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Abstract
In this study, we developed and validated a three-dimensional �uorescence method for the determination
of Ethylenediaminetetraacetic acid disodium salt (EDTA-2Na) in pickles and canned mix congee by
forming a ternary �uorescent complex of zirconium-quercetin-EDTA system. The conditions of
complexation reaction and �uorescence scanning parameters were optimized. During the �uorescent
complex reaction, NH3·H2O and anhydrous ethanol were used to enhance the �uorescence intensity. The
analysis of EDTA-2Na by �uorescence scanning could be accomplished within 3 minutes. Under the
condition, satisfactory linearities were obtained (R2≥0.99) with the limits of quantitation (LOQs) of 24.6
µg/g. The recoveries were 79.8-113.2%, with a relative standard deviation (RSD) below 9.7%. Compared
with the HPLC-DAD method, the relative error of the two methods was less than 10%, which indicated the
results of the two methods were consistent. A convenient and accurate method was established to
analyze EDTA-2Na in pickles and canned mix congee, which provided a new option to rapidly monitor
EDTA-2Na in foods.

Introduction
Disodium ethylene diamine tetra acetate, which is EDTA-2Na, as one of the allowed food additives is used
in Codex General Standard for Food Additives (Codex Alimentarius). EDTA-2Na is the most widely used to
form stable water-soluble chelate complexes with various metal ions such as iron, copper, calcium,
magnesium, etc., due to its e�cient complexing ability and high stability constant (Bortot et al. 2019),
which can prevent food from discoloration, metamorphism, turbidity and oxidative loss of vitamin C
caused by the metal ion (Evstatiev et al. 2021). It is usually applied in drinks, jams, pickles, canned foods
and other processed foods as chelating agents, preservatives, antioxidants or color protection agents
(Shen et al. 2020; Zhao et al. 2018).

Excessive EDTA-2Na intake can lead to the loss of trace elements for the human body, which may cause
vomiting, diarrhea, acute abdominal pain or other symptoms, with consequent a spectrum of body
damage (Lamas et al. 2013). Based on this situation, many countries and organizations have established
the strict limits for the remaining amount of EDTA-2Na in foods. For instance, Japan mandates that the
remaining amount of EDTA-2Na for canned food does not exceed 250 µg/g and beverages does not
exceed 35 µg/g (Krokidis et al. 2005). Similarly, China the food additives health standards speci�es that
the remaining amount of EDTA-2Na for pickles and canned mix congee does not exceed 250 µg/g
(GB2760-2014 n.d.). According to the Codex General Standard for Food Additives, EDTA-2Na in canned
vegetables and food supplements should not exceed 365 µg/g and 150 µg/g respectively (Codex
Alimentarius). Pickles and canned mix congee are the most commonly used foods in Asia, especially in
breakfast. EDTA-2Na is often used in the manufacture of these foods, and improper addition can cause
the content to exceed the standard, resulting in human damage. Consequently, a direct and rapid method
for detecting EDTA-2Na in food is sorely required to guarantee food safety.
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Currently, the detection methods of EDTA-2Na in foods can be divided into four main methods, include
colorimetric analysis, titration analysis, high performance liquid chromatography and ion
chromatography methods, etc (Chiumiento et at. 2015; Fingerhut et al. 2009). Among these methods,
high performance liquid chromatography is the most commonly used and has relatively accurate
measurement results. The extraction of samples occurred derivatization reaction with Cu2+ or Fe3+,
followed by high performance liquid chromatography with UV detection analysis (Choi et al. 2009;
Jiménez. 2014). However, if the sample contained Fe3+ itself, it would lead to the measured results higher
than normal results. Meanwhile, chromatographic methods generally need complicated pretreatments
and longer analyzing time, which does not satisfy requirement of rapid detection for a large number of
samples. Fluorescence spectrum are typically used as rapid analysis methods, due to its high sensitivity
and fast detection speed. Therefore, it is very meaningful to establish an analytical method for the
accurate analysis of EDTA-2Na in pickles and canned mix congee by �uorescence. Metals, quercetin, and
EDTA-2Na can form ternary complexes with strong �uorescence, which are used to analyze metal
elements, such as zirconium and terbium, etc (Rizk et al. 2022). However, there is no report on the use of
this ternary complex to analyze EDTA-2Na in food. Based on these, the �uorescence method of ternary
complexes of zirconium-quercetin-EDTA was researched to detect EDTA-2Na residues in pickles and
canned mix congee. A sensitive and rapid method for EDTA-2Na was explored and evaluated.

