
Backhaus et al. Environmental Sciences Europe 2013, 25:4
http://www.enveurope.com/content/25/1/4

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Springer - Publisher Connector
RESEARCH Open Access
Proposal for environmental mixture risk
assessment in the context of the biocidal product
authorization in the EU
Thomas Backhaus1*, Rolf Altenburger2, Michael Faust3, Daniel Frein4, Tobias Frische5, Per Johansson6,
Anja Kehrer7 and Tobias Porsbring8
Abstract

Background: The EU Council and Parliament recently agreed on a new regulation that will implement a new EU-wide,
harmonized system for the authorization for biocidal products. Such products are in most cases multi-component
mixtures of one or more active substances plus a range of co-formulants that serve different purposes, e.g. as stabilizers
or preservatives. They are only allowed on the European market if their intended use does not lead to
unacceptable risks for the environment. Consequently, the assessment of possible combination effects is a
critically important step during the regulatory environmental risk assessment of biocidal products. However, no specific
guidance is at hand on how combination effects should be accounted for during the regulatory environmental risk
assessment of biocidal products.

Results and Conclusions: A tiered approach was developed that accommodates different data situations, optimizes
resource usage, limits biotesting as far as possible and ensures adequate protection of the environment. It mainly
builds on using Concentration Addition as a component-based approach for mixture toxicity prediction,
complemented by whole product tests where appropriate. Concentration Addition is either approximated by
summing up PEC/PNEC ratios or as sums of toxic units. The competing concept of Independent Action was assessed
as not being suitable for incorporation into a tiered approach without explicit confirmatory studies, as it might
otherwise lead to an underestimation of the actual environmental risk.
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Background
Biocidal products are preparations containing one or more
active substances, with the intention of "destroying, deter-
ring, rendering harmless, preventing the action of, or
otherwise exerting a controlling effect on, any organism
by any means other than mere physical or mechanical”
(Biocidal Products Regulation, (EU) No 528/2012, BPR)
[1]. Biocides are hence closely related to agricultural
pesticides and are – due to their high biological activity
and potential exposure – of inherent environmental con-
cern. In fact, biocidal products are only allowed to be put
on the market of the European Union, if it can be
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convincingly demonstrated that no unacceptable risks for
the environment result from their intended use.

The European system for biocide authorization
The authorization of biocides and biocidal products is
regulated in the EU according to the rules and
procedures laid down in the Biocide Products Directive
(BPD, 98/8/EC) [2]. A key precondition for the
authorization of a biocidal product is the inclusion of its
active substances in the “list of permitted active
substances”, provided as Annex I or IA of the BPD
(“positive list”). Only products that contain active
substances that are listed in Annex I/IA are allowed on
the EU-market, and the risk from their intended use to
man and the environment is then assessed at the na-
tional level, complemented by the mutual recognition of
authorizations between the EU member states.
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Earlier in 2012 the European Parliament and the EU
Council of Ministers adopted the new regulation (EU)
No 528/2012 on the authorization of biocidal products
(BPR) [1]. It will apply from 1 September 2013 and will
replace and repeal the BPD and will implement a new
EU-wide, harmonized system for the authorization for
biocidal products. This system will be applied for low-
risk biocidal products and products that have similar use
conditions throughout the EU. All other biocidal
products are expected to still be subject to authorization
by the individual member states. The BPR provisions
will also apply to existing active substances being
evaluated under the BPD review program.
Biocidal products are usually multi-component mixtures

of one or more active substances plus a range of co-
formulants that serve different purposes, as stabilizers,
coloring agents, emulsifiers, solvents, diluents, etc. Add-
itionally, metabolites and degradation products might be
formed during and after use of a biocidal product. The
overall ecotoxicity of a biocidal product might hence be
significantly different from that of each individual ingredi-
ent(s) and therefore needs to be assessed during the prod-
uct authorization phase. In fact, article 19(2) of the BPR
states that “the evaluation [. . .] shall take into account the
following factors: [. . .] cumulative effects, synergistic
effects.” "Cumulative effects" in the context of the BPR re-
late to effects from the same compound, emitted from dif-
ferent products, while "synergistic effects" relate to the
joint action of different chemicals from one product. This
is further elaborated in Annex VI (common principles for
the evaluation of biocidal products) which states that the
risks associated with the relevant individual components
of the biocidal product shall be assessed, taking into ac-
count cumulative and synergistic effects.
However, only very limited details on how mixture

