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A B S T R A C T

The use of lower cut-off values/concentration limits for the calculation of mixture classification in UN GHS/EU
CLP versus the previous regulatory scheme (EU Dangerous Preparations Directive, DPD), has resulted in an
increased number of classifications in the highest eye hazard category. Herein, a semi-quantitative categorisation
of severity of eye effects, following accidental human exposures to detergents, was compared to the classification
category of the products. Three schemes were evaluated: EU DPD; EU CLP (based on all available data and
information, including weight of evidence); and EU CLP (based entirely on the calculation method). As reported
by four EU Poison Centres, the vast majority of exposures had caused minor or no symptoms. Classification was a
poor predictor of effects in man subjected to accidental exposure. Note however that this is also because effects
are not only driven by the intrinsic hazard (as reflected in the classification), but also by the exposure conditions
and mitigation (i.e. rinsing). EU CLP classification using all available data and information was more predictive
of medically relevant symptoms than the EU CLP calculation method. The latter led to a poorer differentiation
between irritating products versus products potentially causing serious eye damage.

1. Introduction

In the European Union's chemicals control framework, hazards are
determined by means of a classification scheme as defined by EU CLP,
Regulation (EU) No 1272/2008 on Classification, Labelling and
Packaging of Substances and Mixtures (European Union, 2008). EU CLP
is based on a standard developed at UN level (UN GHS, United Nations
Globally Harmonized System, United Nations, 2002). Before the in-
troduction of EU CLP for mixtures on June 1st 2015, the classification of
consumer products was governed by the Dangerous Preparations

Directive (1999/45/EC, EU DPD) (European Union, 1999).
Under the EU DPD, the primary basis for eye hazard classification of

mixtures was to apply additivity of the eye irritancy classification of a
product's ingredients (“conventional calculation method”). If available,
data from the standard animal test for eye irritation, the OECD
(Organisation of Economic Co-operation and Development) TG 405
“Draize” test (OECD, 2017a; Draize et al., 1944), overruled the calcu-
lation's outcome. However, animal welfare considerations and the
limited relevance for effects in man precluded the use of such tests on
detergents and cleaning products. EU DPD also allowed the use of
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scientifically valid case studies (e.g. data from poison centres) to clas-
sify according to the effects on man, and antagonistic effects (e.g. be-
tween different types of surfactants in a mixture) were allowed to be
taken into consideration if justifiable to avoid overestimation of the
toxicological hazard. Based on this “furthermore clause” (Article 6.3 of
the EU DPD), a practical approach to determine the EU DPD classifi-
cation, making optimal use of all available data, was put forward by the
European detergents association (A.I.S.E., 2008). This included brid-
ging from “reference formulations” for which test data (including re-
levant but non-standard tests such as the Low Volume Eye Test, LVET -
Griffith et al., 1980) are available.

Under EU CLP, the primary basis for eye hazard classification is data
on the mixture itself. This includes the standard in vivo animal test
(OECD TG 405), validated animal test alternatives such as in vitro stu-
dies (within the scope of their applicability), epidemiological data and
experience on the effects on humans, such as data from accident da-
tabases (Article 6.1 of CLP). If data on the actual mixture are not
available, data on similar mixtures can be used, by applying bridging
principles. In absence of appropriate data for bridging, a weight-of-
evidence expert judgment, based on all available data, can be devel-
oped. This is described in OECD's Integrated Approach on Testing and
Assessment (OECD, 2017b). If no conclusive expert classification deci-
sion can be made, the EU CLP calculation method must be applied. This
method, introduced by UN GHS (United Nations, 2002), is similar to the
“conventional calculation method” of the EU DPD, but with a lower
(more conservative) threshold for serious eye damage categorisation
(i.e., Eye Category 1). Under the EU DPD, up to 10% of ingredients with
the highest eye hazard classification were allowed in the formula before
the product itself was assigned the highest classification. Under EU CLP,
this threshold is lower at 3%. Cazelle et al. (2014) and Corvaro et al.
(2017) pointed out that this revised limit might be over-conservative
when compared to the standard in vivo test for household products and
agrochemical end-use formulations, respectively.

