Journal of the Korean Chemical Society
1997, Vol. 41, No. 5
Printed in the Republic of Korea

SEFURMY| 25t #HAR T N(NO, ), NNO, ) ¥
N(NH,)Q| HeH2A0] z2tst o7

FER - 25A - BAR - THR'
d=FEtr|edTd #7% - CFC A74
‘me st sk
(1997. 3. 21 &%)

A Study on the Determination of N(NO, ), N(NO; ) and N(NH,")
in Environmental Samples by Flow Injection Analysis

Jae-Seong Rhee*, Young-Sang Kim', Yun-Hee Jung, and Hee-Jung Rhee'
Department of Environmental Research & CFC, Korea Institute of Science & Technology,
Cheongryang, Seoul P.O. Box 131, Korea
'Department of Chemistry, Korea University, Jochiwon 339-700, Korea
(Received March 21, 1997)

R 9. =k £AAE Fol|A nitrite, nitrate 722] 7. ammoniaX] A4 E WE dA&H o8 A 4 gl
£ ubgel Bale] AR AAARE ZHe|Ael 2 A o] EFARE AHgstel FAS) T34 A7}
G ok vz Zeo] a8)lx 3845 5)E AA3t¢irh. Nitritex= Griess reactione] 2] 3] sulfanilamide$} ¥H-g-
% N-(1-naphthylethylenediamine dihydrochloride)s?} 7 &}-3le] azo M AE A A7 F 540 nmoll+ 22483,
nitrate+= hydrazine-3 A}-8-3}od nitrite 2 QA7 F 24319t} Ammoniat Nessler®] & A1-8-3}0] 440 nmol|
A &2A 8kt HA 2464 NINO, ), N(NO, e} N(NH,)] 7234 (S/N=3)= 0.1 pg/mL, 0.4 pg/mL 12|
3 0.3 ug/mLo| gt AA A 2 v) A4, ion chromatography ¥ FIAE 223l u| 23 A3l A% dx]Ale]
80-125%2 viehlio] wE el ich. A R9) FRE 3081412 o140 2 2AY 4 qlsleh

ABSTRACT. A rapid and sequential method was studied, which can determine nitrite, nitrate and am-
monium ion in soil or water samples with flow injection analysis. Geometric factors including injection volume,
length of the reaction coil and flow rate of carrier solution were investigated prior to sample measurement. Nitrite
was determined at 540 nm by Griess reaction producing azo dye between N-(1-naphthylethylenediamine dihy-
drochloride) and sulfanilamide. Nitrate was also measured under the help of reduction mechanism toward nitrite
with hydrazine. Ammonium was analyzed at 440 nm with Nessler's reagent. At the optimum condition, the de-
tection limit(S/N=3) has been shown 0.1 pg/mL N(NO,™), 0.4 pg/mL N(NO;") and 0.3 pg/mL N(NH,") respec-
tively. The results measured by colorimetry, ion chromatography and FIA were compared showing 80%~125%
reasonable match each other. Injection throughput rate could be performed better than 30 times per hour.
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trate 1.00 g& 24 1 Lol =0 2 AHgH o2 ApL-
sgom WA X 2AY of nitrited ¥
23 A17)7] Y3l sulfuric acid 17 mL2} sulfamic
acid 30.0 g& 1 L 2d5ol 4] EAA 8Ao 2
AF8-5190 T}, = FIA v ollA] nitrateE nitrite 2 3}
A o Ag-5 44& hydrazine sulfate 20.3 g,
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dium hydroxide 80 g& 1L 295l 3o A4
o2 e ¥ P33 Fx 2 F3 AHgsigch

N(NH,) &HA|I9f. d¥E Junseir}e] ammonium
chloride 1.00 g& HA4Ao & WhE & P33 &
(0.01~16.6 ng/mLyE wHE<o] ARE-3}¢ic}. Indophenol
YO F ammoniume A3 W A2-5E sodium
phenol nitroprusside= Y& KantoA}2] phenol 5.00
g7 54 MerckAl] sodium nitroprusside 0.025 g-&
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3 AHEglen FlAgbieg 2% o AHd
Nessler A|2F-2 £ KantoAl] A)F-$ AM8-31%i )

