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Objectives. Cationic surfactants are one of the classes of substances most commonly used
in disinfectants. The trend in recent years has been the use of mixtures of several biocides,
which poses new challenges for analytical chemistry. In this study, we describe a method
for simultaneous determination in the disinfectants alkyldimethylbenzylammonium chloride
(ADBAC), alkyldimethyl(ethylbenzyllammonium chloride (ADEBAC), chlorhexidine bigluconate
(CHG), and polyhexamethylene biguanide hydrochloride (PHMB).

Methods. The proposed method is based on the use of reverse-phase and hydrophilic high-
performance liquid chromatography with diode-array detection.

Results. The best separation of ADBAC, ADEBAC, and CHG was achieved using a column filled
with modified spherical silica gel (5 um, 4.6 x 250 mm) in gradient elution mode. Acetonitrile
and acetate buffer with a pH of 5.4 were used as eluents at a flow rate of 1 ml/min. For the
determination of PHMB in the presence of the substances under consideration, hydrophilic high
performance liquid chromatography was used. The best separation was achieved on an amine
phase column (5 um, 4.6 x 250 mm) using the same eluents. To determine all the substances
under consideration, a diode array detector was used. 3D chromatograms were recorded in the
wavelength range from 190 to 400 nm.

Conclusions. We have shown that the result of the analysis does not depend on the ratio
of cationic surfactants in disinfectants. There is also no influence of N,N-bis-(3-aminopropyl)-
dodecylamine (Triamine, TA) and the components most commonly used for the manufacture of
disinfectants, which was confirmed by testing the method for analyzing real objects. The linearity
range for ADBAC was from 0.0062 to 0.97%, for ADEBAC from 0.000726 to 0.201%, for CHG
from 0.0128 to 0.111%, and for PHMB from 0.00311 to 0.0205%. The calculated relative error for
all determined substances was about 4%.

Keywords: alkyldimethylbenzylammonium chloride, alkyldimethyl(ethylbenzyl)lammonium
chloride, chlorhexidine digluconate, polyhexamethylene biguanide hydrochloride, -cationic
surfactants, disinfectants, high performance liquid chromatography.
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Onpenenenne kKatTuoHHbIX [IAB B ne3uH(puuMpyrommux
CpeaCcTBaX NMPH COBMECTHOM NPUCYTCTBUHU

C.B. Anapees®, A.[1. MepkyabeBa, E.C. BeasieB

HayuHo-uccnedosamensckuili uHcmumym oesurgexmonozuu, Mockea 117246, Poccust
@Aemop ons nepenucku, e-mail: svandreev.niid@gmail.com

IMenu. KamuoHHble NOBEPXHOCMHO-GKMUBHbLE 8eu,ecmsea sesliomest 00HUM U3 KJIACCO8 8e-
wecms, Hauboslee Uuacmo UCNONb3YUWUXCS 8 Kauecmeae aKkmugHooelicmayrouux 8 0esauHgpuyu-
pyrowux cpedcmeax. TeHOeHyuell nocieOHUX Jlem s8slemcst UCN0b308AHUE cMmecell HeCKolb-
Kux 6uoyudos, umo cmasum Ho8ble 3a0auu neped aHaiumuueckol xumuei. B amoii pabome
onucaH memoo Oast onpedeneHust NPU COBMECMHOM NPUCYMCMBUU 8 0e3UHPUUUPYOUUX Cpel-
cmeax anKundumemunbeHsunammoHull xaopuoa (AABAX), ankundoumemun(amunbeH3un)ammo-
Hutl xnopuoda (AASBAX), xnopeexcudura buznmrokonama (XI'BI) u nonuzexcamemuneHbusyaHuo
2udpoxnopuoa (I1II'MB).

Memoout. [IpednorkeHHbLl Memod OCHOBAH HA NPUMEHEeHUU o6pauieHHOo-hpaszoeoil u 2udpo-
PuUnbHOU 8bLCOK0IPPEeKMUBHOU HKUOKOCMHOU Xpomamozpaguu ¢ OUOOHO-MAMPUUHBIM OemeKr-
muposaHuem.

