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Presentation Outline

• Data Fusion Human Health Risk Assessment 
Framework (DF – HHRA)

• Benzene
• F1



Data Integration
Data refinement and improving data quality
Additional inferences and increasing benefit from data
Improving understanding and decision

Data Fusion (DF)

Duplicate Data Detection

Data Transformation

Data Source 1 Data Source 2 Data Source n

Data consolidationData consolidation
Data mergingData merging
Entity resolutionEntity resolution
Finding survivors ...Finding survivors ...

... 



Proposed DF 
Framework

Source 1 Source n

Data Collection and 
Preprocessing

Low Level Fusion

Data Estimation

High Level Fusion

Decision level fusion

Feature database

Information 
Product database

Knowledge 
database

Forensic 
Log Book

User Interface



Fusion technique  Identity fusion  Feature‐level fusion  Decision‐level fusion 

Cluster Analysis  X  X   

Classical Inference   X    X 

Bayesian Inference  X  X  X 

Dempster‐Shafer Theory  X  X  X 

Voting Strategies      X 

Expert Systems  X  X  X 

Logical Templates    X  X 

(Adaptive) Neural Networks  X  X  X 

Fuzzy Logic  X    X 

Blackboard      X 

Contextual Fusion      X 

Syntactic Fusion      X 

Estimation theory  X     

Entropy  X     

Figure of Merits  X     

Templates  X     

Generalized evidence 

processing theory 
    X 
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DF in the Context of HHRA
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DF Techniques



Exposure 
Scenarios



Standardized Mortality Ratios (SMRs) for leukemia among Pliofilm

 workers based  on the estimated cumulative exposures

Benzene Example 
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Benzene Example

SMR w here cumulative exposure = 50-500 ppm-years
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Source Risk at 1 ppm Risk at 1 ppb Reference & model

US EPA (1985) 0.018 (7.5E‐3, 3.4E‐2)  0.000018 (7.5E‐6, 3.4E‐5) Crump and Allen, additive risk

0.041 (1.3E‐2, 8.8E‐2) 0.000041 (1.3E‐5, 8.8E‐5) Crump and Allen, relative risk

Brett et al.

 
(1989)

4.0E‐3 (1.0E‐3, 1.2E‐2) to 

 
2.5E‐2 (2.5E‐3, 9.9E‐2)

3.6E‐6 (9.5E‐7, 6.9E‐6) to 

 
1.1E‐5 (2.2E‐6, 1.9E‐5)

Crump and Allen, conditional 

 
logistic

2.2E‐1 (1.2E‐2, 1.0) to 8.4E‐

 
1 (1.5E‐2, 1.0)

2.4E‐5 (6.9E‐6, 4.2E‐5) to 

 
3.4E‐5 (8.2E‐6, 5.9E‐5)

Rinsky, conditional logistic

Paxton (1992) 0.0022 (3.8E‐5, 4.9E‐3) 0.0000019 (3.7E‐8, 3.7E‐6) Crump and Allen, proportional 

 
hazard

0.0046 (1.3E‐3, 9.0E‐3) 0.0000035 (1.2E‐6, 5.8E‐6) Paustenbach, proportional 

 
hazard

0.018 (3.0E‐3, 5.5E‐2) 0.0000089 (2.5E‐6, 1.5E‐5) Rinsky, proportional hazard

Crump (1992; 

 
1994)

1.1E‐2 (2.2E‐3, 2.0E‐2) to 

 
2.5E‐2 (6.0E‐3, 1.3E‐1)

1.1E‐5 (2.2E‐6, 2.0E‐5) to 

 
2.5E‐5 (6.0E‐6, 1.3E‐4)

Crump and Allen, linear

5.4E‐3 to 2.5E‐2  4.5E‐6 to 2.6E‐5  Crump and Allen, nonlinear

7.1E‐3 (2.0E‐3, 1.2E‐2) to 

 
1.5E‐2 (3.8E‐3, 2.6E‐2)

7.2E‐6 (2.0E‐6, 1.2E‐5) to 

 
1.6E‐5 (3.8E‐6, 2.6E‐5)

Paustenbach, linear

8.6E‐5 to 6.5E‐3  8.6E‐11 to 5.6E‐6  Paustenbach, nonlinear

Benzene Example



Benzene Example



• Comparative Toxicogenomics Database

• 400 interacting genes - at least a dozen highly interacting genes

• Six most altered genes (based on Benzene (gene-cell-tissue- 
disease) Problem Formulation (with a disease focus – Leukaemia)

• Literature Extraction Process – 115 peer reviewed publications

• Overall objective: Probability of failure of biological systems identified 
in the Benzene System Biology flowchart (Overall impacts to 
Hematopoietic components).

