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Abstract

The efficiency of an adsorbent consisting of quinolin-8-ol immobilized on controlled-pore glass which was packed in a
minicolumn to preconcentrate nitrophenols in the presence of iron(l11) has been established. Retention was carried out at
acidic pH in the presence of 20 mM iron(I11). Methanol-30 mM formic acid—sodium formate agueous solution (pH 4.2)
(65:35) was used in a one-step elution. Determinations were carried out by using liquid chromatography with detection at
350 nm. Determination of trace amounts of dinoseb in lemon juice was carried out with a minimum sample preparation.
Recoveries were between 89 and 100% at 200—33 g | ~*. The maximum admissible concentration in fruit juice dictated by
the Spanish and European Community legislation can be measured. [0 1999 Elsevier Science BV. All rights reserved.
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1. Introduction

Nitrophenols are used as pesticides and synthetic
intermediates; moreover, nitrophenols are also degra-
dation products of organophosphorus pesticides.
These organic micropollutants typically have to be
determined at the low sub g |+ level in water, and
a the low mg kg~' level in fruit or vegetables.
Analysis at these levels requires a concentration step.
Solid-phase isolation has proved to be a good
aternative to liquid—liquid extraction because of its
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simplicity, robustness and potential automation. In
addition, most modern pesticides are fairly soluble in
water and so are less amenable to extraction with
organic solvents.

On-line and off-line solid-phase extraction (SPE)
has been applied to the determination of phenols
using small pre-columns or disks containing different
adsorbents, such as octadecyl-bonded silica [1-3],
styrene—divinylbenzene copolymers [2-9], graphit-
ized carbon black [8,10-11], chemically modified
polymeric sorbent with a benzoyl group [9], and
quinolin-8-ol (oxine) immobilized on controlled pore
glass [12]. These methods have been applied to the
extraction of phenols mainly from water samples.
Liquid chromatography (LC) in combination with
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these preconcentration techniques using small car-
tridges [2,3,6—11,13] or membrane extraction disks
[2,4] is preferred, athough gas chromatographic
techniques [14] or supercritical fluid chromatography
[15] could be used. Octadecyl-bonded silica (C,;) is
one of the most popular reversed-phase sorbents, but
the most hydrophilic phenols have a low tendency to
be retained on the C,; surface [2,10]. Styrene—
divinylbenzene copolymers were found to be the
most suitable sorbents, but problems such as low
recoveries for the most polar analytes still occur
[7,8]. In order to decrease detection limits and
increase the reproducibility and potential automation,
several authors have used on-line instead of off-line
SPE to determine phenolic compounds using C,g,
PLRP-S [2] or more specific sorbents such as ENVI-
Chrom P [16].

Quinalin-8-ol (oxine) has been used in immobil-
ized form for the preconcentration of pentachloro-
phenol [12], as well as for LC separation of the
anions [17], metal-assisted separation of phenols
[18], preconcentration of ethynyl steroids [19] and
preconcentration of buturon [20]. Controlled-pore
glass (CPG) has been the support of choice in some
of these applications because the immobilization
reactions on this support are relatively ssimple and
also because it exhibits the good mechanical strength
and swelling stability required for the flow systems.

The purpose of this paper is to study the retention
of nitrophenols such as 2-nitrophenol, 4,6-dinitro-2-
methylphenol and 2,4-dinitro-6-secbutylphenol (di-
noseb) for preconcentration on oxine immobilized
covaently on CPG and assisted by Fe(lll) for
chromatographic separation. The method has been
applied to the analysis of dinoseb in lemon juice.

2. Experimental
2.1. Equipment

The chromatographic experiments were performed
with a Perkin-Elmer isocratic LC pump coupled with
a Perkin-ElImer Model LC 290 UV-Vis detector.
Chromatographic separation of the nitrophenols was
performed with a reversed-phase Spherisorb 5 ODS
(2) column (150x4.6 mm). The analyte quantitation
was carried out with the Nelson software package.

