
"- -" "-- --

Methods for Assessing the Effects of Mixtures of Chemicals
Edited by v" B. Vouk, G" C Butler, A. C. Upton, D. V. Parke and S. CAsher
(!J 1987 SCOPE

5 Use of Toxicity Data on Single Chemicals
to Predict the Effects of M ixtures*

5.1 INTRODUCTION

The science of toxicology has traditionally concerned itself with the biological
effects of substances administered singly, and the results of such studies form our
most important data base. When chemicals enter the environment, however, they
form mixtures that vary in time and place, both qualitatively and quantitatively,
to produce an infinite variety of exposures. Since it is impossible to test every
combination of these possible mixtures it becomes necessary to assess the effects
of many of them from a knowledge of the toxicities of the components acting
singly.

This section deals with the problem at two levels: first, by examining the
information available for single chemicals, and secondly, by addressing the
problem of how to combine data on single components to assess the effects of
mixtures.

The data available for single chemicals will be discussed at increasing levelsof
biological relevance. Sometimes all that is known about a single substance is its
chemical structure, its physical properties, and possibly the toxicity of chemically
related substances. In this case quantitative structure-activity relationships, as
well as interpolation and extrapolation within homologous series, may be all that
is available. In other cases dose-effect curves for single chemicals may be
available. All these possibilities are considered in what follows.

5.2 DATA ON SINGLE CHEMICALS

5.2.1 Chemical Structure

Structure-activity considerations find their greatest utility in making predictions
when the only information about a chemical is its chemical structure. The
chemical structure determines both the physical and chemical properties of a
compound and these in turn are reflected in the biological activity, such as the

* This section was prepared by a working group chaired by G. Nordberg. The members were I. AstiJI,
Susan Barlow, Alexandre Berlin, Myron A. Mehlman, Victor H. Morgenroth Ill, J. Pietrowski
(Rapporteur)! 1. y, Sanotski, JerryF. Stara, Raymond Tennant, C Weinberg, and Kevin Woodward.
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toxicity, of a compound. The use of structure-activity relationships for predicting
biological activity has thus far been limited for a variety of reasons, among them
being the complexity of the structure of toxic biological macromolecules, the
variability of metabolic pathways, toxicity differences among animal and plant
species, the effects of substituents on the reactivity of the core chemical, and the
effect of steric properties. There are, however, some outstanding examples of the
prediction of activity from chemical structure, such as within a homologous series
of chemicals where precise molecular modification is paralleled by carefully
defined pharmacological activity (Astill, this volume).

Most predictions of toxicological activity are based on empirical relations;
three types of predictions can be distinguished:

(1) Associative, where details of substructure are associated with some specific
activity;

(2) Interactive, where the parent structure as well as the substructure affects the
biological activity; and

(3) Quantitative, where computer calculations provide numerical predictions of
biological end-points.

The associative approach is described in Astill (this volume) where almost 60
representative structures are shown to have an association with chemically
induced human health effects. A similar process can be devised for non-human
biota. The presence of a substructure in a molecule is not an assurance that the
molecule will possess an associated effect, but rather an indication of the
likelihood of the predicted effect occurring. Evidence is also available that some
effects may be associated with activating or deactivating substituents. Structures
and substructures can also be associated with effects on specific target organs;
Astill (this volume) has reviewed examples of such health impairments in target
organs.

The interactive approach is derived from predictions of such target organ
effects as the chemical's capacity to act as a modifier of metabolism and its
irritating and sensitizing abilities.

