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I
D Program uses a LOOKUP function to locate

appropriate data



Macro Sheet

Q An Excel document can be a worksheet, macro sheet
or chart

Q In a worksheet, formulas are solved for an active
cell

Q In a macro sheet, specialized calculations are
performed by a series of commands (macros)

D Many macros can be created on one macro sheet
Q One macro can call one or more additional macros

O GE/EPA Region II
Q



Macro Sheet (cont'd)
Type of macros used to program Microexposure
model are command macros:

Row 1
Row 2
Row 3
Row 4
Rown
Rown+1

Column A
Macro name
= command line 1
= command line 2
= command line 3
= command line n
=RETURNQ

beginning

end
o
t
w
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Macro Sheet (cont'd)
Q Macro commands commonly do the following:

• select a value from a data set and set a variable name equal to
that value

• select a value according to defined conditions:
[IF TRUE] [IF FALSE]

= IF (value 1 = a, set value 2 = b, set value 2 = c)
• call other macros

• solve an equation and set a variable equal to the solution

• control the location of an active cell in a worksheet

• end a macro
•J
O GE/EPA Region II
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Macro Sheet (cont'd)

Q By using macros to run a Monte Carlo Model,
individual exposure events (consumption of
individual fish) can be modeled independently for
each person: "Microexposure" modeling

o
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Output Sheet

D Receives output from simulation
D Designed by modeler
Q Summary statistics can be computed on a range of

cells in the Output Sheet at the end of the specified
iterations

o
•
CO
^ GE/EPA Region II



Note:

Output Sheet takes the place of the summation
and reporting components of @Risk.
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LOOKUP Function

D Used in Macro Sheet to locate data from Input Sheet
D Data in Input Sheet needs to be entered as arrays or

vectors
Q Horizontal (HLOOKUP) or Vertical (VLOOKUP)

functions

Q GE/EPA Region II



LOOKUP Function (cont'd)______
D HLOOKUP searches the top row of an array for a

particular value, and returns the value in the
indicated cell: [VALUE] [ARRAY] [ROW]

= HLOOKUP (lobwperc, bwrange, A)
Body Weight Data

Percentile
10 20 30 40 50 60 70 80 90 100

O
•

00vj
O
-J

1
2
3

Age 4
5
6
7
8

GE/EPA Region II
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LOOKUP Function (cont'd)
D VLOOKUP searches the leftmost column of an

array for a particular value, and returns the value in
the indicated cell:

[VALUE] [ARRAY] [COLUMN]
= VLOOKUP (ID, FishData, 3)

Fish Data
ID PCBConc. Mass

O
•
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O
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IF Functions

H
o
*

w
-J
o

D Used to create binary decision commands
[CONDITION] [IF TRUE] [IF FALSE]

= IF (angler moved, calculate dose, go to next exposure year)

GE/EPA Region II

Exposure = Exposure

Did angler move?

Calculate dose 14



WHILE Loops
Q Used to carry out a series of macro commands

while a certain condition remains TRUE:
EXPOSURELOOP
= WHILE (A<90)

Determine anglers body weight
Determine angler's fish consumption rate
Determine intake of PCBs
Calculate dose of PCBs
Determine if angler is exposed next year

= NEXT 0
Q Always end with NEXT ()

o
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Most Common @Risk Functions
Q Discrete
D DUniform
D LogNorm
Q Normal
Q TLogNorm
D TNormal
Q Triang
D Uniform
Q Cumul

H
O

W 16
rj GB/EPA Region II
H



RiskUniform

H
O

D Simulation vehicle for uniform distribution

D Distribution used for a quantity that varies
uniformly between two values, or when only a
range of values is known.