FIA #X|. FIAcA] A& S8 o] FA7]7] ¢
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istaltic pump3 #-8-3}%it}. FIA 71 &7)+= 7l Ap-
plied BiosystemA}2] 757 Absorbance detector(Z%]
9] : 190~800 nm)E- o]g-3}dw, WY FHE FAHL
w]=t Hewlett PackardA}2] HP 8451A diode array
spectrometer(ZA W $] : 190~820 nm)E- g3}t
Aok B alge) o)]FL WA 032mme 0.8 mm
PTFE(polytetraflouroethylene) tubing& AR8-8l%w .
teflon tube(id.: 0.5 mm)= ¥hgEFU 2 o]L3lct.
B Ao o] 83 FIATZE Fig. 1o Jep3ich

Ion chromatograph. F &85 £A A FgFo
&-0]-2 nitrite®} nitrate £ A3}-5 Al F v]2s}7] ¢
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Ulo] wke- 3 o] ol 200 cm2 A s}t
AlRo| XU, FIARFH | 2|3} nitrite, nitrate
% ammoniumA] A9 AL Fig 19 FRE o]
fatod 2R B 2R Eellg 3HL of
3} o] Ag3sich NINO; )& 25 mL %9 F2}
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Fig. 1. Schematic diagram of FIA system on the de-
termination of nitrite, nitrate and ammonium nitrogen. R
1: reduction solution, R2: sodium hydroxide, R3: nessler's
reagent, R4: sulfanilamide, R5: N-(1-naphthylethylenedi-
amine); SV1, SV2, SV3: injection valve; RC1: reaction
coil of reduction from nitrate to nitrite, RC2: reaction
coil of ammonium with nessler's reagent, RC3: reaction
coil of nitrite with N-(1-naphthylethylenediamine); IV1,
IV2: injection valve; CS: carrier solution(deionized wat-
er); W: waste; D: detector.
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Adsr) $jsia 2+ AR Frdsl F3e 9
g4gol vl 332 7 235}, Hydrazine sul-
fate®] £ X+ 0.0~1.0 g/L, copper sulfate 0.0~0.1 g/L,
zinc sulfate 0.0~2.0 g/l. 712} 3. sodium hydroxide 0.0
~40.0 g/ oA APBssct. #AULHS nitrate
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ZAFEE P4t ol £A 4 FIATES §d
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SFYR0l HimY B AFNE ENEE
N(NO, ), N(NO;™) 3@ N(NH,"Y& FIAubH 3} 4
e ¥MAANE A3 vlaskcl. FIAY )
WY BBl N(NO, )] 332 Griess-llosvay
k22 38-3}¢dr}. NitrateZ} pH 2.0~2.5904 sul-
fanilamide®} diazonium ¢g& 3A ¥ NED2} cou-
pling #H-8-& 3led azo YA4E A3 Hrk A&
Z Sb™, Bi**, Fe*, Pb™, Hg”, Ag', PiCly"” 18]z
VO;*~ o] Fo] EAIF ASelle W zANA
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Fig. 2. Determination of optimum geometric factors for
FIA having flow rate(0.7~3.8 mL/min) A), length of
reaction coil(50~400 cm) B) and injection volume(10~
100 pL) C). Experimental condition A) was fixed at the
length of reaction coil: 100 cm and injection volume: 50
uL, B) flow rate: 1.46 mL/min and injection volume: 50
uL, C) length of reaction coil: 100 cm and flow rate:
1.46 mL/min.

