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Elimination of the Interference from Nitrate Ions
on Oxalic Acid in RP-HPLC by Solid-Phase
Extraction with Nanosized Hydroxyapatite

Wei Wei, Rong Sun, Zhenggui Wei, Haiyan Zhao, Huixin Li, and Feng Hu

College of Resources and Environmental Sciences, Nanjing Agricultural
University, Nanjing, P. R. China

Abstract: A new method using solid phase extraction with nanosized hydroxya-
patite for solving interference from nitrate ions on oxalic acid in reversed phase
high performance liquid chromatography (RP-HPLC) was developed. The opti-
mum experimental conditions for the separation and determination of oxalic acid
were studied. After the interference was eliminated, oxalic acid was determined by
RP-HPLC at the optimum chromatographic conditions with an average recovery
ranging between 94.8% and 99.3%, and the relative standard deviations were less
than 3.0%. This method was successfully applied to determine the oxalic acid in
the xylem saps of tomato.

Keywords: Determination, HPLC, Interference elimination, Nanosized hydro-
xyapatite, Oxalic acid, Solid phase extraction

INTRODUCTION

Organic acids are low molecular weight (LMW) compounds containing
one or more carboxyl groups, which are common and natural constitu-
ents in many plants. Analysis of these organic acids has become increas-
ingly important due to their role in the physiological activity of plants.[1]
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Some organic acids like citric, malic, succinic, and oxalic acids are parts
of intermediates in the Krebs cycle, which is a central energy yielding
cycle of the cell. Many of them are believed to play an important role
in the cation transport (either nutrient or toxic) in xylem vessels.[2,3] In
addition, low molecular weight organic acids like citric, oxalic, and malic
acids are commonly released from plant roots that can form sufficiently
strong complexes with Al3þ to resist its toxicity.[4–9] Moreover, as the sim-
plest dicarboxylic acid in plants, oxalic acid in the xylem saps may have
great importance during the long distance transportation and accumula-
tion of heavy metals like cadmium[10–12] and uranium.[13] The success in
clarification of these functions depend on the separation and identifica-
tion of organic acids in different parts of plants.

Several methods have been reported for the separation and determi-
nation of oxalic acid in plant samples, including gas chromatography
(GC), ion chromatography (IC), and reversed phase high performance
liquid chromatography (RP-HPLC). As low molecular weight organic
acids are generally non volatile, their determinations with GC require a
derivatisation step, which is often quite tedious, time consuming, and
retards the reproducibility of the analysis.[14] IC can be used to determine
all the organic and inorganic anions. However, concentrations of inor-
ganic anions (nitrate, sulfate, and phosphate) are often higher than those
of organic anions (oxalate, malate, and citrate) in the xylem saps, high
concentrations of sulfate ions have a severe interference on the determi-
nation of oxalic acid.[15] Recently, RP-HPLC is widely used for the deter-
mination of low molecular weight organic acids in plant parts and foods
because of the simplicity, rapidity, and stability of the method.[16–19] Even
though sulfate and phosphate ions have no ultraviolet absorbency, the
existence of high concentrations of nitrate ions in the xylem saps have sig-
nificant ultraviolet absorbency at 214 nm, which gives a large unretained
peak, which can mask the first eluting oxalic acid,[20–22] despite the type
of eluent, organic modifier, flow rate, column temperature, and ion pair
(IP) reagent;[3] the results are still unsatisfactory. Therefore, in order to
achieve accurate and reliable results, an efficient method to separate oxa-
lic acid and eliminate the interference from nitrate ions is needed. Numer-
ous substances have been proposed and used as sorbents in the separation
and preconcentration of inorganic compounds, such as cation exchange-
able resin,[23] active carbon,[24] modified silica,[25] alumina,[26] titanium
dioxide,[27] but there are few reports on the separation of organic acids.

