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Abstract

In this research, a cost-effective hydrodynamic sequential injection (HSI) setup which is

portable, easy to use, compact and applicable to the various reactions was developed. Based on

*é’%’uﬁﬂ“vauuwmw : sarawut_som@cmru.ac.th DOI 10.14456/tst.2017.12



Uil 25 aUuil 1 unsIAd - NUATINUS 2560 15815 memansiasinalulad

hydrodynamic injection principle, various solutions could be inserted into the well-defined length
of conduit with hydrodynamic pressure while the stream of carrier was halted. A fixed-volume
conduit (FVC) for hydrodynamic injection was built by drilling an acrylic block for the desired length
and diameter. FVC and all valves were embedded onto the acrylic plate to obtain a portable setup
which was easily connected to a flow through cell of a UV-VIS spectrophotometer. The proposed
HSI system was applied to the determination of available phosphorus in soils based on
molybdenum blue which spectrophotometrically detected at 630 nm. The optimum conditions for
the analysis were studied. A linear calibration graph in the range of 0.050-20 mg L™ was obtained,
with LOD of 0.025 mg L. From the 11 repeated injection of phosphate standard solution of 2.0 mg
L, % RSD was found to be 3.4 %. From the analysis of soils, comparing the results to the standard
method, there were not significantly difference by the paired t-test at 95 % confidence level.

Percent recovery was found in the range of 83.5-102.5 %

Keywords: hydrodynamic sequential injection; available phosphorus; soil
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Woaneadadusnormsvdnuesiiviid (water-soluble phosphorus) B1aMnAUAIGUNAS
unuandrfgaenisasgiivinlaedielnnng i ‘v\laav\Ia%’mzﬂsgﬁumiw%zylﬁﬂmmﬁmﬁw
Fuasngiuas nsmela warnisudaradiiuly wazuwasimouiiveg19520L32 wavinldiin

a819Und Preiseniseenaen fana uazdudu  Usingnisalglnsiliadu (eutrophication) audu

aafUszneufidfyresaisaiane q anelewad Hayuafiwmad [6,7] faunsnsedeuliunn
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Wodalwn (orthophosphate; HPO,” tay H,PO,) LﬁzyLﬁuimmaaﬁsuLLazﬂmﬂwwéqLL’mé’aafLé’

FeegluguifivanunsathluldussTovdld (avail- mMynsesineaeiavinlivaieis Tag3si
able phosphorus) [3] w19 NUAITUIZNDUVDY Fodw3Bunsgu (standard method) Ao MsiAn

WoaneFaluAudwiuuin uiwe1auanse1ns  UfAsersswinaeamniuludune (molybdate)

nnsIIaneanesals Wy a1fuwATELASY nd Tuansazarensa wisduaisusenauldedeunid

ssneulu ldAnnensenna [2] Faeafianmg wiaesvasludulaneains (molybdophosphate,
MnasUsznevreseanedamaniiineinnis Mo(VI) antiuaadansusenousand1aaeda
annznauneanesaiuLanlooouns o TuAu 19 Sid 1y nsaueanestn vse Mulllraslss agla
ansUsvneulmiiazanethldenn sgslsfin mn asUsznoudedeudifidintu (Mov) FaSenisd
fvsuueanesaluduuiniiulufietadina 1135luaUATNUg (molybdenum blue method)
NTENUABNITRATUTINDINTAT09U0INY LU [8,9]

noIAT Fned uazvdn [4,5] uenarnimniin \esnufAzendananiasiinldreudiadi
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1 widreglinisdnaiianisdauvungalva
(stopped-flow injection technique) 11145y
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17 (sensitivity) luns3iasiesd [1,15] uaiduns
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fananagnivaunannsimannisdauuulalas-
Tauadin (hydrodynamic injection) #s@3580g1s
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fudueuvesszuussusesulalaslauniiniay
Usimangunsal@aansnougnueaienszuadim

