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A B S T R A C T

In Europe, animal testing for the purpose of regulatory plant protection product (PPP) assessment should be
undertaken only as a last resort. Nevertheless, there is a need to improve the acceptance of alternative methods,
which has been slow due to a lack of data regarding the predictivity of in vivo effects. The CLP calculation
method is an alternative method based on the concentration addition of all adverse substances in a mixture. It is
often applied as a conservative approach for the estimation of toxicodynamic interactions. However, PPPs
consist of pesticides and co-formulants, which in combination can also exhibit altered toxicokinetic properties.
Our analysis revealed that oral and inhalation toxicity was underestimated for approximately 45% of the in vivo
classified products by the CLP calculation method as compared to in vivo testing. With regard to skin and eye
irritation, the CLP calculation method underestimated the irritating potential in 22% and 6% of PPPs, respec-
tively. Based on specific concentration limits, skin sensitisation was underestimated in 34% of PPPs. Similar false
negative rates have been reported for PPP in vitro testing. Hence, we suggest the development of an integrated
assessment strategy, weighing all available information and considering relevant parameters influencing pre-
dictivity and uncertainty.

1. Introduction

In Europe, pesticides and their products are strictly regulated since
they can be toxic to target as well as non-target organisms. Human
health and safety is ensured by the comprehensive evaluation of in-
herent toxicological properties, the derivation of toxicological reference
values from dose-response relations, classification and labelling, and
the exposure assessment of humans, companion animals, and livestock
(Solecki and Ritz, 2018). According to Regulation (EC) No 1107/2009,
pesticides (i.e. active substances) are evaluated and approved for use in
the European Union (EU). Based on EU legal requirements, a set of
studies on potential acute, chronic, and sub-chronic effects of the active
substance are required. Plant protection products (PPPs) containing the
approved active substance as well as co-formulants are assessed on a
zonal level and approved by each member state. Co-formulants can
have various functions in PPPs. For instance, they act as wetting, an-
tifoaming or dispersing agents, solvents, preservatives, emulsifiers, or
antioxidants (Federal Office of Consumer Protection and Food Safety,
2018). Notably, co-formulants can influence the toxicokinetic proper-
ties of the active substance(s) (Damalas and Eleftherohorinos, 2011).
Furthermore, multiple active substances in a PPP can partake in tox-
icodynamic interactions, causing additive or even aggravated toxicity

(Hernández et al., 2017). Therefore, applicants who seek PPP author-
isation must provide sufficient evidence that their product can be safely
applied. In the past, this evidence commonly included six in vivo studies
on acute oral, dermal, and inhalation toxicity as well as studies on skin
and eye irritation and skin sensitisation.

However, in vivo testing may cause severe distress for animals, it is
subject to inter- and intra-species variability, and it is time and cost-
intensive (Creton et al., 2010; Hamm et al., 2017; Sewell et al., 2017).
In 2016, more than 33,000 animals were used to meet PPP legislation in
Germany (Bundesministerium für Ernährung und Landwirtschaft,
2017), even though current legislation promotes the reduction of an-
imal testing to the necessary minimum. The submission of alternative
testing methods to address the above endpoints is of increasing re-
levance. According to Regulation (EC) No 1107/2009, tests on verte-
brate animals shall only be undertaken as a last resort (EU, 2009).
However, alternative methods need to be fit for purpose, i.e. re-
producible and reliable in predicting PPP adverse effects in humans
(Sewell et al., 2017). For the majority of alternative methods, especially
data on the prediction of adverse effects in humans is lacking or diffi-
cult to provide, since human reference data is not available (Hamm
et al., 2017). Currently, available alternative methods include in vivo
studies which have already been conducted on similar PPPs,
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harmonised in vitro studies, and the CLP calculation method according
to Regulation (EC) No 1272/2008 on the classification, labelling and
packaging (CLP) of substances and mixtures (EU, 2008).

The CLP calculation method is based on the additivity principle and
assumes a similar mode of action for all ingredients in a mixture
(Altenburger et al., 2003; Finney and Tattersfield, 1952; Hoel, 1987).
Regardless of dissimilarly acting chemicals present in PPPs, the ad-
ditivity approach is often accepted as a worst-case estimation of che-
mical interaction (Backhaus et al., 2000; Backhaus et al., 2004;
Junghans et al., 2006). Moreover, it is fast and inexpensive, since it may
rely on data collected for the purpose of pesticide authorisation and
chemical registration under the REACH Regulation (EU, 2006). Al-
though providing a reasonable worst-case for toxicodynamic interac-
tion, the CLP calculation method does not generally account for tox-
icokinetic interaction between active substance(s) and co-formulants
(Van Cott et al., 2018). It should therefore be carefully assessed for its
suitability to predict PPP classification.

Such assessments have been conducted by Van Cott et al. (2018)
and Corvaro et al. (2016) for systemic toxicity and by Corvaro et al.
(2017) for skin and eye irritation and skin sensitisation. The authors
evaluated the CLP calculation method with different datasets and a
focus on the underestimation of adverse effect by the CLP calculation
method (false negative prediction) as well as the overestimation of
adverse effect (false positive prediction). They concluded that while the
CLP calculation method may provide appropriate overall accuracy,
there is a concern for the underestimation of adverse effects for more
toxic products.

In this study, we therefore focused the underestimation of effects by
evaluating the prediction of classification for all six endpoints by the
CLP calculation method. To specifically assess false negative predic-
tions, we limited our dataset to in vivo classified PPPs authorised in
Germany. Within the context of PPP hazard assessment according to
Regulation (EC) No 1272/2008 (EU, 2008), we discuss available and
necessary data for the validation of alternative methods and propose
the development of an alternative strategy to address the required
endpoints. Although the calculation method is also applied in other

regulatory systems, for example the Globally Harmonised System (GHS)
(UN, 2017) or the World Health Organisation (WHO) classification
system (WHO, 2010), this study focuses on European legislation to
conclude on current challenges for the regulatory acceptance of alter-
native methods and discuss a strategy intended to reduce animal testing
in Europe.