Nanosized materials are new solid materials made of nanoparticles
that gained importance in recent years for their special properties. One
of the unique properties of nanosized materials is that most of the atoms
are on the surface; the surface atoms are unsaturated and can, therefore,
bind with other atoms, and possess highly chemical activity.[28,29] Hydro-
xyapatite [HAP, Ca10(PO4)6(OH)2] is a major mineral component of
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mammalian bones and teeth. It has been widely used, not only in biome-
dical applications, but also in separation and purification of proteins and
other biomolecules.[30–32] Nanosized hydroxyapatite powders exhibit
greater surface area and adsorption properties compared to bulk materi-
als. However, there are few reports of the separation of low molecular
weight organic acids and inorganic acid with nanosized hydroxyapatite.

In this work, we developed a new method using solid phase extrac-
tion with nanosized hydroxyapatite for solving interference from nitrate
ion on oxalic acid in RP-HPLC. The optimum experimental conditions
for the separation and determination of oxalic acid were studied in detail.
The adsorption mechanism of oxalic on nanosized hydroxyapatite was
elucidated by Fourier transform infrared (FT-IR) spectroscopy and
X-ray diffraction (XRD) analyses. Finally, the proposed method was
successfully employed for the determination of oxalic acid in the xylem
saps of tomato plants.

EXPERIMENTAL

Reagents and Standard Solutions

All reagents used were of analytical-reagent grade. Oxalic, malic, and
citric acids were obtained from Sinopharm Group Chemical Reagent
Co., Ltd (Shanghai, China), and the other reagents were purchased from
Nanjing Chemical reagent company (Nanjing, China). Deionized water
from a Milli-Q water purification system was used for all solutions, dilu-
tion, and the mobile phase.

Stock standard solutions were prepared by dissolving organic acids
in Milli-Q water, these solutions remained stable for several weeks if kept
refrigerated at 4�C. The stock solution was diluted to obtain standard
solutions in concentration ranges of 0.1–5.0 mmol=L for oxalic acid
and 0.1–10.0 mmol=L for malic acid and 1.0–20 mmol=L for citric acid.

Plant Material and Collection of Plant Xylem Sap Samples

Tomato (Lycopersicon esculentum) seeds were germinated in the dark at
25�C in Petri dishes on wet filter paper for 3 days. The plants were culti-
vated in hydroculture in a green house with supplementary light to pro-
vide a 16 h photoperiod and with the temperature controlled at 25�C. The
hydroculture solution contained 1.25 mmol=L KNO3, 1.25 mmol=L
Ca(NO3)2, 0.5 mmol=L MgSO4, 0.25 mmol=L KH2 PO4, 11.6 mmol=L
H3 BO3, 4.5 mmol=L MnCl2, 10 mmol=L Fe-EDTA, 0.19 mmol=L ZnSO4,
0.12 mmol=L Na2MoO4, 0.08 mmol=L CuSO4, pH 5.5, adjusted with
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H2SO4. The hydroculture solutions were aerated continuously and
replaced every 3 days to prevent nutrient depletion and pH change. Xylem
saps were collected from 6 to 8 week old plants, according to the method
described by Wei et al.[15] The plants were cut with a sterilized razor blade
just below the cotyledon internode, and then the decapitated stumps were
fitted with a test tube (10 mL) maintaining negative pressure by means of a
hand operated vacuum pump. During the suction procedure, the collected
saps in the test tube were maintained at<4�C. The saps were collected for
2 h and filtered on a 0.45 mm Millipore filter before further use.

Apparatus and Chromatographic Conditions

The hydroxyapatite samples were analyzed by Fourier transform infrared
(FT-IR) spectroscopy (Tensor 27, Bruker, Germany) as KBr pellets to
confirm the phase formation. The crystallinity and purity of the mineral
phases were determined by powder X-ray diffraction (XRD) on a Rigaku
diffractometer (Rigaku D=max IIIB, Rigaku Co., Tokyo, Japan) with Cu
Ka radiation (30 kV, 25 mA, k¼ 1.5405 Å).