Experimental
Materials 

Five different brands of pickle samples and canned mix congee were purchased respectively at a
supermarket in Beijing; Disodium Ethylenediaminetetraacetate acid (>99.0%, C10H16N2O8, J&K
Technology Co., Ltd., Beijing); Zirconium oxychloride octahydrate (≥98%, ZrOCl2·8H2O, J&K Technology
Co., Ltd., Beijing); Quercetin (≥99%, C15H14O9, Yi Xiu Bogut Biological Technology Co., Ltd., Beijing);
Hexadecyl trimethyl ammonium bromide (≥99%, C19H42BrN, blue-Yi Chemical Products Co., Ltd., Beijing);
Ferric chloride (FeCl3); ascorbic acid (C6H8O6); tetrabutylammonium hydroxide (C16H39NO2); Acetic acid
(CH3COOH); anhydrous ethanol (C2H6O); hydrochloric acid (HCL); chloroform (CHCl3); n-butanol
(CH3(CH2)3OH); ammonia water (NH3·H2O) used in this work were of analytical grade (Beijing chemical
Works); Acetonitrile CH3CN and Formic acid HCOOH (Chromatographic grade, J & K Technology Co., Ltd.,
Beijing).

Instruments and Equipment

A 1260 high performance liquid chromatograph with a diode array detector (Agilent, USA); ODS-C18 liquid
chromatography column (250 × 4.60 mm, 5 µm, Agilent, USA); F-7000 �uorescence spectrophotometer
(Hitachi, Japan); QL861 vortex mixer (Kylin-bell Instrument Co., Ltd., Jiangsu, China); Feige TDL-5-A
desktop centrifuge (Anke Scienti�c Instruments corp., Shanghai, China); Milli-Q ultrapure water machine
(Millipore, USA); FA1104B electronic analytical balance (sensitivity: 1/10000, Vietnam Scienti�c
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Instruments Ltd., Shanghai, China); KQ-500DE CNC heated ultrasonic cleaning instrument (Kunshan
Ultrasonic Instrument Co., Ltd., Jiangsu, China); RE-52AA rotary evaporator (Shanghai Yarong
Biochemistry Instrument Factory, Shanghai, China)

HPLC-DAD method

Preparation of calibration standard solutions

Disodium ethylene diamine tetra acetate standard 100 mg (accurate to 0.0001g) was dispersed in
deionized water with a concentration of 1000 µg/mL. The 10.0, 20.0, 50.0, 100.0, 200.0, 400.0 and 600.0
µL solutions were added in 10mL volumetric �ask respectively and mixed with 0.1 mol/L FeCl3 (1 mL)
and 0.23 mol/L Ascorbic acid solution (100 µL). All solutions were stored at room temperature for one
night. Quanti�cation was performed using an external calibration method. Calibration curves were
prepared at concentrations of 1.0, 2.0, 5.0, 10.0, 20.0, 40.0, 60.0 µg/mL.

Pretreatment and Derivatization of Samples 

The homogenized canned mix congee, pickled vegetables (5.0g, respectively) were added to a 50 mL
Te�on screw centrifugal tube and 20 mL of deionized water was added. The samples were then extracted
by ultrasonication (80W) for 30 min. Next, the solutions were centrifuged for 10 min at 3500 r/min. Then
the residues were re-extracted twice by using the same methods. The �ltered solution extractions were
transferred into the volumetric �ask (100 mL) and complemented with deionized water. The obtained
�ltrate (500 µL) was diluted with 0.1 mol/L FeCl3 solution (100 µL) and 0.23 mol/L ascorbic acid (10 µL).
Next, reaction mixture was made up to 1 mL with ultrapure water, vortexed for 10 s, and kept for
overnight.

HPLC condition

The elution was isocratic with a �ow rate of 1.0 mL/min using a mixture of 0.13% tetrabutylammonium
hydroxide aqueous solution adjusted pH to 4 by formic acid (80%, V) and acetonitrile (20%, V) as the
eluent. The target compound was determined at a wavelength of 254 nm.

Three-dimensional �uorescence method 

Optimization of Derivative Conditions

In order to obtain the optimal reaction conditions for the derivatization of the ternary mixed complexation,
the different volumes of NH3·H2O (0.2, 0.4, 0.6, 0.8 and 1.0 mL) and absolute ethanol (0.5, 1.0, 1.5, 2.0,

2.25, 2.5, 2.75, 3.0 and 3.25 mL) were mixed with 2×10-3 mol/L Zr (IV) (1 mL), 1.0×10-2 mol/L quercetin (1
mL) and 1000.0 µg/mL EDTA-2Na solution (0.4 mL). Furthermore, hexadecyl trimethyl ammonium
bromide (CTMAB) was also used to study the effect on the �uorescence intensity of the system. EDTA-
2Na (10.0, 20.0, 50.0, 100.0, 200.0 and 400.0 µL), 2×10-3 mol/L Zr (IV) (1 mL), 1.0×10-2 mol/L quercetin (1
mL) were mixed with 1.0×10-2 mol/L CTMAB (3.5 mL) or without the solution. The all solutions were
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made up to 10.0 mL with ultrapure water in a volumetric �ask. After vortexing for 10 s, �uorescence
analysis was performed within 3 min.