Quantitative and semiquantitative approaches can be applied with varying
degrees of success; most of them must be regarded as highly sophisticated
statistical treatments made possible by computerized analyses of biological data
and chemical structures. Predictive techniques have been proposed for estimating
mutagenic potential (Ames test) (Tinker, 1981),carcinogenesis (Enslein and Craig,
1982), teratogenesis (Enslein et aI., 1983), rat oral lethality (Tinker, 1982),
biological oxygen demand (Enslein et aI., 1984)and so forth. A basic feature of
such systems is the use of pattern recognition techniques, or substituent
weighting, coupled with regression equations. Some discomfort is expressed by
users with the contradictory results produced by weighting, and the lack of
biological reality exhibited in fragments of the pattern. Semiquantitative
treatments may predict the activity of chemicals in a quantitative sense (Enslein
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and Craig, 1982)or as levelsof activity (Tinker, 1981);they seem to be useful for
screening large numbers of chemicals,or for providing estimates of toxicity where
economic considerations limit testing. They are restricted to effects where large
data bases are available and their reliability may be limited when there are few
negative results. An interesting development in this area is the attempt to predict
synthetic and metabolic pathways from chemical structure (Gelernter et al., 1983;
Wipke et aI., 1983).This seems to be useful in the prediction of possible active
metabolites from a chemical.

Use of a structure-activity relationship for quantitative judgement can
sometimes be based on calculations in which structure is used directly and
appropriate quantitative measures of biological activity are ascribed to both the
nucleus (e.g. aromatic ring) and the individual substituents (such as alkyl, aryl,
chloro, nitro, etc.). This method is derived from a purely physicochemical
approach in describing chemical activity (Hammett-Taft equation) and has been
used for the purpose of toxicity evaluation by Zahradnik (seeFilov et al., 1980);
the use of this technique, however, is limited to groups of compounds with
structures that are closely related to each other.

5.2.2 Physical Constants and Distribution Coefficients

A more general approach to predicting the toxic potential of chemicals depends
on an indirect relation between the physical properties of a compound and its
toxic effects. Two approaches have gained acceptance:

(1) One is based on the lipophilic properties of a compound which often
determine its availability at the relevant receptor sites; this can be expressed in
terms of an oil-water or an octanol-water partition coefficient (p.c.).
Procedures based on the oil-water p.c. were extensively used by the
Leningrad school of Lazarev while those based on the octanol-water p.c. are
known as the Hansch method (Hansch and Fujita, 1964; Valkenberg,
1972).In the Hansch method the octanol-water p.c. is incorporated into an
equation of the type

y = ax2 + bx + c + d

where a, b,c, d are constants and x is a function of the octanol-water p.c. and
represents Hammett's constant for the compound (see Astill, this volume;
Lyman et aI., 1982).

(2) Another approach developed by the Leningrad group of toxicologists (Filov
et al., 1980) uses the predictive value of other physical properties such as
boiling point, melting point, density, and refractive index. Organic com-
pounds that were non-electrolytes displayed toxicities that varied directly
with the values of these physical constants according to equations of the type

log IT"" a - b log P
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where JTis an index of toxicity, P is the value of the physical constant and b is
the slope of the regression line. Log-log relations of this type can be
developed most readily for groups of structurally related compounds.
Although a negative correlation of this general type exists for a large group of
organic chemicals, the scatter produced by the correlation of many dissimilar
compounds is such that a predicted value of toxicity can be ascertained only
within one or two orders of magnitude. To improve the applicability of the
method it has been proposed that organic chemicals be divided into groups
such as alcohols, nitro compounds, phosphoro-organic esters, cyanides, and
so on; the values of b for each group would then be brought into agreement by
adjustments of one or two orders of magnitude.

Predictions based on any selected physical constant are likely to yield results
significantly different from those derived from another constant (and hence
another equation). Therefore it has been suggested that sets of regression
equations be constructed for as many physical constants as posssible and the
calculated toxic indices averaged. It is not to be expected that an accurate
representation of reality can be attained and in the judgement of this group the
predictions of the regression analyses can rarely be improved over a 70-80 %
conformance with measured values. The use of the regression analyses is further
limited by the lack of regression equations for several indices of toxicity. For
instance, equations that exist for the USSR values of maximum acceptable
concentration (MAC) may not be readily available for other indices such as the
threshold limit value (TLV), acceptable daily intake (ADI), no-effect level
(NOEL), etc. (for definition of terms see section 5.2.4). Because of the limited
predicting power and precision of such procedures they are likely to be more
useful for planning an experiment on chronic toxicity or making a guess in
situations which require a quick decision than for any long-standing regulatory
activities. If, however, data from regression analyses point to an exceptionally
high toxicity, immediate experimental evaluation of the compound in question
may become a high priority. For example, predictive equations are widely used in
computer modelling.

