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3-Monochloro-1,2-propanediol (3-MCPD) and 1,3-dichloro-2-propanol (1,3-DCP) are not only produced

in the manufacturing process of foodstuffs such as hydrolyzed vegetable proteins and soy sauce but are

also formed by heat processing in the presence of fat and low water activity. 3-MCPD exists both in free

and ester forms, and the ester form has been also detected in various foods. Free 3-MCPD and 1,3-DCP

are classified as Group 2B by the International Agency for Research on Cancer. Although there is no data

confirming the toxicity of either compound in humans, their toxicity was evidenced in animal experimen-

tation or in vitro. Although few studies have been conducted, free 3-MCPD has been shown to have neuro-

toxicity, reproductive toxicity, and carcinogenicity. In contrast, 1,3-DCP only has mutagenic activity. The

purpose of this study was to analyze 3-MCPD and 1,3-DCP in various foods using gas chromatography -

mass spectrometry. 3-MCPD and 1,3-DCP were analyzed using phenyl boronic acid derivatization and the

liquid–liquid extraction method, respectively. The analytical method for 3-MCPD and 1,3-DCP was vali-

dated in terms of linearity, limit of detection (LOD), limit of quantitation, accuracy and precision. Conse-

quently, the LODs of 3-MCPD and 1,3-DCP in various matrices were identified to be in the ranges of

4.18~10.56 ng/g and 1.06~3.15 ng/g, respectively.

Key words: 3-Monochloro-1,2-propanediol, 1,3-Dichloro-2-propanol, Gas chromatography-mass spec-

trometry, Total diet study, Phenyl boronic acid, Derivatization, Liquid-liquid extraction

INTRODUCTION

3-Monochloro-1,2-propanediol (3-MCPD) and 1,3-

dichloro-2-propanol (1,3-DCP) are found in acid-hydro-

lyzed vegetable proteins (HVPs). 3-MCPD, with a molecu-

lar formula of C3H7ClO2, is a colorless liquid that can

change to a straw color. It has a pleasant odor and is solu-

ble in water, alcohol, diethyl ether, and acetone. 3-MCPD

exists both in free and ester forms. 3-MCPD esters (called

bound 3-MCPD) comprise monoesters and diesters. 1,3-

DCP, with a molecular formula of C3H6Cl2O, is a liquid

with an ethereal odor and has a high solubility in water (1).

These compounds are usually used as chemosterilants for

rodents, as raw material for epichlorohydrin, and as fumi-

gants against insects (2,3).

Previous studies indicate that free 3-MCPD is not a natu-

rally occurring compound and has been detected in the

environment and in food. Free 3-MCPD has been found in

food put through the heat process in the presence of fat and

had low water activity during studies on the potential utility

of its the precursors such as glycerol, ally alcohol, lipids

and hydrochloric acid as well as carbohydrates with aque-

ous hydrochloric acid (4-9). Moreover, free 3-MCPD in the

environment can originate from wastewater and used epi-

chlorohydrin–linked cationic polymer resins in water purifi-

cation plants (10,11). In contrast, the formation mechanism

for bound 3-MCPD is not exactly identified; however, it is
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generally found in thermally processed foods, refined oil,

goat milk, and human milk (12,13). 1,3-DCP is known to

occur not only in the products from food processing proce-

dures such as baking, toasting or roasting, but also in drink-

ing water processed in water purification plants using

epichlorohydrin-linked cationic polymer resin (5,6,10). In

general, the concentration of 1,3-DCP was determined to be

lower than that of 3-MCPD in all foodstuffs except meat

products.

Free 3-MCPD and 1,3-DCP were classified as Group 2B

compound by the International Agency for Research on

Cancer (IARC). Although data is lacking on their toxicity in

humans, their toxicities were evidenced by animal experi-

mentation or in vitro. A lot of studies indicate that free 3-

MCPD has neurotoxicity, reproductive toxicity, and car-

cinogenicity (14-16). In contrast, 1,3-DCP only has muta-

genic activity (17). Thus, many countries such as the USA,

European Union, China, and Korea have regulated the max-

imum concentration limits, ranging from 0.02 to 1 mg/kg in

acid HVP and soy sauce. However, there is no regulation on

bound 3-MCPD because of insufficient evidence on its tox-

icity. 1,3-DCP also has no regulation in spite of its muta-

genic activity. The average dietary exposure of the population

to 3-MCPD and 1,3-DCP from consuming various foods is

0.02~0.7 and 0.051 μg/kg body weight per day, respectively.