2. Materials and methods

2.1. Classification

Throughout this study, the derived classification from CLP calcula-
tion method and in vivo testing refers to CLP classification categories
(EU, 2008) as summarised in Table 1. Classification into sub-categories
was not conducted, since they cannot be predicted by the CLP calcu-
lation method.

2.2. In vivo methods

No new vertebrate tests were conducted for this study. Instead,
available evaluations of tests submitted for the purpose of PPP au-
thorisation to the German Federal Institute for Risk Assessment (BfR)
were used or re-evaluated, if the former BfR evaluation was not ac-
cording to current guidelines. These tests included the acute oral toxi-
city test in rats according to OECD TG 401 and 423, the acute dermal
toxicity test in rats according to OECD TG 402, the acute inhalation
toxicity test in rats according to OECD TG 403 and 436, the dermal
irritation/corrosion test in rabbits according to OECD TG 404, the eye
irritation/corrosion test in rabbits (Draize test) according to OECD TG
405, the skin sensitisation tests in guinea pig by Magnusson and
Kligman (M&K or Guinea Pig Maximisation Test, GPMT) and Buehler
according to OECD TG 406, and the Local Lymph Node Assay (LLNA)
for skin sensitisation in mice according to OECD TG 429 (OECD, 1987,
1992, 2002, 2009a; 2009b, 2010, 2015, 2017a; 2017b).

List of abbreviations

BCOP Bovine Corneal Opacity and Permeability
BfR Bundesinstitut für Risikobewertung (German Federal

Institute for Risk Assessment)
CLP Regulation (EC) No 1272/2008 for the classification, la-

belling and packaging of substances and mixtures
DPRA Direct Peptide Reactivity Assay
ECHA European Chemicals Agency
EFSA European Food Safety Authority
EIT Reconstructed Human Cornea-Like Epithelium (RhCE) test
EU European Union
GHS Globally Harmonised System
GLP Good Laboratory Practice
GPMT Guinea Pig Maximisation Test
h-CLAT Human Cell Line Activation Test

ICE Isolated Chicken Eye
LC50 Lethal Concentration at which 50% of the test animals

died
LD50 Lethal Dose at which 50% of the test animals died
LLNA Local Lymph Node Assay
M&K Magnusson and Kligman
OECD Organisation for Economic Co-operation and Development
PPP Plant protection product
RAC Risk Assessment Committee
REACH Registration, Evaluation, Authorisation and Restriction of

Chemicals
RhCE Reconstructed Human Cornea-Like Epithelium
RHE Reconstructed Human Epidermis
TER Transcutaneous Electrical Resistance
WHO World Health Organisation
WoE Weight of evidence

Table 1
Classification and labelling for acute toxicity, skin irritation/corrosion, eye irritation/damage, and skin sensitisation according to Regulation (EC) No 1272/2008.

Acute toxicity Skin irritation Eye irritation Skin sensitisation

Oral Dermal Inhalation

Category 1 H300 H310 H330 H314 H318 H317
Category 2 H300 H310 H330 H315 H319
Category 3 H301 H311 H331
Category 4 H302 H312 H332
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2.3. CLP calculation method according to regulation (EC) No 1272/2008

Throughout this document, the term CLP calculation method refers
to the additivity approach, a non-testing strategy detailed in CLP gui-
dance for the endpoints acute oral, dermal, and inhalation toxicity and
skin and eye irritation. In addition, for skin sensitisation the term is
applied to refer to specific or generally applying concentration limits in
agreement with CLP guidance (ECHA, 2017).

2.3.1. Acute toxicity
For acute oral, dermal, and inhalation toxicity, the CLP calculation

method is based on two different formulas, depending on the cumula-
tive percent of ingredients without reliable toxicity information.

If toxicity information is available for more than 90% of the com-
position, the following formula derived by Finney and Tattersfield
(1952) is to be applied:

∑=
ATE

C
ATE

100
mix n

i

i (1)

ATEmix describes the acute toxicity estimate of the mixture, which is
composed of n ingredients. Ci is the concentration of ingredient i.

At more or equal to 10% concentration of ingredients of unknown
toxicity, the above formula is corrected to:

∑
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2.3.2. Irritation
The calculation of cumulative skin and eye irritation requires the

addition of the concentration of ingredients with skin irritating and
corrosive or eye irritating and damaging properties.

A mixture is classified as corrosive to the skin, if≥ 5% of the con-
centration of its ingredients are Category 1 corrosive substances. It is
classified as irritant to the skin, if the sum of the concentrations of
Category 2 skin irritants and Category 1 corrosives, corrected by a
factor of 10, is≥ 10%.

Similarly, a mixture is classified as damaging to the eye, if the sum
of the concentration of Category 1 skin corroding and Category 1 eye
damaging ingredients is≥ 3%. To assess whether a mixture is irritant to
the eye, the concentration of substances, which are Category 1 skin
corrosive or eye damaging, is again corrected by a factor of 10. If the
sum of this concentration factor and the concentration of Category 2
eye irritants is≥ 10%, the mixture is classified as Category 2 eye irri-
tant.

2.3.3. Skin sensitisation
In contrast to the other endpoints under evaluation, the con-

centration of skin sensitising components of a mixture is not added up.
Instead, concentration limits apply to single substances. If the mixture
contains ≥1% of a Category 1 or 1B or ≥0.1% of a Category 1A skin
sensitiser, it is considered a Category 1 skin sensitiser. In deviation to
the above limits, some potent chemical sensitisers possess specific
concentration limits. For example, the common PPP preservative 1,2-
benzisothiazol-3(2H)-one (CAS No 2634-33-5) has a specific con-
centration limit of 0.05%.

