T smu"i%”mu”uauyszﬁ
1a39NT NSHORIWIZULUMTALATIZANIILA T8

UnngmanimaaduasNEN&NLALTINL

RUARIINSAEY

I@U.@i.ﬁ%ﬂi e LRZA DAY

W N1 2559



funLaufl TRG5780246

NIV RUL amyiﬂi

Iﬂ?x‘]ﬂ’]ﬁ miaiammzuumﬁmﬁzﬁmd LANAE

drngnssinaaiiuasNEnanLN a9y

NUGRIINSNY
L @ =4 Q
E ¢ RIN16
ﬂ‘?ﬁ’) Elﬂ’]ﬁ(ﬂi’]"i]’ﬁg A7, NWNT Ne NANINELNE L%ﬂdi%&i
ﬂ’]ﬁ@]i"l"ﬂﬂig f7. Lﬂ@l ﬂi;@Wv%‘Ds N%W%VIUW&HL%HGSL%%J

S8l akmimﬁwﬁmmﬂ amuaﬁuagumﬁ%&“ﬂ

[

@nuARlunonuiiduvesdide an.lidnududesiudioiaualyl)



UNAALID

SHAlATINTS - TRG5780246

Fnlasens : nMagedsTULNITRTsiInaaiAagUsngnisaineeRuaiandi

eI LAY ANITAZANY

Fa1NI9Y CA9.9uNS ARed
NNAR . tkanyanee@gmail.com, tinakorn.kanyanee@cmu.ac.th

SrezaTlAsInTg 2§

UNAALD

a o dg(fsz o = g ! ,Gfsz |
NIUAEU mmmumzummelwwmmmm:ﬂﬁm:ﬂﬂm WNTHIDNVRYAYBDILWRILARD L

U o/

Pifeainstunstidugasindniniiinanadn  Twsunisdadinisinineuadngn
B AR WS LU B A B AR ARD T AN UNITTARIT A AU NI AT ARNIE NTIA D NEVITNTNT]
< o e & . o ~ o %
Huansquuiaauial@n  (micro  gas  absorber) T@mmemﬂuLuﬁgﬂm"nummﬂmmmqﬂ
% I I | ‘dlu/ R ‘dl [ =1
Finpg Az g NI AN ARITATANY Tusmeuluansazansfiqundaasid Resduuanludieon
Tasauuazyinlwain1sinmianas ARIINITAAAIIBIATNTITH AT UL AN N 7D
wonluiflentumsazanadnedns  ssuudsnaniilignuszendliunamnusunouenTuilos
Taseubuinssanaflag HEasdinisnsasansazatgnanunisimgnsi WNANNTALATIZIAT L
apanReasiuATAAsifiaeiTunsguas adnsnian1sdnangdisnga (LOD) 5 uM uaz
Relative standard deviation (RSD) Haandn 5% neaanaasaiAaauiivinwiUsninsfiasinay b
[ dl v o/ [ dl o V@ I’ o o A (d'd | ) o o I
LﬂuﬁzuuwTMULLﬂﬂmewLUuLLWWW@ﬁummmLmﬂ:wwmqmgﬂLm:mammummm:w

& o ! a g &
UGB WUREILATIEWLUNAN

AMan: Liquid drop, Conductometric detection, Micro analysis, Ammonium determination


mailto:tkanyanee@gmail.com
mailto:tinakorn.kanyanee@cmu.ac.th

Abstract

Project Code : TRG5780246
Project Title : Down-scaling chemical analysis via physical and chemical phenomena in
connection with liquid drop

Investigator : Dr. TINAKORN KANYANEE

E-mail Address : tkanyanee@gmail.com, tinakorn.kanyanee@cmu.ac.th

Project Period : 2 years

Abstract:

In this work, the down-scaling chemical analysis system via moving liquid drop (mobile
drop) coupled with micro conductometric sensor has been demonstrated. The micro conductivity
probe has been installed for diluted H,SO, measurement in moving liquid drop. A dilute sulfuric
acid drop functioned as a micro gas absorber. Gaseous NHz was liberated and purged to flow over
the absorber drop. As H' in the absorber drop was converted to NH,", the conductivity decreased.
The rate of the conductivity decrease depended on the NH4+ concentration in the sample. The
system was applied for the determination of NH," in some natural waters without prior filtration.

The results agreed well with those from standard method. The approach exhibited a limit of
detection (LOD) of 5 UM and a relative standard deviation (RSD) of < 5%. The mobile drop
provides a constant volume of the gas absorbing solution and provided a cost-effective and simple

analytical platform for gas sampling and analysis.

Keyword: Liquid drop, Conductometric detection, Micro analysis, Ammonium determination
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unagUHUFH19 (Executive Summary)
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\Aflazenm (Green chemistry) AndaifiuAndndeyTuumumissnAdatulaneuan dmsy
WAAAITiNTg e RINTEULAIATIYiaY (Down-scaling chemical analysis) tudaumiterauun
NWNITRARUILLATEzR  S9inliideffedmswildisonsa  Annasniivdeties %

o/ 4'9./ o a 4 % = = =
NaM TR LAzaN1TaH WA IwinRauN(d  Ieaze1anrEansTuaNn1TNARLUL zero
emission tufIFBIN1TIHAITARTI MY NM9AATIEAdneTEUL Lab—at-valve {iuFaBting

d! dl Y = o L4 a « k2 dl % o/ 3 dl =
nikfiann1sl¥aaaiuazinannan un153nsnz annislfedeauiioas AaiissuLeEediie
Manaasavinlirnlanefitiesasdnsioy Trsan19Adefinauun [FWmuIszuy moving liquid drop
a8 mobile drop 71EMNTAATIEAGLmARngaeNNeEn nsiulwmenaTarans Beszuy
moving liquid drop RRANHMERNIEiRETTUTUY mono-segmented flow WA1T3ASIZHE
TYUUN1T W@ (flow analysis system) wsin15L¥ moving liquid drop/ mobile drop %719 manipulate
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1.inuazarudiAey

Tuifaqiiunszuannissinsgmondl vinlifinssndfidisacds (chemical waste) i
daunnn  funszeemmitaiusinsiiiAendostunsiidaninsesdedingnn deinuaivi
TanldnszmindeanuddgresnisifazeadyanaisnivasFiannuneieuiunisusu-
waennazuausineg uaedlildaaniitasamdonisl¥asannandosianasssnfsnn
Tu maUsvdadennmeasnimaassideglnsollunszusunianandliflanadnastuseiy
TuTassnad (micro scale chemistry) AuifiunmsasnmiiefitasantBunmnis Fansaiiuazninees
Feamnanaeilasli - sensrminimaassiesfiiRiniasziu mico scae fidaaandunag
anUAsEARAinasuusFEnsas