5.2.3 Modelling with Physiological, Physical, and Chemical Data

Combining physiological principles and facts with chemical and physical data
about single substances has produced models useful for predicting exposures to,
and doses from, pollutants inhaled and ingested by human beings. The best
examples are the so-called 'lung model' (ICRP, 1966)and 'gut model' (Eve, 1966)
of ICRP. These were developed to facilitate the dosimetry of radioactive
substances encountered mainly in occupational exposures. The applications of
the models in exposures to chemical pollutants have been discussed in several
publications (e.g., Butler, 1978; Friberg et al., 1979).
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5.2.4 Toxicity Data on Single Chemicals

As a basis for a discussion concerning methods of extrapolation of data on single
chemicals to mixtures (to be described in section 5.3),it is necessary to display
briefly the type of information that is often available concerning single
compounds, for example from toxicity assays and epidemiological studies.

The hazards associated with single chemical agents are estimated from both in
vivo and in vitro experiments by using defined biological effects such as systemic
toxicity, carcinogenicity, and genotoxicity. It is the consensus of various scientific
reports (e.g. Vouk et aI., 1985)that such effects exhibit either threshold or non-
threshold dose-response characteristics (Figure 5.1).

The threshold assumption is based on the premise that a physiological reserve
or a defence mechanism exists within the organism which must be depleted or
significantly altered before a toxic response ensues. In contrast, the responses to
some chemical carcinogens and mutagens are recognized as having no threshold.
For toxic effects other than carcinogenicity or genetic toxicity the threshold
assumption is normally used (Figure 5.1).

5.2.4.1 Threshold Effects

Data concerning the acute or chronic systemic toxicity of a chemical can be
obtained either from epidemiological observations on the actual target popu-
lation of interest (human or non-human) or through bioassays in experimental
biological systems (e.g. animal assays concerning acute, subacute, and chronic
toxicity). These methods furnish dose-response data for toxic effects in various
organ systems such as neurotoxicity, hepatotoxicity, nephrotoxicity, etc.

Certain toxicological concepts are of value in the process of utilizing
toxicological data for practical purposes. One generally recognized concept is the
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Figure 5.1 Examples of threshold and non-threshold effects. A = non-
thresholdeffect.B -- non-lethalthresholdeffect.C = lethalthresholdeffect
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effective dose (ED) value which signifies the effective dose for a defined
proportion of an exposed group of individuals, ED50 meaning the dose at which
50 %of the group displays the toxic effect in question.

An additional concept which is frequently used in risk assessment is the NOEL
(no observable effect level),meaning the highest exposure level or dose at which
no adverse effects can be observed in a (usually limited) number of exposed
individuals. It is thus important to consider if the type of effect observed should
be dealt with as a significant and adverse finding. Adverse effects are defined as
any effects that result in functional impairment and/or pathological or bio-
chemical lesions that may affect the performance of the whole organism or that
reduce an organism's ability to respond to an additional challenge (see WHO,
1978; Vouk et al., 1985).

A special case is the lethal dose for a defined proportion of a population (e.g.
LD50). Further discussions of these concepts are given in general textbooks of
toxicology and pharmacology (e.g. Doull et al., 1980) as well as in various
international reports (Vouk et aI.,1985;WHO, 1978).These concepts can be used
in the extrapolation of effects from single chemicals to mixtures, as discussed in
section 5.3.

