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LIQUID CHROMATOGRAPHY WITH 
DIODE-ARRAY UV DETECTION 
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Imperial Tarraco. 43005 Tarragona. Spain 
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Ion-pair solid-phase extraction was on-line coupled to a chromatographic system with a PLRP-s 
precolumn and the results were compared with those obtained when C,* sorbents are used. After 
optimization, the method was used to determine these compounds in two river waters. A sample of 
20 ml of river water was preconcentrated with good recovery values for all the compounds studied 
and detected at 220 nm with detection limits between 0.25 and 0.1 Fg I - ' .  Some of the compounds 
were provisionally determined by diode-array UV detection. 

Keywords: Naphthalenesulphonates; high-performance liquid chromatography; on-line solid phase 
extraction; river water 

INTRODUCTION 

Aromatic sulphonates with and without hydroxy, sulfo and amino substituents 
are widely used in the chemical industry as starting or intermediate material for 
many purposes, especially in the production of pharmaceuticals, dyes, pesticides 
and.so on. 

The low biodegradability of some sulphonic acids, especially the naphthalene- 
sulphonates with nitro and amino groups means that these compounds are pres- 
ent in environmental waters. Moreover, since these waters are often used for 
drinking water and some sulphonates can only be removed by means of fre- 
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quently regenerated activated carbon,"] the presence of these xenobiontic com- 
pounds should be controlled.'21 

Due to their high polarity and low vapor pressure, naphthalenesulphonates 
have to be derivatized before GC analy~is,[~*~I and so the drawback of these 
methods is that they are time consuming because they need both concentration 
and derivatization steps. Capillary electrophoresis has also been applied to these 
compounds, and both capillary zone electroph~resis[~' and micellar electrokinetic 
chromatography[61 have been tested. However, liquid chromatographic methods 
are highly suitable for the separation of naphthalenesulphonates and have been 
described by several  author^.[^-'^^ The most generally used approach is ion-pair 
chr~matography[~-'~' although ion exchange chromatography has also been 
used.[839' Fluorimetric de t ec t i~n ["~*~"~]  and DAD dete~tion'~-"l are the most 
often used, but the mass spectrometric (MS) systems may also be used and 
particle beam-MS has been shown"] to be suitable for determining these com- 
pounds, in particular for mono-sulphonic acids. 

In environmental waters an enrichment step is required to determine real-life 
concentrations of some naphthalenesulphonates which are normally at low 
levels. At present, off-line ion-pair solid-phase extraction has been reported for 
selected aromatic sulfonates using a wide variety of sorbents such as ion- 
exchange!"] Cx and C18[9.121 or graphitized carbon black." ' I  On-line solid-phase 
extraction has also been described for determining naphthalenesulphonates, 
mainly using CIx  sorbent"*21 and PLRP-S has also been used for aromatic sul- 
fonic acids although only one of these was a naphthalenesulphonic acid.""] 

The aim of the present paper is to compare the use of PLRP-s and C,8 in on- 
line solid-phase extraction coupled to ion-pair chromatography and a diode array 
detector for determining naphthalenesulphonates in water. After studying differ- 
ent variables that affect the separation and the preconcentration step, the method 
was used to determine these compounds in all water types. 

EXPERIMENTAL 

Apparatus 

Chromatographic experiments were performed using a Hewlett-Packard 
(Waldbronn, Germany) Model 1090 ternary gradient liquid chromatograph with 
an HP 1040M diode-array detector. The system was controlled by an HP 7999A 
workstation which also acquired data from DAD. Separation was carried out 
using a Spherisorb ODs-2 column (250 X 4.6 mm I.D.) with a particle size of 
5-pm. A loop of 100 p1 was used to directly inject the sample. 
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NAPHTHALENESULPHONATES IN WATER 291 