Trs9n9adefiH s lFUszauaNaTSa TN mWIszUY moving liquid drop ¥
mobile drop auuuudnalnstinsuieuiivamenaaisazaiaum hydrophobic path fianmides
Fasmeuss gravity force iliamanaLaunenssazas i auay vdainaauiiin/ aen
andaWiTa uuamenisiirssiuoualisiesT¥gunsol manipulate ssazansdiuas
28N9NTTULAATIEAT RaA e milaunnsinaneitussuuns malaeviall w s
(peristaltic pump, syringe pump) ¥3879187 (selection valve, 6-port-2-position injection valve)
WasflaRaN TN LUNS A AE WA BMEAATTAz AN (U AN A B B uaz NS HENT W IME R
FA158TANEANTIATH A9 ANARIYARNALITULNTT AL mono-segmented flow Faqziiin
Anwosrnisazesansazans e fid luesenANI AUTE NN ST UAN 1T MAYEIRTRTANE
Wevinliidesfiaunsaannisnszatasinoaslaumasegnlunszuants mavesansazanslu
MR TsTUUNS R E FaiszUL moving liquid drop Wae mobile drop A9ifinszuy
mono-segmented flow LLUU@W%I‘TT@]’ Lfim@"mﬂ"l‘jLm’%@uﬁﬂmﬁﬁﬂﬂﬂ‘mmﬂﬂuu hydrophobic tile
oath Aflanuaefindatiunisazesansaratsiuszuy mono-segmented flow Tuszuy
sequential injection W#9¥UU Moving Liquid Drop Gﬁ%@ﬂﬂiﬂiﬁmﬁﬁdmLmzmsf%ﬁhﬂﬁgﬂﬂfjﬂ TrUU
aunseidnndy fuanenisieuifeuissasssuutugl 1. inliansnsoimmnesu
sequential manually operation wuLNN8e wazUszynATHWn19ARszRRemaiianne iR
52UV microcoulometric titration Suvaaaaazas 1] TassnnsAdeiasjusiudanantiszunnis
manipulate §19RLATEFIY moving liquid drop %38 mobile drop #1ANEILUIINGAITUNNATILAZ
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ﬂ ) Reagent Sample Reagent
Reagent Sample
Air . Air - Air |

°f_|) Hydrophobic path
5 1. WBsuifleuszuunisiva n) Wy mono-segmented flow Tansazanefiiatuvie lna T
289BINANANEI N9 manipulation #9 syringe pump + selection valve ) UL moving liquid

drop ifin9AdeuTreseaaNsarats [UuK hydrophobic path

2. 52U Micro conductometric sensor with mobile drop

TsWmmns2uL moving liquid drop W38 mobile drop WnnTdiun1simennagsin Wil
NEANITAATENINTUALATIZR NH5 (gas) Funanfaating NH," Nusinsganmnd Tmﬂmﬁm:ﬁwﬁ
$a T micro conductometric sensor &MmM3UARAINNTININRNTBIENIAZATENIATATAENT AN
#1H hydrophobic tile path LL@:mws’—_qlmﬁﬁquw% Lﬁﬂ flow LLﬁ”ﬂLLﬂNTMLﬁﬂﬁmmﬂmimﬁﬂuﬂmu:

#innn gas conversion chamber fisnannsieguanlniianlanen Auuanaugy 2

Conductivity probe

\\\ .+ Liquid drop

PMMA tube

qu 2 NINAABIENTRTANETILARENT LA WAY hydrophobic 73 sanfiunsiasanIssinuia
FWSUNTTIAIZH NH, /NHs , MFC= Mass flow controller, GCU=Gas Conversion Unit,
HN=hypodermic needle, CD= conductivity detector, DAQ= Data acquisition, TS=Teflon sheet,
DS=Disposable syringe, W=waste.



ansl 2 uffmuonTuiflefiduananndangne NH, Usnims 5 mL guisastu gas
conversion chamber 7ivna1nuasm centrifuge 2WIA 50 mL SuiileiRnansazaty NaOH sl
anazAduus (pH >10 ) Wi NH, %gmﬂmm:wﬁumwm gas conversion chamber AQILAH
TulnsanuazalUfingnansazaiansn HS0, Waa (UsNRaUazanns 25 pl aneidindu
Uszings 50-200 pM)  flevinnnadadanasiniiindsLesasinnisininEe Metrohm 41
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acquisition AAYEANAUITANGHUAULDS %mjmmmmﬁﬁﬂw%ﬂmmm H,SO, FAAAITLAHIE
fupdindueasuenlndenlpasunasgu Wptazenddunisiiaziuen ey
Fatingsang R AAnuInRimesaugfifaadnsianite Winansdinaeiinasiign

nawdsndnatng NH, Tunan H,S0. asanTumsazanennpsg/ansazans
ﬁq@ﬁ'wgﬂmmﬂu 0.1 M H,SO, Fannnnaiiazyinli NH," Tﬂﬂﬂuﬂﬁﬂ’]‘mﬂgjﬁQTuﬂﬁﬁﬂzﬂﬁﬂTﬁ
wasie s uuiwaLN W s s T EfUNMsAATed NH, einnnsdeadaed®  Kjedahl
method TAgnedvazgneasuanioznan

_Ansdduasangazany NaOH llassuiauan il NH," arnsawaniiv
NH; [#5Tngae pH Mduwa (10-14) Taenisifinasazany NaOH aasdisdn 0.1-6 M asluTu
gas conversion chamber Tmﬁﬁm‘i@m’m NaOH ﬁLﬁNmfﬂ%ﬁmNWﬂW@ﬁ neutralized d8198<81¢
finmeing NH,' fiazanaTunsn 0.1 M H,SO, Wazlsu pH ﬂﬂ\‘im‘m:@”m?ﬁqﬁmu NH," wWagsadn
WA NHsx

—AHENGNaB9nNgn H,SO, Flatunssuutauenlufle: anudndumesnsnaziinase
nM3AsWYa9 standard calibration graph 289nM5AATZA NH,  Hagl