2.4. Data analysis

The dataset is comprised of all PPPs authorised in Germany in July
2017, which were classified for acute oral, dermal or inhalation toxi-
city, skin or eye irritation or skin sensitisation. Authorised PPPs not
classified for one of the above endpoints were not considered for eva-
luation. Hence, this dataset allows for conclusions on correct positive
and false negative while not addressing correct negative predictions.
False positive predictions are limited to classification into stricter

categories.
To establish the dataset for evaluation, a list of authorised and

classified PPPs was generated from ProSafe-Pesticides, a hazard eva-
luation and documentation tool for PPP assessment, generated by the
German Federal Institute for Risk Assessment (BfR). As ProSafe-
Pesticides contains information on classification by different European
and German authorities as well as manufacturers and applicants, the
obtained dataset required refinement. In a first step, the dataset was
limited to PPPs classified for the specific endpoints by the German
Federal Office of Consumer Protection and Food Safety (BVL), which is
the competent risk management authority in Germany. Hence, manu-
facturer or applicant classification was not considered for this evalua-
tion. Afterwards, PPPs with classifications not derived from laboratories
certified for good laboratory practice (GLP) and OECD test guideline
compliant vertebrate studies were removed from the dataset. This step
was necessary to ensure the comparability of the CLP calculation
method to internationally accepted in vivo studies. Next, formulations
which were not adequate for assessment by the CLP calculation method,
such as gas-generating products or combination products which require
the mixing of different formulations prior to use were excluded. Finally,
PPPs classified based on studies conducted with the formulation under
investigation were separated from those classified based on studies
conducted with similar formulations. Formulations were considered
similar, if no additional toxic, irritant or sensitising properties were
expected from the comparable formulation and if composition was not
considerably altered according to the EU Guidance document on sig-
nificant and non-significant changes of the chemical composition of
authorised PPPs (EU, 2012). The predictability of the CLP calculation
method was assessed using two datasets: one containing only those
PPPs for which study and CLP calculation method were assessed with
the identical formulation and another which contained all PPPs clas-
sified based on in vivo testing, including studies conducted with similar
formulations.

For PPPs classified for acute oral, dermal, and inhalation toxicity,
LD/LC50 values were estimated based on the CLP calculation method
and in vivo studies. For the other endpoints in vivo scores and calculated
reference contents were evaluated. Classification according to
Regulation (EC) No 1272/2008 (EU, 2008) was derived from in vivo and
calculated toxicity scores and compared. Sub categorisation – if avail-
able for the specific endpoint – was not conducted. In case of identical
classification, predictions were considered correct positive. If classifi-
cation based on in vivo testing was less severe compared to the CLP
calculation method, predictions were termed false positive. In turn,
false negative predictions lead to less severe classification by the CLP
calculation method as compared to in vivo testing.

For active substances, the following data was taken into account for
calculation in that specific order:

a) In vivo LD/LC50 data from the European Food Safety Authority
(EFSA) conclusion (acute toxicity)

b) Route-to-route extrapolation of in vivo LD50 data from EFSA con-
clusion (acute toxicity)

c) Legal classification by the European Chemicals Agency (ECHA) (all
endpoints)

d) Classification proposal by EFSA (all endpoints)
e) Route-to-route extrapolation of ECHA or EFSA classification (acute

toxicity)

For co-formulants, the following information was considered:

a) In vivo LD/LC50 data from material safety data sheets (MSDS) for the
endpoint under evaluation (acute toxicity)

b) In vivo LD/LC50 data from REACH (Registration, Evaluation,
Authorisation and Restriction of Chemicals) registration dossiers for
the endpoint under evaluation (acute toxicity)

c) Route-to-route extrapolation of in vivo LD50 data from MSDS (acute
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toxicity)
d) Legal classification by the European Chemicals Agency (ECHA) (all

endpoints)
e) Manufacturer self-classification (all endpoints)
f) Route-to-route extrapolation of ECHA or manufacturer classification

(acute toxicity)
g) Classification derived from studies described in REACH registration

dossiers (all endpoints)
h) Majority (≥50%) ECHA notifier classification (all endpoints)

It should be noted that MSDS effect concentrations were only taken
into account, if they were derived from in vivo testing and conducted
with the specific substance. Read-across as well as information on
“slight irritation” not resulting in classification was not considered. In
case of multiple lines of evidence for a substance from one group of
sources, e.g. LD50 data from several MSDSs by different manufacturers,
the most plausible or conservative value was taken into account based
on expert judgement. This step could have resulted in the under-
estimation of false negative classification in rare cases. If available,
information on co-formulant mixtures was preferred over single sub-
stance information. However, in case co-formulant mixture information
was not in accordance with single substance information, expert judg-
ment was applied. Furthermore, expert judgement was also applied,
when data from different sources (a) to i)) was considered inconsistent
or implausible.

3. Results

Throughout this paper, all values refer to the comparison of in vivo
test results with the calculation method for identical formulations.
Tables are provided for both datasets, including and excluding results
obtained from in vivo tests conducted with similar PPPs.

3.1. Dataset characterisation

PPP studies were evaluated for more than 900 product-endpoint
combinations (see Table 2). After the removal of entries from the da-
taset, which did not support the comparison of the calculation with in
vivo methods (as described in Section 2.4), the remaining PPPs were
evaluated with the CLP calculation method.

Based on in vivo testing for acute oral and inhalation toxicity, ap-
proximately 90% of all PPPs were classified into Category 4 (H302 or
H332). When the CLP calculation method was applied to the dataset,
about 50% of all PPPs were classified into Category 4 (H302 or H332)
while roughly 40% were not classified (see Fig. 1). Acute dermal toxi-
city could not be evaluated based on the limited number of classified
products for this endpoint. In total, 13 PPPs authorised in Germany are
classified for acute dermal toxicity based on in vivo testing. Of those,
eleven PPPs were classified based on active substance toxicity studies.

In addition, they included many gas-generating products, which are not
considered within the applicability domain of the CLP calculation
method.

For skin irritation, all PPPs classified based on in vivo studies were
Category 2 (H315) irritants, as depicted in Fig. 2. According to the CLP
calculation method, the same products lead to Category 2 classification
in 70% of the cases. Approximately 20% of PPPs were classified as non-
irritating based on the CLP calculation method, while almost 10% were
classified as Category 1 (H314) corrosives. With regard to eye irritation,
40% of PPPs were eye damaging (Category 1, H318) based on in vivo
testing. In comparison, the CLP calculation method overestimated the
number of corrosive PPPs, as two thirds of all PPPs in the dataset were
attributed to Category 1. For this endpoint, the CLP calculation method
resulted in few non-classified PPPs.