The current study investigates the predictivity of a product's reg-
ulatory classification for eye hazard, following reported accidental
human exposures to common household detergent and cleaning pro-
ducts. Three hazard classification approaches are evaluated:

(1) the EU DPD classification according to the A.I.S.E. (2008) approach,
as used in practice before 2015;

(2) the EU CLP classification based on all available data including
bridging principles, and weight-of-evidence expert judgment as
needed (further referred to as “actual EU CLP classification”); and
finally

(3) the EU CLP classification based purely on the calculation method,
disregarding available data.

The underlying human dataset for the current assessment was ob-
tained from a prospective multicentre poison centre (PC) study, that
reported eye effects caused by accidental exposures to detergents,

cleaning and maintenance products. This study, MAGAM1 II DISC
(Denmark, Italy, Slovakia and the Czech Republic) (Färber and Desel,
2015; Färber et al., 2016), was conducted between 2013 and 2015, in
parallel with a second study branch MAGAM II DEAT (Germany and
Austria) (Hermanns-Clausen et al., 2019). The PCs participating in both
MAGAM II studies covered approximately one-third of the EU popula-
tion. In total, 1235 accidental human exposures were documented. The
poisoning severity in more than 90% of the registered cases was de-
termined according to the Poisoning Severity Score (PSS) (Persson
et al., 1998). This was carried out in a harmonised way by means of
follow-up telephone interviews and reviews of medical reports where
relevant. No symptoms were observed in 9% of the reported exposures.
82% of the cases led to minor symptoms. Moderate effects were re-
ported in 9% of the cases. Signs of eye irritation (such as redness, a
burning sensation and increased lacrimation) were noted most fre-
quently, and healing was nearly always reported within hours or a few
days. Two cases with residual eye damage after 21 days were recorded:
a child with persistent sensitivity to light, and an adult with the same
symptom accompanied by reduced vision. The authors concluded that
most patients only experienced minor symptoms and that serious eye
damage (i.e., long-lasting potentially irreversible symptoms) only oc-
curred very rarely after accidental ocular exposure to detergents or
cleaning agents. It should be noted that early eye irrigation may have
been a mitigating factor that prevented a higher severity. For example
Färber et al. (2016) reported that eyes were rinsed in 96% of the cases,
nearly always immediately after the exposure.

2. Methods

2.1. Product identification and regulatory classification

Of the 657 accidental exposures recorded in Denmark, Italy,
Slovakia and the Czech Republic (MAGAM II DISC) (Färber and Desel,
2015; Färber et al., 2016), information about the product identification
and the severity of ocular responses was available for the current study.
For 598 cases, a detailed follow-up was successful with a conclusive PSS
determination. 185 of these exposures occurred with unambiguously
identified products for which it was possible to obtain the regulatory
classification directly from the manufacturing company. This data
subset (n= 185) forms the basis for the assessment reported in this
study.

The manufacturers provided the classification of the involved pro-
ducts at the time of the incident. As this was before mid 2015, the EU
DPD regulatory framework was still in place. The actual EU DPD eye
classification of these products was retrievable for 91% of the cases
(n= 169). The manufacturing companies were also asked to determine
the EU CLP classification for each product. They provided the product
classification as it would actually have been under the EU CLP reg-
ulation (implemented as of June 1st, 2015). Depending on each in-
dividual situation, product classification could have been based on
available (historical) animal test data, on the use of the permitted
variation or substantially similar mixtures bridging principles, on the
use of in vitro data, or on weight-of-evidence and expert judgment (cf.
OECD, 2017b). Or, product classification could also have been based on
the calculation method, in the absence of more appropriate informa-
tion. Separately, for the purpose of the current assessment, the produ-
cers were additionally asked to provide the EU CLP classification using
only the calculation method. Both options for the EU CLP classification
were determined for all products in the data subset (n= 185).

Abbreviations

EU CLP| European Union Regulation (EC) No 1272/2008 on
classification, labelling and packaging of substances
and mixtures

EU DPD European Union Dangerous Preparations Directive
1999/45/EC

Cat1 Category 1
Cat2 Category 2
NC not classified
PC Poison Centre
PSS Poisoning severity score
UN GHS United Nations Globally Harmonized System

1Multinationale Analyse von Daten der Giftinformationszentren zur Frage
korrosiver Augenläsionen durch feste Maschinengeschirrspülmittel und andere
Wasch-, Pflege-und Reinigungsmittel
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2.2. Severity of the symptoms

All signs and symptoms were reported and recorded either during
the initial call to the PC, or during the follow-up interview. To facilitate
a harmonized PSS grading, according to Persson et al. (1998), each
reported symptom was assigned a PSS score by means of a standardized
list used by all participating PCs (Färber and Desel, 2015) - as shown in
Table 1. The severity grading assigned to a case was determined by the
most severe symptom(s) or sign(s) observed.

