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Abstract A method for the simultaneous determination of ammonium and six alkylamines in

cosmetic products by ion chromatography IC was developed. The sample pretreatment
process and the separation resolution of chromatography were investigated. The samples were
extracted by 100 mmol/L acetic acid-20% v/v acetonitrile solution at room temperature and
then solid phase extraction SPE column was used to eliminate the interferences. The influ-
ences of pH value organic solvent and coexisted ions were investigated. The separation was
carried out on IonPac® CS17 250 mm x4 mm analytical column and IonPac® CG17 50 mm x
4 mm guard column using 1.5 — 15 mmol/L methanesulfonic acid and 0. 5% -5% v/v acetoni-
trile gradient elution at a flow rate of 1. 0 mL/min at 24 C coupled with suppressed conductivi-
ty detector. Under the optimum conditions a measurement could be completed less than 26
min. The linearity ranged from 0. 3 to 15 mg/L the detection limits and the quantification limits
were in the ranges of 2. 1 - 7.9 mg/kg and 7 - 26 mg/kg respectively. The method was suc-
cessfully employed for the determination of ammonium methylamine dimethylamine trimeth-
ylamine ethylamine propylamine and butylamine in samples including cleaning body lotion

skin-bleaching sun block marcel hair dye and pilatory cosmetics with the recoveries of
80.2% - 109.2% and the relative standard deviations RSDs of 0.5% - 3.1%. The method
offered high selectivity sensitivity and gave satisfactory results for real sample analysis.
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1.0 g/L
15
HPLC ' Ic *° 1.2
CE '’ Gec " 0.5¢g 25 mL 5 mL
100 mmol/L
pH 0.85 1.1
2.03.04.05.06.07.08.510.0 11.4
5 min 5 min 14 000 r/min
! IC 10 min 3 mL
SPE LC-SAX 2 mL
SPME 1 mL
2 1.3
0 ~13.5 min 1.5
IC " mmol/L 0.5% v/v
IC 13.51 ~18.0 min 2.25 mmol/L -0. 75%
v/v 18.01 ~22.5min 15 mmol/L
5% v/v 22.51 ~26 min
IC 1.5 mmol/L -0.5% v/v
SPE 1.0 mL/min
80 mA 24 C 25
wL
2
1
2.1
1.1 SPE Cis
1CS-2500 Dionex MCX SPE 5 mL 5 mL
ED50 AS50 LC30 pH 11 5 mg/L
CSRS®-ULTRA Il 4 mm IonPac® SPE 100 mmol/L -
CS17 250 mm x4 mm IonPac® CG17 50  50%
mm X4 mm CR22G Hi- 70%
tachi 2510 Branson
Branson Ultrasonics LC-SAX LC-WAX 2.1.1
LC-C,; SPE 3 mL Supelco OASIS MCX
SPE 3 mL Waters 150
mg/kg 20
Farco 50 100 mmol/L
Acros 3 SPE
20 50 mmol/L
25% 72.2% ~ 126%
~30% 33% 33% 66.7% ~ 123.6% 20
65% ~70% 98. 5% mmol/L
88.0% ~ 116.3% 76.1% ~ 114.1% 65.3% ~
1 uS/cm 126. 0% 5
3

