TEXT-WATER: Annotation

of Textual Data for
Exposure to Emerging
Water Contaminants

Kei-Hoi Cheung, PhD

Department of Biomedical
Informatics and Data Science

Yale University School of Medicine



idd Research Center
ohtaminants: Investigating
)osur s;qi'nd Health Risks

L r_Eme'rg'ing WwWa
#{ »and Mitigating E
R =+ |
Elucidate the mechanism(s) associated with 1,4-DX liver toxicity and
carcinogenesis in mouse and zebrafish models.

Examine the health effects and biomarkers of exposure to 1,4-DX in

animals and humans.

Create highly sensitive and selective electrochemical sensors for on-
site, real-time detection of 1,4-DX.

Develop innovative advanced oxidation processes for mitigation
technology.




Background

« Water contamination is one of the biggest public health concerns.

* A quarter of the global population (2 billion people) have unsafe
drinking water sources

* Chemical contamination of drinking water can lead to a wide
range of chronic adverse health impacts including cancer and
developmental, neurological and reproductive damages

* Only a handful of such chemicals have been extensively
evaluated regarding human exposures and health impacts



Water Contaminants of Emerging Concern

* A broad and increasing variety of chemical compounds have been
discovered as major water contaminants are known as emerging
contaminants (ECs)

* These ECs originate from personal care products, pesticides,
pharmaceuticals, plastics, industrial processes, and a numerous array
of emissions to the environment

* According to the US Environmental Protection Agency, “contaminant of
emerging concern” is designated to compounds of which (i) the risk to
human health and the environment is not fully understood, and (ii)
drinking water standards have not been developed.

* The lack of regulatory oversight and uncertainty in the exposure and
health data make ECs a major environmental and public health concern.
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Mining the Literature to Extract EC Exposure Data

* There is a paucity of knowledge on emergent water
contaminants in terms of their occurrence and exposure.

« Data-driven environmental health sciences (EHS) research
brings hope to fill this knowledge gap

* There is a growing body of literature related to EC exposure

 We propose to use natural language processing (NLP) methods
to extract EC-related exposure data from the literature
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Named Entity Recognition (NER)

- Named Entity Recognition (NER) is a task in natural language
processing (NLP) that involves identifying and classifying
named entities in text into predefined categories (e.g., drug,
disease, and geographical locations)

* NER is a key step in turning unstructured textual data into
structured data that are more computer-friendly



Approaches to NER

* Dictionary-based matching

* Rule-based approach

 Machine Learning (e.g., Linear Regression Model)
* Deep Learning (e.g., Artificial Neural Network)

- Large Language Model or LLM (e.g., ChatGPT)
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MeSH Indexing as Low-Hanging Fruit

 Many PubMed articles have been indexed with MeSH (Medical
Subject Headings) terms

* It facilitates concept-based retrieval of articles
* MeSH indexing was done by human indexers for many decades

* It was transitioned to automated indexing in 2022 (Medical Text
Indexer-NeXt Generation or MTIX)

 MTIX was trained on millions of MEDLINE citations published
between 2007 and 2022.

 Human curators review selected sets of automatically indexed
citations and make necessary corrections (fine-tuning the model)
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CONCEPT 1: CONTAMINANT

CONCEPT 2: DETECTION CONCEPT 3: RECENT

("contaminant*” OR "substance" OR
"compound*®” OR "chemical*" OR
"pathogen"” OR "micro organism"” OR
“microorganism” OR “infectious
disease” OR "virus" OR “viri" OR
"bacter*” OR "protoz*" OR
"component” OR "agent" OR
“metabolite” OR "transformation
products” OR “"pollutant*” OR
“nanoparticle*”)

AND

AND

("analys*" OR "detect*" OR
"determinat*” OR

("recent” OR "novel”
OR "late*" OR

"monitor*” OR "occur*" OR "new” OR
"screen*" OR "surveill*" OR “emerging” OR
“test*" OR "sensor*" OR “first”)
“report*” OR "prevalence"
OR "identif*")

AND

Use of literature mining for early

identification of emerging contaminants in

freshwater resources

Julia Hartmann B, Susanne Wuijts, Jan Peter van der Hoek & Ana Maria de Roda

Husman

Environmental Evidence 8, Article number: 33 (2019) ‘ Cite this article

CONCEPT 4: AQUATIC ENVIRONMENT

( "effluent®*" OR "surface water” OR "surfacewater" OR
"river*" OR "lake*®" OR "storm water" OR "stormwater" OR
"stream®” OR "process water" OR "processwater” OR
"treated water” OR "treatedwater” OR "tap water" OR
"tapwater” OR "drinking water” OR "drinkingwater” OR
"potable water” OR "potablewater” OR "ground water” OR
"groundwater” OR "fresh water” OR "freshwater” OR "river*"
OR "aquatic environment” OR "aquifer*” OR "sewage®" OR
"waste water" OR "wastewater” OR "rain*" OR "water borne"
OR "waterborne” OR "catchment” OR "water related” OR
"waterrelated” AND NOT "rainforest”)
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Drawbacks of MeSH

