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Analysis of Ethylene Chlorohydrin (2-chloroethanol)
in Bamboo SetaeGT048

Ethylene chlorohydrin (2-chloroethanol, 
hereinafter abbreviated as ECH) is a reaction 
product of ethylene oxide, which is widely used 
for fumigating industrial raw materials and 
medical equipment.

ECH has been shown to be carcinogenic to 
humans, and there are safety concerns about 
residual ECH in skewer and chopsticks.

In this application, bamboo skewer were 
cut,  extracted with ethanol, and measured 
with GC/MS. No ECH was detected, but some 
standard additives were measured.
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Time (min)

1. ECH 0.1 µg/mL

GC Conditions
System : GC - MS
Column : InertCap FFAP 0.25 mm I.D. x 30 m 

df = 0.25 µm
Col.Temp. : 60 ˚C (1 min) - 5 ˚C/min - 220 ˚C (7 min)
Carrier Gas : He 60 kPa
Injection : Splitless (1 min)

Vent flow 35.0 mL/min 200 ˚C
Detection : MS Scan (m/z : 30 - 450)

Interface Temp. 220 ˚C
Sample Size : 0.1 µg/mL in Ethanol 1 µL

Repeated measurements of 0.1 μg/mL (m /z 31)R2 = 0.9996
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ECH (m/z 31) calibration curve

Area
1 st 25123
2 nd 23866
3 rd 24918
4 th 24347
5 th 25507
Ave. 24752
STD 649

RSD (%) 2.62
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面積

濃度(μg/mL)

面積値

R2 = 0.9996

24752.2

55952

141260

281909

548087



1,4-Dioxane

				Acetone		Methanol		Ethanol		1-Propanol		内標 ナイヒョウ		分離度 ブンリド				acet		1.25		μL/mL

		1		1133489		17256		250020		447815		477170		31.5				metha		0.0068		μL/mL

		2		1140590		17830		250367		450142		480002		32.4				etha		0.30		μL/mL

		3		1140704		17319		252747		449334		476709		32.4				1-pro		0.32		μL/mL

		4		1146322		16959		253321		455296		480945		32.7				1,4-Di		10		μL/mL

		5		1121827		16975		247828		444812		473750		31.5

		6		1117033		17170		246756		441119		468898		32.5

		Ave		1133328		17252		250173		448086		476246

		Std		11609		319		2599		4839		4415

		RSD(%)		1.02		1.85		1.04		1.08		0.93

				Acetone		Methanol		Ethanol		1-Propanol		内標比 ナイヒョウヒ						0.4771212547		0.6989700043		0.4771212547

		1		1131293		17223		249536		446948		1.00

		2		1131664		17690		248408		446619		0.99

		3		1139595		17302		252501		448897		1.00

		4		1135121		16793		250846		450847		0.99

		5		1127737		17064		249134		447155		1.01

		6		1134537		17439		250623		448031		1.02

		Ave		1133325		17252		250174		448083

		Std		4053		309		1461		1587

		RSD(%)		0.36		1.79		0.58		0.35

				Column(m)		time(min)		平均線速度 ヘイキンセンソクド

		Methane		30		0.994		50.3

				Acetone		Methanol		Ethanol		1-Propanol		1,4-Dioxane(IS)

		1		2.00		2.88		3.56		6.86		7.98

		2		2.00		2.88		3.55		6.85		7.98

		3		2.01		2.88		3.56		6.86		7.99

		4		2.00		2.88		3.55		6.85		7.97

		5		2.00		2.88		3.55		6.84		7.95

		6		1.99		2.86		3.53		6.81		7.93

		Ave		2.00		2.88		3.55		6.85		7.97

		Std		0.01		0.01		0.01		0.02		0.02

		RSD(%)		0.28		0.28		0.27		0.27		0.26

				Acetone		Methanol		Ethanol		1-Propanol

		1 回目 カイメ		2.38		0.04		0.52		0.94

		2 回目 カイメ		2.38		0.04		0.52		0.94

		3 回目 カイメ		2.39		0.04		0.53		0.94

		4 回目 カイメ		2.38		0.04		0.53		0.95

		5 回目 カイメ		2.37		0.04		0.52		0.94

		6 回目 カイメ		2.38		0.04		0.53		0.94

		Ave		2.38		0.04		0.53		0.94

		Std		0.0085		0.0006		0.0031		0.0033

		RSD(%)		0.36		1.79		0.58		0.35

				Acetone		Methanol		Ethanol		1-Propanol		1,4-Dioxane(I.S.)

		1 回目 カイメ		1133489		17256		250020		447815		477170

		2 回目 カイメ		1140590		17830		250367		450142		480002

		3 回目 カイメ		1140704		17319		252747		449334		476709

		4 回目 カイメ		1146322		16959		253321		455296		480945

		5 回目 カイメ		1121827		16975		247828		444812		473750

		6 回目 カイメ		1117033		17170		246756		441119		468898

		Ave		1133328		17252		250173		448086		476246

		Std		11609		319		2599		4839		4415

		RSD(%)		1.02		1.85		1.04		1.08		0.93





Acethexamide

		Area		Cyclohexylamine				stage		Cyclohexylamine				濃度(μg/mL) ノウド		面積 メンセキ

		1		159140				1		71862				4		17177

		2		134640				2		72096				40		238980

		3		136256				3		70487						5957.9

		4		139140				4		70750

		5		137031				5		70589

		6		135420				6		70593

		Ave		140271				Ave		71063

		Std		9372				Std		718

		RSD(%)		6.68				RSD(%)		1.01

				Column(m)		time(min)		平均線速度 ヘイキンセンソクド

		Methane		30		1.343		37.2

		Area		Cyclohexylamine				stage		Cyclohexylamine

		1		134640				1		72096

		2		136256				2		70487

		3		139140				3		70750

		4		137031				4		70589

		5		135420				5		70593

		6		136488				6		69826

		Ave		136496				Ave		70724

		Std		1545				Std		746

		RSD(%)		1.13				RSD(%)		1.05





Acethexamide

		