Preparation of calibration standards 

2×10-3 mol/L Zr (IV) (1 mL), 1.0×10-2 mol/L quercetin (1 mL), different volume of EDTA-2Na solution, 2.75
mL of absolute ethanol and 0.6 mL of 0.5 mol/L NH3·H2O solution were mixed and diluted to 10.0 mL
with ultrapure water in volumetric �ask. After vortexing for 10 s, �uorescence analysis was carried out
within 3 min. Quanti�cation was performed using an external calibration method. Calibration curves were
prepared at EDTA-2Na concentrations of 1.0, 2.0, 5.0, 10.0, 20.0, 30.0, 40.0 µg/mL.

Pretreatment and Derivatization of Samples 

The extraction method was in the same way as mentioned in the section about quanti�cation of EDTA-
2Na by HPLC-DAD. For extremely complex canned mix congee samples, it is also necessary to remove
sugar and protein. A 20.0 mL of the extract was placed into a 50.0 mL screw-top PTFE centrifuge tube
while anhydrous ethanol (30.0 mL) was added. The tube was shaken rapidly, refrigerated at 4 °C for 1h,
and then centrifuged at 5000 r/min for 5 min. The �ltered mixture was evaporated by rotary evaporation
under reduced pressure at 55 °C for 6 min. After removing ethanol, the volume was adjusted to 20.0 mL
with ultrapure water. A 10.0 mL of the above solution was taken into a 15.0 mL screw-top PTFE
centrifuge tube. Afterwards, 2 ml of Sevag reagent (chloroform and n-butanol at a ratio of 4:1/V: V) was
used to deposit protein under centrifugation for 5 min at 3000 r/min. The supernatant was collected for
derivatization. The above treatment was not required for pickles. Then 4.65 mL of the supernatant was
derivatized in the same method as the calibration standard solution.

Selection of Scanning Scope, PMT Negative Voltage and Slit Width

In order to obtain the appropriate scanning scope, negative voltage of the photomultiplier tube and slit
width, 40.0 µg/mL EDTA-2Na ternary mixed complex solution was used as the experimental mode. In the
condition of excitation wavelengths of 350-500 nm and 5-nm intervals, the emission wavelengths of 450-
600 nm and 5-nm intervals were scanned to determine optimal excitation and emission wavelengths to
use for analysis. Moreover, the photomultiplier tube voltage and slit width were also optimized
considering the resolution and intensity by comparing the results at 250 V, 400 V, and 700 V with the slit
width (5 nm). Similarly, by controlling voltage, the suitable slit width can be obtained.

Method validation 

According to the ICH Harmonized Tripartite Guidelines on Validation of Analytical Procedures:
Methodology (ICH 2005), linearity, forti�ed recoveries, RSDs, and sensitivity were evaluated for the
optimized method.

Linear range and sensitivity
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Calibration curves   were respectively diluted in solution at concentrations of 40, 30, 20, 10, 5, and 1
µg/mL, where y was the �uorescence response and x was the concentration. Three-dimensional
�uorescence limits of detection (LOD) and quanti�cation (LOQ) (µg/g) were calculated based on the
standard deviation (σ, counts) of 11 readings of the standard solution blank, per Eq. 1:

where slope was the sensitivity (counts mL/µg) and k was the dilution factor (mL/g)

Recovery and Repeatability

To evaluate the accuracy of the method, the samples of spiked pickle and canned mix congee were taken
to analyze the recovery. The spiked concentrations were at three level of 40.0, 100.0, 160.0 µg/g,
respectively. Each level was analyzed in triplicate. And the repeatability was evaluated via the relative
standard deviation of the �ve replicates using canned mix congee and pickle samples.

Accuracy via comparison by the HPLC and �uorescence method

In order to further verify the accuracy of the results for the determination of EDTA-2Na in food by
�uorescence method, the EDTA-2Na contents in the 10 samples were analyzed by HPLC-DAD and
�uorophotometry simultaneously, and each level was determined in triplicate. Moreover, the accuracy was
calculated as the relative error (RE %) of the two methods.

where A was the content by Fluorescence method (µg/g) and B was the content by HPLC-DAD method
(µg/g).

