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Abstract

A rapid and sensitive online monitoring amplification approach combined with the flow injection Chemiluminescence
method (OMAFIA-CL) to evaluate bromate in ozonated bottled water samples. The process is composed of two switching
valves 6-way to control the flow of sample solution containing BrO3- passing through a Cl- -form column to release an
equivalent amount of Cl-, which is then passed through a (BrO3- form) column, and the released BrO3- is passed back
through the first column. The accumulated amount of bromate anion is eluted by a suitable eluent after a specific time of
amplification. The CL blue light is seen after adding (luminal-H202) aqueous solution to the online Br2 solution generated by
mixing NaBr and eluted KBrO3 in a hydrochloric acid medium.

The effect of interferences was solved before an injection using the Dionex OnGuard (Il Ba/Ag/H) cartridges. The
calibration curve with a concentration range of (5-100 pg /L) was linear and techniques limits of detection were (3.9ug/ L)
and 12 pg/L of the limit of quantification. The RSD for (10 and 80 ng /L, 7 injections) was 1.71% and 0.63 %. The ion
chromatography as a reference method was applied. The amplification approach was successful for the direct determination of

bromate in ozonated bottled waters. The sampling rate is 120 samples per hour.
Keywords: Amplification reaction, Bromate, Chemiluminescence method, flow injection analysis, lon exchange, Dionex

onguard..

1. Introduction

According to prior research, most people
believe that bottled water is a safer option than
groundwater because they assume that bottled
mineral water has fewer pollutants than chlorinated
tap water. However, due to medical concerns, there is
an increasing focus on the quality of bottled water.
To eradicate hazardous microorganisms and assure
their safety for human consumption, bottled water
must be disinfected[1, 2]. The two most common
methods for disinfection of water are ozonation and
chlorination[3, 4]. The Environmental Protection
Agency-USA and the European Union monitored the
level of bromate anion in drinking water as well as
with a permissible exposure level of 10 pg/L.[5].
When water has significant quantities of bromide,

bromate can arise in drinking water as a cleaning
byproduct of water ozonation. [6].

In recent years, analytical techniques for bromate
with detection limits as low as (ug L—1 )have been
presented. [7-9]. A few methods, which include a
spectrophotometric method[10], FIA [11-14], High-
performance LC with post-column derivatization[15],
and HPLC with MS2[16], have been mentioned for
determining bromate levels in grain or similar foods.
The common often technique used for bromate
detection is IC, with a variety of detection types. [7,
17-24]. Every detection method has benefits and
limitations. Conductivity detection, for instance, is
sensitive but has little selectivity, particularly when
used to diverse food products containing multiple
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ionic chemicals that could interact with bromate
detection. Post-column chemical modification is a
selective and sensitive approach, but it requires a
more sophisticated apparatus setup and the use of
hazardous derivatization chemicals. In contrast,
Chemiluminescence (CL) has gained popularity in
many sectors for the study of organic and inorganic
chemicals since it is rapid, very sensitive, and
involves reasonably priced equipment.[25-27], such
as for bromate determination[28-30], Sulphite,
sulphate, bromide, and Oxonium in food and
water[31-34]. Bromate was detected; however, no
study has been documented in the literature on CL
techniques for the determination of KBrO3 in
ozonized water that relies on luminol/peroxide
catalyzed by bromine production.

The goal of the current work is to apply a novel
and extremely sensitive online  monitoring
amplification  flow-injection ~ Chemiluminescence
(OMAFIA-CL) method for determining BrO3- in
ozonated drinking water. A Large quantity can
always be measured more precisely than a small;
thus, the amplification can be beneficial when the
error of the multiplications is not too great. It is based
on the procedure developed by Weisz and Fritscher
that was used to determination of trace ions [33,35].
The present study uses the two mini-ion exchange
columns for amplifying bromate in ozonized bottled
water. It involves the passage of a sample solution
containing BrO3- through CI- form column to release
an equivalent amount of Cl- which then passes
through a BrO3- -form, and the desorbed BrOs-, is
passed back through the first column. After definite
accumulation, the amount of BrO3- eluted by suitable
eluent and coupled with flow injection
Chemiluminescence for measuring the blue light
intensity  generated  between  bromine and
luminol/H,0,.

