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ABSTRACT

An autemated manitoring system based on “Cempleialy contiougus flow
analveis” with spectrophotometric  detection has been developed fos
monitaring the ceneentration of totzl iron in water. The method mvalves o
continuons flow techaique for sample reduection and complexation m 2mall
bore tubes (0.5 mm 1.DJ at pLémin level, Jodiem hydroxylamine
hwdrochloride canaining acetate buffer (pH = 3.9) was ussd 23 the reducing
reagent. While 1,10-phenantraline was used as the complesation reagent
The parameter of ow rate(s), repction and reactar condition(sh was studied
for on-ling menitering manifolds. The absorbance of the complex is detected
a1l 526 nm. Under the optimal conditions, the present method could be
successfilly applied for the continuous monitoring of tetal fren inowarer,

Koy wards + Comtbnwons monitoring svsteny; foral iron; wasie walel,
spectraphoiomeatric detectin

*Ta wham correspandence should be addressed.

INTRODUCTION

Iron is the most abundant heavy metal in river wates. The predominant
axidation state in cxyoenated water is iron(f11), which strongly reacts with

different csexisting organic and inorganic master to form celleidal and
suspended particles. The detenmination of individual iron species offer
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usefs! mformation for studied af the pgeochiemical Behavier aad
Binvaibabilicy ofiron, which are 1xic toward aquatie oraanisms.

Recenty, the need for ropid determination of trace chemical o
p-.‘.nll-.lJ._ nonitoring has fostered the development of automated methads of
analysis'. The ur-azm-;nw.d Hlow :e:hmq.,-:'a ofter & wide range of possible
methodolagies™. Thus conventional Naw injection anzlysis (nFIAY alicws
analvsis of pellutants with minimum consumption of 1he sample solition.
Hers the reagenis demiond the mzjor expenditures for determinations. [«
crses such as wastewater analysis, reversed T1A (rF), A0z thus nyueh more
suitable to reduce the .J-L.:.-;,tlc:ll eost, On the other hand, when conzinuous

menitoring of the varied analyvte concentrations in ;.mr.: i5 required, the
completely centinuous .Iuw methad {continuous recarding of the signal
produsad]) is adventageous™

Severzl awhors hiave Llﬂcnhed a flow injection technique for the

quaatification of iron in water®”, Linch et al, described the determination of
-'.--;-:'_fl[] and iran(IED with dif |q_r-,,n' reagents and detecters, using dual

el svstem®, O the other hand, Alouso st gl rr.FIDI[..d simuhanso: 5
determination of ran i) end [-_mll ron wsing sinzle channel svstem’,
Yamanz and Goto®, [0 hava :J.::-::E':--:r_' tite use-of single injection with v:-nlt
ang detector for the determinution of rondli) and rondl11). Al haugh b
method seem o be kas good recovery for iron{lly and iren(1I}, increassd
error was observed at lower concentrations. The dilferent oy injection
manifold has impacr on the :|JI:|'1'|| zing result for the determination af irom, 45
repartad by Chalk and Tyson' Thc" found that manifold configurations
would have differens detection I|m|r becanze of the practical consideration
arising mainly from various noize sourcas.

Recently. we have reported the use of a comtinuous flow technigue
for the completely continuous cetermination of tetal mercury ws well as the
ijlﬂf.-"-.ll_{‘l'-‘ r.-F mersiry compounds’ “IT, This Faper present o confingsous
monitoring system for total iron based on complztely cominucus flow
analysis, using hydroxvlaming ludrochicride and 110 pheranteciine as tha
reducing and complexing reagents, respectively. The method has been
applicd for on-line monitoring of total iron in water.

EXPERIMENTAL

Apparaing

A schematie diagram  of the continuous flow  anzlysis -
specicophotomeny ussd in this work i3 shown in Figure 1. The eperatine
conditions for the determination of wotal iron compounds are spmmarized in
Tabl= |[.
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Figure 1, Schematic diagram of conlinuous microflow apparains
determination of total iron. (5 = sample, B, = reductian
Ra.= complexing reagent, O = €1 = miing cail, A = al
block Dath, D = detector, = = tlow cell, & = reconder a

WILShE.

Table 1. Operating cenditions for the determinaticn of iron.
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Paramerg S pongns Specification
Flaw rate, S 400 plfmin
Flow eate, || <00 pl'min I
Flow rats, B 30 pLfmin |
E sample or blank
%y Hydroxilaming hydrachloride

| = acelite bufter
R; o-phenantroline
Pump Gilson Minipuls 2, France I
[eteciar

Jazen madel Uvidee, [ntcligent
UVAVIS spectrophotometer
Wavelenath 326 hm

Recarder Yohogawa Electric-Work Ltd,

VEW type 3056,




Chenticaly

All reagents employed in this work wers obinined from E, Mercl
I:Gtrman'r'}. unless otherwise noted. Hydrochloriz acid was of special grade,
fersic ehloride, hydroxylamine hydrochloride, 1,10-phenantroline and acctare
bufler were of reagent grade or betier,

Procediee

The sample, hvdroxylaming I|_'-r_"r-_~:|1|rri:l.'_' eoniaining acetate  buffer and
L 10-phenastroline reagent. are  continwously flowed through peristalic
punips at the flow rates of 400, 400 and 300 plimin, respectively,

