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ABSTRACT - Methanol is a toxic alcohol used in various products such as antifreeze, detergent, disinfectant and
industrial solvent. In the human body, methanol is oxidized to formaldehyde and formic acid, which can lead to met-
abolic acidosis, optic nerve impairment, and death. In this study, the methanol levels in detergents (n=191) and rinse
aids (n=13) were analyzed by gas chromatography-headspace-mass spectrometry (GC-HS-MS). Limit of detection
was 1.09 mg/kg, accuracy and precision were 91.1-97.9% and <10%, and it was suitable for quantitative analysis. This
analysis method was simple and fast with a higher recovery rate than the conventional MFDS (Ministry of Food and
Drug Safety) method of diluting the sample in water and putting it in a headspace vial.
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Table 1. Physicochemical properties of methanol

IUPak name Methanol
Synonyms Methyl alcohol, Wood alcohol, Carbinol
Cas Number 67-56-1
Molecular Weight 32.042 g/mol (CH,OH or CH,0)
Color Colerless liquid
Odor Slight alcoholic odor when pure
Boiling Point 148.3°F at 760 mm Hg, 65°C
Melting Point 144°F, 97.6°C
Solubility Greater than or equal to 100 mg/mL at 70°F
Density 0.792 at 68°F
Vapor Pressure 100 mmHg at 70.2°F
Log PV -0.77

Yn-Octanol/water partition coefficient
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Table 2. Management standards of methanol in detergent by country
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USA, Canada, EU
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Table 3. GC-HS-MS parameter for the analysis of methanol
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Parameter

Condition

Column

Oven temperature

DB-624 (60 m x 250 um x 1.4 pm)
40°C(3 min) — 10°C/min — 150°C(2 min)

Inlet temperature 200°C Split ratio 10:1
GC-MS
Flow rate 1.5 mL/min Injection volume I mL
o Methanol 29,319, 32
Quantitaion ion(m/z)
Isopropanol(IS) 45
Incubation Temp 70°C Incubation Time 10 min
. Agitator Speed 250 rpm Stringe Temp 80°C
Agitator ) )
Flush Time 2 min Sample Volume 1000 pL
Sample Inj. Speed 100 pl/s
"Bold font indicates quantitative ions.
4 Methanol Isopropanol
l’ v (A) TIC

I, B) Methanol EIC
i e I Methanol (B) Methano
3 31 m/z
s C) Isopropanol EIC
: \ Isopropanol (C) Isoprop
= 45 m/z

52 54 56 58 & 62 68 65 68 7 72 74

76 78 8 82 84 86 88 § 92 94 96 98 10 102 104 106 108

Counts vs. Acouisition Time (min)

Fig. 1. Total ion chromatogram (A), extracted ion chromatogram of methanol(B) and isopropanol(C).
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Fig. 2. Calibration curve of methanol standard solution (r= 0.999).

Table 4. Intra-day and Inter-day accuracies and precisions of
methanol from detergent samples spiked with methanol solution

Concentration Accuracy (%) Precision (%)

2 mg/kg 97.48 1.03

Intra-day
(n=7) 10 mg/kg 91.07 1.86
50 mg/kg 91.12 3.29
2 mg/kg 97.85 2.77

Inter-day
(n=7, 3 days) 10 mg/kg 91.69 4.71
50 mg/kg 93.80 2.58
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Table 5. Comparison of recovery (%) + standard deviation results of methanol from detergent samples spiked with methanol solution by

analytical method and agency

Fortified concentration (mg/kg)

Analytical method Instrument Pretreatment
200 1,000 2,000
HS-MS GC-MS Headspace 84.3+0.04 87.9+1.03 90.3+0.64
MEDS-HS-MS GC-MS Distillation process 66.8+0.02 70.4+1.02 72.6+0.64
and headspace
MEFDS GC-FID Distillation process 60.0+0.08 64.3+0.99 55.3+0.64
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Table 6. Distribution of methanol concentrations in detergent and rinse aid products (mg/kg)

Detection frequency

Methanol concentration (mg/kg)

Sample N Detected samples %) S0% — 90% Mo
Detergent Type 1" 109 32 29.4 <LOD 2.0 6.7 253.7
Detergent Type 2% 72 40 55.6 2.1 6.9 146.6 2013.2
Detergent Type 3 10 8 80.0 3.9 5.7 7.4 17.8

Rinse aid 13 5 38.5 <LOD 2.8 153.7 191.5
Total 204 85 41.7 <LOD 42 31.8 2013.2

D Detergent Type 1 is used to wash vegetable or fruit.
2 Detergent Type 2 is used to wash tableware.

% Detergent Type 3 is used to wash automatic dishwasher or industrial dishware, food processing equipment.
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