= RiskUniform (minimum, maximum)
where,
minimum = least possible value
maximum = greatest possible value

vj 17
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RiskTriang

D Simulation vehicle for triangular distribution
D Distribution often used as a conservative estimate of

a lognormal distribution when data are limited

= RiskTriang (minimum, mode, maximum)
where,
minimum = least possible value
mode = most likely value
maximum = greatest possible value

o
•
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RiskTNormal

O
*

to

Q Simulation vehicle for truncated normal distribution
D Distribution of characteristics of a population (e.g.,

height, weight) constrained by truncation values
= RiskTNormal (ji, a, minimum, maximum)

where,
ji =mean
a = standard deviation
minimum = least possible value
maximum = greatest possible value

19
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RiskTLogNorm

O
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to

U1

D Simulation vehicle for truncated lognormal
distribution

Q Represents quantities that are the product of a large
number of other quantities - constrained by
truncation values

= RiskTLogNorm (|Ll, a, minimum, maximum)
where,
ji = mean
a = standard deviation
minimum = least possible value
maximum = greatest possible value

20
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RiskNormal

D Simulation vehicle for normal distribution
Q Distribution of characteristics of a population

expected to vary symmetrically and smoothly about
a mean (e.g., height, weight).

= RiskNormal ((I, a)
where,

= mean
a = standard deviation

-J
H GE/EPA Region II
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RiskLogNorm

G Simulation vehicle for lognormal distribution
D Represents quantities that are the product of a large

number of other quantities, e.g. distribution of
physical quantities in nature

O
•

U>

H

= RiskLogNorm (\i, a)
where,

= mean (arithmetic)
<j = standard deviation (arithmetic)

22
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RiskDUniform

Q Simulation vehicle for discrete uniform distribution
Q For situations with a few possible outcomes, each

with equal probability of occurrence

= RiskDUniform ({x^ %2, ..., %„})
where,
Xi»- ••• '%„ = possible values

o
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RiskDiscrete

O Simulation vehicle for an empirical discrete
distribution

Q For situations with a small number of possible
outcomes with variable probability of occurring

I-1

O

= RiskDiscrete ({%15 X2, .», %„}, {p1? P2, ..., pn})
where,
%iv",5Cn = possible values
piv..,pn = corresponding probabilities of occurrence

u>
<, 24
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RiskCumul

to-j

Q Simulation vehicle for a continuous empirical
distribution

Q Specifies a cumulative distribution with n points, set
by a minimum and maximum

= Risk Cumul (minimum, maximum, ({5^, %2,...,

where,
minimum = least possible value
maximum = greatest possible value
%1?...,%n = breakpoint values within range
piv..,pn = corresponding cumulative probabilities

25
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Monte Carlo Modeling of Time-Dependent Exposures Using a MicroExposure
Event Approach
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ABSTRACT

Over the last 10 years a number of researchers have used Monte Carlo analysis to investigate the
variation in long-term average dose rates in exposed populations and the uncertainty in estimates of
long-term average dose rates for specific individuals. In general, these researchers have modeled
long-term exposures using simple dose rate equations which assume that individuals are exposed
to a single environmental concentration at a constant rate over a specified exposure duration. This
paper presents an alternative approach for modeling long-term average exposures called
microexposure event modeling which addresses a number of shortcomings in traditional dose rate
equations. The paper discusses the limitations of the traditional dose rate equation, presents a
description of the methodology, and illustrates advantages of the approach with a case study.
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1. INTRODUCTION

Traditionally, risk assessors have estimated the dose rates received from potential exposure to
environmental contaminants using simple algebraic equations. These equations combine
information on the concentration of contaminants in environmental media, the behavior of
individuals exposed, and the rate at which the contaminants enter the body1. While the precise
equation and the number of exposure parameters vary, the dose rate equation generally follows the
form:

Environmental
Dose Rate = Concentration * Intake Rate * Duration [Eq. 1]

Body Weight * Averaging Time

1,2.

If averaging time is defined as the individual's life span (75 years), then Equation 1 provides an
estimate of the Lifetime Average Daily Dose Rate (LADD). This equation has been often used to
make conservative estimates of the dose rates received by exposed individuals1. Such estimates
are developed by using conservative estimates for the values of most or all of the parameters in the
equation1-2.

A number of researchers have investigated the use of Monte Carlo analysis to characterize the
uncertainty and interindividual variability in dose rates in exposed populations3.4.5.6-7. The
models used by the researchers are based on Equation 1, where each parameter is assigned a
distribution that reflects either the interindividual variability in the parameters' value in the exposed
population, the uncertainty in the value of the parameter or some combination of uncertainty and
variation. This approach provides insight regarding the uncertainty in the dose rate of an individual
randomly selected from the exposed population3.8.