For preconcentration purposes, a Wiz programmable
peristaltic pump connected to a minicolumn (20X2.5
mm) filled with oxine immobilized on CPG was
used.

2.2. Reagents

All chemicals were of analytical reagent grade and
purified water was obtained using a Milli-Q ap-
paratus (Millipore). Standards of 2-nitrophenol
(>99% pure, Fluka), 4,6-dinitro-2-methylphenol
(98% pure, Chem Service) and 2,4-dinitro-6-sec-
butylphenol (99% pure, Riedel-de Haén) were used
for preparing 500 mg | ~* stock standard solutions in
1.0-10°* M sodium hydroxide solution. Diluted
working solutions were prepared daily by diluting
with Milli-Q water. All solutions were stored at 4°C
in a refrigerator. (Aminophenyl)trimethoxysilane
(95% pure, ABCR) was supplied as mixed isomers
and stored under refrigeration. Controlled pore glass
(CPG-240-200, Sigma) was boiled in 5% nitric acid
for 30 min, filtered on a glass filter, washed with
deionized water and dried in an oven a 95°C.
HPLC-grade methanol (Carlo Erba), formic acid
(Carlo Erba) and Milli-Q water were used to prepare
the mobile phase. Hydrochloric acid (Probus) and
iron(l11) nitrate were used to condition the pre-
concentration column.

2.3, Immobilization procedure and storage

Immobilization on CPG was achieved following
the procedure described by Marshal and Mottola
[21]. The product was packed in a glass micro-
column (20x2.5 mm 1.D.) so that the length of the
immobilized oxine zone was 15 mm. The column
filled with the immobilized oxine was stored in a
refrigerator at 4°C and pH 1. The dried material was
stored in a desiccator. The efficiency of the im-
mobilization procedure was evaluated indirectly [12].

2.4. Chromatographic conditions

A reversed-phase Spherisorb 5 ODS (2) analytical
column (150xX4.6 mm 1.D.) was used. Isocratic
elution was carried out with a mobile phase of 30
mM formic acid—sodium formiate (pH 4.2)—metha-
nol (35:65). The wavelength for the determination of
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the analytes was 350 nm. Quantitation was per-
formed by using external standard calibration meth-
ods.

2.5. Off-line liquid—solid extraction

The glass minicolumn (20X2.5 mm 1.D.) was
packed from a slurry of oxine—CPG in water with
the help of a peristaltic pump at a flow-rate of 1.2 ml
min~*. Conditioning of the preconcentration column
was carried out with 10.0 ml of 0.1 M hydrochloric
acid, then with 10 ml of 0.4 M hydrochloric acid and
finally with 10 ml of 20 mM iron(lIl) nitrate at 1.0
ml min~* for retention of 2-nitrophenol and 4,6-
dinitro-2-methylphenol. Conditioning of the column
for the retention of dinoseb was carried out with 10
ml of 20 mM iron(lll) nitrate a 1.0 ml min "
Analytes were directly eluted by the mobile phase
used for the chromatographic separation. Nitro-
phenols were eluted with 2.0 ml of mobile phase at
1.0 ml min™!, and 20 pl was injected into the
chromatographic system. Before the next preconcen-
tration, the column was washed with 10 ml of

acetonitrile at 1.0 ml min~*.

3. Results and discussion

3.1. Optimization of chromatographic conditions

Because the pK, values for dinoseb, 4,6-dinitro-2-
methylphenol and 2-nitrophenol are 4.4, 4.31 and
7.23, respectively, separation studies were carried
out at pH values between 3.5 and 4.4, buffered with
acetic acid—sodium acetate or with formic acid—
sodium formiate. Several water—methanol mixtures
were studied as mobile phases. At the same water—
methanol ratio, retention times at pH 3.5 were lower
when agueous solutions were buffered with formic
acid—sodium formiate than those obtained when
solutions were buffered with acetic acid—sodium
acetate. From these results, a 30 mM formic acid—
sodium formiate (pH 4.2) aqueous solution—metha-
nol (35:65) mobile phase was chosen for further
studies. Fig. 1 shows the chromatogram in the
optimum conditions.