84.3% ~111. 8% 1
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Table 1 Extraction efficiencies of ammonium LC-SCX
and alkylamines in skin care cream
with three acetic acid solutions % 2.2
Acetic acid/ mmol/L 2.2.1
Analyte
20 50 100
Ammonium 99.5 102.2 84.3
Methylamine 96.7 103.1 104.1
Ethylamine 98.0 90. 8 100. 8 17 18 IonPac®
Dimethylamine 111.8 99.9 111.6 CS17
Propylamine 102.0 104.9 105.8
Trimethylamine 92.3 93.8 100.5
Butylamine 86.6 87.6 110.6
1
150 mg/kg
0.5%
100 mmol/L
1.4
0% 4% 20% 40% 60% SPE
1.5 ~15 mmol/L -0.5% ~5%
100 mmol/L -20%
20 by —®— Ammonium
L —®— Methylamine
89. 8% ~96. 3% N e Eiriumine
2.1.2 pH b —*— Dimethylamine
k —<4— Propylamine
pH 161 —*— Trimethylamine
% b ¢ Butylamine
pH 3.0 mg/L E
pH 0.85 1.1 2.0 3.0 4.0
5.06.0 7.0 8.5 10.0 11.4
pH 3.5 10
pH 4 ~7 67\\.\\.\\\\\\.\\.\\\I\\.\
0.0 0.5 1.0 1.5 2.0 2.5
89.0% ~115.1% o (Acetonitrile) / %
1
2.1.3 Fig. 1 Influence of acetonitrile concentration in eluent
on retention times of ammonium and alkylamines
pH SPE 2.2.2
LC-SAX LC-WAX SPE IonPac® CS17
3 mg/L
100 mmol/L -20%
50 SPE 2
SPE 6 2
LC-SAX
93.3% ~100.5% 98.6% ~101.3% 89.0% ~99. 6%
95.6% ~99.1% 91.6% ~ 101.6% 95.9% ~ 103. 1% 24
93.1% ~99.9% LC-SAX T