In this paper, we identify a number of limitations with the use of Equation 1 for modeling the
variation in long-term dose rates in exposed populations and describe how these limitations can be
addressed by modeling long-term exposures as a series of individual exposure events. Under this
approach, each event is modeled separately and then summed to yield estimates of long-term dose
rates. We demonstrate that such an approach provides several useful capabilities including: one,
the ability to incorporate information on time-dependent changes in the values of exposure
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parameters; two, the ability to investigate the effect of short-term variations in parameter values on
the distribution of long-term dose rates in exposed populations; and three, to provide measures of
interindividual variability in average dose rates for different averaging times.

2. LIMITATIONS OF THE EXISTING DOSE RATE EQUATION FOR
PREDICTING DISTRIBUTIONS OF LONG-TERM DOSE RATES

The use of Equation 1 to calculate the distribution of long-term average daily dose rates in an
exposed population suffers from two major limitations. First, information on the interindividual
variability in many of the equation's parameters is difficult to derive from existing data. Second,
the equation cannot easily address time-dependent changes in the parameters.

In order to characterize interindividual variability, Monte Carlo models require information on how
the values for each parameter vary across the members of the exposed population. In the case of
the parameter "environmental concentration" the model requires information on the time-weighted
average of all the "environmental concentrations" each individual interacts with throughout the
duration of his or her life. This interpersonal variation in the "environmental concentration" is
related to, but not the same as, the temporal or spatial variation in exposure concentrations revealed
by monitoring surveys.

One difficulty in characterizing the variation in long-term average concentrations is illustrated by
the determination of the "exposure concentration" in a fish consumption pathway. The distribution
of concentrations in individual fish is not the same as the distribution of the average contaminant
concentration in the fish that an individual angler consumes over his or her lifetime. If an angler
consumes a large number of fish, the lifetime average concentration of fish consumed will be
approximated by the arithmetic mean concentration in the survey of fish. All anglers who consume
large amounts of fish will have similar "average concentrations". In contrast, anglers who
consume only a few fish will have a much greater variation in their "average concentration"
parameter.

The "intake rate" parameter in the exposure equation also poses problems for models of long-term
variation. Measurements of interpersonal variation are affected by the time period over which they
are collected8^. In general, measurements of interpersonal variation from short-term surveys will
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overestimate the long-term variation in the same populations, because of the presence of short-term
components of variation that are averaged out over longer periods of time^. Intake rates are
available for various media10 but the period of time over which the intakes are measured is
typically much smaller than the length of time of interest to the risk assessor. For example, soil
consumption rates in children are typically based upon surveys conducted over a few days or
weeks11-12-13, and the best available data on water consumption are based on a three-day
survey14.

A second issue is the age dependencies in parameter values. Intake rates for many routes of
exposure vary over an individual's lifetime. Strong age dependencies ifc tapwater consumption,
soil ingestion, and inhalation rate are well known10-1-.14. Variation in exposure duration is also
known to be dependent on the age of the exposed individual^. Finally, body weight and body
surface areas are also age dependent2.

Time-dependent changes can also occur in environmental concentrations, such that exposures to
environmental contaminants may vary over time. For example, movement of groundwater can
result in long-term trends in the concentration of constituents in drinking water wells16. In
addition, dose reconstruction projects that focus on characterizing historical exposures often
evaluate cohorts, where exposure rates varied widely over different time periods17.

3. DESCRIPTION OF THE PROPOSED APPROACH

An approach that addresses these problems is to evaluate an individual's long-term dose rate as the
sum of doses received from separate exposure events. We refer to this approach as microexposure
event modeling. Under this approach, the assessor separately specifies the values of the exposure
parameters for each exposure event. This concept has been used to evaluate exposure to dioxin via
fish consumption18.1^, exposures to VOCs in tapwater16, and exposure to lead among children21.
In addition, the methodology has been used to evaluate exposure duration iS.SQ; however, it has not
been formally presented in the literature.

