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Aim of doing mixture experiments

Scientific: analysis of receptori nt er acti ons/ mod

Economicak Optimization of products (remember the antifoulant
paints)

(Eco)toxicological hazard and risk assessment
. Risk analysis for a current or an expected situation
. Identify most important component in given scenario
. ldentify most sensitive organ/tissue/endpoint/organism
. Define clean-up goals and assess remediation success
. Impact assessment of pollution sources

Setting of environmental quality standards
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A field example of mixed exposure: JapanMarch 2011
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1-24: Plastic praducts, petroleum
and zoal products, transpartation

gthylberzens, laad, mangansss,
ma fghdenum and its compaunds,

ciquipment, ferrous and nonferrous nicksl and its compounds,

metals, caramics, sbone and

clay praducts, paperard pulp
procsssing, industrial wasts
digpeeal, vehicls maintenancs;
metal plating; ship building and
repair; harbor transport; landfill
Chemicals: Aeetanitrils, acryla-
nitrile, acrylic acid, acrylic amids,
antimory and its compounds,
asksstas, banzene, bisphenol

A apoxy resin, boron and its
compounds, n-bartgl methacrylate,
ehiloroform, ehincmivm and
trivalent chmmium compounds,
cobalt compourds, water-saluble
i:ulp er galts (excluding complex
58 tﬁl. cyclohaylaming, dioxins,
ethylbenzens, athylens glyeal,
ethylenediaminetetraacstic

acid, formaldebyde, hydrazine,
biydrogen fluoride and its
water-soluble salts, lead and its
campounds, manganese and its
compounds, methacrylic acid,
methyl methacrgdate, molybdenum
and its compourds, manemethyl
ether, nickel and its compounds,
riznylphenal, phenals, tolusne,
1.3,5-trimethybenzene, xylens,
water-soluble compounds of zine

25-26: Ship building and repair,
reational wil reserve bases
Chemicals: Benzeng, bisphenal
A epoxy resin, chromium and
trivalent ¢hi mium compounds,
hezvealert ¢ hiromium,

na rglphenal, tolusne, avlens

27-1%: Chemicals, glus
Chemicals: Boron ard its
compourds, formaldehyde,
manganess and its compaunds

28-33: Machinery, styrene, metal
praducts, plastic products
Chemicals: Nickel compounds,
etyrens, water-soluble
compourels of zine

34: Ship building ard repair
Chemical: Shyrene

15-3T: Feod manufacturing,
inzineration plant, petraleum
arel coal products

Chemicals: Chloredifluere-
methans, dioxins, ethylb=nzene,
gthylens glyzal, telusne,

1.3, 5-trimethylb=nzenes, xylene

38: Electronics

Chemicals: Ghrominm and
trivakenk chromium eompaunds,
nickel ard its compounds, silver
arel its water-saluble compounds

19-53: Car maintsnance,
chemicals, paper produsts,
glectrunics, plastic produsts,
timber and wood products,

ceramics, stone and elay praducts,

gtesl, industrial waste disposal
ared recling, military base,

ehiip building and ir, fusd
nhglaﬁala E‘lﬂ disﬁtﬁjtinn
Chemizals: benzens, bisphenal
b epony resins, boron and its
compounds, bromomethane,
water-saluble copper salts
[exzluding complex salt),
eyclahexglaming, dioxins,
ethylbenzene, ethylens,
ghvcal, etbiflans ghcol athy
ether, fermaldehyde, hydmgen
fluoride and its weter-solubls
compounds, lead and its
compounds, mangansss and its
compunds, nickel compounds,
di-n-vctyl phthalate, taluans,
1,3,5-trimethylbenzens, xylens

lene

phthalate, di-n-butyl phthalate,
chlorod iflusromethans, chramium
and trivalent & hincmivm, sobalt
and its campounds, water-soluble
copper salt (encluding complex
&3 ﬁl dighlaromethane, diexins,
ethens, ethylbenzzne, sthylsne
glyeal, ydradng, ypdrogen
flueride and its water-soluble
aahts, lead and its campounds,
manganase and its compeunds,
mnhﬁmum and its compounids,
piperazine, polyuayethylans

alﬂ.yl gthers, silver and its
watersolubls e ompounds,
tetrachlornsthiplens, tolusns,
1,2,5-trimethylberzens, aylens

