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ABSTRACT

In this work, the pre-concentration of phosphate on chitosan—
iron(Ill)—crosslinked (CH-Fe'"-CL) was investigated in simu-
lated seawater. The results from the sorption experiments
demonstrate the possibility of using CH-Fe"-CL to remove
phosphate from seawater. Improved analytical performance for
phosphate pre-concentration using the CH-Fe''-CL method was
obtained compared to the conventional method. Based on the
results, the methods will be applied to analyze river water, sea-
water, groundwater, and industrial water.

*Corresponding author. E-mail: clovis@ccs.unival.br

1085

Copyright © 2002 by Marcel Dekker, Inc. www.dekker.com



09: 06 24 January 2011

Downl oaded At:

1086 FAGUNDES ET AL.
INTRODUCTION

Phosphate occurs naturally in a variety of chemical forms, and is widely
distributed in soil, rocks, and ocean. Phosphate is a major factor in the
environmental problem of eutrophication, which results in the excessive growth
of algae in natural waters (1-3).

Many analytical methods have been developed for determining phosphate.
The standard method for the determination of phosphate in natural waters is the
spectrophotometric method, which involves the formation of an antimony
phosphate molybdate complex followed by the reduction of molybdenum blue
and vanadomolybdophosphoric heteropoly acid (HPAs) (4-6).

Determining trace amounts of ions in water requires a concentration step
for analysis. Considerable attention is now being paid to the solid-phase
extraction (SPE) as a way to concentrate the desired components from a matrix.
An important application of SPE columns is pre-concentrating ions. Large
volumes of samples are passed through the column that is then eluted with a
small volume of solution at different compositions to recover the ion sorbed on
the adsorbent. Column or batch procedures can be used for extraction (7).

Recently we have used chitosan—iron(Ill)—crosslinking (CH—Fe—CL) for
pre-concentration of phosphate from aqueous solution in batch and column
systems (8). In the present paper, SPE has been developed to analyze trace
amounts of the phosphate in simulated seawater. A comparison between the
proposed SPE method and the conventional method was made.

EXPERIMENTAL
Reagents

The chitosan—iron(Ill)—crosslinking (CH-Fe—CL) was prepared according
to literature (8). The chitosan was dissolved in a Fe(NOs); 0.1 M aqueous
solution for 4 hours. An orange precipitate was obtained after addition of acetone.
The solid was filtered and washed with acetone, to remove excess Fe(NOs3)s, and
finally dried in a vacuum. After that, the solid was put in contact with
glutaraldehyde 15% (in acetone) solution for 2 hours.

Salts of common anions, of analytical reagent grade or better, were
obtained from different suppliers. Phosphate standards for pre-concentration were
prepared using potassium dihydrogenophosphate that had been dried in an oven
at 105°C for 1 h (6). Simulated seawater was prepared by dissolving 31 g of NaCl,
10 g MgSQOy4, and 0.05 g of NaHCO5 in 1000 mL of bidistilled water (9).
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Procedure

SPE was prepared by using a (50 x4mm i.d.) polypropylene column
containing 100mg of air-dried CH-Fe'"-CL. The polymer was placed in
the column in suspension with distilled water and allowed to settle. The
column was connected to water suction via a safety flask, and the sample was
aspired through it. A pressure gradient was created across the column by
applying vacuum. The flow rate was controlled by adjusting a valve on the
safety flask.

100mL of simulated seawater containing phosphate or seawater was
aspired through the column, at 2.0mLmin~'. The column was dried
briefly under vacuum, and phosphate adsorbed was slowly eluted with HCI
solution.

The efficiency of the HCI as a solution remover was determined by
digestion of CH-Fe"™-CL (100mg) with a mixture of concentrate nitric
and hydrochloride acid, and the phosphate concentration was determined as
described above. The recovery of phosphate under various conditions of
elution was calculated by comparing the sample absorbance with the standard
solution.

The adsorbed phosphate was determined spectrophotometrically as a
phosphomolybdenium blue complex (6). A 50 mL of standard or sample was
pipetted into a clean flask and then 10 mL of the combined reagent was added
and mixed thoroughly. After at least 10 min, but no more than 30 min, the
absorbance was measured at 880 nm (6). Calibration standard was prepared by
diluting mixed stock solution 1000 mg~ " of KH,PO, using a series of dilutions.
The analyses were carried out in the spectrophotometer, UV/Vis Shimadzu UV
1601.

The results of the effect on the recovery are based on triplicate
determinations.

The possibility of reuse of the CH-Fe —CL was determined. For this
purpose, a loaded adsorbent was washed with distilled water, allowed to dry in
air, and then loaded again with phosphate solution. Four determinations were
made for this study.

