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( CE) o 37 em x50 pm 150 mmol /L 62.5

mmol /L (pH 2.5) ( 40% ) 50 mmol/L - ( 1:1)
214 nm, 3.0%  3.7%- \C,BAC.C,-

BAC C,-BAC ( 3) 0.3.0.5.0.5.0.5 mg/L ( 10) 1.0.1.5.1.5
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0.9995.0.9998.0.9997  0.999 8. 93.83% ~
104. 97%- °
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Abstract: Benzalkonium chloride ( BAC) is a mixture of alkyl substituted benzyl dimethylammonium
chloride homologs ( C,,-BAC C,,BAC and C,,-BAC) . Chlorhexidine acetate is a widely used effective

component in compound chemical disinfectants. A method for the simultaneous determination of chlorhex—
idine acetate and benzalkonium chloride in compound chemical disinfectants by capillary electrophoresis
( CE) was established. The CE analysis was carried out using an uncoated capillary with 50 pm i. d. and
37 cm total length. The running buffer was 150 mmol/L NaH,PO,-62. 5 mmol/L H;PO,( pH 2.5) con-
taining 40% ( v/v) acetonitrile. The sample medium was 50 mmol/L acetic acid-acetonitrile ( 1: 1 v/
v) . The detection wavelength was 214 nm. The factors such as the buffer concentration and pH the con—
tent of acetonitrile which influenced the separation and accurate assay of compound chemical disinfect—
ants were investigated in detail. The intra-day and inter-day precisions of the method were below 3. 0%

and 3. 7% respectively. The limits of detection ( LOD signal to noise ratio ( S/N) =3) for chlorhexi—
dine acetate C,,-BAC C,-BAC and C,;-BAC were 0.3 0.5 0.5 and 0.5 mg/L respectively. The
limits of quantification (LOQ S/N=10) were 1.0 1.5 1.5 and 1.5 mg/L respectively. The cor—
rected peak area and the mass concentration of the four components mentioned above showed good linear
relationships within the ranges of 1.0 =400 mg/L 1.5 -200 mg/L 1.5 - 200 mg/L and 1.5 - 200
mg/L  with linear correlation coefficients (r) of0.9995 0.9998 0.999 7 and 0. 999 8 respectively.
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The established method was used for the determination of the four disinfectants in the compound chemical

disinfectants. The results were in good agreement with those obtained by the high performance liquid

chromatographic method.

Key words: capillary electrophoresis ( CE) ; benzalkonium chloride; chlorhexidine acetate; disin—
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37 em x50 pm : -~ BAC
210 kV; 13 s 1214 nm;
: 3. 448 kPa; 125 °C; 30 o
wA. . 4
: 150 mmol/L 62.5 o
mmol /L (pH 2.5) ( 40% pH 2.5
) : ©50 mmol /L. - ( 120.150 180
1:1) mmol /L ( 1) 4
1 mol/L NaOH 20 o
min 5 min 5 min, ( )
1 mol/L NaOH 3 min
2 min 1 min 3 BAC
. C,-BAC
1.5 HPLC ;
HPLC ’ .
: CAPCELL PAK C( 150 mm x 150 mmol /L 62. 5 mmol/L,
4.6 mm 5 um); 220 mmol/L 2.1.3 pH
( pH 2.5) ( 35% ); pH
:1 mL/min; 1254 nm; 125
C; 110 plLo 0.012
HPLC BAC ’ ooto b i
: CAPCELL PAK C;( 150 mm x 4.6 mm
0.008
5 pm) ; <70 mmol /L ( 1%(v/ r
[ 120 mmol/L
v) pH5.0) (72:28 v/v); 2 0.006 f
:1 mL/min; 1262 nm; 130 C; 0.004 I |50 mmol/L
10 pL. 0.002 [
[ 180 mmol/L
2 0.000 L 1 ! ! M ! ! 1
0 2 4 6 8 10 12 14 16
2.1 CE t/min
2.1.1 1 4
Fig. 1 Influence of NaH, PO, concentration
BAC on the separation of the four disin—
BAC 205 nm 257 nm fectants in a standard mixture
Uncoated capillary: 37 em (30 cm to the detector) x50 pm; in—
196 nm 258 nm jection time: 3 s; injection pressure. 3.448 kPa; detection wave—
. BAC 257 nm length: 214 nm; separation voltage: 6 kV; temperature: 25 C; cur—
205 rent: 30 wA; running buffer: 120 — 180 mmol/L NaH,PO,=«
nm mmol/L HyPO,( pH 2.5; x =47.5 62.5 67.5) containing 40%
257 nm 214 nm ° (v/v) acetonitrile.
258 nm Peaks: 1. chlorhexidine acetate; 2. C;,-BAC; 3. C,,-BAC; 4.
196 nm 214 nm C1s BAC.
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Fig. 2 Influence of pH of phosphate buffer on the
separation of four disinfectants in a stand—
ard mixture
Separation voltage: 6 kV; running buffer: 150 mmol/L NaH, PO, =
mmol /L H;PO,(pH2.0 2.2 2.5 3.0; x=180 112 62.5 17.5)
containing 40% ( v/v) acetonitrile; other CE conditions were the
same as in Fig. 1.