Pesynomamet. Haunyuwee pazoenerue AABAX, AISBAX u XI'BI' 6bL10 docmuzHymo npu uc-
NoNb308AHUU KOJIOHKU, 3ANOJNHEHHOU MOOUPUUUPOBAHHBIM ChepUUECKUM CUNUKAENeM (5 MKM,
4.6%x250 mm) 8 pexxume 2padueHmHo20 30UPo8aHUsl. B kKauecmee 3110eHmo8 ucnoss308aiu
ayemoHumpun u ayemamtslii 6ygep ¢ pH 5.4 npu ckopocmu nomoxa 1 mn/ muH. ns onpedesne-
Hust [II'MB 8 npucymcmeuu paccmampusaemslx geujecms bblia UCnoab308aHa 2UOPOPUILHAS
8blCOK03PpexmusHas JKuoKocmHast xpomamoepagusi. Haunyuwee pazdeneHue 6bL10 docmue-
HYmMoO HA aMUHOpa3HOU KONOHKE (5 mrkm, 4.6 x 250 Mm) npu UCNONBL30BAHUU MEX IKe I/IH0EH-
mos. [lns onpedeneHust 8cex paccmampusaemoblx 8eusecms UCnoN6308aNU OUOOHO-MAMPUUHBLEL
demexmop. 3D xpomamozpammel pezucmpuposasiu 8 ouanasoHe OauH eoar om 190 do 400 Hm.
Bwbi8o0bt. [Ipogederitble UCCAe008AHUSL NOKAZANU, YMO Pe3ybmam AHAAU3A He 3G8UCUM OM CO-
OMHOUEHUS KATMUOHHBIX NOBEPXHOCMHO-AKMUBHbLLX 8eujecms 8 0e3uHPUUUPYOULUX CPedCm8ax.
Tarxoxce omcymemeayem gausiHue N,N-6uc(3-amuronponun)oodeyunramura (Tpuamur, TA) u Hau-
6osniee uacmo UCnoONbL3YeMblxX 0Nt U320Mo8aeHUsl 0e3UHPUUUPYIOWUX cpedcm8 KOMNOHEHMOS,
umo 6bL10 noomeeprKkoeHo npu anpobayuu memooa Ok AHAU3A peasbHblX 06bexkmos. Juana-
30H AuHetinocmu oast A/IBAX cocmasun om 0.0062 0o 0.97 %, ons AZISEAX — om 0.000726 0o
0.201 %, ona XI'BI'—om 0.0128 00 0.111 %, oas II'MB — om 0.00311 0o 0.0205 %. Paccuumat-
Hasl omHocumelbHasl No2peutHocme 015 8cex onpedeisiemblx 8eu,ecma cocmasuia 0Koao 4 %.

Knrouessle cnoea: ankunoumemunbeH3unaAMMOHUN XA0PUOD, ANKULOUMEMUN(IMUNOEH3UN)-
AMMOHUTL X10puUd, xopzeKcuduHa buzntokoHam, nosuzexcamemusieHdbuyaHuo 2udpoxiopuo,
KamuoHHble [IAB, Oe3uHguyupyrouiue cpedcmea, 6blLcOK0IpPeKmusHast IKUOKOCMHAS
xpomamozpacgpusi.

/s yumuposanusn: Aunpees C.B., MepkynbeBa A.Jl., bensies E.C. Onpenenenue karnoHHbix [TAB B ne3nHpuunpyromumx
Cpe/icTBaX MpH COBMECTHOM NPUCYTCTBUU. Toukue xumuueckue mexronozuu. 2019;14(6):115-123. https://doi.org/10.32362/2410-

6593-2019-14-6-115-123

Introduction

Cationic surfactants are used as active
components in disinfectants. They are represented by
quaternary ammonium compounds (QACs), guanidine
derivatives and tertiary amines. The most common
cationic surfactants are alkyldimethylbenzylammonium
chloride ~(ADBAC), didecyldimethylammonium
chloride, polyhexamethylene guanidine hydrochloride,

polyhexamethylene biguanide hydrochloride
(PHMB), chlorhexidine bigluconate (CHG), and N, N-
bis-(3-aminopropyl)-dodecylamine.