With regard to skin sensitisation, all in vivo tests had to result in
Category 1 classification (H317, see Fig. 3). In total, approximately 35%
of PPPs were not classified by the CLP calculation method.

3.2. CLP calculation method evaluation

3.2.1. Acute toxicity
When classification by in vivo testing and the CLP calculation

method was compared, acute oral and inhalation toxicity displayed an
almost identical pattern. Approximately 45% of PPPs classified for
those endpoints were predicted into the same classification category by
the CLP calculation method as by in vivo testing (see Fig. 4). None-
theless, an almost equal amount of PPPs was attributed to a classifi-
cation category of lower toxicity, thus underestimating in vivo toxicity.
The majority of false negative predictions for oral and inhalation toxi-
city were attributed to Category 4 (H302 or H332) by in vivo testing,
whereas the CLP calculation method resulted in no classification (see
Table 3 and Table 4). Hence, the CLP calculation method could not
reliably differentiate between Category 4 and non-toxic PPPs in this
dataset. Since few products in the dataset were classified into Cate-
gories 1–3 by in vivo testing for acute oral and inhalation toxicity, no
reliable conclusions can be drawn on the ability of the CLP calculation
method to predict true positive values for highly toxic products. How-
ever, with regard to acute systemic toxicity it can be summarised that
classification into Categories 1–3 is required for< 10% of classified
PPPs authorised in Germany.

Due to the acceptance of multiple data sources of varying resolution
and reliability (please see Section 2.4), the percentage of substances of
unknown toxicity was rather low. While correction for unknown toxi-
city according to Equation (2) was not necessary for oral toxicity,
correction was conducted for 8 of 38 PPPs for inhalation toxicity. Mean
(and median) percentage of unknown toxicity was 0.6% (0%) and 5%
(1.5%) for oral and inhalation toxicity, respectively.

Table 2
Overview of dataset for evaluation. The number of registered and classified PPPs was extracted from the ProSafe Pesticides database. The dataset was refined by
removing entries which did not support CLP calculation method evaluation. It was differentiated, whether the in vivo study triggering classification was conducted
with the PPP formulation currently registered in Germany or with a similar or former formulation.

Oral toxicity Dermal toxicity Inhalation toxicity Skin irritation Eye irritation Skin sensitisation

# registered, classified PPPs 167 19 151 120 242 242

Removed entriesa 43 17 75 53 74 90
Similar PPPb 29 1 38 35 78 64
Identical PPPc 95 1 38 32 90 88

a Database classification not based on authority proposal for classification under Regulation (EC) 1272/2008 or classification not based on in vivo study, but e.g. on
the CLP calculation method, in vitro studies or critical ingredients of concern.

b Animal study has been conducted with a similar formulation, which has been evaluated to be representative of the classification of the product under evaluation,
i.e. composition as currently registered in Germany.

c Animal study and CLP calculation method were conducted with identical formulations.
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3.2.2. Irritation
The highest number of accurate predictions by the CLP calculation

method was observed for skin irritation (see Fig. 5). Although ap-
proximately 70% of the products were accurately classified by the CLP
calculation method when compared to in vivo testing, about one fourth
of the products were still underestimated with regard to their skin

irritating potential. Few products in the dataset were classified as Ca-
tegory 1 corrosives (see Table 5). The major source of false classifica-
tion was the underestimation of Category 2 irritants. Hence, the CLP
calculation method cannot be used to reliably differentiate between
products requiring or not requiring classification for skin irritation.

In contrast, the CLP calculation method is able to accurately classify

Fig. 1. Distribution of the derived PPP classification for acute oral (n= 95) and inhalation toxicity (n= 38) based on in vivo testing and the CLP calculation method
(identical formulations).

Fig. 2. Distribution of the derived PPP classification for skin (n=32) and eye (n=90) irritation based on in vivo testing and the CLP calculation method (identical
formulations).
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in vivo Category 1 eye damaging PPPs. However, many in vivo irritant
PPPs are also inadequately classified into Category 1 by the CLP cal-
culation method (see Fig. 5 and Table 6). Due to the high false positive
rate of 40%, the CLP calculation method is prone to overestimating the
potential for eye damage (Category 1).

3.2.3. Skin sensitisation
For skin sensitisation, several OECD TGs are available: the LLNA,

the M&K (or GPMT) test, and the 3-induction and 9-induction Buehler
tests, which were summarised for this assessment. For seven of 88 PPPs,
multiple tests were available. When LLNA and M&K results were
compared, both methods resulted in classification for two of three
products. For PPPs with information on M&K and Buehler tests, three of
four were classified based on M&K while two of four were classified
based on Buehler tests. In total, classification derived from different test
systems for the same PPP only matched in three of seven cases (40%).

Due to the high variability of in vivo results from different test
systems, CLP calculation method results were displayed for each test
system and in total (see Table 7). Since the CLP calculation method does
not distinguish between Category 1A and 1B sensitisers, it can only
predict classification or no classification. Overall, calculation and in
vivo methods resulted in different classification for approximately 35%
of PPPs in this dataset with slightly higher agreement between the CLP
calculation method and Buehler tests compared to the other test
methods.

Classification according to the CLP calculation method for skin
sensitisation is based on specific or generally applying concentration
limits of single substances. For the majority of PPPs in this dataset,
active substances were the drivers for classification (see Fig. 6, left).
The 30 PPPs (34%) not classified by the CLP calculation method can be
separated into 13% not containing any known sensitisers and 21%
containing sensitisers below their (specific) concentration limits. As
depicted in Fig. 6 (right), 39% of all PPPs were composed of equal to or
less than 10% known sensitisers, while 29% and 23% contained equal
to or less than 1% and 0.1% known sensitisers, respectively. In sum,

half the products in the dataset were composed of approximately 30%
known sensitisers. Their incidence in one PPP in this dataset ranged
from zero to seven with a mean and median of 2.