3-MCPD is analyzed by high-performance liquid chroma-

tography equipped refractive index detector, because it has

no chromophore. Therefore, analysis of 3-MCPD and 1,3-

DCP has been mostly performed by gas chromatography-

electron capture detector (GC-ECD) or gas chromatogra-

phy-mass spectrometry (GC-MS) for the determination of

trace quantities. Using these techniques, direct analytical

methods are required for different GC columns for simulta-

neous analysis as well as the quantitation of trace amounts.

1,3-DCP has been directly analyzed using steam distillation

or headspace, which is quick, easy, and effective (18,19).

However, fragments with low mass values can be less reli-

able.

Many studies tend to develop analytical methods for deri-

vatization by reagents such as bis(trimethylsilyl)trifluoroac-

etamide, heptafluorobutyric anhydride (HFBA), hepta-

fluorobutyrylimidazole (HFBI), ketones, and phenylbo-

ronic acid (PBA) (20-23). HFBA and HFBI are mostly

used, because of the advantage of simultaneous analysis

and high specificity associated with mass spectrometric

detection at higher mass fragments. Ketones or PBA deri-

vatization are commonly used when determining 3-MCPD

because they react with diols. Moreover, the derivatization

with PBA has the advantage of short analysis time com-

pared to other derivatizations methods and can also be per-

formed in the aqueous phase.

The aim of this study was to analyze free 3-MCPD and

1,3-DCP using PBA and liquid-liquid extraction (LLE) in

foodstuffs for a total diet study (TDS).

MATERIALS AND METHODS

Reagents and materials. 1,3-DCP (Sigma-Aldrich, St.

Louis, MO, USA), 3-MCPD (Sigma-Aldrich, St. Louis,

MO, USA), 1,3-DCP-d5 (C/D/N isotope, Poin-Claire, Que-

bec, Canada) and 3-MCPD-d5 (C/D/N isotope, Poin-Claire,

Quebec, Canada) were purchased and their calibration

curves were generated by the isotope dilution method.

Stock solutions of the standards and isotopes (1000 μg/mL)

were prepared in ethyl acetate (J.T Baker, center valley, PA,

USA). The working solutions were prepared by dilution of

the standard solution using ethyl acetate. PBA (25% solu-

tion), prepared using 2.5 g PBA (Sigma-Aldrich, St. Louis,

MO, USA), 9.5 mL acetone (J.T Baker, center valley, PA,

USA), and 0.5 mL distilled water (Milli-Q purification sys-

tem, Millipore, Billerica, MA, USA) was used for the deri-

vatization of 3-MCPD. Methyl tert-butyl ether and hexane

were obtained from J. T. Baker (center valley, PA, USA)

and acetonitrile for deproteinization was purchased from

Burdick & Jackson (Gangnam-gu, Seoul, Korea). Sodium

chloride and sodium sulfate were obtained from Junsei

(Chuo-ku, Tokyo, Japan).

Sample preparation.
1,3-DCP:
Nonfat liquid, lipoprotein liquid, alcoholic liquid, and non-

fat solid samples: Samples (10 g) were weighted in a tube,

followed by the addition of internal standard solution (1,3-

DCP-d5, 10 μg/mL, 50 μL). The resulting mixtures were

extracted using 15 mL methyl tert-butyl ether (MTBE).

Then, the extracts were then dehydrated using 1g anhy-

drous sodium sulfate (Na2SO4), filtered, and evaporated to

1 mL under a gentle stream of nitrogen.

Fat liquid and fat solid samples: Samples (10 g) were

weighted in a tube, followed by the addition of the internal

standard solution (1,3- DCP-d5, 10 μg/mL, 50 μL). The

samples were centrifuged at 1953 ×g for 5 min and

extracted with 10 mL distilled water by shaking for 10 min

by shaking. The separated samples were frozen at −20oC for

30 min. The frozen aqueous solution eliminated from the oil

was washed twice with 5mL hexane to remove any resid-

ual oil. Next, the melted aqueous solutions were cleaned

with 3 mL hexane. In the case of fat solid samples, the

clean-up was performed with 3 mL hexane. The prepara-

tion process for the fat solid samples is shown in Fig. 1. The

rest of procedure after processing of the fat liquid and

extraction of the fat solid sample was the same as described

above.