LC-

24 C
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e 2.2.3
I - - 10
|  —®— Ammonium —<4—Propylamine - . .
18 L —® Methylamine —*— Trimethylamine mg/L Li" 20 mg/L Na® 20 mg/L K* 30 mg/L
| —A—Ethylamine —4— Butylamine 24 24 c 4+ + 24
| —e— Dimethylamine Mg"" 30 mg/L Ca Li® Na® Mg
r 2+ +
161 Ca K
R= r
g L
14 L
j 2.3
ol // A C mg/L
R
10-.‘m‘.m.‘m‘.m.m”.m.m”.m.m
20 22 24 26 28 30 32 34 36 4.0 mg/L 8
Temperature / C
RSD 12
2
Fig. 2 Influence of temperature on retention S 3s
times of ammonium and alkylamines 10s Y 2
2 6 RSDs LODs LOQs
Table 2 Regression equations correlation coefficients linear ranges relative standard deviations RSDs limits of
detection LODs and limits of quantification LOQs for ammonium and six alkylamines
Analyte Regression equation Correlation coefficient Linear range/ mg/L RSD/% LOD/ mg/kg LOQ/ mg/kg
Ammonium A= -0.0420 +0.2004C 0.9996 0.3-15 0.5 2.1 7
Methylamine A= -0.0904 +0.1171C 0.9994 0.3-15 1.6 5.3 18
Ethylamine A= -0.0483 +0.0552C 0.9993 0.3-15 1.2 5.6 19
Dimethylamine A= -0.0551 +0.0555C 0.9991 0.3 -15 1.8 7.9 26
Propylamine A=-0.0281+0.0381C 0.9996 0.3-15 0.9 3.8 13
Trimethylamine A= -0.0251 +0.0272C 0.9991 0.3-15 3.1 5.6 19
Butylamine A= -0.0281+0.0277C 0.999%4 0.3-15 0.6 4.6 15
A peak area C mass concentration mg/L.
2.4 10 7.88~4.29x10° m=14 20.3~2.07x10* n
IC =12 17.3 m=1 6.65 5l.1 n=2 27.6~
33 49.7 n =4
1
mg/kg n 80.2% ~ 109. 2%
4.28 ~1.74 x 10" m =33  7.50 ~3.04 x 10> n = 3 3
3 n=4
Table 3 Recoveries of the analytes spiked in samples n =4
Sample Amine Original/ mg/kg Added/ mg/kg Found/ mg/kg Recovery/% RSD/%
Deep cleaning shampoo ammonium 218.0 50.00 267.6 99.2 1.1
methylamine - 50.00 49.60 99.2 0.3
ethylamine 578.8 50.00 627.1 96.6 1.1
dimethylamine 170.7 50.00 222.6 103.8 0.7
propylamine - 50.00 49.71 99.4 0.4
trimethylamine - 50.00 46. 16 92.3 0.7
butylamine - 50.00 43.62 87.2 0.6
daily cream Ammonium 38.15 50.00 78.56 80.8 1.1
methylamine - 50.00 49.62 99.2 1.1
ethylamine - 50.00 45.20 90.4 1.0
dimethylamine 33.01 50.00 80.03 94.0 3.0
propylamine - 50. 00 44.24 88.5 0.6
trimethylamine - 50.00 45.35 90.7 1.5
butylamine - 50.00 47.92 95.8 1.1
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Table 3 Continued
Sample Amine Original/ mg/kg Added/ mg/kg Found/ mg/kg Recovery/% RSD/%
Sun cream ammonium 42.32 50. 00 85.73 86.8 1.3
methylamine 8.21 50.00 52.18 87.9 1.7
ethylamine - 50.00 48.70 97.4 0.8
dimethylamine 21.05 50.00 66. 86 91.6 1.3
propylamine - 50. 00 43.53 87.1 1.0
trimethylamine - 50.00 43.36 86.7 1.3
butylamine 3.60 50.00 48.47 89.7 0.4
Skin-whitening agent ammonium 45.15 50.00 85.45 80.6 0.7
methylamine 43.18 50.00 84.47 82.6 1.4
ethylamine - 50.00 47.37 94.7 1.5
dimethylamine 97.70 50.00 144. 1 92.8 1.5
propylamine - 50.00 43.80 87.6 0.8
trimethylamine - 50.00 44,38 88.8 0.4
butylamine - 50.00 47.07 94.1 1.0
Marcel liquid ammonium 25.00 50.00 71.86 93.7 0.4
methylamine 30.00 50.00 72.66 85.3 1.0
ethylamine - 50.00 46.09 92.2 0.4
dimethylamine - 50.00 54.60 109.2 1.6
propylamine - 50.00 49.56 99.1 1.1
trimethylamine - 50.00 50.96 101.9 0.7
butylamine - 50.00 53.08 106.2 0.6
Pilatory ammonium 160.5 50.00 200. 6 80.2 1.1
methylamine 1.96 50.00 48.17 92.4 3.9
ethylamine - 50. 00 44.07 88.1 0.8
dimethylamine - 50.00 42.09 84.2 0.6
propylamine - 50.00 44.31 88.6 2.1
trimethylamine 16.10 50.00 58.84 85.5 0.5
butylamine - 50.00 44.52 89.0 0.7
Care essence liquid ammonium 35.60 50.00 79.23 87.3 0.5
methylamine - 50.00 46.77 93.5 0.5
ethylamine 6.73 50.00 51.14 88.8 1.1
dimethylamine - 50.00 43.79 87.6 0.5
propylamine - 50.00 45.19 90. 4 0.9
trimethylamine - 50.00 42.82 85.6 1.1
butylamine - 50.00 46. 34 92.7 0.7
— The result is less than the detection limit LOD .
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Fig. 3 Chromatograms of a the mixed standard solution b
1. ammonium a. 4.00 mg/L b. 0.90 mg/L c. 3.43 mg/L
ethylamine a. 4.00 mg/L c. 3.05 mg/L
6. trimethylamine a. 4.00 mg/L c. 3.50 mg/L

mg/L

7. butylamine

2. methylamine
4. dimethylamine a. 5.63 mg/L c. 4.78 mg/L
a. 2.28 mg/L c. 1.90 mg/L .

skin softener and ¢

a spiked skin softener sample
a. 4.00 mg/L b. 0.14 mg/L c. 3.08 mg/L

3.

5. propylamine a. 4.00 mg/L c. 3.60
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