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Analysis of 1,4-Dioxane and Chlorohydrins in
Food Additives by Purge & Trap GC
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Abstract

This study has been performed to develope a method for the simultaneous determination of 1,4-dioxane (DOX),
epichlorohydrin (EPC), propylene chlorohydrin (PCH), ethylene chlorohydrin (ECH) and 1,3-dichloro-2-pro-
panol (DCP) in polysorbates, chloline chloride, choline bitartrate, modified starch and spices by purge and trap-
gas chromatography. Experimental design was used to select a suitable trap by measuring the limit of detection
{LOD) and to investigate the effect of temperature and salt of extraction, and the percentage of recovery in various
matrix. The LOD of DOX, EPC, PCH, ECH and DCP were 1.38 ng, 0.23 ng, 3.30 ng, 3.97 ng, 20.43 ug respectively,
by means of using Vorcarb 3000 trap with 50°C sample sparger. Excluding EPC, the recoveries of target compounds
were above 90% in all matrix. Target compounds in polysorbates (17), choline chloride (5), choline bitartrate
(5), modified starch (8) and spices (25) were not detected. But 2.5 ppm of DOX was detected in Tween 80.
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Fig. 1. Chromatogram of taget compounds.

1: 1,4-Dioxane, 2: Epichlorohydrin, 3: 1-Chloro-2-propanol, 4: 2-
Chloro-1-propanol, 5: Ethylene chlorohydrin, 6: 1,3-Dichloro-2-
propanol.
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Table 1. Limit of detection (LOD) of target compounds ac—
cording to various traps

LOD (ug)
Traps

DOX EPC PCH ECH DCP
Tenax 087 021 NA"” NA NA
Tenax/silical gel 091 025 NA NA NA
Tenax/silical gel/charcol 088 022 NA NA NA
Carbopak/carbosieve 124 030 482 99 4041
BTEX 111 022 NA NA NA
Vorcarb 3000 138 023 330 397 2043

UNA: Not applicable.
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Table 2. Calibration curve equation of target compounds

‘Taget compounds Calibration curve Correlation R
equation coefficient (R”)
DOX Y=4.9002X +27.876" 0.9926
EPC Y=8.0459X +127.14 0.9776
PCH Y=2.3412X +37.061 0.9910
ECH Y=0.1899X +37.74 0.9874
DCP Y=0.0943X + 46.227 0.9906

Uy Mg, Y: area.
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Fig. 2. Effect on the various concentration of salt added in
the sample spager.

Ratio (%) = peak area of compound / peak area of compound at
the 25°C.
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Table 3. The relative standard deviation (RSD, %) of targe .
compounds by temperature

Temperature RSD (%) )
*C) DOX EPC PCH ECH DCP

40 34 4.1 3.1 32 28

50 42 4.8 3.2 34 3.0

60 55 6.3 54 6.0 5.7
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Fig. 3. Effect on the various concentration of salt added in
the sample spager.

Ratio (%) = peak area of compound/ peak area of compound at
the 25°C.
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Table 4. Recoveries of spiked standards in the polysorbates
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7% Zrhgrc g9
]2 wtobx DCPY A §-oll=

= o T A
A9l EPCell 948 vlA 454 AE o] Fo] EPCH 3
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MAAY WAAEE To Hom Aol U= A}
Yz oluzes g ofdedd AL JPos AN F &
Qo] by Aok wWebd RS B AEE fol
37 she zako] Basteh Aol 2N F448 Thste] ¢
ol & ohe Thdstel AR el b Sakst
JEF 4902 $HA7 F H58& 24T A5HE Table
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Type of Tvpe of sample Recovery (%)
standard P b DOX EPC PCH ECH DCP
Standard Polysorbate 20 851+151Y 165+1.87 856082 82.7+1.47 83.9+0.89
only Polysorbate 65 86.2+1.27 188=*1.76 86.1+1.06 835+1.05 86.2+1.19
Polysorbate 80 829+1.08 15.2+148 87.4+1.09 26.1+1.21 85.3+1.47
Standard Polysorbate 20 96.7+1.65 65.8+2.02 942+125 945+1.37 91.2+155
and Polysorbate 65 95.4+1.71 66.211.66 91.7+1.18 93.2%157 925+1.68
defoamer Polysorbate 80 96.1+1.39 6711198 93.8%+1.20 94.4%1.65 906155
Standard, Polysorbate 20 64611.88 362+169 447+1.28 516%162 21.3%2.27
defoamer Polysorbate 65 652+1.77 4121204 46.1+1.89 50.6+1.38 236+1.89
and Na;SO; Polysorbate 80 63.811.91 3821226 454+1.14 50.7+1.90 20.7+2.05
"Means t standard deviation.
Table 5. Recoveries of various compounds in choline chloride and choline bitartrate
Samples Recovery (%)
e
P DOX EPC PCH ECH DCP
Choline chloride 113.0%+1.24" 116.6+1.28 1124%1.17 131.3+£1.87 1122+2.12
Choline bitartrate 104.0+1.08 20.7+2.87 111.1%1.06 1124+1.47 1106+155