4. Discussion

4.1. Acute toxicity

Comparing in vivo study and CLP calculation method-derived clas-
sification, we observed a high rate of false negative predictions, i.e. the
underestimation of acute in vivo toxicity classification, by the CLP cal-
culation method. While our dataset was limited to PPPs classified for
the specific endpoints based on in vivo testing, other studies were
published which focused on datasets including in vivo non-classified
PPPs. For example, Corvaro et al. (2016) evaluated a dataset of 213
PPPs for acute oral toxicity, which contained only 20% classified PPPs
based on in vivo testing. In contrast, Van Cott et al. (2018) published an
evaluation of the acute oral toxicity CLP calculation method with a
dataset of 210 PPPs, 70% of which were classified based on in vivo
testing. Reducing the mentioned datasets to positive in vivo results only,
we may compare the results of this study to published literature
(Table 8). At false negative predictions ranging from 38 to 54%, all
studies indicate the substantial underestimation of PPP acute oral
toxicity by the CLP calculation method. When the entire datasets in the
studies by Corvaro et al. (2016) and Van Cott et al. (2018) are con-
sidered, acute oral toxicity false negative prediction amounts to 8% and
37%, respectively. This diverging outcome has already been discussed
by Van Cott et al. (2018), who attributed the deviation to the higher
number of in vivo non-classified products investigated by Corvaro et al.
(2016). Although false positive prediction, i.e. the overestimation of
toxicity resulting in more severe classification and labelling, can be
problematic for the risk perception of users, it occurs more rarely. In
contrast, false negative prediction appears frequently and may reduce
the awareness of users for possible hazards while leading to inadequate
protection measures. Hence, further efforts should be focused on the

Fig. 3. Distribution of the derived PPP classification for skin sensitisation (n=88) based on in vivo testing and the CLP calculation method (identical formulations).

Fig. 4. Comparison of in vivo and calculation-derived classification for acute oral and inhalation toxicity (identical PPPs, oral toxicity: n= 95, inhalation toxicity:
n= 38).
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minimisation of false negative prediction for acute oral and inhalation
toxicity.

In this study and in others, it was demonstrated that the majority of
positive findings for acute oral and inhalation toxicity were attributed
to Category 4 (H302 or H332) by in vivo testing. In result, the majority
of false negative predictions were associated with the failure to dis-
criminate between Category 4 and no classification (see Tables 3 and
4). This was considered to be of minor importance by Corvaro et al.
(2016), as oral exposure is not an intended route of exposure. The au-
thors furthermore argued that neither does classification for acute oral
toxicity trigger the use of additional protective measures, nor does
knowledge on the LD50 in rats provide medically relevant information
for humans in case of intended or unintended oral exposure to PPP due
to high inter-species variability. Moreover, for both the oral and in-
halation route, the authors pointed out that exposure corresponding to
the classification range of Category 4 would be unrealistically high.
Hence, they proposed to evaluate the likelihood and relevance of ex-
posure for hazard assessment considerations. Although those arguments
can be validly discussed on a scientific basis, the current European
regulatory framework does require the adequate characterisation of

hazard; even at unrealistically high exposure conditions (EU, 2008). On
the one hand, this requirement was instituted to identify interaction
between active substances and co-formulants. On the other hand, it
informs users of chemical products about potential risks and ensures
their cautious use and handling. Additionally, in the case of inhalation
toxicity, classification with Category 4 can lead to the implementation
of additional safety measures. Thus, the adequate characterisation of
hazard requires accurate toxicity prediction. In view of the presented
results in this study and based on the findings by Corvaro et al. (2016)
and Van Cott et al. (2018), we conclude that the CLP calculation
method does not limit false negative prediction sufficiently for PPP
regulatory purposes.

In addition to the CLP calculation method, bridging to similar for-
mulations with adequate data available or in vitro testing can be con-
ducted as alternatives to vertebrate testing. Notably, there currently
exist no harmonised in vitro methods for acute toxicity.

Table 3
Contingency table for the in vivo and CLP calculation method derived classification of acute oral toxicity.

Identical PPPs Calculation Sum

Category 1 Category 2 Category 3 Category 4 No class.

In vivo Category 1 0 0 0 0 0 0
Category 2 0 0 0 0 0 0
Category 3 0 0 0 2 3 5
Category 4 0 0 10 44 36 90

Sum 0 0 10 46 39 95

Incl. similar PPPs Calculation Sum

Category 1 Category 2 Category 3 Category 4 No class.

In vivo Category 1 0 0 0 0 0 0
Category 2 0 1 0 0 0 1
Category 3 0 0 1 4 3 8
Category 4 0 0 15 57 43 115

Sum 0 0 16 61 46 124

Table 4
Contingency table for the in vivo and CLP calculation method derived classification of acute inhalation toxicity.

Identical PPPs Calculation Sum

Category 1 Category 2 Category 3 Category 4 No class.

In vivo Category 1 0 0 0 0 0 0
Category 2 0 0 0 0 0 0
Category 3 0 0 0 3 0 3
Category 4 0 2 1 17 15 35

Sum 0 2 1 20 15 38

Incl. similar PPPs Calculation Sum

Category 1 Category 2 Category 3 Category 4 No class.

In vivo Category 1 0 0 0 0 0 0
Category 2 0 0 0 0 0 0
Category 3 0 0 2 5 0 7
Category 4 0 3 6 33 27 69

Sum 0 3 8 38 27 76

D. Kurth et al. Regulatory Toxicology and Pharmacology 101 (2019) 79–90

85



4.2. Irritation

4.2.1. CLP calculation method
In this study the CLP calculation method resulted in the highest

number of correct in vivo predictions (almost 70%) for skin irritation
while false negative prediction was rather high at more than 20% of all
in vivo classified products (see Table 9). In a similar study by Corvaro
et al. (2017) analysed the CLP calculation method for skin and eye ir-
ritation using a dataset consisting of both classified and non-classified

products. When this dataset is reduced to classified products only, it
may be compared to the data in this study (Table 9). With regard to skin
irritation, the authors reported a contrasting pattern of accurate and
false prediction by the CLP calculation method for skin irritation. While
they arrived at approximately one third accurate and two thirds false
negative predictions, the pattern is almost exactly reversed in this
study. False positive predictions however were low in this study as well
as the study by Corvaro et al. (2017). This deviating pattern could in-
dicate the uncertainty of predictions by the CLP calculation method or
the high variability of in vivo testing.

