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ABSTRACT: A procedure was developed for the fast simultaneous speciation analysis of Fe(II)-EDTA and Fe(III)-EDTA
in the absorbing liquid of a denitrification system with LC-ICP-OES based on ultrasound-assisted replacement reaction. Under
ultrasonication, Fe?* was replaced from Fe(II)-EDTA by Cu?" at pH = 1, subsequently Fe?" and Fe(IIl)-EDTA were separated by
LC before introduction into the ICP-OES for measurement. The effects of several key factors, such as pH, concentration of Cu?*,
and ultrasonication time on the efficiency of the replacement reaction were investigated. Under the optimized conditions, the limits
of detection of 1.2 x 10~ mol L™! for Fe(II[)-EDTA and 1.6 x 10-> mol L™! for Fe(I[)-EDTA were obtained, with a relative standard

deviation (n=11, at 1.79 x 10* mol L! for both) of 4.7% for Fe(II)- ) . Cu(Il-EDTA
EDTA and 2.1% for Fe(Ill)-EDTA. These results successfully fulfill ', Fe0P-EPM Sty ve
the requirement of speciation analysis of Fe(I[)-EDTA and Fe(III)- Fe(ITN)-EDTA

EDTA (typical concentration: 0.025 ~ 0.1 mol L) in the absorbing l
liquid of the denitrification system. Common interferences from Na*,

K*, S0%2~, S03~, Ca*", Mg?" were also investigated. Routine spike . Fer
recovery tests with randomly selected samples showed the satisfactory

results of 84.0% ~ 93.0% and 92.0 ~ 101.3% for Fe(I)-EDTA and re
Fe(II)-EDTA, respectively. The proposed method is simple yet ICP-OES » Fe(II)-EDTA
sensitive for screening of Fe(Il)-EDTA and Fe(III)-EDTA in the
absorbing liquid samples of a denitrification system, it is also a \ /
potential analytical method for other sample matrices. -
INTRODUCTION absorption rate and high absorption capacity. Thus, this technology

has always been among hot research topics.”!!

Nitrogen oxide (NOx) emission from combustion of coal and fuel

oils has a significantly negative impact on the ecosystem, air However, Fe(II)-EDTA will be gradually oxidized to Fe(III)-
quality and human health, leading to the depletion of the ozone EDTA, which has no ability to absorb NO. For recycling, Fe(IIl)-
layer, global warming, acidification of soil and water bodies.'* EDTA will be reduced to Fe(II)-EDTA for re-use and at the same
Additionally, it is one of the principal causes of smog formation. time, NO will be released as harmless N2.'>!3 Therefore, to
Among all of the NOx pollution species above, nitric oxide (NO) evaluate the performance of an absorbing liquid in a denitrification
accounts for 90 ~ 95% overall.>® Therefore, removal of NO from system and to decide when Fe(IIT)-EDTA should be reduced, the
flue gas is most important in air pollution control. As a cost- determination of Fe(I[)-EDTA and Fe(Il)-EDTA are of great
effective and environmentally sustainable technology for NO importance. To the best of our knowledge, little investigation was

removal, use of Fe(Il)-EDTA solution has been most widely focused on the determination of Fe(II)-EDTA. The traditional
adopted as the absorbing liquid to combine with NO providing fast indirect assay of Fe(III)-EDTA was based on the dissociation of
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Fe(IlI)-EDTA into Fe** in strong acid condition, subsequently
reduced to Fe?* and detected by UV/Visible spectrophotometry
with 1,10-phenanthroline colorimetric method.!%'41> But this
method involved too many pre-treatments and calculations, which
were time-consuming and laborious. Many other methods were
also developed for the determination of Fe(Ill)-EDTA, such as
16-18 isotachophoresis
1920 graphite

liquid chromatography, capillary and
capillary zone electrophoresis with UV detection,
furnace atomic absorption spectrometry,”' and photoluminescent

carbon dot.?

