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NAFBUYVBINTTIA (Range) Y8433 Brucine wudneglugiemdududuy 0-1.00 adnsudeding uazls
Salicylic acid ogflutasmandudu 0-2.00 fadnfusodns Tasiidn Correlation coefficient (1) vo s
40935 WU 0.9835 waz 0.9994 aud U InNanIsNAaeuindenis Salicylic acid Welne
yn luwsluidmiuiesufiins anduwinisanaseuauldlfuedds Saliylic add Inenismaaey
Freaududunsevesnsmuinsgiufiagiiunldey (Linearty) anuiiissuoanisiinsies
(Precision) A913NHBIYBINITIATIEN (Accuracy) USuausingaiatnnsadiasiehld (Limit of
detection, LOD) wazU3unauigafiasnsaiiaszsiazsoanunald (Limit of quantitation, LOQ) Ha
N1sNAAUNUIN Linearity agllutisniududy 0-1.25 dadnsusedns laedlA1 Correlation coefficient
(1) WU 0.9998 N150T19dY Precision s HorRat ( Horwitz’s ratio) Wity 0.42 0.36 wag 0.29 34
HIUNATINITE0LTU MINTIVABY Accuracy IngUseiiiuan %recovery Wui Y%recovery agjhumag 99.87 -
108 % MINA LOD kaw LOQ 1edizTiasesiilawiniu 0,041 uaw 0102 Sadnsusedns audisu siuans
Tiiuinmsinsgsilumsnlufiage33 salicylic acid Wuisnmnzanluniniuldluresufoinng

AN

Abstract



Development and validation method for determination of nitrate in plant was
conducted for using as standard method with satisfactory accuracy and precision. Brucine
method was compared with Salicylic acid method. Linear range of Brucine method was 0-1.0
mg/ L with correlation coefficient (r) 0.9835 while Salicylic acid method was 0-2.0 mg/ L with
correlation coefficient (r) 0.9994. Consequently, Salicylic acid method was chosen as nitrate
determination method with wider linear range. Salicylic acid method for determination of
nitrate in plant for laboratory was validated. The results showed linear range 0-1.25 mg/L with
correlation coefficient (r) 0.9998. HorRat values of precision were 0.42, 0.36 and 0.29 which were
accepted. The accuracy was evaluated by % recovery in range 99.87-108% . Limit of detection
(LOD) and Limit of quantitation (LOQ) were 0.041 and 0.102 mg/L, respectively. Accordingly,

analysis of nitrate in plant by Salicylic acid method was suitable for operating in laboratory.
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7. Fwaniiuns
gunsal
1. 1383 UV-Visible spectrophotometer
2. w3nstlitinafion 3 uag 5 s
3. Water bath
4. Auto pipet
5. inseauiuazTanineimansou q Adudulunisiese
6. @15LAl
6.1 Sodium chloride
6.2 Sulfuric acid
6.3 Brucine sulfate.7H,0O
6.4 Sulfanilic acid.H,O
6.5 Potassium nitrate