54: Omagawa nuclear power plant
Chemicals: Asbestos,

dichleropentafluoropropans

55-01: Chemicals, ceramis,
stone and zlay products, ferrus
and nonfermus metals, metal
precfuets, plastic products, nbbsr
praducts, electranics, paper and
pulp processing, petrokum and
et praducts, trarsportation
Bquipment, coatings, r
_ggnapraﬁun. railyar 5.muial
waste disposal, industrial laundry,
vil refineries, printing, metal
plating, mechanical, equipment,
and vehicle regains, petralum
Fr-:-:lu::ts whalesale and distributicn
hemicals: Ashastas, berzens,
his(2-ethylhexyl] phthalats,
hisphenol & epoxy resing, baron
and itz compounds, butyl berzy

G2-107: Precision machinery,
asbestos products, metal
products, timber and wood
products, ceramics, stone and clay
products, chemicsls, tires and
nbber products, paper and pulp
processing. lactromics, industrial
waste dispasal, |Jrinti  Tued sales
Chemicals: Aerylic aeid,
acrylomitrile, adipic acid,
asbestas, his{ 2-gthylhaxy)
phthalate, ehleroform, hexawalent
chromium com pourds,

cabalt and its compounds,

creanl, imarganic cyanides,
dichlaromethane, & . &
dimetbiylamino) ethyl asrylamide,
N.N-dimethylformamide,

dioxing, epichlanhydrin,
ethylbenzene, maleiz anhydride,
methyl methacrylate,
p-octylphenal, styrens,

1,3.5, T tetraazatricye bo(3.3.1.1
(3.T)d=cans, srganie tin

campounds, toluens, wlans

108; Aukber
Chemical: Taluena

109-130: Trarsportation
eqquipment, fermaus and
ranferrcus metals, chemicals,
rukber, electronics, paper and
pulp processing, livestock
I'Hl;ginana EErvice canter,

thermal power gensration
Chemicals: Aeetonitrile, aniling,
o-anisiding, bis{ 2-gthylhay)
phthalate, hisphena| A epoxy
resirs, cadmium and iks
campounds, carbon disulfide,
u-:hlilnrnanilina. chromium and
trivalent chiromium, hexavalent
chromium compsounds,

cobalt ard its compounds,
cyclohaylamine, 1,2
dichlarasthans, dichloromethans,
. N-dimethylformamide, dinxins,
diph=nglamine, athylbenzens,
stﬂl]iln"r!a Ehycal, ful:}maldnh]lda.
hipdrazing, hydragsn Fluaride
and its water-saluble
campounds, l=ad and its
compounds, methi benzene,
mahbdenum and its compounds,
nickel, p-pheretiding,
o-phenylensdiamine, phthalic
anhydride, pohoeyethylene alkyl
ethers, styrens, toluens, o- 8
p-toluidine, trichloroethylene,
1,3 5-trimethyl benzene, aylens,
watsr-spluble compounds of zing

Overview of different chemicals potentially released from the different affectd industry sites after March 2011
disaster in Japan. Bird et al 2011
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Approaches

Direct testing of mixture of concern (quantifying total toxic
Impact)

Top-down (mixture C components): Toxic Identification
Evaluation (TIE) or effect direct analysis (ERA)

Bottom-up (components C mixture)

—)

Components Mixture

<o |
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Component based approaches

v

J possible prospective studies
J More general results

L only applicable to mixtures of known composition (scenario
definition!)

L additional uncertainty

General concepts, based on simple general assumptions without
biological/physiological or pharmacological background!

~

C | Concentration addition and Independent Action
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Individual Concentration-Response Curves
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Mathematically describe the
dose response relationship:
most common: logit:

1
(1+exp ™)

T(x) =

Important to know what is
best fit!!
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Component Based approaches

Use doseresponse information to predict the effect of a mixture

Two basic models underlie all (valid) mixture toxicity work, but
the models have many names adding to the general confusion:

Concentration Addition (CA), also called:
Additive Dose Model (ADM), Dose Addition, Loewe Additivity , etc

Independent Action (1A), also called:

Effect Addition, Response Addition, Response Multiplication, Bliss
Independence, etc

Copyright © 2013
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Concentration Addition

Theory: If two chemicals have the same site of action/molecular
target site, they simply act as dilutions of each other.

All chemicalscanbedex changedd i nto the ¢
added up and the joint effect calculated from a pre -determined
dose-response relationship. (Basic theory of Sham Combinations)

1:1

50% effect 50% effect

0,5 of the original 0,5 of the original
concentration concentration
= 0.5 of EC50 = 0.5 of EC50

50% effect EC50!