As we know, the stability constant of Fe(Il)-EDTA
(1gKgean-epta = 14.32 ) is much lower than that of Fe(IlI)-
EDTA (1gKgeqm-gpta = 25.1 ), so when another metal ion (M"™)
is chelated by EDTA with the stability constant in between
(1gKpen-epta < 1gKmepra < 18Kpeqm-epta ), Fe** will be
replaced by M™ from Fe(II)-EDTA. Given the big molecular
structure difference between Fe?" and Fe(Il)-EDTA, they could
be separated by LC and subsequently become subject to elemental
analysis technology, which is routinely adopted for iron
determination.?328

Therefore, based on the replacement reaction theory, separation
technology, and elemental analysis for iron, in this study a new
method is proposed for the simultaneous speciation analysis of
Fe(Il)-EDTA and Fe(Il)-EDTA in the absorbing liquid of a
denitrification system by LC-ICP-OES.

EXPERIMENTAL

Instrumentation. Fe?*, Fe3*, Fe(I[)-EDTA and Fe(Ill)-EDTA
were separated by liquid chromatography (LC) (Flexar LC,
PerkinElmer, Inc., USA), equipped with a LC pump (Flexar
Binary LC pump, part No. N2910401, PerkinElmer, Inc., USA), a
special column (Dionex IonPac™ CGS5A RFIC™ 4x50 mm
Guard, Thermo Scientific, USA) and an eluent (Dionex MetPac
PDCA Eluent Concentrate P/N 046088, Lot Number: 190417)
designed for Fe'/Fe** separation. The emission intensity
measurements of iron were performed using an Avio 200
inductively coupled plasma optical emission spectrometer (ICP-
OES) (PerkinElmer, Inc., USA). The spectrometer was equipped
with a concentric nebulizer, a rotary spray chamber, and can be
easily connected to LC. An ultrasonic cleaner bath (SK7200LHC,
Shanghai Kedao Ultrasonic Machine Co., Ltd.) was employed to
accelerate the replacement reaction rate. The working parameters
for LC and ICP-OES are listed in Tables 1 and 2, respectively.

Reagents and standard solutions. All reagents used in this work
are at least of analytical grade. Ultra-pure quality water (electrical
resistivity: 18.25 MQ cm!) was obtained with a water purification
system (RiOs™ 100, Millipore Corporation, USA). The water did
not contain any detectable concentration of iron under optimal
working conditions by ICP-OES. All plastic and glassware were
cleaned by soaking in dilute HNOs3 (1%, V/V) and rinsed
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Table 1. LC Working Parameters

Step Hold time  Flow rate Percentage of eluent
(min) (mL min) (%)
Equilibrium 0.2 1.8 100
1 3.0 18 100
2 4.0 2.2 100
Table 2. ICP-OES Working Parameters
Parameter Setting
Plasma flow (mL min™) 12,000
Aucxiliary flow (mL min 200
Nebulizer flow (mL min™) 600
Plasma power (W) 1150
Analytical line (nm) 239.562
Integration time (sec) 0.1
&
| F02+
Cu?*=Fe(I)-EDTA H Cu(11)-EDTA
Fe(I1I)-EDTA Fe(Il1)-EDTA

50 uL

Ultrasonication l

ICP-OES

Fig. 1 Schematic diagram of the analysis procedure.

sequentially with ultra-pure water prior to use. 1000 mg L
Fe?"and Fe3* standard stock solutions were obtained by dissolving
0.4978 g FeSO4:7H20 (Chengdu Kelong Reagent Co., Ltd.) and
0.4840 g FeCl3-6H20 (Chengdu Kelong Reagent Co., Ltd.) in 100
mL ultrapure water containing 1% H2SOs, respectively. 2000 mg
L™ Cu?* was obtained by dissolving 0.7858 g CuSO4-5H20
(Chongqing Reagent Factory) in 100 mL ultra-pure water.
Hydroxylamine hydrochloride and EDTA were purchased from
Chengdu Kelong Reagent Co., Ltd. The Fe(I)EDTA and
Fe(IDEDTA complex stock solution was prepared by introducing
Fe*', Fe** and EDTA with equal concentration to degassed
deionized water, preferably under anaerobic conditions. The
working solutions were prepared fresh daily by serial dilution of
the standard stock solution. All solutions were stored in the
refrigerator at 4°C.

