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•  Design	a	methodology	for	the	isola2on	of	
urinary	Ca	with	minimal	loss	of	yield	

•  Evaluate	the	reproducibility	of	mul2collector	
mass	spectrometry	(MC-ICP-MS)	
measurements,	as	well	as	the	extent	of	
predicted	88Sr2+	interference	

•  Determine	the	magnitude	of	procedural	
frac2ona2on	and	correct	for	its	effects	

•  Explore	the	impacts	of	age,	diet,	and	lifestyle	
variables	on	urinary	Ca	composi2on	
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Results 

Precipita3on	
CaC2O4	was	isolated	
from	urine	samples	

Hot	ammonium	oxalate,	
sodium	acetate,	and	
ammonium	hydroxide	
facilitated	precipita2on	

Procedure  

Ca3on	exchange	
chromatography		
K+	was	removed	to	

purify	Ca2+	
The	mono-	and	divalent	
ca2ons	eluted	at	different	
concentra2ons	of	HNO3	

MC-ICP-MS	
Ra2os	of	stable	Ca	
isotopes	were	
measured	

ICP-OES/ICP-MS	
Ca	yield	and	Sr	
content	were	
measured	

•  Changes	in	urinary	composi2on	of	
naturally-occurring	Ca	isotopes	are	
representa2ve	of	corresponding	changes	
in	soP	2ssue		

•  Lighter	isotopes	are	preferen2ally	
incorporated	into	bone	during	forma2on	

•  Isotopes	are	released	nonselec2vely	
from	bone	during	resorp2on	

•  An	increase	in	the	rela2ve	abundance	of	
heavy	isotopes	in	urine	is	indica2ve	of	
posi2ve	bone	mineral	balance	(BMB)	in	
that	bone	forma2on	exceeds	resorp2on	

•  Thus,	during	loss	of	bone	density,	BMB	is	
nega2ve	and	isotopic	composi2on	of	
urine	is	lighter	

•  Earlier	detec2on	will	facilitate	medical	
interven2on	before	irreversible	
osteoporo2c	damage	and	fractures	occur	

•  In	addi2on	to	expedi2ng	diagnosis,	these	
measurements	will	allow	for	rapid	
evalua2on	of	treatment	efficacy	and	
disease	progression	
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•  A	small	amount	of	frac2ona2on	occurs	during	Ca	
purifica2on	(Figure	1),	which	can	be	corrected	for	
mathema2cally		

•  MC-ICP-MS	measurements	of	isotopically	iden2cal	
Ca	samples	correlate	with	increasing	Sr	
concentra2on	(Figure	2),	indica2ng	that	88Sr2+	
ca2ons	interfere	with	44Ca+	measurement	

•  Higher	variance	between	measurements	of	replicate	
samples	(e.g.	1a	vs	1b)	aPer	mathema2cal	correc2on	
(Figure	3)	indicates	that	the	linear	method	of	
correc2ng	for	Sr	interference	is	not	sufficient,	
especially	for	δ44/42	Ca	

•  Future	samples	will	be	eluted	through	a	specially	
designed	column	to	remove	Sr	before	measurement,	
which	will	eliminate	the	need	for	this	correc2on	and	
improve	data	reliability	

•  No	conclusions	can	be	drawn	regarding	the	effects	of	
individual	or	lifestyle	factors	on	Ca	composi2on	un2l	
the	variability	of	measurement	is	reduced	

Figure	2.		Correla3on	
between	stron3um	
concentra3on	and	δCa	
values	measured	using				
MC-ICP-MS.		Solu2ons	of	
equal	concentra2ons	of	NIST	
915b	were	spiked	with	varying	
amounts	of	Sr.	All	δCa	values	are	
standardized	to	NIST	915b.	
	

Figure	1.	Frac3ona3on	
occurs	during	calcium	
purifica3on.	Purified	and	
unpurified	samples	of	NIST	915b	
Ca	reference	material	with	equal	
ini2al	isotopic	composi2ons	were	
measured	for	comparison.	Note			
that	these	ra2os	are	absolute	
measurements	and	therefore	the	
posi2ve	trend	is	a[ributable	to	
machine	driP.		

Over	25%	of	all	individuals	
experience	an	osteoporo3c	
fracture	in	their	life3me.		

These	fractures	increase	mortality	and	oPen	
permanently	impede	quality	of	life.	However,	
with	proper	diagnosis	and	treatment,	at	least	

50%	of	these	fractures	can	be	avoided.			
	

This	study	explores	a	novel	approach	to	
discriminate	shiPs	in	bone	metabolism	before	

significant	deteriora2on	has	occurred.	

Figure	3.	(a)	δ44/42	and	(b)	δ44/43	Ca	values	of	purified	samples	
before	and	aTer	linear	correc3ons	for	frac3ona3on	during	
purifica3on	and	Sr	interference.		Samples	are	depicted	in	order	of	their	
measurement	on	MC-ICP-MS.	Samples	with	iden2cal	numbers	refer	to	Ca	obtained	
from	the	same	ini2al	urine	sample	but	purified	independently.	Uncertain2es	are	
given	to	1	standard	devia2on,	n	=	2	or	3	measurements.	All	δCa	values	are	
standardized	to	NIST	915b.	
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•  Currently,	there	is	no	
reliable	method	for	
detec2ng	small-scale	
changes	in	BMB	

•  Measuring	urinary	
isotopes	is	noninvasive	
and	can	iden2fy	shiPs	in	
bone	metabolism	before	
bone	density	has	
discernibly	declined	

a.	 b.	

•  Osteoporosis	is	a	disease	characterized	by	
deteriora2on	of	bone	2ssue	resul2ng	in	
fragile,	low-density	bone	