Reagents 

The naphthalenesulfonate compounds studied were the following: (1) 6-amino- 
4-hydroxynaphthalene-2-sulphonate, (2) 6-amino- 1 -hydroxynaphthalene-3-sul- 
phonate, (3) 5-aminonaphthalene-2-sulphonate, (4) 8-amino- 1 -hydroxy- 
naphthalene-3,6-disulphonate, ( 5 )  naphthalene-2,6-disulphonate, (6) naphtha- 
lene- 1,5-disulphonate, (7) I-hydroxynaphthalene-3,6-disulphonate, (8) 2-hy- 
droxynaphthalene-3,6-disulphonate, (9) 2-aminonaphthalene- 1 -sulphonate, ( 10) 
naphthalene- 1 -sulphonate and (1 1) naphthalene-2-sulphonate. They were all ob- 
tained from Aldrich Chemie (Beerse, Belgium) or Fluka (Buchs, Switzerland). 
A standard solution of lo00 mg I - '  of each compound was prepared in Milli- 
Q water and stored in a refrigerator. In some cases, several drops of 1M sodium 
hydroxide were added to enhance the solubility. More diluted solutions were 
prepared daily. 

Acetonitrile (Scharlau, Barcelona, Spain) and Milli-Q quality water were used 
as the mobile phase solvent. Disodium hydrogen phosphate and sodium dihy- 
drogen phosphate (Merck, Germany) were used to adjust the pH of the mobile 
phase and tetrabutylammonium bromide was used as the ion pair reagent, 
(Aldrich Chemie, Beerse, Belgium). 

Chromatographic Conditions 

The chromatographic separation was carried out using a gradient with three 
solvents: a 15 mM solution of TBA as solvent A, a buffer solution of disodium 
hydrogen phosphate and sodium dihydrogen phosphate adjusted to pH 6.5 as 
solvent B and acetonitrile as solvent C. The percentatge of solvent A was kept 
constant at 20% so that the concentration of ion-pair reagent during the chro- 
matographic separation stayed the same. Initial conditions were 80% of B, then 
a linear gradient until 5% of C at minute 5 and finally another linear gradient 
until minute 50 to finish with 20% of C. Separation was carried out at 40°C and 
detection at 220 nm, but the spectrum of each compound was recorded between 
200 and 400 nm. 

On-line Solid-phase Extraction Process 

The trace-enrichment process was performed using a six-port injection valve 
(Rheodyne) with a stainless-steel precolumn (10 X 2 mm I.D.) (Free University, 
Amsterdam, The Netherlands) packed with 10 pm Spherisorb ODs-2 or with 
15-25 pm PLRP-s both of which were purchased from Teknokroma (Barcelona, 
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Spain). A M45 Waters pump (Mildford, MA, USA) was used to deliver the 
aqueous sample (2 ml min-'). 

The method used in the on-line solid-phase extraction process was the fol- 
lowing: the precolumn was washed with methanol (2.5 minutes) and the mobile 
phase in the initial conditions (2.5 minutes), and then, while the mobile phase 
was conditioning the column in the initial conditions, the sample was precon- 
centrated in the precolumn after the ion-pair reagent had been added and the 
pH value adjusted. Afterwards, the compounds were eluted and analysed. 

RESULTS AND DISCUSSION 

In the first step, the different variables which affect the resolution of the chro- 
matographic separation of the eleven compounds studied were optimized. These 
variables were pH, TBA concentration and temperature. The pH was optimized 
because different values have been reported in literature. To carry out this study, 
a standard solution of 10 mg 1-' of each compound, with different pH values 
of the mobile phase, was injected. When the pH was increased (4 to 7) the 
retention time for all compounds decreased slightly, but no important changes 
in resolution were observed. There was only one change in the elution order 
between 2-aminonaphthalene- 1 -sulphonate and naphthalene- 1-sulphonate peaks. 
In this study, 6.5 was chosen as the optimum value because the resolution was 
similar to the resolution at pH 5 but had a shorter analysis time. 

The concentration of TBA as ion-pair reagent was the other variable studied. 
The same standard solution was analyzed at several TJ3A concentrations between 
5 and 20 mM. There was an increase in the retention time and a change in the 
elution order for one of compounds when the concentration was increased. The 
best conditions were at 15 mM with good resolution between peaks and rea- 
sonable analysis time. 

Temperature was the last variable studied. There was a slight decrease in the 
retention time for all the compounds studied between 35 and 50°C. The tem- 
perature chosen was 40°C because at 50°C several peaks were seen to overlap. 