The ideal basis for the safety evaluation of a chemical is to have access to
dose-response curves describing one or more adverse effects for the species in
question (seeFigure 5.2).These curves should provide information on the 'critical
effect', which is the most sensitive adverse effect that occurs in the target
population at low doses (see, for example, Task Group on Metal Toxicity, 1976).
For many chemicals, however, safety evaluation will have to be made in the
absence of such dose-response relationships, and will rest on predictions.
Dose-response relationships may be obtained by epidemiological and monitor-
ing studies (see section 3) or by an approach using data on the toxic action of the
compound from studies in experimental animals and man, coupled with
estimations of tissue sensitivity (Vouk et al., 1985). As discussed in section 4,
information on the chemobiokinetic behaviour of singlecompounds and how it is
influenced by other compounds may constitute a basis for the prediction of
dose-response relationships for single compounds and mixtures. Also, informa-
tion about biochemical mechanisms of action and tissue sensitivity could be
investigated and furnish a possible means of making scientifically based
predictions about mixtures. When information is available for the calculation of
dose-response relationships, extrapolating the effect of mixtures can be made
with more confidence. Examples of interactions observed in animals and humans
exposed to mixtures, as wellas their relationship to the effects of single chemicals,
have been discussed for some classes of compounds (e.g. Task Group on Metal
Interactions, 1978).

Risk assessment for the purpose of setting exposure limits for substances with
threshold-type effects uses all types of information mentioned above as a data
base. Obviously, the more precise and extensive the information that is available,
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Figure 5.2 A theoretical example of dose-response curves for
various effects of a chemical substance. A = biochemical change
without functional significance. B = significant change of organ
function (critical effect). C = mortality. NOEL = no observable
(adverse)effect levels.LDso = lethal dose for 50% of population

the better will be the risk assessment. The toxicological information that iscrucial
to the process of standard setting is the dose-response curve for the critical effect.
When, in a few instances, the dose-response curve for this critical effect is
available from empirical observations in the target population of interest,
exposure standards can be set at a level well below the lower end of this
dose-response curve. It follows from these considerations that the interactions of
chemicals that are of particular interest in relation to the hazard evaluation of
chemicals are those that affect the dose-response curves for the critical effects or
even effectuate changes in the critical effect.Special emphasis should therefore be
given to such interactions.

The estimation of ADIs for single chemicals has a particular relevance for
regulatory activity in setting levels for toxic substances in human food supplies
and drinking water. TLVs for occupational exposure or MACs in the working
environment (WHO, 1978;Sanotski, this volume)are also used in risk assessment.
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5.2.4.2 Non-thresholdEffects

A non-threshold model is appropriate for some genotoxic effects and some
cancers. Genetic toxicity is usually studied under four test categories: gene
mutation, chromosomal effects, DNA damage, and neoplastic transformation
(IARC, 1980).However, all these categories have not been systematically explored
for most chemicals and there are therefore large gaps in our understanding of
these effects. An evaluation of the published literature up to 1979 (Green and
Auletta, 1980) identified a large number of carcinogens but only a few non-
carcinogens which have been subject to some degree of genetic toxicity testing
(Tennant, this volume). While the evaluation demonstrates a high degree of
concordance between carcinogens and positive genetic toxicity, results available
on non-carcinogens are more variable. Genetic toxicity tests have also been used
as predictors of reproductive toxicity (Vouk and Sheehan, 1983)since mutation in
male or female germ cellsmay result in infertility, subfertility, embryonic or foetal
death, congenital malformation, biochemical defects or the development of
cancer in the offspring. There is some experimental evidence to suggest that
chemicals which are mutagens and carcinogens are also teratogens (Vouk
Sheehan, 1983;Vouk et aI., 1985);however, unlike mutagenicity and carcinoge-
nicity, most teratogens exhibit a threshold in the dose-response relationship and
it cannot be assumed that all teratogens are mutagens.