“SunnsresanTazanedanduen lden: Tnal transfer pipet %uﬁuqﬂﬂﬁtﬁmifi’m
UBnRsEENETazans NH, fifianugniinsgeiunisfnumwarasiunsamsazansdanda Tas
Anunlugay 4.80-5.20 mL WuddayyIosn1sanasesArni st Asudaetiosnnn B
uansdEan [EgUnsaintsinuUEiasaugitinnugniesisnnn  udlemluanaauna(
AzAanNNINHn il 1@ disposable syringe ¥l

~finaniaarasuftabulpsieuiiniuda NH; dngnansnsazans eiintidnannisna
Againluazinlinisduuiauen s henssazaneliUssansnmitiasasusidalidnanis
areauia N, Fenfnllazyiniiiaanisinsnei HaaTie §931n15 anes N, FHNza
#m 200 mL/min

BRI DI ATNTRT AT IN1TTLURE NHs: BSNANISANEIWLAMEAa19aZATe
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3. AaRABITTULTANMWAY

SUURREITWTE measuring volumetric glassware Titiagas anun3al¥ disposdble
syringe WnHNSIETWATH waza1N190 manipulate A3azAtefagusIltingsradlanlne dalE
ot luszuunsbaavialu w peristattic pump Wae syringe pump ﬁﬁ‘iﬂmuwx‘umzﬁmmuau
Fapenfiowes sruupaesiiefi EfoinisuAsrULTindy g oadnaesRame sy el
BUNARFINITORAUN T LTUANR oy sy eusananadine lnafrifledevidauntian (4 vin i
winliinfiannsnlemluniamnuld Wansaranedeewditiesas uidnasl¥asazans
FapgneTiAendneman (5 ml) winsinansisaednainiuiswanden lnayialUATU3n95209

o 1 ~ @ o ' 1Y P ! a o o PR A o =£ A
@]’JEEI’NV]N’WﬂWﬂﬂﬁﬂﬂﬂ’J"lTﬁd"lu\fﬂLﬂuﬁil"ldﬂ V]"ITMﬂ’]Tﬁ@”lﬁTﬂﬂ‘i’)Nﬂﬂ@‘nUUWWWJH"I?IHN‘;I"IW‘IQT‘I

|
eala A

NN WAANTINBENNTAATARTsuRAL FTumaTianisAiassiuen llonlnedfoug &

LLNC‘NTHW‘I‘;?’N 1.

4. Imauaunedmsusisaluauan
a e o L & A = o ! a '3 = Pay
sruuAnseRimn T iuiugmiianinlisesenlunisiiasziansris lepawd
aunsasAesuuuAal# i HCOs / CO, dmSuMIU3nse dissolve inorganic carbon w13
- o o a . ¥ 2- ° o a2 .
SO5 /SO, AM5UN1TNLBH sulfite TUHWFEBWT, S/ HoS @M15UN19MLSHN9W sulfide T
W1 1udiu wenanidsansnimuisiasanTrul mobile drop WNLWIARABMY WKW WATANS
AATIZABILEN (optical/ colorimetric measurement) WEAWIARANITULN L% capillary

electrophoresis 9ag|Hgzmnd19n13A1TWI AT [Undaunesu



A1919 1. Wisuieunisimssiuenluilonloaausiagsruy mobile drop Al¥n13dmenT91n

TR uszuy gas diffusion/ pervaporation Flow analysis ﬁ'uﬁ]

Method Sample Calibration range, Limit of Sample Equipment required Relatively Ref
NH‘,+ detection throughput (hr_1) cost
GD-FIA-potentiometry Waste water with 55uM - 10 mM 8 UM 30 peristaltic pump/ injection Low [2]
high content of valve
surfactant
GD-FIA-conductometry from Kjedahl 0.58-5.8 mM 58 uM 35 peristaltic pump/ injection Low [3]
digestion valve
GD-FIA-conduct(C4D) Rain water 2-100 pM 0.8 uyM 35 peristaltic pump/ injection Low (4]
valve/ special detector
GD-SIA-spectrometry coastal water with 5.8-290 uM 1.5 pM - Syringe pump/ selection valve/ | High [5]
wide salinity range computer control and
programming
Membraneless-multi syringe Waste water 0.58 -2.9 mM 130 uM 1 Multiple syringe pump/ High [6]
spectrometry selection valve/ computer
control and programming
Multi Commuted flow- Surface/ tap water 2.9-58 UM 2.5 uM 20 Solenoid Valve pump / Moderate [7]
adsorption spectrometry computer control and
programming
Proposed method Natural water 5-100 pM 5 uM 10 Data acquisition system/ Extremely [8]
no need of conventional low

pump/ vale and computer

control
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ABSTRACT

A mobile drop based approach was utilized for the conductometric determination of aqueous
ammonium ion. A liquid drop was manipulated by gravity to remain or move out of a conductivity
measurement zone located on a hydrophobic path. A dilute sulfuric acid drop functioned as a micro gas
absorber. Gaseous NH3 was liberated from a sample containing NH; by adding NaOH and purged to flow
over the absorber drop. As H* in the absorber drop was converted to NH; , the conductivity decreased.
The rate of the conductivity decrease thus ultimately depended on the NH; concentration in the sample.
While the sample could be complex, the liberation of NH3 gas essentially freed the analyte of interest
from the matrix and allowed the use of an otherwise nonselective detector. The system was applied to
the determination of NH; in some natural waters without prior filtration; the results agreed well with
those from a manual indophenol blue method. The approach exhibited a limit of detection (LOD) of 5 pM
and a relative standard deviation (RSD) of < 5%. The mobile drop gave a constant volume of the gas

absorbing solution and provided a cost-effective and simple analytical platform.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Ammonium (NH; ) is a globally important micronutrient. High
NH, levels in natural waters indicate deteriorated water quality,
generally from anthropogenic sources. Analyses for NH, are
routine in agriculture, soil science and environmental studies.
The most widely used method for NH3/NH, determination is
the spectrophotometric indophenol blue method [1], based on the
Berthelot reaction.