2.3. Statistical analysis

For comparison of proportions, (e.g. to compare the proportions of
products with two different classifications within a subset of accidents
with a given severity) the Fisher's Exact Test was applied with
alpha= 0.05 as a threshold for significance. This method was also
applied for the assessment of the predictivity of classification for eye
effects. The Fisher's Exact Test does not rely on large sample theory and
is generally valid for both small and large sample sizes. The 2-tailed p-
value was calculated as defined in Agresti (1992).

For the predictivity of classification for eye effects, several goodness
of fit metrics are reported that are commonly used with Generalized
Linear Models (McCullagh and Nelder, 1989). These metrics include
Entropy RSquare (one minus the ratio of the negative log-likelihoods
from the fitted model and the constant probability model), Generalized
RSquare (a measure based on the likelihood function), Mean Abs Dev
(the average of the absolute values of the differences between actual
and predicted responses), AICc (the Akaike information criterion,
which estimates the quality of each model, dealing with the trade-off
between the goodness of fit of the model and the simplicity of the
model), BIC (the Bayesian information criterion, based in part on the
likelihood function and closely related to the AICc), Mean -Log p (the
average of negative log of the fitted probability associated with the
event that occurred), and RMSE (the root mean square error). The
models and ‘goodness of fit’ metrics were all computed with the soft-
ware JMP® Pro 13.2.1. Each ‘goodness of fit’ measure was identified as
either “larger is better” or “smaller is better”.

In addition, Cooper descriptive statistics (false positives, false ne-
gatives and concordance) for predictivity of moderate or severe ocular
effects (PSS≥ 2) by the regulatory classification are reported, and the
F1 statistic was determined. F1 is the harmonic average of precision (in
this case, percentage of cases with PSS≥2 if the classification is in the
highest category) and recall (1 - false negatives), and thus balances
these two measures. An F1 score reaches its best value at 1 and worst at
0.

3. Results and discussion

3.1. Poisoning severities related to product classification according to EU
DPD

For 169 cases the product's regulatory classification under EU DPD

could be retrieved. Nearly two thirds of the products (64%) were
classified as hazardous to the eyes: 44% as R41 (Risk of serious damage
to eyes) and 20% as R36 (Irritating to eyes). The remaining 36% of the
products were not classified (NC) for eye hazard. Following exposure,
4.7% of cases were asymptomatic, a clear majority (85%) led to minor
ocular symptoms, and 9.5% caused moderate ocular symptoms. One
accidental exposure in the study subset led to severe effects.

The poisoning severity of cases with respect to the EU DPD eye
hazard classification category is shown in Fig. 1.

Moderate or severe symptoms (one case) were reported in 15% of
the accidental exposures with products classified as R41. Of the pro-
ducts classified as R36, less exposures with moderate symptoms (9%)
were recorded. Of non-classified products, moderate symptoms were
seen in only 5% of the exposures. However, these differences were not
statistically significant (respectively p= 0.75 and p= 0.088 for R41 vs
R36 and for R41 vs NC).

Overall, the differences between the classification subgroups are
relatively small, with “minor” (PSS= 1) by far the predominant se-
verity score irrespective of the classification.

3.2. Poisoning severities related to product classification according to EU
CLP

For 185 cases, the EU CLP classification of the involved product
could be determined. The actual EU CLP classification was based on all
available data (including non-animal data, as well as bridging princi-
ples, weight-of-evidence and expert judgment), or the calculation
method when needed. Separately, the hypothetical EU CLP classifica-
tion when based only on the calculation method was also determined.
Under EU CLP (irrespective of the approach used), about 50% more
products are classified as hazardous for the eyes than under the EU
DPD. Based on actual EU CLP implementation, 52% of the products are
classified as Category 1 and 41% as Category 2, with only 7% of non-
classified products (compared to 36% under the EU DPD). Applying
only the calculation method under EU CLP, a clear majority (70%) of
the Category 2 products would be more severely classified - leading to
82% of products in Category 1, and only 12% remaining in Category 2.
Whilst application of the calculation method hardly impacts the pro-
portion of non-classified products (6.5%).

