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Overview	

¨  Intro:	marine	carbon	cycling	and	carbonate	
chemistry	

¨  Principle	of	pCO2	measurements	based	on	non-
dispersive	infra-red	(NDIR)	detec2on	

¨  Intro	to	General	Oceanics	pCO2	system	(underway	or	
flow-through	measurements)	

	Setup,	measurement	cycle,	maintenance	

¨  Data	quality	and	processing	



IPCC AR5 

PRESENT-DAY GLOBAL CARBON CYCLE 

Anthropogenic	fluxes	in	Red	
Natural	fluxes	in	Black	



	
	
NOAA	PMEL	Carbon	Program;	Mauna	Loa	data	from	NOAA	ESRL,		ALOHA	data	adapted	from	Dore	et	al,	2009.	Proc	Natl	Acad	Sci	USA.	

Increase of CO2 and Ocean Acidification 

Mauna Loa pCO2, atm (ppm) 
ALOHA in situ pCO2, seawater (µatm) 
ALOHA in situ pHseawater 

Hawaii Time-Series Northeast Pacific, Chu et al., 
2016 

OA rate: pH -0.001-0.003/yr; pCO2 +1-2µatm/yr; DIC +1-2 µmol/kg /yr 





Seawater Carbonate Chemistry�
(Acid-base Chemistry in Seawater)



Dickson lecture slides, OA Short Courses 2009 



1. pCO2 or fCO2: pCO2 = [CO2*]/K0

2.  pH = -log[H+]

3.  Total dissolved inorganic carbon (DIC, CT, or TCO2) �

= [CO2*] + [HCO3
-] + [CO3

2-]

4.  Total alkalinity (TA or Alk) �

= [HCO3
-]+2[CO3

2-] + [B(OH)4
-]+[Org. Alk]+[other Alk]+[OH+] – [H+]… �

Species 
concentrations f(t,S,p) 

t,S,p Independent 

Mass	balance 

Charge	balance 

Analytical Parameters of the CO2 system	

Dissolved	CO2	+	H2CO3	

And	you	need	two	parameters	to	solve	the	CO2	system	



Non-dispersive	infra-red	(NDIR)	CO2	detec2on	

Gaseous	CO2,	oxygen,	and	water	vapor	absorpQon	spectrum	



Theory	
A	gas	mixture	(e.g.	air)	consisQng	of	a	suite	of	gasses	(e.g.	O2,	N2,	CO2	…):	

Total	pressure	vs.	par2al	pressure	 Individual	gas	mole	frac2on	xi	

Effec2ve	pressure	(Pe):	Weighted	sum	of	par2al	pressure	

ParQal	pressure	of	gas	i	is	related	to	its	absorbance	αi		
	
NDIR	detecQon:	Measure	xCO2	



Wanninkhof	and	Thoning,	1993	

Early	design	



Early	design:	CO2	equilibrator	

Courtesy	by	Taro	Takahashi’s	group	at	LDEO	
Columbia	U.	



(Kortzinger	et	al.,	2000)	

Comparison	of	various	underway	pCO2	systems	



Inter-comparison	of	underway	pCO2	systems	

Kortzinger et al. 2000, Marine Chemistry	



Schema2c	of	the	pCO2	monitoring	system	

Standards	

Water	vapor	
removal	

SW	CO2	
EquilibraQon		



General	Oceanics	pCO2	system	

Wet	box	 Dry	box	









Schema2c	of	LI-7000	Op2cal	System	

“Recommended	to	service	annually	or	regularly”		
--	Users	can	change	chemicals	and	clean	the	opQcal	path	



Water	vapor	in	NDIR	CO2	detec2on	

¨  Both	water	vapor	(WV)	and	CO2	absorb	light	in	the	IR	range:	

WV	interfere	CO2	detec2on	

¨  Solu2on:	Remove	water	vapor	

Ø  Condenser	(cooling)	and	drain	

Ø  Nafion	tubes:	dry	air	exchange	with	sample	gas	

Ø  Desiccants	before	detector:	Soda	lime	or	Magnesium	

perchloride	(need	to	change	regularly)	



Setup	

¨  Physical	connecQon	

Ø  Underway	water:	>2	L/min	consistent	flow,	uncontaminated	
sample	water	(clean	pipes	regularly)	

Ø  Gas	standards	(3+):	Carbon	Dioxide	(CO2)	WMO	Scale	
(heps://www.esrl.noaa.gov/gmd/ccl/co2_scale.html)	