Disinfectants with surfactants are commonly used
in medical organizations where compounds containing
chlorine have been replaced for the purposes of
prophylactic disinfection in the presence of patients
[1]. A large spectrum of antimicrobial activity, as
well as detergency, allow such compounds to be used
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in pre-sterilization cleaning. Cationic surfactants are
less common in other types of disinfectants.

The substances mentioned above have different
toxicological parameters that may change upon mixing
with other compounds [2]. Thus, it is important to be
able to quantify their concentrations, especially at
the test stage prior to disinfectant registration; this is
when efficacy and safety are evaluated.

Traditionally, quantification of quaternary ammonium
compounds employs titrimetry methods based on
formation of ion pairs with anionic surfactants.
Various indicators, as well as ion-selective electrodes,
are used to determine the titration endpoint. These
methods do not require special equipment; however,
they cannot be used for simultaneous quantification
of several QACs. Analysis of CHG and PHMB may
be performed by titrimetry [3—5] and chromatography
[6-10]. However, these methods do not work for
quantification of cationic surfactant mixtures. The
results of the analyses may be affected by other
active ingredients, such as N, N-bis-(3-aminopropyl)-
dodecylamine and some functional components of
disinfectants.

Several methods have been described where surfactant
separation is achieved through high performance liquid
chromatography (HPLC). Detection can be performed
by mass spectrometry and spectrophotometry (UV).
For mixtures of cationic and anionic surfactants,
a charged aerosol detector (CAD) and evaporative
light scattering detector (ELSD) have been suggested
[11], whereas a diode array detector (DAD) can be
used for quantification of ADBAC and trimethyl-
tetradecylammonium chloride in disinfectants [12]. A
large number of papers is dedicated to quantification
of residual QAC mixtures in food [for example, see
13—-15]. Capillary electrophoresis has been suggested
for simultaneous quantification of PHMB and CHG
[16]. A conductometric detector was used; separation
was performed in a capillary filled with silica gel,
with the length of 40 cm and inner diameter of 0.375
um. The sensitivity of this method was 4 mg/L for
PHMB and 0.4 mg/L for CHG.

HPLC with UV and DAD detection has been
proposed for simultaneous quantification of ADBAC,
CHG, and triclosan [17]. Component separation was
performed on columns grafted with C8 and CN, with
isocratic elution in the solvent mixture of acetonitrile—
acetate buffer at pH 5.0. Better sensitivity was
observed with C8 columns.

' MVI-2-2007-05-3. Metodika vypolneniya izmerenii soderzhaniya
khlorgeksidina biglyukonata v probakh dezinfitsiruyushchikh
sredstv  titrimetricheskim metodom (MVI1-2-2007-05-3. The
method of quantification of chlorhexidine digluconate in samples
of disinfectants by a titrimetric method) (in Russ.).

2 The United States Pharmacopeia. USP 31. NF 26. 2008.
1732 p.

Studies [2—-17] suggest quantification methods for
individual surfactants as well as their mixtures. However,
there are still no techniques for simultaneous determination
of mixtures of several cationic surfactants in disinfectants,
especially for ADBAC, didecyldimethylammonium
chloride, polyhexamethylene guanidine hydrochloride,
PHMB, CHG, N, N-bis-(3-aminopropyl)-dodecylamine.
In the present work, we use HPLC with DAD to
separate mixtures of the surfactants mentioned above.

Materials and Methods

Reagents

We used a 20% aqueous solution of chlorhexidine
bigluconate (CHG); alkyldimethylbenzylammonium
chloride (ADBAC; >95%); ammonium acetate for
HPLC (Sigma-Aldrich, Germany); a 20% solution of
polyhexamethylene biguanide hydrochloride (PHMB;
Vantocil TG, Lonza, Switzerland); a 25% solution
of alkyldimethyl(ethylbenzyl)ammonium chloride
(ADEBAC; Wuhan Dachu Hexing Technology
Co., Ltd., China); a 30% solution of N,N-bis-(3-
aminopropyl)-dodecylamine (Lonza, Switzerland);
acetonitrile for HPLC (Merck, Germany); deionized
water with resistivity not less than 18.2 MQXcm;
distilled water according to GOST 6709-72. Other
reagents were of Pro Analysi or higher grade.
Commercial reagents were used without additional
purification. Disinfectant samples were supplied by
various Russian manufacturers.