SCKe CEN




Concentration Addition

Generalformulation for n-compound mixture:

Joint effect is equal to sum of the concentrations of each
chemical expressedas afraction of their own individual toxicity

TU.’I‘HfI — iTU;

Mix

ECS0 . Z“ECSO

MIx
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Independent Action

Dissimilarly acting chemicals

Assumption 1: toxicity each chemical is not influenced by
presence other chemicals

Assumption 2: all chemicals affect same biological endpoint

5

C Sameeffect via different pathways or different Mode of Action
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Independent Action

Substance 1:
50% effect

Substance 2:
50% effect

Ey = 0.5+ 0.5-0.5x0.5=0.75
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Mixture Toxicity Concepts

Dissimilarly acting substances: Independent Action

E; = Effect of substance i, when applied singly

\‘:o’ Evix = Effect of the mixture of n components
@ |Euix =1- O@a- ).
&

¢, = Concentration of component i in the mixture

ECx; = Concentration of component i causing
x% effect when applied alone

ECxy« = Predicted total concentration of the
mixture causing x% effect

p; = relative fraction of component i in the
mixture
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Deviations from the models

Synergistic: more toxic than expected

Antagonistic: less toxic than expected
~Cothan expectedo6 means al ways th

. C alwayssynergistic/antagonistic compared to CA or compared to
A

o o o P
Ea) (o2} [e¢] = N
|

% growth inhibition

o
[N

o
o
]

10 20 30 40
Cmix
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Mixtures in field of radioecology

Recent review madeby Vanhoudt et al. 2012

Environmental Pollution 168 (2012) 177192

Contents lists available at SciVerse ScienceDirect

ENVIRONMENTAL

Environmental Pollution

FI.SEVIER journal homepage: www.elsevier.com/locate/envpol

A review of multiple stressor studies that include ionising radiation

Nathalie Vanhoudt ?, Hildegarde Vandenhove **, Almudena Real®, Clare Bradshaw ¢, Karolina Stark

? Belgian Nuclear Research Centre (SCK-CEN), Biosphere Impact Studies, Boeretang 200, 2400 Mol, Belgium

b The Centre for Energy-Related, Environmental and Technological Research CIEMAT, Radiation Protection of Public and Environment, Avda. Complutense 40, 28040 Madrid, Spain
¢ Stockholm University, Department of Systems Ecology, Svante Arrhenius vig 21A, SE-106 91 Stockholm, Sweden
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Resultsof review of Vanhoudt et al. 2012

After quality control 35 studies C mostly binary, lab-conducted
Most studies not designed to test for deviation of CA or IA
Dose-response data over different doses areoften lacking

. Only one study so far really predicted deviation from CA or IA

C Divided in positive/negative or no interaction (any result higher
than when tested only in the presence of the single stressor)

B aquatic animals

. . M positive
m terrestrial animals

. M negative
m terrestrial plants g

_ 1 no interaction
m aquatic plants

L _ Interactions found BT e A
Distribution of studies




Lemnagrowth inhibition test

Start rapidly growing healthy plants (9-12
fronds (3 plants))

7-day test, Static conditions
Continuous light (65 pmol/m?2s), 25°C

At least 3 replicates and 5 concentrations
plus control

Validity criteria: doubling time < 2,5 days ’
(60h) C growth rate > 0,275

(T

Frond area

Number of fronds

U, Cdand U+Cd
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Single dose-response curves

Uranium Cadmium
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Mixtures: experimental design
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Mixture results

inhibition of growth

100,0% -

80,0% -

60,0% -

40,0% -

20,0% -

0,0% i

-20,0% -

——U

——Cd
1/3Cd:2/3U

——1/2¢d:1/2U

——2/3Cd:1/3U

concentratiocn level

Only Iin presence of
high Cd concentrations
effect seemslessthan
expected

Further analysis is
needed

Also needed to express
data not on nominal
concentrations but on
measured available
concentrations or on
Internal concentrations
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Conclusions

Mixture toxicity studies can be based on single dose repsonse
curves of the different components

Two general concepts: concentration addition and independent
action allow for estimation of mixture response. Interacting
effects (synergistic/ antagonistic) are expressedas deviations from
these models

Within radioecological research,so far, only a limited of studies
mainly on binary mixtures have been performed and further
research onthis is needed,;

Basedon a Lemnainhibition test it is suggested that in the
presence of higher Cd concentration U is lesspotent
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