The overall distribution of severity scores of ocular effects of the EU
CLP case data set is nearly identical to the EU DPD subset. In the CLP
data set, there were 5.4% asymptomatic exposures, 85% cases with
minor symptoms, and 8.6% with moderate effects - in addition to one
accidental exposure with severe effects. Fig. 2 shows the poisoning
severities per classification group under the actual EU CLP im-
plementation. Fig. 3 shows this when only the calculation method is
applied.

The products classified as Category 1 under the actual EU CLP im-
plementation were associated with moderate or severe symptoms in
13% of the exposures. This is virtually identical to what was found for
the EU DPD R41 classification (p=0.83). This is not a surprise, because
the subgroup of products classified as Category 1 under EU CLP has a

Table 1
Assignment of reported ocular symptoms to Poisoning Severity Scores (PSS).

PSS score Symptom description

Asymptomatic (PSS=0) no symptoms observed
Minor (PSS=1) irritation, eye redness, burning eyes, pain in the eyes, (minor) sensation of foreign body, itching eyes, sensation of dry eyes, blinking, lacrimation,

swelling/mild palpebral edema, blurred or decreased vision, photophobia, eyelid secretion, minor eyelid corrosion, conjunctivitis; persistent crying,
uneasiness

Moderate (PSS= 2) intense irritation, severe foreign body sensation, blepharospasm, severe pain, purulent conjunctivitis, chemosis, erosion of conjunctival epithelium,
moderate conjunctival corrosion, erosion of corneal epithelium, punctate damage of the corneal epithelium, corrosive eye injury not further specified,
moderate corrosion

Severe (PSS=3) corneal ulcers (other than punctate), perforation, permanent damage, or any of the symptoms listed for PSS= 1 or PSS= 2 when healing had not
been achieved within 21 days after exposure
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large overlap with the EU DPD R41 subgroup. Among the larger
number of products that would fall in Category 1 based strictly on the
EU CLP calculation method, 11% caused moderate or severe symptoms
(not significantly different from the actual EU CLP approach, p= 0.55).

Of the products classified as Category 2 under EU CLP based on all
available data, only 5% caused moderate symptoms. This is less than
half of the 13% found for Category 1, but nevertheless not statistically
significant (p=0.12). Among the smaller number of products that
would be classified as Category 2 based on the EU CLP calculation
method, one exposure caused moderate symptoms (equivalent to 5%).

For the products not classified as hazardous to the eyes under EU
CLP (both approaches), all exposures were associated with minor
symptoms.

Importantly, as under the EU DPD scheme, symptoms were pre-
dominantly “minor” irrespective of the product classification under EU
CLP.

3.3. Classification as a predictor for severity of ocular effects in humans

The objective of chemical heath hazard classification is to identify,
describe and rank the intrinsic hazards of a substance or mixture.
Hazardous agents only lead to adverse health effects under specific
exposure conditions. To cause a health effect fully linked to the as-
signed hazard the exposure must be sufficiently high with respect to
dose, concentration and duration. For eye exposures this implies that
early eye irrigation may mitigate or even entirely prevent effects.

Consequently, not all accidental exposures to classified agents will
cause symptoms with a severity that is fully consistent with the hazard
classification.

Nevertheless, it can be expected that there should be a correlation
between the severity of the ocular effects observed in reality and the
level of classification. In other words, one may expect a higher fre-
quency of moderate or severe ocular effects (PSS≥2) with accidental
exposures to products that have a Category 1 (or R41 under EU DPD)
hazard classification.

3.3.1. Predictivity of medically relevant symptoms
From a public health point of view, accidental exposures leading to

no or minor symptoms are of a lower concern. The highest medical
relevance is with cases that have symptoms scored for moderate or high
severity. This is reflected by the ToxIndex (Desel, 2013), defined as the
percentage of cases leading to effects with PSS≥ 2. If classification is to
be predictive of such symptoms, the subgroup of products with the
highest classification level (i.e. R41/Category 1) should be associated
with the highest ToxIndex. In this respect, the EU DPD approach per-
formed marginally better than the actual EU CLP approach, which in
turn was better than the calculation method EU CLP approach (Table 2,
top row). One would also expect products with the lower classifications
(i.e. those either not classified or classified R36/Category 2) to be
linked with a lower percentage of PSS≥ 2 cases. In this respect, the EU
DPD approach had the poorest performance and the EU CLP calculation
method was the best (Table 2, bottom row).