effects should be considered during the authorization of
a biocidal product are provided in the current Technical
Note for Guidance on Product Evaluation [3]. In fact,
there is currently no agreed guidance available among
the European Member States on how to assess the mix-
ture effects from the ingredients of biocidal products,
hindering the mutual recognition of authorizations be-
tween member states.
The aim of the present text is to bridge this gap and

suggest a tiered approach for the adequate consideration
of mixture effects during the environmental risk assess-
ment of biocidal products.

Approaches for mixture toxicity assessment
There are four principal possibilities to assess the tox-
icity of a mixture of chemicals in general, each with its
particular strengths and weaknesses:

1. applying a specific mixture assessment factor (MAF),
2. direct biotesting of the whole product or the
environmental mixture resulting from the use of the
product,

3. drawing conclusions from available data from similar
products (so-called “bridging”), and

4. component-based approaches, such as Concentration
Addition (CA).
Mixture assessment factor
Assessment factors (AF) are commonly used in chemical
registration or authorization processes, e.g. in the con-
text of the REACH Regulation (EC) No 1907/2006, the
Plant Protection Products Regulation (EC) No 1107/
2009, or the BPD. They cover a range of uncertainties,
such as laboratory to field extrapolation or acute to
chronic extrapolation [4] but are not sized to account
for mixture effects. Hence a specific mixture assessment
factor (MAF) has been discussed in order to safeguard
against unwanted mixture effects from multi-component
mixtures of partly unidentified composition [5]. In order
to account for this lack of knowledge, the MAF has to
incorporate a certain element of conservatism. As the
chemical composition of a biocide product that is sub-
ject to authorization is known, the MAF is not further
considered in the following text.
Direct biotesting
Testing the whole product is straight forward, does not
require any specific methodology and can hence use the
same experimental outline as the tests of an individual
chemical. However, the BPR states that tests with verte-
brate animals can only be conducted as a last resort, i.e.
when alternative testing and assessment methods have
been exhausted. Furthermore the testing of a biocidal
product for its chronic toxicity might be of only limited
informative value. The composition of the product
might change already during the exposure in biotests, as
the different chemicals might have a different stability
and distribution between biota, headspace, aqueous
media, soil, sediment, etc. Changes in the chemical com-
position of the initial mixture are most likely even more
pronounced if transformation and distribution processes
in the environment are taken into consideration.
Such processes can be accounted for by testing the

ultimate, environmentally relevant mixture instead of the
original product. For example, it might be more relevant
to test the leachate of a wood preservative than the ori-
ginal product. The validity of the toxicity data for the
assessment then strongly depends on a thorough defi-
nition of the underlying exposure scenario. However, there
are currently also no agreed guidelines at hand in the EU
for the testing of such “environmentally realistic” mixtures
(e.g. leachates).
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In principle it would be possible to use data on the
toxicity of a product from previous authorizations, as-
suming that the currently evaluated product is
ecotoxicologically similar. However, such strategies have
been largely limited to very simple situations as outlined
in the bridging principles of the CLP regulation (EC) No
1272/2008. These cover mainly the following situations:

� Batching: It is assumed that the toxicological and
ecotoxicologically properties of two batches of a
product are identical, as long as its chemical
composition does not change substantially.

� Concentration-dependence, dilution: A mixture
containing a toxic compound is assumedly less toxic
than a similar mixture containing the same
compound at higher concentrations. And if a
compound is diluted with a less toxic compound,
the resulting mixture is assumedly not more toxic
than the original compound.

� Substitution: Substitutions involving (eco)
toxicologically similar components are assumed to
not change the overall toxicity of the mixture.

