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Abstract A method for the determination of nine primary aromatic amines in crayon by solid

phase extraction SPE and gas chromatography-mass spectrometry GC-MS was developed.
The alkanes in the sample were removed with n-hexane. Then the sample was extracted twice
with ultrasonic extraction by methanol. The extract was evaporated then the concentrated
solution reacted with the reducing agent sodium hydrosulfite for 30 min at 70 C

extraction with a diatomite SPE column the aromatic amines were collected a d \eﬁé ed on
an HP-5M column determined by MS. The nine primary aromatic amines c U arated and
determined successfully. Under the optimized conditions the de c@dmmts were 5 mg/kg

accurate and stable. It can be applied in the analygs

and the spiked recoveries of the samples were in the ran 2 43%. The method is
gs\\ mary aromatic amine of real

crayon samples.
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EN71 20 min
EN71 10 mL
9 35 C 1 mL
8.5 mL 0.06
9 mol/L pH6.0 1.5 mL 200 g/L
70 C 30 min
1.2.3
0.5 mL 1 mol/L NaOH
6-11
15 min 4 20
mL 2mLO0.5
mol/L 1 min 20 ~25 C
1 2 mL 0.5 mol/L
1.1 NaOH 2 mL
Agilent 6890/5975 - GC-MS
Agilent Su- 1.3 GC-MS
pelco EYELA HP-5M 30 m x0.25
mm X 1. 80 um 1.0 mL/min
HITACHI 20 mL 20 g 5:1 280 C
VARIAN 9 100 C 2 min 10
1 Chemservice C/min 135 C 15 C/min 185 C
Fisher 4 1 min 15 C/min 220 C 12
106 Disperse Blue 106 Tartrazine min 8 T /min 280 C 2/min
1 Disperse Red 1 37 Disperse Or- El
ange 37 Sigma 70 eV
Milli-Q SIM MSD
>99.999% m/z 50 ~300
100 2
mg/L 4 C 2.1
1 2.1.1
12.5510 20mg/L
1.2
1.2.1
lg 2.1.2
2 mm x 2 mm
50 mL 20 mL
20 min 10 000 106 1 37 4

r/min 10 min

1.2.2
20 mL 2
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GC-MS JLu L_J_L 0.5 mol/L
d_J \ \ A ‘ A 1.0 mol/L
0.5 k
0.1 mol/L,
A N
mOI/L 1 3 \\||\\\\\\l\\\\\\ll\\\\\ll‘lllll‘%ll\\\\|\\\\\\||\\
1 2 4 6 8 10 12 14 16 18 20 22 24 26
t/min
GC-MS
1
0.5 mol/L 1 mol/L Fig. 1 Chromatograms of a crayon sample treated with
0.1 mol/L different concentrations of hydrochloric acid
1
. . . S X mg/L
Table 1 Recoveries of nine aromatic amines in crayon
treated with different concentrations of hy- 2 9 1 ~20
drochloric acid % mg /L
Aromatic amine 0.5 mol/L 1 mol/L 0.1 mol/L
Aniline 94.76 95.18 77.55
Aminotoluene 106. 82 117.32 79.85
2-Methoxyaniline 98.86  102.95 74.33 2.3
4-Chlorobenzenamine 101. 64 105.34 76.32
2-Naphthylamine 82.34 74.28 44.88 10 S/N
Benzidine 81.00 59.20 39.87
2- 4- 2-
3 3’-Dimethylbenzidine 82.14 84.25 53.44
’ 1 !
3 3’-Dichlorobenzidine 83.16 78.62 41.25 33 373 33
3 3’-Dimethoxybenzidine 98.77 70. 14 46.42 5 mg/kg
3 5.00 25.00
2.2 100. 00 mg/kg
6
Y 3
2.9
Table 2 Retention times selected ions linear equations and correlation coefficients r?> of 9 aromatic amines
Aromatic amine Retention time/min Selected ion m/z Linear equation 7’
Aniline 2.68 65 66 93° Y =1338750X - 184102.0 0.9998
Aminotoluene 3.58 77 106* 107 Y =582688.6X - 184009. 8 0.9983
2-Methoxyaniline 4.79 80 108" 123 Y =536539.8X -73169.9 0.9999
4-Chlorobenzenamine 5.18 92 127° 129 Y =433491.4X -54607. 1 0.9999
2-Naphthylamine 9.10 115 116 143~ Y =785749.1X - 174186.9 0.9998
Benzidine 14.80 183 184* 185 Y =1375620X -979027.2 0.9994
3 3’-Dimethylbenzidine 18.17 106 212* 213 Y =851759.2X -595110.5 0.9991
3 3’-Dichlorobenzidine 22.09 126 252° 254 Y =522497.6X -329618. 4 0.9987
3 3’-Dimethoxybenzidine 22.65 201 229 244~ Y =329024.5X -227040.9 0.9995
Y peak area X mass concentration mg/L linear range 1 -20 mg/L = quantitative ion.
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3 n=6
Table 3 Recoveries and relative standard deviations RSDs of aromatic amines in crayon n =6
X . Spiked/ Found/ Recovery/ RSD/ . . Spiked/ Found/ Recovery/ RSD/
Aromatic amine Aromatic amine
mg/kg mg/kg % % mg/kg mg/kg % %
Aniline 5.00 4.61 92.29 6.96 Benzidine 5.00 4.66 93.15 6.38
25.00 24.04 96. 14 5.62 25.00 22.41 89. 64 8.85
100. 00 96.50 96.50 3.91 100. 00 96.59 96.59 3.99
Aminotoluene 5.00 4.80 96.03 4.90 3 3’-Dimethylbenzidine 5.00 4.75 95.05 5.15
25.00 24.22 96. 88 5.41 25.00 22.96 91.85 5.75
100. 00 96.56 99.56 1.64 100. 00 99.83 99.83 2.85
2-Methoxyaniline 5.00 4.90 97.96 2.62 3 3’-Dichlorobenzidine 5.00 4.70 93.98 7.45
25.00 23.90 95.59 4.53 25.00 23.79 95.17 4.97
100. 00 96.91 96.91 1.91 100. 00 102.43 102.43 1.79
4-Chlorobenzenamine 5.00 4.79 95.72 5.29 3 3’-Dimethoxybenzi- 5.00 4.73 94.57 6.80
25.00 24.96 99. 84 4.01 dine 25.00 21.50 86.02 5.59
100. 00 100.77 100.77 2.47 100. 00 99.62 99. 62 3.49
2-Naphthylamine 5.00 4.47 89.37 3.75
25.00 22.73 90.93 6.16
100. 00 89.53 89.53 4.31
2.4 1 6.12
15 mg/kg 2b
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2 a9 10 mg/L b SIM GC-MS
Fig. 2 GC-MS chromatograms of a a mixed solution of nine primary aromatic amines 10 mg/L and
b a real sample containing a primary aromatic amine in SIM mode
Peaks 1. aniline 2. aminotoluene 3. 2-methoxyaniline 4. 4-chlorobenzenamine 5. 2-naphthylamine 6. benzidine 7. 3 3’-dime-

thylbenzidine 8. 3 3’-dichlorobenzidine 9. 3 3’-dimethoxybenzidine.
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