
Question Answering For
Toxicological Information Extraction
Bruno Carlos Luís Ferreira #

DEI, CISUC, University of Coimbra, Portugal

Hugo Gonçalo Oliveira #

DEI, CISUC, University of Coimbra, Portugal

Hugo Amaro #

LIS, Instituto Pedro Nunes, Portugal

Ângela Laranjeiro #

Cosmedesk, Coimbra, Portugal

Catarina Silva #

DEI, CISUC, University of Coimbra, Portugal

Abstract
Working with large amounts of text data has become hectic and time-consuming. In order to reduce
human effort, costs, and make the process more efficient, companies and organizations resort to
intelligent algorithms to automate and assist the manual work. This problem is also present in
the field of toxicological analysis of chemical substances, where information needs to be searched
from multiple documents. That said, we propose an approach that relies on Question Answering
for acquiring information from unstructured data, in our case, English PDF documents containing
information about physicochemical and toxicological properties of chemical substances. Experimental
results confirm that our approach achieves promising results which can be applicable in the business
scenario, especially if further revised by humans.
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1 Introduction

With the increasing volume of available data, companies need to develop processes for mining
information that may be essential for their business. Unfortunately, much of this information
is not present in structured databases, but rather in unstructured or semi-structured texts.
In many cases, humans are capable of doing this process, however, it can take a long time to
complete. Information Extraction (IE) emerges as a solution to deal with this problem [4].

In real business scenarios, document processing typically focuses on narrow and specific
topics rather than general and wide domains. In such scenarios, annotated data, categorized
and labeled for Artificial Intelligence (AI) applications, and thus ready for supervised learning
approaches, is very limited, and the annotation process is still a challenging task, due to the
required time and logistics.
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3:2 Question Answering For Toxicological Information Extraction

In our case study, the problem in question emerged from the necessity of optimising the
time it takes to elaborate the toxicological profile of a chemical substance. Currently, the
process consists of a human searching for information about the chemical substance and
preparing a report with all the relevant information, i.e., physicochemical and toxicological
properties. The research resorts to different types of databases, including some where data is
structured (e.g., websites) and where data is unstructured (e.g., PDFs, specific papers).

Reviews and reports on toxicological profiles, available in PDF, contain much information
written by human experts in an unstructured format, i.e. natural language (English). This
includes relevant information, such as physicochemical and toxicological information about
substances, which currently needs to be manually extracted for further comparison with the
other sources, e.g., for cross validation. This is typically a time-consuming and labor-intensive
process.

We address the problem of extracting toxicological information from those PDFs by using
state-of-the-art Transformer models fine-tuned for Extractive Question Answering (QA).
The key of our approach is to ask useful questions in order to extract relevant information
about toxicological properties given paragraphs from the PDFs.

We next review related work, and describe the task and data preparation. We introduce
and elaborate our approach in Section 3, report on some experiments, including preliminary
results, in Section 4 and we finally draw conclusions in Section 5.

2 Related Work

Information Extraction from text is an important task of Natural Language Processing (NLP),
that converts unstructured documents to structured data. There are two main methods
for this: rule-based and supervised machine learning. Rule-based methods typically rely on
handcrafted textual and linguistic patterns that commonly transmit the entities and relations
to extract. In contrast, supervised machine learning exploits features to train a classifier that
can distinguish extracted information, either for labelling the sequence of words [13] or for
generating entities and relations from it [3].

As supervised machine learning techniques require manually labeled training data, which
is one of the major drawbacks of these techniques, unsupervised IE techniques emerged.
These techniques extract entity mentions from the text, clusters the similar entities and
identify relations [6]. Researchers have introduced Open Information Extraction (OpenIE),
an unsupervised machine learning technique, which is a relation-independent paradigm that
extracts a large set of relational tuples in an open-domain paradigm [1]. However, given that
is an unsupervised method, OpenIE has no idea about the types of entities and relations
extracted, so the usage of other knowledge bases from external sources is necessary in order
to learn the relations in a corpus [1], a drawback of OpenIE.