Component-based approaches
Component based-approaches are based on the notion
that the toxicity of the mixture is a function of the tox-
icity of the individual compounds. Two simple concepts
are established in the literature that systematically link
the individual (eco)toxicity of the components of a mix-
ture to its total toxicity, termed Concentration Addition
(CA, also known as Dose Addition) and Independent
Action (IA, also termed Response Addition), see review
by Kortenkamp and colleagues [6]. More elaborated
mixture modeling approaches, based on physiologically
based pharmakokinetic/pharmakodynamic (PBPK/PD)
models [7-9], species-sensitivity distributions (SSDs)
[10,11] or dynamic energy budgets (DEBTOX) [12] have
to our knowledge not been applied for the environmen-
tal risk assessment of biocidal products. This might be
due to their substantially higher data demands and be-
cause it is currently unclear, whether the increased
amount of input data would actually lead to a different
regulatory outcome.
A third concept, Effect Summation (ES), is based on

the intuitive notion that the effect E of a mixture at a
given concentration cMix simply equals the arithmetic
sum of the effects that the n components will provoke if
present singly at the concentration at which they are
present in the mixture, ci:

E cMixð Þ ¼
Xn
i¼1

E cið Þ ð1Þ
However, as it has been repeatedly pointed out, ES
lacks a sound pharmacological basis [13-16]. In particu-
lar, ES predicts more-than-expected or less-than-expected
mixture effects even in the simple case of a so-called
“sham combination”, a combination of a compound with
itself.
CA, on the other hand, adequately describes the joint

action of compounds in a sham combination. The con-
cept takes the general mathematical form of:

cmix

ECxmix
¼
Xn
i¼1

ci
ECxi

ð2Þ

with cmix being the total concentration of the mixture
and ci denoting the concentrations of each individual
compound in the mixture. ECxMix and ECxi are the
concentrations of the mixture and the i-th single sub-
stance concentrations, respectively, both provoking an
effect of x%.
Alternatively, CA can be formulated as:

ECxMix ¼
Xn
i¼1

pi
ECxi

 !�1

ð3Þ

where p denotes the fraction of compound i in the mix-
ture. From a mathematical perspective CA hence simply
represents the weighted harmonic mean of the individ-
ual ECx-values, with the weights just being the fractions
pi of the mixture components.
Each concentration ci in equation 2 can also be

expressed as a fraction of the corresponding ECxi, in
which case all fractions in equation 2 take the form of
dimensionless so-called “toxic units” (TUs), and the mix-
ture toxicity can be described by the sum of all individ-
ual toxic units (STU):

STU ¼
Xn

i¼1
TUi ð4Þ

According to CA the individual mixture components
behave as if they were dilutions of each other – they only
differ in their relative potency and amounts in the mix-
ture. Due to this conceptual idea, CA is thought to de-
scribe the joint action of components that have a similar
mode or mechanism of action and forms the conceptual
basis of the toxicity equivalancy factors (TEF) approaches
used for the hazard and risk assessment of e.g. dioxin- or
PCB-mixtures [17,18] or the pesticide toxicity index [19].
By activating different molecular effector chains, each

component in a mixture of dissimilarly acting chemicals
can be thought to contribute to a common biological
endpoint, completely independent of the other simultan-
eously present agents. The resulting combined effect can
then be calculated from the effects caused by the indi-
vidual mixture components by the statistical concept of
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independent random events [20] and the expected com-
bination effect can be mathematically expressed as:

E cMixð Þ ¼ 1�
Yn
i¼1

1� E cið Þ½ � ð5Þ

for the situation that the effect increases with increasing
concentrations (e.g. when mortality is the biological
endpoint under observation), or
Figure 1 Approach for environmental risk assessment of biocide prod
Predicted No Effect Concentration, RQProd = Risk Quotient for the Product,
the mixture.
E cMixð Þ ¼
Yn
i�1

E cið Þ½ � ð6Þ

when the effect decreases with increasing concentrations
(e.g. when survival rates are studied).
The fundamental characteristics and assumptions of