Free 3-MCPD:
Nonfat liquid and alcoholic samples: PBA solution

(25%, 100 μL) was added to the samples (10 g), which

were spiked with the internal standard solution (3-MCPD-

d5, 100 μg/mL, 10 μL). The derivatization reaction was per-

formed at room temperature for 10 min by shaking. After
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derivatization, the samples were extracted with 2 g NaCl

and 2 mL hexane (twice). The extracts were dehydrated

using 0.5 g anhydrous Na2SO4, filtered, and evaporated to

100 μL under a gentle stream of nitrogen.

Fat liquid and fat solid samples: The scheme for prepa-

ration of the fat solid sample is briefly shown in Fig. 2.

10 μL of the 100 μg/mL internal standard solution (3-

MCPD-d5) was added to the samples (10 g) and the result-

ing solution was extracted with 10 mL distilled water for

10 min by shaking. To defat as well as clean-up the fat liq-

uid and fat solid samples, they were subjected to a proce-

dure similar to the 1,3-DCP preparation method for the

samples. The defatted extracts were derivatized with 100 μL

of 25% PBA solution. After the derivatization, the rest of

the procedure was similar to those for the nonfat liquid and

alcoholic samples.

Lipoprotein liquid: For deproteinization, 15 mL acetoni-

trile was added to the samples (10 g) with the internal stan-

dard solution (3-MCPD-d5, 100 μg/mL, 10 μL). The samples

were deproteinized for 30 min by shaking and centrifuged

at 1953 ×g for 5 min. The aqueous phase was transferred to

another tube, followed by the addition of 2 g NaCl. Acetoni-

trile was removed using centrifugation, and the acetonitrile

phase was homogenized to dissolve NaCl in the aqueous

phase. To clean the lipophilic components, the aqueous

phase was cleaned twice with 5 mL hexane. Then, the

cleaned aqueous phase was processed in a manner similar

to other samples.

GC-MS condition: 1,3-DCP was analyzed using Agilent

6890A-5975C GC-MS (Palo Alto, CA, USA) equipped

with an electronic ion source (EI) and a 30 m DB-WAX

(Palo Alto, CA, USA) column. In the case of 3-MCPD,

Agilent 7890B-5977A GC-MS (Palo Alto, CA, USA)

equipped with 17 m Ultra-2 (Palo Alto, CA, USA) column

was used.

RESULTS AND DISCUSSION

Classification of samples for TDS. Prior to analysis,

841 samples were collected from commercial agricultural,

animal, and aquatic products. The processed forms of these

samples obtained from various markets at nine major cities

were classified as nonfat liquid, nonfat solid, fat liquid, fat

solid, lipoprotein liquid, and alcoholic liquid according to

the food and nutrient data system from the Ministry of Food

and Drug Safety in Korea. The Classification results are

Fig. 1. Scheme of analysis for 1,3-DCP in fat solid matrix.

Fig. 2. Scheme of analysis for 3-MCPD in fat solid matrix.
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listed in Table 1.

Method validation. The analytical method for 3-

MCPD and 1,3-DCP was validated using linearity, limit of

detection (LOD) and limit of quantification (LOQ). The

LOD and LOQ were determined by the equations LOD =

3.14 × σ and LOQ = 10 × σ, where σ is the standard devia-

tion of the specific sample spiked standard solution. The

accuracy and precision (inter- and intra-day) for the sam-

ples were also determined.

The validation results for the 3-MCPD analysis were

evaluated as follows. The LODs of 3-MCPD in various

matrices ranged from 4.18 to 10.56 ng/g. The accuracy and

precision were found to be 90.38~122.46% and 1.89~

25.22% relative standard deviation (RSD), respectively. In

contrast, the LOD for 1,3-DCP following matrices was

found to be in the range of 1.06~3.15 ng/g. The accuracy

and precision were determined as 91.24~113.40%, 1.42~

Table 1. Classification results of TDS sample for the analysis of
3-MCPD and 1,3-DCP

Matrices
Representative

sample

Sample (n)

3-MCPD 1,3-DCP

Nonfat liquid Water 085 082

Nonfat solid Rice gruel 497 489

Fat liquid Corn oil 058 057

Fat solid Raw pork 160 165

Lipoprotein liquid Milk 030 032

Alcoholic liquid 5% ethanol 021 021

Table 2. Results of 3-MCPD and 1,3-DCP in the fat solid matrix
(only raw material)

Compounds No. Frequency
Detection

rate (%)

Max.

