
Bull. Environm. Contam. Toxicol. 27, 282-287 (1981) 

A Simplified Method For Sampling Atmospheric 
Ammonia from Inhalation Chambers During 

Exposure Studies 

John C. Kapeghian 1, I. Wade Waters 1, and Alan B. Jones 2 

1Department of Pharmacology and 2Department of Pharmaceutics, School of 
Pharmacy, University of Mississippi, University, MS 38677 

One of the major problems facing investigators in the area of 
inhalation test ing is the a b i l i t y  to quant i ta t ive ly  co l lect  and 
analyze gaseous samples from test  chamber atmospheres during ex- 
posures (CAMPBELL 1976). Although many procedures are available for 
col lect ion of a i r  samples (GAGE 1961), th is problem remains especial- 
ly acute for  the col lect ion and determination of atmospheric ammonia 
(NATIONAL ACADEMY OF SCIENCES 1979). 

Host ammonia col lect ion techniques u t i l i ze  the highly water 
soluble property of the gas by simply bubbling a sample through 
some appropriate absorbing media (either water or d i lu te  acid) via 
aspirat ion, thereby trapping the ammonia in ei ther the free dissolved 
form (NH~) or the ammonium ion (NH~)(GAGE 1961~ KATZ 1977) and 
analyzing via indophenol generation. This procedure has been suc- 
cessful ly employed in previous inhalat ion studies (BARROW & DODD 
1979, MALANCHUK et al.  1980), as well as f ie ld  determinations (PATTY 
1963). However, the pr inciple of th is col lect ion procedure is 
confounded by the design of some inhalat ion systems which do not lend 
themselves to a pertubation in a i r  flow of su f f i c ien t  duration to 
acheive adequate sampling. One al ternat ive is to co l lect  a measured 
volume of the gas sample using a hand pump or gas-t ight syringe. 
The sample in the syringe is then expelled by hand or infusion pump 
at a constant, preferably slow rate, through a f r i t t e d  glass gas 
dispersion tube, into the absorbing solut ion. Although theoret ica l -  
ly ,  a high degree of precision should be obtained, our experience 
indicated that this procedure is in fact quite time consuming and 
contains a rather high probabi l i ty  of error inherent in the bub- 
bl ing process. Extreme care must be taken to bubble the sample 
very slowly and to f lush the syringe and dispersion tube for  each 
complete sample col lect ion.  In addit ion, the dispersion tube 
i t s e l f  must be washed several times between individual determi- 
nations to remove any residual ammonia contamination from the 
previous sample. 

A sampling method is described below which (1) eliminates the 
use of a f r i t t e d  glass gas dispersion tube and allows for rapid, 
e f f i c ien t  and reproducible col lect ion of ammonia in a gaseous 
sample and (2) u t i l i zes  a modified analysis procedure applicable to 
a wide range of ammonia concentrations. These protocols were 
developed while examining the tox ic i t y  of ammonia under constant 
flow exposure conditions. 
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EXPERIMENTAL 

Gas Sample Col lect ion and Ammonia Trappin~ 

As indicated previously,  the inhalat ion chambers employed were 
of a constant flow design and so constructed as to allow a port ion 
of the flow to be diverted to a sampling port (KAPEGHIAN et al .  1980). 
Samples were obtained from the port u t i l i z i n g  a i0 mL gas t i g h t  
syringe (Hamilton 1010-N) f i t t e d  with a Luer-Lok(R) stopcock wi th 
te f lon washers. Af ter  several washings of the syringe wi th the gas 
to be sampled, a volume of gas approximately 1 mL greater than 
desired was withdrawn; the stopcock was then closed and removed from 
the sample port .  Two procedures for  ammonia trapping were then 
u t i l i z e d .  