6.6 Salicylic acid



6.7 Sodium hydroxide

8M19
1. MIw3snanstaliuazansazarsuInsgIudmsu 35 Brucine method (AOAC, 1980)
1.1 @198¥a18 Brucine-Sulfanilic acid
aza1® brucine sulfate.7H,0 1.0 U Wag Sulfanilic acid. H,0 0.1 ¥y Fre11Us1A9N
looou (Type-1-water) U3u1ns 70 fiadans Wunsa Hydrochloric Usums 3 Hadans wazusulsuinseie
ihusmnlosswdu 100 fadans vansarasluiiin uasdoumgivssanm 5 ssmuuaidea
1.2 gsavaneunsg1u NOs-N 0-1.0 Hadniuradng
1) avane Potassium nitrate 0.07128 n$u luihuseanleseuusulsuasdu 100 fiaddns
TaudntuansazasunsgIu NOs-N 100 dadnsusiodns
2) Unlpansazanennsgiu NOs-N AUty 100 fadnsudedng Usuns 10 liaddns 14
Volumetric flask w19 100 fadans laaududuansazaleunnsgiu NOs-N 10 fadndusiadng
3) Ywnarsazansu1nsgiu NOs-N Usuies 0, 0.4, 0.8, 1.2, 1.6 waz 2.0 Hadansldlu
apANAaRIRNAITarans 30% Sodium chloride Usunas 2 Hadans Wuasazaansn Sulfuric AUty
13 N U3u1es 10 fladans dinansazatsnsn Brucne-Sulfanilic Usuas 0.5 §addns uaziiutiusieann
loseuliUsanmssaullsl 20 faddns (wRenusazanuidudilu Water bath figamadl 0-10 ssrmiwaldea)
1.3 Wansazateannsgiu NOs-N aududy 0-1.0 fadnsuredns Wanludifeadue
30 Wil
14 ﬁﬂﬁmﬂ'mmm%uuﬁﬁmm’%aa UV-VIS spectrophotometer fiaanuenindu 410 uiluisms
2. MIwSLasAllazaITaratuuInsgIUEmMIUIS salicylic acid (Cataldo et al,, 1975)
2.1 d@1sagany Salicylic acid-H,SO4
azang salicylic acid 5.0 n3u lunsa sulfuric USues 100 Jadans
2.2 @158a18119557U NO,-N Auudu 0-2.0 dadnsusioding
1) a¥any Potassium nitrate 0.1805 n3u Tu Type-1- water USuUSunsidu 100 addns g
lansazanenInsgiu NO;-N Audud 250 fadnsusedng
2) Ywansazanennnsgiu NOs-N Usunns 0, 0.01, 0.02, 0.04, 0.06, 0.08 lag 0.1 adans 1d

Tunaennnass Wua1azany 5% Salicylic acid-H,50, USNms 0.8 Hadans uazlfiua1sazals Sodium

'
a a v

hydroxide Amiind 2 N U3unas 19 fiaddns welidniu asnisliiidunigamaiivies
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2.3 YwrinAnanaunawienIad UV-VIS spectrophotometer A semiaay 410 unluing
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3.1 Feeg 19NN IUNTEUTNIgME 70 asruaallEa WarunawiBuaUszan 0.1 nSu LHu
nau 10 Jaddns tlubinuiousiein3as water bath igaumndl 45 esrwaded Wuan 1 alus

14 s

3.2 4199871991098 3.1 NSDIAILNTEAIBNTDWUDS

a0 v

3.3 Yinansazangfieg19iiIuN1Insos (U9 3.2) UTU1ns 0.2 1adans Wuaisazany 5%
Salicylic acid-H,50, USu1%5 0.8 iaddns wazlAnansazansy Sodium hydroxide A3 UNTU 2 N
U3ams 19 fadans welidntu sesliliduiigamgives
34 ﬁwlﬂ"j’mﬁﬁamﬂﬁumqé’wm’%m UV-VIS spectrophotometer firnnsemiadu 410 wilusins
4. MsnsageuaNnultlaveitiserluasvluienieis Salicylic acid
4.1 m3fnwAnududunsiveansmuInsg1uesisiingzi (Range)
1) wispuansazaneunsgIu NOs-N aniudy 0-2.0 fadnsumadng auisnsinesite 2.
audutuag 3 91
2) ﬁ?%@jﬂﬁﬁiﬁﬂ’]Eﬁ%’]ﬂﬂi’ﬁ/\lizwﬂﬂﬂ‘ﬂ%w}m NO;-N ﬁuﬁwmmmﬁmﬁuuaa
3) figsantaifudunss Tnefansaneina Correlation coefficient (r) #oiien r > 0.995
WiethesilfinAnwarududunssweainswinasguiavianldau (Linearity)
4.2 msfnwanududunswensminassuigiunldau (Linearity)
1) denteiduidunsaninnis@ne Range lnewn3ouasazatou1nigiu NOs-N A7
udu 0-1.25 Sadnsusedns sudunuisnisinseide 2. arududuas 3 4
2) ﬁﬂ%’agaﬁlﬁmaé’wﬂi'mlizmw%mm NO5-N r'ﬁ’ummi@mﬂﬁuﬂ?iuum
3) finrsanteTidudunss Taefiarsanainan Correlation coefficient () dasdien r > 0.995
4.3 n5finw) Afies (Precision) 189383ms A
Airs1esiU3anas NOS-N 91013 spike samnple fisedusi nang Wage seAUay 10 A
1) gufun1siesiest NOs-N Tufiwauidsnsieseide 2. Tasviiuae 1 91ldyena uas
i3nslaifeniiy
2) Guiindeya uagA1uImIAT Precision
4.4 FnwImAn Accuracy U093 LATIZY
A4AT1UTUIR NOS-N 911015 spike sample fisgduaadudusii nans way GNREN
av 10 ngjgﬂ
1) fuflumsiiesed NOy-N lufttmidsnisinseite 2. laeviiuae 1 ldyena uas
w3esflaifentiu
2) Guiindeya wavUseiily %Recovery
4.5 M3AN®INIAT Limit of detection (LOD) Wa Limit of Quantitation (LOQ)
1) Fesheehefinfiiuanalunsmeing (sample blank) S1uau 10 91

