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Analyzer	#1	(model	914-0012):	very	fast	response	(8	Hz)	and	high	precision	(±0.09	ppb,	1σ	in	1	sec)	

Analyzer	#2	(model	911-0016):	fast	(T90-10,	10-90	<	9	sec),	high	precision	(±0.3	ppb,	1σ	in	10	sec)	
Flow	3me	response:	T90-10,	T90-10	 Stability	and	precision	 Linearity	 Insensi3vity	to	water	vapor	

Measured	NH3	Ame	response	recorded	by	
switching	between	wet	air	flows	containing	
3ppm	NH3	(w/	1.2%	H2O)	and	dry	air	(w/o	
NH3).	With	a	pump	rate	of	2.4	L/min,	the	
measured	T90-10	and	T10-90	Ames	were	9	sec	and	
8	sec,	respecAvely.	The	red	trace	is	the	data	
recorded	at	1	sec/point.	The	black	trace	is	the	
10	second	average.	

The	NH3	precision	was	recorded	by	measuring	
a	constant	flow	of	known	NH3	in	wet	air.	For	a	
measurement	Ame	of	10	seconds	and	100	
seconds,	the	1σ	precision	was	<	0.3	ppb	and	<	
0.1	ppb,	respecAvely.	These	measurements	are	
shown	(red	dots)	in	the	Allan	plot	above	along	
with	the	specificaAons	(blue	squares).	

NH3	linearity	was	demonstrated	by	diluAng	
flow	containing	NH3	from	a	permeaAon	oven	
with	zero	air	at	different	flow	rates	to	generate	
a	range	of	NH3	mole	fracAons.	

To	demonstrate	the	(in)sensiAvity	in	NH3	
measurements	to	changes	in	water	vapor	
concentraAons,	a	flow	containing	was	zero	air	
was	repeatedly	mixed	with	various	amounts	of	
water	vapor.	No	significantly	measureable	change	
in	the	reported	NH3	value	was	observed.	

Linearity: Measured using a permeation 
tube source diluted with zero air.

Precision: 0.078 ppb 1σ at 1 Hz, 
measured using compressed air with 18 
ppb NH3. 

Time Response
Rapid time response in ammonia measurements is difficult because of the 
“stickiness” to interior instrument surfaces. To mitigate this effect, LGR coats all 
wetted surfaces and flows a large volume of gas to rapidly equilibrate walls and 
sample gas to yield rapid instrument response.
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Time response:  Time response of two instruments to a step change in NH3 
concentration. Step change is achieved with a solenoid valve backed by compressed 
air (at 30 psi) with a small concentration of NH3. (a) Instrument optimized for eddy flux 
with a 30 SLPM flow rate. (b) Instrument optimized for airborne measurements with a 6 
SLPM flow rate.

Airborne Measurements  
Flight feasibility was demonstrated in the troposphere on board of the DOE 
Gulfstream-1 (G-1) aircraft over the Yakima Valley in Washington. Two 
research flights were conducted to identify NH3 signatures from local dairy 
feedlots, each with significantly different atmospheric conditions. The first 
flight (May 24, 2012) traversed the valley at three altitudes (630, 1200 and 
1820 meters) and occurred under low wind, stable atmospheric conditions, 
while the second (May 25, 2012) traversed at two altitudes (670 and 1270 
meters) and occurred under a consistent NNE wind. NH3 mixing ratios 
were measured down to 0.75 ppb and up to 100 ppb above large feedlots.

Measurements in flight: NH3 mole fractions above the Yakima Valley, WA on (a) May 24, 2012 and (b) May 
25, 2012. Aircraft altitude is plotted in red. The NH3 plume extends over a wide area during the calm 
conditions on May 24, while the plume remains sharply confined during the windy conditions on May 25. 
Insets show low measurement noise (a) and high frequency response (b).

(Left and Center) NH3 vs altitude on (a) May 24, 2012, (b) May 25, 2012. Red circles show the average ± 1σ 
NH3 concentration at each traverse altitude. NH3 concentrations are much lower under windy conditions (May 
25). (Right) Flight data from May 24, 2012 (a) The Yakima Valley flight area. (b) NH3 mixing ratios for the 
flight traverse at 1820 m, (c) 1200 m, and (d) 630 m. A strong and isolated NH3 plume is clearly visible above 
the feedlots of the valley. (e) High NH3 levels aloft are clearly associated with individual feedlots.
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