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Abstract

Colorimetric assays were developed for cetylpyridinium chloride, cetrimide and benzalkonium chloride when
complexed with excess eosin-Y (9.0 pwg/ml) and Triton X-100 (0.025% v /v), using a wavelength of 534 nm. Standard
curves were linear (P > 0.05) with r > 0.99 over the range 0.2--3.0, 0.3-3.0 and 0.7-15.0 ug/ml for cetylpyridinium

chloride, cetrimide and benzalkonium chloride, respectively.
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The predominant approaches to the analysis of
quaternary ammonium compounds have involved
either ultraviolet spectroscopy (e.g., cetylpyri-
dinium chloride, benzalthonium chloride) or
analysis of complexes of the quaternary ammo-
nium compounds with an anionic agent (Petrocci,
1983). However, though widespread in use, these
methods require large samples and are low in
sensitivity (in the range 50-250 wg/ml). Other
approaches have employed gas chromatography
(Suzuki et al., 1989), liquid scintillation counting
(Bonesvoll and Gjermo, 1978) and high-pressure
liquid chromatography (Collins and Deasy, 1990)
with the minimum quantifiable concentrations of
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100, 35 and 2.0 ug/ml, respectively. However, a
major drawback of the use of gas chromatography
is thermal decomposition of quaternary ammo-
nium compounds (Ng et al.,, 1985). HPLC can
only be employed on those agents that possess a
chromophore (such as cetylpyridinium chloride
and benzalthonium chloride) and the expense of
tracer-labelled quaternary ammonium com-
pounds prohibits the use of scintillation counting
as a routine method.

Further analytical complications occur when
assessing the uptake of these compounds onto
micro-organisms. Quaternary ammonium com-
pounds induce the leakage of cytoplasmic materi-
als into the environment which bathes the cells
and this interferes with the analysis of cetylpyri-
dinium chloride and benzalthonium chioride at
260 nm.

Chawner and Gilbert (1989) developed a col-
orimetric assay for alexidine in which the anionic
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dye ecosin-Y was complexed with this biguanide
and the absorbance of the ion-pair examined at
540 nm. This assay was useful for concentrations
in the range 4-20 pg/ml. Calatayud and Falcé
(1986) employed bromocresol green (as an an-
ionic ion-pairing agent) in the presence of Triton
X-100 for the analysis of chlorhexidine. The de-
tection limit was reported to be 8.5 ug/ml.

This paper reports a sensitive colorimetric
method for the analysis of three quaternary am-
monium compounds (cetylpyridinium chloride,
cetrimide and benzalkonium chloride) following
ion-pairing with eosin-Y in the presence of Triton
X-100.

Cetylpyridinium chloride, cetrimide and benza-
lkonium chloride were purchased from Sigma
Chemicals (St Louis, U.S.A.). Iso-octylphenoxy-
polyethoxyethanol (Triton X-100), borate buffer
tablets, and disodium hydrogen orthophosphate
anhydrous were obtained from BDH (Poole,
U.K.). Citric acid was purchased from Ajax
Chemicals Ltd (Auburn, Australia). Tetrabromo®
fluorescein (eosin-Y) was purchased from May
and Baker (Dagenham, U.K.).

All spectrophotometric measurements were
performed using a Hewlett Packard 8452 diode
array spectrophotometer linked to an NEC pow-
ermate 1 plus 286 computer. A Hannah HI 1280
pH meter was used to measure pH.

A least-squares linear regression statistical
analysis program was written for statistical evalu-
ation of linearity. Essentially, the software tests
for non-linearity by comparing the lack of fit
mean square with the pure error (between repli-
cates) mean square. The software was written in
Turbo Pascal 5.0 (Borland International, Scotts
Valley, CA) and the statistics calculations were
derived from Draper and Smith (1966) and Bolton
(1984).