Under the microexposure event model, Equation 1 is replaced with:
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Duration Events •
£ose 1 V 1 V J Environmental
Rate = Averaging ^ 2, Concentration

Time j = i Weight. i=l

where, Environmental Concentration y is the concentration of the contaminant in the environmental
media to which the individual is exposed during the ith exposure event in the jth year of his or her
life; Intakey is the amount of contaminated media entering the individual during the ith exposure
event in the jth year of his or her life; EventSj is the number of exposure events that occur during
the jth year of the individual's life; Body Weightj is the average weight of the individual during the
jth year of the individual's life; Duration is the number of years between the individual's first and
last exposure event. Averaging time is defined by the toxicity endpoint being evaluated. The
averaging time for carcinogenic effects is 'defined as the average human lifespan of 75 years. For
noncarcinogenic effects, the averaging time is defined as Duration or some shorter period of time2.
Where the intake rate is expressed as a mass per unit of time an additional parameter, Event
Durationy, may be added to the second summation. This parameter is the duration of the ith
exposure event in the jth year. In this paper, the application of the model is specific to risk
assessments of those environmental contaminants which are evaluated according to the promise
that risk of an adverse effect is a function of dose rate and not accumulated dose or body burden.

The approach defines an exposure event as a period of exposure in which a dose model based on
single values for concentration, intake rate, body weight and other relevant exposure factors
provides a reasonable characterization of the dose received. For example, when evaluating
exposures that occur as a result of the consumption of contaminated food, a single meal can be
considered an exposure event. In other instances where the level of contamination and the intake
rate may remain constant over longer periods of time, the exposure event can be defined as
consumption occurring over months or years.

The parameter values used in the estimate of the dose rate for each event can be based on temporal-
and age-specific information. In this fashion, the approach can provide estimates of the
distribution of long-term average dose rates, consistent with temporal trends.
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The number of exposure events in an individual's life is based on the initiation and cessation of
behaviors that result in exposures. For example, living in a contaminated residence, working near
a point source of emissions, or fishing from a contaminated body of water are all examples of such
behavior. A binary decision model is used to determine whether an individual who has completed
an exposure event will continue his or her exposure. This probability can be based on age-specific
information on the probability of initiating or ceasing the behavior that causes the activity. The
model can also handle intermittent exposures by allowing for periods of time where intake is low
or nonexistent but where there is still some finite probability of intake.

An example of a microexposure event model for a population of individuals exposed to a
residence-related source of contamination can be illustrated as follows. The model begins by
assuming that an individual is exposed for one exposure event (e.g., he or she lived in the
contaminated residence for some period of time). The model then uses the age-specific probability
of that individual changing residences to determine if a second exposure event will occur. This
process is repeated until the model determines that the individual moved and no further exposure
event will occur. This approach results in a characterization of the future dose rates in a population
currently exposed to a source of contamination.

A benefit of the microexposure event approach is in that it tracks an individual dose rate during
different portions of his or her life. For example, if it is suspected that a contaminant may cause an
effect as a result of a one year exposure, the model can track the annual average dose rates for each
year of an individual's exposure and identify the highest annual exposure. When a contaminant
requires several years of exposure to cause an effect, the model can track an individual's highest
multi-year average dose rate.

Monte Carlo models based on Equation 1 are relatively simple to run using existing software (e.g.,
@Risk©22 and Excel23 with minimal programming requirements. Microexposure event models are
more complex and require programming features such as nested loops and binary branching.
Using nested loops, an outer loop can provide a simulation of one individual's exposures, while a
series of inner loops models the dose rates for the individual exposure events. As described
above, binary decisions are used to model the number of exposure events.

Figure 1 presents a generic microexposure model of long-term dose rates, consisting of four basic
modules. In the first module, an individual from the exposed population is selected and assigned
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Figure 1. Components of a MicroExposure Event Monte Carlo
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an initial age and any other permanent (time independent) exposure characterizations (e.g., gender
or location of residence). The second module assigns the values to time-dependent parameters,
(such as the environmental concentration, intake rate, and body weight) for the exposure event.
Then the second module generates an estimate of the dose received during the initial exposure
event. The third module stores the estimated dose and then determines, based on mobility,
mortality, or other relevant demographic information whether the exposure continues. If the
individual continues to be exposed, the model returns to module two, adjusts the time-dependent
variables to reflect the increased age of the individual and temporal changes in environmental
concentrations, and calculates a second dose. Once the exposures are determined to have ceased,
the fourth module calculates the individual's lifetime average daily dose rate (or other long-term
dose rate) and returns to the first module to simulate the dose rate for the next individual.