2. Experimental
Chemicals and Apparatus

All of the chemicals were analytical reagents.
The (VIP® for water treatment, FDA&EPA standard,
Taiwan) was used for purified and deionized water.
To eliminate interferences, Dionex OnGuard Il Ba
(1.0 cc P/N 057093), OnGuard II Ag (1.0 cc P/N
057089), and Dionex OnGuard II H Cartridges (1.0
cc P/N 057085); the cartridge was purchased from
(Thermo Scientific Dionex, USA). The flow system
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employed by using two peristaltic pumps, one with
six plungers (DESAGA, Heidelberg,-England)
delivered Deionized water with a flow rate (1
ml/min), a single peristaltic pump (Pharmacia p-1,
Sweden) was used to push the carrier and eluent
streams with silicon tube (0.8mm id). Injection valve
six-way (Rhyodyne, USA) and two switching valves
six-way (Rhyodyne, Model 7000, USA) were
purchased from the United States. The luminol and
peroxide reagents are combined at a Y-piece which
was attached directly to a glass helical flow cell
placed next to the detector's optical window (Cecil
CE303 grating spectrophotometer), the light source
was blocked. The blue light was recorded by a digital
multimeter (Victor 70c), and signals were measured
automatically as peak heights. Data treatment was
implemented in an Excel spreadsheet by random
9922.

Reagents

Dissolving 10.599 g of Na,CO; in 1L of deionized
water to make a sodium carbonate solution (0.1 M) to
prepare luminol solution.
0.1M) Of Hydrogen peroxide solution was prepared
by diluting 8.596 ml of 35% H,0, to 1L of deionized
water.

Approximately (ImM) of Luminol solution was
prepared by weighing 0.1771 g of luminol in 1000
mL of 0.1 M Na,COs;.

(0.4M) Sodium bromide solution weights 20.57 g
of NaBr and dissolved in 0.5L of deionized water.

Potassium Bromate solution ;( 108 mg/L),
dissolve 0.108g of KBrO; in IL of deionized water.

Hydrochloric acid solution; (1M), dilute 41.42 ml
of pure %37 Hydrochloric acid to 0.5L of deionized
water.

Magnesium  chloride heptahydrate  solution;
(0.5M), dissolve 11g of MgCl,.7H,O in 100 ml of
deionized water.

A strong anion exchanger Dowex® 1X4, chloride
form (Sigma-Aldrich, Germany), was used to prepare
both (CI', and BrO;") mini-columns.

Interfering solutions ;( 1000 mg/L) of each NalOs,
KNO2, NaBr, KCIO;, KCIO,, KF, K,SO,, KNO;,
Ca(Cl0),, NaCl, Cr(NO;);.9H,0, CuCl1,.2H,0 and
Cd(NO3),.4H,0 were prepared .

All standard stock solutions were directly stored at
four °C in a refrigerator[36]. To prepare working
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solution diluting the standard solution with deionized
water before using it daily.

Sample preparation

The total of four natural mineral, bottled water

samples (sterilized by RO and Ozone) with different
brands were collected from Kurdistan (north of Iraq)
markets in January 2021. The samples were kept at
room temperature. Before injection, the sample
treating with The Dionex OnGuard Il Ba, Ag, and H
(1cm’) separately at a flow rate of 0.5ml/min. Flush
the cartridge with the appropriate amount of
deionized water before using it. The 9.8 mL of water
samples were spiked with 100uL of each solution of
0.5M magnesium chloride (MgCl,.7H,O) and
0.167M sodium carbonate. Discard 3 ml of the initial
sample waste volume and collect the remaining
volume until injection.

Preparation of the columns

The chloride form strong anion-exchange resin
(Dowex 1X4, 200-400 mesh) was used as CI' form
and a portion was transformed to bromate forms.
Two gram of resin was weighed and immersed in a
hundred millilitres of two round-bottomed flasks,
which contained deionized water and potassium
bromate solution, respectively as detailed by Azad T.
Faizullah described[34]. The baseline was stabled by
passing deionized water through the ion exchanger
column for several minutes and was then kept in this
condition until use.