Fig. 1. Number and proportion of cases per severity score, for products with different EU DPD classifications.

Fig. 2. Number and proportion of cases per severity score, for products with different EU CLP classifications, based on the actual EU CLP implementation.
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Overall, among the three methods, the actual EU CLP approach was
found to provide the best predictivity of “moderate or severe effects” -
as shown by all of the applied statistical metrics (Table 3). This as-
sessment was based on the EU DPD-subset, for which all three classi-
fication options were available (n= 169). Note that the predictive
power remains limited across all classification options: the vast ma-
jority of products with the highest classification (over 85%) did not lead
to symptoms beyond PSS=1.

Based on this same data set (n=169), Cooper descriptive statistics
are provided in Table 4. It should be noted that in the context of this
assessment, ‘false positives’ and ‘false negatives’ do not imply a wrong
classification, but are used to indicate that the classification did not
match the observed effects after accidental exposure. Thus, a Cat1 (or
R41) classification associated with effects of PSS≤ 1 would be counted
as a false positive, whereas a classification as NC or Cat2 (or R36) as-
sociated with effects of PSS≥2 would be seen as a false negative.
Whereas the EU DPD approach had the best concordance, its false ne-
gatives rate was the highest. In contrast, the EU CLP calculation method
led to a low false negatives rate. However, this came at the cost of very
high false positives and a poor overall concordance. The actual EU CLP
approach appeared to be the most balanced among the three options.
This is confirmed by the highest F1 score for this approach, closely
followed by the EU DPD, while the lowest F1 was determined for the EU
CLP calculation method.

3.3.2. Predictivity of symptoms severity (differentiation between none,
minor, moderate+severe)

In addition, an attempt was made to assess how well the classifi-
cation is predictive of overall severity of ocular symptoms - i.e. whether
non-classified corresponds with no symptoms, R36/Category 2 with
minor effects, and R41/Category 1 with moderate (or severe) effects.
For both EU CLP approaches, 100% of the exposures to non-classified
products resulted in only one class of effects (minor severity). This leads
to separation in the data, and as a consequence, unstable model effect
estimations. Hence, a p-value (using the Fisher's exact test) could not be
determined, and the Generalized Linear Model goodness of fit metrics
are not reliable in this situation.

3.3.3. Comparison of the different regulatory schemes
The observed differences in predictivity of the ocular symptoms’

severity may be explained by the effect of the different regulatory
schemes on product classification.

Under EU CLP (actual approach, based on all available data), 93%
of the products would be classified as hazardous for the eyes. This is
significantly higher than under the EU DPD where this is only 64%

Fig. 3. Number and proportion of cases per severity score, for products with different EU CLP classifications, based only on the calculation method.

Table 2
ToxIndex (i.e., percentage of cases with moderate or severe effects) per classi-
fication method.

EU DPD EU CLP actual EU CLP calculation

Cat1/R41 14.7% (11/75) 13.4% (13/97) 10.6% (16/151)
NC or Cat2/R36 6.4% (6/94) 4.5% (4/88) 2.9% (1/34)

Table 3
Statistical evaluation of predictivity of moderate or severe ocular effects by the classification.

Measure Direction EU DPD EU CLP actual EU CLP calc.

Fisher's Exact Test p-value Smaller is better 0.1205 0.0412 0.3171
Entropy RSquare Larger is better 0.0286 0.0431 0.0223
Generalized RSquare Larger is better 0.0386 0.0578 0.0302
Mean Abs Dev Smaller is better 0.1776 0.1761 0.1788
AICc Smaller is better 111.232 109.636 111.926
BIC Smaller is better 117.419 115.824 118.113
Mean -Log p Smaller is better 0.317 0.3123 0.3191
RMSE Smaller is better 0.298 0.2967 0.299

Table 4
Cooper descriptive statistics for predictivity of moderate or severe ocular effects
by the classification.