Equipment

Chromatographic separation of the components
was performed on the Thermo Ultimate 3000 HPLC
system (Thermo Scientific, USA) with a built-in
degasser, automatic sample injection, a column
thermostat with the possibility of maintaining
temperatures between 15 °C and 50 °C, and a diode
array detector (DAD). Absorption spectra were
registered in the wavelength range between 190 and
400 nm.

Chromatographic conditions for mixtures of ADBAC,
ADEBAC, and CHG (method 1)

We achieved the best separation using the Thermo
Acclaim Surfactant 5 pm column (4.6x250 mm) with
the following eluents: acetonitrile (A) and a 0.1 M
aqueous solution of ammonium acetate (B) (pH 5.4
with glacial acetic acid). Eluent ratios are shown in
Table 1. The column thermostat was set at 30 °C.
The flow rate was 1 mL/min. The sample volume
was 10 pL. The chromatograms were recorded in
the wavelength range between 190 and 400 nm. For
calculations, we selected the wavelength of 264 nm.
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Table 1. Gradient elution for ADBAC, ADEBAC,
and CHG separation

Time, min Eluent A, % Eluent B, %
0 0 100
8.0 0 100
18.0 30 20
24.0 30 70

Chromatographic conditions for PHMB (method 2)

We achieved the best separation using the
Phenomenex Luna NH, 5 um column (4.6x250 mm)
with the following eluents: acetonitrile (eluent A)
and a 0.1 M aqueous solution of ammonium acetate
(pH 5.4, eluent B). The gradients were the same as
for ADBAC, ADEBAC, and CHG (Table 1). The
chromatograms were recorded in the wavelength
range between 190 and 400 nm. For calculations,
we selected the wavelength of 240 nm. The column
thermostat was set at 30 °C. The flow rate was 0.5 mL/min.
The sample volume was 10 uL.

Data processing

Surfactants were identified according to their
retention times and absorption spectra. After analysis
of any five samples, we performed a run with pure
acetonitrile to clean the column.

Calibration curves were based on six
measurements. The linearity range was determined by
peak area concentration graphs. We used the following
criteria to determine the linearity range: linear
regression with a correlation coefficient exceeding
0.99; deviation from the trendline not exceeding 15%
for all points.

We collected and processed the chromatography
data using Chromeleon 6 and Chromeleon 7 software
(Thermo Fischer Scientific Inc., USA). Statistical
analysis was performed in accordance with RMG
61-2010, “Parameters of accuracy, correctness,
and precision for methods of quantitative chemical
analysis. Methods of assessment” and “Guideline
[.C.H.H.T. Validation of analytical procedures: text
and methodology Q2 (R1).” We used Excel 2016
(Microsoft Inc., USA) and OriginPro (OriginLab
Corp., USA) software.

Results and Discussion

Alkyldimethylbenzylammonium chloride (ADBAC)
and alkyldimethyl(ethylbenzyl)ammonium chloride
(ADEBAC) consist of several homologs differing in the
length of the alkyl chain. Due to the structural similarity
of these substances, their chromatographic separation is
challenging.

In attempting to find optimal conditions for
chromatography, we took into account the resolution
R, whose value should be no lower than 1.5; and
the peak asymmetry factor whose value should be
between 0.8 and 1.5.

According to the specification sheet of the
ADBAC used in our work, the substance consisted of
two components: dodecyldimethylbenzylammonium
chloride and tetradecyldimethylbenzylammonium
chloride. Thus, the chromatogram of a 0.2% solution
of ADBAC had two peaks at approximately 7.9 and
9.0 min. They are shown in Fig. 1 as C12 and C14,
respectively.

140 -
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80
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40 C14

20+
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6 8 10 12 14 16
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Fig. 1. Chromatogram of a 0.2% ADBAC solution
in deionized water (method 1, Surfactant column).