One successful approach to NH, determination has been to
convert aqueous NH; to gaseous NH3 by adding base and collect-
ing the produced gas for quantitation; this has the further virtue of
removing matrix interferences. In flow analysis systems, NH; has
been commonly converted inline to unionized NH; in the donor
stream and letting the NH3 thus formed diffuse through a gas
diffusion unit (GDU) into an acceptor stream for measurement.
The GDU may be fabricated with or without a membrane. Different
detectors have been used with a GDU in a flow system for NH;
determination. Frenzel et al. used flow injection (FI) with a GDU
prior to potentiometric measurement of NH; [2-4]. Conducto-
metry, normally a nonselective technique, has been used with a
FI-GDU system for measuring Kjeldahl Nitrogen in milk and
chicken digests [5]. Contactless conductometry works particularly

* Corresponding author at: Department of Chemistry, Faculty of Science, Chiang
Mai University, Chiang Mai 50200, Thailand. Tel./fax: +66 53 941910.
E-mail address: tinakorn.kanyanee@cmu.ac.th (T. Kanyanee).

http://dx.doi.org/10.1016/j.talanta.2014.10.046
0039-9140/© 2014 Elsevier B.V. All rights reserved.

well with small bore tubing; this has also been used for NH;
determination with a FI-GDU system [6]. Other automated flow
methods, e.g., sequential injection [7], multi syringe FI [8,9], and
multi-commutation FI [10,11] have all been used with a GDU and
spectrophotometric NH, determination. Fluorometric detection, a
more sensitive technique has also been similarly used, for both sea
water [12] and fresh water [13].

The conversion of an aqueous analyte species of interest to the
gaseous state (and thus liberating it from a matrix potentially
containing interferents) is not unique to the NH; /NHj; system, the
same principle is used in hydride generation atomic spectroscopy.
Hydride generation coupled with chemiluminescence detection
(HG-CL) permitted a portable sensitive system for measuring
arsenic in drinking water [14]. Generation of H,S from an aqueous
sample and measurement with a micro gas analysis system was
used for the determination of sulfide in natural waters [15].
Cyanide in a blood sample was converted to gaseous HCN and
collected in a porous membrane containing a chromogenic reagent
to permit measurement using disposable platforms [16]. A mem-
braneless setup avoids membrane fouling problems [17,18]. The
flow analysis coupled with membraneless format has been devel-
oped [17-19]. Air segmentation in such systems can have advan-
tages [20]; this has been applied to ethanol determination [21].

A liquid drop represents a small volume that has no membranes
and a large surface/volume ratio, well suited for gas sampling without
involving any membranes. A soluble gas can be scavenged by a drop
and the product concentration can accumulate rapidly. The product
can then be measured in-situ, often with a short overall analytical
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cycle. Liquid drops are easily manipulated, represent very low reagent
consumption and waste generation and provide for low-cost methods
[22]. Liquid drops/films have been extensively used for gas collection
and analysis, e.g., for many different gases at a time with a capillary
electrophoresis (CE) system [23-25], or by simple LED-based photo-
metry for NO, [26], NH; [27], H,S [28], SO, [29], etc. Although
conductometry is non-selective, it can provide highly sensitive mea-
surements with simple instrumentation. Toda et al. [30] used a
renewable hemispherical drop of dilute acid atop the tip of an annular
tubular electrode assembly that monitored the conductivity of the
drop. As breath ammonia flowed over the drop it reduced the
conductance by neutralizing the acid; the rate of conductivity decrease
was a direct measure of the breath ammonia concentration. Although
a liquid film/bubble [31] can provide an even greater surface/volume
ratio than a drop, a liquid drop based system is simpler to set up.

Drops moving by gravity have the added advantage of incorpor-
ating both flow and transient examination capabilities. An inclined
platform on which a drop falls and moves is particularly conducive
to this; Liu and Dasgupta [32] introduced transient electrokinetic
injection in CE based on this principle. Recently, we have refined the
ability to control drop movement by using a hydrophobic inclined
path for drop movement and a suspended probe with a hydrophilic
exterior in the transit path to stop the drop by adhesion, and then
allow it to move down again by allowing additional drop(s) to
merge whence the gravitational force overcomes adhesion forces
[33]. The use of this system was then demonstrated for microcoulo-
metric titrations of analytes in the drop.

In this paper we demonstrate another application of this inex-
pensive versatile platform using the moving drop for (NH3) gas
collection, quantitating the collected gas conductometrically by
momentarily stopping the drop at a measurement probe and then
transmitting all to waste by sending a merging wash drop. Ammonia
gas was liberated from a NH -containing solution by alkalinization
and purging and directed to the drop. Results from real samples are
compared with spectrophotometric determination by the indophe-
nol blue method, which often requires sample pretreatment [34].

2. Experimental

2.1. Reagents and solution

All reagents were of analytical reagent grade. Sulfuric acid (0.1 M)
was used as the gas absorbing liquid drop; this was prepared by

TS

dilution from 98% H,SO04. The NH; stock standard solution (10 mM)
was freshly prepared by dissolving 0.1593 g of NH4Cl (www.merck-
millipore.com) in 01 M H,SO, and adjusting the volume to
100.00 mL with 0.1 M H,SO,. Diluted standards were prepared daily
using 0.1 M H,SO,4. Because the H,SO,4 may itself contain traces of
NH;, the exact concentration of NH; in the standards were
determined by the Indophenol Blue method [34], the requisite
reagents were prepared as instructed therein. For liberating gaseous
NH; from NH; bearing samples, 4 M NaOH was prepared by
dissolved 24 g NaOH in 150 mL deionized water.

Water samples for analysis consisted of surface water from the
Ping River and local ponds in the Chiang Mai area, Thailand. Sulfuric
acid (2 mL 98% acid per 500 mL Sample) was added to the samples
before storage at 4 °C in the dark in polyethylene bottles [2].

2.2. Experimental setup

The system is schematically depicted in Fig. 1. A polymeth-
ylmethacrylate (PMMA) tube (2.0cm i.d., 24 cm o.d., 20.0cm
length), equipped with end-caps, is used as the incline; normal
inclination angle was ~23° from the horizontal plane. The bottom
cap was connected by a drain tube to a waste container. A length of
Polytetrafluoroethylene (PTFE) tape (plumber’s tape) was placed
lengthwise inside the PMMA tube to provide a hydrophobic path.
A PEEK tube segment (0.5 x 1.6 x 10.0 mm i.d. x o.d. x length,
www.upchurch.com) was affixed through a hole in the PMMA
tube as shown and functioned as the drop head. A second drop
head was similarly located, ~2 cm behind the first one. Disposable
syringes were employed for manually dispensing H,SO, and
deionized water through the first and second drop heads, respec-
tively. The drop size largely depends on both the i.d. and o.d. of the
drop head terminus and the material. For the present case, drop
volume was ~25 pL [33]. The liquid drop moves by gravity and is
stopped through adhesion at the conductivity probe. In this
position the drop is exposed to the gas generated from the sample.
After the gas exposure and conductivity measurement step, a drop
of DI water is dispensed on the path, merges with the extant drop
and together flows down to waste. Relatively little residual liquid
adheres to the conductivity probe. Because this becomes part of
the measurement and calibration process and there is no residual
free NH3 in this liquid and the measurement is based on the rate of
conductivity decrease and not absolute values, the residual adher-
ence causes no perceptible error.

