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The dansylation reaction of endocrine-disruptive alkylphe-
nols on a C18-modified silica gel (ODS) instead of organic sol-
vents was investigated with the aim of developing an environ-
ment-friendly and efficient derivatization method for the HPLC
analyses. The solid-phase aqueous dansylation system has been
incorporated into a preconcentration step performed by solid-
phase extraction (SPE) from tap water.

Development of a method of conventional trace analyses of
alkylphenolic compounds such as 4-nonylphenol (5) is currently
required to estimate the potential estrogenic properties and the
environment quantity of these compounds. HPLC analyses with
MS,1 electrochemical,2 and fluorescence3 detection as well as
GC–MS4 have been applied to the trace analyses of the phenols.
However, the environmental analyses still essentially require an
enrichment step such as preconcentration and a derivatization
step prior to chromatographic separation because they are per-
formed for trace amounts of analytes in the relatively large vol-
ume of sample solutions. The direct derivatization of the phenols
preconcentrated on the solid-phase by SPE contributes to simpli-
fication of the analytical procedure and overcoming the problem
on loss of recovery, and is desirable in view of environmental
preservation as an environment-friendly method in aqueous me-
dia instead of organic solvents as well.5 In this study, the dansy-
lation reaction of endocrine-disrupting alkylphenolic com-
pounds in a solid-phase aqueous system has been investigated
with the aim of developing an environment-friendly and efficient
derivatization method for HPLC analyses of environmental sam-
ples. The phenols used were 4-tert-butylphenol (1), 4-sec-butyl-
phenol (2), 4-(1,1-dimethylpropyl)phenol (3), 4-(1,1,3,3-tetra-
methylbutyl)phenol (4), and 5.

5-Dimethylaminonaphthalene-1-sulfonyl chloride (Dansyl
chloride, DNS-Cl) is entirely used for precolumn derivatization
to overcome the disadvantage of the background response. The
hard and time-consuming conditions for dansylation of phenols
have been significantly improved by a two-phase system consist-
ing of an organic solvent such as heptane or chloroform and wa-
ter containing a phase-transfer catalytic tert-ammonium salt.6

The conclusion inspires research of environment-friendly deri-
vatization in the solid phase of an ODS instead of the organic
solvents. The dansylation reaction in the ODS solid-phase aque-
ous system was examined in the following procedure. An aque-
ous sample solution (10mL) of the alkylphenols was flowed into
the ODS cartridge containing dansyl chloride,7 followed by a run
of a buffer solution as a pH control and a reaction initiator. The
reaction mixture on the ODS was eluted with 10mL of CH3CN,
and a 10-mL aliquot of the eluate was injected into HPLC with
fluorescent detection. Figure 1 shows the dependence of the dan-
sylation yield of 1 on pH of the buffer solutions and on reaction
time. The phenols have been easily and quickly converted into

the dansyl derivatives with an excellent yield under the mild sol-
id-phase aqueous conditions without a phase-transfer catalyst.
The optimal conditions set as the reaction time of 20min using
the buffer solution of pH 11 at room temperature gave the dansyl
products of 1–5 in high yields of 92.5–98.2%. The solid-phase
catalytic reaction has proved to be suitable for dansylation of
the phenols under the mild conditions.

The HPLC method involving the solid-phase dansylation
was calibrated over the whole analytical procedure and was
linear over 2 orders of magnitude (7:0� 10�8 to 5:0� 10�6

mol/L) for the phenols in water samples with correlation coeffi-
cients of 0.9981–0.9997. The wide dynamic range proves that
the alkylphenols were quantitatively derived into the dansyl
products regardless of the concentrations of sample solutions.
Using 10-mL samples without preconcentration, detection limits
of 3:5{7:0� 10�9 mol/L were achieved for 1–5 in water, and
were the same as those obtained for the standards of the dansyl
phenols.8

An additional advantage of the solid-phase derivatization is
simplicity and efficiency of the analytical procedure, combined
with an enrichment step performed by SPE of the samples. It
is well recognized that the commercially available ODS car-
tridges for SPE are suitable for extraction and concentration of
endocrine-disruptive alkylphenols from environmental water.1–3