There are constraints on the use of genetic toxicity results in extrapolating from
single chemicals to mixtures; however, the genetic assay systems have been
demonstrated to be useful (seesection 5.3).Applications of genetic toxicity assays
to complex mixtures is clearly dependent upon improving our knowledge of the
results of single chemical assays. A major need is the development of a data base
for a large number of well-established non-carcinogens. The limited data
available compromise the use of genetic toxicity results for predicting carcinoge-
nesis. While these tests, as yet, are only a limited surrogate for carcinogenicity
assays, they have a particularly valuable role in the analysis of chemical mixtures.
Relative to other test systems, genetic toxicity assays are fast and inexpensive and
direct toxicity can often be measured concomitantly (see section 5.3).

Considering carcinogenicity, the hazard assessment for a potential carcinogen
is not a clear-cut process. The data used for quantitative estimates are usually
lifetime animal bioassays preferably done in both sexes and with more than one
species. Several publications discuss the methods for determining and evaluating
the carcinogenicity of single compounds (e.g. IARC, 1980; WHO, 1978). The
numerous assumptions and limitations of these methods, which could also apply
to the extrapolation of data on single compounds to mixtures, are discussed.

Severalbiologically plausible linear mathematical models have been developed
to extrapolate the risk observed at experimental levels of exposure to that
expected at much lower levels of exposure (Stara, this volume). Other scientists,
however, have adopted the threshold concept of carcinogenicity and mutagenic
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potency estimation which would preclude the use of these models. They suggest
that biological processes should be described by statistical distributions, such as
the p-distribution and others. The deviation from a control zone is used as a basis
for establishing the threshold level (see Sanotski, this volume).

5.3 METHODS OF EXTRAPOLATION TO MIXTURES

For predictive and regulatory purposes it is often necessary to estimate the
combined effects of many single chemicals. The theoretical aspects of these
estimations will be addressed in section 5.3.1and the practical considerations in
5.3.2.

5.3.1 Theoretical Aspects

Among the numerous general reviews on this subject, four should be mentioned:

(1) The pioneering study of Bliss (1939) in which he begins with the
dose-mortality equation

Y = a + b log D (1)

where Y is the expected mortality in probits resulting from a dosage D, and a
and b are constants, the parameters calculated from the experimental data.
Beginning with equation (1) he develops the algebra appropriate to the
analysis and identification of the three kinds of combined action that he
identifies for quantal responses as follows:
'(a) Independent joint action. The poisons or drugs act independently and

have different modes of toxic action. The susceptibility to one component
mayor may not be correlated with the susceptibility to the other. The
toxicity of the mixture can be predicted from the dosage-mortality curve
for each constituent applied alone and the correlation in susceptibility to
the two poisons; the observed toxicity can be computed on this basis
whatever the relative proportions of the components.

(b) Similar joint action. The poisons or drugs produce similar but in-
dependent effects, so that one component can be substituted at a
constant proportion for the other; variations in individual susceptibility
to the two components are completely correlated or parallel. The toxicity
of a mixture is predictable directly from that of the constituents if their
relative proportions are known.

(c) Synergistic action. The effectiveness of the mixture cannot be assessed
from that of the individual ingredients but depends upon a knowledge of
their combined toxicity when used in different proportions. One
component synergizes or antagonizes the other.'

(2) The book by Finney (1971)in which he refines somewhat the classification of
Blissand elaboratesthe algebra relating to the three types of responses.
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(3) A review by UNSCEAR, the United Nations Scientific Committee on the
Effects of Atomic Radiation (1982). Although this review is concerned
primarily with the combined effects of xenobiotic chemicals and ionizing
radiation it does contain a useful general review. In particular it leads into
some of the older and Russian literature on the subject which is not generally
available to Western readers. Among other things it uses a classification of
combined actions different from that of Bliss but often used by others. It
recognizes three classes of interactions:
(a) additivity of effects;
(b) greater than additive (synergism);
(c) less than additive (antagonism).

(4) The review by Hoel (this volume) describes and gives literature references for
more recent developments and refinements of the analyses of Bliss and
Finney.