For peak identifications see Fig. 1.
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Fig. 3 Influence of acetonitrile content on the
separation of the four disinfectants in a
sample
Separation voltage: 6 kV; running buffer: 150 mmol/L NaH,PO,-
62.5 mmol/L H;PO,( pH 2.5) containing different contents ( 30%

40% and 50% (v/v)) of acetonitrile; other CE conditions were the
same as in Fig. 1.

For peak identifications see Fig. 1.
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Fig. 4 Influence of separation voltage on the separation
of the four disinfectants in a standard mixture
Running buffer: 150 mmol/L NaH,P0O,-62.5 mmol/L H;PO,( pH
2.5) containing 40% ( v/v) acetonitrile; separation voltage: 6 10
and 12 kV; other CE conditions were the same as in Fig. 1.

For peak identifications see Fig. 1.
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Fig. 5 Influence of inorganic acids in sample medium
on peak shape and separation of four disinfect—
ants in a standard mixture
Separation voltage: 10 kV; running buffer: 150 mmol/L NaH, PO, -
62.5 mmol/L H;PO,( pH 2.5) containing 40% ( v/v) acetonitrile;
other CE conditions were the same as in Fig. 1.

For peak identifications see Fig. 1.
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Regression equations linear ranges correlation coefficients ( r)
and limits of quantification ( LOQs) of four disinfectants

Table 1

limits of detection ( LODs)

Compound Regression equation Linear range/( mg/L) r LOD/( mg/L) LOQ/( mg/L)
Chlorhexidine acetate A=215.85p+951.7 1.0 -400 0.9995 0.3 1.0
Cy,BAC A=67.313 p +59.025 1.5 -200 0.9998 0.5 1.5
Cy4-BAC A=61.991 p +78.272 1.5-200 0.9997 0.5 1.5
Cy6-BAC A=61.71 p +68.686 1.5-200 0.9998 0.5 1.5

