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Abstract

Environmental risk assessment often involves the
use of models, the results of which are some-
times used in regulatory decisions or in drafting
of legislation. Many mathematical models have
been employed to quantify the chemical exposure
that occurred for humans over a period. How-
ever, the high complexity and inherent heterogen-
ity of chemical exposure is still a major challenge
for the scientific community. Because of limited
scientific data, interpretation of models often in-
volves uncertainty. Modelling the uncertainty in-
built in the exposure analysis can be solved using
recent computational techniques like fuzzy logic
and neural networks. In this paper, human health
risk through inhalation and dermal exposure to
benzene from vehicular emissions in the city of
Christchurch, New Zealand, is assessed as an ex-
ample of the application of a new hybrid approach
to risk assessment. Major variables affecting the
absorption of chemicals and key parameters for
dispersion of chemical are considered in the model.
The model has produced excellent results and
showed that new artificial intelligence algorithms
are a promising tool for risk assessment.

Introduction
Human exposures to ambient airborne pollutants is an
area where uncertainty is particularly dominant. This
uncertainty can be divided into variability and igno-
rance. Variability is the result of inherent randomness
in data; ignorance results from incomplete data and/or
lack of scientific understanding. Consider for example
the ubiquitous chemical benzene which depends largely
on the density of automobile traffic and local weather
conditions. In this paper, we are interested to analyse
non-smokers whose main benzene source is the environ-
mental benzene. (outdoor benzene concentration). For
non-smokers, most benzene exposure is ultimately de-
rived from auto exhaust or gasoline vapour emissions.
Existing exposure models are not reliable due to the
associated uncertainty with variables. A hybrid sys-
tem approach has been proven to be more advantageous
over traditional or phenomenological or semi-empirical
formula, and it is able to develop a mapping of the in-

put and output variables. The term hybrid refers to
systems that consist of two or more integrated subsys-
tems, each of which may have a different representation
of language and inference technique. The subsystems
are assumed to be tied together semantically and in-
fluence each other. In this paper the intelligent com-
ponents of the hybrid system are fuzzy logic and neu-
ral networks. Each technique has particular computa-
tional properties (e.g., ability to learn, explanation of
decisions) that make them suited for particular prob-
lems and not for others. These limitations have been a
central driving force behind the creation of intelligent
hybrid systems where two or more techniques are com-
bined in a manner that overcomes the limitations of in-
dividual techniques. The model developed here employs
the latest techniques to provide quantitative exposure
through multiple pathways for a potential contaminant
of air. Once the exposure is quantified, combined with
Integrated Risk information system (IRIS) toxicity fac-
tors, the background risk can be estimated.

Estimation of exposure
In a predictive model, the exposure function E is di-
vided into a series of terms that relate sources to en-
vironmental concentrations and the concentrations to
human contact:

E(S) = E E C,(S) x (1)
j

i = air, soil, water
j = inhalation, ingestion, dermal

where Ci(S) is the concentration of a contaminant
in environmental compartment i associated with the
source S and Fij is the pathway exposure factor that
relates this concentration to a level of human contact
through pathway j. In this paper, we have considered
the medium as air, the pathways of exposure as inhala-
tion and dermal and the equation 1 is derived as follows:

Ec =Cair × Fair-inhatation + Cair× Falr-dermal (2)

For cancer effects, where the biological response is usu-
ally described in terms of lifetime, even though exposure

From: AAAI Technical Report SS-99-01. Compilation copyright © 1999, AAAI (www.aaai.org). All rights reserved. 
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does not occur over the entire lifetime, doses are often
presented as lifetime average daily doses (LADD). The
equation 2 is transformed to estimate the lifetime aver-
age daily dose using the United States Environmental
Protection Agency (USEPA 1996) general equation.

Ec = ED × [C x lR + DAe x EV x EF × SA] (3)

where:
BW × AT

Ec = average daily dose combined

for inhalation and dermal mg/kg-day

ED = expousre duartion (days)

C = contaminant concentration in air (/~g/m3)

IR = inhalation rate(ma/day)

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

EV = event frequency (events/day)

EF = exposure frequency (days/year)

SA = skin surface area available

for contact (cm2)

BW = body weight (kg) and

AT = average time (days) for noncarcinogenic

effects, AT=ED and for carcinogenic

effects AT=70 years or 25,550 days
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Figure h Hybrid Architecture of Risk Assessment

Even in situations where actual exposure-related mea-
surements exist for the variables in equation 3, the qual-
ity of the data is questionable. The uncertainty plays
a crucial role involved in each parameter due to the
movement of contaminants among environmental me-
dia and is affected by physical, chemical, and biologi-
cai processes including biotransformation, volatilisation
and deposition from air to land and water. The nature
of these processes requires a comprehensive approach
to do a better estimation.

Hybrid Risk Assessment
Figure 1 shows the architecture of the hybrid system.

The total summation of average daily doses through in-
halation and dermal constitutes the multiple pathway
exposure. Once the exposure through appropriate path-
ways are estimated, IRIS toxicity factors may be com-
bined together to estimate the background risk level
that persists for a particular chemical. Details of the
blocks are discussed in the following sections.

Neural Network - Block A
The neural network adopts a modified back propaga-
tion algorithm (Rajkumar et al. 1998) for training. To
improve some aspects of the learning, such as speed of
training and learn with consistency, the new algorithm
has two passes viz., (a) Pattern Pass and (b) Batch
Pass. The pattern pass performs the stabilisation and

generalisation of the network. The batch pass tunes the
mapping to a greater accuracy. The number of cycles
for training is less than the standard backpropagation
algorithm.