2) AunMsmuduneuNsieTent 102 lneviviuae 1 9ldyaea waseTeslomedniy



3) AUIUMANRRE wasALTELUUNINTFIY

4) AuIYAT LOD way LOQ
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8. HANINARBILAZATA
8.1 N13AN® Range 904315 ALATIZH
lagai1ansmsendned3unn NO;-N (unux) AuAINIsganaulas (nuy) A91300939A7
Wudunss Turrsanududy 0-1.0 Jadnsusedns d1m5U7s brucine laAn correlation coefficient (1)
WU 0.9835 (il 1) wazeas 02,0 Hadniudedns d1m5u3s Saliolic acid leA1 correlation
coefficient ( r ) WU 0.9994 (n i 2) 33 Salicylic acid §iA1 correlation coefficient (1) > 0.995

dunaginmseensuIndenduitinsgiluiesufuinnis

BRUCINE METHOD

0.8
, 0.6

g

2 04

g y = 0.5589x + 0.0489
& 02 r=0.9835

<

'E 0 A 4

0 0.5 1 1.5

aaaaa

AW 1 MImYeesludunss (Range) vesioiwenilumsvlufivsieis Brucine (AOAC,1980)

AMUULTU NO 5N Aaus 0-1.0 Haansunedng

SALICYLIC ACID METHOD

1.6

1.4
z 12
@ oz
g 8-2 y = 0.7121x - 0.008
&? .
g 0.4 r =0.9994
g 0.2

0
0.2 05 1 1.5 2 25
anudndy NO; - N (fiadnfusiadns




AN 2 M adudunse (Range) 30935 wsilumsnluivaleis Salicylic acid

(Cataldo et al., 1975) Anuudu NO5-N Agia 0-2.0 TadnSuseans

8.2 NM3ANY Linearity U99393LA5 Rl umsnluieae38 Salicylic acid
Ingainansmiseninad3unn NOs-N (unux) Auinsganauuas (unuy) lneidentontis

ANMAULLUTU 0-1.25 Haansusiedns lne1 Correlation coefficient (1) winfdu 0.9998

SALICYLIC ACID METHOD

©
0

ANNTAANAUARULES

0.6

L 04 y = 0.7313x + 0.0059
0.2 r=0.9998
0
0 0.5 1 1.5

AAAAA

o a ¢ ! . . ada A Y ad . . .
AMA 3 HaNTIATIEIAT Linearity 909387as1euiluimsvluieaiedd Salicylic acid Aau

WU NO5-N faus 0-1.25 SaanSuneans

8.3 NSANWIMIAN Precision U915 ATIERMAATNTUNYA87E Salicylic acid
w1 Precision Tag3aszaiuSunas NO;-N 990013 spike sample #1526 61 nana wae
a9 swduay 10 91 lnevinTuas 1 s1ldyanauasialasiloweniu Auammia %RSD udlssidulngld
Horwitz’s Ratio (w3358, 2549)
Predicted Horwitz RSD = 0.66 x 2(1-05105¢
%RSD
Predicted Horwitz RSD

HorRat (Horwitz's Ratio) =

6 a 1 1 s o
LNUNNISUTZIEY HorRat < 2 Lan9IknuNaainIse o5y
C = Concentration ratio
FEAUAMLULTUAN : Spike sample (0.1 Tadn3usiodns)
Predicted Horwitz RSD = 0.66 x 21-05l01.345:07)