Procedure. As illustrated in Fig. 1, first, 1 mL analyte (primarily
Fe(I)-EDTA and Fe(IIT)-EDTA ), 0.55 mL concentrated sulfuric
acid and a certain amount of Cu?" were pipetted into a 100 mL
volumetric flask, and made up to the mark with ultra-pure water.
The amount of Cu?" was decided by the sum of concentration of
Fe(I)-EDTA and EDTA in the analyte. In this research, Cu?" atthe
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concentration of 5 times the sum of concentration of the Fe(Il)-
EDTA and EDTA was added to make sure that Fe** could be
completely replaced by Cu?* from Fe(II)-EDTA. Second, to
accelerate the replacement reaction rate, the above 100 mL
mixture was placed into an ultrasonic cleaner bath under ultrasonic
irradiation for 15 min with the working frequency of 53 KHz.
Third, 50 pL analyte solution was injected into the LC for the
separation of Fe?* and Fe(III)-EDTA, and then introduced into the
ICP-OES for sequential measurement of the integrated intensity
signals of peak area at the analytical line of 239.562 nm.

RESULTS AND DISCUSSION

Replacement reaction

As we know, EDTA is a most widely adopted chelating agent
because it can form a very stable chelate compound with the
majority of metal ions. However, the stability constant?® varies
largely when EDTA chelates with different metal ions. As shown
in the following four equations, Fe?*, Fe** and Cu?" can form a
stable chelate compound with EDTA; however, the stability
constant of Fe(III)-EDTA (Equation 2) is about 10" times that of
Fe(II)-EDTA (Equation 1), and the stability constant of Cu(Il)-
EDTA (Equation 3) is in between. This tremendous gap between
the stability constants leads to the feasibility that Fe?* can be
replaced by Cu?* from Fe(II)-EDTA, while Fe?* is unable to be
replaced by Cu?" from Fe(III)-EDTA. It is very easy to calculate
that the chemical reaction rate constant of this replacement
reaction (Equation 4) is 10**® (IgK cuqn-Fean-epta = IgKcum-Epta —
IgKreanepTA), Which is theoretically possible for a chemical
reaction to proceed in the right direction in chemical
thermodynamics, regardless of chemical kinetics. Because the
stability constant of Cu(I)-EDTA is in between and Cu?" is very

cost-effective, easily available, and less toxic than other metal ions,
Cu?* was selected in this study as the replacement reagent.