The quaternary ammonium compounds were
analysed using colorimetry following ion-pairing
with eosin-Y in the presence of Triton X-100.
Varying concentrations of Triton X-100 (0.0075-
0.2% v /v) over the pH range of 6.0-9.2 at room
temperature, were mixed with eosin-Y (9.0
wg/ml) and cetylpyridinium chloride (5.0 ug/ml.
The absorbance at the A _,, of the resulting ion-
pair was assessed. The effects of eosin-Y (6.0-18.0

Table 1

The effects of pH? and Triton X-100 concentration on the
absorbance of the cetlypyridinium chloride (5.0 wg/ml)-eosin-
Y (9.0 wg/ml) ion-pair

Triton X-100 Absorbance (534 nm)

(%v/v) pH60 pH70 pHS8O pH92
0.2 0.044 0.0 0.07 0.07
0.1 0.11 0.11 0.13 0.15
0.05 0.21 0.22 0.23 0.26
0.025 0.33 0.34 0.34 0.35
0.015 0.33 0.35 0.37 0.31
0.0075 0.11 0.31 0.32 0.31

? Mcllvaine’s buffer (pH 6.0-8.0) and borate buffer (pH 9.2).

wg/ml) and cetylpyridinium chloride concentra-
tions in the presence of Triton X-100 (0.025%
v/v) at pH 8.0 were also determined. Absorbance
and A, values were assessed as above.

Optimal conditions for analysis were obtained
using excess eosin-Y (9.0 xg/ml) and 0.025% v /v
Triton X-100 and these concentrations were em-
ployed for the production of the appropriate cali-
bration curves for each quaternary ammonium
compound. All calibration curves were produced
by dilution of three independent stock solutions
of the relevant quaternary ammonium compound
and the absorbance of the solutions plotted as a
function of concentration.

The effects of pH and Triton X-100 concentra-
tion on the ion-paired absorbance of cetylpyri-
dinium chloride (5.0 wg/ml) and eosin-Y (9.0
wg/ml) are shown in Table 1. The range of pH
values examined were selected to ensure that
eosin-Y existed primarily in the anionic form, the
pKa for eosin-Y being approx. 4.2 (Fompeydie et
al., 1979, Mchedlov-Petrosyan et al., 1985), and
hence ion-pairing with cetylpyridinium chloride
was promoted. In addition, excess eosin-Y was
used, thus promoting ion-pairing. Optimal ab-
sorbance occurred whenever Triton X-100 was
present at either 0.015 or 0.025% (v/v). In fur-
ther studies, 0.025% was used.

At a constant concentration of Triton X-100
(0.025% v /v), the effect of eosin-Y (6.0, 9.0, 12.0,
15.0, 18.0 wg/ml) on absorbance (534 nm) of the
produced 1on-pair was determined, using a range
of cetylpyridinium chloride concentrations (0.3,
0.5, 1.0, 3.0, 5.0 wg/ml) (Table 2). Eosin-Y at 9.0
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Table 2

The effects of eosin-Y and cetylpyridinium chloride concen-
tration (0.3-5.0 pg/ml) on the absorbance (534 nm) in the
presence of Triton X-100 (0.025%) at pH 8.0

Eosin-Y (zg/ml)  Absorbance (534 nm)
0.3 0.5 1.0 3.0 5.0
6.0 0.00 0.00 0.00 0.13 0.17
9.0 0.02 0.03 006 0.17 0.32
12.0 0.00 0.03 0.05 0.13 0.26
15.0 0.00 0.00 007 020 0.30
18.0 000 000 0.07 0.23 0.30

wg/ml represents the best ion-pair concentration
for cetylpyridinium chloride analysis. This may be
due in part to the range of cetylpyridinium chlo-
ride concentrations assessed since the cetylpyri-
dinium chloride to eosin-Y molar ratio did not
exceed 1:1.

