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Abstract: Currently, toxic effects and health risk assessments are typically conducted on the basis of individual pollutant, mostly
addressing a single source of exposure (i.e., one pollutant and one exposure route). In fact, wildlife and humans are continuously exposed
to mixtures of both known and unknown chemicals from environmental media, food, and drinking water through different routes and
duration of exposure. Simultaneously, exposure to pathogens, radiation, and psychosocial stressors (e.g., fear of violence, lack of social
network) varies widely depending on life stage and occupation. This review aims to summarize the findings on the toxicity and adverse
effects associated with exposure to multiple chemicals and to identity current challenges in the implementing health risk assessments of
such combined exposures. Several lines of evidence suggest that exposure to multiple chemicals at levels below the effect thresholds for
individual chemicals (i.e., NOAEL or ED,;) may still lead to toxic effects or adverse outcomes due to potential combined effects. Ignoring
the possibility of joint actions of multiple chemicals can significantly underestimate the toxicity and health risks. There is an urgent need to
establish paradigms to assess the toxicity and health risk associated with exposure to combinations of multiple chemicals. Based on these
findings, we recommend that the toxicological signatures causally related to the toxicity and/or adverse effects of combined chemical
exposure should be identified using Omics approaches (i.e., genomics, transcriptomics, proteomics and metabolomics). These signatures
associated with toxic effects and/or apical outcomes of diseases could be used to develop predictive models for assessing the toxicity
and/or diseases associated with chemicals mixtures.
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Fig.1 Illustrating the possible effects of a
binary combination of chemicals A and B

with equivalent effect levels (EDs,)™
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P450 i} (CYP) Z 5 QIR R A, MiHlHl P450 BEIG
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() A R B RR B . JEERmm i 7l i (BMR) T A S
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B(CD) A E 25 WA AR RIZEEY, Bl CI<1 KR 254
RaYH o Z B BRI, Cl=1 FoR iR &
P2 o3 2Z ) SR BN, CI>1 FoR 25 WR & W4 53
ZIA ISR . A REOT R A XS H IR [49].
3 SRMESRESUMBRRKKITMN TR

T I B Bk
3.0 ISR S R ER R VR A KU AN O kAR

SRR A

A AN, L AR AL ARRTL CT J5 ik Ak
LR AR RIS R YR B W 2 B RN, R4S
I G LA RATAE—E i 22, DBl Z AT 73 1A
[Fi) e B2 X 1R 5 W) 02 5 TR PR ALV T A5 R R (DL
K2y FR, e B0 A0 b g S7 A HIRERY 32 2] T 3
B i B2 75 G W TR W) 19 2 PR3 P AL
S P A BUR ML TS R S W A RIS P
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Fig.2 Comparison of model prediction for concentration additivity
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