Fe*" + EDTA — Fe(II)-EDTA

1gKpe(ny-EpTa = 14.32 (Eq. 1D
Fe** + EDTA — Fe(Il)-EDTA

1gKgeum-epta = 25.1 (Eq. 2)
Cu*" + EDTA — Cu(I)-EDTA

1gKcuan-epta = 18.8 (Eq. 3)
Cu®" + Fe(I1)-EDTA — Cu(II)-EDTA + Fe?*

1gK = 4.48 (Eq. 4

Separation of Fe(II)-EDTA and Fe(III)-EDTA by LC

A special column (Dionex IonPac™ CG5A RFIC™ 4x50 mm
Guard) and eluent (Dionex MetPac PDCA Eluent Concentrate
P/N 046088) designed for Fe**/Fe*" separation was adopted for
this work. As shown in Fig. 2 (a), Fe*" and Fe?* can be effortlessly
separated and detected by ICP-OES. Nevertheless, in Fig. 2(b),
Fe(II)-EDTA and Fe(III)-EDTA had the same short retention time
(50 seconds), suggesting Fe(I)-EDTA and Fe(Il)-EDTA cannot
be retained and separated in this LC condition. This might be due
to the significant difference of the molecular structure and
electrical charge between Fe’'/Fe** and Fe(II)-EDTA/Fe(IlD)-
EDTA. When Cu?" was added to replace Fe?* from Fe(I)-EDTA,
the chromatogram of Fe(I)-EDTA disappeared and an obvious
peak appeared in the retention time of Fe?*(about 300 seconds),
indicating Cu?" was successful in replacing Fe?* from Fe(Il)-
EDTA (see Fig. 2(c)). In Fig. 2(d), a mixture of Fe(Ill)-EDTA,
Fe(I)-EDTA, and Cu?" was injected into the LC, and a peak
appeared in the retention time of 50 seconds in comparison to Fig.
2(c), indicating that Cu?* cannot replace Fe3* from Fe(III)-EDTA.
So Fe(II)-EDTA and Fe(III)-EDTA can be discriminated by LC
based on the chemical replacement reaction with Cu?*.

49000 98000
(@ Fe* Fe(IT)-EDTA or Fe(III)-EDTA
39000 78000
29000 58000
2+

2 19000 Fe 38000
‘A 9000 18000
= )\, )
8 -1000 feee faend -2000 o
= 0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
£ 19500 195000
7 © FeX* Fe(IIT)-EDTA )
£ 14500 145000
£
= 9500 95000

4500 45000 L Fe?*
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Fig. 2 Chromatogram: (a) Fe** + Fe?!, (b) Fe(I)-EDTA or Fe(Il)-EDTA, (c) Fe(I)-EDTA + Cu?**, (d) Fe(IlI)-EDTA + Fe(II)-EDTA + Cu®'.
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Table 3. Stability Constant of EDTA at Different pH

Compound Stability constant pH (approximately)
HyY? Igk} =10.28 8
HoY?* Igk3 =6.16 4
HaY" IgK3 =2.67 3
HeY IgKf =20 2
HsY* IgKf; =1.6 1
HeY?2* 1gK§ =0.6 0

—a—without Cu*
—a—with Cu™

504

Replacement Efficiency (%)

-10 T T T T T T T T T T T
05 00 05 1.0 L5 20 25 30 35 40 45 50 55

pH

Fig. 3 pH on the effect of replacement reaction.

PH on the effect of replacement reaction

EDTA, namely ethylene diamine tetra-acetic acid (H4Y), is a weak
tetrahydric acid. It will decompose into H" and Y# in alkaline
condition, while in acid condition, Y+ will combine 1~6 H' to
form H-6Y®~2" (see Equation 5) based on the concentration of
Hf(pH). The higher the concentration of H*, the more H'
combines with Y*#*. The stability constants®® of H-6YC2" are
listed in Table 3.

(1~6)H" + Y* > HaYG~2

1gK =10.26 ~ 23.29 (pH = 8 ~ 0) (Eq.5)

(2~6)H"+ Fe(I1)-EDTA — H~6Y® =29 + Fe*
1gK =2.12 ~ 8.97 (pH =4 ~ 0) (Eq. 6)

In other words, in acid condition, H" can be captured by EDTA,
so H' is also likely to replace Fe?* from Fe(I)-EDTA (see
Equation 6). Theoretically, when the pH =4, EDTA can combine
with 2 H to form H2Y? with a stability constant of 1gKpHa = 16.44
(1gKpna = 1gK§ + 1gK§ ), and the chemical reaction rate
constant of this replacement reaction (Equation 6) is 10*'? (IgKp4-
Fen-EDTA = IgKpra — 1gKrean-epTa). When the pH = 0, EDTA can
combine 6 H* to form HeY?" with a stability constant of IgKpto =
23.29 (1gKpno = 1gKjy + 1gKf + 1gK§ + 1gKj + 1gK§ +

IgK& ), and the chemical reaction rate constant of this
replacement reaction (Equation 6) is 10%°7(IgKpHo-Fean-EDTA =
1gKpHo - 1gKrem)-EpTa), Which is much higher than that of Equation
4, proving in theory that H" might also be able to replace Fe?* from
Fe(Il)-EDTA.

