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Ammonia in the atmosphere can be determined by an improved indophenol method with 1-

naphthol.

Ammonia dissolved in water reacts with sodium hypochlorite in the presence of sodi-

um hydroxide and 1-naphthol to form an indophenol blue dye, which can be measured at 720

nm (maximum absorbance).

Since ammonia in the atmosphere can be absorbed in purified

water almost completely, a calibration graph using standard aqueous ammonium chloride solu-
tions can be used. The calibration graph showed a good linearity (y = 0.37 X 10°x + 0.027,
R*=0.9992) and the detection limit was 0.9 X 10" ° M. For practical samples, the air was col-
lected into a 50 ml plastic syringe with an air-tight cap containing 3.0 ml of purified water as the
absorbing solution, followed by shaking it by hand. The method was successfully applied to the
determination of ammonia in indoor and outdoor air samples.
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Fig. 1 Effect of I-naphthol concentration

[NH,Cl]: 2.0 X 10 °M; [NaOCI]: 1.2 X 10" M;
[NaOH]: 4.0 X 10" * M; wavelength: 720 nm

M EEZ RS L0 BHLIEZO ) boKEREE
BSE LTHY, FAEES M/ 7a—4 Y2
MERDT v AU R L E s d BRGRVEN
RIFZETIIIFN Rl 2 LEE L 177 b=V %
Wb A4 v F72 ) —=VRInk, 7yE=7 &ORHEEHE
Wickz209 I VAR EFHL, FHLOK
EODOEREBEOZBICHEH L, B /KB TORGSRMN:
DFBE 24T 572 ZORE, 71 b v OMBERRE v
72U, W b L7=&mET T, fifies ) v Y TORKAE
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WX DR 7oK 2 v 7z,
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2:2 BIEE

B PEREE LTI, 9T v e= o AR %
W 2B ml A AT FAIIITED, TNIZ0.03M KilidEE
B MU AR 1.0 ml, 0.2 MKEEILF M LA
50ml, XO5%1-F+7 b= 7t b YEiE2.5ml 2%
THEAMAKRZERETINAZ, 0~2.0X10 °M OREEHPHO
M A L7z, S0 EHMERMOWET7 I 2 2% X
CHRVIREREZ S S 2, ZhERR (25C) TS5
SRR U 72, W% 720 nm Tl L7z,
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KEHFOT ¥ E= 7IGHMAKIIZIZTE RIS SR T
&% (~100%) OT, @K 3.0ml Z A7z 50ml (5
R 69.1£03ml) DS FTAF v Z7HI ) v VITKREAR
BEWS R, YUY VICFxy 72 LT40MIRY
R, 7y E=7 2GRS 725 O &2 WEICH
7z.
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ERRAC e ML, ShM LTI EDMlE R
L7z, $oTUTOERTIZ40X10 °M 2 HoEsM&
LTHwAaZ EE L.

$72, 1-F 7 b= VIBEIZOWT, REIEEE L To.1
~1.0% OHPHTEIEEIZIFTHEEZRF L. HEE
Fig. 11”9, IN&ED, 1-77 F—ViRED0.4% 5
0.8% FTRIFIFT—EDMHZEZ/RL, 08% LI h2% LW
WP Z R Lz, Lo TUTOERTIEX 05% % iRk
S L THWwWAZ EE LT,

3.2 REBEICRITHEEIEORE

HBHSIETEMNZ2 1-F77 F—=VEBEROIZDIZOHR
W, BEICRITTTE D YORRICOWTIIMRE L Twi
Vo L2 L, SIAREE U CRE LT 2 AR BEATIRIN
M R E T2 B2, PLVa—VETRIEREY 7
b EFEEESRONS. FITH—KBRZTOIRME



et a3

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1 ,
0 I | !

