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Abstract The Globally Harmonized System (GHS) for chemical safety assessment uses hazard statement
codes (H-codes) to standardize the classification of chemical hazards. H-codes are primarily determined based
on data obtained from human or animal experiments; therefore, there are limitations in the rapid assessment
of new chemicals and the application of alternative testing methods to assign H codes. To overcome these
limitations, this study proposes a Quantitative Structure-Activity Relationship (QSAR) model approach for
assigning H-codes. Based on a chemical's molecular structure, the QSAR model predicts chemical toxicity.
Although QSAR models offer a low-cost, high-efficiency way to assess the hazards of a large number of
chemicals, they restricted by predictive uncertainty and limited applicability domain. Therefore, this study
explores an approach based on reliable predictions by excluding results that fall outside the QSAR model's
applicability domain. This research introduces an algorithm that integrates QSAR predictions with GHS classification
criteria to derive H-codes. Through the exclusion of certain H-codes that are difficult to determine with prediction
values alone according to the definition of the endpoint, this analysis specifically focused on a limited set of
H-codes that can be obtained through the QSAR model. When this algorithm was applied to the active
ingredients of two pesticides (Novaluron and Docusate) with sparse hazard information, Novaluron showed
that the QSAR-derived H-code was consistent with its actual H-code. In case of Docusate, a potential hazard
was predicted by the model; however, no toxicity evidence was found in the PubChem database. This
outcome demonstrates both the utility and the inherent limitations of QSAR predictions.
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Table 1. List of QSAR models available in VEGA with endpoints required for registration

Endpoint category Endpoint Models Descriptions
Ames test 6 Salmonella typhimurium
L . .. Chromosomal aberration 1 Chinese hamsters
Mutagenicity, Carcinogenicity . .. . .
Micronucleus activity 2 in vitro / in vivo
Carcinogenicity 10 Oral / inhalation
Acute toxicity LDs, Rat
Developmental/reproductive Toxicity 2 Homo sapiens
Developmental toxicity Zebrafish embryo ACs, 1 Danio rerio
Binding assa 6 Endocrine disruptor, Estrogen receptor,
g assay Androgen receptor, Thyroid receptor
Sensitization Skin sensitization 6 CBA mice
Irritation Skin/eye irritation 6 No QMRF documents were found
Chronic toxicity NOAEL 2 Tested in rat or other rodents
(repeated toxicity) LOAEL 1 Q No QMRF documents were found
Bioaccumulation BCF 4 Fish (Oncorhynchus mykiss, Cyprinos Carpio,
and salmonids)
Acute daphnia toxicity ECs 4 Daphnia Magna
Chronic daphnia toxicity NOEC 1 Daphnia Magna
Guppy (Poecilia reticulata), rainbow trout,
Acute fish toxicity LCs 8 fathead minnow (pimephales promelas),
Medaka (Oryzias latipes)
Chronic fish toxicity NOEC 1 Medaka (Oryzias latipes)
Acute algae toxicity ECs 3 Rhapidocelis subcapitata
Chronic algae toxicity NOEC 1 Rhapidocelis subcapitata
Partition coefficient Octanol/water 3 logP
Solubility Water 1 -LOG¢(mol/L)
. . Ready biodegradability 1 OECD 301C modified MITI (I) Test
Biodegradability . .
Hydrolysis as a function of pH 1 OECD 111
Applicability domain analysis
1. Experimental measurement
2. High reliable prediction
Hazards to human
H code
/////// _— \\\\\\\7 S B
Skin sensitization Mutagenesis, Chromosomal Carcinogenicity Developmental toxicity,
H317 aberration, H351 Estrogen receptor,
in vitro/in vivo micronucleus Androgen receptor
Positive H341 Positive H361
Positive Positive

Fig. 1. Algorithm to derive human hazard H code. Only four H codes can be reliably obtained from QSAR predictions such as skin
sensitization (H317), mutagenicity (H341), carcinogenicity (H351), and developmental toxicity (H361).
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QSAR prediction