Great advances taken in the state of the art in 2017 with the introduction of the Trans-
former neural networks [14] and the consequent emergence of neural language models (LMs),
like BERT [5], RoBERTa [9], ELECTRA [2], which can be fine-tuned for a broad range of
NLP tasks.

An alternative to the previous approaches for IE, especially when lacking training data,
is to formulate IE as a Question Answering problem, using transformer models fine-tuned for
this task. In order to do so, other researchers [11, 10, 7] acquired a pre-defined list of required
information and represented it as key phrases, e.g., “Name of institution” or “Deadline for
bidding” [10]. Using the pre-defined key phrases, they can be considered as a question, or
part of one, the input document can be treated as the context and the extracted information
from a document can be considered as an answer.
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3 Our Approach

Within the broad space of business documents, as mentioned in Section 1, we were faced
with the challenge of accelerating the process of filling toxicological reports, so we focused on
one specific type of documents: studies of individual chemical substances. Our objective is
to extract specific properties (information) from those studies (input documents).

However, given an input document, there are multiple pages, multiple paragraphs and
multiple phrases that contain information, regarding physicochemical and toxicological
properties of chemical substances. Simply providing the complete document to the LMs
is a problem because the LMs used are limited in the size of the context. To tackle that
problem we decided to do divide the documents into sections, where each section contains
the information regarding a specific property of the chemical substance.

Based in our objective and restriction our approach follows two main steps:
1. Identify the section of the document about a specific property.
2. Get the information for that property by asking a question to the model, using the

previously identified section as context.

3.1 Information Pre-processing
The pre-processing process consists of dividing the input document into sections, where each
section contains the information regarding a specific property of the chemical substance.
That way, we minimize the context given to the LMs, eliminating noise, i.e. parts of the
document not relevant for each property.

As a visual example, in Figure 1 we have the properties A and B where the property A
has information in section Blue and Red and property B has information in section Yellow.
It is not necessary to search for information regarding property B in all the three sections,
only in section Yellow.

Figure 1 Graphical example of the pre-processing process.

In our approach, the division of the document in sections is based on the Table of Contents
(TOC) that the document has. This process is similar to that of a human when navigating
and searching the document using the Index/TOC. It is possible to use the TOC as the
reference point for the division of the document into sections because one is commonly
present in the reports of toxicological profiles we have been using.

The input PDF documents were converted to text with the pdfplumber1 parser, and,
combined with Regular Expressions, we could obtain the TOC of the document. The usage
of the TOC allows us to find the start and the end of each section, i.e., by considering the

1 https://github.com/jsvine/pdfplumber
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number and title of the sections, where the start corresponds to the section title obtained in
the obtained TOC and the end of the section is the starting of the next section with the
same hierarchical level. Figure 2 represents the pre-processing process, where the information
obtained from the TOC (Figure 2a) help us divide the document into sections (Figure 2b).

(a) Table of contents of document with sections
visually indicated.

(b) Page of document with sections visually divided.

Figure 2 Example of the pre-processing process in a document.

Being able to divide the input document into sections allows us to increase the performance
and reduces the noise because, by limiting the context that we provide to the LMs, we can
guarantee that the answers obtained are connected to the substance’s property information.

3.2 QA for IE
Having the context defined, we can use the QA models for extracting information. In
order to do so, we need to identify and set questions related to the context and to the
information that we want to obtain. For this task, we can explore available Transformer
models fine-tuned in the The Stanford Question Answering Dataset [12] (SQuAD), which
includes paragraphs (contexts), questions about them, and extracted answers. SQuAD has
two versions, 1.1 and 2.0. The main difference between them is that version 1.1 contains
100,000+ question-answer pairs on 500+ contexts, while version 2.0 combines the 100,000
questions in SQuAD 1.1 with over 50,000 unanswerable questions written adversarially by
crowdworkers to look similar to answerable ones. This means that models trained with
SQuAD 2.0 not only answer questions when possible, but can also determine when no answer
is possible from the given paragraph and abstain from answering [12].
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As SQuAD uses the Six W’s (Who, What, When, Where, Why and How) in the formulation
of the questions, we also need to create questions of this kind, regarding each information that
we want to extract. For example, in the sentence present in one of the PDF documents used,
“Eye irritation potential of shampoo in rabbit eyes was not increased by the incorporation of
ZPT” we want to obtain the species that the test applies to, so we can formulate a question
as “What is the species?”. Given the sentence (as the context) and the question, we hope to
obtain from the QA models the right answer, in this case, “rabbit”.