The HPLC analyses were carried out on a LC-20AT Shimadzu liquid
chromatograph equipped with a SPD-20A Shimadzu UV-Vis detector
(Shimadzu Co., Kyoto, Japan). Chromatographic conditions for reversed
phase HPLC: a reversed phase C18 (Shim-pack VP-ODS 250� 4.6 mm,
5 mm particle size) column connected with a C18 (Shim-pack GVP-ODS
210� 4.6 mm, 5 mm particle size) guard column were used. The detector
signal was recorded on a HW-2000 chromatographic workstation. The
mobile phase was a buffer solution containing 5.0 g=L (NH4)2HPO4

adjusted to pH 2.5 with H3PO4 and was filtered through a 0.45 mm mem-
brane filter supplied by XinYa Corporation. (Shanghai, China). This
mobile phase must be prepared fresh daily. The optimum wavelength
for determination was 214 nm with a sensitivity of 0.1 absorbance unit,
full scale. The flow rate was 1.0 mL=min. The injection volume was
20 mL and each sample was injected in triplicate. The determination of
acids was done in peak area mode.

Analytical Procedures

The nanosized hydroxyapatite powders used to separate oxalic acid and
nitrate ions were synthesized by a sol-gel method using Ca(NO3)2 � 4H2O
and NH4H2PO4 as starting materials and ammonia solution as agents for
pH adjustment, EDTA served as complex reagent.[33,34]

The adsorption behaviors of oxalic acid and nitric acid on the nano-
sized hydroxyapatite absorbent were studied in detail to get the optimum
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separation conditions. Preliminary experiments showed that nitric acid
could not be adsorbed by nanosized hydroxyapatite despite the pH, con-
tact time, initial concentration, and the amount of nanosized hydroxya-
patite was taken into consideration (data not shown). Oxalic acid can
be adsorbed quantitatively after 60 minutes contact with nanosized
hydroxyapatite at initial pH 2.5, and then oxalic acid was desorbed quan-
titatively from nanosized hydroxyapatite with 0.1 mol=L (NH4)2HPO4,
and it was determined by RP-HPLC at the optimum chromatographic
conditions.

The adsorption capacity of oxalic acid on nanosized hydroxyapatite
was determined by repeating the adsorption step recommended by M.S.
Gasser.[35] Suspensions containing 0.1 g nanosized hydroxyapatite and
10 mL 5.0 mmol=L oxalic acid solution were placed in a horizontal shaker
set at 200 rpm, and after a specified time, the suspensions were centri-
fuged at 3000 rpm for 10 min and filtered through a 0.45 mm Millipore
filter, the two phases were separated, the filtrates were used for the RP-
HPLC analysis, and the same adsorbent was used again with fresh oxalic
acid solution. These procedures were repeated until no further uptake
was observed. The solid residue with the maximum amount of oxalic acid
adsorbed was analyzed by XRD and FT-IR in order to elucidate the
adsorption mechanism of oxalic acid on nanosized hydroxyapatite.

The xylem sap samples were treated with the optimum separate con-
ditions. First, the samples were diluted with deionized water in a ratio of
1:5, and adjusted to pH 2.5 with H2SO4, then 0.1 g nanosized hydroxya-
patite was shaken with ten microliters of the diluted solution for 60 min-
utes at room temperature, after this, the nanosized hydroxyapatite loaded
with oxalic acid was shaken with 0.1 mol=L (NH4)2HPO4 for 120 min-
utes, to ensure the oxalic acid was desorbed completely, finally, the oxalic
acid desorbed was determined by RP-HPLC at the optimum chromato-
graphic conditions.

RESULTS AND DISCUSSION

Characteristics of Nanosized Hydroxyapatite

Previous reports clearly demonstrated that infrared spectroscopy was an
indispensable tool in order to learn some special features of the synthetic
hydroxyapatite.[36–39] Therefore, Fourier transform infrared characteriza-
tion was carried out for both hydroxyapatite samples and the solid resi-
due saturated with oxalic acid to study the spectral characteristics
indicative of the chemical bonding.[40,41]

Figure 1 (A) shows the FT-IR spectrum of the synthetic hydroxyapa-
tite samples. The IR bands at 3572 and 632 cm�1 belong to the vibration
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of hydroxyl, the bands at 1090, 1043, and 962 cm�1 are characteristic of
the phosphate stretching vibration, and the bands observed at 601, 570,
and 472 cm�1 are due to the phosphate bending vibration, the broad
peaks at 1632 cm�1 and 3447 cm�1 are due to adsorbed water. Moreover,
the trace carbonate ion peaks are very weak at 1385 and 1458 cm�1.
These indicate that the quality of our synthetic hydroxyapatite is
excellent.