o} N(NO; )¢] Agke EHiA4NE o] 83l ni-
trite] W) A2 AAF F 2pejiddedq] 220 nm
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AN FA 3ot FUugel AF 2AEL Cu-
Cd WL 045K WS} hydrazine £91-2 AHE}
= o 843t & Cu-CdEYH & ol 3=
W2 pH 5~9¢] Al8E #U A7 F Griess-llosvayyt
Sl 938 A& AL o] &3t o WS
A 2Y 243017k Solahg e 72
7} 0.01 pg/mLe]st2 A 23w eolu} hydrazine
el vls Zhert Fokot ey Alsel webA
15~203] AE AMg-3ld #HU5Ho] Asixng &
Al S TelFo] BUFHE EFAIAT sl= &
o] slsdct. FIAT}A ol o183} hydrazine-8-<f 3¢l
o] AS Agev APAYL 53 ot G
FE0.1pgmL oshell = Cu-CdAH Whyrc
Zr=rb "dolzich N(NH,)E FAshe WL in-
dophenol®] 7} Nessleri}{o] dubdo|} B ¥ o)
A& Nessler®-2 FIAWFH o] o] 8-3}9it}. Nesslert]
< FAAE ] A8 ell NaOHE 7}51e] pH 10.5%
£ ¥ NesslerA|2Fe] ubg-T ol wela] 400~500 nm
ol ZA3todet. N(NH, )2 F=7} 0.4~5 ug/mL A}
olell 3l W FF=F 400~450 nme| At EA 3
10 pg/mL oJAFS} F%+ A 450~500 nmol| 4] 23]
}ed Lambert Beer's laws WA 7= 771 =2
& Ad9sigdeh Fe®, Ca™ 4 Mg™ 59| whafo] 2]
NesslerA|2F2} wHg-3 A 22 S WA =F
EDTAS A7isisich 3 F=Yo2 NNH)E
A2y o o] 4% indophenol-2 A8 E e A
2 pHE ZAsigich whge] FASE {EA
Mgqd === Cud o]2tiAl & AYelAE sodium
nitroprusside-& AHE-3}gic}t. F vl F3EE 30~
50%-0] 8%l o 3] HEgrE 3 U7
A7y A3 & FFEE FA s

FIAO| 9|8t N(NO;") &F. Fig. 14} Zo]
Al8E SV19] A2 A AA V1A F9]5lt).
Folx N8 SV2¢ AE Es)4] sulfanilamide2}
3% ¥ diazonium saltZ 3 A} s} N-(1-naphthyl-
ethylenediamine dihydrochloride)®} azo coupling B8
< 3le] AAE azo MAE 540 nmol|A] AEslsict
RC3ol|A] nitrate®} NED<] u}-g-2 Zo]”} 200 cm(l.
D.: 05 mm)Y o FF=7F FuE vgdow o o4}
ZoIH % Z7}817] kghch. ojuke AL (0.5 mm
i.d.X 200 cm in length) teflon tubeE AFE-3 1 w5
A P2 gLt 7 Al i Y 24

Table 19 $53191 1 XF49S AH-3S o AP
Wels 0.1~-33.1 pg/mLolglen Al X FHR}
(RSD)¥= 0.2~14.0%0) %t}

FIAO| 2|# N(NO;™) &3. £ od-oll4] nitrate
£ A5 WY 22 hydrazine £ Y& A
A}, Fig. 194 A8 SVIY] A BE %39
RCIoA] A g-Hz} ub-g3le] nitrite 2 AR}
olwf Wh-FYL FLZol4] 43°CE FAskt”
#HU" A8E SV29| BE B’ F IV2ellA] F4)
%o} sulfanilamides} ¥F2-3l 7 NED$} A3tsie] A
A azo M2F A 540 nmollA] A3} A Y
271 Table 10 NG T F2E 4] (1)} o]
AAks e}, Cripaes nitrate®] 5X0]9 Cypy nitrite
+ nitrate$} nitrite®] A A FE2F LI} Coies ni-
trite®] 5 =& viehdc).

Crivrate=Crotal-nitrite = Chitrite (1)

49 F Cu(l)= $HAuREe) 2 A gEgloy
Zn(Il):= nitrate A ZFo|A] o] Y F-&-52] vl ax
£ AAs) 99 ARG Bagdel 231
Zhzke] AJefe] FAwel HULS 7Xe ANE
Fig. 35} 4] ®.9ic}. Hydrazine®] X <71+ nitrite
2] Fg=o &4 W7t alsle™ 0.2 glLolA #
8¢ F7) =g} Cu()= 0.05 gL, Zn(y= 0.2
g/, 1831 NaOH+ 40 g/lollA] FH o] 34l-8-&

Table 1. The geometric conditions of flow injection
analysis on the determination of nitrite and nitrate

