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ABSTRACT

An aptomated monitoring svstem based on “Completely continuous floow
angivsis” with spectrophotometric detection has been develaped for
monitoring the concentration of total ron in watzr. The method invalves a
continuous flow technigue for sample reduction and complexation in small
bore tubes (03 mm [DO &t plfmin l=vel, Sodiom  hydroxylaming
hyvdrochloride containing acetate buffer (pH = 5.9) was vsad 25 the reducing
reagent, While 1, 10-phenanieeling was vsed ag the complexalion reagent
The parametar of flow rate(s), reaction and reactar condition(s) was studied
for cn-line monitoring manifelds, The sbsorbance of the complex is detgcted
at 526 no Under the optimal conditions, the present metiod coild: be
successfully applisd for the continucus monitoring of tetal ron in walter.

Koy words » Comvinpons monitoring sysfem; fofad irou; wasie  weler:
speciraphotomelric derecion
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INTRODUCTION

Iron is the most shundant heavy metal in river water. The predominans
oxidation state in oxyvgenated waier is iron(i1), which strongly reacts with
different coexisting oraanic &nd incrganic matier to form colloddal 2nd
suspended particles. The determination of individual iron species offer
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usefl infoermation for studied of fhe geechemical  behavior and
bioavailebility of iron, which sre toxic toward aguatic arganisms

Recently, the need for rapid determmination of trace chamical «
pollution monitering has fostered the developmeant of autamated methods of
aralysis', The unzeamented flow techniqoes offer 3 wids rangs of possible
methadalogies™, Thus cenventianal faw mjecticn analysis (nF1AY aliows
antlysis of pallutants with minimem eenzumpticn of the sample selution.
Here the rezgents demand the major expenditures far determinations. In
cases such as wastswater analvsis, reversed FiA {tFIAY is 1has much wope
suitable to reduce the analvtical cost, On the other hand, when continuous
menitering of the varied enzlyte concentrations in samiple i3 réyuired, the
camplately continuous flaw  methed [continuous tecarding of the signal
produced) is advantagecus™,

Several authors have deseribed 2 fow Hjection 1zchnique Tor the
quantification of iron in water™. Linch et al, deseribed s determisation of
iren{[ly and ffeadlll) with different reagents and detectors, using dual
channel system®. On the other hand, Alenso ot al, répared simultaneous
determination of irondll) and 1ol iron using single channel syvatem?®,
Yamane and Goto%. 10 heve described the Use of single injection with onlv
ane detecter far the determination of fronfll} and ronglly. Albough the
metied seem to be haz good recovery for iran{ll} and iren(l11}, increased
errar was gbserved at lower concentrations. The different flass injection
manifald hos impact on the optisizing result for the determination of iron, as
reported by Chalk and Tvson''. They fousd that manizald configurations
would luve different detection limit because af gie practicel consideration
arising mainly from verious noise sources.

Recently, we have reported the use of a continuous flaw technigue
for the completely continnans determination of tetal mergury &5 well as the
speciaion of mercury compounds'™. This paper prezent 1 continugue
menitering svstem for total iron based an completely continuaus flaw
anaiysis, using hydroxylaming hydroehloride and [ 10-phenantraline gs the
reducing and complexing reagents, respectively, The methed has been
applied for on-line menitoring of tatal iram in water,

EXPERIMENTAL

Apparifis

A schematic diagram  of the continuous  flaw analvsis -
spectrophotomerry used in this work is shown in Figure L. The operating
conditions for the determination of ol iron compounds are summaerized in
Table b,
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Fioure 1. Schematic diggram of continuous microflow apparaio: for the
determinaticn of total iron. 8 = sample, B, = redoction renment.
R-= complexing reagent, C) = C1 = mixing coil 4 = aluminum
black Bath, b= detecrar, F = flow cell, E = recordey and W =

WHELE,

Table 1. Qperating conditions for the determination of iran:

Farameter/Componenis Specification

Flows rate, 5 200 plimm -

Flowe rate, ®, 200 pLimm

Flow rate, Ra 100 ul/min i

5 sample or blank §

I Hydroxilaming  hvdrachloride |
+ acelite bulfer i

Ha o-phenantroline l

Fotp Gilson Minipuls 2, France [

Detector Jazeo madel Uvidee, Inteligen {
UVAIS specirophotomseter i

Wavelength [ 526 nm |

Recarder | Yokogawa Electric-Werk Lid, i

| YEW 1vpe 3050, |




Ciframioaly

All reagents empleyed in this work were ebuined from E, Merck
[Eemianyy, wnless atherwise noted. Hydrochlorie-acid was of special grads,
lerric chlocide, hydroxylamineg hyvdrochlernds, 1,10-phentntroling and acetats
buffar wers ofreazent grade or better

Procediire

The samplz, hydroxylamine hydeochloride containing spectats buffer znd
1. 10-phenancroline reagent, are contineously flowed through peristzltic
purmps et the flow rates of 400, 400 end 200 pLimin, respectively.