The phenols in water were extracted in the cartridge, and were
simultaneously and easily converted into the dansyl derivatives
in the same cartridge just running a basic buffer solution. Figures
2a and 2b show typical chromatograms obtained for 10�8 mol/L
of 1–5 in tap water using the present solid-phase dansylation
method coupled with 100-fold enrichment and without precon-
centration, respectively. Even the phenols at concentrations in
the vicinity of the detection limit can be efficiently dansylated
after enrichment and give a clear chromatogram. As shown in
Figure 2c, separation of the products of 1–5 dansylated in solu-
tion requires careful control of the elution with a gradient pro-
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Figure 1. Dependence of the dansylation yields of 1 on pH of
the buffer solutions (a) and reaction time (b). The reaction yields
are estimated for the reaction time of 10 ( ), 20 ( ), and 120
min ( ) at room temperature in Figure a, and for pH 9 ( ), 10
( ), and 11 ( ) at room temperature in Figure b.
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gram due to elution of a large amount of 5-dimethylaminonaph-
thalene-1-sulfonic acid (aqueous decomposition product of
DNS-Cl).3c However, the sufficient separation has been given
by an isocratic mobile phase in the present dansylation method
because the decomposition product is removed from the ODS
solid phase during the reaction, as shown in Figure 2a. Table 1
lists the recovery of 1 (10�8 to 10�10 mol/L) spiked in tap water.
The enrichment in the ratio of less than 100 gave high recovery
with the relative standard deviation (RSD) less than 5%. Indeed,
the 10�10 mol/L level of 1 in tap water is easily detected by the
proposed method. However, an increase in the ratio lowered the
recovery, probably due to insufficient retainment of the phenols
resulting from the prolonged run of a large volume of the sample
water into the SPE cartridge. The recovery of 2–5 spiked in tap

water (10�8 to 10�9 mol/L) was also examined with the solid-
phase dansylation method involving an enrichment step at a ratio
of less than 100. High recovery rates (90.2–96.6%) were ob-
tained for all sample solutions with a RSD less than 7% (n ¼ 5).

In conclusion, we have proposed a new approach to give the
dansyl derivatives of alkylphenolic compounds on the ODS sol-
id-phase. The solid-phase aqueous dansylation coupled with
SPE is the desirable method for environmental analyses from
the point of view of environmental conservation as well as effi-
ciency in the analytical procedure. The solid-phase derivatiza-
tion is applicable to the other systems involving conversion into
the detectable products linked by the sulfonyl group.

This work was supported by a Grant-in-Aid for Scientific
Research No. 15590046 from Japan Society for the Promotion
of Science.
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Figure 2. Elution profile of the dansyl derivatives of 1–5, sep-
arated on a C4-modified silica gel column with fluorescent detec-
tion at 510 nm (Ext. 340 nm). Figures a and b show the chroma-
tograms of 1–5 (10�8 mol/L) dansylated on the ODS solid-phase
with 100-fold preconcentration and without preconcentration,
respectively. The separation was performed by the isocratic mo-
bile phase consisting of an acetate buffer (pH 4.8) and methanol
(1:3). Figure c shows the chromatogram of 1–5 dansylated in so-
lution, separated with the gradient mobile phase consisting of an
acetate buffer (pH 4.8) and CH3OH. The gradients are as fol-
lows: 30% (CH3OH) to 70% for 0min to 10min, 70 to 20%
for 10 to 80min.

Table 1. Recovery of 1 spiked in tap water, measured with the
present solid-phase dansylation method

[1] / mol dm�3

(sample volume / L)

Preconcentration

ratio

Recovery

/ %

RSD

/ %

5:0� 10�8 (0.1) 10 97.5 1.8 (n ¼ 10)

5:0� 10�9 (0.1) 10 90.5 4.7 (n ¼ 5)

5:0� 10�9 (1.0) 100 92.5 3.7 (n ¼ 5)

5:0� 10�10 (5.0) 500 72.0 12.7 (n ¼ 3)

2:5� 10�10 (10.0) 1000 73.5 13.5 (n ¼ 3)
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