0 10 20 30 40

Absorbance

Concentration , %

Fig. 2 Effect of organic solvents

[NH,CI]: 2.0 X 10 ° M; [1-naphthol]: 0.5%; [NaOCI]:
1.2 X 10 °M; [NaOH]: 4.0 X 10 * M; wavelength: 720
nm. M: Acetone; & : methanol; @: ethanol; € :
1-propanol

HEyE LT, KISHE A RE % H o TR R & e
L7z, $72, 1-F 7 b= VIEKRNOBEIREDS/PN SN2 80,
INOARBEREZEANE LTIV L E L. ARE
BelLT, 7Tby, AF¥ /=), =¥/ =), 1-7aN
J =DV T 0~30% O#PHTHRE L7z (Fig. 2). 7
by )=V 10% B2 5 LITIT-EDOWLE
BRL, AF =Nk .70 ) —Vid15% #BR 5 E
B EOWOEEEZ R L7z, Mt LA A ClE 7+ b
YRRV IR D BWIOLER ROz, Ko TUT
DFEBRTETE M 10% BREHCLIEE L 7B,
FHASWET7TE MY 6% BiREHNTBY, #5650 KE
e s,

T VHIZEMERDPLT VT FAGENRTED,
TNT R FEPSEOSMIEEZ KT REESZEZ SN
272, TR EFTIUVTFE R, RVATILVTFE FeHWwTT
Ve FRERICKZRELZHEF L2, wiitd 1.0~4.0 X
10 "M OBEEHPHICB VT, WOEEICEZE S s
o7z, TORELY, REARETIET VT FogBid
LwekEZbLN5.
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EONMIHWERISEAIEEL LT, 177 b=, 2-F
7 b=, KBEED 1-F7 b= V8- AR Y EEIZDOWT
Mad L7z, 77 F—VEOREL 05% & LTRONZ]
R, EVIOBREL, WU K# K % Table 112F & ®
72 177 b=V TUR AR Y O BRI 513 720 nm,
2-F 7 b=V Z W72 8A1E 500 nm WRRKRIRIUE A E
Nz, 1-77 b= V8 ANVFK VEEEHVIEEEF 75 L
VEROWIL 2RO, £V F7 2/ — VHIZERLT
WhweEz bbb, 277 h—=)Lb& 1-77 h—)L8A

K, KB, K iR/ WOBEEkIC X 2 KPR 7 v =7 O R 955

Table 1 Comparison of naphthols

) ; € Wavelength
Reagent Absorbance Jlmol™ ! em™! /nm
1-naphthol 0.763 3.51 % 10* 720
2-naphthol 0.062 reagent blank 720

0.095 450 500
1-naphthol-8- 0.071 reagent blank 720

sulfonic acid

[naphthol]: 0.5% ; other conditions were optimized condi-
tions.

R UERD 720 nm (X BT 2 WPUTREERBRTH ), 17
7 b= EHWT 720 nm TR ZAT 9 & 8 b BV IKEE
(BENVIERE) BN, 1-F7 b=V E2Hnb
Zkrl, 720 nm ZMERKFEE L.
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RIER G B OBER M S 2 T THEICOWT,
BEHH S 60 550 F THE L7z, 5 07%Iceasics
L, ZO®%K 2055 F THRILEIZIZIEF—ETH-o7. 30
R OIRAZWOCEDA L, 60 5 ICIZ R KON
L0 0.05 WA L7228, WKNEERBOBMSTH S &
BA 5. AL TIRIERE b 52 R#EErE LTHY
7z.
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3.5 RITEREDEE

OB X 2% 10~40C OfFETHRE L. K
ERWBI VDS, 20~30C THRA—TEDOWBEDTE S
N720T, RFETIRERTH S 25T 2 H7.

3.6 IREROIEK

WAL U724 CH LT v B = AVE 0~2.0 X 107°
M ZHWTHEBRZER L. WEEE 720 nm 2B W
T, Mo R EHYE (y =0.837 X 10° x + 0.027,
R*=0.9992) Z/mRL7:. 20x10 °ME LT ¥ E=7 A%
Wx vzl SO EERFZEL 8.5% Tho7z. Tz,
M BRI (GREE 22 i BR DR HEAR 72 D 8 R IZAHY) 1% 0.9 ¥
10 M THolz. THUIHEHS OREREY X Y 5 5w kg
Thsb.
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YEZT OWIUET E L THWZZBR KN O ERIZO W
THGET L7z, 2-2 OBIEICHE, 181 H QWA I
BE72%, KROAZENOL) Y IIZRY L, HziC
3.0 ml DRHAKZMEZ, WRENFTIFK->TWET ¥ E=
T ORERR MRE Fig. 31RT. Xy, 1HH
DFYRETIEITI00% 7V EZTHHETETNDL S
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Fig. 3 Efficiency of NH;s absorption from air into
purified water