The sample stream s firse mixzd w :"1 the solution of hydroxylaming
mvdrachloride containing acetare boffer (pH 3.9) in a recuction reastion tub
made of PTFE (0.3 mm LD, 3% < long), whese the iroa(tl) in sample 2
reduced to fronill). The ceducing produes then mixed with L 10-
phezantroline solution in complexing reaction Tube mads of PTEE (0.3 mm
LIF. 1 lengd placed in 2o aie bath with temperaiuse of 43 °C, 10 perform
e cronoa complex of :|'.:|1-||j - phenantrohne

RESULTS AND DISCUSSHIN

Opiinization of fow rife conditicns
The flow ratefs) af selution(s) in the determinalicn of total fron wers
oatimized by using solutien of 2 me/L iron(llD), 0% hyCroxylaming
hedlrochleride in aeetate buffze {pH 3.8} and 135 1.10-phenantraline.
When the Mow rate of the sample solution, 1.2, 2ma/L irom 1551 was chang
from 100 10 500 puLAnin, Almost constant response Wis obazrved a7 the flow
rate higder than 400 uLfnin (Figure 2A). Therefore, 400 plisin was chosa
5 the figw rate of sample. In this Lxrcn.. ent, the Oow rue of veducing and
comzlzsing reagent were kept constant at 200 and 300 1 Lhinin, sespectivaly
Figure 2B shiows the effect of redusing reazgant flow mate on the
siznol response. In this case the flow rate of sample and complexing reagent
were ket constant a7 400 and 300 pLimin, respectively. Whein the flow rate
of reducing reagzent solution was chamged [rom 100 o 500 pl fimin, the
signal Tespanse increases with increasing the flow rates and remain constan
at fiew rates higher than 400 plimin. this is because at [ow rate of 400
phfmim, sl the fronf1lly selwtien was complelely reduced to iron(ll).
Therefors, 400 plfmin was selected as the flow rate of reducing reagent,
Figure 20, shaws the esdationship between the complexing reageim
Fover zate and the absorption response of the system iron(il) - phesantroline.
When the flow rate of complexing ceagent, Lg, 1251, 10-phenantroling was
changed from 100 1o 400 pLfmin, almost constant response was observed
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during the experiment. For safely, 300 pLémin wes chosen 25 the flow rane
of complexing reagont,
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Figurs 2. Optimization of flow rate conditions

Qi asion of reaciion condiiions

In the presant work, the effect of the concentration of reagent, ie.
hydroxylamine hydroghloride and "+ 10-phenzntraling were investigated. A
2.0 mz/L fronidll} siedard solution snd wlrapure water wers 2lizimatzly
injeeted for 10 min.

The effect of lvhoxslaming hydrochloride concentration  as
reducing reeoent on the signal responze of iron is shown in Figure 3A. In this
case the concentration of 1, 10-phenantreline was kept constant at 2%, As
shown  in Figure. 3A, when the concemimtion ef hydroxylaming
kydrechloride changed feem 2 10 15 %, the sensitivity of iron increased up 10
the 10% and remained constant at the higher cancentration. Consequently,
0% was selected a3 the optimum concentration

Figure 3B shows the effect of the concentration of 1.10-
phenantroline an the siznal response of iron. Mo substential changs has been
indicated when the copcemtration of 1,10-phenatroline is changed from 1 12
&4 For salery, 2 % of 1,1 0-phenanteoling was selected 25 optimum
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Figure 3, Optimization of rezctian conditions

CGorfization of reacifon FL NI AT

The effect of temperature on the sianal TeapOnEe was bovesticated, When the
reaction temperature wus chaneed from 30 (e 90 °C, the signal response
slightly increasing with incrzased reaction temporaties upto 25 °C and
remaited constant at higher semperature. Therefors for  (he further
experiment, 43 °C was selected a5 reastion twemperature.

Ancdytival fawre of woris

Using the optimal onditions described ahove, tie anpiyvtical figures of marit
I iron determination by the present system were evaluaed. In the
cengentration range of 0.3 - 2.3 mao Fe/l, thie linear Feression equatian was
A = 00322 [Te] = 0.0005, with the comelation cosfficient = 0.95. The
detection limit of iron estimated from the peak height measurement was 010
gl (54 = 3). The standzed deviation of the signal responses of rotal iron
ot L0 zad 2.0 mof/L chiained by 3 replicate infection was ca. 1.9 and 2,29
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AAprplioution fo confiess moniforing

Conlinuous monitoring of total iren content in water, especially for indusirial
water 15 imporiant for industrial walers guelity contral, For such purposes,
the on-line monitoring is more desirable than ihe conventicnal digcrete
manitoring. On the basis of the studies deserilad here, an on-line pratotype
monitorimg svstem was constructed. Water wos supplied through & pipe
connected to the manifeld 5 in Figure 1, and the sample was pumped
contimuously by uwsing a peristaltic pump. The vesuir is shown in Figore 4.
Pumping a standard solution of 1.3 mo'L ‘zr the begining of the
measurcments checked the stabitity of the wron signal. The present on-ling
monitaring svstent eculd be successfully performed for the determination of
total froz When iron(T11} enly want to determined, by replacing the redusing
reagent with uhrapoce weter in Figure |, the concentration of iron(i{) could
easilv be determined.

Fieure 4, QOn-ling monitaring of total iron present in walsr,

In consiusion, the propesed methed allows on-line and automated
manitoring of total iron in water, [t should be noted that the amaoun: of
reacents  required for the proposed system is omuch lowes than the

conventionzl sutometed ane.
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