After the pre-processing step, we can give to the QA models each section of the document
that corresponds to a specific property of a substance as context. In order to optimize our
approach, we need to create the right set of questions per section.

4 Experiments

We focus our experiments in one source of studies of individual chemical substances: Scientific
Committee on Consumer Safety (SCCS) Opinions2. For experimentation purposes, we focus on
a subset of 60 documents, issued by the Committee3, dated from April 2016 to December 2021.
Our objective is to extract relevant information about certain toxicological properties of
substances. Table 1 shows a sample of relevant information about the target toxicological
properties for this case study.

Table 1 Substances properties information.

Substance Property Information to Extract
Repeated Dose Toxicity NOAEL4 value
Acute Toxicity Species used in study; OECD5 Guideline used; Exposure route
Irritation Species used in study; OECD Guideline used; Exposure route
Mutagenicity OECD Guideline used; Classification
Skin Sensitization OECD Guideline used; Classification; Concentration used in study
Carcinogenicity Species used in study; OECD Guideline used; Classification
Photo-induced Toxicity OECD Guideline used; Classification
Reproductive Toxicity Species used in study; OECD Guideline used; Classification

4.1 Setup
The source documents were pre-processed (see Section 3.1) and a set of questions was
formulated for each information to extract (see Table 2). In this case study, all the questions
start with “what” because, by trial and error, we noticed that relevant information was
frequently obtained with questions like “what is the [specific information to extract] ?”.

In our experiments we tested the set of questions in three different QA models, all
available from the Huggingface Transformers hub, and usable from the transformers library6:
BERT-base-cased-squad2 7, RoBERTa-base-squad2 8 and BioBERT-v1.1-pubmed-squad-v2 9.

2 https://ec.europa.eu/health/scientific-committees/scientific-committee-consumer-safety-
sccs/sccs-opinions_en

3 https://ec.europa.eu/health/scientific-committees/former-scientific-committees/
scientific-committee-consumer-safety-2016-2021/sccs-opinions-2016-2021_en

4 No Observed Adverse Effect Level
5 Organisation for Economic Co-operation and Development
6 https://huggingface.co/
7 https://huggingface.co/deepset/bert-base-cased-squad2
8 https://huggingface.co/deepset/roberta-base-squad2
9 https://huggingface.co/ktrapeznikov/biobert_v1.1_pubmed_squad_v2
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Table 2 Example of set of questions per property tested.

Substance Property Questions
Repeated Dose Toxicity What is the NOAEL value?
Acute Toxicity What is the guideline?;What is the species?
Irritation What is the guideline?;What is the species?
Mutagenicity What is the Guideline?;What is the conclusion?
Skin Sensitization What is the Guideline?;What is the conclusion?;What is the concentration?
Carcinogenicity What is the species?;What is the Guideline?;What is the conclusion?
Photo-induced Toxicity What is the Guideline?;What is the conclusion?
Reproductive Toxicity What is the Guideline?;What is the species?;What is the conclusion?

Although all the models are Transformers, they also have their differences, at the
architecture level or at the pre-train level, that have impact in the results. BERT is the basic
model fine-tuned for QA. When released, it achieved state-of-the-art performance in many
NLP tasks, including QA [10]. RoBERTa builds on BERT and modifies key hyperparameters,
removing the next-sentence pre-training objective and training with much larger mini-
batches and learning rates10. BioBERT is a domain-specific language representation model,
pre-trained on large-scale biomedical corpora that, while having the same architecture,
outperforms BERT in a variety of biomedical text mining tasks [8].