Therefore, employing the following conditions:
eosin-Y (9.0 pug/ml) and 0.025% v/v Triton X-
100, pH 8.0, calibration curves were prepared for
cetylpyridinium chloride, cetrimide and benzalko-
nium chloride. Fig. 1 shows a typical cetylpyri-
dinium chloride /eosin-Y ion-pair spectrum, with
Apmax at 534 nm, measured against a reference
solution containing eosin-Y (9.0 pg/ml) and Tri-
ton X-100 (0.025% v/v). The spectra for benza-
lkonium chloride and cetrimide showed similar
profiles with the same A, differing only in their
absorbances. Linearity was observed for all three
agents (P> 0.05 and r > 0.99) over the concen-
tration ranges 0.2-3.0 ug/ml for cetylpyridinium
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Fig. 1. A spectrum of cetylpyridinium chloride (5.0 wg/ml)-
eosin (9.0 pg/ml) ion-pair in the presence of Triton X-100
(0.025%) at pH 8.0.

chloride, 0.3-3.0 ug/ml for cetrimide and 0.7-15
wpg/ml for benzalkonium chioride.

In addition, calibration curves of the three
quaternary ammonium compounds were also pre-
pared in the absence of Triton X-100. Linearity
was observed for all three agents; however, the
range of concentration for linearity and the sensi-
tivity of each assay was decreased (2.0-3.0, 1.0-
3.0, and 3.0-15.0 ng/ml for cetylpyridinium chlo-
ride, cetrimide and benzalkonium chloride, re-
spectively.

The ion-pairing of cationic surfactants to an-
ionic dyes for the purpose of chemical analysis
has been reported for over 30 years (Petrocci,
1983). Although widely used, assays utilizing this
interaction have suffered from low sensitivities.
For example, Lowry (1979) developed an ion-pair
assay for assessing benzalkonium chloride con-
centration in different pharmaceutical formula-
tions using complexation with bromothymol blue,
an anionic dye, and analysis at 610 nm. However,
this assay was only sensitive to 50 wg/ml. Chin
and Lach (1965) reported an assay which was
capable of detecting three quaternary ammonium
compounds (cetylpyridinium chloride, benzalko-
nium chloride, and benzalkonium chloride) at
concentrations as low as 2.0 ug/ml. In this assay
the quaternary ammonium compounds were ion-
paired with picric acid, this complex was back-ex-
tracted into chloroform, the solvent evaporated,
and the ion-pair reconstituted in buffer. This was
performed in order to separate and assess ion-
paired dye concentrations from unbound species,
thus removing false absorbance values; however,
inaccuracies resulting from incomplete extraction
and emulsion formations with the hydrocarbon
have been reported (Walters et al., 1983). Other
workers have used gravimetric analysis and
titrametry but these approaches have been de-
signed for the quantification of quaternary am-
monium compounds at concentrations exceeding
5.0 mg/ml.

Calatayud and Falc6 (1986) reported an ion-
pair assay for the determination of chlorhexidine,
using the anionic dye bromocresol green. Triton
X-100 was added (0.2% v /v, final concentration)
and the absorbance of the complex measured at
630 nm. The blanking solution contained bromo-
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cresol green and Triton X-100. These workers
reported a lowest detectable concentration of 8.5
png/ml, and linearity over the range 8.5-25
wg/ml. The sensitivities of the assay reported in
this paper, dependent on the quaternary ammo-
nium compound assessed, yielded values ranging
between 0.2 and 15 pug/ml. This is due both to
the use of eosin-Y as the ion-pairing agent and
the sensitivity of the spectrophotometer. Eosin-Y
has previously been used as an ion-pairing agent
in the colorimetric analysis of the antimicrobial
agent alexidine by Chawner and Gilbert (1989),
who examined the adsorption of alexidine onto
the surface of E. coli. Eosin-Y has also been
utilised to assess chlorhexidine in saliva by means
of fluorescence spectroscopy (De Vries and
Arends 1991), but only with a minimum quantifi-
able concentration of 6.7 ug/ml.

The assay developed in this present study of-
fers distinct advantages over previously reported
methods. The use of Triton X-100 both over-
comes the problems associated with the use of
chloroform (Walters et al., 1983) and, greatly
improves the sensitivities of the analyses. Cyto-
plasmic materials extracted from C. albicans blas-
tospores do not interfere with the assay (unpub-
lished results). Due to the ease of analysis, this
assay can be employed to rapidly assess quater-
nary ammonium compound concentrations in a
variety of preparations, however, their analysis in
the presence of dyes or other cationic agents in
products may prove troublesome.
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