CA and IA have been recently summarized and
discussed in a series of reviews [6,10,11,21,22]. The gen-
eral notion is that especially CA provides a quite reliable
ucts. PEC = Predicted Environmental Concentration, PNEC =
TU = Toxic Unit, IF = Interaction Factor, n = number of compounds in
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tool for predicting and assessing the joint ecotoxicity of
chemicals, which has been quantitatively analyzed in a
range of meta-reviews, often focusing on pesticides and
pesticide products [6,23,24].
CA and IA both link the toxicity of individual

components (active ingredients, substances of concern,
co-formulants) to the overall toxicity of the biocidal
product. The major advantage of such methods is their
easy adaptability to different exposure situations, e.g.
when the chemical composition of a biocidal product
changes. They substantially decrease the biotest demands
of new biocidal products if they use known active
ingredients and/or co-formulants. Similar to the direct
testing of a biocidal product for its long-term effects, also
the modeling of long-term effects in the environment
depends on a sound and complete definition of the
underlying exposure scenario.

Results
Tiered approach for biocide product assessment
In view of the different options for the environmental
risk assessment of a chemical mixture, we suggest the
following approach for biocidal product assessment
(Figures 1 and 2). It was developed to accommodate
various data situations, acknowledging that the initially
available data might be quite different for the different
products covered by the BPD / BPR.
We base the suggested strategy on component-based

approaches as far as possible, as the use of non-testing
Figure 2 Toxic Unit (TU) based approach for environmental risk asses
Concentration, PNEC = Predicted No Effect Concentration, RQProd = Risk Qu
Independent Action, n = number of compounds in the mixture, AF = Asse
approaches is already stressed in the BPR in particular
with respect to ecotoxicity data for animals. It also
facilitates the re-use of existing data for individual
ingredients, a factor likely to be increasingly important
in the future as the BPR will promote data sharing be-
tween applicants. However, the direct testing of a prod-
uct should be regarded as the “gold standard” for the
assessment of acute toxicities or if tests with environ-
mentally realistic mixtures (based on an exposure mod-
eling or monitoring) indicate synergistic interactions.

Discussion
Any component based approach requires that all “rele-
vant” compounds are included in the assessment, i.e.
biologically active chemicals that are present at
sufficiently high concentrations. Within the framework
of biocide legislation such compounds are termed
“substances of concern”, i.e. constituents of the biocidal
product other than the active ingredient that have “an
inherent capacity to cause an adverse effect on humans,
animals or the environment” ([1], Art 2e). If no eco-
toxicological information is at hand for such ingredients,
the only risk assessment option is the direct biotesting
of the biocidal product or the resulting environmental
mixture, respectively.
A CA-based assessment is a predictive approach and

its accuracy is therefore potentially impacted by several
confounding factors. These are (i) the stochastic uncer-
tainty of the input data, (ii) the possible amalgamation
sment of biocide products. PEC = Predicted Environmental
otient for the Product, TU = Toxic Unit, IF = Interaction Factor, IA =
ssment Factor.
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of single substance data from different species, biotests
and endpoints (iii) the non-consideration of relevant
ingredients, (iv) the non-consideration of the competing
concept of Independent Action, and (v) possible chem-
ical, toxicokinetic and/or -dynamic interactions.

Stochastic uncertainties
Uncertainties in the input data can stem from e.g. in-
accurate measurements or an inherently high variability
in the data from a particular bioassay. However, as long
as there is no systematic bias in the input data, the sto-
chastic uncertainty of the CA-predicted EC50 is always
equal to or smaller than the uncertainty of the most
uncertain single substance EC50 value. Hence, if the
single substance data are of sufficient quality for the
respective single substance risk assessment, no special
consideration is needed for a mixture toxicity assess-
ment using CA.

Using data from different bioassays and endpoints
CA links the toxicity of individual substance to their
joint action. The concept implicitly assumes that all sin-
gle substance toxicity data are recorded for the same
species, in the same bioassay and using the same
endpoint. In practice, however, the available single sub-
stance data might have been recorded under slightly dif-
ferent conditions, using different endpoints or even stem
from different species. The following rules should pro-
vide guidance for the application of CA in this context:
(i) Toxicity data from different phyla, ecotoxicological
endpoints and acute/chronic data should not be
combined unless their ecotoxicology implications are
similar and adequate assessment factors are considered,
see discussion on PEC/PNEC summation below; (ii) if
data from more than one species/endpoint are at hand,
the most sensitive of the available endpoints/species
should be selected for each compound.