4. CASE STUDY: MODELING LONG-TERM EXPOSURES TO LIPOPHILIC
CONTAMINANTS IN FISH

In this case study, the results of an microexposure event model of interindividual variability are
compared to a Monte Carlo model based on Equation 1. In addition, we demonstrate the ability of
our approach to incorporate information on temporal changes in exposure parameters and to
provide lexicologically relevant estimates of dose rate distributions.

To simplify the presentation, we assume that the only exposure pathway of interest is the intake of
a persistent lipophilic compound from the consumption of contaminated fish. Historical releases of
the chemical have resulted in its occurrence in fish. Because discharges of the contaminant have
ceased, fish tissue concentrations are declining over time.

In this case study, we used our approach in four ways. First, we performed a traditional Monte
Carlo and a microexposure event (MEE) model of the interindividual variability in the lifetime
average daily dose rates (LADDs) that occur as the result of future exposures to the contaminant.
Second, we used the MEE model to investigate the impact of making alternative assumptions
concerning the use of annual fish consumption rates to model LADDs. Third, we investigated the
impact of alternative assumptions on future levels offish contamination on the estimate of LADD
distributions. Finally, we used the MEE model to estimate the distribution of maximum annual
average dose rates and maximum seven year average dose rates in the exposed population.
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4.1. Description of the Model

Figure 2 presents a flowchart for the model. The model evaluated each fish consumed as a
separate exposure event. The number of exposure events (fish eaten) in a given year of the
angler's life was determined from the angler's intake for a given year and a size distribution for the
fish consumed. The individual angler's annual exposure was modeled based on the sum of the
separate doses received from the individual fish consumed each year. The model assumed that
exposures occurred until the angler moved away from the area. At the end of each year, the model
determined if the angler stopped fishing the affected body of water either because the angler left the
area or because of mortality as predicted by longevity tables. The LADD for the angler was
determined by summing the annual dose rates and dividing by the average human life span of 75
years.

The equation used to calculate the LADD for an individual angler (and reflected in Figure 2) is:

Angling „ Fish
 JDuration Consumed j

R , / ( Fish Concentration y * Fish mass y rgq 31
Weight j * = l

where, Angling Duration is the number of years an angler consumes fish from the affected water;
Fish Consumedj is the amount of fish consumed in the jth year of the angler's exposure; Body
Weightj is the body weight of the angler in the jth year; Fish Concentration^ is the concentration in
the ith fish caught in the jth year; Fish Massy is the mass of the fillet from the ith fish caught in the
jth year. Table 1 gives descriptions of the distributions used for the exposure parameters.

4.2. Traditional Monte Carlo Model

The traditional Monte Carlo model for the scenario was performed using the following equation.
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Figure 2. MEE Model of Fish Consumption Case Study
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Table 1. Distributions Used in Monte Carlo Models

Parameter Description Reference

Traditional Monte Carlo

Body Weight (kg)

Exposure Duration (yrs)

Consumption Rate (g/day)

Fish Concentration (ppm)

Risk T Normal (71,15.9,45,119)

Risk Cumul (1,87(2,2,4,9,16,26,33),
{0.05,0.1,0.25,0.5,0.75,0.9,0.95})

Risk Cumul (0.001,118,{0.11,0.17,0.23,0.28,0.25,0.46,
0.59,0.71,0.83,0.99,1.2,1.4,1.7,2.1,2.5,3-2,4.3
6.1,12.4}, {0.05,0.10,0.15,0.20,0.25,0.30,0.35,
0.40,0.45,0.5,0.55,0.60,0.65,0.70,0.75,0.80,0.85
0.90,0.95})

Risk T lognorm (10,6,0.5,100)

Finleyetal., (10)

EPA, (15)

Ebert et al., (24)

Assumed

H
o
•

00
<1
10
H

MicroExposure Monte Carlo

Body Weight (kg)

Exposure Duration (yrs)

Fish Mass (g)

Fish Concentration (ppm)

Fish Consumption Rate (g/day)

Risk D Uniform, age-and gender-specific2

Modeled^

Risk T lognorm (500,400,100,1200)

Same4

Same4

1. Distributions are described using the ©Risk distribution format (22).
2. Distribution is substantially the same as the distribution in the traditional Monte Carlo.
3. Duration is modeled based on the same mobility and mortality assumptions used in EPA, (15).
4. Same as Traditional Monte Carlo.