Absorption in Liquid Medium - While s t i l l  under the hood hous- 
ing the inhalat ion chamber, a small volume of the sample was expel- 
led to obtain the desired volume of sample. The syringe assembly 
was connected to a f r i t t e d  glass gas dispersion tube (5mm O.D., 
135 mm long. Porosity - C) immersed in 3.0 mL of 0 .1N H~HO 4 
solut ion and the contents of the syringe forced through the system 
e i ther  by hand or wi th the aid of a constant infusion syringe pump. 
I t  was necessary to force an addi t ional  10 mL of room a i r  through 
the assembly to ensure quant i ta t i ve  removal of the gas from the 
dispersion tube. The gas dispersion tube was removed, the sample 
stoppered and held for  analysis.  

Low Temperature Condensation - The bo i l ing  point of ammonia at 
1 atm is -33.33% (BRAKER & MOSSMAN 1971). The gas w i l l  condense 
along the sides of any nonporous vessel at temperatures well below 
i t s  bo i l i ng  point .  An a i r  sample containing ammonia when slowly 
expelled along the sides of a test  tube placed in dry ice/acetone 
bath (approx. -70~ w i l l  condense into l i q u i f i e d  ammonia (and some 
water) and can be immediately trapped as NH~ formed by the 
addi t ion of acid. 

This concept was employed for  sampling of the gas in the 
inhalat ion chambers. While s t i l l  under the hood housing the 
inhalat ion chamber, the gas sampling syringe and stopcock assembly 
was f i t t e d  wi th a 10 cm stain less steel blunt needle (14 gauge). A 
small volume of the sample was expelled from the syringe to obtain 
the desired volume. The contents of the syringe were then expelled 
through the needle at a moderate rate (0.1 to 0.5 mL/~er onto the 
sides of a boros i l i ca te  test  tube (13 x I00 mm, Kimax(R)) which had 
been immersed ( for  1 min) approximately 3 cm into a dry ice/acetone 
bath. The test  tube was immediately removed and 3.0 mL of 0 .1N 
H~SO~ solut ion added. At th is  point ,  the sample may be stoppered 
a~d ~aved for la te r  analysis.  

Analysis of  Trapped Ammonia 

The analysis of the acid solut ion for  trapped ammonia is a 
~od i f i ca t ion  of the method of KATZ (1977). The procedure s t i l l  
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employes the classical indophenol generation (Berthelot reaction) 
but u t i l i zes  commercially available reagents and is performed on a 
much smaller scale than generally reported for  atmospheric ammonia. 

To the acidic solut ion containing the trapped ammonia, add 
2.0 mL of Na3PO4/NaOH solution (KATZ 1977). Vortex well then add 
0.5 mL phenol nitroprusside solution (Sigma Chemical Co.) followed 
by 0.5 mL alkal ine hypochlorite solution (Sigma Chemical Co.), 
vortexing af ter  each addit ion. Stopper the tube and place in a 
water bath at 37~ for  30 min (or room temperature for  45 min). 
Following color development, read the absorbance of the solut ion at 
630 nm against a reagent-room ai r  blank. For concentrated samples 
where d i lu t ions are required, d i lu te  samples and blanks with 
d i s t i l l e d  water. This protocol was developed using a Spectronic-20 
(Bausch and Lomb) however any spectrophotometer may be used. 

Calibration Curve 

From a stock solut ion of NH4Cl (3.18 mg NH4CI/ml equivalent to 
1.0 mg NH3/ml), make the fol lowing d i lu t ions:  Add 1.0, 2.0, 3.0, 
4.0 and 5.0 mL of stock solution to I00 mL columetric f lasks and 
d i lu te  the volume to I00 mL with d i s t i l l e d  water. This results in 
a series of 10 - 50 ~g/mL NH 3 standards respectively. Add 50 ~L 
al iquots of each standard to a series of test  tubes containing 
2.95 mL of 0 .1N H 2 SO 4 solut ion. Add 2.0 mL of Na3PO 4 /NaOH solut ion 
to each tube followed by 0.5 mL of phenol ni troprusside solut ion and 
0.5 mL of alkal ine hypochlorite solut ion, vortexing af ter  each ad- 
d i t ion.  To the reagent blank, add 50 ~L of d i s t i l l e d  water. The 
f inal  concentration of NH 3 per tube w i l l  be 0.5, 1.0, 1.5, 2.0, and 
2.5 ~g per 6.0 mL. Read the absorbance of each at 630 nm against 
the reagent blank. Plot the absorbance of each standard vs ~g of 
NH 3 per tube and determine the slope graphical ly or by l inear 
regression. 