& Y W
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2.1 d@5al

Tdusreanlonsu (Milipore, Mill
Q&ELix 10) Tun1siwSeuaIsaratenasnnIsNAaes
ansedildiduanseiinsnnuiaszsd (AR grade)

lda15azany 0.0015 M wonlultleu-
Tudutan ((NH)Mo70244H,0, 99 %, LOBA
Chemie, India) \JuSteiaud Tnedaun 0.187 ¢ U5
USurmsidu 100 mL srensalumsn (HNO,, RCI
Labscan, Australia) L9891 005 M ldnsa
woamasin (CHOs 99.0 %, Ajex Finechem,

v aa ¢

Australia) Wudu 0.5 % w/v usisad lnenns
#3311 0.505 ¢ ava1e@aeL1 DI USH1AS 100 mL
asazateuInsgIurleaaudy 1,000 mg L™
wisnannstelnunadeylalalasiaueaia
(KH,PO,, 99.5 %, Rankem, India) #1in 0.1434 ¢
Usud3umsaaeth DI u 100 mL

\leaann Fe*, Fe?, CU® waz SIO.>
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naaslddlaldansiide (masking agent) Ao
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Ajex Finechem, Australia) WUUY 0.040 M Tung

Joanulesau Fe®, Fe¥, Cu* ward1sazany
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(m) n1sAauuulalasiauiindalrueaduantu

sUN 1 wdnn1s@eansuuulalaslaundn (n) arsdregrgndndiuididiennsiuainuena (L) way

Usunmsnmelufiudueuvueiinssuadimivgalva (v) a1simegregnaanmenszuavedinily
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syuulalaslaundn@miudeaduanty : TVI-TV6 = 1ad@1uniy, SV = 1nata-Un, R1-R4 =

Yosdnans, P = Uunestanasin, MC = vavie, FVC = fixed-volume conduit, D = 1A383g3-3

a0a alalnslleines, C = @156, W = @nsazangimanig
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- - - | - |+ | - [ansdhegneaneTagnadndssuuieUnme S anadin
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Afedldlald Tv2 uay TV3 udgninngdrsedld
nsdldfuufAzeniiftioudvansyiin)
dmsudiuiiiAnnisiauuulalas-
lmmﬁﬂmmgﬂﬁ 30 wag 3% Ae fixed-volume
conduit (FVC) Fevirannuruazasanwuuladmu
soa1sadl lneeanuuulmanyvanatanigluwiy
Ididurugudnans 2 mm f?ﬁg‘uﬁ 30 way 39 99
Snvaznisiaivazliiendniiiananue1 11.5 cm
(5¥2ANANUL A D3 G) uazviaTes (FIuwnriy B,

C, D, E way F a1uansu) lagvinsasiisikmid B 04
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E aglddmiuinsielaud uagansiegradigseuy
wazlvaoanfiduunus F 1ufe a1ssielaufuazans
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SYULVBIRLAUG B, C, D, E lunieunanagrinany

1.60 cm @Fwsazdsagdivsumsniely 50 pL 210
53UU HSI faziiuliinaunsasesiuufisendises

l5eiudligan 4 vin

F

1.D.=.2.0 mm

h

(n)

/i

15cm

()

11.5cm

v

U 3 9 fixed-volume conduit (FVC) () nwsudng uag (v) amgunsaiads

@

NAVEUNIWNFIALYN FVC A8
fadnegiugiu (dusiueza3an Jeiluwin 20.5 x
33.0 x 1.2 cm) Wle i luyadiflvunanginnuas
agmndemslinulasannsnthluseririuieios
g3-380a awalnslvladiweslidine uwavauise
uldazanidloldouiade Tnsansudnfasiiia
31nUfAsemasainnisuauiuluvavie (mixing
coil, MC) 9zgnmsIaiafnisganduLasieLades
33800 awalnsnladines (UV-VIS spectro-
photometer, UV-Carry 60, Agilent, UK) Ta a4

IWa‘mgLsnaé (flow-through cell, Agilent, UK) ?jﬁﬁ
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sufiselududduug