Conditions of
configuration

NO, & NO;” 0.5mm LD.x
200 cm in length

Experimental

Components
component

Reaction coil

Reduction coil NO;~ 0.5 mm LD. X
300 cm in length
Temp. of water bath 43°C

NOZ_ & N037 1.46 mL/min
Deionized water

Flow rate of
carrier solution

Flow rate of 1.09 mL/min
reagent solution 05% Sulfanilamide
1.09 mL/min
0.1% NED
Flow rate of NO;~ 1.46 mL/min
" reduction solution
Injection volume 50 uL
Measurement 540 nm
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Fig. 3. Effect of reduction chemical reagent containing hydrazine sulfate 1), copper sulfate 2), zinc sulfate 3) and so-
dium hydroxide 4) on the absorbance of (0) nitrite and (A) nitrate reducted to nitrite. All measurements were caculated
based on the area of nirite 4.13 pg/mL and nitrate 3.34 pg/mL. The optimum hydrazine sulfate, copper sulfate, zinc sul-
fate and sodium hydroxide were found to be 2.0 g/L, 0.05 g/L, 0.2 g/L. and 40.0 g/L respectively. The geometric con-

dition of FIA is listed in Table 1.

dL 4 9lsdch AYE ZHA nitrate= 0.4~27.4
pg/mL 9ol 2AdA3-E 9] ew] RSDE 1.0%el
4 9.0% H41o1xdct.

FIAO] o&F N(NH,) &A. Nesslerl-2- indophenol
W) e gk =X 7HD.L.: 0.3 pg/mL) ¥-3-A]
Zho] Aoty A 85E dge] AHE E F Nessler
Aotz wb-gAlA 440 nmoll A 2431 ct. Fig. 19
A9} 7o) SVIS] AE S’ el A 87}
 IV1d|A F9]5]e] RC2eY|A] NesslerX| 2}t vhg ¥
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SV3¢] BE X|v} 440 nmofl A &=t Ay 24
& Table 29} el om 0.3~16.0 ug/mL ¢4
Al AL AT RSDE 0.5%4 12.0%°]
et

FIA & BTN KRELIXL. AP FIAT
zoA A8} F]lEe] Bk ILE A A
25|+ nitrite2] F-3} % (Absorbance at reductive con-
dition: Anyh A4 WA W s HEE ni
trite2] &34 (Absorbance at non reductive condition:
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E=3 1) Hydrazine sulfate
2) Copper(ll) sulfate
B2 3) Zinc() sulfsts

Conversion percent (%)
3
1

1 ° ‘ ’ 3 “ . 6 .
Number of chemical reagent (g / L)

Fig. 4. Effect of reduction chemical reagent which con-
taining hydrazine sulfate(0.0~1.0 g/L)) 1), copper sulfate
(0.0~0.1 g/L) 2), zinc sulfate(0.0~2.0 g/L) 3) and sodium
hydroxide(0.0~40.0 g/L) 4) on the conversion ratio of ni-
trate to nitrite. Conversion ratio from nitrate to nitrite
was determined ranged from 90.1% to 95.3%. The
geometric condition of FIA is listed in Table 1.

Table 2. The geometric conditions of flow injection
analysis on the determination of ammonium nitrogen

Experimental condition Condition of configuration
0.5mm ID.X150 cm in length

Reaction coil

Flow rate of 1.46 mL/min
carrier solution

Flow rate of 1.09 mL/min
reagent solution

Injection volume 50 uL

Measurement 440 nm

Relative intensity

M L

——— v
Q 20 40 60 80
Concentration of nitrite (j1g/mL)

Fig. 5. Calibration graphs of nitrite under the non reduc-
tive condition 1) and reductive condition 2). 3) indicates
difference non reductive condition 1) and reductive con-
dition 2).
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Fig. 6. Recovery of nitrite passing through a reduction
coil ranged from 0.7 pg/mL to 66.1 pg/mL.
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Fig. 7. Chromatograms of FIA on the determination of
nitrite A), nitrate B) and ammonium C) nitrogen in stan-
dard mixture solution and waste water. Concentration of
standard; NO; ™ (non-reductive condition): 0.54 ug/mL 1),
2.71 ug/mL 2), 6.79 ug/mL 3), 13.6 ug/mL 4); NO,~
(reductive condition): 1.18 pg/mL 1), 5.92 ug/mL 2), 14.8
pg/ml 3), 26.9 ug/mL 4); NH,*: 0.27 pg/mL 1), 1.37
pg/mL 2), 3.42 pg/mL 3), 6.83 ug/mL 4); S-1, S-2, S-3,
S-4 represent for standard mixture solution and W-1, W-
2, W-3 represent for the result from waste water samples.
Working condition is listed in Table 1 or 2.
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Fig. 8. Chromatograms of FIA on the determination of
nitrite A), nitrate B) and ammonium C) nitrogen in a re-
claimed land soil. Concentration of standard; NO: (non-
reductive condition): 0.06 ug/mL 1), 0.13 pg/mL 2), 0.33
pg/mL 3), 0.66 ug/mL 4), 1.32ug/mL 5); NO; (reduc-
tive condition): 0.13 ug/mL 1), 0.33 pg/mL 2), 0.66 pug/
mL 3), 1.32 pg/mL 4), 6.62 ug/mL 5); NH*: 0.22 pg/
mL 1), 0.44 pg/mL 2), 2.20 pg/mL 3), 4.40 ug/mL 4);
LS-1, LS-2, LS-3, LS-4, LS-5 represent for remediated

