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Lab	Safety	Model	for	Reported	Incidents



Data	from	Reported	Incident	Strings

1. Arsine,	phosphine,	and	tetraborane are	all	
oxidized	explosively by	fuming nitric	acid.	

2. Phosphine,	hydrogen	sulfide,	and	selenide all	
ignite when	fuming nitric	acid	is	dripped into	
the	gas.	

3. Hydrogen	telluride ignites with	cold
concentrated nitric	acid,	sometimes	exploding.

• Substances
• Outcomes
• Consequences
• Conditions
• Operations	
• Apparatus/
equipment

https://pubchem.ncbi.nlm.nih.gov/compound/nitric_acid



Use	cases

• Support	core	questions	in	the	risk	assessment	decision	process
• Conceptual	analysis	of	research	laboratory	procedures	
• Identification	of	prevention	and	mitigation	controls	for	multiple	hazard	types
• Incident	analysis	including	threats,	consequences,	and	loss	of	control

• Annotate	collections	of	chemical	incident	data	and	other	text-based	
information	relevant	to	chemical	health	and	safety
• Support	use	of	hazard	recognition	and	evaluation	tools	(RAMP)
• Inform	templates	for	further	reporting	and	build	knowledge-base



Decision	Process	For	Safety	Assessment

RAMP:	goal	is	to	identify	what	and	how	to	implement	safety	controls	
(mitigation)	for	a	particular	chemical	scenario:
1. Recognize	Hazards	– chemical	disposition,	process	(and	players)
2. Assess	Risk	– connecting	factors	(dispositions	+	process	+	

conditions)
3. Manage	Controls	– determine	equipment,	procedures
4. Prepare	for	Emergency	– equipment,	procedures,	personnel



Core	Chemical	Safety	Queries

1. What	substances	meet	a	given	set	of	criteria	for	hazard	properties?
2. What	is	the	consequence	of	exposing	one	particular	substance	to	

another	under	a	particular	condition?
3. What	conditions	and	tasks	are	associated	with	hazardous	events	for	

a	given	set	of	substances?
4. What	are	the	exposure	routes	of	substances	used	or	generated	and	

what	controls	protect	these	routes?
5. What	mitigation	strategies	could	be	used	to	ameliorate	the	effect	of	

exposure	to	a	particular	hazard?

*based	on	ACS	CCS	Safety	Advisory	Panel	core	questions,	2016



Modifying	the		
Hazardous	Situation	

Ontology	Design	Pattern

• Lawrynowicz and	
Lawniczak.	2015

• Cheatham	et	al.	
2016

• VoCamp 2016
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Analyze	Data
(Chemical	Procedure	parser)



Safety	Report	to	Structured	Data

Start	with	free	text,	subjected	to	NLP	
analysis	and	harmonized	with	Safety	
Template	Model
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Discourse	Representation
“An	explosion	occurred	during	an	attempt	to	
prepare	bromoform from	acetone	by	the	
haloform reaction.”

Presutti et.	al,	2012



GOAL:	associate	patterns	of	these	factors

1. Arsine,	phosphine,	and	tetraborane are	all	
oxidized	explosively by	fuming nitric	acid.	

2. Phosphine,	hydrogen	sulfide,	and	selenide all	
ignite when	fuming nitric	acid	is	dripped into	
the	gas.	

3. Hydrogen	telluride ignites with	cold
concentrated nitric	acid,	sometimes	exploding.

• Substances
• Outcomes
• Consequences
• Conditions
• Operations	
• Apparatus/
equipment

https://pubchem.ncbi.nlm.nih.gov/compound/nitric_acid



What	next?
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more	data

Refine	
template

Review	
with	safety	
community

Annotate	
and	search