3.2, Analytical characteristics for standards

A good linear response in the range 0.1-30 mg | ~*
(linear regression coefficient between 0.9996 and
0.9998) was achieved for the three nitrophenols. The
limits of detection (3/1 signal-to-noise ratio) were 60
pg | 7F for dinoseb, 10 wg |~* for 4,6-dinitro-2-
methylphenol and 20 pg | ~* for 2-nitrophenol. The
reproducibility of the chromatographic method for
1.5 mg |~* (n=5) of each compound was between
1.2 and 1.3%.

3.3, Off-line nitrophenol enrichment

On a previous study [12], nitrophenols showed
some retention on oxine depending on the number of
substituents and their relative positions in the aro-
matic rings. Furthermore, the presence of an akyl
group resulted in a greater retention on the oxine.
When the preconcentration column was conditioned
with 0.1 M hydrochloric acid and then with iron(l11)
solution retention on immobilized oxine increases.

As indicated above, an iron(lll)-loaded 8-
quinolinol silica gel adsorbent was used as stationary
phase for the HPLC separation of the phenols [18];
iron(111) was chosen as the metal ion because it has a
large formation constant with oxine and also because
it has a high affinity for oxygen and should interact
readily with the hydroxyl moiety of the phenols.
When the minicolumn was conditioned first with 0.1
M hydrochloric acid and then with 10 ml of 10 mM
iron(111), preconcentration of 1.5 mg |~* of each
nitrophenol yielded recoveries of 4, 50 and 29% for
4,6-dinitro-2-methylphenol, 2-nitrophenol and di-
noseb, respectively. The influence of the concen-
tration of iron(I11) solutions was studied in the 10—
30 mM range. Recoveries did not experiment
changes at concentrations higher than 20 mM; with
this concentration, recoveries of 10, 50 and 85%
were obtained for 4,6-dinitro-2-methylphenol, 2-ni-
trophenol and dinoseb respectively; therefore, 20
mM was used for further studies. Further condition-
ing studies show that it is not necessary to use
hydrochloric acid for retention of dinoseb (recoveries
around 93%), but if no hydrochloric acid is used, the
recoveries for 2-nitrophenol and 4,6-dinitro-2-
methylphenol were 29 and 6%, respectively. Hydro-
chloric acid solutions 0.1, 0.2 and 0.4 M were
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Fig. 1. HPLC-UV (350 nm) chromatogram of nitrophenols; 2-nitrophenol and 4,6-dinitro-2-methylphenol, 1.0 mg | ~*; dinoseb, 2 mg | ™.

HPLC conditions, see Section 2.4.

studied as preconditioning solutions. The best results
for 2-nitrophenol and 4,6-dinitro-2-methylphenal,
recoveries of 64 and 35% respectively, were ob-
tained when two aliquots of this acid (0.1 and 0.4 M)
were used. It seems that the use of these two
solutions produce the protonation of the free silanol
groups of the controlled pore glass, thus minimising
the electrostatic repulsion between controlled pore
glass and nitrophenols. Elution was carried out with
the mobile phase used in the chromatographic sepa-
ration.

Before the next preconcentration, the oxine
minicolumn was washed with 10 ml of acetonitrile at
1.0 ml min™*; a lower amount of acetonitrile cannot
be used because it would produce lower recoveriesin
the subsequent preconcentration Once the condition-
ing step was established for each nitrophenol, the
reproducibility for the recovery of 1.6 mg |~ of
each nitrophenol was 10% for 4,6-dinitro-2-
methylphenol, 6% for dinoseb and 3% for 2-nitro-

phenol; in al cases, variability of the preconcen-
tration process became unacceptable when the pre-
concentration column was used more than four
times. Under the retention conditions tested, 2-nitro-
phenol and 4,6-dinitro-2-methylphenol are not ion-
ized and severa types of interactions may be in-
volved in the retention: complex formation with the
oxine—iron(l11), hydrogen bonding and w—m and
dispersion interactions. In the case of dinoseb, the
presence of hydrochloric acid, and hence the pH,
seems not to affect the retention of the nitrophenal,
but the presence of iron(l11) seems to be essential for
retention.