 Not all articles have been indexed with MeSH

 MeSH may not be comprehensive enough (e.g., insufficient
coverage of metabolites and genes)

* |t does not cover new or emerging topics such as exposure to
emerging contaminants

* Proposed solution:

* Incorporate more ontologies including those that are relevant to the
environmental exposure domain

* Use LLM to aid in the process of mapping free text to ontology terms
* Use ontologies to guide LLM’s question answering
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* Python to develop the pipeline

* Gemini’s APl to summarize abstracts into sections based on the
types of entities of our interest (e.g., chemicals, species,
diseases, anatomical regions, and geographical locations)

- BioPortal Annotator to map abstract text to the following
ontologies: CHEBI, NCBITaxon, and DOID

« SpaCY to identify geographical entities
* MedTator to browse and view annotated abstracts
 Doman experts to review the results
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Gemini: Summarization

Identify the following types of information as mentioned in the article below: water
contaminants, geographical locations, and potential health impacts on species

(Benzophenone-3) is an emerging human and environmental contaminant used in sunscreens and
personal care products to help minimize the damaging effects of ultraviolet radiation. The
Center for Disease Control fourth national report on human exposure to environmental
chemicals demonstrated that approximately 97% of the people tested have oxybenzone present
in their urine, and independent scientists have reported various concentrations in
waterways and fish worldwide. Oxybenzone can also react with chlorine, producing hazardous
by-products that can concentrate in swimming pools and wastewater treatment plants.
Moreover, adverse reactions could very well be increased by the closed loop of ingesting
fish contaminated with oxybenzone and/or washing the ingredient off our bodies and having
it return in drinking water as treatment plants do not effectively remove the chemical as
part of their processing protocols. In humans, oxybenzone has been reported to produce
contact and photocontact allergy reactions, implemented as a possible endocrine disruptor
and has been linked to Hirschsprung's disease. Environmentally, oxybenzone has been shown
to produce a variety of toxic reactions in coral and fish ranging from reef bleaching to
mortality. Lastly, with the rise in skin cancer rates and the availability of more
effective sunscreen actives such as micronized zinc oxide and titanium dioxide, serious
doubts about the relative prevention benefit of personal care products containing
oxybenzone must be raised and compared with the potential negative health and environmental
effects caused by the accumulation of this and other chemicals in the ecosystem.
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Summarization Results

**Water Contaminants:**
* Oxybenzone
**Potential Health Impacts on Species:**
*Humans:
* Contact and photocontact allergy reactions
* Possible endocrine disruptor
* Linked to Hirschsprung's disease
*Environment:
* Coral reef bleaching
* Fish mortality
**Geographical Locations:**
* Worldwide waterways and fish
* Swimming pools
* Wastewater treatment plants 19



4 Annotation

Annotated Summarization Text
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Annotated Abstract
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Water Contaminant Word Cloud
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Definitions of Concepts

» Stressor — An agent, stimulus, activity, or event that causes
stress or tension on an organism (UMLS Cui:C0597530)

* Receptor — An entity (e.g., a human, human population, or a
human organ) that receives a stimulus (e.g., chemical agent)

 Exposure Event — Contact between a stressor and a receptor
(e.g., exposure to cigarette smoke [EF0:0000487])

* Outcome — Entity that results from the interaction between
other entities (SB0O:0000409)
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ChatGPT: Question Answering Guided by Ontology

Identify the route, medium, and receptor of oxybenzone exposure in the following article:

(Benzophenone-3) is an emerging human and environmental contaminant used in sunscreens and
personal care products to help minimize the damaging effects of ultraviolet radiation. The
Center for Disease Control fourth national report on human exposure to environmental
chemicals demonstrated that approximately 97% of the people tested have oxybenzone present
in their urine, and independent scientists have reported various concentrations in
waterways and fish worldwide. Oxybenzone can also react with chlorine, producing hazardous
by-products that can concentrate in swimming pools and wastewater treatment plants.
Moreover, adverse reactions could very well be increased by the closed loop of ingesting
fish contaminated with oxybenzone and/or washing the ingredient off our bodies and having
it return in drinking water as treatment plants do not effectively remove the chemical as
part of their processing protocols. In humans, oxybenzone has been reported to produce
contact and photocontact allergy reactions, implemented as a possible endocrine disruptor
and has been linked to Hirschsprung's disease. Environmentally, oxybenzone has been shown
to produce a variety of toxic reactions in coral and fish ranging from reef bleaching to
mortality. Lastly, with the rise in skin cancer rates and the availability of more
effective sunscreen actives such as micronized zinc oxide and titanium dioxide, serious
doubts about the relative prevention benefit of personal care products containing
oxybenzone must be raised and compared with the potential negative health and environmental
effects caused by the accumulation of this and other chemicals in the ecosystem.
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ChatGPT: Question Answering Results

@  Inthe provided text, the route, medium, and receptor of oxybenzone exposure can be identified as

follows:

Route of Exposure

» Dermal (skin contact): Oxybenzone is applied to the skin through sunscreens and personal care

products.
» Ingestion: Oxybenzone can enter the body by consuming contaminated fish or drinking water.

