a -1 [ 1 a ¢ [3 + =
wgamaﬂanwm LLag'JLﬂ'i']3‘146]\‘1ﬂUi%ﬂ@U%@ﬁlﬂIﬁliLf\melu‘qEJLﬂSJ
arewmatiaaiunlnsalnUdunssagulng
Qualitative Identification and Nitrogen Constituent Analysis in

Chemical Fertilizers by Near Infrared Spectroscopy

VINT AN 5T YRS 93l nAadser el AARYY) MM
nesTuns wuinys U yulns
Chadaporn Khongnam  Wannarut Chutibut  Charirat Kusonwiriyawong — Supakchaya Thahan
Thongchan Pimpet Nanthakan Khunhon

@ =

NaIdEINuATIAL NaIIYLAUNITITYNTHANNINITINYAT

ABSTRACT

In this study, Qualitative identification and nitrogen constituent analysis in chemical fertilizers
by Near Infrared Spectroscopy (NIRS), is non-destructive technique to rapidly and accurately
predictions. The chemical fertilizers were scanned by NIRS in the region 800 - 2500 nm or
4000 - 12500 cm™, the significant absorbance of ammonium nitrogen (AN) was 7184 cm™ nitrate nitrogen
(NN) was 4768 cm™ and urea nitrogen (UN) were 6536, 6820, 6904 and 8452 cm™. Cluster prediction model
for AN, NN and UN in chemical fertilizers were developed from the 1st Savitzky - golay a points (dgl) and
Normalization to unit length (nle). Validation of the method, was found that the equations for separating
nitrogen constituent (urea nitrogen ammonium nitrogen and nitrate nitrogen) in chemical fertilizers formulas
20-0-0, 21-0-0, 12-60-0, 12-61-0, 13-0-46, 15-0-0 and 46-0-0 were correct in all samples. For the mixed
fertilizers, the nitrogen constituent was predicted with accuracy of 47%. Analysis of AN UN and NN in
chemical fertilizers, the results of AN NN and UN the range were 3.4 — 21.7%, 7.4 — 16.4% and 4.6 — 46.4%,
respectively. All spectra were pretreated by Multiplicative scatter correction full (mf), 2nd Savitzky-
golay 9 points (dg2) and 2nd Savitzky-golay 9 points (dg2), respectively. The calibration for predicting
AN NN and UN in chemical fertilizers, the correlation coefficient (R) were 0.98, 0.98 and 0.99, respectively.
The standard error of calibration (SEC) were 0.86%, 0.17% and 1.08%, respectively.; and standard error of
prediction (SEP) were 0.86%, 0.43% and 1.28%, respectively. Validation of the method, inspection of
accurate by paired t-test showed that teq lower than tgi of 95% (accepted tex < toit) and recovery was
84 -120%. Inspection of precision by RSD, the %RSD lower than 1.9. (AOAC accepted %RSD < 1.9)
Therefore, calibration model can be predict of AN NN and UN content in chemical fertilizers by NIRS

with accuracy in the range of 84-120%.
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3. 303 Near-Infrared (NIR)
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1 [ Validation Spectra f(x)=1.0050%-0.3112 r=0.9955 r2=0.9911 Sdev(xy)=1.2844 BIAS()=0.1157 range()=8.1 .46.4 n=138

Predicted Property UN

10 20 30 40
Original Property UN

M 4 AdNTUsTENA TS IErlnaInIEaeil wagaviuielande NIRS vesUSinugse-lulnsiay
lusheenwewadl

4. aumsiuedmiunsduunesausznovedlulasaululeed lnewedaadnlnsalndunsusaey
Tna (Near Infrared Spectroscopy, NIRS)
thanafuvesueslindon-lulsiau luwsn-lulasiou uagge-lulnsauluiosoiadi
ANUETIAAY (Wave length) 800 — 2500 u1luiuns Wioiauadu (Wave number) 4000-12500 AOTIURLUAST
sasELnsvwsuUiangs (Cluster) Imal%‘iﬂmmmﬁwﬁagﬂ NIRCal weaA384 NIR (Buchi NIRFlex N-500,
Switzerland) nulaaumshuigdmiumsunesaUsznavvaslulasaluysind Tnglunisusuunsaums
(Pretreatments) Wuu 1st Savitzky - golay a points (dg1) iteig Normalization to unit length (nle) aumsile
wususnasnUsznauvedlulasiaulnosnsdaiou wazan Cluster/Property ity 1 (awdl 5)

Scores vs. Scores

All Spectra

01

PC2
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Clusters per Property

All One

11

1.054

Number of Clusters
=

0.954

0.9

1 15 2 25 3
Properties

(©)

A9 5 aunsvinnedanguuuu 20 (a) wae 3D (b) vewitesauenlinde-lulasiau lumsn-lulasiau uazeSe-
Tulasiauludeiadl uag (© Aruduiusseyvnanesusenludeu-lulasiau luasm-lulesiau wazgiSe-
Lulpsiau Tudewndl fun1sdanqudieens ae NIRS

5. wavauApUANNafisuNIAssIY (Calibration) AlalumsvhuneusinauesTuiden-lulasiau Tunsm-
Tulnsiau wazgiBe-lulnsauluyend Tnemnaiaadnlnsalnddunsusnenilng (Near Infrared Spectroscopy,
NIRS)