Better agreement between the in vivo classified sub-dataset of the
study by Corvaro et al. (2017) and this study was achieved for eye ir-
ritation. The high number of false positive and the comparably low
number of false negative predictions indicates that the CLP calculation
method is more conservative for this endpoint. As summarised in
Table 6, products which were classified by in vivo testing as eye da-
maging in Category 1 were well detected with the CLP calculation
method. In addition, within this dataset the CLP calculation method
could be successfully applied to identify the need for classification, but
did not reliably distinguish between irritant and corrosive (Category 1
and 2) products. However, as worst-case, Category 1 classification
could be an acceptable application of the precautionary principle.

While for the acute toxicity endpoints in vivo and calculated LD/
LC50 values can be compared, skin and eye irritation classification ca-
tegories are derived from in vivo test scores and calculated cumulative
substance content. An assessment of the CLP calculation method can

Fig. 5. Comparison of in vivo and calculation-derived classification for skin and eye irritation (identical PPPs, skin irritation: n=32, eye irritation: n=90).

Table 5
Contingency table for the in vivo and CLP calculation method derived classifi-
cation of skin irritation.

Identical PPPs Calculation Sum

Category 1 Category 2 No class.

In vivo Category 1 0 0 0 0
Category 2 3 22 7 32

Sum 3 22 7 32

Incl. similar PPPs Calculation Sum

Category 1 Category 2 No class.

In vivo Category 1 0 3 0 3
Category 2 5 45 12 62

Sum 5 48 12 65

Table 6
Contingency table for the in vivo and CLP calculation method derived classifi-
cation of eye irritation.

Identical PPPs Calculation Sum

Category 1 Category 2 No class.

In vivo Category 1 34 4 0 38
Category 2 34 17 1 52

Sum 68 21 1 90

Incl. similar PPPs Calculation Sum

Category 1 Category 2 No class.

In vivo Category 1 61 8 0 69
Category 2 66 29 4 99

Sum 127 37 4 168

Table 7
Contingency table for the in vivo and CLP calculation method derived classifi-
cation of skin sensitisation with different test systems.

Identical PPPs Calculation Sum

In vivo Category 1 No class.

Cat. 1 LLNA 22 (65%) 12 (35%) 34
M&K 22 (58%) 16 (42%) 38
Buehler 14 (74%) 5 (26%) 19
All data 58 (66%) 30 (34%) 88/91a

Incl. similar PPPs Calculation Sum

In vivo Category 1 No class.

Cat. 1 LLNA 32 (70%) 14 (30%) 46
M&K 49 (68%) 23 (32%) 72
Buehler 31 (78%) 9 (22%) 40
All data 110 (72%) 42 (28%) 152/158b

a For three PPPs positive in vivo tests with two different test systems were
available.

b For six PPPs positive in vivo tests with two or more different test systems
were available.
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therefore be considered as an assessment of how well the defined scores
match. Although they are based on expert knowledge, the number of
false negatives may be reduced by either shifting the scores for in vivo or
for calculation-derived classification. However, more conservative
classification thresholds for the CLP calculation method could poten-
tially not result in more correct, but rather more false positive predic-
tions. If necessary, the limits should therefore be optimised to promote
clear differentiation between classified (Category 1 and 2) and non-
classified products.

4.2.2. Other alternatives to in vivo testing
In addition to in vivo testing and the calculation method, bridging to

similar formulations for which in vivo data is available can be applied
based on expert judgement. Furthermore, for skin and eye irritation
harmonised in vitro methods exist (see Table 10). Several studies were
conducted to verify skin and eye irritation in vitro methods for PPPs

(Kolle et al., 2012, 2015, 2017a, 2017b; Schrage et al., 2010).
For skin irritation, a pioneer assessment was conducted by Kolle

et al. (2012), who compared in vivo and in vitro derived classification for
134 substances and mixtures according to OECD TG 431 and for 38
substances and mixtures according to OECD TG 439 with reconstructed
human epidermis. The datasets contained 46 and 16 PPPs, respectively.
OECD TG 431 is designed to differentiate between corrosive and non-
corrosive substances and mixtures. For this test, the authors observed
an accuracy of 91% in the subset of PPPs only, and 88% for the dataset
excluding PPPs (n=88). However, none of the tested formulations was
classified for skin corrosion based on in vivo testing. Thus, good accu-
racy was only demonstrated for the correct identification of non-cor-
rosive PPPs, while there is still a lack of data for corrosive PPPs.
Complementary to OECD TG 431, the requirement for classification
versus no classification can be tested following OECD TG 439. For this
test, the authors found a low accuracy of 56% with an almost equal
number of false positive and negative predictions. Notably, the authors
observed better accuracy (68%) in the dataset excluding PPPs. Those
findings were later confirmed by Kolle et al. (2017b) with a larger
dataset of 81 PPPs (OECD TG 431) and 55 PPPs (OECD TG 439) for the
two tests, respectively. Hence, while OECD TG 431 was demonstrated
to perform well for non-corrosive PPPs, OECD TG 439 cannot be used to
reliably predict PPP in vivo skin irritation. So-far, no evaluation with
PPPs was published for other harmonised in vitro methods.

With regard to the in vitro eye irritation methods according to OECD
TG 437 (Bovine Corneal Opacity and Permeability Test, BCOP) and 492
(Reconstructed Human Cornea-Like Epithelium (RhCE) test, EIT), ver-
ification has been conducted by Kolle et al. (2015) with 97 PPPs. The
BCOP test can identify substances and mixtures to be classified as eye

Fig. 6. Left: Known sensitisers in PPPs triggering classification based on their (specific) concentration limits (identical PPPs, n= 88); Right: Histogram of additive
contents of sensitisers in PPPs classified for skin sensitisation and containing sensitising components in percent (light grey bars, identical PPPs, n= 77). Bins on the x-
axis range from greater than the lower limit to equal to or less than the upper limit. The dark grey line depicts the cumulative percent of PPPs in each bin.

Table 8
Comparison of CLP calculation method predicitivity in different studies re-
stricted to (sub-)datasets of PPPs classified for acute oral or inhalation toxicity
based on in vivo testing.

