
 

 

 

 

N O T I C E 

 

THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 

CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 

INFORMATION AS POSSIBLE 



go/ --^F /l

NASA TECHNICAL MEMORANDUM
	

NASA TM-765$2

STUDIES ON .'HE BEHAVIOR OF AMMONIA AND AMMONIUM
SALTS IN THE ATMOSPHERE (1) — FRACTIONAL COLLECTION

OF AMMONIA GAS AND PARTICULATE AMMONIUM

Kiko xiin, Misturu Fuj imura and Yoshikazu Hashimoto

(NASA-Ta-76582) STUDIES ON THE BEHAVIOR OF 	 UP3-14693
ANSONIA AND ARACNIUK SALTS IN THE ATMOSPHERE
(1) - FRACTIONAL COLLECTION OF AdHONIA GAS NGA0 Mr A01
AND PARTICULATE ARRONIUM (National 	 Unclas

Aeronautics and Space Administration) 10 p G3/46 08664

Translation of Journal of the Japan Society of Air Pollution,
Volume 14, Number 10, 1979, Pages 30-33

0 -	 0-
d

eCfjvE

•

NATIONAL AERONAUTICS AND SPACE ADMINISTRAT?ON
WASHINGTON, D.C. 20546 	 MAY 1981



nrsi►.No

L as"" H& L Owe"wAm M•essi" 1b. 3t Rs•W•M'• COvhq NW.
NASA TM-76582

STUDIES ON THE BEHAVIOR OF L	 o.^
AMMONIA AND AMMONIUM SALTS IN THE ATMOS-

Pwhmlav otw++••tl.a C*&PHERE (1) — FRACTIONAL COLLECTION OF AM-

Kil0"fin ,	 Misturu Fujimura and Yoshikazu L'	 onw'e*"oewme.

Hashimoto ^. >t" We N&

9. Pev%Pmi*G OMWi••a.a Nme to Adrn•• It. ce"n" 'M Otat N..
Leo Kanner Associates NASw 3199

IL TV" ofNO	 OWPOAWC•vvea

Translation

Redwood City, California 94063

II. !^•ta•.iM ^r N.w. «t^ Ate...'
National Aeronautics and Space Adminis- ICtration, Washington, P.C.	 20546 ^"""	 ^'"`"^'

is, i^l••t•ata.7 N•u•

Translation of Journal of the Japan society of Air Pollution, Volume 14,
Number 10, 1979,•Pages 30-33

(A80-28118)

1e. Abatr«t	 mosp er c ammoni a 	;
.epar•ately collected on a two staged glass fiber filter. 	 The
first'filter for ammonium collection was a standard glass finer
filter which w:,s washed with distilled water and dried at 1'0-
130 0C.	 Ttle^ second one for ammonia collection was irnpregnated H
a mixture of -^% boric -acid and 25% glycerin solution.	 The Ulan
of glass fiber filters impregnated with a^ mixture of t.ho above
solution'was very low for ammonia, 	 i.e.	 0.06 pg in a filter of
4 7 mm Iii diameter.

The mean concentra i:tons of ammonia. and ammonium in air , at
Kawasaki ,	 a polluted area,. were 7 .6	 and Z'.3	 vir m3 ,•	 id those at
5anriku, an unpolluted anea 0.9 and 0.' 	 ug m 3 ,	 respe^tivel,y.

TneconCentrations of ammonia and ammonium nt the polluted
area were about. 10 times higher than those 	 at the unpolluted ar
Rat

'
 los of concentration levels of ammonium to total ammonia	 n

Idle :itmosphere were 0.3 arkd 0.2 for the polluted rind unpolluted
arsons, resp-eotively.	 AmmQni.um salts in air at both areas were

,,oInt-tad	 with	 rplat-.1yo	 humtdity.
17. Kq w..a 1:0••Wd by ^*Unnto 11. 01•tritwK•tt fu!•waN

119.

Unclassified - Unlimited

se"Afy C199811. (•/ All ►.WO 20. i••.aty Closed. (.1 Ime p.") II. N.. of P"Os I2.