Flow injection analysis instrumentation

Figure 1 illustrates a schematic representation

of the (OMAFIA-CL) manifold. The manifold
enables exchanging of ions, amplification process,
elution, regeneration of resin, formation of bromine,
and finally, the reaction of Br, with luminol/H,0,
stream to produce CL light. All contribute to the
success of the amplification and detection of bromate.
A six plungers pump was used to push the carrier and
eluent streams. Their flow rate is measured to be (1
ml/min) until the end of the amplification process.
Then during the elution process, the flow rate was
changed to (3 ml/min). The loop of the six-way
injection valve was filled with 500uL of standard
solutions of KBrO; pushed into the carrier stream of
deionized water then passed it through both (4 cm
glass tube, Smm i.d) chloride exchange (Dowex®
1X4) and BrO; form columns. The bromate column
is directly connected with the fourth path of
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switching valve 1 to support flow during the
amplification process. Two six-way switching valves
and a (3- way) valve were applied to interchange the
path of flow and the switching flow of the carrier
during the amplification and elution process. The
procedure involved the following steps:

Fig.1. The OMAFIA-CL manifold for the online
monitoring amplification reaction, the (V1) and V2)
are switching 6-way valves to exchange path of flow.
(V3) is 3-way Hamilton valve to control flow the
path between washing and elution process. (s) Is the
sample injected through injection valve .w (1, 2, 3)
are waste, (pl) is Peristaltic pump 6- plunger. (p2)
Single channels peristaltic pump. (Cl'and BrO;’) are
two mini- anion exchange columns (4cm). (DH,0) is
double distilled deionized water. (M) Is a mixing
coil. (D) Is a detector. (R) Is a recorder. (HCI) is
hydrochloric acid. (NaBr) is a sodium bromide
solution. Luminol and peroxide (H,0,) are streams.
The black line is washing the system process of
online monitoring amplification. The red line is an
amplification process. The blue line is the elution and
regeneration steps of amplified anion by suitable
eluent of hydrochloric acid. The dotted line illustrates
the interruption of the flow in that position. The Red
arrow illustrates the path of flow in that position. The
double black arrow means ready for elution.

Washing the manifold

The black path of figure 1 displays that deionized
water (or washing solution) is cycling through the
manifold and detector. A key —valve (V1) used to
start with load position so that, the deionized water
flows through the CI" - form resin, the BrO; =~ form
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resin (using — Pump 2, key valve 2 , the 4™ position
key—switching valve (V1) then to waste (W1-5"
position), and the key valve (V3) is turned to the
elution path(load position). Meanwhile, the
calibration solution continuously flowed through the
detector.
Amplification

The red line of figure 1 clear that; after filling the
path up with deionized water, the Switching valve
(V1) was turning into switch position while V2and
V3 remained stable in the load position, so that the
cycle line was closed and the washing Solution was
directed to waste (W2,1% position). The
Amplification was started by injecting the sample
(BrOs™ solution) at a precise time (upon injection
valve). It was found that under optimum conditions,
the amount of time it takes for the sample solution to
pass through both columns and return to the CI° -
form resin column is about 30 seconds which could
be regarded as one cycle. This can be applied for
amplifying the bromate anion sample as follows:
During that time (30 sec), the injected BrO;” displace
with an equivalence amount of CI" anions, and CI
replaced with the amount of anion of BrO;” Which

passes valve (V1) to accumulate at the CI' - form
resin. Accordingly, the injected BrO;™ was doubled,
so this one cycle of amplification was completed.
Completely three cycles about of 90 seconds were
enough to amplify bromate under optimum condition.
While the amplification was in progress, it was
necessary to fill the loop of the injection valve (VS)
so that the eluent of HCI was ready for Elution.
Elution

The blue path of figure 1 shows that Elution of
amplified species was achieved rapidly by instantly
turning valves (V1, V2, V3, and VS) to their
alternative positions. Thus, the system was allowed
the HCI eluent to desorb the anions of BrO;
deposited in the CI'- form resin to the confluence
point of sodium bromide and acid media ,after
merging streams at confluence point, bromine was
produced, which then catalyzed (peroxide/Luminol)
to produce CL blue light. The operation of valves
was shown in table 1. The repositioning of the
manifold to the washing state is achieved by turning
valves (V1, V2, V3 and Vs) to their initial positions.
Steps 2.5 (1, 2, and 3) were repeated for each
amplification process

Table 1. Protocol sequences of OMAFIA-CL for the position of valves.