EPA, (2)

EPA, (2)

Assumed

Assumed

Ebert etal.,(24)2



Fish t Consumption Angling
LADD= Concentration_____Rate____ Duration „ .

Body Weight * 75 years L q J

The distributions used for the parameters in this equation are also given in Table 1. Wherever
possible, the same distributions used in the MEE model were used in this analysis.

4.3. Investigation of Alternative Fish Consumption Rate Assumptions

Annual fish consumption rates among recreational anglers fishing rivers and streams were used in
this analysis. While annual data are typically considered to be a good measure of long-term intake,
they are not the same as lifetime intake rates. If the distribution of the long-term intake rates is the
same as the results of an annual survey, then each angler's behavior must be constant from year to
year. However, an assumption that an angler's intake will never vary from year to year is
unlikely, since an angler's fish intake will be influenced by year-to-year variations due to weather,
fishing regulations, personal or family obligations, health and physical condition considerations,
and differences in species availability or waterbody productivity.

The impact of using a distribution of annual intakes in a model of LADDs can be investigated by
making two alternative assumptions that bound the relationship between distributions of annual and
lifetime averages. The first assumption is that the intake of an angler remains constant for each
year he or she fishes from the contaminated body of water (fixed perennial fish consumption rate).
The second assumption is that in any given year an angler will base an equal probability of having
any of the intake rates reported in the recreational angler survey24 (randomly selected fish
consumption rates).

4.4. Investigation of Alternative Assumptions on Future Concentrations in Fish

The concentration of the contaminant in fish would be expected to decline over time since the
contaminant is no longer being released. The declining concentrations may be a simple function of
time or may follow a more irregular pattern. For example, if the sediments contaminated are being
covered by clean sediments then the bioavailability of the compound will decline and future fish
concentrations may follow some monotonicly decreasing function. A more complex scenario can
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be generated by assuming that a future storm event brings buried sediments to the surface and an
increase in fish concentrations. In this case, the decline in fish concentrations will be interrupted
by an elevation in concentration and then a subsequent decline.

In this study, we investigated the dose rates resulting from three scenarios of the future
concentrations in fish. In the first scenario, concentrations remain constant over time. In the
second, concentrations decline at a rate of 20 percent per year. In the third, concentrations decline
at 20 percent per year but during the fifth year a storm event resuspended contaminated sediment
and the fish levels returned to a level equ?>l to 80 percent of the initial level. Following the storm
event, the levels declined at 20 percent per year.

4.5. Alternative Measures of Long-term Dose Rates

The MEE model was used to investigate interindividual variability in three separate measures of the
long-term dose rates: the maximum annual average dose rate, the maximum seven-year average
dose rate, and the chronic dose rate. The maximum annual average dose rate for an angler is
determined by selecting the highest annual dose rate among all the annual averages for each
individual during the course of his or her exposure. The maximum seven-year average for each
angler is determined by keeping a running seven-year average of the annual dose rates and
selecting the highest seven-year average dose rate that occurs in each individual's exposures. The
chronic dose rate is calculated using Equation 3 where 75 years is replaced by the duration of
exposure.

4.6. Model Specifications

The model was written in Excel macro language22 using ©Risk23 as a source of "formulas" for
generating distributions. The model was run on a Pentium based PC with a 60 mhz clock speed.
All of the Monte Carlo model runs simulated the intake rates for 5,000 individuals. Previous runs
of the model demonstrated that 5,000 individuals provided stable estimates for the median, 95th,
and 99th percentiles. It took approximately 25 hours of computer time to develop estimates for
5,000 individuals. The traditional Monte Carlo model was run on the same machine and took less
than one hour to model dose rates for 5,000 individuals.
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5. RESULTS AND DISCUSSION

Figure 3 presents the results of the MEE and traditional Monte Carlo models. In general, the MEE
model resulted in lower estimates of LADDs than the traditional Monte Carlo model. This
difference was most pronounced for the upper end of the distribution where the dose rates were 3
to 4 times lower. The differences in the median intakes differed by a factor of 1.5.