EU DPD EU CLP actual EU CLP calc.

NC or R36 R41 NC or Cat2 Cat1 NC or Cat2 Cat1

PSS≤ 1 88 64 77 75 30 122
PSS≥ 2 6 11 4 13 1 16
False negatives 35.3% 23.5% 5.9%
False positives 42.1% 49.3% 80.3%
Concordance 58.6% 53.3% 27.2%
F1 score 0.24 0.25 0.21
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(p < 0.0001). This is mainly because under EU CLP, 41% of the pro-
ducts are classified in Category 2 (Causes serious eye irritation) whereas
under EU DPD only 20% were classified as the equivalent R36 (sig-
nificant, p < 0.0001). On the other hand, the percentage of products
with the highest classification level (Category 1 respectively R41) was
not significantly different (52% under EU CLP, and 44% under EU DPD,
p=0.14).

The EU CLP calculation approach led to nearly the same proportion
of products classified for eye hazard as the actual EU CLP im-
plementation (93.5%, compared to 93%). However, using the calcula-
tion method, a significantly larger group of these products would be
considered as Category 1 (82% with the calculation method, compared
to 52% under actual EU CLP, p < 0.0001). In turn, this leads to a much
lower proportion of Category 2 products (12% rather than 41%,
p < 0.0001). The main effect of the calculation method under EU CLP
is a reduced differentiation between the two categories of eye irritants,
with a substantial subset of Category 2 products moving into the
Category 1 classification.

The link between the actual EU CLP and the EU DPD classification
approaches and the occurrence of medically relevant effects (PSS≥ 2)
in each of the classification subgroups, is shown in Fig. 4. The most
notable difference between the two approaches is that 56% of the
products classified as Category 2 under EU CLP, are not classified under
the EU DPD. The vast majority of the products in this situation (nearly
95%) had a PSS≤ 1. This explains why the EU DPD classification may
be perceived as more in line with the reported severity of ocular effects
overall. In contrast, 18% of the products classified as Category 1 under
EU CLP are non-classified or R36 under EU DPD. Of this product subset,
respectively 10% (for EU DPD non-classified) and 17% (for EU DPD
R36) led to PSS≥ 2. This percentage of moderate or severe effects is
higher than what is typically reported for the lower classification levels,
and thus points to a weakness of the EU DPD scheme in identifying all
of the potentially more hazardous products. This finding explains the
better predictivity of EU CLP (actual implementation) for ocular effects
with PSS≥ 2.

A similar comparison is made between the actual EU CLP im-
plementation and the hypothetical alternative based only on the EU
CLP calculation method, in Fig. 5. A large proportion (71%) of products
classified as Category 2 by the actual EU CLP implementation become
Category 1 when the calculation method is applied. Over one-third of
the products determined to be Category 1 by the calculation method are
in this situation. Only 6% of the exposures with these products led to
PSS≥ 2. This is much lower than the 13% of the products classified as
Category 1 under actual EU CLP, and similar to the 5% for the products
classified as Category 2 under actual EU CLP. The subset of products
that would be moved from Category 2 to Category 1 when applying the

EU CLP calculation method (instead of the actual approach), were as-
sociated with a severity profile that is more typical of Category 2 than
of Category 1. This explains the poorer predictivity of medically re-
levant effects by the EU CLP approach based purely on the calculation
method.

The above finding is in alignment with Cazelle et al. (2014) who
reported 100% over-predictions by the EU CLP calculation method for
22 non-Category 1 detergent products (as determined by either Draize
or LVET data). Further, Corvaro et al. (2017) found that among 85
agrochemical preparations that would be classified as Category 1 for
eye hazard according to the EU CLP calculation method, only 23 pro-
ducts (27%) were actually classified like this based on standard in vivo
test data. Hence, the high conservatism of the EU CLP calculation
method leads to over-classification. This has been observed both within
and outside of the detergents product category.

As a limitation of this study, it should be noted that in nearly all of
the cases (as mentioned by Färber et al., 2016) the eyes were irrigated
immediately after the accidental exposure. This is the recommended
first-aid treatment, and it is typically the spontaneous reaction most
people mention in case of an accidental eye exposure (Baert et al.,
2017). Immediate rinsing might have contributed to the overall lower
severity of the reported symptoms. Consequently, it might also have
reduced the differentiation in terms of severity between products in
different eye hazard classification groups.