The FT-IR results obtained are completely consistent with the crys-
tallization process observed by XRD measurements. The XRD pattern of
synthetic hydroxyapatite is shown in Figure 2 (A), the prepared samples
are in good agreement with the Powder Diffraction File (Ca10(PO4)6(OH)2,
PDF Card No. 09–0432), and no characteristic peaks of impurities, such
as calcium hydroxide and calcium phosphates, are observed, meaning
that pure and well crystallized samples are obtained under the present
experimental conditions. By applying the Scherrer formula to the full
width at half maximum of the diffraction peaks,[42] we can calculate the
average particle sizes of Ca10(PO4)6(OH)2 as 57.4 nm.

Optimization of Separation Conditions

Our particular interest focuses on the development of an effective method
to eliminate the interference from nitrate ions to oxalic acid in RP-HPLC,

Figure 1. FT-IR spectrum of the synthetic hydroxyapatite before (A) and after
(B) saturated with oxalic acid.
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it is, therefore, essential to investigate the adsorption and desorption
behavior of oxalic acid on nanosized hydroxyapatite.

Adsorption Studies

As nitric acid cannot be adsorbed by nanosized hydroxyapatite, the influ-
ences of different parameters such as solution pH, equilibration time,
initial oxalic acid concentration, and the amount of nanosized hydroxya-
patite sorbents on the adsorption of oxalic acid are studied and discussed.
As shown in Figures 3–6, the pH value plays an important role with
respect to the adsorption of oxalic acid on the nanosized hydroxyapatite
surface, it can be seen that the adsorption percent of oxalic acid decreases
continuously with increasing pH, oxalic acid is adsorbed poorly at
pH> 8.0. A quantitative adsorption (>95%) is found in the pH range
of 2.0–4.0, after 60 minutes of contact time at the initial pH 2.0–3.0, oxa-
lic acid in the solution can be adsorbed completely. The results can be
explained as follows: the nanosized hydroxyapatite was partly dissolved
at low pH, oxalic acid is adsorbed by hydroxyapatite through the coordi-
nation between calcium and oxalate, and this has been validated by the
FT-IR and XRD analyses.

Figure 1 (B) shows the FT-IR spectrum of the solid residue with the
maximum amount of oxalic acid adsorbed, compared to Figure 1 (A), the
main peaks for PO4

3� disappeared, and main antisymmetric carbonyl

Figure 2. XRD patterns of the synthetic hydroxyapatite before (A) and after (B)
saturated with oxalic acid. Peaks labeled ‘‘1’’ and ‘‘2’’ correspond to HAP (PDF
Card No. 09-0432) and COM (PDF Card No. 20-0231), respectively.
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stretching band at 1618 cm�1 and the metal-carboxylate stretch appears
at 1317 cm�1, are attributed to oxalate. The peak at 517 cm�1 arises
due to O-C-O in-plane bending. The broad band around 3486 cm�1

Figure 3. Effect of pH on the adsorption of oxalic acid onto nanosized
hydroxyapatite.

Figure 4. Effect of contact time on the adsorption of oxalic acid onto nanosized
hydroxyapatite.
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corresponds to the coordinated water molecules, while an out-of-plane
bending band of water appears at 783 cm�1. Moreover, the secondary
absorption bands at 951 cm�1, 885 cm�1, and 669 cm�1 also due to the

Figure 5. Effect of initial concentration on the adsorption of oxalic acid onto
nanosized hydroxyapatite.

Figure 6. Effect of amount of nanosized hydroxyapatite on the adsorption of
oxalic acid.

114 W. Wei et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



existence of calcium oxalate.[43] Thus, according to the stretching fre-
quencies observed, the possible formation of crystalline calcium oxalate
could be suggested.

The obtained FT-IR results are consistent with the XRD analyses.
Figure 2 (B) shows the XRD pattern of the solid residue with the maxi-
mum amount of oxalic acid adsorbed, which matches exactly with the
Powder Diffraction File (PDF Card No. 20–0231), and no other calcium
phosphate phases can be detected. So we can further confirm that the new
phase formed is Calcium oxalate monohydrate (COM).