"Means + standard deviation.
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Table 6. Recoveries of various compounds in modified starches
Recovery (%)
NG f d T f 1
vpe of standard ype o sampie DOX EPC PCH ECH DCP

Standard Hydroxypropyl distarch phosphate 2140+1.11Y 2436+262 2273+1.24 1827%139 1839%214
oal Hydroxypropyl starch 2004+1.84 2387+195 2202%+120 1835*+1.26 186.2+2.03

v Waxy corn starch 190.2+1.91 212.3£227 1902#+1.37 160.3+134 131.9%£211
Standard, Hydroxypropy! distarch phosphate 992+1.54 101.4%£2.16 92.3*+1.42 925175 91.7£1.99
same treatment  Hydroxypropyl starch 95.4£1.07 97.2%2.21 93.4%+1.63 91.8+1.54 90.8x2.04
of samples Waxy corn starch 95.1+1.23 93.3+2.14 89.7+1.17 90.4*1.65 88.7+2.13

Iy .
M eans T standard deviation.

Eble 7. Recoveries of spiked standards in the spices

Recovery (%)

Type of standard Type of sample

- DOX EPC PCH ECH DCP
Cumin 948+1.23" 83.6%1.38 90.4%+1.41 9274155 89.5+1.18
Standard Parsley 93.7+1.38 84.5%2.04 91.2+1.28 93.3+141 88.7+1.88
oy Clove 942+1.17 8261 1.87 8954122 02.1+1.28 87.4+129
Rosemary 93.8+1.50 8481 1.72 92.2%1.09 93.841.34 905+ 1.79
. Tarragon 94.4+1.47 89.7+1.65 90.5+1.31 94.1+1.25 91.4+1.70
Cumin 968+ 157 92.8%1.49 935+1.12 928+ 165 91.1%1.04
Parsley 965+165 93.6+1.27 94.1+1.13 941125 92.5+1.46
;ff}g‘g‘rd and Clove 97.1+1.77 942+1.63 95.0%1.36 92.4+1.89 92.7%1.45
2504 Rosemary 96.2+1.45 9254166 95.6+1.25 92.9+1.77 92.1+1.35
Tarragon 95.8+1.62 93.741.70 948+127 94.7+1.45 92.8+1.41

“Neans * standard deviation.
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Table 8. The contents of residual compounds in various
samples

Number
Type of sample of
sample DOX EPC PCH ECH DCP

Amount (ppm)

Polysorbate 20 5 ND” ND ND ND ND
Polysorbate 65 5 ND ND ND ND ND
Polysorbate 80 5 ND ND ND ND ND
Tween 80 3 25 ND ND ND ND
Choline chloride 5 ND ND ND ND ND
Choline bitartrate 5 ND ND ND ND ND
Hydroxypropyl starch 5 ND ND ND ND ND
Waxy corn starch 3 ND ND ND ND ND
Parsley 5 ND ND ND ND ND
Cumin 5 ND ND ND ND ND
Clove 5 ND ND ND ND ND
Rosemary 5} ND ND ND ND ND
Tarragon 5 ND ND ND ND ND

UND: Not detected.
?One sample was detected.

© 2= Vocarb 3000¢] A3 st
OhﬂH 7&@‘{ A= DOX 1.38 ug, EPC 0.23 ug, PCH 3.3)
ug, ECH 3.97 ug, DCP 20.43 pgel gl cl. 73 A exZrtel 24
S ER FE ke wgel #4732 Folsld o) 6)
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