Generally, metal ions keep stable in acid condition, but H* can
be captured by EDTA in acidic conditions, so the participation of
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H" in the replacement reaction by Cu?* must be taken into account.
In order to investigate the contribution of H to replace Fe?* from
Fe(IT)-EDTA, a comparison experiment was conducted in
different pH with/without Cu?". As illustrated in Fig. 3, without
adding Cu?", it was impossible for H to replace Fe?* from 1.79 x
10* mol L' Fe(I)-EDTA when the pH = 4, which might be
because the replacement reaction rate constant is not high enough
(IgKpHa-Fen-EDTA = 2.12). When the pH < 2, H" began to replace
Fe?', but with very low efficiency. At pH = 1, the efficiency peaked
at 30.1% which was much lower than expected, even though the
replacement reaction rate constant is very high (1gKpH1-Feqr-EpTA =
8). This phenomenon probably needs to be explained by the
chemical kinetics theory, which is beyond the scope of the
discussion in this work. When the pH < 0.5, a flattened tailing peak
was observed, and the width of the peak at least doubled,
indicating that the separation condition of LC was interrupted by
H*. The reason is that, because too much H* would exceed the
buffer tolerance of the eluent (buffer solution, pH = 4), leading to
a significant pH change in the eluent, and subsequently result in an
inferior separation in LC. Therefore, the replacement efficiency of
H* decreased.

However, in the presence of Cu?*, the case was quite different.
The efficiency of the replacement rate was greatly enhanced.
Viewing from the molecular structure, this was probably due to an
empty orbital (3d) provided by Cu?*, which could accommodate
surplus unpaired electrons from N atoms in EDTA, forming a very
stable chelate compound. Since at pH > 5, Cu?*and Fe** would
hydrolyze to form precipitations of Cu(OH)2 and Fe(OH)2, the
maximum pH of the investigation was set at pH = 5. As can be
seen in Fig. 3, in the presence 0of 8.95 x 10* mol L Cu?* (Fe(ID)-
EDTA concentration: 1.79 x 10* mol L), the replacement
efficiency was about 30% at pH = 5, much higher than without
Cu?*. With the increase of H', the replacement efficiency kept an
upward trend and reached maximum at pH of 1. When the pH <1,
too much H* will change the pH of the eluent (buffer solution),
depressing the separating efficiency, thus an inferior replacement
efficiency was observed.

Therefore, from the comparison investigation with/without
Cu?', it was easy to reach the conclusion that both H" and Cu?*
contributed to the replacement of Fe?* from Fe(I)-EDTA, and a
pH of 1 was selected as the optimal acidity for the replacement
reaction in this work.

Concentration of Cu?" on the effect of replacement reaction.

Under the fixed pH at 1, the dosage of Cu?* on the effect of
replacement efficiency was investigated. 1.79 x 10* mol L
Fe(I)-EDTA was prepared by mixing 1.79 x 10 mol L' Fe**(10
mg L") and 1.79 x 10* mol L' EDTA , then kept standing for 20
min. To make sure the reaction was complete, the mixture was
detected by LC-ICP-OES, and the results showed that no Fe?* was
present, but Fe(I)-EDTA was found, suggesting that all the Fe?*
was completely chelated by EDTA.

At. Spectrosc. 2020, 41(6), 242-248



110

100 - - I i
IE'E\-/E "
S e + -
S 90
Fed
g
£ 804
S
=]
=704
-
=
5
£ 60
@
g
=
& 504
2 5
&
404 )
30 T T T T T T T T T T T T T T T T T T
10 1 2 3 45 6 7 8 910111213 141516 17 18

Cu”'/Fe™* (mol/mol)
Fig. 4 Dosage of Cu®" on the effect of replacement reaction.