Benzene: System 
Biology



Benzene: System 
Biology



Mathematical 

 Modelling of a 

 Biological System 

Benzene: System 
Biology



• Huge amount of sequence data
• Huge amount of genomics data
• Complex connectivity
• Understanding toxicological interactions
• Prediction of protein-coding genes 
• Cell-cell interaction
• Cell-tissue-gene level interactions
• Genome has a multi-dimensional structure

Benzene: System 
Biology challenges



• F1 hydrocarbon mixture 
– 55%C6-C8 aliphatics 

(n-hexane may vary between 3% to 12% or more?) 
– 36% C8-C10 aliphatics
– 9% C8-C10 aromatics

• F1 PHC = [F1 –BTEX]
• n-hexane is used as a surrogate

F1-Hydrocarbon 
Example



F1 F2 F3 F4
5 6 7 8 910 1112 1314151617 1819 2021 2223 2425 26272829303132333435363738394041424344454647484950

Atlantic 

 
PIRI

aliphatics

aromatics

BC/

 
Yukon

VPH LEPH HEPH

Bulk

AB/SK/

 
MB/NWT

TVH TEH

TPH

Ontario
TVH TEH

TPH

Heavy Oils      C25+

Quebec hydrocarbures

TPHCWG
aliphatics
aromatics
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F1-Hydrocarbon Example



Fraction Equivalent 

 
Carbon #

Corresponding 
TPHCWG 

 
subfractions

TDI 

 
(mg/kg∙d)

RfC
(mg/m3)

Critical Effect used by 

 
TPHCWG to derive criteria

F1  C6

 

to C10 aromatics

 

C>7

 

‐C8

C>8

 

‐C10

aliphatics 

 

C6

 

‐C8

C>8

 

‐C10

‐a

0.04

5.0

0.1

‐

 

a

0.2

18.4

1.0

‐

 

a

hepatotoxicity, neurotoxicity

neurotoxicity

Liver and blood changes
F2  C>10

 

to C16 aromatics 

 
C>10

 

‐C12

 

C>12

 

‐C16

aliphatics 

 

C>10

 

‐C12

C>12

 

‐C16

0.04
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0.1

0.1

0.2

0.2

1.0

1.0

decreased body weight

decreased body weight

Liver and blood changes

Liver and blood changes

F3 C>16

 

to C34 aromatics 

 
C>16

 

‐C21

 

C>21

 

‐C34

aliphatics 

 

C>16

 

‐C21

C>21

 

‐C34

0.03

0.03

0.1

2.0

NA b

NA b

1.0

NA b

nephrotoxicity

nephrotoxicity

hepatic granuloma

hepatic granuloma

F4 C>34

 

to C50 aromatics 

 
C>34

aliphatics 

 

C>34

0.03

20.0

NA b

NA b

nephrotoxicity

hepatic granuloma
CCME (2008) & Edwards (1997)

F1-Hydrocarbon 
Example



Compound Author Subjects Duration Delivery Dose Effects Response med

Heptane

(Takeuchi et 

 

al.  1981)
Rat

12h/d,7d/w,

 

16w
3000

no histopathological

 

signs of 

 

neurotoxicity
no

(Frontali

 

et 

 

al. 1981)
Rat

9h/d,5d/w 

 

30 wks
1500 ppm

no evidence of 

 

histopathological neurotoxicity
no

(Bahima

 

et 

 

al. 1984)
female rat

6h/d, 5d/w, 

 

12 wks
2000 ppm no clinical signs of neurotoxicity no

2‐methyl

Hexane

(Perbellini

 

et al. 1985; 

 

Sayre

 

et al. 

 

1986)

human/rat
neurotoxic

 

metabolites 

 

detected
no

3‐methyl

 

hexane

(Valentini

 

et 

 

al. 1994)
Human 8‐10 hr

case study 

 

exposure

36ppm heptane

 

16ppm 3‐methyl

hexane

peripheral neuropathy, induced 

 

by MEK?
med*

Methyl

cyclo

hexane

(Parnell et 

 

al. 1988)
Rats

every 

 

second day 

 

for 14d

0.8g/kg by 

 

gavage

Histopathologic

 

examination of 

 

the rat kidney slices indicated 

 

only very slight traces of 

 

nephropathy,

NA

C7 Mixtures

(MacEwen

 

and Vernot

 

1985) 

dogs, rats, 

 

mice, 

 

hamsters

.Year‐long 

 

exposures
0, 400, 2000 ppm

mean body wt depression in 

 

hamsters and male rats.

 

Only significant lesions noted 

 

was progressive renal 

 

nephropathy seen in virtually all 

 

of the male rats

NA

Review of neurotoxicity studies for F1

F1-Hydrocarbon 
Example



F1-Hydrocarbon 
Example



F1-Hydrocarbon 
Example



Feature Level Data Fusion: Dose-Response assessment

The toxicity of each compound was applied to the 
probability density function of the NOAEL concentrations 
from studies on n-hexane, for which there was much 
more toxicity data.

Pr
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NOAEL (mg/m3)
PDF of NOAEL from n-hexane subchronic neurotoxicity studies

F1-Hydrocarbon 
Example
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NOAEL (mg/m3)

p-box for neurotoxicity NOAEL for all of F1 

F1-Hydrocarbon 
Example



The NOAEL from the dose-response assessment applies 
for rats in a sub-chronic study. Where NOAEL values 
were not available, the LOAEL values were divided by an 
uncertainty factor of 10. Other uncertainty factors that 
can be applied include:

• 10 for inter-species differences
• 10 for intra-species differences
• 3 for deficiencies in the data set.

No uncertainty factor is being used for the severity of 
toxic effects: a factor was included in calculating the 
combined NOAEL for F1. 

Decision Level Data Fusion: Risk Characterization 

F1-Hydrocarbon 
Example



Alternative Endpoints

Whether Current Inhalation Reference Concentrations are 
protective against irritancy for C6 -C8 aliphatics?

Is this the most sensitive end point? Other health effect 
endpoints are being evaluated 

Limited preliminary analysis of system biology datasets

F1-Hydrocarbon 
Example



Paradox of Risk 
Management

“You always got to be prepared, but you never know for what”

“Sugar Baby” Bob Dylan
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