Non-consideration of relevant ingredients
Obviously, if toxic compounds are not considered in a
component based assessment, the calculated risk will be
an underestimation of the actual risk of the biocidal
product, see [25]. It is, however, impossible to provide a
general estimate of the magnitude of such an underesti-
mation, as this depends on the concentration and eco-
toxicological potency of the compounds that are
erroneously not included in the assessment. Therefore,
special care has to be taken to ensure that all toxic
ingredients are included in a component-based assess-
ment of a biocidal product.

IA in the context of biocide authorization
The mixtures that make up a biocidal product will usu-
ally not be composed of either only strictly similarly or
of only strictly dissimilarly acting compounds. Hence,
the application of either CA or IA is inherently biased.
From the available evidence [6], it is to be expected that
the application of CA to a mixture of not entirely simi-
larly acting compounds will lead to a slightly cautious
mixture assessment (slight overestimation of risk). Ac-
cordingly, using IA for a mixture of at least partly simi-
larly acting substances would often lead to a risk
underestimation. Consequently, should IA be used dur-
ing the authorization of a product, an applicant would
need to prove that IA adequately describes the toxicity
of the assessed biocidal product. This, however, is only
possible by comparing the IA-prediction to experimental
data for the product for each considered endpoint. It
might therefore be easier and less resource demanding
to limit the experimental work to testing the whole
product only and to omit a component-based analysis
using IA. If IA is considered due to dissimilar modes
or mechanisms of action of the ingredients, it should
be checked prior to any experimental work whether
the actual mixture ratio allows for the possibility that
IA might indeed lead to a different regulatory out-
come of the assessment, see discussion by Backhaus
and Faust, [22]. It should finally be pointed out that
only CA can be applied with the typical ecotoxicological
data that are documented in the published literature or
study summaries, such as EC50 or NOEC-values, see
discussion in [6].

Synergistic mixture toxicity
CA, as well as IA, is based on the assumption that the
compounds in a mixture do not interact, neither chem-
ically nor in their toxicokinetic and -dynamic phases.
Such interactions might cause synergisms, i.e. a mixture
toxicity that is higher than expected by both concepts.
Although comparatively rare in general [6], several
examples of synergistic interactions can be found in the
literature. They are mainly restricted to mixtures with a
few (usually two) compounds, which is exactly the
situation that is relevant within the context of biocidal
product authorization. For example, the combination of
zinc-pyrithione and copper, two antifouling biocides,
shows a clearly higher toxicity than predicted by CA in a
range of bioassays, due to the trans-chelation of zinc-
pyrithione to the significantly more toxic copper-
pyrithione [26]. Mixtures of organophosphates and
carbamates (insecticides) were consistently more toxic
to fish than predicted by CA, despite their similar
mechanisms of action [27]. This is most likely caused by
the inhibition of organophosphate biotransformation to
their inactive dicarboxylic acid derivates by carbamates.
We therefore suggest to initially penalize CA-based

assessments with an additional assessment factor, termed
“IF” (Interaction Factor), in particular if no ecotoxicity
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data for the product in question are at hand. This factor
shall account for the possibility of synergistic interactions
(higher mixture toxicity than predicted due to chemical,
toxicokinetic and/or -dynamic interactions). It should be
emphasized that the IF is not meant to account for any of
the other potential error sources that were outlined above.
A review on the predictive power of CA for pesticide

mixtures concluded that in less than 5% of the pub-
lished studies the experimental toxicity exceeded the
predictions by a factor of 2 or more [23]. A recent
reanalysis of data available to the German Federal Envi-
ronment Agency evaluated the predictive power of CA
for commercial pesticide products and came to the con-
clusion that in 50% of the cases CA predicted the experi-
mental toxicity correctly within a factor of 2, while in
50% of the investigated products significant deviations of
up to a factor of 800 in one situation were observed
[24]. These studies do not allow estimating an IF, as it is
unclear to which extent each of the factors listed above
(stochaistic uncertainty, interactions, incomplete consid-
eration of all components present) was responsible for
the overall deviations between CA-predictions and
observations. But as the general chance of underestimat-
ing the risk by more than a factor of 2 seems to be low
for the majority of cases, an IF of 2 currently seems
sufficiently protective. However, it should be pointed
out, that empirical evidence on the joint effects of co-
formulants and active ingredients of biocidal products is
scarce, and more empirical evidence is urgently needed.
Consequently, if available evidence is at hand, the IF
might have to be set to a value greater than 2, or the IF
could be decreased down to 1 for a specific product if
sufficient evidence is provided (see Figure 1).
Inert compounds such as water or non-soluble