We provided the QA models with:
1. The sections of the document that contain information about each specific substance

property as context.
2. The set of questions that we defined specifically for each substance property.

As a result, we expected to extract relevant information about each substance property.

4.2 Evaluation metrics

In order to achieve a quantitative evaluation of our experiments, a confusion matrix was
built with the number of True Positives (TP), False Positives (FP), False Negatives (FN)
and True Negatives (TN). In the context of this work, those are defined as:

TP: There is information in the document to be extracted and the information extracted
is correct;
FP: There is no information in the document to be extracted but there is some information
extracted or there is information in the document to be extracted but the information
extracted is not correct;
FN: There is information in the document to be extracted but there is no information
extracted;
TN: There is no information in the document to be extracted and there is no information
extracted;

The extracted outputs were matched to ground-truth data, i.e. the extracted information
was manually compared with the information present in each document tested. Using
the outcomes, we calculated the precision, recall, and F1 score in order to evaluate the
performance of our experiments.

10 https://huggingface.co/docs/transformers/model_doc/roberta (March 2022)

https://huggingface.co/docs/transformers/model_doc/roberta
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4.3 Combination Process
We can use the models individually or, to take full advantage of them, we can aggregate
the answers obtained from each. The combination process consists of using an answer, i.e.
information extracted, if the same or similar answer was given as an output from at least
two of three models, as shown in the example of Table 3. At the point of this evaluation
the combination process was done manually despite the development of the process having
already started using text similarity measures.

Table 3 Visual example of combination process.

Original text excerpt
Guideline: OECD TG 429 Skin Sensitization: Local Lymph Node Assay 24 th April 2002
Species/strain: female CBA/J mice
Group size: 4 mice per group, 20 animals per experiment, 2 independent experiments
Batch: R0060245B 002 L 002
Concentration: 0.1, 1 and 10 %
Study period: 13 June – 12 September 2008
The test item was not soluble in any of the recommended vehicles. However, a homogeneous suspension was
obtained at the maximum tested concentrations of 10% and 15%, with propylene glycol, after sonication for
10 minutes. Therefore propylene glycol was selected as vehicle. On days 1, 2 and 3 of each experiment, a
dose-volume of 25 µL of the control or dosage form preparations was applied to the dorsal surface of both ears.
On day 6 of each experiment, all animals of all groups received a single intravenous injection of 20 µCi of 3H-TdR.
SCCS comment
Based on this LLNA study in which a maximum concentration of 15% was used, A164 is considered not to
have skin sensitising potential.

What is the Guideline? What is the conclusion? What is the concentration?
BERT OECD TG 429 0. 1, 1 and 10 %

BioBERT

Skin Sensitization : Local Lymph
Node Assay

Skin Sensitization : Local Lymph
Node Assay

0. 1, 1 and 10 %

not to have skin sensitising poten-
tial

25 µL

RoBERTa

OECD TG 429 The test item was not soluble in
any of the recommended vehicles
A164 is considered not to have
skin sensitising potential

Combo OECD TG 429 A164 is considered not to have
skin sensitising potential

0. 1, 1 and 10 %

4.4 Results and Discussion
From the 60 documents gathered, 10 were randomly selected for testing our approach. The
pre-processing process worked as planned and we were able to find each section regarding
each property in the documents without faults in the process. From the 10 documents, the
average section size was 899 tokens, the minimum size was 27 and the maximum of 4860
tokens.

We report the performance of each QA model in Table 4, individually, and in Table 5, after
the combination process. Both tables also include the micro average, where all the outcomes
are taken into account, in order to deliver a fair general evaluation of model performances.
For this evaluation the information extracted was not verified by the expert that currently
gathers the information manually despite direct contact throughout the development.

By first analysing each QA model individually (Table 4) we were able to understand that
some optimizations can be developed even though some strong results were obtained. In
some cases the precision and the recall were perfect, which can be due to the disposition of
the information in the document, i.e., better results can be achieved if the information is
present in bullet points than if it is in the middle of the sentences. In terms of optimisation,
we used the same set of questions for each model and there are some performance gains if we
use each model in its strong points. For example, BioBERT, pre-trained in biomedical data,

SLATE 2022
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Table 4 Individual evaluation of QA models on SCCS documents.