Corvaro et al. (2016) Van Cott et al. (2018) This study

Oral toxicity n=45 n=145 n=95

Accurate 58% 45% 46%
False negative 38% 54% 43%
False positive 4% 1% 11%

Inhalation toxicity n=9 n=69 n=38

Accurate 33% 61% 45%
False negative 44% 19% 47%
False positive 22% 20% 8%

Table 9
Comparison of CLP calculation method predicitivity in different studies only
including (sub-)datasets of PPPs classified for skin or eye irritation based on in
vivo testing.

Corvaro et al. (2017) This study

Skin irritation n=42 n=32

Accurate 26% 69%
False negative 74% 22%
False positive 0% 9%

Eye irritation n=98 n=90

Accurate 38% 56%
False negative 15% 6%
False positive 47% 39%

Table 10
Overview of existing in vitro methods for skin and eye irritation and skin sen-
sitisation.

Endpoint Test system Test guideline

Skin irritation Transcutaneous Electrical Resistance (TER)
Test Method

OECD TG 430

Reconstructed Human Epidermis (RHE) test OECD TG 431,
OECD TG 439

In Vitro Membrane Barrier Test Method for
Skin Corrosion

OECD TG 435

Eye irritation Bovine Corneal Opacity and Permeability
(BCOP) Test

OECD TG 437

Isolated Chicken Eye (ICE) Test OECD TG 438
Fluorescein Leakage Test Method OECD TG 460
Short Time Exposure In Vitro Test OECD TG 491
Reconstructed Human Cornea-Like
Epithelium (RhCE) test (EIT)

OECD TG 492

Skin sensitisation Direct Peptide Reactivity Assay (DPRA) OECD TG 442C
ARE-Nrf2 Luciferase Test Method OECD TG

442D
Human Cell Line Activation Test (h-CLAT) OECD TG 442E
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damaging (Category 1) as well as those not requiring classification. In
addition, it may result in further testing, if no prediction can be made
for a substance or mixture. According to Kolle et al. (2015), 76% of the
PPPs for which prediction was possible (n= 45) were predicted accu-
rately while 16% were falsely classified as non-irritant. The EIT is able
to identify substances and mixtures not to be classified for eye irrita-
tion. Like the BCOP, it may result in further testing, if prediction is not
possible. Kolle et al. (2015) observed that 86% of the PPPs for which a
prediction could be made (n= 36) were accurately predicted as non-
irritants, while 14% were falsely attributed to the no classification ca-
tegory. In general, the number of PPPs attributed to the category for
which prediction by the in vitro tests was not possible, ranged from 54
to 63% in this study and 73–90% in a subsequent study by Kolle et al.
(2017a). It should be stressed, that a result in this category is intended
to trigger further testing and does not exclude either Category 1 or no
classification. Therefore, we propose to disregard this category for the
validation of eye irritation in vitro methods, as the implied rate of false
negative or positive predictions would otherwise be distorted. In ad-
dition to the BCOP test and the EIT, Kolle et al. (2017a) also evaluated
the comparability of in vitro to in vivo classification by the isolated
chicken eye test (ICE) according to OECD TG 438. However, due to the
low number of PPPs for which prediction was possible (1 of 10 PPPs),
no more detailed conclusion can be drawn from the study with regard
to the accuracy of the methods for PPPs.

4.3. Skin sensitisation

For this endpoint, several in vivo test systems are available, which
have been widely applied in the past. Overall, approximately 65% of
PPPs were classified by the CLP calculation method in agreement with
in vivo testing. In the study by Corvaro et al. (2017) classification be-
tween the CLP calculation method and in vivo tests corresponded for
54% of PPPs, when in vivo classified products were considered only.

In addition to the CLP calculation method, bridging and in vitro
testing may provide alternative or complementary information. It
should be noted, however, that in vitro testing for skin sensitisation may
only show molecular or cellular effects, while not addressing the impact
on the organ level (OECD, 2014). Up to now, the in vitro skin sensiti-
sation of PPPs was only verified by Settivari et al. (2015), who com-
pared the KeratinoSens™ results of 10 PPPs to two Buehler, three M&K,
and five LLNA tests. Based on this limited dataset, good agreement
between in vitro and in vivo skin sensitisation was observed. However, a
larger dataset will need to be compared to each in vivo method to draw
conclusions on the applicability of the KeratinoSens™ assay to PPPs.
Moreover, similar information will be required on other skin sensiti-
sation in vitro assays and the key events they address.

4.4. Reasons for false negative prediction by the CLP calculation method

A thorough discussion of the causes for false prediction by the CLP
calculation method was already provided by Van Cott et al. (2018).
Briefly, the authors name (1) the inadequate application of the ad-
ditivity principle for PPPs due to expected dissimilar modes of action,
(2) the neglection of the influence of co-formulants on the bioavail-
ability of toxic substances, (3) the integration of data of different re-
solution or quality (e.g. LD50 values determined by an acute toxic class
method as compared to dose-response modelling or the use of classifi-
cation instead of effect data), and (4) the combination of data generated
with test vehicles which do not match the PPP under evaluation.

Van Cott et al. (2018) argued, that especially formulation para-
meters, which influence PPP toxicokinetics are commonly disregarded
when applying the CLP calculation method and are thus a plausible
cause for false prediction. In consequence, the authors proposed the use
of formulation-type specific information for toxicity prediction by the
CLP calculation method. In practice, this could be challenging to im-
plement, since available toxicity data, for example from Material Safety

Data Sheets (MSDS), does not commonly entail the required test for-
mulation information. Moreover, adequate data would have to be
generated, leading to additional testing.