Unclassified Uficlassi fled



STUDIES ON TRF BEHAVIOR OF AMMONIA AND AMMONIUM
SALTS IN THE ATMOSPHERE (l) -w FRACTIONAL COLLECTION

OF AMMONIA GAS AND PARTICULATE AMMONIUM

Kiko Kiin, Misturu Fuj imura and Yoshikazu Hashimoto

Faculty of Engineering, Keio University
3-14-1 Hiyoshi, Kohoku-ku, Yokohama

1. Introduction

It is said that the average concentration of ammonia in the atmos-

phere environment is 6 ppb [1]. Heretofore, methods of ammonia collec-

tion have been the solution absorption method and the sulfuric acid

filter method, but problems arise with both of these methods and they

are not suitable for measuring variations in time of trace amounts of

ammoria. Takafur.e et al. 121 using glass fiber filters, impregnated
with boric acid-glycerin solution (below called boric acid filter),

collected ammonia by passing a large volume of air through the filters

in a short period of time. Kadowaki et al. 131 using glass fiber fil-
ters as prefilters, conducted fractional collection of ammonia and par-

ticulate ammonium. However, due to the high blank in the boric acid

filters and in the glass fiber filters used for collecting particulate

ammonium, the possibility of large errors in the measured values of

ammonia and ammonium salts is great, especially in unpolluted areas.

The authors, by washing the filters and by heat treatment, have suc-

ceeded in reducing the ammonia blank in the boric acid filters and the

glass fiber filters used for collecting ammonium salts to one fourth

of the previous blank. The treated glass fiber filter and the boric

acid filter were mounted on a two stage filter holder and by drawing

air in at the rate of 20 liters every two minutes fractional collection

of particulate ammonium and gas ammonia was possible. Using this

method variations in time of the ppb level of ammonia and ammonium salts

were measured in a polluted area and an unpolluted area. The study of

the polluted area was conducted November 2 -5, 1978,on the roof of the
Environmental Health Center in Kawasaki, an extremely polluted area,

and the study in the unpolluted area was conducted October 17-19, 1978,
at the Rocket Observation station of the Meteorological Agency at

*Numbers in the margin indicate pagination in the foreign text.
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Sanriku, Iwate Prerecture, an areA very slightly pplluted by man.

From these studies we learned that the measurement of Ammonia and

ammonium gas in the atmosphere is possible using the filter method.

2. The Experiments

2.1 Chemicals and Filters

Glass fiber filters for the collection of ammonium salts: Type A

filters of German company make (47 mm in diameter) were steeped in

distilled water for one hour after which they were washed with distilled

water and dried in an electric dryer (120-1300C).

Boric acid filters for collecting ammonia: Toyo filter papers, type

GB-10OR (diameter 47 mm) were steeped in distilled water for one hour

after which they were washed in distilled water and dried in an electric

drier (120-130 0C). The filters were then impregnated 1 ml per filter

with a 3% boric acid - 25% glycerin solution and dried in a dessicator

for 15 m1nutes.

Sodium phenol nitroprusside solution: Five grams of phenol and 25

mg of sodium nitroprusside were dissolved in 500 ml of water.

Sodium hypochlorite solution: 1001C ml (here C is the percentage

of effective chlorine) of sodium hypochlorite and 15 g of sodium hydrox-

ide were dissolved in 1,000 ml of water.

All of the above chemicals were commercial products of special

quality.

2.2 Equipment

Holders for the ammonia collectors: Filters were mounted in the

two stages on an apparatus of Shintaku manufacture (stainless steel).

The first stage was a prefilter for the collection of ammonium salts

and the second a filter for the collection of ammonia. 4 flow meter

was connected and an intake pump sucked air in at the rate of 20

liters/min. The effective width of the filters was 43 mm ara1 the

length was 120 mm.