Slovdeyssidifviinauenluden-lulasiou Tuwsm-lulasiou wazgBe-lulpnau S
22, 20 e 25 F9819 MUY sugeUANMsThueUTInauesldes- lulasau lussw-lulasou uas
yde-lulpsiu lueed Avsananugnaedesieudisuaiviiuels (wafia NIRS) fuarlinsesimand aoe
Paired t-test ‘W‘U’JI’] flan text < tcm NNTLATNAADUY LLamimamﬁLm%ﬁlﬁﬁmwmmmﬁmﬁ’uaﬁjwﬁﬁaﬁ”]é’mﬁ
ivm‘ummwauu 95 Wesidun uaz %Recovery oglur 80- 120% Wmimﬂmmmanma %RSD WU §iA1
%RSD LRABLBLNTT 1.9 YNTIINTNAGEY LARIIINANITIATIEVHILINMNTEBLTUTBY AOAC (AOAC, 2016)
(A9 2)

MNTayALANINAINIAtANNS Calibration slsUspdiuamUFmauenlinden-lulpsiau lunsy-
lulnsiau uargide-lulasaulueiad lnesnsmnids warlhaneiesns miugneowwesnsUssdiuaUTina
wouludou-lulasiou lumsv-lulasiau wazgiSe-lulasiouluyond egluyis 80-120% dmFuaunis
Calibration it aasfinnsusuugslasnisifiusiuiunguiiesndluniiaunainuats amaeilufiesnanisd
Afinsransesaashianenanv IR viiedauuUsuniuaseusquatesiiesidluowian ieluln
aun13 Calibration flvsnga ﬁmmgm;m wazuaug paean sl

A1919% 2 Useidliu Accuracy Way Precision vesaunisitalunsiuieusunaweuluion-lulasiau lunsv-
Tulpsiau uazgise-lulasiau ludewed

Accuracy Precision
Parameter Paired t-test
%Recovery %RSDext %RSD,
text. Lo,
Ammonium 1.05 2.08 88 -120 0.03 .9
nitrogen (AN)
Nitrate -0.65 2.09 87 - 107 0.36 1.9
nitrogen (NN)
Urea -0.13 2.06 84 -110 0.08 9

nitrogen (UN)
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6. MuaeuaNNTYUIgdmTUNITILUneInUsznavvediulasauluyenil lnswadaaunlnsalnd
dunsusneulna (Near Infrared Spectroscopy, NIRS)

ﬁw&’aaém@ﬂsmﬁLLazU:sJL%wizﬂauﬁﬁLLauImLﬁam—iuImimu (gm3 20-0-0, 21-0-0, 12-60-0, 12-61-0)
lumsn-lulngiau (gns 13-0-46, 15-0-0) wazgi3e-lulasiau (g3 46-0-0) IBMIMAABUAY 20 FBY19 31NIY
aouannsdmiunssuunesaUsznevvesiulasiauluyoiall wunaunsiunslenvinesnuszneuyes
lulnsiuluyeind g3 lulpsau ueslnden- lulrmau warluwsm-lulasau) lagnaowmndiesns Andu 100%
wazieensyoiafifidnisnanuesludon-lulasiou lussm-lulnsau wazgFe-lulnsiau S 21 feens
anunsaviuneusnvinesnusznoutesiulasadluyanilagnaos 10 dee19 1nFoesianun 21 Fe819
Aoudu 47% o1aiesunanfinvesiesinansdslunudavillunisusniiavesesntsenevvedlulasiau
AaALAdeuln

dyUunan1mnaaazdaLauaLUY/ALUZLN

msmUasenluden-lulpsiou luwsv-lulasiau uazgSe-lulasulusesiseoiad Taomaia
awnlnsalnddunlssagulng (Near Infrared Spectroscopy, NIRS) 33n153ALUY Reflectance @nunsai
aun1sifisusnsgiu (Calibration) uledseifiuauTunaesludou-lulasiau lussn-lulnsiou uazySe-
lulnsiau Tudeiedl Taegnsnds lavharedesns wasiiaugnaomesnisssdiuauiuuuenlde-
lulnsiau Tuwsn-lulasiau waggFe-lulasiuluend egluraa 84-120% wagmsisizmdsnmamamiy
$uunasavsznovvetiulasuluyond aunsolnnavsaiuiowneiavesesnusznavvasiulasiauly
nautenauasiniluazoidsenougns 20-0-0, 21-0-0, 12-60-0, 12-61-0, 13-0-46, 15-0-0 uaw 46-0-0 la
9819590157 uazuug dmiuseensonauiduesluden-lulnsiou giSe-lulnsiau uaglumsmlulnsiay
annsnvhuneusnuiinesalsznavveshulasiulujsinilagnnes 47%

n1stwanuldeluldusslevd
1. Tasengmnyimasesluden-lulnseu lussm-lulnseu weggdo-lulnsavluysiaiamg
wadeainlnsalndursusaenilng derdumadenlunsiinsey fivad luvhatesoss annslyansiad
ﬁLﬁué’umwLLaanamﬁaﬁw‘;’imwzﬁ
2. laistesenidsnunimdeusnsinvasesndsznouredulasiauresyaniludomu (Qualitative)
mewaieaiunlnsalndsunsusaiulng
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