A: corrected peak area; p. mass concentration mg/L.
2.3.2 NI
- ~ 3 o 0.5 mL 2" 15 mL
~ ~ 3 50,100 200 pL 5
CE 7 g/L 10,100 200 pL
5¢g/L 3 BAC
( RSD) 2, 25.50.100 mg/L. BAC 5.
Table 2 Results of instrumental precision (n =7) 4 4.
Relative standard deviation
Mass ' (RSD) /% 4 4 (n=5)
Compound concentration / Mierat p 4 Table 4 Recoveries of the four disinfectants
(mg/L) 1grat10n orrecte spiked in a real sample (n =5)
time peak area —
Chlorhexidine 1 0.42 1.3 Compound Original/ - Added/ Recovery/ RSD/
(mg/L) (mg/L) % %
acetate 100 0.40 1.9
Chlorhexidine 48.78 25.00 94.1 9.7
200 0.43 1.4
Cp-BAC ) 0.52 20 acetate 50.00 100.3 3.4
50 0.66 17 100.0 103.2 4.3
100 0.68 14 C,BAC - 5.000 100.0 2.4
C,,-BAC 2 0.52 21 50.00 99.6 0.79
50 0.63 1.7 100.0 104.5 1.8
100 0.68 1.4 Gy, BAC - 5.000 93.9 2.8
C,-BAC 2 0.53 2.1 50.00 99.7 1.4
50 0.58 1.6 100.0 104.4 2.1
100 0.68 1.4 C,s-BAC - 5.000 93.8 3.8
50.00 101.1 1.4
2.3.3 100.0 105.0 1.8
- Not detected.
o 7 1.3
i CE 2.4
. ; 1.3 1# -7
3 CE 5
3 )
HPLC 5. 6
3 (n=17) P
Table 3 Intra-day and inter-day precisions of 2 °
real sample analysis (n =7) 5 .
. Chlorhexidine acetate C,BAC %
Precision - - 7 N
Content/( g/L) RSD/% Content/( g/L) RSD/%
Intra-day 3.06 3.0 0.945 2.8 HPLC
Inter-day 3.15 3.1 1.04 3.7 . CE
C4BAC and C;s-BAC: Not detected.
2.3.4 CE N N

BAC 2° 0
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5 CE HPLC 4
Table 5 Contents of the four disinfectants in compound chemical disinfectants determined by CE and HPLC
Sample ) . CE (n=5) Content Specified
Sample Compound .
No. Content/( g/L) RSD/% ( HPLC) /(g/L) content/( g/L)
1 hand disinfection solution chlorhexidine acetate 3.07 2.7 2.95 2.35-2.75
C,,BAC 0.99 2.4 0.97 0.90-1.1
C,BAC - - - n
C,s-BAC - - - n
2 woman inflammation bacteriostatic lotion chlorhexidine acetate 0.99 1.7 0.98 0.80-1.2
C,BAC - - - n
C,BAC - - - n
C,s-BAC - - - n
3 surface cleaning and disinfection liquid chlorhexidine acetate - - - n
C,,BAC 10.1 2.5 9.86 10.8 -13.2
C,BAC 3.19 2.7 3.17 n
C,s-BAC - - - n
4 soft clean nursing liquid for female chlorhexidine acetate - - - n
C,BAC 0.72 3.0 0.75 0.90-1.2
C,,BAC - - - n
C,BAC - - - n
5 soft clean nursing liquid for male chlorhexidine acetate - - - n
C,BAC 0.88 2.4 0.81 0.90-1.2
C,,BAC - - - n
C,4-BAC - - - n
6 micro ecological antibacterial agent No. 1 chlorhexidine acetate - - - n
C,,-BAC 0.22 2.2 0.19 0.22
C,BAC 0.06 0.95 0.06 n
C,4-BAC - - - n
7 micro ecological antibacterial agent No. 2 chlorhexidine acetate - - - n
C,BAC 0.26 2.4 nd 0.22
C,BAC 0.07 2.8 nd n
C,s-BAC - - nd n
- Not detected; n: Not specified; nd: Can not be quantified due to interferences.
0.3
I . 3
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02 |- BAC
L 234 pH N ~
= c
< CE o CE HPLC
0.1 - \A
I b
i . CE
0.0 —*2
P R S RSN AR RN BRI R
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6 (a)4 (02 °
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Fig. 6 Electropherograms of (a) a standard mixture
of the four disinfectants and ( b) sample 2* 1
and (c) sample 2* spiked with standards
Separation voltage: 10 kV; running buffer: 150 mmol/L NaH,PO,—
62.5 mmol/L H;PO,( pH 2.5) containing 40% ( v/v) acetonitrile;
other CE conditions were the same as in Fig. 1.

For peak identifications see Fig. 1.
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