The reasons for the differences between the models are two-fold. First, the traditional model
assumes that all the variation in fish contaminant concentrations are directly reflected in the
interpersonal variation in dose rate. The MEE model, by summing multiple fish, has the net effect
of incorporating a smaller portion of the variation in fish contaminant concentrations in the
distribution of dose rates. The fraction of the inter-fish variation decreases with the number of fish
consumed resulting in an increased divergence between the two models at higher dose rates. The
second reason for the difference is that the MEE model defines the duration of exposure in a
different fashion than the traditional Monte Carlo model. The MEE model evaluates only the future
exposures of the current population, as a result, the duration is defined as the period of time from
the initial date the model is run until the year the individual moves away from the area, or is no
longer living. The distribution of durations used in the Monte Carlo model includes the years an
individual has already been exposed^. By incorrectly incorporating this historical component the
traditional model produces a distribution of durations that is larger than the distribution of future
residential durations produced by the MEE model.

Figure 4 presents the three different scenarios for future concentrations of contamination in fish.
As the figure indicates, the 20 percent decline scenario resulted in approximately a three-fold
decrease in the estimate of the dose rate for the 95th percentile as compared to the no decline
scenario. In contrast, inclusion of a storm event had a smaller impact on the estimates of dose
rates, raising the dose rates for the 95th percentile angler approximately 30 percent.

Figure 5 presents the results of the two model runs for the fixed perennial and randomly selected
fish consumption rates. As the figure indicates, random variation in annual fish consumption rates
raises the estimates of LADDs for the vast majority of anglers, but lowers the estimates in the top 5
percent of the population. The impact is greatest at the 99th percentile where the assumption of
randomly varying intakes lowered the dose rate estimate by a factor of 2.5. This finding implies
that the use of the results from annual surveys of fish consumption rates as models of lifetime
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Figure 4. Impact of Alternative Assumptions of Future Level,? of
Contamination in Fish on Lifetime Average DailyJDose Rates
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consumption rates will result in an underestimation of dose rates for the majority of anglers but
overestimate consumption for the high-end anglers.

Figure 6 presents the results of the three different measures of long-term dose rates in the exposed
population: the maximum annual average dose rate, the maximum seven-year annual average dose
rate, and the chronic dose rate. The maximum annual dose rate was 40 percent higher than the
chronic dose rate for the median angler but only 18 percent higher for the high-end angler.
Because of random variation in contaminant levels in the individual fish an angler consumes, it
stands to reason that the maximum annual dose rate will always be higher than the average intake
the individual receives over the entire duration of his or her exposure. The reason for the smaller
differences in the anglers who consumed large numbers of fish, i.e., the high-end angler, is that
the probability of only eating fish with above average concentrations decreases with the number of
fish consumed.

The distribution of the maximum seven-year annual average is lower than the distribution of the
maximum annual average. Because the maximum seven-year annual average reflects the intake
over a number of years, much of the year-to-year variation in intake is averaged out. As a result,
the maximum seven-year average annual dose rates tend to have less interindividual variability than
the maximum^annual average dose rate. The maximum seven-year average dose rates are also
lower than the chronic dose rates. Because the duration of exposure is less than seven years for
some anglers, the seven-year average includes years with zero exposure.

6. DISCUSSION AND CONCLUSIONS

The microexposure event approach allows the investigation of a number of issues of interest to
exposure assessors such as the effect of age on long-term exposures, use of information on short-
term variation in characterizing long-term variations in dose rates, determination of the distributions
of lexicologically relevant measures of long-term dose rates, and incorporation of temporal
changes in exposure parameters. As demonstrated, these factors can have significant impacts in
characterizing the distributions of long-term exposures, particularly for the high-end exposed
individuals. For example, the estimate of the dose rate for the 99th percentile, assuming a fixed
intake rate, was 3 to 4 times lower than the traditional Monte Carlo model results. If an
assumption of random variation in intake is made, the estimate is an order of magnitude lower.
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This paper focuses on the use of Monte Carlo modeling as a technique to evaluate interindividual
variability in dose rates received by individuals in an exposed population. However, the approach
can be incorporated into more complex models of uncertainty and variation, such as nested loop
models of uncertainty and variation25,26,27.

In summary, MEE models provide a number of resources to exposure assessors. When an
exposure pathway involves varying levels of contaminants, MEE models can incorporate
information on the temporal changes in the estimates of long-term intake. In addition, analysts
using Monte Carlo models based on Equation 1 may wish to use MEE models to investigate the
potential for overestimating dose rates for the high-end exposed individual.
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