. Experimental measurement
2. High reliable prediction

L Applicability domain analysis ‘
1

|

]

Hazards to environment
H code

]\\Qmit: mg/L)

H400 (endpoint < 1mg/L)
Fish, Fathead Minnow, Guppy LCs, (96hr)

Negative

Biodegradability

Daphnia Magna ECs, (48hr)
Algae ErCs, (72 hr)

Fish, Daphnia Magna, Algae
H410: NOEC < 0.1
H411: 0.1 <NOEC < 1
H413: logP > 4 |
{Log(BCF) > 2.7 or \

NOEC < 1mg/L}

Fish, Daphnia Magna, Algae
H410: NOEC < 0.01
H411:0.01 <NOEC < 0.1
H412: 0.1 <NOEC <1

\Not available

Log(BCF) > 2.7 or logP > 4
Fish, Daphnia Magna, Algae
H410: LCsp, ECsg, ErCsp < 1
H411: 1 < LCs, ECsp, ErCsy < 10
H412: 10 < LCs, ECsp, ErCsy < 100

Fig. 2. Algorithm to derive environmental hazard H code. In total, five H codes were can be obtained from QSAR predictions such as

H400, H410, H411, H412, and H413.
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In-domain vs Out-of-domain

100
B In-domain Mean

I Out-of-domain Mean
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Endpoint

Fig. 3. Applicability domain analysis results on the collected molecules. Toxicity information of the compounds in the dataset was
not available in public database. These molecules were also absent in the QSAR model training dataset; therefore, most of the
molecules were out of the applicability domain.

Table 2. Human hazard H code for each endpoint and possibility of using QSAR predictions to derive H codes

Endpoint H code Possibility O/X (description)
Oral acute toxicity H300, H301, H302, H303 (0]
Aspiration hazard H304, H305 X (Human data required)
Acute dermal toxicity H310, H311, H312 X (No model available due to lack of data)
Skin corrosion/irritation H314, H315 X (Detailed information required such as se_verity of
damage, exposure, exposure time, observation time)
Skin sensitization H317 O (QSAR model based on OECD TG429 data required)
Eye corrosion/irritation H318, H319, H320 X (Detailed 1nforrpat10n on the number of affected ani-
mals and the severity of damage)
Acute inhalation toxicity H330, H331, H332 X (No model available due to lack of data)
. e H334, H335 (Respiratory irritation), .
Respiratory sensitization H336 (Anesthetic effect) X (No model available due to lack of data)
.. H340 Unfeasible (epidemiological survey and germ cell
Germ cell mutagenicity H340, H341 data required), H341 feasible with somatic cell data
Carcinogenicity H350, H351 H_350 Unfeas1ble (human data required), H351 Feasible
with animal data
H360 Unfeasible (human data required), H361 Feasible
Reproductive toxicity H360, H361, H362 with animal data,
H362 Unfeasible (first- and second-generation data required)
Specific target organ toxicity H370, H371, H372, H373 X (human data and the number of exposures required)
Water solubility H413
Octanol/water partition coefficient
Biodegradability
Hydrolysis

: . . . O (Acute and chronic aquatic toxicity)
Bioaccumulation (aquatic species) H410, H411, H412, H413

Algae (acute, chronic)
Daphnia (acute, chronic)
Fish (acute, chronic)
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Molecular structure of pesticides
(Name of pesticide and CAS No.)

£
!

H-code (PubChem) | Predicted H-code

NH :
o

Novaluron (116714-46-6)

H400, H410 H400, H410

o— =0 9

No evidence H351, H361

Docusate (10041-19-7)

Fig. 4. H code prediction results on two pesticides. In case of
Novaluron, available H codes from PubChem were matched
with the predicted H codes. On the contrary, predicted H codes
for Docusate cannot be evaluated due to absence of evidence
on human hazard according to PubChem.
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