C_alculation of NH 3 Concentration in Sample 

Assuming an invest igator chooses to use the reagents in the 
same proportions l i s ted above, the f inal  volume per tube w i l l  be 
the same in the sample as the standards. There may be si tuat ions 
however, that require modification of the absorbing solution 
volume, therefore al l  the steps in the calculations are shown below. 
Caution must be employed in modification of the assay since the 
product formation wi l l  not take place under acidic conditions. 

ppm NH 3 = k--~}\6.- ~ mL 70.9 x 10 -3 gg/mL/ 

where ABS = absorbance of test solut ion, 

= slope of ca l ibrat ion curve (absorbance/lJg NH3), 

= volume of test solution (mL) 

and 
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RESULTS AND DISCUSSION 
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Typical ca l ib ra t ion  data employing the above procedures are 
depicted in Figure i .  L inear i t y  is maintained over a wide range of 
ammonia concentrat ions. The detection l i m i t  of th i s  analysis is  
estimated to be 0.005 absorbance uni ts or 0.031 ~g NH~ per tube 
which under condit ions speci f ied corresponds to 8.7 p~m in a 5.0 mL 
gas sample. 
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Vg = volume of or ig ina l  gas sample (mL). 

The value of 70.9 x 10 -3 ~g/mL corresponding to 100 ppm NH3 is based 
upon a v/v ra t io  using the spec i f i c  volume of NH 3 at 70~ and I atm 
to be 1,411 mL/g (BRAKER & MOSSMAN 1971). 

vg N H  3 

FIGURE i .  Cal ibrat ion curve for  NH 3 using the modified indophenol assay. 
Each point  depicts the mean absorbance from 6 determinations • standard 
error .  The slope of the regression l ine is 0.161 absorbance uni ts per 
~g NH 3, wi th Y- intercept  at zero (r = 0.997). 

The high degree of cor re la t ion (r = 0.997) between ana l y t i ca l l y  
determined data and the regression l ine wi th the y - in te rcep t  being 
essent ia l l y  zero, allows for  the simple conversion from absorbance 
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units to ppm. Although var ia t ions of approximately 3% in repeated 
ca l ib ra t ions  were found, i t  is  suggested that  a ca l ib ra t ion  be 
performed routinely~ especia l ly  when fresh reagents are subst i tuted 
in the assay. In general, a l l  reagents except ca l ib ra t ion  standards 
were found to be extrememly stable i f  well capped and stored in 
opaque brown bot t les .  The commercial reagents were qui te stable 
under re f r i ge ra t ion .  Color formation remained constant for  at least 
I h post incubation with the sample tube t i g h t l y  capped. 

U t i l i z i n g  ca l ib ra t ion  data, ammonia concentrations were 
determined in gas samples col lected and trapped by the two procedures. 
Some typical  resul ts  of  the analyses of samples obtained a f te r  
equi l ibr ium had been established in the chamber system are presented 
in Table 1. 

TABLE 1 - Comparison of Absorption and Condensation Methods for  
NH 3 Gas Col lect ion 

Method Nominal Conc I Analyt ical  Conc Ratio 
(ppm) (ppm) (Anal/Nom) 

Absorption 2950 750, 1400, 1090 0.37 
4550 3670, 3040, 3010 0.71 
5450 1840, 3470, 4510 0.60 

Condensation 1350 
2730 
364O 
4650 

1Nominal concentration refers to a 
calculated on a v/v basis from NH 3 

1280, 1230, 1520 0.99 
2050, 2240, 2330 0.81 
3240, 3450, 3460 0.95 
4860, 4260, 5470 1.04 

predicted ammonia concentration 
and a i r  f low rate data. 