» Inhalation (potential): Though not explicitly stated in the text, inhalation could occur if

oxybenzone is present in aerosolized products.

Medium of Exposure

» Water: Contaminated waterways, swimming pools, and inadequately treated drinking water

serve as media for oxybenzone exposure.
» Fish: As a bioaccumulated contaminant in fish consumed by humans.

» Personal care products: Direct application to the skin from products like sunscreens.

Receptor

» Humans: Directly exposed through dermal application, ingestion of contaminated water or fish,
and possibly inhalation. Health effects include endocrine disruption, allergies, and potential links

to Hirschsprung's disease.

« Environment (wildlife): Coral reefs (bleach. ‘I’J and mortality) and fish (various toxic reactions).

26



ChatGPT: Ontology-Guided Prompt Engineering

SYSTEM_PROMPT = "You are a smart and intelligent Named Entity
Recognition (NER) system. | will provide you the definition of the

1. Set the context for what the system entities you need to extract, the text from where your extract the
will do entities and the output format with examples.”

—

2. User input/prompt

. USER_PROMPT_1 = "Are you clear about your role?"
3. Response to the user’s input : v

ASSISTANT_PROMPT_1 = "Sure, I'm ready to help you with your NER
___ task. Please provide me with the necessary information to get started.”

—  GUIDELINES_PROMPT = (
"Entity Definition:\n"
"1. STRESSOR: An agent, stimulus, activity, or event that causes
stress or tension on an organism.\n"

- e "2. RECEPTOR: An entity (e.g., a human, human population, or a
Definitions

. human organ) that receives a stimuli\n"
of Entities

"3. OUTCOME: Entity (e.g., health impact) that results from the
interaction between stressor and receptor\n”

"4, LOC: Name of any geographic location, like cities, countries,
continents, districts etc.\n"

L l|'|'|'lr_|I T 27



ChatGPT: Ontology-Guided Prompt Engineering

(Cont’d)

"Output Format\n"
"{{'STRESSOR: [list of entities present], '/RECEPTOR: [list of entities
Output _J present], 'OUTCOME": [list of entities present], 'EXPOSURE": [list of
Format entities present], 'LOC": [list of entities present]}j\n"
"If no entities are presented in any categories keep it None\n"
“n"
— "Examplesi\n”
“n"
"1. Text: The U.S. EPA has classified 1,4-dioxane as a likely human
carcinogen. Low level exposure to 1,4-dioxane over a person'’s lifetime

can increase the risk of cancer. \n"

"Output: {{'STRESSOR': ['1,4-dioxane’], 'OUTCOME": ['CANCER],

'RECEPTOR’: ['Human'Ji\n"

"

Examples — "2. Text: The Agency for Toxic Substances and Disease Registry
(ATSDR) has identified the following health effects as potential
outcomes from human exposure to PFAS: Changes in cholesterol and
liver enzyme levels. Small changes in infant birth weight\n"

"Output: {{STRESSOR'": ['PFAS'], 'RECEPTOR": ['human’], 'OUTCOME":
['cholesterol and liver enzyme levels', ‘infant birth weight]}\n"
“n"
"3. Text: {\n”
—  "Output: " 28




6

Yes, | am clear about my role. Please provide the text for entity extraction and | will generate the

output in the specified format.

json

“*Water contaminants:** Oxybenzone (Benzophenone-3) ****Potential
Health Impacts on Species:™™ - **Humans:** Contact and photocontact
allergy reactions, possible endocrine disruptor, linked to

Hirschsprung's disease - **Coral and fish:** Reef bleaching,

mortality****Geographical locations:™ Worldwide (specifically

mentions swimming pools and wastewater treatment plants) ****

"RECEPTOR": ["humans", "coral", "fish

"OUTCOME": [

LU e o~ - N — e o~ 17 = it
contact and photocontact allergy

[ — I L e "n
endocrine disruptor 2

"Hirschsprung's disease",

() Copy code

n -_— - ~ "o, UL R B LU P R S ="
STRESS0R™: [ UxybDenzZone , cenZopnenoneg-z ],

i

3 rn
T
egaCtions



Future Directions

« Compare LLM models (e.g., ChatGPT and Llama)
 Validation

* FAIR principles

« Community engagement and adoption

* Broaden the literature search to extract additional types of
information (e.g., relationships) by including more articles as
well as other environmental subdomains (e.g., air pollution)

* Incorporate more ontologies (e.g., gene ontology, protein
ontology, and cell ontology) to create a knowledge graph
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