At optimum conditions (pH values of 6.5, 15 mM of TBA and 40°C) the 
eleven naphthalene sulphonate compounds were analysed with the above men- 
tioned gradient elution. Figure 1 shows the chromatogram obtained when 100 
pl of a standard solution of 10 mg 1-' of each compound was injected. Good 
resolution was obtained for all compounds in an analysis time of less than 50 
minutes. Good linearity was obtained for all compounds between 0.5 and 10 
mg 1-' and the correlation coefficients (3) were higher than the 0.994 obtained 
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FIGURE I Chromatogram of the standard solution of 10 mg I - '  in optimum conditions. ( I )  6- 
amino-4-hydroxynaphthalene-2-sulphonate, (2) 6-amino- 1 -hydroxynaphthalene-3-sulphonate, (3) 5- 
aminonaphthalene-2-sulphonate, (4) I-amino-] -hydroxynaphthalene-3,6-disulphonate, (5) naphtha- 
lene-2.6-disulphonate, (6) naphthalene- I ,5-disulphonate, (7) I -hydroxynaphthalene-3,6-disulphon- 
ate, (8) 2-hydroxynaphthalene-3,6-disulphonate, (9) 2-aminonaphthalene-I-sulphonate, (10) naph- 
thalene- I-sulphonate and ( 1  I) naphthalene-2-sulphonate. For other conditions see text. 

for 2-hydroxynaphthalene-3,6-disulphonate. The limits of detection of the direct 
method using a signal to noise ratio of 3 were between 50 and 100 pg 1-'. 

To decrease the detection limits of the method, the solid-phase extraction 
process was coupled on-line with the chromatographic system. c18 is the sorbent 
which is most often used to concentrate naphthalene sulphonate compounds in 
water, but low recoveries (low breakthrough volumes) were obtained for some 
of the more polar compounds, such as amino-hydroxyderivatives."' In this work, 
the PLRP-s sorbent was tested and compared with cl8 in order to increase the 
volume of the concentrate sample and decrease the detection limits of the 
method. 

Firstly, the pH and the TBA concentration of the sample were optimized to 
obtain the best results in the concentration step. Ranges between 5.5 and 7 for 
the C,, precolumn and 6 and 9 for the polymeric sorbent PLRP-s precolumn 
were tested. Figures 2a and 2b show the recovery values for 10 ml of standard 
solution of 50 pg 1- '  with 3 mM of TBA and adjusted to the different pH 
values for CI8 and PLRP-s respectively. The best results were obtained at pH 7 
using PLRP-s as the sorbent, with recovery values higher than 85% for all 
compounds. On the other hand, no big differences were obtained for any of the 
compounds when was used as the sorbent at pH values between 5.5 and 7, 
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8 

50 

a 

80 65 1 9 

8-5 7 73 8 83 8 

PH 

FIGURE 2 Determination of the recovery value versus p H  value in the solid-phase extraction 
process of standard solution of 50 pg I- '  with 3 mh4 TBA concentration. Peak assignation (0) 6- 
amino-4-hydroxynaphthalene-2-sulphonate, (B) B-amino-l-hydroxynaphthalene-3-sulphonate, ( + ) 
5-aminonaphthalene-2-sulphonate, (0) I-amino-l-hydroxy-naphthalene-3.6-disulphonate, (A) 
naphthalene-2.6-disuIphonate. (A) naphthalene-] ,5disulphonate, (0) l-hydroxynaphthalene-3.6- 
disulphonate, (0) 2-hydroxynaphthalene-3,6-disulphonate, ( X ) 2-minonaphthalene-I-sulphonate, 
(*) naphthalene-1-sulphonate and (+ ) naphthalene-2-sulphonate. 
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FIGURE 3 

I , 

3 6 9 

TBA mM 

Study of the variation in recovery value versus TBA concentration in the solid-phase 
extraction process. For conditions and peak assignation see Figure 2. 

but all recovery values were lower than the ones obtained using the other sor- 
bent. Low recovery values were also obtained for the more polar compounds 
such as 6-amino-4-hydroxynaphthalene-2-sulphonate. 

The modification of the TBA concentration between 3 and 9 mM was also 
studied. An increase in this concentration did not give better recovery values for 
any of the compounds which were to be obtained, and so a concentration of 3 
mM was chosen to carry out the experiments. The results obtained can be see 
in Figure 3. 