land soil. Working condition is listed in Table 1 or 2.

An)E v|3}e] nitrite] 3582 AAbsiglct. Fig.
591 D)3} 2= F A A4 9 nitrite AAHFAE £A
g Aol 3} F A3 A AHE ehd Zo]
o}, A4 nitrite®] 3]5&-2 0.7~66.1 pg/mL ¥ ¢
oA 93%NA 107%°) QA3 Fig. 60l AHE T4}
At Are} Are] 7]£718E Hjadt A3 FIA A28
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Table 3. Comparison of analytical data measured by
colorimetry, jon chromatography and flow injection
analysis in standard mixture solutions(S) or waste water

(W) (unit: pg/mL)

Ele- Analytical method
ments Colo- IC”

S-1 N 410 501 402 098 080
402 376 361 090 096
5.27 - 533 1.01 -

Sample Ratio’ Ratio®

S-2 1.67 192 161 09 0.84
168 139 147 088 1.06
2.15 - 215 1.00 -
S-3 - 08 08 079 093 0389
08 071 076 085 1.07
1.07 - 1.09  1.02 -
S-4 016 025 014 088 056
018 013 021 117 1.62
0.12 - 021 125 -
W-1 117 154 1147 122 093
007 ND. 016 229 -
0.50 - 054 1.08 -
Ww-2 400 420 902 109 103
007 ND. 012 171 -
0.70 - 086 122 -
Ww-3 863 91 1717 095 090
003 ND. 006 200 -
0.40 - 050 1.25 -

“Jon chromatography, "Ratio of the analytical data from
FIA for the colorimetry, “Ratio of the analytical data from
FIA for the ion chromatography, N.D.: Not detected.

o} FY AR} 24908 Aket

FIAQ| BAMZa 9 HEm. AL 241389 FIA
9] %54 HE] 3 2EAE 2 AAAEE
Z2Astgon] WA Ea=ws) jon chromatography
olo] A#g vl Fig. 7 FIAS #483 X
ZEYE £93 AR F2vET80) T Fig.
8L EAEE F57 $9F RS A7
agviegadelr} A kX8 A 71X AR
o] A A= Table 33} 4ol 242t vl s A vehd
et FIAE o] 4 4 A 8F #43 A7 N(NO;™)
¢} N(NH," )= 1.00 pg/mL ©]3t2 Z1&E2™ N
(NO, )& 434 pg/mL =+ 143 pg/mL 1 Z= et
BEFELE Sl HAFS] 73S 2tzpe] A
°] 0.5 ug/mL o4 =) Q& o FlAubHE 3
A 2 ewoli} lon chromatography2] Z3tol thgh
AoiAd v)go] 0.80 A] 1.252 Aol o
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Table 4. Comparison of analytical data for the measurement of nitrite, nitrate and ammonium nitrogen as spiked by colo-
rimetry or flow injection analysis in a remediated land soil(LS) (unit: pg/mL)