Results And Discussion
Optimization of Fluorescence scanning parameters

Scope of wavelength

When performing �uorescence scanning, selecting an appropriate �uorescence scanning range can
improve analysis e�ciency (Bian C et al. 2021). In addition, the selection of excitation and emission
wavelengths will directly affect the detection sensitivity (O' Farrell N et al. 2006). On the basis of results
of three-dimensional scanning (Fig. 1), the EDTA-2Na ternary mixed complex can obtain the maximum
�uorescence response value when the excitation wavelength is 440 nm and the emission wavelength is
525 nm. Furthermore, it can effectively avoid the in�uence of Raman and Rayleigh scattering on the
samples under this condition. Finally, we chosen the mentioned wavelength for experiment.
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Photomultiplier tube voltage and the slit width

Photomultiplier tube (PMT) is a photodetector of �uorescence spectrophotometer, whose role is to
convert an optical signal into an electric signal, and then the signal is ampli�ed by circuit (Zheng W et al.
2020; DA López-Mora. 2021). Within a certain range, the �uorescence intensity is proportional to the
voltage at both ends of the photomultiplier tube. But the larger magni�cation, the noise also increases,
which may result in reduced sensitivity (Cui et al. 2014). Therefore, on the premise of meeting the
analytical requirements, the voltage of photomultiplier tube should not be set too high. On the other hand,
the slit width is larger, the �uorescence intensity is stronger. But too much will reduce the slit width
resolution (Xu et al. 2017). According to the �uorescence scanning contour map (Fig. 2), it can be seen
that under the 5nm slit width, the contour map under the 250 V (Fig. 2a) was obviously sparser than that
at 400 V (Fig. 2b), indicating that the signal intensity of the target with the same concentration was
weaker at low voltage. However, when the voltage was increased to 700 V (Fig. 2c), the noise was too
large, resulting in the generation of the invalid central area. 

When the voltage of photomultiplier tube was selected to keep 400 V under the conditions of slit widths
of 5 or10 nm, the �uorescence scanning contour lines were obtained separately by scanning the EDTA-
2Na mixed complex solution with a concentration of 40.0 µg/mL. As shown in Fig. 3, the contour map of
10 nm slit width (Fig. 3b) was denser and more clearly than that under the slit width of 5 nm (Fig. 3a). In
other words, the �uorescence intensity of 10 nm is stronger with a good resolution. To sum up, three-
dimensional �uorescence scanning parameters were decided as follow: the excitation wavelength of 440
nm, the emission wavelength of 525 nm, the photomultiplier tube voltage of 400 V and the slit width of
10 nm.

Optimization of Conditions for Ternary Mixed Complexation Reaction

In this process of Zirconium-quercetin-EDTA ternary complex reaction, NH3·H2O provided the weak
alkaline system of pH 8.0-9.0 required for the reaction (Burilova et al.2021), and anhydrous ethanol could
enhance the �uorescence intensity due to solvent effect (Kim et al.2019). When 0.5 mol/L NH3·H2O
addition was less than 0.6 mL (Fig. 4a), or anhydrous ethanol addition was less than 2.75 mL (Fig. 4b),
the �uorescence response of EDTA-2Na ternary complex solution under the same concentration was
strengthened with an increase in the amounts of two agents. But when the addition amount of NH3·H2O
was greater than 0.6 mL (Fig. 4a) or anhydrous ethanol was greater than 2.75 mL (Fig. 4b), the
�uorescence intensity did not change signi�cantly (P>0.05) with the increase of the amount. Therefore, it
was decided that the addition of 0.5 mol/L NH3·H2O and the anhydrous ethanol were 0.6 mL and 2.75 mL
respectively in the ternary complex system.

Throughout this reaction system, CTMAB as a stabilizer can extend the �uorescence stabilization time
(Feng et al.2020), but also has some of the �uorescence quenching effects. As observed in Fig. 4c,
compared to the samples without CTMAB, samples' �uorescence response with CTMAB were all
decreased obviously. For example, it was reduced by 16 times when the concentration of EDTA-2Na was
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2 µg/mL. Thus, in this ternary complex reaction, the stabilizer CTMAB was not applied in order to ensure
the �uorescence sensitive.

Method Validation

To ensure the effectiveness of the method for the determination of EDTA-2Na in pickles and canned mix
congees, the analytical performance parameters were evaluated including forti�ed recoveries at three
spiking levels, linearity, RSDs, LOD and LOQ. 

