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Abstract
We conducted point and probabilistic risk assessments for the consumption of fish 
in the Housatonic River.  The probabilistic analyses consisted of Monte Carlo 
simulation (with both one-dimensional and microexposure event analyses), 
dependency bounds analyses, probability bounds analyses, and a comparison of the 
results of a probability bounds analysis with a 2 dimensional Monte Carlo 
approach. The exposure distributions were based on the same datasets from which 
the point estimate exposure parameters were derived. The Monte Carlo analyses 
assumed strict independence between all variables and indicated the expected 
variability of the risk. A dependency bounds analysis was used to relax the 
assumptions of independence and explore risks from ingestion under other 
dependency assumptions. The probability bounds analyses used intervals to 
comprehensively bound the uncertainty in the distribution of the risk indicated by 
the Monte Carlo simulations.  Sensitivity analyses were conducted to quantify the 
contributions of variability and/or uncertainty of each exposure parameter to the 
risk estimates. The ingestion rate usually contributed the largest amount of variance 
in the models examined.

Outline of analyses

Probabilistic analyses
– One-dimensional (1D) and Microexposure 

Event modeling (MEE)
– Cancer risk and non-cancer risk
– Monte Carlo simulation (MC)

variability only
– Probability Bounds analysis (PBA)

variability, uncertainty
– Dependency bounds analysis (DBA)

Analyses indicated in blue are discussed in this presentation

Input variables

ENV EDFEDF6.84.250.015, 324g/dayEFIRCChild intake rate

lognormallognormal2.31712, 23kgBWCChild body weight

lognormallognormal157239, 119kgBWAAdult body weight

intervaluniform1.43.51, 6yrEDCChild exposure dur.

MMMST-lognormal20291, 64yrEDAAdult exposure dur.

MMMSEDF0.270.480.1, 1unitlessFIFraction ingested

ENV decon. EDFdecon. EDF22.213.10.03, 490meal/yrEFExposure frequency

intervaltriangular-113.570.9, 170g/mealIRCChild ingestion rate

intervaltriangular-227142, 340g/mealIRAAdult ingestion rate

ENV EDFEDF13.68.50.03, 647g/dayEFIRAAdult intake rate

MMMST-lognormal0.170.440.15, 1Deep fat fry

MMMSlognormal0.150.240.04, 0.9Pan fry

MMMST-lognormal0.180.190.02, 1Broil

MMMSlognormal0.1120.220.05, 0.67Bake

mixturemixture0.180.260, 1unitlessLOSSCooking loss

intervalpoint est.-13.910.8, 13.9mg/kgCfishConcentration

P-boxMC 
Distribution

Std. 
Dev

Central 
EstimateMin,MaxUnitsSymbolVariable

Variables indicated in red are needed for MEE modeling and are not discussed in this presentation.

Monte Carlo methods

• Precise point estimate
• Empirical distribution function (EDF)
• Precise distribution function

– Lognormal
– Truncated lognormal
– Uniform
– Triangular (MEE models only)

• Stochastic mixture of distributions

Probability bounding methods

• Interval (Min, Max)
• MMMS (Min, Max, Mean, Std.Dev)
• Envelope of EDFs
• Stochastic mixture of MMMS
• Precise distribution function (lognormal)
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Concentration in fish (Cfish)
• MC used the EPC for four fish species 

(combined).
95% UCL used to “account for uncertainty”.

Using the UCL is intended to prevent underestimation.

• PBA used the interval: [mean, EPC]. 
Assumes the sample mean ≤ the true mean.

EPA is concerned with not underestimating the mean.

LOSS data

44242022Mean
35271420Median

(6)18
(5)39

(15)13
(10)27(3)0(15)22
(3)0(5)47(13)35
(5)27(15)16(1)20

(3)47(1)15(1)12(9)27
(14)32(15)31(15)24(2)7.5
(13)35(13)35(2)7.5(11)34
(12)31(2)7.5(11)53(7)16
(7)74(4)46(7)0(8)5

RefDeep fat 
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Cooking Loss:Broiling
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Cooking Loss: Pan Frying
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Cooking Loss: Deep Fat Frying
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Cooking method weights

96.4%

0.9Poaching
0.9Microwaving
0.6Raw

17.9Baking
16.4Broiling

0.2Boiling

2.0Soup

62.1Frying (pan & deep fat)
%Method

20Deep fat frying
20Baking
20Broiling

40Pan frying
%Method

Data
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1D model intake rate
• 1D model uses data from the Maine Angler 

Survey to model intake rate.
• The survey measured grams of game fish 

consumed per household per day (g/d).
• The data was stratified:

– Did you consume fish from “other” sources?
– Did you eat shared fish?
– Do you live alone?

• If not, intake rate divided by number in household.

EFIR  EDFs, 1D Model
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EFIR A

1D Model, Adult
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EFIR C

1D Model, Child
(= 1/2 x EFIRA)
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EDC
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1-D cancer risk
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Cancer models
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1-D model:

Microexposure model:
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where
( )( )jfishj IRLOSSCmeanZ ×−×= 1

for j = C (child) or A (adult)

?II?IIBW
II?IIED

IIIIFI
?IIEF

IIIR
ILOSS

EDFIEFIRLOSSC

“I” indicates independence assumed, “?” indicates 
possible dependency relationship.  Definitions for 
variable abbreviations are given in the text.

Dependencies Modeled with Dependency Bounds Analysis


