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Additive models are currently used to predict risks following exposure to

multiple agents or complex mixtures. Use of these models is questioned

because different method'_ are used to derive risks for chemical and physical

agents depending on the database used. Risks for the induction of cancer

from radiation are based on large sets of human data, while standards are set

for most chemical carcinogens using information derived from animal
studies.

The rationale used in estimating the health risks from radiation is also

very different from that used for risks from chemicals. Human risk from

radiation is established by deriving risk numbers that be:st reflect real hazard.

Upper confidence intervals are then established on the data and used to

provide an element of safety. Because the databases associated with chemical

hazards are derived from animals, it has been necessary to build in large

"safety factors" to ensure adequate protection when extrapolating risks from

animals to humans. When estimating chemical hazards, however, the

procedure is to establish no-effects levels in short-term tests, extend the data

with longer term tests, and finally conduct lifetime studies for selected

chemicals. The magnitude of the "built-in" safety factors depends on the

results of the studies and the level of information available for a given

chemical. If only acute toxicity data are available, the safety factor needs to be

larger than that needed when data for the chemical have been generated from

lifetime studies of several animal species.

This type of risk estimation is a good approach for setting standards for

individtial chemicals with the limited data sets available for :many chemicals.
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However, it is not, from a scientific point of view, appropriate to add risks

from physical and chemical agents to derive potential health impact from

combined exposures. The range of safety factors built into the esti,mate s, the

large differences in the data sets used to evaluate and establish standards, and

the differences in the basic philosophy for deriving risks for physical and

chemical agents make the additive model unacceptable for estimating risks

from combined exposures. To understand, the potential health impacts from

environmental exposure, it is important (1) to consider how risks were

derived and (2) to determine if interactions exist between damage induced by

the different agents to ensure that addi_.ive assumptions are valid.

This presentation discusses a number of these safety factors for specific
chemicals. It also shows that additional research is needed for some

important chemicals associated with environmerLtaI contamioation so that

we can predict risks from combined exposure and guide the level of cleanup

needed for protection of human health.

Many different agents interact to produce biological lesions, conseque_,tly

causing either greater or less damage than would be predicted 'oy the additive

model. Our presentation shows that cellular and molecular studies are help

define the bi.oiogical potency of chemicals and radiation and illustrates how

such studies can be used to test assumptions of additivity when predicting

biological damage from combined exposures to radiation and chemicals. This

approach avoids the problems associated with combining different safety

factors. We provide examples of cellular and molecular studies used to

evaluate multiple exposure and to flag potential sites of inter_ction that may

require additional animal or epidemiologic studies. This preseI_tation also

provides information on the interaction between several important classes of

physical and chemical agents and illustrates how cellular and molecular data

can be used to predict- risk.

Information is supplied on the following complex mixtures and combined

exposures. First, we describe how a complex mixture (diesel exhaust) is used

to predict the hazards associated with an unknown mixture such as those

associated with vapor--phase effluents from nuclear waste t_nks. We then

discuss the interaction of damage induced by low-LET (linear-energy-transfer)

radiation with that which results from several important environmental

classes of pollution. We show data on the interaction of radiation-induced
/

damage with damag_ from high-LET radiation, genotoxic chemicals [N-
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I rnethyl-N'-nitro-N-nitrosoguanidine (MNNG)], metals (beryllium), fibers

(silicon carbide), and organic solvents (methyl isobutyl ketone and tributyl

phosphate).

We discuss three of the major problems are associated with using data

from cell and molecular studies to help evaluate risk and to set standards

from combined exposures. First, it is difficult to standardize dose terms to

compare damage from chemicals with that from radiation. For example, the

dose term for low-LET radiation can be defined as the depositi.on of energy per

unit mass with the cell nucleus as the target. For high-LET radiation, damage

is more dependent on the number of cells "hit" than on total energy

deposited. The biologically relevant dose for chemicals, however, depends on

the reactivity of the chemical., the metabolic fate of the chemical and its

products, and the major cellular sites of action, so that combining dose-

response data .from different agents is unreliable. The magnitude of cellular

and molecular changes, which can be quantitated, thus can serve as a link

between dose from different agents and their potential hazard.

Second, extrapolation of cellular changes to predict disease state in human

populations is difficult. This extrapolation requires an understanding the

mechanisms of action and biological steps involved, in the production of both

the cellular and molecular changes and the final disease. Most chemicals that

produce DNA adducts or breakage are tumoI' initJ.ators and therefore can be

detected by their ability to produce mutations and chromosome aberrations in

vitro. Many such chemicals and radiation have been shown to produce

linear dose-response relationships for changes associated with early stages of

the cancer process. These relationships support using linear extrapolation of

dose-response data to regions of low dose and additive models of risk.

However, many nonmutagenic chemicals are known carcinogens that act

through mechanisms not associated with DNA damage. The pathways for

the action of these chemicals are postulated to involve changes in signal

transduction, gene activation, and regulation of cell proliferation. Many such

chemicals require a threshold level of exposure or dose before biological

effects can be detected. The primary cellular targc-.ts for these chemicals need

to be further defined both in vitro and in vivo. Definition of the

mechanisms of action for such chemicals make it possible to use nonlinear

extrapolation of observed effects for predicting risk and setting standards after
low-level exposures. ,
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Third, there are problems associated with developing statistical and

mathematical models and methodologies to combine dose-response or

exposure-response data from physical and chemical insults. These models are

essential for meaningful risk assessment. Cellular and molecular data

provide a rapid method to test putative models and can serw _to raise flags of

concern when synergistic or antagonistic interactions are observed. Such

models can then be used to determine if biological changes induced at the

cellular level can be extrapolated to provide valid generalizations in

evaluating the impact of combined exposures on human health.

The mechanisms and sites of action of different types of pollutants can be

predicted with cellular and molecular studies, which provide a means of

extrapolation from site-specific problems to more general environmental

problems. Only through understanding these mechanisms and the role that

biological changes play in the induction of cancer can accurate models of risk

be derived for combined exposures.
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