11

Seawater

Seawater from Balneario de Camboriu beach was filtered through a
0.45 um membrane filter and collected in a polyethylene container carefully
cleaned with nitric acid. The samples were stored at —20°C until analysis, and
before analysis, they were equilibrated to room temperature.
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RESULTS AND DISCUSSION

Orthophosphate is the oxidized state of phosphorus (H,PO;, HPO2™, and
PO;") and its form is pH dependent. Orthophosphate is also the form in which
phosphorus is most readily available for biological utilization (10).

Preliminary experiments showed that the HPO? ™ is the predominant species
in adsorption of phosphate onto CH-Fe"'-CL and [FeHPO4]* complex in the
polymer surface (8,11).

The percent recovery of phosphate of the CH-Fe
was of 97.8 & 1.6% for eight determinations.

The results of the effect of HCl concentration on the recovery are
presented in Table 1. The results show that the most suitable concentration of
HCI is 6.0M. Therefore, this concentration was chosen as the optimal
concentration for the study of removal of phosphate for that adsorbent.

The results of the effect of the HCI volume on the phosphate recovery are
presented in Table 1. The results show that the minimal volume of 6.0 M HCI
employed in this study is 10 mL. Hence, 10 mL of HCl is chosen as the optimal
volume for removal of phosphate.

The reuse of the CH-Fe"'-CL was determined to be efficient. The results,
Table 2, show that no relevant differences were observed in absorbance between
the new and the reused CH-Fe''-CL.

The proposed method has been applied to pre-concentration of phosphate
in simulated seawater. The determination of phosphate was performed using
conventional and SPE methods. The results obtained in both cases are shown in
Table 2. As can be observed in the standard method for low concentrations of
phosphate, the reading of the absorbance was zero.

M_CL using HCI as eluent

Table 1. Effect of Concentration and Volume of HCI Solution on the Recovery
Phosphate. Phosphate Concentration 5 ugL™"', Volume Solution 100 mL

Concentration Solution (M) 1 2 4 6
HCI 0.012* 0.016 0.027 0.042
Synthetic seawater” 0.001 0.005 0.000 0.000
Volume solution (mL) 5 10 15 20
HCI 6 M 0.012 0.014 0.016 0.014
Synthetic seawater” 0.003 0.006 0.000 0.004

Units of the absorbance.
®After percolation for the column.
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Table 2. Effect of the Number of Percolation of Samples of
Synthetic Seawater on the Absorbance Intensity. Phosphate Concen-
tration SpgL™ 1, Volume Solution 100 mL

Solution 1 2 3 4
HC1 0.013* 0.011 0.009 0.011
Synthetic seawater” 0.002 0.000 0.002 0.003

#Units of the absorbance.
bAfter percolation for the column.
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A working curve for pre-concentration of phosphate on CH-Fe'"-CL and
standard methods is provided in Figure 1. The absorbance is seen to be linear
with respect to phosphate concentration in the range 5.0-100 ug of PO;~ L™ .
Beyond 100pug of PO;~ L™, the sensitivity is observed to decrease with
increasing phosphate concentration.

Absorbance

Figure 1.
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Table 4. Comparison of Absorbance Intensity of the Seawater by SPE, Conventional
Method (CM), and Inner Standard Method (IS). Phosphate Concentration (62.5 pg L™ b

Method Absorbance Unit* [Phosphate £ SD] pg L™ !
SPE (seawater) 0.068 +0.004 265.6+15.6

IS (seawater + phosphate)® 0.025 +0.005 31.2£19.5

CM (seawater) 0.006 £0.002 23.4+7.8
Phosphate standard 0.016 +0.006 62.5+234
n=4.

525 mL of KH,PO,.

The correlation between the absorbance measurement and corresponding
phosphate concentration was evaluated by means of least square regression
methods; we obtained the following equation:

For CH—Fe"—CL y = 0.015(%0.004) + 0.265¢(40.007)r = 0.9939
For standard methods y = —0.0018(£0.0008) + 0.174¢(£0.016)r = 0.9822

The limit of detection (LD) for pre-concentration on CH—Fe"'-CL methods
was found to be 0.7 pg L™ ", which was determined using the 3 ¢ method (12,13).

The proposed procedure was applied to phosphate determinations in sea-
water samples collected on Balnedrio de Camboriu beach. The analytical
performance was evaluated by the standard addition method as a reference
method. Some preliminary results are presented in Table 4.

These results show that the concentration of phosphate, in the water of the
sea, determined by the method of standard addition and the conventional method
is smaller when compared with the method of SPE.

The complete evaluation of the use of the CH—Fe(II)-CL for analysis of
phosphate in a variety of sample matrices is currently underway, and the results
will be the subject of a future publication.

CONCLUSION

Considering the low phosphate concentration in seawater and groundwater
samples, two different procedures were compared for pre-concentration in
simulated seawater. The results from the sorption experiments demonstrate the
possibility of using CH-Fe"-CL to adsorb phosphate in seawater. Improved
analytical performance was obtained for phosphate pre-concentration using the
CH-Fe™-CL method compared to the conventional method. Based on the results,
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the methods will be applied to analyze river water, seawater, groundwater, and
industrial water.
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