For ADEBAC, we did not have information about
the homologs comprising it. The chromatogram of a
0.2% ADEBAC solution in deionized water had four
peaks, with retention times of approximately 8.4, 8.7,
9.5, and 9.7 min. We identified the components as
dodecyldimethyl(ethylbenzyl)ammonium chloride,
tetradecyldimethyl(ethylbenzyl)ammonium chloride,
hexadecyldimethyl(ethylbenzyl)ammonium chloride,
and octadecyldimethyl(ethylbenzyl)ammonium chloride.
These peaks are shown in Fig. 2 as C12, Cl4, Cl6,
and C18.

As expected, the mixture of ADBAC and
ADEBAC had a chromatogram with 6 major peaks
that, according to their retention times, corresponded
to the peaks in the samples of ADBAC and ADEBAC
(Fig. 3).

When we added CHG to the mixture of ADBAC
and ADEBAC, it did not affect our analysis, since
the retention time of CHG in our conditions was
approximately 6.5 min (Table 2). Figure 4 shows that
PHMB was not retained on the Surfactant column,
whereas N, N-bis-(3-aminopropyl)-dodecylamine
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Fig. 2. Chromatogram of a 0.2% ADEBAC solution
in deionized water (method 1, Surfactant column).
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Fig. 3. Chromatogram of a mixture of ADBAC
and ADEBAC in deionized water
(method 1, Surfactant column).

(Triamine, TA) does not absorb light in the UV range
of the spectrum, and so it also did not affect the
analysis.

The peak asymmetry factors and the distances
between the peaks were within the acceptable range
(Table 2). Thus, our conditions are suitable for
separation of CHG, ADBAC, and ADEBAC.

In our conditions (method 1, Surfactant column),
the peak area concentration graph for ADBAC is
linear in the range between 0.005 and 1.000%, for
ADEBAC between 0.06 and 0.33%, and for CHG
between 0.012 and 0.111%.

Table 2. Chromatography parameters (method 1, Surfactant
column) for a mixture of ADBAC, ADEBAC, and CHG*

Substance Retention time, min R
CHG 6.5 2.96
Cl2 7.9 3.32
ADBAC
Cl4 9.0 2.58
Cl12 8.4 1.64
Cl4 8.7 2.22
ADEBAC
Cl6 9.5 1.67
Ci18 9.7 2.71

* Note: concentration of each component is 0.2%; average
parameter value of five measurements is calculated.
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Fig. 4. Method 1, Surfactant column: a — chromatogram
of a mixture of CHG, ADBAC, and ADEBAC;
b — chromatogram of a 0.2% PHMB solution in deionized
water; ¢ — chromatogram of a 0.2% solution of N,N-bis-
(3-aminopropyl)-dodecylamine in deionized water.

As we have shown, the Surfactant column is
not suitable for PHMB quantification. Since this
substance has an absorption peak at 240 nm, we
could use HPLC with DAD. We were able to separate
PHMB from other cationic surfactants only when we
performed hydrophilic chromatography on a column
with grafted amino groups. The retention time for
PHMB in these conditions was approximately 6.5 min.
The peak area—concentration graph for PHMB was
linear in the range between 0.003 and 0.02%. The
determination factor was 0.9961.

Quantification of PHMB in disinfectants may be
affected only by ADBAC, ADEBAC, and CHG. When
we performed chromatography of these substances
and PHMB in deionized water, we determined that
in these conditions the retention time for PHMB was
approximately 6.5 min, for ADBAC approximately 9.2
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min, for CHG approximately 9.8 min, and for ADEBAC
approximately 11 min (Fig. 5). We could clearly identify
only the peaks of dodecyldimethylbenzylammonium
chloride and dodecyldimethyl(ethylbenzyl)ammonium
chloride. The other homologs comprising ADBAC and
ADEBAC also have peaks on the chromatogram, but they
cannot be used for quantitative analysis. Thus, we did not
see that these components could affect the analysis.

We wused the methods described above for
quantification of cationic surfactants in disinfectants.
We then compared our results with those obtained
by other methods, such as: two-phase titration of
individual substances with methylene blue in alkaline
conditions (for ADBAC)’; two-phase titration with
bromophenol blue (for PHMB); and acid—base titration
with hydrochloric acid in a water—ketone solution (for
CHG)*. Model disinfectant formulations are presented in
Table 3. A comparison of quantification methods for the
cationic surfactants in these samples is shown in Table 4.