In these conditions, the breakthrough volumes of both sorbents were deter- 
mined using a standard solution of 10 pg 1-'. Table I shows the recovery values 
obtained and it can be seen that the best results were obtained for PLRP-s. With 
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TABLE I1 
of 50 p,g 1- ' of the studied compounds. RSD values are the mean of four determinations. 
Compound Sample volume (mlJ 

Determination of the recovery value with Francoli river water using a standard solution 

20 ml 50 mi 100 ml 

Recovery (%J RSD (706) Recovery (9%) RSD (%) Recovery (96) RSD (I) 

1 64 4.5 55 4.1 20 6.5 
2 60 4.4 54 4.8 26 5.8 
3 92 4.4 68 3.8 25 4.9 
4 62 3.9 54 3.5 22 5.2 
5 91 4.1 13 4.5 20 6.1 
6 98 4. I 81 5.1 25 5.1 
7 95 3.5 80 3.9 22 5.5 
8 98 4.1 85 5.1 35 4.9 
9 85 3.8 84 4.8 65 4.5 

10 96 4.2 88 4.5 75 5.1 
I 1  I10 4.5 I02 4.9 90 5.8 

I 0 0  ml of sample recovery values were higher than 70%, except for the first 
two compounds. An RSD (n = 4) lower than 10% was obtained except when 
the recovery value was low. In these conditions, the linearity was studied be- 
tween 0.5 and 10 pg I - '  with a correlation factor (?) higher than 0.994. De- 
tection limits were established according to a signal-noise ratio of 3 with values 
between 0.25 and 0.1 pg 1-I. 

The matrix has a considerable influence on the recovery of the solid-phase 
extraction procedure when river water is analyzed. For this reason the break- 
through volume was determined in Francoli river water. Table I1 shows the 
recovery values obtained when Francoli river water spiked with a standard so- 
lution of 10 pg l - '  of each compound was analysed. It can be seen that only 
20 ml of sample can be analyzed with recovery values higher than 90%, except 
compounds 1, 2 and 4, for which the recovery value was nearly 60%. In all 
cases, the RSD (n = 4) was lower than 7%. In these conditions, good correlation 
coefficients between 2.5 and 50 pg 1- '  were obtained in the study of the 
linearity with detection limits between 2 and 0.5 pg  1- ' .  

The method was used to determine these compounds in two surface water, 
Francoli and Ebro river water. River water taken from the Francoli near an 
industrial zone was analysed first. Figures 4a and 4b show chromatograms of 
20 ml of sample (4a) and the same sample spiked with a standard solution of 
50 pg 1- '  of the compounds studied (4b). They were both filtered through a 
0.45 pm filter after adding TBA to a final concentration of 3 mM and adjusting 
the pH to 7. In this case, several peaks appeared in the chromatogram and two 
of them had the same retention time as the compounds studied. The spectra were 
compared with the ones obtained from the standard solutions but naphthalene- 
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10 2 0  3 0  4 0  50 

Time (min) 
FIGURE 4 Analysis of Francoli river water. A) Chromatogram of 20 ml of Francoli river water. 
B) Chromatogram of the same sample spiked with a standard solution of 50 pg I - ' .  For peak 
assignation see Figure 1. 

I -sulphonate and naphthalene-2-sulphonate could not be positively identified. 
The match factors were 886 and 936 respectively. The Ebro river water was treated 
in the same way as above. In this case, a peak with the same retention time as 
naphthalene-2-sulfonate can be observed. It was positively identified by compar- 
ing its spectrum to the library spectrum which had been obtained from standard 
solutions. The match factor was 993 and the concentration was 4 pg 1-'. 

CONCLUSIONS 

This comparative study of PLW-s and C,*, which are both used in the on-line 
solid-phase extraction for determining naphthalenesulphonates in surface water, 
confirms that polymeric sorbents give better results. In optimum conditions, the 
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method enables 100 ml of standard solution to be preconcentrated with Milli-Q 
water without considerable compounds losses. There was a considerable de- 
crease in the breakthrough volume when surface water was preconcentrated and 
in this case only 20 ml of sample could be concentrated with no compounds 
loss. 

In these conditions the method enables the compounds to be detected at low 
pg 1-’  levels. The method has been used to detect these compounds in two 
rivers in the Tarragona region, and in one of them, naphthalene-2-sulfonate was 
positively identified by comparing the DAD spectra. 
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