Flow meter: The FT/3/$-14-150 model made by Kusano Scientific In-

struments was used.
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2.3 Operation

The glass fiber filter for the collection of ammonium salts was

attached to the first stage of the filter holder and the boric acid

filter for the collection of ammonia was attached to the second stage

and air was pumped through the filters for two hours at the rate of

20 liters/min.

The ammonia collected by the boric acid filter was extracted with

a 0.2% boric acid solution and the ammonium salts collected by the glass

fiber filter was extracted with a 0.5% boric acid solution. The ammc-

nium ions in the extracted fluid were measured by the indophenol

method [u].

3. Results and Discussion

The boric acid filters used for ammonia collection were impregnated

with 3% boric acid. When the ammonia was e:;r . racted by 10 ml of 0.2b

boric acid solution, the boric acid concentration in the extracted

liquid was 0.5%. It is believed that light absorption due to absorp-

tion of ammonia was at its maximum value at this time. In order to

check the extraction efficiency of the filters, 3 ug/ml ammonia solu-

tion was trickled onto the boric acid filters 1 ml per filter and then

extracted with a 0.2% boric acid solution. More that 96% of the ammo-

nia was recovered. When distilled water was used as the extraction

liquid for the same filter, the extraction efficiency was less than

90%. These results are shownin Tables 1 and 2.
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Next a study concerning the blank of the fil

tional collection of ammonia and ammonium salts f

was made. For example, the ammonium concentratio

meter glass fiber filter (filter type A) and in t

as the boric acid filter was 0.4 ug and 0.35 ug per filter respectively.

The sulfate concentration was 6.2 ug and 10.7 ug per filter respectively

and the fluctuation in the blank values of the filters was great. As

the concentration of ammonia in the air becomes lower the effect on the

ammonia blank in the filter becomes greater. Also, it is believed that

when the sulfate blank is high, there is a reaction with the ammonia at

the time of collection. For this reason, in this experiment, after the

filters were well washed in distilled water, they oere dried in an elec-

tric dryer (120-130 0C) for about two hours which reduced the ammonium

and sulfate blanks in the filters to 0.01 ug and 0.1 ug per filter

respectively. Filters treated in this way were then impregnated with

3% boric acid - 25% glycerin mixture. The ammonium blank in these fil-

ters after being dried Ina dessicator was 0.06 ug. Table 3 shows the

blank values of ammonium in the boric acid filters.
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The area in which the studies of the unpolluted area were made was

in Sanriku, which is on a peninsula Jutting into the Pacific Ocean.

The surroundings were fcrested mountains with no settlements. The area

is 20 km southeast of Kanaishi, a steel processing city.

Figure 1 shows the variation in time of

and ammonium salts in the industrial area o

centration of ammonia was 10.7 ppb and that

Ng/m 3 . Figure 2 shows the variation of the

and ammonium salts as measured in Sanriku.

conc•entrattons of ammonia

f Kawasaki. The mean con-

of ammonium salts was r.3

concentration of ammonia

The mean concentrations

of ammonia and ammonium salts were 1.3 ppb and 0.2 ug/m respectively.

The concentrations of ammoni,: and ammonium salts in the industrial area

were 10 times higher than that in the unpollutea area.
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It !.s believed that the ratio of ammonium salts to ammonia in

the atmosphere changes according to various conditions, such as the cor-

centration of ammonia and acidic oxides in the area, atmospheric con-

ditions and the seasons. The data on fractional collection of ammonia

and ammonium salts in the atmosphere in polluted and unpolluted areas

are very few. According to Georgii [51 in polluted areas the ratio is

4-6, the concentration of ammonia being highest. Healy [6] reported

that the concentration of ammonium salts was highest at 0.2-0.5. Also

it has been estimated that as background concentration it. the atmosphere,

the ratio of ammonium salts to ammonia is about 4 with the concentration

o'' ammonia highest [1]. By our measurements, in the industrial area the

concentration of ammonia was three times that of ammonium salts and in

the unpolluted aria the concentration of ammonia was five times that

of ammonium salts.