Desorption Studies

The desorption of oxalic acid from nanosized hydroxyapatite are studied
as shown in Figures 7–8. Preliminary experiments showed that 0.1 mol=L
(NH4)2HPO4 was suitable for desorption of oxalic acid. Thus, the nano-
sized hydroxyapatite loaded with oxalic acid is treated with the 10.0 mL
of 0.1 mol=L (NH4)2HPO4 solution on a horizontal shaker. The influ-
ences of contact time and solution pH are studied. It is clear that oxalic
acid cannot be desorbed at pH< 6.0, the desorption percent increases
sharply above pH 6.0, and has a complete desorption at pH 8.0. There-
fore, a pH of 8.0 is selected as the compromise condition, and 2 h has pro-
ven to be enough for the desorption of oxalic acid.

Figure 7. Effect of pH on the desorption of oxalic acid by 0.1 mol=L
(NH4)2HPO4.

Elimination of the Interference from Nitrate Ions 115

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Optimization of Chromatographic Conditions

The oxalic acid was identified by comparison of the retention time with
that of standard. An external calibration method with freshly prepared
mixed standard solutions was used for quantitative determination of
the acids. Figure 9 shows the chromatogram of a mixed standard solution
with three organic acids (oxalic acid, malic acid, citric acid) being sepa-
rated and identified by this method. The typical chromatogram of the
xylem sap of tomato is shown in Figure 10. We can see the determination
of oxalic is impossible, due to the presence of nitrate ions in high concen-
trations in the saps. Moreover, Tart�aar et al.[3] separated organic acids in
xylem saps of tomato on a Nucleosil C18 column at a flow rate of
0.5 mL=min using tetrabutylammonium hydrogen sulfate (TBAHSO4)
dissolved in the mobile phase as ion-pairing (IP) regent; Senden et al.[21]

separated organic acids in xylem saps of tomato by ion suppression RP-
HPLC. But, the common defect is neither the separation of oxalic acid
nor the identification in the samples, which could be carried out due to
the presence of high concentrations of nitrate ions. Oxalic acid and
nitrate ions are separated in this study. Figure 11 shows the chromato-
gram of oxalic acid in the xylem saps of tomato determined by RP-HPLC
after the elimination of nitrate ions by the method presented in this
paper.

Figure 8. Effect of contact time on the desorption of oxalic acid by 0.1 mol=L
(NH4)2HPO4.
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Figure 10. RP-HPLC chromatogram of organic acids in the xylem saps of
tomato.

Figure 9. RP-HPLC chromatogram of a standard mixture of three organic acids.
Peaks: 1¼ oxalic acid, 2¼malic acid, 3¼ citric acid.
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Influence of the Column Temperature

The column was controlled by a thermostat in several different tempera-
tures and the best results were obtained at a temperature of 25�C.

Influence of Mobile Phase

The phosphate buffer solution was widely used as the mobile phase for
the determination of organic acids.[3,20,28,29] Different concentrations of
the phosphate buffer solution have a direct effect on the buffer capability.
Furthermore, the concentrations can affect the forms of organic acids in
the mobile phase and the ion intensity and, consequently, the separation
effect of the chromatographic column. Several concentrations of
(NH4)2HPO4 were tested, and finally 5.0 g (NH4)2HPO4 in the mobile
phase was selected.

Influence of Mobile Phase pH and Flow Rate

Several mobile phase flow rates (0.5–1.5 mL=min) and pH values between
2.0 and 3.0 were tested, and finally, pH 2.5 and a flow rate of 1.0 mL=min
were selected. Several wavelengths from 200 to 240 nm were tested, and
finally, the optimum wavelength for determination was 214 nm.

Figure 11. RP-HPLC chromatogram of oxalic acid in the xylem saps of tomato
after the interference of nitrate ions is eliminated.
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Performance Characteristics of the Proposed Method

Optimized separation conditions and chromatographic conditions were
set and the following analytical characteristics were evaluated: detection
and quantification limits, calibration curves, precision and recovery, ana-
lysis of oxalic acid in the xylem saps of tomato.