4. Conclusion

The vast majority (approximately 90%) of the exposures within the
scope of the current study did not cause symptoms with worse than
minor severity. Also within the subgroup of products with the highest
hazard classification, irrespective of the applied classification scheme,
moderate or severe effects (with PSS≥ 2) were rarely incurred (less
than 15% of the exposures). This shows that, for a substantial propor-
tion of these products, the hazards suggested by the classification level
did not materialise following accidental exposure (likely mitigated by
immediate eye irrigation following the exposure in most cases).
Consequently, none of the classification schemes showed the highest
category of regulatory classification to be a good predictor of moderate
to high severity effects following accidental exposure.

This paper evaluates the predictivity of actual reported eye effects
by the regulatory hazard classification. The actual reported severity is
not only driven by the intrinsic hazard but also by the amount and
duration of exposure, and by the mitigating action (i.e. rinsing) typi-
cally occurring quickly after exposure. It is acknowledged that the ha-
zard classification aims to capture the intrinsic hazard “in isolation”
without considering exposure or mitigation. Thus, one may argue that

Fig. 4. Classification and severity - EU DPD versus EU CLP (actual). Left: number of cases with the different EU DPD classifications, for each EU CLP classification
subgroup. Right: ToxIndex (i.e., percentage of cases with PSS≥2).
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both aspects are not directly comparable. Nevertheless, because hazard
communication on consumer product labels is mainly determined by
the regulatory classification, it is of practical relevance that there be a
correlation between the two.

Intuitively, the EU DPD scheme, under which a larger proportion of
products are non-classified, corresponds best with the observation that
most products only caused minor (or no) symptoms. However, the ac-
tual EU CLP approach (i.e. based on all available data, including brid-
ging, weight-of-evidence and expert judgment - or based on the calcu-
lation method in absence of any such data) was found to be the most
predictive for symptoms with PSS≥2 (moderate, or very sporadically
severe effects). Indeed, the subset of products that were classified as
R36 or non-classified under EU DPD, but that would be classified as
Category 1 under EU CLP, had a severity profile more in line with the
Category 1 subset. In addition, for the EU DPD approach, 5% of the non-
classified products were involved with moderate symptoms.

When only applying the calculation approach under EU CLP, a much
larger proportion of products would be classified for serious eye da-
mage Category 1 (82% rather than 52%). Thus, the EU CLP calculation
approach led to a poorer differentiation between products, as demon-
strated by the high percentage of Category 1 products associated with
only minor (or no) symptoms. This suggests that EU CLP's calculation
approach can overestimate the hazard for several more products than
the actual EU CLP classification approach - and thus, could result in
over-classification of products. While this is in line with the precau-
tionary principle, the limited realism of the calculation method has to
be taken into account when evaluating actual risk. Indeed, the subset of
products that would be classified as Category 1 by the calculation
method but only as Category 2 based the actual EU CLP approach, had a
severity profile in line with the Category 2 subset. These findings sup-
port the classification hierarchy under CLP, where actual data and
weight-of-evidence are to be considered as primary evidence to de-
termine the classification, and the calculation method should only be
used as a fallback option.

The actual EU CLP approach (based on all available data, including
bridging, weight-of-evidence and expert judgment) provided the better
predictivity for medically relevant ocular effects (i.e. with PSS≥2).
Nevertheless, this predictivity was relatively poor - with only 13% of
the Category 1 products in this study actually associated with effects of
a moderate (or worse) severity. It should be noted that this observation
may be driven by the fact that UN GHS/EU CLP eye hazard classifica-
tion is intrinsically based on the Draize test - which was found to be not
representative of effects in humans (Roggeband et al., 2000). The low

predictivity is also caused by the fundamental difference between the
intrinsic hazard (as identified by the classification) and how this hazard
materializes in actual effects (as observed after accidental exposures,
driven by hazard, exposure conditions and mitigation - especially the
immediate rinsing of the eyes after exposure).

The reported human evidence regarding severity of eye effects
caused by existing products may be a valuable element as supporting
evidence in the classification of specific products as “Eye Irritant
Category 2” or “Not Classified” when using expert judgment and
weight-of-evidence.
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