BERT BioBERT RoBERTa
F1 P R F1 P R F1 P R

Acute Toxicity Information 0.77 0.87 0.70 0.74 0.59 1.00 1.00 1.00 1.00
Irritation Information 0.68 0.76 0.61 0.76 0.61 1.00 0.85 0.85 0.85
Skin Sensitisation Information 0.86 0.82 0.92 0.72 0.56 1.00 0.85 0.84 0.87
Mutagenicity Information 0.67 0.53 0.92 0.57 0.40 1.00 0.71 0.55 1.00
Carcinogenicity Information 0.84 0.78 0.91 0.66 0.50 1.00 0.58 0.43 0.90
Photo-induced Toxicity Information 0.44 0.40 0.50 0.58 0.41 1.00 0.54 0.37 1.00
Reproductive Toxicity Information 0.80 0.66 1.00 0.70 0.54 1.00 0.73 0.57 1.00
Repeated Dose Toxicity Information 1.00 1.00 1.00 0.80 0.66 1.00 1.00 1.00 1.00
Micro Average 0.76 0.68 0.85 0.64 0.48 1.00 0.76 0.65 0.94

Table 5 Approach evaluation on SCCS documents.

BERT + BioBERT + RoBERTa
F1 Precision Recall

Acute Toxicity Information 1.00 1.00 1.00
Irritation Information 0.89 0.96 0.83
Skin Sensitisation Information 0.96 0.96 0.96
Mutagenicity Information 0.78 0.65 0.96
Carcinogenicity Information 0.84 0.80 0.88
Photo-induced Toxicity Information 0.75 0.60 1.00
Reproductive Toxicity Information 0.85 0.74 1.00
Repeated Dose Toxicity Information 1.00 1.00 1.00
Micro Average 0.87 0.82 0.93

was the best model for acquiring the names of species, but the worst for identifying guidelines.
Even in terms of time, there are gains if we just use the BioBERT for identification of the
species and nothing else.

Also regarding evaluation, the definition of each outcome, i.e. TP or FP, is subjective for
some information Some can be a quantitative value (e.g.,“357 mg/kg bw/day”) or a species
name (e.g., “Rat / F344 / DuCrlCrlj”), where it is easy to define if the extracted value is a
TP or a FP, but sometimes, the extracted information is a short sentence (e.g., “There was
no evidence of carcinogenic activity”), which is subject to human interpretation.

By analysing Table 5, we confirm that there are gains when the models are combined,
both in terms of precision and recall, when compared with the individual models results. In
general, and despite the limited set of questions, we can affirm our approach obtained solid
results. Still, in the future, we can experiment with more and different questions, in order to
achieve better performances.

Overall, we would characterize our approach and experiments as an important step into
extracting information from unstructured documents. In our point of view, this means
that, although the human cannot be replaced, our approach can supply them with a set of
extracted information that the they can: (i) accept as is, (ii) change or complement minimally
or (iii) use as the starting point of a more thorough search.
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5 Conclusions

In this paper we treat Information Extraction as a Question Answering problem and propose
an approach that, with limited data, can be a solution for the former. To do that, we
take advantage of state-of-the-art extractive QA models. We conducted experiments and
analysis on one source of studies of individual chemical substances, and the results obtained
are promising, although performance gains can be achieved with some optimizations, in
particular, achieving the right set of questions to use with each QA model.

In the future, we will work on generalizing this approach for documents where the TOC is
not available, which will enable its application to different sources of information on chemical
substances (other than SCCS); on automating the combination and evaluation processes,
where text similarity measures like ROUGE can be considered; and involve the expert in the
final evaluation of the results. We plan to make this approach available through a REST
API, which will provide an easier integration with applications like cosmetics regulatory
software, and also consider the application of this approach to other domains.
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