PEEK tube

PMMA tube

Pt wire

Conductivity probe

Droplet

PMMA tube -~

Fig. 1. The experimental setup: the mobile drop on the hydrophobic path with conductivity measurement for NH; /NH; determination, MFC=Mass flow controller,
GCU=Gas Conversion Unit, HN=hypodermic needle, CD=conductivity detector, DAQ=Data acquisition, TS=Teflon sheet, DS=Disposable syringe, TT=Teflon tube,

W=waste.
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The conductivity probe was made from a glass tube (1 x
1.5 x 65 mm i.d. x o.d. x length). One platinum wire (0.3 mm dia.)
was inserted through the tube and affixed centrally at the mouth of
the tube and the other was wrapped around the tube and fixed in
place with epoxy adhesive. Only a small length at the end was left
uncoated at the terminus for liquid contact. The wire termini were
~1 mm apart. The cell constant was ~33.0 cm~ . The conductivity
cell entered the PMMA tube wall in a perpendicular fashion and
affixed thereto with hot-melt adhesive such that the tip was
~1.0mm above the PTFE path. The conductance was measured
by a commercial instrument (model 712 conductometer, www.
metrohm.com). The instrument analog output was acquired at 5 Hz
by a 22-bit A/D card (Emant300, www.emant.com). Custom soft-
ware was written in-house in Visual Basic for data acquisition.

The gas conversion unit (GCU) was fabricated from a 50 mL
polypropylene centrifuge tube (www.corning.com) as depicted in
Fig. 1. A rubber cap was placed on top to seal the unit and also to
function as a septum for reagent injection. The bottom of the
chamber was connected with an on/off valve to drain out the
solution to waste after the experiment. Nitrogen gas, flow controlled
by a digital mass flow controller (0-2.0 L/min, Model MQO002B/C,
www.azbil.com) at 200 mL/min (ambient temperature) was used to
bubble through the solution in the GCU: the gas entered through an
elbow connector and used a 0.2 mm i.d. tube for bubbling.

The effluent gas traveled through a polycarbonate tube and
terminated in a 21 ga. hypodermic needle that was affixed through
the PMMA tube at an angle, the needle tip being ~1 cm from the
liquid drop and directed at it. The gas flow creates circulating
mixing, at least in the outer layer of the drop [27].

2.3. Experimental procedure

Ammonium bearing standards or samples in 0.1 M H,SO4
(5.00 mL) were transferred into the GCU by a transfer pipette.
The H,S0,4 absorber drop was manually dispensed and allowed to
stop at the conductivity probe. The 4 M NaOH solution (5 mL) was
then manually delivered to the GCU. The solution needs to be
strongly alkaline for ammonia to be fully released and this is
accomplished by the significant amount of NaOH added. Next the
MFC was activated to begin purging of the GCU; this led to both
mixing of the solution and transport of the evolved NH; out of the
GCU. As NHs reacted with H* in the drop, the conductivity
decreased; this was recorded for 200 s. The rate of decrease of
the conductivity (RDC) was calculated. The RDC for a blank was
similarly measured. The net RDC for various NH; samples were
plotted against the known concentrations. The indophenol blue
method was used for comparative measurements [28]; the absor-
bance due to the blue product was measured at 630 nm spectro-
photometrically (CE1010, www.cecilinstruments.com).

3. Result and discussion
3.1. Fraction of ammonium volatilized

It is difficult to estimate how long it will require a solution of to
be a purged of a volatile dissolved gas as this depends on many
factors such as bubble size, gas flow rate and the operative Henry’s
law constant (Ky). For gases with a high Ky, such as NHs,
quantitative purging (>99%) requires a time too long to be
practical for analysis. Measurement of residual NH;/NH; in the
GCU solution after 200 s of bubbling under the stated conditions
suggested that ~15% at room temperature (28 °C ) on average is
removed and this provides satisfactory results under the proposed
procedure.

3.2. Analytical signal profile

As high mobility H* (4. 349.8 S cm~2 equiv~!) is converted
to much lower mobility NHf (inpay 73.5S cm~2equiv™!), the
conductivity will decreases. The initial signal decrease is linear
with time (Fig. 2a) and the slope (RDC) was linearly related to the
NH, concentration (Fig. 2b). The relationship between the RDC
and the ammonium concentration in the range 5-100 pM is linear
and described by an equation
RDC (uS/cm s)=0.0913[NH; (uM)]+0.2725, r*=0.9957 (1)

The temporal profile of the conductance also reaches a mini-
mum at the point the free acid is completely neutralized (herein-
after called time for lowest conductivity, TLC). Following the
minimum, the excess ammonia leads to the formation of NH;
and OH™ and increases the conductivity again [30]. The TLC,
predictably, changes with varying sample [NH; ] concentration
as shown in Fig. 2. Regardless of the concentration TLC has a finite
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minimum value (~20 s) as a finite time is required for the gas to
be liberated, transported, absorbed, and the droplet sufficiently
mixed for the conductance minimum to be registered. Once this
finite value is subtracted from the apparent TLC value, the
logarithm of this value also bears a relationship with the analyte
concentration, at least up to 100 pM:

In(TLC,s—20) = —0.431 x [NHy , uM] +5.26, 2 =0.9951

Using 50 pM H,SO,, the interday operations (4 day study) were
observed to give slopes of calibrations (RDC vs [NH, |) (5-100 uM
NH, ) which differed by no more than 10%.

3.2.1. Parametric effects

Parameters that affect the performance of this analytical system
include drop volume, gas flow rate, added NaOH amount, sample
volume, as well as electrode alignment and liquid drop delivery and
removal.

3.2.2. Drop volume

The PEEK drop head as listed provided a drop volume of
2541 pL (n=10) as determined gravimetrically. Deliberately chan-
ging the volume of the liquid drop (by 3 drops, ~75 uL) required
that the incline be changed to ensure drop adherence. Increasing
the drop volume makes a little change of slope of calibration graph
(RDC vs [NH, ]). From the base case of a single drop taken as unity,
the slope decreases to 0.9 and 0.8, respectively, for 2 and 3 delivered
drops. As the delivery of drops significantly less than 25 puL in
volume was difficult to achieve reproducibly, this was not pursued.
A single 25 pL drop also centers itself well on the present probe.