For detecting synergistic action, Loewe (1928)devised 'isobol' plots of the type
depicted in Figure 5.3 (for reviews, see UNSCEAR, 1982).The two agents are
combined in various proportions to givethe same total effect (e.g.50 % mortality).
A plot of the results givesan isobol which for independent and similar joint action
is a straight line and for synergistic (or antagonistic) action is a curve lying either
above or below the straight line. More complex isobols in three dimensions may
be obtained (see UNSCEAR, 1982).
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Figure 5.3 Isobolic diagram of synergism, additivity, and
antagonism. Y = level of response, e.g. LDso. Xa = dose of
toxicant a to give 50%mortality. X b = dose of toxicant b to give
50%mortality
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5.3.2 Practical Considerations

5.3.2.1 Use of Structure-Activity Relationships in Relation to Mixtures

Little is known about the application of structure-activity relationships to
estimating the toxic effects of mixtures of chemicals. It would seem possible that
the relationships could be used to estimate the toxicity of each component of the
mixture, which is then combined to obtain an estimate of the total. Work is
needed on this procedure. A discussion of this subject may be divided into two
classes of phenomena: additivity and interaction.

(1) Additivity. In a mixture there might be more than one chemical known to act
on the same macromolecule, process, or target organ; if so the predicted
effects from the structure of each component of the mixture could be added,
provided the concentrations were low. If concentrations were high there
might be competition for reaction sites. An additive effect could also be
predicted for all members of the same class of substances such as poly-
chlorinated hydrocarbons. One problem with this estimation is that the
errors in estimating the toxicity of individual components would be added,
and sometimes multiplied, to give the error of the estimated effect of the
mixture.

(2) Interaction. There are no generally accepted procedures for calculating, using
structure-activity relations, the total effect of a mixture in which the
components interact either synergistically or antagonistically with each
other. Theoretically this procedure is possible as known irritants (acids or
alkalies) or repressors (unsaturated chains) can be identified by their chemical
structure. There are no generally accepted procedures for calculating the total
effect of interacting agents of the type mentioned above.

5.3.2.2 Use of Toxicity Data for Extrapolation to Mixtures

Several methods have been proposed for estimating the toxicity of a mixture from
data on the toxicity of the individual component. Hoel (this volume) shows that
for a mixture of two chemicals, both displaying additive toxic action,

1 nl nz

LDso of mixture = LDso of chemical 1 + LDso of chemical 2

where nl + nzand nl and nz arethe fractionsof chemicals1and 2,respectively,in
the mixture. This relation is valid for other dose points such as LD10and it can be
extended to more than two chemicals according to the equation

(2)

1 n
= L nj

i =1
(3)
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n

where 7rjis the fraction of chemical i in the mixture, therefore L 7rj = 1,and x is
i = 1

the proportion responding (e.g.50 %). This relation serves to justify the formula
(4) below, which is used as a criterion for determining the acceptability of a
mixture of substances, each with a known MAC value. The formulation of
acceptability is (Hoel, this volume)

Cl C2

MACl + MAC2 +
+ C.

MAC ~ 1. (4)

Other similar formulations are used in regulating toxic chemicals (see Sanotski,
Stara et ai., this volume); Table 5.1 gives some examples of the practice used in
CEC (ILO, 1980).

When precise information about the interaction between components of a
mixture is lacking, a useful first estimate of the toxicity of the combination of
chemicals may be provided by the application of equation 3. The presence of a
component with synergistic action in a complex mixture may be counteracted by
components with antagonistic action. In the absence of more detailed knowledge
on the joint action of chemicals equation 4 may be used; the resulting prediction
will in many cases be within the limits of uncertainty of the biological tests of
toxicity for the single chemicals.

Despite the usefulness of the above approach, some of its limitations should be
indicated:

(1) It was developed for application to the frequency of effects but not to the
severity of graded effects.

(2) Its application to more complex interactions such as the interplay of
promoters and initiators in carcinogenesis must be studied (see Vouk et ai.,
1985).

(3) The statistical treatment described above mayor may not be applicable to the
effects of long-term, low-level exposures or to some types of delayed effects
(Nordberg and Victorin, this volume).