110

100
90—_
80 4

70:

60:

504

40 4

Replacement Efficiency (%)

30+
—=&— Under Ultrasonication

20+
—4— Without Ultr

10 T T T T T T T T T
0 10 20 30 40 100 150 200 250 300
Ultrasonication Time (min)

Fig. 5 Ultrasonication time on the effect of replacement reaction.

As demonstrated in Fig. 3, without adding Cu?*, H" can replace
Fe?" from Fe(I11)-EDTA with a maximum efficiency of about 38%.
However, when Cu?"/Fe?* (mol/mol) was increased to 0.5, which
was lower than the theoretical stoichiometric ratio 1:1 (Equation
4), the replacement efficiency soared dramatically to about 93%
(see Fig. 4), which is probably due to the contribution of H' in the
replacement reaction. When Cu?"/Fe?" (mol/mol) reached the
theoretical stoichiometric ratio of 1:1, the replacement efficiency
attained about 98%, indicating that almost all of the Fe?* was
replaced from Fe(I)-EDTA. A further increase of the dosage of
Cu?" just kept the replacement efficiency stable at close to 100%.

Considering the practical application, excess dosage of EDTA
is likely to be adopted and in this work, the ratio (mol/mol) of5:1
for Cu?*/Fe?" was applied. The researcher can modify the ratio of
Cu?'/Fe?" in real sample analysis based on the composition of the
sample of interest.

Time of ultrasonication on the effect of replacement reaction.

As shown in Fig. 5, without ultrasonication, Fe?* was very slow to
be replaced from Fe(I)-EDTA by Cu?*. It took almost 300 min to
totally finish the replacement reaction. Obviously, it is too time-
consuming for real analysis. This might be explained by the
following reasons: First, in Equation 4, the reaction constant of this
replacement reaction is 10%43, in fact not high enough for a reaction
proceeding fast (usually above 10%). Second, the reactant
concentrations of Cu?" and Fe(II)-EDTA were 8.95 x 10% mol L!
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and 1.79 x 10 mol L', respectively, which were too low for a
chemical reaction to go fast. Ultrasound was widely employed in
the chemical pretreatment.’!*? Under ultrasonication, molecule
collision probability enhanced greatly together with the increase
of the reaction temperature, leading to a much faster reaction.
Further discussion of the mechanism under ultrasonication was
excluded in this work. So, in this study, in order to shorten the
analysis time, a mixture of 8.95 X 10% mol L' Cu?* and 1.79 X
10* mol L' Fe(I)-EDTA (Cu?/Fe** = 5) was placed into an
ultrasonic cleaner bath, which was filled with an appropriate
amount of water. It is very clear from Fig. 5 that under ultrasonic
irradiation, the efficiency of the replacement reaction increased
sharply and almost linearly with the increase in ultrasonication
time. After 10 min ultrasonication, the efficiency of the
replacement reaction reached a plateau at about 99% and kept
stable even when the ultrasonication time was further prolonged,
indicating that Fe?* was totally replaced by Cu?*. Thus, 15 min of
ultrasonic irradiation was selected for this work.

Effect of concomitants.

To evaluate the analytical applicability of the proposed method,
the effect of some concomitants was investigated. In the absorbing
liquid of the denitrification system, the concomitants involved in
the preparation of Fe(II)-EDTA were Na:SO3/K2SO3, which were
used to stop Fe(I)-EDTA from oxidizing to Fe(III)-EDTA. Thus,
Na', K*, S0%~, SO%~ were studied to establish whether they
interfered in the determination of Fe(II)-EDTA/Fe(Ill)-EDTA.
The results showed that 1.79 x 102 mol L! Na*, K*, SO%~, and
S0%~ did not interfere at the fixed concentration of 1.79 x 10
Fe(I)-EDTA. For most other metal(M) ions, except Ca>*and Mg?*,
they could form more stable chelate compounds with EDTA than
that with Fe?* (IgKm.epta > 1gKre(n EpTA), influencing the stability
of Fe(II)-EDTA. In the preparation of Fe(II)-EDTA, these metal
ions should be removed first or chelated by excessive EDTA.
Therefore, for other metal ions, only Ca?*and Mg?* were selected
for the interference study, and the results showed that 1.79 x 102
mol L' Ca?*and Mg?" did not interfere at the fixed concentration
of 1.79 x 10 mol L' Fe(I)-EDTA.

