
•  Bodily	fluids	are	one	of	the	more	common	types	of	evidence	found	at	
crime	scenes,	and	they	contain	valuable	DNA	informa;on1.		

•  Many	techniques	used	on	bodily	fluids	can	be	destruc;ve	or	require	a	
great	amount	in	order	for	detec;on1.	

•  AAenuated	total	reflectance	fourier-transform	infrared	spectroscopy	
(ATR	FTIR)	is	one	of	the	many	few	instruments	that	is	non-destruc;ve	
and	requires	miniscule	amounts	for	analysis2.		

•  It	has	been	previously	proven	that	ATR	FTIR	can	in	fact	be	used	in	the	
iden;fica;on	of	bodily	fluids,	including	semen2.	

•  As	semen	ages,	proteins	degrade	over	;me1.	
•  The	degrada;on	of	proteins	in	human	semen	could	be	used	to	

establish	a	biological	clock	to	determine	the	age	since	deposi;on	of	a	
semen	stain.		

•  The	effect	of	the	environment	on	both	the	posi;ve	iden;fica;on	of	
semen	using	ATR	FTIR	and	the	biological	clock	of	protein	degrada;on	
was	inves;gated.	

Overview:	
The	protein	degrada;on	over;me	in	aged	semen	stains	was	inves;gated	to	
establish	a	biological	clock	that	could	be	used	for	age	determina;on.	
•  Various	semen	stains	were	leO	to	age	up	to	30	days.		
•  The	ra;os	of	chemical	shiOs	of	common	proteins	was	graphed	against	the	

age	of	the	sample	to	determine	a	rela;onship.	There	was	a	decrease	in	
some	ra;os	aOer	1	day.	

•  Week	old	stains	were	leO	to	age	in	sunlight	and	darkness	to	determine	if	
the	environment	affects	the	iden;fica;on	and/or	biological	clock	of	the	
stain.	Sunlight	accelerated	the	degrada;on.	

	

•  When	comparing	the	ra;os	of	each	chemical	shiO,	
Amide	A	ra;os	showed	more	evidence	of	protein	
degrada;on.	

•  Protein	degrada;on	was	evident	from	days	1	to	2.	
•  Sunlight	accelerated	the	protein	degrada;on	in	the	

stains	resul;ng	in	a	lesser	average	percent	
transmiAance.	

•  Principle	Component	Analysis	(PCA)	was	done	
iden;fying	that	the	Amide	A	shiO	contained	two	
components.	The	first	component	was	present	in	
days	1-16	while	the	second	was	present	in	the	30	day	
samples.	

•  The	second	component	observed	could	have	
poten;ally	been	a	suppressed	signal	or	a	newly	
formed	signal.	

•  The	difference	in	these	components	could	aAribute	
the	no	change	in	the	ra;os	between	days	1	and	30.	
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Aged	Study:	
•  Three	10	μL	samples	of	semen	were	placed	on	the	three	plas;c	surfaces	for	

each	age.	
•  Samples	were	leO	to	age	in	the	lab	between	1	to	30	days.	Once	the	samples	

aged,	the	stains	were	analyzed	u;lizing	ATR	FTIR.	Each	sample	was	ran	three	
;mes.	

•  U;lizing	the	human	semen	signature,	the	spectra	were	observed	for	the	
percent	transmiAance	values	for	the	referenced	chemical	shiOs.	

•  Ra;os	of	each	chemical	shiO	were	observed	in	comparison	to	the	age	of	the	
sample.	

Environmental	Study:	
•  Six	10	μL	samples	of	semen	were	placed	on	the		six	plas;c	surfaces.	Three	

stains	were	leO	to	dry	on	a	window	sill	and	three	were	leO	to	dry	in	a	closed	
file	cabinet	draw	for	1	week.	

•  Each	sample	was	ran	three	;mes	on	the	ATR	FTIR.		
•  U;lizing	the	human	semen	signature,	the	spectra	were	observed	for	the	

percent	transmiAance	values	for	the	referenced	chemical	shiOs.	
•  The	rela;onship	between	the	average	percent	transmiAance	for	each	

chemical	shiO	and	the	environments	in	which	the	stain	aged	in	were	shown	
graphically.	

	

•  Inves;gate	the	differences	seen	aOer	2	days.	
•  Con;nue	this	method	for	greater	aged	samples.	
•  Determine	if	various	substrates	can	effect	the	

iden;fica;on	and	the	biological	;me	clock.		
•  Apply	this	method	to	Raman	spectroscopy	for	a	

comparison.	

Figure	1.	Overlay	of	spectra	collected	from	1	to	30	day	old	semen	stains.	

Figure	2.	Comparison	of	ra;o	of	amide	A	to	
methyl	bending	of		amino	acids,	lipids	and	

proteins	of	the	aged	samples.	

Figure	3.	Comparison	of	ra;o	of	
amide	A	to	amide	II	of	aged	samples.	

Figure	4.	Comparison	of	ra;o	of	amide	A	to	
methyl	bending	of		amino	acids,	lipids	and	

proteins	of	the	aged	samples.	

Figure	5.	The	average	percent	transmiAance	of	each	chemical	shiO	in	7	day	old	semen	stains	aged	in	sunlight	and	darkness.	

•  When	determining	if	protein	degrada;on	aAributes	to	spectral	differences,	the	shiOs	
at	3268	and	2950	cm-1	demonstrated	the	greatest	change	over	;me.	

•  In	all	ra;o	rela;onships	there	is	a	decrease	aOer	day	1	and	slight	changes	aOer	2	
days	.	

•  Sunlight	accelerated		protein	degrada;on	resul;ng	in	a	lesser	percent	transmiAance.	
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