Calibration 

Preparation of different concentration EDTA-2Na complexing solutions was followed by three-
dimensional �uorescence analysis. The curve equation was  , and the linear range was 1.0-40.0 µg/mL
for EDTA-2Na with a correlation coe�cient (R2) of 0.9945. The limits of detection and quanti�cation of
EDTA-2Na calculated by the method were 8.2 µg/g (LOD) and 24.6 µg/g (LOQ) respectively, which were
lower than 22.8 µg/g (LOD) and 75.2 µg/g (LOQ) of HPLC-DAD method. It showed that the method has
the better sensitivity than that of HPLC-DAD method.

Accuracy and repeatability of methods 

Recovery and RSD were used to assess the accuracy and repeatability of the methods described above.
The repeatability in this method obtained by samples were below 1.6% (Table 1). Among three different
spiked concentrations, the average recoveries of EDTA-2Na was 79.8–85.8% and 105.9–113.2% in
canned mix congee and pickles, respectively (Table 2). The RSD of these recoveries were below 10%. In
summary, the recovery and RSD in the method were adequate for detecting EDTA-2Na in food samples.

Sample analysis and validation

The data of sample detection were showed in Table 3. All REs were in the range of 4.4 to 13.4%. Notably,
compared to HPLC-DAD method, the content of EDTA-2Na in pickles analyzed by �uorescence (106.0-
141.3 µg/g) had relative errors less than 10%. There was relatively weak interference from matrix of
samples to target peaks. For the canned mix congees which were subjected to remove sugar and protein,
the relative error of the detection results of the two methods could also be controlled within 13.5%. The
results of the two methods were consistent, which showed that the developed �uorescence method was
accurate and convenient to determine content of EDTA-2Na in the samples.

Conclusion
We developed a method for determining the content of EDTA-2Na in pickles and canned mix congee. The
reaction conditions and �uorescence detection conditions of Zirconium-Quercetin-EDTA ternary systems
were successfully selected and optimized. The method was veri�ed as having satisfactory linearity (R2 ≥ 
0.99), good recoveries (79.8-113.2%), adequate repeatability (RSD ≤ 9.7%), and high sensitivity (LOQ = 
24.6 µg/g). Compared with the HPLC method, the relative error was less than 13.5%, indicating that the
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accuracy and sensitive of the method was better. A sensitive and convenient method of Zirconium-
Quercetin-EDTA ternary system by �uorescence was established to detect EDTA-2Na of pickles and
canned mix congee, which was useful for evaluating and ensuring food safety.
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Tables
Table 1 Sample contents for reproducibility by the �uorescence method (µg/g) (n=5)

Samples No.1 No.2 No.3 No.4 No.5 Average content RSD (%)

Pickle 107.3 109.1 107.9 104.5 106.8 107.1 1.6

Canned mix congee  117.9 120.3 119.1 120.8 121.1 119.8 1.1

Table 2 The recovery results of EDTA-2Na in samples (n=3)
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Sample type Initial content (µg/g) Spike

(µg/g)

Average content (µg/g) Recovery

(%)

RSD

(%)

Mixed Congee 138.1 40.0 170.0 79.8 9.7

100.0 225.4 87.3 5.4

160.0 275.4 85.8 7.9

pickles 120.8 40.0 166.1 113.2 6.1

100.0 229.4 108.6 3.2

160.0 290.2 105.9 2.8

Table 3 The comparisons of Fluorescence and HPLC-DAD methods (n=3)

Samples Sample
No.

Content by

HPLC-DAD
(µg/g)

RSD
(%)

Content by Fluorescence
(µg/g)

RSD
(%)

RE
(%)

Pickles 1 96.8 1.5 106.0 2.9 9.5

2 103.5 2.3 109.0 7.4 5.3

3 136.9 1.8 142.9 2.6 4.4

4 101.7 2.7 110.0 9.2 8.2

5 133.8 6.3 141.3 4.3 5.6

Mixed
Congee

1 105.3 3.1 119.4 5.0 13.4

2 102.7 4.2 110.3 4.1 7.4

3 123.8 2.4 136.1 7.3 9.9

4 102.3 1.6 113.3 5.1 10.8

5 95.1 1.9 107.5 3.0 13.0

Figures
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Figure 1

The contour plot of three-dimensional �uorescence spectrum for EDTA-2Na complex
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Figure 2

 The �uorescence contour spectrum of different PMT voltage (a) 250V; (b) 400V; (c) 700V
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Figure 3

 The �uorescence contour spectrum of different slit width (a) 5 nm; (b) 10 nm
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Figure 4

The effects of different conditions on the �uorescence intensity (n=3)

 (a) Volume of NH3·H2O; (b) Volume of Ethanol; (c) CTMAB