Generally, our experience with the absorption procedure has 
been rather unsuccessful, producing co l lec t ion e f f i c ienc ies  no 
greater than 75%, and often much less. Conversely, the condensation 
approach rou t ine ly  enabled us to achieve co l lec t ion e f f i c ienc ies  
above 80%. Furthermore, the average in terva l  between ind iv idual  
sample co l lec t ion and trapping was reduced from 20 to 4 min by 
switching from the absorption technique to the cryocondensation 
method. 

One of the major advantages of the condensation method resides 
in the fact  that the volume of gas sample does not s i g n i f i c a n t l y  
a f fect  the assay but w i l l  increase or decrease the detection l i m i t  
accordingly. Assuming a 5.0 mL gas sample, the detection l i m i t  would 
be 8.7 ppm, but by increasing the sample volume to 50 mL, the detection 
l i m i t  is reduced to 0.87 ppm. The re la t i ve  proportions of reagents may 
also be modified both in the ca l ib ra t ion  curve and assay, to resu l t  in 
extreme s e n s i t i v i t y  over a narrower range of ammonia concentrat ions, 
s imi la r  to that  shown for  the more conventional absorption procedure 
(BARROW & STEINHAGEN 1980). Extremely high NH 3 concentrations may be 
col lected and measured by th is  procedure by simply d i l u t i ng  the i n i t i a l  
sample wi th water or reducing the gas sample volume. 
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We feel the condensation method described here w i l l  of fer a 
valuable tool to the inhalat ion research community enabling the 
invest igator to sample and analyze for ammonia levels in constant 
flow systems, w~th l i t t l e  or no modif ication of the chamber a i r  f low, 
while maintaining a high degree of precision in the analysis. This 
method also enables an invest igator to handle a re la t i ve ly  large 
number of samples in a short period of time, a factor  which is 
c r i t i ca l  to the success of most inhalat ion studies. I t  is the 
hope of the authors that this simple procedure can be u t i l i zed  in 
a more general manner with other gases for which these same 
principles apply. 

Acknow]_gdgement: This project supported in part by the Research 
Ins t i tu te  of Pharmaceutical Science, School of Pharmacy, University 
of Mississippi ,  University, MS 38677 and by NIH Training Grant 5 
T32-GM 07099-05. 

REFERENCE 

BARROW, C. S. and D. E. DODD: Toxicol. Appl. Pharmacol. 49, 89 
(1979). 

BARROW, C. S and W. H. STEINHAGEN: Toxicol. Appl. Pharmacol. 5_3, 
116 (1980). 

BRAKER, W. and A. L. MOSSMAN: The Matheson Gas Data Book, 5 ed, 
East Rutherford- Matheson Gas Products, 1971. 

CAMPBELL, K. I . :  C]in. Toxicol. 9, 849 (1976). 

GAGE, J. C.: In Toxicology, Mechanisms and Analytical Methods. 
(C. P. S~WARDand A. STOLMAN, eds) Vol. 2, pp. 17-54, 
New York: Academic Press, 1961. 

KAPEGHIAN, J.C.,  A. B. JONES, and L. W. MASTEN: Pharmacologist 22, 
197 (1980). 

KATZ, M. In Methods of Air  Samplin 9 and Analysis, 2 ed, pp. 511-513, 
Washington D. C.: Amer. Public Health Assoc., 1977. 

MALANCHUK, M., N. P. BARKLEY, and G. L. CONTNER: J. Environ. Pathol. 
Toxico]. 4, 265 (1980). 

NATIONAL ACADEMY OF SCIENCES: Ammonia, Baltimore: University Park 
Press, 1979. 

PATTY, F. A.: In Industr ia l  Hygiene and Toxicology, 2 ed, (D. W. 
FASSETT and D. D. IRISH, eds) Vol. 2, pp 859-869, New York: 
Interscience, 1963. 

Accepted June I0, 1981 

287 