3.2.3. Gas flow rate

The N, purge gas not only carries the liberated NH;3 to the
measurement drop absorber, but also helps the mixing of the
GCU content. The gas flow rate affects the exit humidity (very
slow flow rates can lead to moisture supersaturation of the exit
humidity, potential condensation on exit tube walls and wall
losses) and collection efficiency by the drop [35] (at very high
gas flow rates, not only the collection efficiency will be poor,
the drop shape is distorted and in an extreme case can be
dislodged from the electrode. We studied gas flow rates in the
50-600 mL/min range; at 50 mL/min, the observed signals from
samples were barely discernible from that of a blank. At the
other extreme, at 600 mL/min, the drop became so skewed and
unstable, no meaningful measurement was possible. Fig. 3
shows results for 100, 200 and 500 mL/min gas flow rates:
although 500 mL/min provided the highest sensitivity, at high
flow rates, the GCU solution was nebulized and contamination
of the drop by the aerosol made for a high and poorly
reproducible blank. In contrast, at 200 mL/min, the RDC of a
blank was indistinguishable from that obtained after adding
1 M Nadl, indicating nebulization did not occur.

3.2.4. NaOH concentration

In principle, an NaOH concentration just over 0.2 M is sufficient to
neutralize an equal volume of a sample containing 0.1 M H,SO4. But
the pH needs to be high enough ( > 11) where the concentration of
NH, is negligible compared to that of NHz. We investigated 0.2-6 M
NaOH for this purpose and 4 M NaOH provided the highest calibration
slope (RDC). This concentration is high enough to deal with highly
acidic samples such as those encountered with Kjeldahl digests [5].

3.2.5. Sample volume

We studied sample volume effects only over a small range
(4.80-5.20 mL), over this range, the RDC signal was not perceptibly
affected. Note that it is the concentration of NHs in the solution in the
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Fig. 3. Effect of N, gas flow rate to the subtracted rate of decreasing of conductivity
of 50 M H>S04 at Pt electrode: (a) RDC vs NH; 5-100 pM with using N, flow rate
100, 200 and 500 mL/min, (b) RDC vs N, Flow rate of various sets of solution in GCU
(DI water, 0.1 M H,SO4+DI water, 0.1 M H,SO4+4 M NaOH, 5pM NH; in 0.1 M
H,SO4 4 M NaOH, 0.1 M H,S04+1 M NaCl+4 M NaOH).

GCU rather than its amount that will be the primary determinant of
the gas concentration. The tolerance to a modest amount of volume
uncertainty suggests that a 5 mL disposable syringe, rather than a
volumetric pipette, should be sufficient for sample transfer.

3.3. Extending the operational range to desired analyte
concentrations through choice of absorber acid concentration

The absorber acid concentration can influence the linear range
of calibration graph. We investigated various H,SO,4 concentra-
tions (5, 50, 200, 500, and 1000 uM) for this purpose. It was found
that using a lower acid concentration will obviously be better to
improve the lower working range of this method. Data from a
sulfuric acid concentration of 5uM was difficult to reproduce.
Regarding, possibility on that a lower concentration of H,SO,4
could be interfered by CO, in air as in the studies on breath NH;
by Toda et al. that 5%v/v of CO, can affect measurements with a
50 uM H,SO,4 absorber [30]. In the present application, as long as
the stock absorber is protected from CO, absorption, the drop is
really exposed primarily to a water and ammonium bearing N,
atmosphere during measurement. We conservatively judge, for
example with 50 uM H,SO4, the limit of detection (LOD), was
~5uM NH; as the lowest concentration in linear calibration
curve of RDC vs [NH, |. The absorber acid concentration should be
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Table 1
Determination of NH; in water by using proposed method (50 uM H,SO4 with
Cu-electrode, 4 M NaOH, and N; flow rate 200 mL/min) and indophenols blue method.

Water sample Ammonium concentration (uM)

Proposed method Indophenols method

A-Pond 59+0.2 70+0.0
B-River (#1) 51+0.3 5.0+0.0
C-River (#2) 6.1+02 6.0+ 0.0
D-River (#3) 24.6+04 245+0.1
E-River (#4) 134+03 13.9+0.0
F-River (#5) 133+ 05 13.8+0.0
G-River (#6) 13.1+05 13.0+0.0
H-River (#7) 11.7+£04 121+0.0

Triplicate results: mean + SD.

chosen based on the anticipated analyte concentration; for a high
concentration sample such as those in Kjeldahl digests [5], a high
acid concentration needs to be chosen.

3.4. Choice of electrode materials

Low cost materials, such as copper wire that can easily be taken
from normal electrical cable, were employed as an alternative to
platinum [5].

3.5. Interferences

As demonstrated by the lack of any response to the incorpora-
tion of 1 M NaCl in the GCU solution, nonvolatile materials do not
interfere. Heavy metals that cause problems in the indophenol
blue method by forming precipitates are automatically separated
by matrix isolation. Only possible interferents in this approach
would be low molecular weight volatile amines. It is well known
that the volatile amine concentrations in natural waters are far
lower compared to that of NH; [10]. We nevertheless tested the
response of the system to ethylamine and diethylamine; at the
5uM level (this would be unacceptable based on odor) these
changed the RDC of 50 uM NH;" by ~5%.

3.6. Natural samples

Results for several natural water samples are reported in
Table 1. The results agree well with that of the indolphenol blue
method, y=0.9809 +0.462, r=0.9987. We did observe some carry-
over; for best results repeat runs were made and data from the
first run for each sample was discarded. In replicate measurements
(n=3), the typical variance was~ < 5%.

4. Conclusion

This work aims to develop a cost-effective procedure for the
determination of ammonia/ammonium ion, by employing a mobile
drop system that is simple and requires no conventional pumps and
injection valves. The components used are inexpensive. The mobile
drop platform serves for facile manipulation of solutions.