The influence of the flow-rate on the retention of
nitrophenols was evaluated between 0.6 and 1.2 ml
min~*. At flow-rates higher than 1.0 ml min™",
retention decreased, being only about 42% for di-
noseb a 1.2 ml min~*. For flow-rates between 0.6
and 1.0 ml min~', retention was higher than or
around 90%; therefore, 1.0 ml min~* was chosen for
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Table 1
Determination of dinoseb in lemon juice

Lemon juice volume (ml) Dinoseb added (j.g)

Dinoseb found (j.g) Recovery (%) (SD?)

10 2.0 18 89 (9)

10 0.86 0.84 98 (8)

10 1.40 1.34 9 (5)

25 1.23 1.23 100 (4)

25 0.86 0.83 95 (7)
*n=3.

further studies. The elution flow-rate was studied
between 0.6 and 1.0 ml min~*; no influence was
observed in this range, so 1.0 ml min~* was selected
for further studies.

The capacity of retention of the column was
studied between 0.8 and 6.0 mg | ~* of dinoseb. The
average recovery was 94% for concentrations in the
0.8-4.0 mg | * range with standard deviation (SD)
of 6%. The maximum amount of nitrophenols re-

tained by the column per gram of oxine-CPG was
established as 0.4 mg when dinoseb was used.

The breakthrough volume was determined by
studying the recovery of 10 pg of dinoseb in
volumes between 10 and 100 ml. For volumes of 10,
25 and 50 ml, recoveries were 93, 88 and 82%,
respectively, with SDs equal to or lower than 9%.
Volumes higher than 50 ml produce lower re-
coveries, but, taking into account that a volume of 2

uv,5, response

dinoseb

Time (min)

Fig. 2. HPLC-UV (350 nm) chromatograms of 25 ml of lemon juice. Solid line: sample spiked with 1.23 pg of dinoseb after
preconcentration; dotted line: non-spiked sample after preconcentration. For conditions, see Section 2.4.
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ml of mobile phase is enough to completely elute the
nitrophenols, a preconcentration factor of 25 can be
achieved.

In the optimum conditions established, limits of
detection in distilled water for 2-nitrophenol, 4,6-
dinitro-2-methylphenol and dinoseb were 3.3, 2.3
and 5.0 ug 1%, respectively.

3.4. Determination of dinoseb in lemon juice

To evauate the applicability of the proposed
method, commercial lemon juice samples were
spiked with different amounts of dinoseb. The
amounts added are around the maximum level
established by the Spanish legidation, which is 50
pg 171 [22]. Just after filtration, the preconcentration
process was carried out and dinoseb was determined
by the chromatographic separation described above.
Results are shown in Table 1. Fina recoveries were
in the 89—100% range, with SDs between 9 and 4%.
The chromatograms (Fig. 2) of the analytical solu-
tion resulting from the oxine preconcentration step
show a dinoseb peak clearly separated from the
endogenous compounds of the lemon juice. Detec-
tion limit (3/1 signal-to-noise ratio) was 17 ug | =+
for dinoseb in lemon juice.

4. Conclusions

The retention of nitrophenols on oxine immobil-
ized on controlled pore glass can be controlled
through the conditioning step. The retention of these
nitrophenols in the presence of iron(lll) is higher
when the 2-position in the aromatic ring is occupied
with a nitro-group. Retention of 2-nitrophenol and
4,6-dinitro-2-methylphenol was not possible without
previously conditioning the preconcentration column
at acidic pH. The acid—base characteristics seem not
to be so important, since pK, of dinoseb and 4,6-
dinitro-2-methylphenol are very similar, while pK, of
2-nitrophenal is higher; but the presence of Fe(lll) is
essential for preconcentration purposes. The applica
tion to lemon juice requires a minimum sample
preparation.
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