Fuzzy Inference - Block B, C, D and E

Modeling based on conventional mathematical tools
(e.g., correlation, regression etc) is not well suited for
dealing with ill-defined and uncertain systems. By con-
trast, a fuzzy inference system employing fuzzy if-then
rules can model the qualitative aspects of human knowl-
edge and reasoning processes without employing precise
quantitative analyses. Due to their concise form, fuzzy
if-then rules are often employed to capture the impre-
cise modes of reasoning that play an essential role in
the human ability to make decisions in an environment
of uncertainty and imprecision.

Case Study

Acute exposure to benzene causes central nervous sys-
tem depression and irritation to the skin. Generally, in
urban areas motor vehicles exhaust is a major source of
benzene concentration. In this paper, benzene concen-
tration and dispersion in a busy traffic intersection and
the background risk for 200 m around the intersection
is estimated.
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Block A

The following variables are selected for determining the
exposure: pollutant emissions from motor vehicles on
the road, wind speed, atmospheric stability and ambi-
ent temperature. Three layer neural network is used to
predict the ambient chemical concentration. Using the
modified backpropagation algorithm, a better estima-
tion of benzene concentration is predicted. The output
of Block A is fuzzified into six membership functions
based on statistical significance.

Block B
Age, body weight and activity are the major determi-
nants of daily energy expenditure in healthy people as
long as they are in energy balance. This block derives
the inhalation rate of an adult using 36 rules and the
membership function considered for age is triangular
with three linguistic values; body weight is normal with
three linguistic values; activity is normal (skewed) with
four linguistic values and the output inhalation rate is
normal with seven linguistic values.

Block C

The input variables for Block C are the outputs from
Block A and B. The data range considered from Block
A is 0-15 #g/m3. The output of this block will be ex-
pressed in terms of absorption over body weight. This
block contains 24 fuzzy rules and derives the average
daily inhalation exposure.

Block D

The major factors that must be considered when esti-
mating dermal exposure include: the chemical concen-
tration in contact with the skin, the extent of the skin
surface area exposed, the duration of exposure and the
rate of absorption of the chemical. David Burmaster
(Burmaster 1997) has explained the human skin area
as a function of body weight. Based on the above as-
sumption, fuzzy sets for human skin area is estimated.
In our model, we have assumed that an adult always
covers 6% of his total body surface area with clothes.

In the exposure factors handbook (USEPA 1996), the
body weight for an adult ranges from 47.?-98.9 Kg.
In our model, the range considered is 45-110 Kg. It
has been divided into three linguistic sets viz., low (45-
68 Kg), medium (56-102 Kg) and high (90-110 
The membership function considered for body weight
is gaussian. It is shown in figure 2. The percentage of
exposure considered here is 7-95% and it is defined as
a normal distribution with 8 fuzzy sets and it has been
shown in figure 3. The total effective surface area is
estimated from this block and the output ranges from
0-2 ra2. It has been expressed by 8 fuzzy sets and the
membership function is defined as a normal distribu-
tion. It is shown in figure 4. There are 24 rules defined
for this block and it is sufficient to estimate the adult
effective dermal area exposed in a particular event.
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Block E

This block estimates the average dermal dose absorp-
tion for an adult, who spends for 9.6 hours everyday
for environmental benzene concentration. The input
arises from Block A and Block D. In dermal exposure
assessment (USEPA 1992), the USEPA estimated hu-
man permeability constant for benzene as .08 era~hr.
In our model, establishing the input-output relationship
for estimating the lifetime average daily dermal dose is
by using .08 cra/hr permeability coefficient.

The chemical concentration ranges from 0-15 #g/m3

and it is divided into six linguistic sets as per the sta-
tistical significance of the hourly data, which is con-
sidered. The membership function is shown in figure 5.
The dermal area in block D is defined as 8 fuzzy sets and
redefined in block E as 4 linguistic sets and is expressed
in terms of cm2/kg. The re-defined membership func-
tion is shown below in figure 6. The life average daily
dermal exposure is defined as 7 fuzzy linguistic values
and ranging from 0-3850 #g/kg/day. The output of
this block has to be divided by 106 to satisfy the units.
The membership function is considered as a triangular
distribution and the benzene absorption through skin
is linearly related. The membership function is shown
in figure 7. Life average daily dermal dose is derived
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using 24 rules.

Results and Conclusion

The system presented here models the uncertainty in-
volved in exposure assessment by using fuzzy linguistic
sets and neural networks. The results produced by the
system are 4- 15 % of the expected results. Once the ex-
posure results have been estimated, it will be combined
with USEPA integrated risk information system (IRIS)
toxicity factors to calculate the individual risk. A bar
chart representing the minimum, maximum and aver-
age chemical absorbtion through multiple pathways is
produced. This chart describes the best situation about
a particular adult, the user considered. The user has
to define the site characteristics by choosing an option
like valley, flat or mountain. Depending upon the site
definition the benzene concentration dispersion is anal-
ysed. A risk circle representing individual risk is esti-
mated for 200 m radius from the midpoint of intersec-
tion. Monte Carlo analysis, which is frequently used in
exposure assessment, uses probablistic distribution for
input variables. In this model, every variable has an
equal weightage for lower and upper end distributions,
which is expressed using fuzzy linguistic sets. Possi-
bilistic representations can capture weaker states of in-
formation that probability distributions cannot. The

resulting hybrid model shows promise as a new tool for
general exposure assessment. The model is highly flex-
ible and the rules can be changed as per the needs of
the user.
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