Colorimetry FIA
Sample Elements Ratio”
Added Found Recovery(%) RSD(%) Added Found Recovery(%) RSD(%)
1S-1 NNO;) 0 0.25 - 59 0 0.14 - 512 0.56
0.66 0.90 . 99 0.1 0.66 0.77 96 2.7 -
N(NO; ) 0 326 - 02 0 313 - 83 0.96
20.6 346 100 01 206 383 115 2.7 -
N(NH,") 0 124 - 0.4 0 159 - 6.0 1.28
107.1 238 103 03 107 314 118 13 -
LS-2 NNNO,) 0 1.9 - 0.6 0 35 - 0.1 1.84
0.66 2.6 100 0.4 0.66 3.9 95 2.4 -
N(NO;) 0 48.0 - 04 0 33.1 - 6.1 0.69
20.6 66.5 97 0.1 20.6 584 109 22 -
N(NH," 0 85.1 - 0.8 0 973 - 1.9 1.14
1071 247 129 0.6 107 208 102 2.0 -
LS-3 N(NO;') 0 0.04 - 19.1 0 0.07 - 0.2 1.75
0.66 0.75 107 0.1 0.66 0.65 89 03 -
N(NO; ) 0 458 - 0.1 0 456 - 5.6 1.00
20.6 445 93 02 20.6 467 98 9.0 -
N(NH/" 0 97.2 - 02 0 103 - 0.6 1.06
1071 259 127 0.8 107 222 106 038 -
LS-4 N(NO;") 0 0.08 - 10.5 0 0.13 - 8.7 1.63
0.66 0.75 101 0.3 0.66 0.71 89 5.1 -
N(NO; ") 0 233 - 0.2 0 218 - 1.0 0.94
20.6 278 110 0.1 20.6 217 91 6.8 -
N(NH,") 0 100 - 0.4 0 142 - 0.4 1.42
107 267 129 0.5 1071 293 118 22 -
LS5 N(NO,) 0 0.07 - 6.5 0 0.14 - 10.9 20
0.66 0.77 106 0.1 0.66 0.75 94 1.6 -
N(NO; ) 0 271 - 0.1 0 264 - 25 0.97
20.6 303 104 0.1 20.6 313 110 1.3 -
N(NH,") 0 118 - 0.6 0 172 - 1.0 1.46
107 267 119 0.3 107.1 298 107 09 -
“Ratio of the analytical data from FIA for the colorimetry.
A& Folli= N(NO, " )9] 5ol v]sl N(NO; )9k N A B

(NH)e| 57t Add o wo] A& 84
3=l g FlAY ] A v]&-L 0.56 ==
1.8401%ict. FIAE o] 43 EcKAE #A4A7} N
(NO, }= 0.07~3.50 pg/mL, N(NO; )= 33 pg/mL
T 456 ng/mL 18] 32 N(NH, )= 97 pg/mL ) %]
172 pg/ml7t ZAZ=H At A el 2+ ¥ 258
AE dHFH AR F ZFE pHoE Aty
FIA®] A5 X3} v]atsle] BofARel At
Zh 29 35S ST A S EFYAA
£ 93%l4 129%2] & 22m FlIAuPY ol A=
89%°ll 4 118%2] 3552 AAE L Ack(Table 4).

A2 ¥ F NNO; ), N(NO;™) ¥ N(NH,")
24§ FIAA2"(Fig. 1)°] Az o2 Ag8F
3] of 50pL, AJeke] EE4% 146 mL/min 12| 3
uhe-3e 8] o] 200 cm(id.: 0.5 mm)o 2 HAA s}y
3 Y889 %= hydrazine2 0.2 gL, Cu(l)e
0.05 g/L, Zn(ll)= 0.2 g/L, ~18] 3. NaOHE 40 g/Loj|
Al #A o FAEE 2L F Ut EELYE A
435je] & B FIA A=A e N(NO; ), N
(NO; " )9} N(NH,H9] ZZ&3Hl+ 0.1 pg/mL, 0.4 pg/
mL 2837 0.3 pg/mLe]|gw AA EJAZE 24
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(NO;™ }= 33 pg/mL %= 456 pg/mL 28] 3. N(NH,")
€ 97 ug/mL WZ| 172 pg/mL7t AEHG}. $A4A|
89 7% 779 A#o] 0.5 pg/mL o4 s o]
A& o FlAS 'y E#=io|v} ion chro-
matography 2] Z 7ol ik AeA w]-g-o] 0.80 WA
1252 APA-olgla 3482 ¥ Eieyore
93%9l| 4] 129%2] 3H-& %13, FIAMMH © 2= 89%
oA 118%2] ZA7E it FIAWH S o468 &
A3t AR F2) N(NO,™), N(NO; ™) 2 N(NH")
£ 2% A3} 2|43} jon chromatographye] 2
H& vl & o A5 AP 9 A -
oA -stedch. 53] diEke] A&5AA A &
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