Valve position

Flow rate ™
steps Condition (ml/min) Time
Vi V2 VS
Pl P2
1 Washing L L L 3 3 15-25(min)
e 30s (1 cycle)
2 Amplif L | 1 1
mplification S A 30%3290 s
3 Elution L S le 3 3 30s(peak)

* Represents for position of valves as follow: L (load) , S(switch), IA(injection of analayte),and IE(injection of eluent).
** Represents the speed of flow from peristaltic pump 1 and 2 .

Regeneration of the ion-exchange columns

The CI' form resin column is automatically
regenerated during each elution process by passing
100ul of (0.5M) hydrochloric acid. The most of BrOs”
-form resin is converted to Cl'form resin during the
amplification process, could simply be regenerated
by passing a solution of potassium bromate for the
desired length of time. Then the stream was changed
to deionized water again, so that the manifold
returned to its washing position again.
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lon chromatography method

The ozonized drinking water testing was performed
by using lon Chromatograph under the following
requirements:
Column: Shodex IC SI-52-4E, Column temperature:
45°C, Flow rate: 0.8 ml min', Eluent: 3.6 mM
Na,CO;, Detector: Suppressed conductivity, Sample
volume: 50ul, Retention time of Bromate: 8 min.
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3. Result and discussion
Chemical parameters optimization
Acidic media and sodium bromide concentration

During the investigation, hydrochloric acid (HCI)
from concentration range (0-0.9M) was employed,
and it was made using the serial dilution method from
standard solution to 50ml of deionized water. The
best acidic media for generating bromine was
discovered to be (0.1M) HCI. Furthermore,
hydrochloric concentrations from (0.1-0.55M) were
used as an eluent to desorb all of the amplified anions
of bromate on the first column of (CI-) form column.
When the concentration of the eluent (HCI) was
increased, maximum intensity in the form of peak
position was obtained at (0.5 M). Figure 2 displays
the peak of Chemiluminescence variation in
(mV).The concentration of sodium bromide was
adjusted from 0 to 0.35 M when the other variables
remained fixed. According to the results given in
Figure2, raising the concentration of Br™ ions leads to
a rise in the emission light intensity (mV) in the
system. As a result, 0.1 M was chosen as the optimal
concentration.

80
>
@ _ —e—HCI(W)
g/~
= o NaBr(M)
4 [m] abr

2
0

0 0.5 1

Fig.2. Effect of the chemical concentration of
Hydrochloric acid, and Sodium bromide on peak high
(mV).

The concentration of hydrogen peroxide
The influence of H,0, concentration on
Chemiluminescence intensity and system sensitivity
in the range (1-30mM) was monitored, and the data
are shown in Figure 3. When the concentration of
H,0, was increased, the intensity in the shape of peak
height reached its maximum at (10m M).
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Fig.3. Influence of Hydrogen Peroxide concentration
on light intensity for bromate determination.

The concentration of Luminol

The effect of varied luminol solution concentrations
ranged from (1.*10°-to 3.*10*) M. Thus, the peak
signal high was maximal and reproducible (mV). The
data in Figure 4 show that increasing the luminol
concentration raised the intensity of the CL light until
the system achieved its maximum power concerning
luminol concentration (1.*10* M) and thereafter
gradually decreased.
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Fig.4. The Influence Luminol concentration on
intensity of bromate.
Optimization of physical parameters.