For assessing the total impact on a human being of exposure to a mixture of
chemicals, ICRP (1977)has devised a system which involvesestimating the risk to
a number of organs or tissues. Risk coefficients are established, i.e.the probability
of harm per unit of exposure per unit of time. An estimate of exposure to the most
highly exposed tissues is also required. Multiplying the coefficient for each tissue
by the exposure, and then adding the products, givesa measure of the total risk to
the whole body from the mixture. This procedure assumes that the probability of
harm is proportional to dose and time which is the case only in certain situations.
It also assumes that the effect is the same (e.g. mutagenesis or carcinogenesis)
across organs and that the risks are small.

This method is frequently criticized as being too complex and requiring too
much data, some of which are not available and would be expensive to collect.



Methods are available, however, for reducing the data to a workable level (see
ICRP, 1977).

5.4 CONCLUSIONS

(I) The number of possible combinations of xenobiotic chemicals in the
environment is so large that they cannot all be tested. Therefore judgements on
the toxicity of mixtures made by scientists and administrators must often be
based on the data (often incomplete) for single chemicals.

Use of Toxicity Data on Single Chemicals III

Table 5.1 Examples of calculations of compliance using MAC and TLY values

Solvent

Tetrachloro- Carbon
ethylene Cyclohexane tetrachloride

Concentration
in air (C) 7 mg/m3 40 mg/m3 13mg/m 3
MAca 10 mg/m3 80 mg/m3 20 mg/m3

C

L: MC
0.7 + 0.5 + 0.65 = 1.85

1 (limit exceeded)

TLya 670 mg/m3 1050mg/m3 65 mg/m3
C

L: TL
0.Ql + 0.04 + 0.20 =0.25

1
(limit not exceeded)

Metal

CdO Co ZnO

Concentration
in air (C) 20 Jlg/m3 50 Jlg/m3 2 mg/m3
MAca 100 Jlg/m3 500 Jlg/m 3 6 mg/m3

C

L:MC
0.2 + 0.1 + 0.33 = 0.63

1 (limit not exceeded)

TLya 50 Jlg/m3 100Jlg/m3 5 mg/m3
C

L: TL
0.4 + 0.5 + 0.4 =1.3

1 (limit exceeded)

a MAC (USSR) and TLV (TWA-ACGIH). Adapted from ILO (1980).
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(2) Chemical structure and the chemical and physical properties of single
chemicals can be used to make predictions of their toxic action, but their
application to mixtures is unknown.

(3) Possession of information on toxicokinetics along with complete dose-
response relations improves the ability to extrapolate from the effects of
individual chemicals to the toxicity of mixtures.

(4) It is important to know if mixtures contain mutagens or carcinogens
because then a threshold or no-effect level cannot be assumed.

(5) The most common method of estimating the effects of mixtures is simple
addition of the effects of the individual components.

(6) There is a need for methodology to add the effects of exposures other than
short-term acute exposures that lead to all-or-nothing early effects.

(7) There is a need for methodology to predict synergistic and antagonistic
actions. The design of models including information concerning metabolic
pathways and sites of action of chemicals may be of value in developing such
methodology.

5.5 RECOMMENDATIONS

(1) An important part of the guidance given for estimating the effectsof mixtures
is a cut-off level for the inclusion or exclusion of a toxic component, e.g. one that
contributes one-tenth of the total toxicity (response).

(2) The correlations of toxicity with chemical and physical properties should
be studied in order to improve their predictive value.

(3) More data should be acquired on the mechanisms and levels oftoxicity for
chemicals frequently encountered in mixtures.

(4) Mutagenic assays should be carried out on artificial simulations of
mixtures encountered in real-life exposures.

(5) The range of applicability of simple additivity should be explored by
testing a variety of mixtures of different chemicals (tissue toxins, mutagens,
carcinogens, etc.) under a variety of conditions of exposure (short-term acute,
long-term low-level, etc.).

(6) Procedures for predicting the responses of humans and animals to
mixtures containing synergistic and antagonistic agents should be explored and
perfected.
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