Another relevant reason for false prediction by the CLP calculation
method is the comparison to results from in vivo studies, which are
known to be subject to substantial inter- and intra-species variability
(Hamm et al., 2017; Sewell et al., 2017). This is demonstrated by the
diverging LD50 values of active substances tested in different test ve-
hicles (Van Cott et al., 2018) or by the variability of different in vivo
skin sensitisation tests in this study. Comparing different in vivo test
systems for seven PPPs, we derived corresponding classifications in
only 40%. Corvaro et al. (2017) compared Buehler and LLNA results for
five PPPs and reported that for three of five products both tests lead to
the same classification. In addition to inter-species variability, possible
reasons for the observed variability between the different test systems
include differences in test substance application and various key events
addressed by the methods. Hence, especially for skin sensitisation, the
comparison of alternative methods and in vivo testing should be inter-
preted carefully. Moreover, with regard to inhalation toxicity, the
comparison of the in vivo tested with the nominal formulation could
lead to false predictions, due to the potential relative change in com-
position during aerosol formation. Finally, since the evaluated OECD in
vivo methods have never been validated for their prediction of human
toxicity – with the exception of the LLNA, uncertainty remains con-
cerning the relevance of in vivo testing for human toxicity (Hamm et al.,
2017). It is therefore important to note that the accuracy of individual
alternative methods is limited by in vivo variability and reproducibility
(Hoffmann et al., 2010).

In combination, the above causes may lead to variability and un-
certainty in the estimation of classification by the CLP calculation
method. Hence, they should be accounted for when applying this
method in regulatory hazard and risk assessment.

4.5. The weight of evidence approach

Based on the discussed information, neither the CLP calculation
method nor available in vitro methods can currently replace PPP ver-
tebrate in vivo testing as a single line of evidence while ensuring the
maintenance of health and safety standards. Instead, the need for in-
tegrated testing strategies has been expressed in addition to the expert-
based consideration of all available data in a weight of evidence (WoE)
approach (Corvaro et al., 2017; Hamm et al., 2017; Jaworska et al.,
2015; Scott et al., 2010).

The WoE approach is defined by the European Food Safety
Authority (EFSA) Scientific Committee as a process in which evidence is
integrated to determine its relative support for a hypothesis. The ap-
proach comprises three basic steps: assembling, weighing, and in-
tegrating evidence. The final assessment shall consider uncertainty,
report the identified sources of uncertainty, and conclude on their im-
pact on the supported outcome (EFSA, 2017).

The advantages of the WoE approach for PPP hazard assessment
include the improvement of health and safety standards, the flexibility
to account for future advances in the field of alternative methods, and
the effortless adaptation of implemented relevance and reliability cri-
teria, when new data or information becomes available.

For PPPs, relevant data to be assembled, weighed and integrated
may include

- in vivo test data with PPP formulations conducted prior to the im-
plementation of Regulation (EC) No 1107/2009 or in the context of
non-EU regulatory frameworks, including studies conducted with
comparable PPP formulations meeting the above criteria,

- in vitro studies performed with the PPP formulation for authorisation
in the context of EU and non-EU regulatory frameworks,

- in silico calculations, including the CLP calculation method,
- information on the acute toxic, irritating, or sensitising properties of
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all PPP ingredients from all appropriate sources, escpecially legal,
manufacturer, and ECHA notifier information as well as published
Risk Assessment Committee (RAC) opinions and REACH registration
dossiers,

- information on the function of components in the product and their
possible interaction with the active substance(s), and

- information on relevant physico-chemical properties.

All evidence should be provided by applicants and evaluated by
regulatory experts. However, in order to weigh the individual pieces of
evidence adequately, regulatory experts need to possess sufficient in-
formation on the influence of formulation parameters on the accuracy
and uncertainty of different levels of information.

Since quantitative information on the uncertainty of alternative
methods for PPPs is still missing, WoE assessment is currently restricted
to qualitative expert judgement. In order to establish quantitative WoE
assessment, adequate information on the uncertainty of each method
must be generated. Such information may be transferred into quanti-
tative reliability criteria, comparable to the Klimisch or Kaltenhäuser
criteria (Kaltenhäuser et al., 2017; Klimisch et al., 1997). In effect,
models may be developed, which predict hazard-based classification for
PPPs by weighing multiple lines of evidence based on their relevance
and reliability (Roth and Ciffroy, 2016; Suciu et al., 2018).

5. Conclusion

The findings of this study and the few available other studies on the
evaluation of the CLP calculation method for PPP toxicity assessment
indicate that the CLP calculation method may not be suitable to replace
vertebrate testing as a single line of evidence. The focus of this initial
study was on the identification of the underestimation of PPP toxicity.
Therefore, the dataset was limited to PPPs authorised in Germany and
classified for the specific endpoint under evaluation based on in vivo
testing.

In comparison to the respective in vivo studies, the CLP calculation
method resulted in the substantial underestimation of toxicity, irrita-
tion or sensitisation for almost all endpoints. At approximately 45%
false negative predictions, insufficient agreement between in vivo and
calculation-derived classification was observed for oral and inhalation
toxicity. Better agreement was noted for skin irritation with almost 70%
correspondence between the methods. Although the number of false
negative predictions was comparably low at roughly 5% for eye irri-
tation, a high rate of false positive Category 1 predictions was detected.

In order to implement the CLP calculation method into PPP as-
sessment, its reliability needs to be improved. Hence, formulation
parameters need to be identified which influence its uncertainty. Those
may for example include physico-chemical properties or specific groups
of co-formulants, which influence the toxicodynamic and toxicokinetic
properties of PPPs.

To overcome the limitations of individual alternative methods for
PPPs and effectively reduce the use of animals for regulatory hazard
assessment, we propose that regulators should rely on multiple lines of
evidence. The establishment of a WoE approach requires the initial
verification of all suitable alternative methods for PPPs. Applicability
domains and relevant parameters influencing the outcome and accu-
racy of alternative methods need to be identified. In a first step, re-
levant parameters influencing the false negative predictivity of the CLP
calculation method need to be extracted for all six endpoints. Next, the
verification of in vitro methods for plant protection products and the
identification of parameters, influencing their reliability and relevance
for PPP toxicity assessment are required. Finally, computer-based tools
relying on established scientific data may be developed to quantify and
harmonise WoE hazard assessment for PPPs and to ensure a high level
of protection for human, animal and environmental health in the future.
WoE predictions should be accompanied with uncertainty estimations.
In case of high uncertainty, further testing could be initiated,

specifically targeting the identified sources of uncertainty.
Consequently, animal testing should be strictly conducted as a last re-
sort only.
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