(ng g
−1

)

3-MCPD 60 30 50.00 1169.15

1,3-DCP 60 11 18.33 0036.41

Fig. 3. 1,3-DCP chromatogram of total ion chromatogram (upper), extracted ion chromatogram (middle), and GC-MS spectrum of 1,3-
DCP (lower).
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10.58% RSD, respectively. Moreover, all the 3-MCPD and

1,3-DCP calibration curves a variety of matrices showed a

correlation coefficient value of ≥ 0.99.

Determination of 3-MCPD and 1,3-DCP for TDS. To

identify the characteristic ions in the PBA derivative of 3-

MCPD and 1,3-DCP, the mass to charge ratio (m/z) was

scanned in the range of 50~550. The characteristic ions

were observed at m/z 147, 196, and 198 (derivative 3-

MCPD), m/z 150, 201, and 203 (derivative 3-MCPD-d5),

m/z 79, 81, and 49 (1,3-DCP) and m/z 82, 84, and 51 (1,3-

DCP-d5). The ions with m/z 147, 150, 79, and 82 were used

as the quantifier ions. The chromatograms for the 1,3-DCP

and PBA derivative of 3-MCPD are displayed in Fig. 1 and

2, respectively. The qualification of PBA derivative 3-

MCPD and 1,3-DCP was determined by the relative reten-

tion time of the sample and the standard solution, using the

isotope ratio of ions such as m/z 196 and 198 for the PBA

derivative of 3-MCPD and m/z 79 and 81 for 1,3-DCP.

3-MCPD and 1,3-DCP were only detected in the fat solid

matrix (raw material before cooking), and the results are

listed in Table 2. Although the ball of meat had the highest

concentration as among the 3-MCPD samples classified as

fat solid matrix (raw material before cooking) with 1169.15

ng/g, 3-MCPD was not detected in the fried meat ball. The

flounder had the highest 1,3-DCP value at 36.41 ng/g. The

mean values of 3-MCPD and 1,3-DCP in the fat solid

matrix samples were found to be 158.01 and 2.53 ng/g,

respectively.

In this study, 3-MCPD and 1,3-DCP were identified in

various foodstuffs for TDS. The analyses of 3-MCPD and

1,3-DCP were respectively performed by derivatization and

the direct analytical method because the samples used in

this study consisted of diverse matrices. Use of the PBA

derivatization method for 3-MCPD and the direct analyti-

cal method for 1,3-DCP provide the advantage of short

analysis time. However, the downside of using the direct

analytical method for 1,3-DCP is that the technique not

Fig. 4. Total ion chromatogram of PBA derivatized 3-MCPD (upper), extracted ion chromatograms (middle), and GC-MS spectrum of
PBA derivatized 3-MCPD (lower).
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only yields higher LODs than the derivatization method,

but cannot be used for simultaneous analysis of 3-MCPD

like the PBA derivatization method. The lowest LOD for

1,3-DCP was found to be 1.06 ng/g (24,25) in this study,

while other studies reported LOD values of ≥ 1 ng/g. Thus,

improving the LOD for risk assessment and the develop-

ment of reduction technology is necessary.

3-MCPD and 1,3-DCP were mainly detected in fat solid

samples such as meat, seafood, and related products. These

results corresponded with the results from Chung et al. (26)

in which 3-MCPD and 1,3-DCP were detected in fat solid

samples such as crab, pork, and sausage. This study demon-

strates that 3-MCPD and/or 1,3-DCP can be generated in

certain foods through cooking processes such as frying and

steaming. The Joint FAO/WHO Expert Committee on Food

Additives (JECFA) summarized the concentration of 3-

MCPD and 1,3-DCP in food stuffs from various countries

in 2001~2006. Fish and sea food were determined to have

the highest detection rate for 1,3-DCP at 89.7%, while soy

sauce-based products had the maximum value (9.84 mg/kg)

and a higher mean value (0.11 mg/kg) than other products.

3-MCPD has a 100% detection rate in roasted coffee, with

the highest maximum (1779 mg/kg) and mean (8.39 mg/kg)

values in soy sauce and soy sauce-based products (27).

Connat and Quayle et al. (5,6) reported that 3-MCPD and

1,3-DCP occur together in glycerol. Therefore, correlation

analysis was performed for 3-MCPD and 1,3-DCP in sam-

ples in which they were both detected (n = 13), which were

mostly aquatic products. The results appear to indicate a

correlation between 3-MCPD and 1,3-DCP, with a correla-

tion coefficient of 0.72. The correlation graphs for 3-MCPD

and 1,3-DCP are shown in Fig. 3.
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