The solubility of ammonia in water is extremely high and it is es-

timated that at more than 95% relative humidity ammonid changes to am-

monium very easily in the atmosphere [7]. During the period of our

studies the relative humidity at Sanriku was 64% and that at Kawasaki

was 57%. The results of calculating the correlation of relative humid-

ity to ammonium in the areas were 0.33 in Sanriku and 0.17 in Kawasaki

and there was no correlation between the concentrations of ammonium and

relative humidity in either area.
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Concerning variation in time of ammonia concentrations in pollutes

areas, according to Kokubu et al. [8], there is a high concentration

during the day. Okita et al. [9] reported that the concentration is
highest at night in unpolluted areas. In the areas in which our studies

were conducted, no such fluctuation trend was noted. In Sanri.ku the

peak concentrations of ammonia and ammonium salts were at times of no

wind (wind velocity 0.0-0.6 m/x). The ammonia peaks in Figure 2 (sic)

for Kawasaki are thought to have been generated from sources in the

surroundings.

4. Conclusion

The fractional collection of trace amounts of ammonia and ammonium

salts in the atmosphere was found to be possible using boric acid fil-

ters for ammonia and glass fiber filters for ammonium salts. We were

able to lower the ammonium blank in the filters by washing them in

distilled water and by heat treatment and were able to keep the fluc-

tuations in the blank constant.

Fractional collection of ammonia and ammonium salts was carried out

from the middle of October through the first part of November, 1978 in

the unpolluted area of Sanriku in Iwate Prefecture and in the Industrial

area of Kawasaki.

The proportion of particulate ammonium accounting for the metallic

ammonia was 30% for the industrial area and 20% for the unpolluted area.

The concentration of ammonia and ammonium salts was 10 times higher in

the industrial area than in the unpolluted area and there was no corre-

lation between the concentrations of ammonia and ammonium salts and the

relative humidity in either area.

7



REFERENCES

1. Robinson, E. et al., "Gaseous nitrogen compound pollutants from
urban and natural sources," J. Air Poll. Cont. Ass. 20/5, 303
(1070).

2. Takagune, I., Bunseki Kagaku [Analytical Chemistry] ?8, 633
(1979).

3. Kadowaki, R., "Taikichu B'_ryo Anmoniumen no Teiryo" [_Measuring
trace amounts of ammonium salts in the atmosphere] Aichiken Ko ai
C_'^osa senta^o Hoku [Report of Aichi Prefecture Pollut on Study
Center], Vol. 2, p. 29 (1974).

4. Sugano, S., "Taikichu no Anmonia Teiryoho no Kento" [Study of
methods for measuring ammonia in the atmosphere], Eisei Kagaku
Health Chemistry] 14, 280 (1968).

5. Georgii, H. W., "Oxides of Nitrogen and Ammonia in the Atmosphere,"
J. Geophys. Res. 68/13, 3963 (1963).

6. Healy, T. V. et al., "Ammonia and Ammonium Sulfate in the Tropo-
sphere over the United Kingdom," J. leophys. Res. 76/12, 2317 (1970).

7. Healy, T. V., "Ammonia and Related Atmospheric Pollutants at Har-
well," Atmos. Environ. 86, 81 (1974).

B. Kokibu, N., "Taikichu no NO 2 oyobi NH 3 Ganyuryo" [The amounts of
NO) and NH in the Atmosphere], Ko ai to Taisaku [Pollution and
Countermeasures] 6/4, 261 (1970 .

9. Okita, et al., "Determinat'on of trace concentrations of ammonia
in the atmosphere using pyridine-pyrazolone reagent," Atmos.
Environ. 5, 621 (1971).

1

8


	1982006820.pdf
	0020A02.TIF
	0020A03.TIF
	0020A04.TIF
	0020A05.TIF
	0020A06.JPG
	0020A06.TIF
	0020A07.JPG
	0020A07.TIF
	0020A08.JPG
	0020A08.TIF
	0020A09.JPG
	0020A09.TIF
	0020A10.JPG
	0020A10.TIF
	0020A11.JPG




