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THE PROBLEM: COGNITIVE OVERLOAD

C Time Intensive: Manual reviews take hours per experiment, |
delcylng research.

Qtlnformaﬂon Overload: Narrow morglns for error oversughts
A |lead to injuries or environmental harm.
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Solution: Unified Intelligence System

Input: Natural Language 1

Experiment Description |
\ Output: Comprehensive
Decision Support Report

1. Entity Extraction 2. Hazard Data Retrieval 3. Incident Search 4. Work Controls Generation 5. Safety Report Generation )
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Experiment Description
(Plain Text)

Y T Core: Hybrid Retrieval
/ & & Multi-Source RAG
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Step 1: Structured Entity Extraction

3L of ‘ill be approximately Sgr and using
12g of as an indicator. After the needed for our

xperiment, it will be necessary to small quantities of
BUIGHINEGBIBHERG), then Wl unfil the

onger reacting.

Chemical Substances Names
Processes
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Step 2: Multi-Source Data Retrieval

Extracted

=
PubChem
Retrieves GHS Classifications,
. T Hazard Statements, Pictograms,
/ Signal Words.
A
H& ”

= Bretherick’s Handbook
Chemical ?g Local database query for

0—/— Entity T ) — Incompatibilities. Filtered by

“Explosive”, “Runaway”.
\_ OSHA & ACGIH
Regulatory Exposure Limits

(PELs and TLVs).
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Step 3: Hybrid Incident Search

Keyword Search _:> 74,000 DOE Reports 4: Vector Search
(BM25) (ORPS, OPEX, CAIRS) (Llama-Embed-Nemotron)

Cross-Encoder Reranking
Rescoring top candidates via
ms-marco-MiniLM. Focus:
Contextual Similarity.

Sfinal = 0.3 X Syetrieval + 0.7 X LLM 4

“ $ [ Top 5 Incidents ]

LLM Judge (GPT-40)

Relevance, Faithfulness,
Context Scoring.
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Step 4: ABHA Suggestions

Wk Lewel

rgh

Hgh

Medoim

Wer b Yy
Preparaten of drpng setup
Orywng tetratrydroAran wth sodum and bensophenone

o of Sried tetratrydro

Quenchung of sodem resdue
Moneonng and martanang argon porge

Cearup and drponsl

, Maawdh Y Werk ¢

Chemnacasi exposure 10 tetrahydrohuran Fire harard hrom sodem Chemical eapoture 1o bervoghs Wear gloves snd goggies Use & Aume hood Wear gloves and goggies ¥
Eaothermic reaction with sodum Flammable vapon from tetratrydrofuran Chemecal exponere t Use 8 dry icr and acetone bath to cortrol temperature Perform under argon purpe Wear gloves ¥V
Thermal hazard from heating mantie Flammuable vapon from tetrabydrofuran Presiure butidup Monttor temperature ciowely [nsure proper ventidation Use 8 pressure refef valve Y
Viokent reaction with water Flammable vapors from alcohals Thermad hazard from esothermic ¢ Add quenciing agents siowly and m small quantities Perform under argon purge Use a dry ke a ¥
inert it dtptryuiation { Gupment malfuncton [rure proper vemtilation Regularly chech equipment for laaks N

Chemicsl warte dapotsl Revdual (hemeial exposure Follow Chemasl warty daponsl pusdeloes Wesr gioves and goggies N
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The Final Output: Comprehensive Safety Report

L. Scope Deacriphion
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FUTURE WORKS

Equipment Hazards Prediction Waste Management |
Analysis for New Chemicals Integration :
Advanced Al-driven toxicity and Seamless system for
monitoring and reactivity forecasting tracking and

optimizing chemical
waste disposal.

predictive for novel compounds.
maintenance for lab

\
|
|
instruments / / )
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