The effect of Flow rate, Length of columns,
Cycle number

Figure 5 depicts a variety of physical variables,
such as the effect of the speed pumps of P1 and P2 on
the CL intensity as peak height (mV), which were
tested over the ranges of (0.5-5.0) ml/min and (1-5)
ml/min, respectively, inside columns during the
amplification and elution processes. A high flow rate
increases the intensity of the chemiluminescence but
decreases the efficiency of the anion-exchange
columns. Hence two flow rates are used during the
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operation. A 1 ml/min flow rate was chosen as the
optimum flow rate inside both columns. Low flow
rate delayed reaction between exchangeable
anions[37-39]. Furthermore, high flow rates cause
tube breakage, resulting in a drop in intensity due to
an analyte loss. A flow rate of 3ml/min was followed
by amplification to elute bromate desorption and
detection. Figure 5 shows that raising the column
length from 2 to 8 cm enhances the intensity of the
light and has no effect when lengthened to 8 cm. A
more extended column, in general, enhances
separation. This could be because a sufficient equal
amount of exchangeable ions occurred. As a result,
4cm was chosen for additional testing. On the other

Fig. 1. The effect of physical variables on Online
monitoring amplification method by FIA-CL

The length of mixing coil and Sample volume

Reacting coil was positioned between flows of
sodium bromide and amplified bromate in the acidic
media, according to the design of the developed
OMAFIA-CL system shown in figure 1. The (0-200
cm) range was tested. Figure 6 depicts the effect of
each length. As the coil length increases, the CL
intensity increases because more time is available to
create Br2. As a result, the ideal coil length for Br2
production was chosen to be 100 cm. A sample size
of 500 uL was chosen to reduce sample dispersion
and respond better. Larger samples, on the other
hand, minimize chromatographic efficiency.

100

A O ©
o O o

Intensity (mV)

N
o

o

0 50 100 150 200 250
Mixing coil length(cm)

Fig.2. The influence of the mixing coil and sample volume
on the intensity of Chemiluminescence light.

Calibration graph

A calibration graph was created by comparing
different concentrations in pg/L of bromate stock
solutions against changes in CL-intensity in the form
of peak height using the OMAFIA-CL system with
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hand, for examining cycles, one cycle is insufficient
to accumulate all of the analytes of bromates; more
than two cycles are required to adsorb all of the
bromate. Three cycles were sufficient to absorb the
entire amount.

30 === Flow rate
(Amplificat
ion) ml/min

il | OW rate
(Elution
and
detection),
ml/min

olntBhsitBof Bak
m\/

Ay

0123 456 7 8 910

the manifold design shown in Figure 1 and under
optimum lab conditions (mV)[40]. Figure 7 shows a
linear relationship for the concentration range (5-100
pg/L) with a correlation value R2 = 0.9995. The
detection limit was of 3.9ug/L and limit of
quantification wasl2ug/L. The accuracy and
reliability of the present method were measured in
terms of relative error (E percent) and relative
standard deviation (RSD percent) under optimum
experimental parameters for seven replicates at two
different bromate concentrations (10 and 80u g/L)
and were (1.34,1.71, and (-1.37, 0.63), respectively.
900
800
700
2600
2500
2400
D
£300
200
100
0

y = 7.9346x - 2.7741
R2 = 0.9995

0

150

50 . 100
Concentration(nug/L)
Fig.3. The calibration graph for determination of bromate
by OMAFIA-CL method.

Effect of interferences

The study investigated the effects of various
concentrations of interfering ions on the standard
bromate solution (25ug/L). The permissible
concentration of the ion was calculated by measuring
the highest concentration at which the reaction
change must be less than 5% of the response obtained
for a standard bromate solution. Table 2 shows that,
the ion exchanger column performance is restricted




A NOVEL ONLINE-MONITORING AMPLIFICATION FLOW INJECTION ANALYSIS .. 51

by column capacity, which is why ion-exchange
competition arises. The resin in the column can only
trap a certain amount of an analyte. The trap loses its
quantitative nature when the column's capacity is
achieved. When ions with extremely varied affinities
for the resin are enhanced, the processes become
more complex. When high affinity ions listed in table

2 are present in a water sample, bromate recovery
decreases. Solid phase extraction (SPE) cartridges
comprising various sorbent materials were used to
solve the problem. Dionex On Guard Il Ba/Ag/H
(lcm®)  separately was utilized to reduce
interferences, as indicated in section 2.3 above[41].