=1 [

Wesduldi3ufnwinasesniny
Wuturoskauluflauluduinn lnainuaning
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wmsuTmdensgnieududuresasazans
wnsgIuean (Wnu X) wagAINIIYANAULAS
(WA Y) wiagAvedANNLTNTUTD I oN N HE L
Tuaundsiinanlineunid iedunainiinn
Wudulalidianuduresnsmaunnsgiugsian
(WA13U1INANNTTLEURTIVDINTINUINITFIY, Y =
mX + o) Iaslunisneassdlaminududui
Winnzad fe 1.5 mM ilesannlidianudues
NlNIAsEILgeaARagUR an usfingadauny Y
sgfinAeutnege ualiunnsrsanaudududy
wntin Snsadfeiianududusindn 5.0 uas 15
mM Fadunisusendaansiadl wazdneoanann
Wangwadliiedndie
nduldAnwinavesniuidudy
veansalumdn iilesannujiselududituugses
dAeluanmziifunse leowdsunsalunsndudu
0.0050, 0.050, 0.10 waz 0.15 M LagAnw1vIuDd
Wennunsalaunduleuludonludunn lay
wansAnwIRagUR 4y wudrmnududu 0.050 M
Tanudureanswiunnsgiugsiian uazAgadn
unu Y sdige Jadenfinnudududanainlily
nsnaaesely
nMsvnaesiildnsaueaneidndui
Shdiiledsuansuszneudstoudsdifiviomen
wonlufleuluaulaneann (ammonium molyb-
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Tuavdduug lnewleunsaueanastnidudu 0.05,
0.1, 0.5, 1.0 uag 2.0 % w/v INANANITNAADIAT
U 4a wudAimnuturesn A ILUsaY
aududulduansnstunindn wafinanududu
0.5 % w/v Wiegediaunu Y Yesndn Judend

ANUTLTUSana AT UL vaY
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3.2 MsAnwNaYaelaauIUNIU
Wnsfnwinaveslessusunuiilag
HauansazatguInsgiIureanesa L mgl’ Au
arsazanglonausg 9 fimnududu 1.0, 10, 20
waz 50 me L audu Tnefnwniiazlesau &
Usenause Na*, K¥, NiZ*, Cu®, Zn*", Mn?", Fe”,
Fe®*, AY, F, NO;, Cl, SO,%, CO” wag SO
(Fendnewanlessuiitnuuludiegsfusiuds

looouilenadsnasioufizeluduiiiug)
HAN13TUNMUURlo0aUIERIITUIIN
muitutureslossuiiinarinlimnisganduuas
Jeawulunnanedsvesiinisgandunasosans
wasgunleanlefailiilleosusuniuiiunia +5

% 1ABNANITHENIAIAISIN 2

AN51991 2 WANISSUNIUYRIleRaUNilfeN1S

Apsrevivleaniasa
seeuaududuiilesoy Tovauiluans
LEMINITIUNIU (Mg L) ATIUAIU

>50 Na*, A", NO;

50 K*, Zn®, F, CU, SO~
20 Mn?*, Ni¥, CO5*

10 Fe?

1 Cu*, Fe™, Si0~

=

IMnHan1sNaaesaziulainlessy
LEAINITIUNIUBEINTALAUABNITILATIEN FB
Fe*, Fe™, Cu* uar S0y Tuvniziilonaudy 1
Iz 3unanINIsTUnIUieaududuLinng 20
me U 3uld faduielddnunisnisdesiunis
sunmiuvedlessu Fe?, Fe™, Cu® way Si0,% lag

Tgansnnds
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3.2.1 nstesiunissuniuveslessu

Fe, Fe* way Cu® lagld EDTA
nsAnwIn1sle EDTA Tunstesiu
N1stAnUAzen (masking) se1ing lessusuniu
laun Fe*, Fe? uay Cu® Auais3Lalaud lagy
WIUENTazaeNaNvoIeanesa 1 mg L AU
arlesau Ao Fe* Fe? uay Cu® furazAiny
Waudugeiinaniludedu anndunan EDTA 144d
ANNTNTUlua1Taa1gNaNinAY 0.04 M La7
?Tqmmmmi@mﬂﬁumLﬁ'aﬂwmiasawmamﬁiﬂ
AaUfATen Fanuhanunsatestunissuniuves
Fe™, Fe?" uay Cu?* lafimnududugsgado 20,

10 way 10 mg L' m1udndu @elneunilossu

v
I aa
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95 % WUIMHANITIAATILUNIADIID biTlAuLaN
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Tuaag 83.5-102.5 %
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