(1): 1 st absorption; (2): 2 nd absorption with the
same sample air

Table 2 Analytical results of ammonia in indoor and
outdoor air

NH; Found
Sampling location P— "
10 "M ppbv
Indoor A 1.70 £ 0.01 1.35 = 0.01
Indoor B 1.78 £ 0.02 1.41 £0.02
Indoor C 1.63 £ 0.02 1.29 £ 0.01
Indoor D 1.70 £ 0.01 1.35 = 0.01
Indoor E 1.67 £0.01 1.32 £ 0.01
Indoor F 1.70 £ 0.02 1.35 £0.01
Indoor G 1.68 £ 0.02 1.33 £0.01
Indoor H 1.57 £0.01 1.24 = 0.01
Indoor I 1.69 = 0.01 1.34 £0.01
Indoor | 1.68 = 0.01 1.33 £ 0.01
Outdoor A 7.10 £0.02 5.61 £0.02
Outdoor B 6.89 £ 0.01 5.45 £ 0.01
Outdoor C 6.93 = 0.02 5.48 = 0.02
Outdoor D 7.08 £ 0.02 5.60 = 0.02
Outdoor E 7.02 = 0.01 5.55 £ 0.01
Outdoor F 7.00 £0.01 5.53 £0.01
Outdoor G 6.82 £ 0.01 5.39 £0.01
Outdoor H 7.08 £0.01 5.60 £ 0.01
Outdoor I 6.75 = 0.01 5.34 £ 0.01
Outdoor | 6.88 £ 0.02 5.44 £ 0.02

a) Concentrations in absorbing solutions; b) Air sample vol-
ume: 69.1 ml; absorbing solution: 3.00 ml of purified water
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VERDRES LT BIHETE LT L9007z,
AWFZETIE 400, IROBEEL L E LT

373 ER, BAKKFT7EZTOEE HEI
v b REGERFHIEN, BALZ2h2h 10 ST o’

WERILL 72, REGABORIUCH W22 ) v YV oerE=IT
FI69.1ml THY, WIHEEE LT3.0ml 2720

T, RERBHT v E= 7 OlRMifERIZ 28 ETHL. K
AP ET Y E=T OERM AL Table 2 1IR3, T~
B TIREIEENTEY 1.3 ppby (10 7 g/em’), EHFEY

5.5 ppbv T o7z, KRAHMET ¥ €= 7m0k
JE & REEDE S Az, ARG KR 00 I 4 25 1 R0 18 ) 7 i AL

HBE R LB L LR WlE» D EAEEE, WK EmET
H5.

AR TRMECTHERELT VBT ERELELT, 1-
F7 b= ViEERRGEAL L. SR A R AR L
TT7TE P E2RWEZL, BHROK 5 BOEKEEE TS
CENRTEL. K-TE MU HRTRISIEI 20T
BEpsiifEic, = rua7ay FF M) v AR E0FERR
ELEL L., R OMERGRIED#HETSH
D, LPEOBRETCREPMET Y EZT OERVHETD
B, RECBIFAMEREEZ, 70—V a v
(FIA) ~OIRHLEETH Y, L) HH, SEEEEN
MFEc& 5.
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KATDOT7T VEZTERBEELTI T 7 b=V EHVWAEAL Y P72/ —VERKE L. KEETO7
VEZTIIKEALF MY AFE T CRESRER ST MY T A, 1 -7 b=V ERIBL, 4 Y N7z — VA
FEEAERT 5. ZOEKBOBKIINIERTH S 720 nm THSREZFMET L2 L (177 =) &
I, RKEFO7vEZTRERLE. HLT VB AR E VSR BT 2 R R R L
(y =0.87 X 10" x + 0.027, R*=0.9992), BIPRIZ 09X 10 ° M ThHo7z. T b % 10% M2 5T L
&Y, W RO 5 HOKENE LN, 20X 1070 MBEALT ¥ B ARERERT E VY
B ORI 3.5% & RIFTH o 72, EREA~OILH & LT, WK 3.0ml # ANz 50ml 75 AF
v 78I Y (FEARRE: 69108 ml) ICRAREZHEL, YU rIICFry TR LT 4 5MIRY RE
720 REHFO7 Y EZ 7 IEWINETR & L THWABMAIIZIZReICHlERFca ., WNLAT7 Y E=T
%157 = VIETHIE L7z, RBEEEN, BAOKKTMET Y E= T8RS T oL EKEEZ R L
7z.