Table 2. The effect of different interfering ions on OMAFIA-CL method.

Substances Tolerable concentration(mg/L)with (25pg/ L) of the standard solution of bromate
NaCl 5% 100°
NaBr 0.5%80°

K,S0, 2%100°
KF 15%*
KNO, 88"
KNO, 25% 24P
KCIO, 20%20°
Ca(CIO), 52,5
KIO; 107
CuC1,.2H,0 82 25P
Cd(NOs),.4H,0 10%,70°
Cr(NO3)3.9H,0 6°35°
COCl,.6H,0 32 45°

2 Represents the method of tolerable concentration without passing through Dionex onguard.

b Real sample pretreatment with Dionex OnGuard Il Ba, Dionex OnGuard Il Ag, and Dionex
OnGuard II H.(The sample was spiked with 100 puL of 0.5M magnesium chloride solution and 100 pL.
of 0.167M sodium carbonate solution.

* Represents to not investigated.

Application

The amplification approach was used to analyze
ozonated mineral water samples successfully. Anions
such as chloride and sulfate, which are present in
considerably larger concentrations in bottled water,
can operate as a bromate replacement during the ion
exchange in both columns. Water samples were
treated with the OnGuard columns before injection to

reduce effect of influence. Table 3 summarizes the
analytical findings. It is clear that adding 25 pg /L of
standard solution of bromate to the real samples
yielded in recoveries ranging from 99 to 102 percent.
Bromate levels in bottled water samples were lower
than the maximum allowable bromate level in
drinking water (10 pg L™). The samples evaluated
using OMAFIA and IC techniques were safe to drink.

Table 3. OMAFIA-CL method for determination of BrOj3™ in 0zonized drinking water (n=5).

IC detection
OMAFIA detection Spiked Recoverd
Sample of water _ Recovery (% Found(pg/L
P Found(ug L) (hg/L) (ug/L) y (%) hg/L)
Sample 1 N.D* 25 25.68 102.72 N.A*
Sample 2 45 25 29.33 99.3 4.1
Sample 3 5.6 25 30.47 99.48 5
Sample 4 4.3 25 29.33 99.74 N.A

*N.D represents not detected, and N.A represents not applied.

4. Conclusion

The OMAFIA-CL method was utilized
successfully to determine bromate in ozonated
mineral water over a concentration range of 5-100
pg/L, with the LOD being 3.9 pg/L, which was lower
than the USPEA and WHO standard limit. The
process is easily repeatable. The coefficient of
variation at the bromate concentrations studied does
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not exceed 1.7 percent across all measurements. The
reaction of BrO3- - Br- - H30+ makes the release of
bromine, the absence of any of these three ions
results in a zero baseline. Because there is no metal to
accelerate the reaction, the luminol luminescence
does not create any light, causing the detector
response to be zero. The OMAFIA-CL methodology
can be recommended as a reliable screening tool for
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finding trace ions. The automatic amplification
technique provided for bromate determination using
two mini-columns anion exchange resin has some
advantages, including increased sensitivity as well as
amplification of bromate analyte after sufficient
cycling across both columns.  Additionally,
advantages include simplicity, low cost, and reduced
reagent consumption. The methodology is more
stable since the concentration of procedure reagents
may be used to check column capacity. Chloride and
sulfate anions were detected in bottled water at molar
values, many times higher than bromate. Affinity
anions to desorb anion with the same charge in
columns and reagent sensitivity are two major effects
of interferences. The interferences in real samples
were eliminated by using Dionex Onguard 11 Ba, Ag,
and H cartilage before injection. lons, Cobalt,
chrome, copper, chlorite, nitrite, nitrate, fluoride, and
iodate at levels seen in bottled water cannot interfere
with bromate detection. More studies on the
technology will be carried out by using the
OMAFIA-CL method to determine trace amounts of
ions that are difficult to detect.
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