Detection and Quantification Limits

The detection limit was calculated as sbþ 3s, where sb was the average
signal of 10 blank injections and s was the standard deviation. The quan-
tification limit was calculated as sbþ 10s.[44] Table 1 shows the detection
and quantification limits of organic acids analyzed by RP-HPLC. The
detection limits ranged from 0.0004 mmol=L for oxalic acid to
0.0069 mmol=L for citric acid and the quantification limits ranged from
0.0006 mmol=L for oxalic acid to 0.022 mmol=L for malic acid.

Calibration Curves

Calibration curves were determined for six different concentrations of
standard solutions for each organic acid analyzed. Each calibration sam-
ple was injected in triplicate. Calibration graphs for each compound were
obtained by plotting concentration against peak area and applying the

Table 1. Detection and quantification limits of organic acids analyzed

Organic acid Detection limit (mmoL=L) Quantification limit (mmoL=L)

Oxalic 0.0004 0.0006
Malic 0.012 0.022
Citric 0.0069 0.013

Table 2. Parameters and correlation coefficients (r2) of calibration plots for
organic acids analyzed. Calibration plots are expressed as regression lines
(y¼ axþ b), where y is the peak area and x is the amount of organic acids. The
calibration test was repeated three times

Organic acid a b r2

Oxalic acid 0.9672 0.1402 0.9995
Malic 0.1850 0.0024 0.9999
Citric 0.3449 0.0065 0.9999
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least squares method. Table 2 shows the parameters and correlation coef-
ficients of the calibration plots. Each plot was linear over a wide interval
from the detection limit to at least 5.0 mmol=L for oxalic acid,
10.0 mmol=L for malic acid and citric acid. Calibration curves are shown
in Figure 12.

Precision and Recovery

Under the optimum conditions, the reproducibility was established by
injecting the xylem sap samples three times, and the relative standard
deviations were less than 3.0%. The recoveries of the oxalic acid added
to xylem sap samples were between 94.8% and 99.3%.

Figure 12. Calibration curves of organic acid standards.

Table 3. Concentration of the oxalic acid in the xylem saps of tomato
(Lycopersicon esculentum)

Organic acid
Original

(mmoL=L)
Added

(mmoL=L)
Found

(mmoL=L)
Recovery

(%)
RSD
(%)

Oxalic acid 1.749 0.500 2.133 94.8 3.0
1.00 2.708 98.5 2.8
2.000 3.725 99.3 2.2
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Analysis of Oxalic Acid in the Xylem Saps of Tomato

Oxalic acid in the xylem saps of tomato has been determined according to
the steps described in the analytical procedures. The analytical results are
shown in Table 3. As can be seen, this is a reliable method for the deter-
mination of oxalic acid in the xylem saps of tomato. It is the first time
that the interference from high concentrations of nitrate ions on oxalic
acid in RP-HPLC is eliminated by solid phase extraction with nanosized
hydroxyapatite.

CONCLUSIONS

The interference from nitrate ions on oxalic acid in RP-HPLC is avoided
by solid phase extraction with nanosized hydroxyapatite. High concen-
trations of nitrate ions are eliminated as they cannot be adsorbed by
hydroxyapatite, by contrast, oxalic acid can be adsorbed completely
within 60 minutes at initial pH 2.5, and then the oxalic acid retained is
eluted from nanosized hydroxyapatite with 0.1 mol=L (NH4)2HPO4.
Recoveries for oxalic acid are from 94.8% to 99.3%. The near complete
removal of nitrate ions from the samples by solid phase extraction with
nanosized hydroxyapatite results in no interference of nitrate ions on
oxalic acid in RP-HPLC. Meanwhile, the adsorption mechanism of oxa-
lic acid on nanosized hydroxyapatite is proven to be the coordination
between oxalate and calcium, by the results of FT-IR and XRD analyses.
In conclusion, the proposed method is simple, effective, and reliable for
the determination of oxalic acid in the xylem saps of tomato, and can
be adapted to other plant samples.
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