The sample stream s first mixed with the solusion of hyvdroxylamine
hwdrochloside containing rectatz boffer (0B $.5) in o reduction reaction tba
made of PTFE (0.3 mm LG 30 em Tongd, where the iron(] in sample
reduced to dron{lly, The reducing preduct then mived with 1,10-
phenantzeline selwtion in :“Dlm:!q!xm: reaction tibe made of PTFE (0.3 inm
|.Li. 1 m long) placed inan air bath with temparnure of 435 °C, 1o perform
the oranges complex of ironf i) - phenantraling,

RESULTS AND DISCUSSION

Cheinizarion of flow rate conditfons
The flow rate(s) of solution{s) in the determanntion of tow! fon were
optinmized oy using salition of 2 mg/l dronlll), 10% hydroxylamine
biydrochloride in acerate buifer (pH 3.9 and 1% i.ID-;-I-.-_-nn.:e:rc-'i;-u.
When the flow rate of the sample sehnion, T2, 2 mel fzon{l11) was chanped
frons 108 30 300 pLfmin, almost constant response wis ohserved o the Mow
rate hifder than 400 plfmin (Figurs 2A). Theretore, 400 ulimin was elosen
25 tig flow rute of sample, In this experiment, the flow rate of reducing and
COMPrEXing reagent were Kept constant at 400 and 300 pL'min, respectively
Figure 2B shows the effect of reducing reezent flow rate an the
signal respanse. In this case the flow rate of cample and complexing reagent
were kept constant at 400 and 300 wLAmin, respectively, When the flaw rate
af reducing reagent solution was chanped from 100 1o 300 uL/min, the
signal response increases with inereasing the flow rates and remain constant
at tlow rates higher than 400 pLiwin. this is because at flow rate of 200
pLomin, 21 the dren{ITly solution was completely redoced to ironfilL
Therefore, 200 ul/min was selected as the Nlow mate of reducing reagent
Figure 2C, shows the relationship Serween the camplexing reagent
flow rate aad the abserption responze of the svatem irend] 1Y - phenant raline.
When the flow rate of complexing rezgent, e, 175 L 10-phenaniroline was
changed fram 100 o 400 pLimin, alimcst constant respanse was chserved
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during the experiment. For safety, 300 pLimin was chosen as the fioww rate
of complexing reagent.
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Fioure 2. Qptimization of Dow rime conditions

Epiinrizadton of repction comlitions

In the present work, the effect of the concentration of reageni, ie.,
kvdroxylaming hydrochloride and 1, 10-phenantraline were investiaated. A
20 me/L irontlIly sandard selution and ultrepure water were alternaely
ijectzd for 10 min,

: The effect of hvdrexylaming hydrochloride concentration as
reducing rearent on the signal respazse of fron s shown in Figure 3A In 1his
case the concentration of 1,10-phenantroline was kept constent at 2%, As
chawn  in Fieure. 3A, when the concentration  of hydroxylamine
twvdrechloride chanaed from 2 to 15 %, the sensitivity of iren increased up Lo
the 10% and remained constant at the higher concentration. Censequently,
10% woe selectad as the optimum concentration,

Fizure 35 shows the effect of the coneentration of 1,10-

henantraline an the signal response of iron, Mo substantial change has been

indicated when the concentzation of 1,10-phenatroling is changed from 1o
5%, For safesy, 2 % of 1,10-phenaniroline was selected ns oplimunm
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Figure 3. Optimizaticn of reaction conditicns

Opeiwization af reaction ramperatuee

The eftect of temperanire on the siznal responss was pvestiaated. When the
reaction temperature was changed from 30 o 90 °C)the signal response
shightly incrensing with increased reaction temperature up to 43 °C and
rematngd constant al  higher temperature, Therefore faor the  further
experiment, 43 °C was selected a5 reaction f2mperature.

Adalyiond figire of sweeiis

Lzing the optimal conditions described abave, the analvitcal figures of marit
in Iron determination by the present sysiem were evaluaed, In the
concentretion range of 0.3 - 2.5 mg Fell, the linear regression equation was
A = 00322 [Fe] + 00003, with the correlation coefficient = 0.83. The
detection linit of izon estimated from the peak beight mezsurement was 0.10
mz‘L (3 = 3). The standerd deviation af the signal responses of total iron
ot 1.0 and 2.0 mg/L chiaingd by 3 replicate injection was ¢a, 1.9 and 2.2%.
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Applicotion fo conlimnons froniforing

Continuous menitoring of lolal Iron content in water, especially for industrial
water 15 impartant Tor industria] weters quality coatrol, For such purposes,
the an-line monitoring is maore desirable than the cenventional discrete
monitaring, On the basis of the studies deseribed hers; an on-line prototype
monitonng system was consiructed. Water was sopplied through a pipe
connected to the manifold 5 in Figure 1, and the sample was pumped
contnuausly by wsing a peristaltic pump. The result 15 shown in Figune 4.
Pumping a standard soluticn of 1.5 mgl at the beginning of the
mensurements checked the stability of the jron signal, The prezent on-line
ranitoring system could be suceessfully performed for the determination of
tatal iron. When iroz(IL) enly want to datermingd, by replacing the reducing
reagent with uhrapure water in Figure | the concentration of iron(il} could
eazily be deigrmingd,

Figure 4, On-line monitoring of total iron present in water.

In conzlusion, the propoged method allows on-line and awtomited
monitoring of 1otal iron o water. It should be noted that the amount of
reagenis  required for the proposed system 83 much lower than the
conventionel adtomated one.
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