Analytical figures of merit and sample analysis.

Under the optimal experimental conditions, the analytical
performance of this proposed method for the speciation of Fe(Il)-
EDTA and Fe(Il)-EDTA in the absorbing liquid of the
denitrification system was investigated (Table 4). The limit of
detection (LOD) was defined as three times the standard deviation
of 11 measurements of a blank divided by the slope of the
calibration curve. After the replacement reaction, an LOD of 1.2 x
10 mol L™ for Fe(IlI)-EDTA and an LOD of 1.6 x 10 mol L™
for Fe(IlT)-EDTA were obtained, which can successfully fulfill the
requirement of the speciation of Fe(Il)-EDTA (typical
concentration: 0.025~0.1 mol L) and Fe(Ill)-EDTA in the
absorbing liquid of the denitrification system.
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Table 4. Analytical Characteristics of the Proposed Method

Details Fe(I1)-EDTA Fe(l11)-EDTA
Sample volume (pi) 50

Calibration equation (X in mmol L™) Y=1.6x10°X-1926 Y=2.1x108 X-1525
Correlation coefficient R 0.9991 0.9995

Limit of detection (mmol L™) 1.7x102 1.2x102

Precision at 0.179 mmol L™ (RSD, n = 11) 4.7% 2.1%

Note: Samples in this table were prepared by mixing Fe?, Fe®* and EDTA, not real samples.

Table 5. Recovery Test of Proposed Method

Sample Spiked Found Recovery
(mol L) (mol L) ¢ (%)

2A 0.025 0.021 + 0.002 84.0

2B 0.050 0.046 + 0.004 92.0

aC 0.075 0.069 + 0.005 92.0

2D 0.100 0.093 + 0.006 93.0

PA 0.025 0.023 + 0.002 92.0

°B 0.050 0.048 + 0.003 96.0

bC 0.075 0.076 + 0.004 101.3

°D 0.100 0.098 + 0.004 98.0

2Sample spiked with Fe(I1)-EDTA, ® Sample spiked with Fe(III)-EDTA.

¢ Average =+ one standard deviation of three trials.

Since there are no commercially available certified reference
materials for evaluation of the accuracy of the proposed method,
four absorbing liquid samples of the denitrification system were
collected from the Environmental Technology Research Center of
Pangang Group Research Institute Co., Ltd., for the recovery test.
As shown in Table 5, the recoveries for Fe(II)-EDTA and Fe(III)-
EDTA were in the range of 84.0%~93.0% and 92.0~101.3%,
respectively, indicating that this method is applicable to speciation
analysis of Fe(II)-EDTA and Fe(III)-EDTA in real samples from a
denitrification system.

CONCLUSIONS

To enable successful simultaneous speciation of Fe(I)-EDTA
and Fe(III)-EDTA in absorbing liquid samples of a denitrification
system, the hyphenated technique of LC-ICP-OES based on
ultrasound-assisted replacement reaction is proposed which
enjoys several distinct advantages. First, Fe(II)-EDTA and Fe(IlI)-
EDTA can be simultaneously analyzed. Second, the operation of
this method is relatively simple and green, only Cu?* and H2SO4
are involved in pre-treatment. Third, the volume of sampling is as
small as 50 pL and finally, it is a potential method for speciation
of Fe(II)-EDTA and Fe(III)-EDTA for other samples.
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