=14.32



HorRat (Horwitz’s Ratio) = 5.97/14.32

=0.42
FZAUANUINTUUIUNANY : Spike sample (0.25 Hadnsudedns)
Predicted Horwitz RSD = 0.66 x 210305287807
=12.73
HorRat (Horwitz’s Ratio) = 4.53/12.73
=0.36
JEAUANILINTUES : Spike sample (0.75 fadn3usioding)
Predicted Horwitz RSD = 0.66 x 210308775807
=11.01
HorRat (Horwitz’s Ratio) = 3.22/11.01
=0.29
A1 HorRat < 2 fatasaududulumsy s nans uazgs wanad1 Precision Hunmsinissonsy (919

AANUINT 1)

8.0 NM3ANYINAT Accuracy UB9IDIATIEN

'
[y [

TAT1NIUTUNR NOs-N 99013 spike sample MsgdU 61 NA14 kag 89 seavas 10 91
WIouNT 1A sample blank 10 ¥1 Ingviiuae 1 FrldunnauaziaTosiiewnednuy
A1 sample blank 3iA1 0.026 adn5usoanT (M1519WUINT 1)
%1 %Recovery
Cl1-C2

%wRecovery = G x 100

C1 = duduvesansiu spiked sample
C2 = ANULTNTUTDY sample blank

C3 = ANULTNTUYBY analyte TLAL

fszsumnudadus C1 = 0,130 C2 = 0.026 wag C3 = 0.1 Aaansunoans

0.134 —0.026
%Recovery = 01 x 100

=108 %



[y

fszsrumnududuUIunats C1 = 0.287 C2 = 0.026 wag C3 = 0.25 faansuneans

0.287 — 0.026

%Recovery = B T— x 100

= 104.4 %

fisyfunnandidiugs C1 = 0775 C2 = 0.026 uag C3 = 0.75 adnusedns

0.775 - 0.026

%Recovery = 075 x 100

= 99.87 %

% ¥

\neusin1seenTU 80 - 110 Wedldud uansinansilasest fszduanududu 1 nans uazga s
VL RLEHEY
8.5 MsAnwIUTMManTia1salesesild (LOD) wazUsuasngaiianunsaiingies uas
S189UKala (LOQ)
8.5.1 31NATIATIZI sample blank 9117 10 kA
LOD = mean + 3SD = 0.026 + (3x0.005) = 0.041 fadniufeans
LOQ = (mean + 10SD) = 0.026 + (10 x0.005) = 0.076 AadnIusiodns
Lﬁ'aﬁqaﬁ LOQ ¢ens spike sample finruududu 0.076 fadnsusedns adlu sample blank dfiAn 0.026
Nadnsuseans nulRAIAULNTUYEY NO;-N Wiy 0.102 Hadnsuneans
seulunsnnassiisedien LOQ = 0.102 fadnSusiedns
8.5.2 wan15iigau LOQ men1s spike sample fianududu 0.076 fiadnsusedns adlu sample
blank F4iid1 0.026 Tadn3usedns 19e1 %Recovery Winfu 105.26 % HAWNMIINITEENSU (NIINIT
gousU 80 - 110 %) uaz lAA1 HorRat = 0.38 HIULNAUNNITEBUSTU (1NUIN1580USU HorRat < 2)

(MNFNAKNUINT 2)

9. aUNanIsNaaadLazdalauaLLL

PMNNMTNRAUNI ATz AIdUANTT AU NT A luesviiune lANani1snsIvdeunall

<

9.1 ¥39ANMUT AU TIVBINTINUINTFINVRITIATIE (Range) dFUTT Brucine agluae

a o 1 a o v ¢

AMUYUTU 0-1.0 TadnFusiedns naaeuALdUTUSAINITAANGUATULEAS (Absorbance) UMY

Wintuves NO5-N (Hadnuseding) wudian r = 0.9835 Bslilegluinaivausu fe r >0.995
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9.2 929U U UATIUBINTINNINTFINVEITIATIEIN (Range) d1m15UTT Salicylic acid o
Tuthsanuidudu 0-2.0 fladn3usiedns naaeuaNANTUSAIN1IgANALARLLAS (Absorbance) ANy
Wduves NOs-N (@adnfusiedns) wuine r = 0.9994 Feagluinasiseniu fe r >0.995