Here, a drop defines a measured volume of solutions and
moving of the drops offer enables handling of solutions without
using conventional tools such as pipette, beakers, etc. It is cost
effective and down scaling chemical analysis. This would be useful
for some places where budget is limited. The designed GCU can
handle a solid sample without extraction. Application for the
determination of soil NHs-N is in progress. Application to other
analytes such as carbonate or sulfite will further be developed as
an extension of some previous works [36,37].
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Figure of Merit of Moving Liquid Drop as Flow Manipulation System
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/ Principle of Moving Liquid Drop

The liquid drop moves/ stops on hydrophobic incline path by
gravitational force and adhesive force. It was developed to be a

A falling liquid drop defines itself a constant small volume moving liquid drop as a simple manipulation which is analogy to
(uL-level) which depends on some physical properties suchas ~ mono-segmented flow analysis system.
surface tension and density of the liquid, and terminus tube /
diameter. _
/ Some application for gas collection and Results \
in-situ_analysis Table. 1 Ammonium ion determination in some natural water by using
‘ the developed system compared with indophenols blue method. |
H,0 - :
Water Sample Ammonium concentration (uM)
HeS0, Proposed method Indophenols blue
method
\ A-Pond 59.0.2 70-00
NH,Cl + B-River 51.0.3 5.0-0.0
NaOH q C-River 6.1:0.2 6.0:00
D-River 246 :04 245:01
N,(q) I E-River 13.4:0.3 139:0.0
F-River 13.3:05 13.8:0.0
G-River 131:05 13.0:0.0

\ l H-River 117-:04 121:00
\\ Triplicate result: mean + SD. /
w w

Table 2. The figure of merit of the moving liquid drop method compared with some selected gas diffusion flow analysis
method for NH,* determination

Calibration S
Method Sample Lob throughput Equipment required Relatively cost Ref
range, NH,* (hr-1)
. Wast \ ith high . . L
GD-FIA-potentiometry COE teifw:f i:;'ac falngt 55uM-10 mM 8 UM 30 Peristaltic pump + injection valve Low [1]
GD-FIA-conductometry from Kjedahl digestion 0.58-5.8 mM 58 uM 35 Peristaltic pump + injection valve Low [2]
6D-FIA-C4D Rain water 2-100 M 0.8 UM 35 Peristaltic pump + injection valve + special Low 3]
detector
6D-STA-spectrometry Coquul water with wide 5.8-290 uM 15 M R Syringe pump * selection valve + computer control High [4]
salinity range and programming
Membraneless-multi syringe Waste water 058 -2.9 mM 130 1M 11 Multiple syringe pump + selection valve+ computer High 5]
spectrometry control and programming
Multi Commuted FI- e 2.9-58 1M 2.5 uM 20 Solenoid Yalve pump +computer control and Moderate 6]
spectrometry programming
Moving liquid drop- Natural water 5-100 M 5 M 10 No need of conventional pump. + injection valve Extremely low 8]
conductometry + computer control/programming
/ \ Advantages of the proposed system
References: itati is wi i
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Time-based Micro Titration with
Moving Liquid Drop
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Introduction

The liquid drop that forms at the bottom tip and then fall by
gravitation have provides features that can be characterized in its
reproducibility , renewability, defined volume, and lack of containment
walls. Beside that, there have the small volume (~10-50 pL) and
constant. So, that were the interesting for apply in chemistry analysis
on the case that have small samples.

V=2ﬂr0
- 2]

and T Where
é

V = the final volume of the sample drop
r = the radius of the tube

o = the surface tension of the sample liquid
p = the density of the drop liquid
g = the gravitational force constant

S

Log[tirme]

14

Bleach time, sec

Results

. ¥=-2032*X+255
R-squared = 0.9971
.

o e e e R

02 04 L.
Log|C-ascorbic acid]

2 3 ‘
Ascorbic concentration, mM

Figurel. Linear relationship of
[ascorbic acid] vs. time with
using 1 mM KMnO,

4 Principles ) o
) ] Table 1. Application of the proposed method for
1 é_;fp‘r::i:g;s: analyte flows down and attach against with ascorbic acid assay determination.
2. Start the Timer'when drops bump against with each other Sample Proposed Titration
until the color were changed. method method
Brand-1 (1000mg) 976 1035
Times o concentration Brand-2 (1000ng) 1003 1095
Brand-3 (500 mg) 440 498
K" j Brand-4 (500 mg) 489 497
Experiment s 522
25.0
oI 200 Figure 2. Linear
/ Ascorbic ’ e relationship of
acid KMnO, 150 [CH;COOH] vs. indicator
/ ix‘; the 100 y=-28069x +48.004 . color changed time with
\ 5.0 R? = 0.9807 h using 1 mM NaOH.
00 - T T T |
\ 0.600 0.800 1.000 1.200 1.400 1.600
\ CH3COOH conc, mM
@ =M™
- Y — B Table.2 Application of the proposed method compared with standard
— titration method for vinegar assay determination.
Stop the
L timer Vinegar concentration (M)
DI Brand
/ - acid Proposed method | Titration method
NaOH N QP 8.8E-04 8.89E-04
/ 3 Heinz 8.6E-04 9.07E-04
Sor.Mor. 8.6E-04 8.68E-04
\ . Big-C 9.3E-04 9.35E-04
- Stop timer when the
= . a color changed.
Conclusion
1. Low volume sample require ~ 30 uL
References 2. No of volumetric tool require and low cost setup.

3. Possible for portable analytical unit.

[1] K. 6rudpan, S. Lapanantnoppakhun, S. Kradtap Hartwell, K.Watlaiad,
W. Wongwilai,W. Siriangkhawut, W. Jangbai,W. Kumutanat, P.
Nuntaboon, S. Tontrong, Simple lab-on-chip approach with time-based

detection Talanta 2009.

[2] T.Kanyanee P. Fuekhad, K.Grudpan, Microcoulometric titration in a
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Moving Liquid Drop with Conductometric Detection for
Determination of Ammonium in Water
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A liquid drop is an interesting tool for applies to gas analysis systems due o /A moving liquid drop or mobile drop with conductometric defecfiorm

small volume and large surface/volume ratio. Thus, liquid drop is suitable to gas applied for ammonium ion determination. The diluted sulfuric acid drop as
sampling. The constant volume of liquid drop can be controlled by diameter of tip micro gas absorbing solution was manipulated along the hydrophobic path to
tube. Moreover, a moving liquid drop are easily manipulated via gravimetrical stop/ move out from miniature conductometric electrode. The NH,* in gas
force to move along a slope hydrophobic path by without using the conventional conversion unit (6CU) was converted to NH; by NaOH and purged to the

H,50, drop. The H* in H,SO, drop was converted to NH,* and as a result,
made conductivity decrease.

pump.
o ; Gas liquid
@ interface
J \
H,SO0.
/ | HeS0s P OH- PH*
H,0
electrode & H NHy'ag > NHaeg == NHsgg < NHzeq« "NHy'g