pigments are chemicals that do not show any toxic
effects, even at excessive concentrations and do not
interact with other chemicals present. Hence they do
not have an impact on the mixture toxicity assessment,
as both concepts assume that they do not contribute to
the overall toxicity of the product.
Inert compounds need to be clearly differentiated from

compounds that are not inherently toxic per se, but still
are biologically active. Piperonyl butoxide for example
would fall into this group, as the compound itself is not
biocidal, but increases the toxicity of other biocides by
inhibiting their cytochrome P450-driven metabolization.
Such known synergists might lead to serious toxicity and
risk underestimations, and hence have to be considered
specifically in a case-by-case manner, in amendment to
the proposed scheme.

Requested input data
The outlined strategy keeps the initial data demands as
low as possible (i.e. optimizes resource efficacy and
limits unnecessary testing), while at the same time en-
suring an adequate protection of the environment
according to the philosophy and approaches of the BPD/
BPR. The minimum requested set of data for a
component-based assessment (Figure 1) consists of (i)
solid and complete information on the product compos-
ition, and (ii) the PEC/PNEC ratio for the most risky
compound, typically the active ingredient. This implies
that the PEC/PNEC ratio of all other compounds is
known to be lower, which should be adequately
demonstrated. As only semi-quantitative data are needed
for this purpose, QSAR-estimates, hazard classification
data from classification and labeling according to the
CLP Regulation (EC) No 1272/2008, censored toxicity
data (e.g. from limit tests) and simple exposure estimates
should be sufficient.
The final risk of the product is then estimated as

RQProduct ¼ n� IF � PEC
PNEC

� �
max

ð7Þ

where n is the number of relevant compounds in the
mixture, while the interaction factor IF accounts for the
possible occurrence of toxicokinetic or -dynamic
interactions. Eq. 7 is providing a first tier worst-case risk
estimation, assuming that all compound have a risk quo-
tient equal to (PEC/PNEC)max.
This first tier allows an initial precautionary assess-

ment already with a very limited set of data. If there are
no reasons for concern (i.e. RQProduct < 1), no further
testing or data evaluation is required.
Four options exist, if there are potential reasons for

concern (RQProduct > 1, Figure 1): (i) the PEC and/or
PNEC estimate of the most risky compound might be
refined by providing additional ecotoxicological data
and/or exposure estimates. Such an effort might be
worthwhile in particular if the PNEC assessment is based
only on the so-called base-set of data, i.e. short-term tox-
icity data for algae, daphnids and fish, according to ECHA
(2008); (ii) evidence from e.g. dedicated experimental mix-
ture studies with these or other representatives of the
compounds / compound classes in question are provided,
in order to allows a better estimation of the IF; (iii) the
whole mixture (biocidal product) might be subjected to
direct biotesting, considering the limitations as outlined
above; or (iv) a more detailed component-based assess-
ment is carried out that uses quantitative risk estimates
not only for the most risky compound, but for every rele-
vant compound.
If the PEC/PNEC ratios are at hand for all relevant

ingredients, the risk quotient of the product RQProd can
be simply estimated by the PEC/PNEC sum:
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RQProd ¼ RQPEC=PNEC ¼
Xn
i¼1