9.3 Yrnnundudunsmesnsvliasguiiaviunldan Lnearty): Wontasanududu 0-1.25
fladnfuredns naaouawduTusAINIsgANAUAAULAT (Absorbance) AuAdududures NOS-N
(@adn3usieding) wudrA r = 0.9998 Fsogluinamivensu e r 0.995

9.4 AUUAIUEIVDINITIATIEN (Precision) 91nN15 spike sample fiszduauudusii nang
wazas Useiuaindn%RsD neld HorRat (Horwitz's ratio) wu3nl@an HorRat Ao 0.42 0.36 0.29 mudIRy
Fernegluinamiveniufe HorRat < 2

9.5 AINUYNABIVBINITAATIE (Accuracy) INNTT spike sample fiszsumnududusi nang
wavgs wudlaen %Recovery Winfiu 108, 104.4 uay 99.87 wWasidus auadiy

9.6 USanausndignaninsniiasizsils (Limit of detection, LOD) Ae 0.041 fiadniusiodns

9.7 U%mmﬂl’wﬁqmmmm%meﬁuazswmmmal@f (Limit of quantitation, LOQ) A& 0.102
TaanTuneans

nnanshesziandiiiui 333wssilunsnluiivdeds Salioplic acid WuiETumneay

v A [y

wazgausulad MUl URNTIAT e ITeY Tngalinisinuaswasluafesmaianisnuns

10. nsunanuIdeluldusslavud
n1satasgslutnsnluiie mu3s Salicylic acid (Cataldo et al., 1975) @unsauiulely

fa v A v

Vel fuRn1TiiAseiIdeiy Jagualinisinunsuaslundesimallan1sinuns
11. AvauA -

12. 1@N&1381989
n3saing udeq. 2555, Ysunalumsniianadludnadn (Green oak). Aaginenmansuazinalulag.
WInendewmalulagsvuenasyus. Unusiil.
nassas Gatlee. 2549. wwluRn1snageuaugnieeisieginaniilngesu jUAN51AeA.
NFUINYIPNANTNITUNNEG. NTENTNAITITUEAY. NTHNNUVIUAT.
v § a <~ a s
Andnwed Aamyns. 2549. 15AU1A5190IMN50HY. Towfeualns. nTumnuvIuasg.

AOAC. 1980. Brucine Colorimetric Method. 1980. pp.554-555 In William Horwitz(ed.) Methods of
Analysis, 13™ edition. Washington, DC.
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Catado DA., M. Haroon, L.E.Schrader and V.L.Youngs. 1975. Rapid colorimetric determination of
nitrate in plant tissue by nitration of salicylic acid. Comun. Soil Sci. Plant Anal. 6(1): 71-80
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12

A1519N1ARUINT 1 LaAIHaILATIERUSHIaL NOs-N 989 sample blank wag spike sample 7

FLAUANIIINTY A1 NaNg g

¥ 4 Sample blank Spike sample (mg/L)
b (mg/L) 0.1 0.25 0.75
1 0.028 0.128 0.276 0.778
2 0.032 0.132 0.282 0.782
3 0.028 0.129 0.270 0.780
4 0.032 0.132 0.289 0.770
5 0.033 0.130 0.302 0.730
6 0.024 0.150 0.303 0.800
7 0.025 0.140 0.300 0.821
8 0.020 0.145 0.294 0.769
9 0.021 0.128 0.279 0.750
10 0.020 0.130 0.271 0.770
Mean 0.026 0.134 0.287 0.775
SD 0.005 0.008 0.013 0.025
%RSD 19.23 5.97 4.53 3.22

A1TNAIANUINT 2 LanINan15iigata LOQ

=1

41

Spike sample 0.076 mg/L

O 00 N O AW N -

—
(@]

0.098
0.110
0.108
0.104
0.111
0.100
0.106
0.112
0.101
0.115

mean

SD

0.106
0.006




%RSD

Qorecovery

5.66
105.26

13



Predicted Horwitz RSD = 0.66 x 2(1-0-5108L.06E-07)

=14.83
HorRat (Horwitz’s Ratio) = 5.66/14.83
=0.38
%R _ 0.106 — 0.026
vRecovery = 0076

= 105.26

x 100
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