(In gas conversion chamber) (In carrier gas) (In a liquid drop absorber)

N

Figure. 1 Diagram for N-compound conversion

conductometer

Figure. 2 Schematic diagram of using moving liquid drop on
the hydrophobic path

B /I T. lf ;

Table. 1 Ammonium ion determination in some nhatural water by using the
developed system (50 yM H,SO,, Cu-electrode, 4 M NaOH and N, \

Conductivity, uS/cm

e

flow rate 200 ml/min) and indophenols blue method. N
160
Water Sample Ammonium concentration (uM) ‘ ! ! ‘ ‘ ‘
Proposed method Indophenols blue method 0 40 80_ 120 160 200
A-Pond 59:0.2 7.0:00 Time, s
B-River 51+0.3 50+00 100 —
C-River 6.1+0.2 6.0+00 - /§
D-River 246+04 24501 Y =0.0913x + 0.2725 s
E-River 134+03 139+ 0.0 80— r2 = 0.9957 .
F-River 133:05 13.8+0.0 - /E
G-River 13.1+05 13.0+0.0 ) 7
H-River 11.7+04 121+ 0.0 £ 60— [ 24
Triplicate result: mean + SD. ?)1 _ 7 ’
The results of the proposed method agreed well with those obtained of 9 40— Q//
the indophenol blue method. g2 " 7
‘,/”/7* 7"‘\ 20— ///.
& - e

00 71— \ \ \ \
0 20 40 60 80 100
[NH4+*], uM

% A liquid drop can be manipulated by without using conventional pump and
injection valve.

% The developed system provides simple and cost-effective setup.

% This system can be applied for color or turbidity water analysis.

[1]P. Jaikang, K. Grudpan, T. Kanyanee Conductometric Determination of } A calibration curve in range of 5-100 uM NH,* was obtained with

Figure. 3 a)Typical conductivity signal of 50 uM H,SO, drop which decrease
due to 5-100 pM NH,* and b) the linear relationship of RDC vs[NH4+]
(5-100 puM); N, flow rate 200 mL/min, 4 M NaOH at Pt electrode.

Ammonium Ion with a Mobile Drop, Talanta, 132(2015) 884-8. detection limit of 5 uM NH,* and a relative standard deviation of < 5%.
[2] T. Kanyanee, P. Fuekhad, K. Grudpan, Micro coulometric titration in a liquid
drop, Talanta, 115(2013) 258-262.
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A falling liquid drop defines itself a constant small volume
(uL-level) which depends on some physical properties such
as surface tension and density of the liquid, and terminus

tube diameter. Glass (AE)

Platinum (WE)

The liquid drop moves/ stops on hydrophobic incline path by
gravitational force and adhesive force. It was developed to be a J

y

analogy to mono-segmented flow analysis system.

Micro coulometric titration in a drop with
potentiometric end-point detection

HO [
KT | 1
o

Micro coulometer

Nx(9)

Fig 1.The setup of micro
coulomeftric titration in a drop with Droplet
potentiometric end-point detection /
system: |

UAE= micro auxiliary electrode -
UGE= micro generating electrode w
URE= micro reference electrode

uIE= micro indicator electrode HN 7

300.0

Ts b
PMMA fube —

Potential,
mv

250.0
200.0

150.0
Fig 2.Typical micro coulometric titration curve

1000 —5%x192 | employing platinum wire as potentiometric
%00 detection: sulfite in 100 mM NaOH, 380
00 o 00 20 00 mL/min of N, flow rate, applied current = 20.1

uA for iodine generation.

Time, sec

Table 1.Comparison of micro coulometry employing potentiometric end-point
detection vs iodometric titration (3 replicates) in standard sulfite solution.

prep conc Todometry, mM Micro coulometry, mM
mM average +SD average +SD
0.10 0.093 +0.006 0.10 +0.01
0.20 0.159 +0.011 0.16 +0.00
0.40 0.350 +0.003 0.35 £0.02
0.60 0.498 +0.007 0.46 +0.02
0.80 0.643 +0.017 0.63 +£0.01
1.00 0.811 +0.009 0.75 +0.02

The Output:

[1] P.Jaikang, K.Grudpan, T. Kanyanee, Conductometric
Determination of Ammonium Ion with a Mobile Drop, Talanta,
132(2015) 884.
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Liquid drop with conductivity sensor for NH,*
determination

DS
H.0 =g
DS
|:| HpSO, [ T \ T PEEKtube
/7 7=~ PMMA tube

Y
i

/
/ /
/
/ /
o

v Pt wire
; Conductivity probe

, Droplet
/

Yy w
HN
TS
PMMA tube -~

Fig. 3 The experimental setup: the mobile drop on the hydrophobic path with
conductivity measurement for NH,*/NH; determination, MFC= Mass flow
controller, GCU= Gas Conversion Unit, HN= hypodermic needle, CD=
conductivity detector, DAQ= Data acquisition, TS= Teflon sheet, DS=
Disposable syringe, TT= Teflon tube, W= waste.

400.0

360.0 Blank 100+
§ 1 @ Y = 0.0913x + 0.2725 4
@ 3200 § 80+ 2= 09957 5
z 4 5 uM 100uM 3 ’
< 280.0 80 M g 607 [ 2
E J 60uM @
3 o
2 2400 40uM 3 404 |5
S 1 oum ¢

5 204 &
200.0 | W o
B L]
0.0 T T T T 1
160.0 — B 0 20 40 60 80 100

——
0 40 80 120 160 200
Time, s

[NH4+], uM

Fig. 4 Typical temporal profile of conductivity signals decreased due to
5-100 M NH,*. 50 uM H,S0,, 4 M NaOH and N, flow rate 200 mL/min
were employed to convert NH,* to NH;.

Table. 2 Ammonium ion determination in some natural water by using the
developed system (50 uM H,SO,, Cu-electrode, 4 M NaOH and N, flow
rate 200 ml/min) compared with indophenol blue method.

Ammonium concentration (uM)
Proposed method Indophenols blue

Water Sample

method
A-Pond 5.9:0.2 7.0:0.0
B-River 51:03 5.0:0.0
C-River 6.1-0.2 6.0:00
D-River 246 .04 245.0.1
E-River 134:0.3 139-:00
F-River 13.3:05 13.8:0.0
G-River 131:05 13.0:0.0
H-River 117:04 121-00

Triplicate result: mean + SD.
The results from proposed method agree well with those
obtained from the indophenol blue method.
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