PEC
PNEC

� �
i

� IF ð8Þ

Summing up PEC/PNECs is mentioned in the Tech-
nical Notes for Guidance as one option for biocide prod-
uct assessment (ECB, 2008). However, it should be
pointed out that eq. 8 is fundamentally different from
CA (eq. 4), as the PNECs from the various compounds
might be based on data from completely different
endpoints and species. Hence eq. 8 violates one of the
fundamental assumptions of CA. Consequently, the use
of PEC/PNEC sums has recently been advised against in
the preliminary opinion on mixture toxicity assessment
as put forward by the EU scientific committees [28].
However, it can be proven that eq. 8 provides a conser-
vative approximation of CA [22]. Furthermore, it is a
major advantage of the PEC/PNEC sum (eq. 8) that it
can be applied even if different amounts of data are
available for the different compounds in the product, for
example when an extended data set including chronic
ecotoxicity data is at hand for the active ingredient, but
only base-set data are available for the other substances
of concern. For a more detailed discussion on the use of
PEC/PNEC sums see [22].
Should eq. 8 still indicate reason for concern

(RQProduct > 1), the following options exist: (i) direct
product testing (but see discussion above); (ii) a refine-
ment of the PEC- and/or PNEC-values by providing
additional information on the exposure and / or hazard
characterization of the compounds, especially those that
dominate the sum of PEC/PNECs, or (iii) the application
of CA in the form of a sum of toxic units (STU) as
follows (Figure 2):

RQProd ¼ RQSTU

¼max STUendpoint 1; STUendpoint 2; . . . ; STUendpoint m
� �

�AF � IF

¼ max
Xn
i¼1

PECi

EC50i;j
;
Xn
i¼1

PECi

EC50i;j
; . . . ;

Xn
i¼1

PECi

EC50i;m

 !

�AF � IF
ð9Þ

That is, the sum of toxic units (STU) is calculated for
each ecotoxicological endpoint, which is species-specific.
AF denotes the resulting assessment factor, in accord-
ance with [4].
The maximum STU indicates which endpoint for

which species is expected to be most sensitive to the
biocidal product in question and is hence used for the
final assessment. It can be mathematically proven that
the risk quotient that results from summing up PEC/
PNECs (eq. 8) is always equal or higher than the max-
imum STU according to eq. 9 [22]. Their precise
relationship depends on the ecotoxicological profiles of
the compounds in the mixture. In case of dissimilar
profiles, the ratio between the application of eq. 8 and 9
approaches the theoretical maximum of m, which is
number of considered endpoints. If the compounds have
almost the same ecotoxicological profiles, which can be
expected e.g. for a mixture of simple organic solvents,
then the risk quotients from both equations become
identical.
The maximum ratio between RQPEC/PNEC and RQSTU

of m provides a convenient decision criterion on
whether the detailed data collection or production in
order to conduct a refined assessment based on RQSTU

(eq. 9) might influence the regulatory outcome: if
RQPEC/PNEC is higher than m, RQSTU will always be
above 1, i.e. indicate reason for concern.
Employing eq. 9 requires that data for all relevant

compounds are available for all endpoints, as it would
otherwise be impossible to determine the maximum of
all organism- and endpoint-specific STUs and an appro-
priate overall assessment factor (AF). This makes an ap-
plication of equation 9 – although it most closely
follows the conceptual idea of CA – rather demanding.
A risk quotient exceeding one might be caused by the

overestimation that results from the application of CA
to a mixture of not entirely similarly acting compounds.
Details on how to estimate this possible overestimation
are provided by Junghans and colleagues [29], Backhaus
and colleagues [22] and Altenburger et al. [30]. The di-
rect testing of the biocidal product might provide add-
itional insight, given that a substantial risk overestimation
by CA is possible, which depends on the number of
involved compounds, their toxicity and ratio in the mix-
ture. Otherwise there would be a clear indication for a rea-
son for environmental concern, which would call for
appropriate risk management strategies.
Conclusion
The component based assessment of biocide products is
a robust approach to account for mixture toxicity when
incorporated into an appropriate tiered scheme. Particu-
larly, it allows to focus attention and efforts on those
cases for which mixture effects are of potential concern,
and it initially uses only the available toxicity informa-
tion of the individual components for this purpose.
The presented tiered approach might hence serve as a
template for the development of specific guideline do-
cuments in support of the new biocide regulation (EU)
528/2012. In view of the novelty of the regulation details
of the presented approach might require fine-tuning, as
soon as more practical experience has been collected. In
particular the use and initial size of the IF might warrant
later review and perhaps adjustment.
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