Ø  Uncontaminated	atmospheric	air	sample	line	

Ø  Tap/freshwater	(for	backflash	CO2	equilibrator)	

Ø  GO	system	dry	box	and	wet	box	

Ø  Deck	unit	(GPS,	Air	pressure,	Iridium	communica2on)	
(op2onal)	



GO	pCO2	system:	Physical	connec2on	



Setup	con2nued…	

¨  Sohware	setup	
Ø  Configura2on	file:	sample	SW/Air/Gas	STDs	ports	
and	others	

Ø  Running	sequence:	measurement	cycle	
v  Calibra2on	every	a	few	hours	with	at	least	3	STD	

CO2	gases	(usually	3+)	
v  Air	measurements	(usually	hourly	for	a	few	mins)	

Note:	Air	xCO2/pCO2	vary	li;le	
v  SW	measurements	(usually	once	per	min	hourly)	
v  Repeat	Air	+	SW	cycles	for	a	few	hours	
v  Repeat:	calibra2on	and	Air+SW	cycles		



Edit	Configura2on.exe	



Test	flow	rates	(SW,	Air,	CO2	STDs)	-	Important	



Run	setup	



Recommended	running	sequence	



Zero	and	Span:	Internal	calibra2on	func2on	

¨  What	and	Why	Zero	and	Span?	
Zero	gas:	CO2	free	gas	(air)	
Span	gas:	Highest	CO2	STD		
*Important:	Span	gas	should	cover	the	range	of	xCO2/pCO2	
to	be	measured	

	Coast:	<100	ppm	--	tens	of	thousands	ppm	
	Open	ocean:	<100	ppm	--	1000	ppm	

Zero/Span:	To	determine	the	coefficients	of	the	calibraDon	
funcDon	(non-linear)	for	the	LICOR	analyzer	to	calculate	xCO2	
values	

*But	Zero/Span	calibraDon	is	less	accurate	



CO2	STDs	gases:	More	accurate	calibra2on	

¨  Why	measure	WMO	STDs	between	two	Zero/Span	
calibraQons?	
IR	detector	driNs	over	Ome	

To	calibrate	more	accurately	with	driN	correcOon	between	two	
STDs	calibraOon	

DriN	correcOon:	linear	driN	between	two	STD	runs	at	t0	&	at	t1	(y:	
STD	CO2	true	values;	x:	LICOR	display	values)	
	STDs	calibraOon	curve	at	t0:	y	=	a0+b0x	
	STDs	calibraOon	curve	at	t1:	y	=	a1+b1x	
	STDs	calibraOon	curve	at	t	(between	t0	and	t1)	

at	=	a0+(t-t0)/(t1-t0)*(a1-a0)	
bt	=	b0+(t-t0)/(t1-t0)*(b1-b0)	
y	=	at	+	btx 	 	or		 	Refit	a	linear	STD	curve	

	
	



Running	display	



Data	processing	

¨  From	dry	xCO2	to	dry	pCO2	(if	needed)	

¨  Correc2on	of	water	vapor	

¨  Convert	to	CO2	fugacity	(fCO2)	

¨  Correc2on	of	temperature	
	

Necessary	for	CO2	flux	calculaQon	



Data	quality	

¨  Flow	rates	should	be	in	the	normal	ranges:		

SW	flow	rate	

air	sample	flow	rate		

STDs	flow	rates…	

¨  Stability	of	STDs	

¨  Repeatability	of	samples	

--	Can	use	air	sample	measurements	as	a	cue	



Maintenance		

¨  Follow	recommended	replacement	schedule	
¨  Check	leaks	of	gases	regularly	
¨  Clean	underway	pipeline	regularly	(no	respira2on)	
¨  Equilibrator	and	water	filter	cleaning	(freshwater	
backflush	regularly)	

¨  Air	sampling,	avoid	contamina2on	(away	from	
smokes,	rain/water	clog	etc.)	

¨  Data	backup	regularly	



Reference	sources	

¨  Dickson,	A.	G.,	C.	L.	Sabine,	and	J.	R.	Chris2an.	2007.	
Guide	to	best	prac2ces	for	ocean	CO2	
measurements.	North	Pacific	Marine	Science	
Organiza2on.	
heps://www.nodc.noaa.gov/ocads/oceans/
Handbook_2007.html	

	
¨  GO	pCO2	system	manual	
¨  LICOR	7000	CO2	Analyzer	manual	

Thank	you	