PHMB
i ADEBAC
ADBAC
a
| ¢
| CHG
1 N b
i .
T T T T T T T T T 1
0 3 6 9 12 15
Time, min

Fig. 5. Chromatography by method 2, Luna NH, column:
a — chromatogram of a mixture of PHMB (0.02%)
and CHG (0.05%) in deionized water;

b — chromatogram of a 0.2% ADBAC solution in deionized water;
and ¢ — chromatogram of a 0.2% ADEBAC solution
in deionized water.

Table 3. Model disinfectants formulations

Component Contains, % (W/w)

Sample 1
ADBAC 2.0
N,N-Bis-(3-aminopropyl)-dodecylamine 13.0
PHMB 0.4
Cocamidopropyl betaine 3.0
Nonoxynol AF 9-10 4.0
Potassium citrate 1.5
Water To 100

Sample 2
PHMB 0.25
CHG 0.25
2-Propanol 35.0
1-Propanol 30.0
Pentadecanol 0.3
Lactic acid 0.5
Citric acid 0.3
Water To 100

Sample 3
ADBAC 2.5
ADEBAC 2.5
N,N-Bis-(3-aminopropyl)-dodecylamine 10.0
Nonoxynol AF 9-10 5.0
Citric acid 0.8
Dye 0.001
Water To 100

3 GOST R 57474-2017. Dezinfektologiya i dezinfektsionnaya deyatel'nost’. Khimicheskie dezinfitsiruyushchie sredstva i
antiseptiki. Metody opredeleniya chetvertichnykh ammonievykh soedinenii (Disinfectology and disinfection activities. Chemical
disinfectants and antiseptics. Methods for determination of quaternary ammonium compounds) (in Russ.).

4+ MVI 01.00282-2008 / 0184.23.12.13. Opredelenie khlorgeksidina biglyukonata v vodnykh i vodno-spirtovykh rastvorakh (Determination
of chlorhexidine digluconate in aqueous and aqueous-alcoholic solutions) (in Russ.).
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Table 4. Comparison of supposed and literature described methods for real disinfectants analysis

Surfactant Amount introduced, % Found by the proposed method, % Found by titration method , %
Sample 1
ADBAC 2.0 2.140.1 Separate quantification of the substances
PHMB 0.4 0.39+0.02 could not be performed*
Sample 2
PHMB 0.25 0.24+0.01 0.22+0.02*
CHG 0.25 0.26+0.02 0.28+0.01%*
Sample 3
ADBAC 2.5 2.5+0.1 5.2+40.1%
ADEBAC 25 2.40.1 (sum of both QACs)

* Found by two-phase titration, %.
** Found by acid-base titration, %.

Table 5. Metrological parameters of the proposed methods*

Substance S, % % 1, % R, % +8, %
ADBAC 1.21 1.69 3.98 5.57 3.94
ADEBAC 1.17 1.64 3.24 4.54 3.87
CHG 1.03 1.44 3.39 4,75 3.84
PHMB 1.23 1.73 4.07 5.70 3.68

* S, —repeatability; S, —reproducibility; r — repeatability limit; R — reproducibility limit; +6 — relative error at P = 0.95.

In some cases, such as in Sample 2, titration
methods can provide quantification of active
compounds in disinfectants; however, they are often
useless for a mixture of even two cationic surfactants,
not to mention a greater number of analytes in a
mixture. This statement is supported by our results
for Samples 2 and 3. Additionally, the data shown
in Table 3 suggest that chromatographic analysis is
not affected by the presence of nonionic surfactants
and other functional additives in disinfectants, thus
making such chromatographic methods valuable.

The metrological characteristics of the proposed
methods are shown in Table 5.

Conclusions

We have described the application of HPLC for
quantification of cationic surfactants in disinfectants
and have proposed methods for quantification of
ADBAC, ADEBAC, PHMB, and CHG.

The proposed methods allow for the first time to
quantify these four substances in disinfectants when
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