面積

濃度（μg/mL）

R2 = 0.9982



ECH

				ECH		0.1-CV				濃度(ppm) ノウド		面積 メンセキ						面積 メンセキ		回収濃度(ppm) カイシュウノウド		抽出濃度(ppm) チュウシュツノウド

		0.1		25909		25909				0.1		24752				No.1		323108		1.17		0.17

		0.1		28464		28464				0.2		55952				No.2		300318		1.09		0.09

		Ave		27187		25123				0.5		141260

		Std		1807		23866				1		281909

		RSD(%)		6.65		24918				2		548087

		0.2		55952		24347						275920

		0.5		141260		22412

		1		281909		25507

		2		548087		24752

						649

						2.62

				60℃		70℃		60℃　添加回収 テンカカイシュウ

		竹串-1 タケグシ		0.749		0.725		0.637

		竹串-2 タケグシ		0.532		0.802		0.712

		鉄砲串 テッポウグシ		1.537





ECH

		



面積

濃度(μg/mL)

面積値

R2 = 0.9996



ECH_hit

		ブランク

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		76		Ethoxy(methoxy)methylsilane				2		62		Adenosine, 2-methyl-

		竹串-1 60℃ タケグシ

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		96		2-Propanone, 1-hydroxy-		102199		8		91		Hexanoic acid		60236

		2		81		Glycolaldehyde dimer		550889		9		85		Phenol		50750

		3		99		Acetic acid		3356918		10		94		2-Propanone, 1,3-dihydroxy-		1165882

		4		93		Furfural		83473		11		92		Nonanoic acid		108971

		5		82		2-Nonanol		159743		12		90		Heneicosane		50949

		6		93		2-Furanmethanol		70797		13		91		4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-		197995

		7		93		Hexanoic acid		101909		14		95		Heneicosane		191020

		ブランク

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		76		Ethoxy(methoxy)methylsilane				2		62		Adenosine, 2-methyl-

		竹串-1 60℃ タケグシ

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		96		2-Propanone, 1-hydroxy-				5		93		Hexanoic acid

		2		81		Glycolaldehyde dimer				6		94		2-Propanone, 1,3-dihydroxy-

		3		99		Acetic acid				7		91		4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-

		4		82		2-Nonanol				8		95		Heneicosane

		竹串-2 60℃ タケグシ

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		98		2-Propanone, 1-hydroxy-				6		96		2-Furanmethanol

		2		97		Acetaldehyde, hydroxy-				7		83		Cyclohexanone

		3		87		2-Propenoic acid, oxiranylmethyl ester				8		90		1,2-Ethanediol

		4		99		Acetic acid				9		95		4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-

		5		96		Formic acid				10		95		Nonacosane

		竹串-2 60℃ タケグシ

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		97		2-Propanone, 1-hydroxy-				7		96		Cyclohexanone

		2		93		Acetaldehyde, hydroxy-				8		95		Hexanoic acid

		3								9		91		2-Propanone, 1,3-dihydroxy-

		4		99		Acetic acid				10		97		Docosane

		5		98		Formic acid				11		95		4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-

		6		95		2-Furanmethanol				12		97		Heneicosane





test

		

		1		184347		155155		196186		184014		132549		254927		180960		133032		137813		180986

		2		181256		151010		192902		181501		130842		250985		178497		131505		136637		178712

		3		182591		152355		194515		182653		131646		253589		179702		132336		137457		179832

		Ave		182731		152840		194534		182723		131679		253167		179720		132291		137302		179843

		Std		1550		2115		1642		1258		854		2005		1232		764		603		1137

		RSD(%)		0.85		1.38		0.84		0.69		0.65		0.79		0.69		0.58		0.44		0.63

		1		200187		168073		215967		201037		146621		277269		198248		146330		153950		198885

		2		198747		167054		214271		199678		145528		276328		197214		145753		153050		197506

		3		199835		168352		215519		200603		147661		278942		198309		146546		154658		199008

		Ave		199590		167826		215252		200439		146603		277513		197924		146210		153886		198466

		Std		751		683		879		694		1067		1324		615		410		806		834

		RSD(%)		0.38		0.41		0.41		0.35		0.73		0.48		0.31		0.28		0.52		0.42






1,4-Dioxane

				Acetone		Methanol		Ethanol		1-Propanol		内標 ナイヒョウ		分離度 ブンリド				acet		1.25		μL/mL

		1		1133489		17256		250020		447815		477170		31.5				metha		0.0068		μL/mL

		2		1140590		17830		250367		450142		480002		32.4				etha		0.30		μL/mL

		3		1140704		17319		252747		449334		476709		32.4				1-pro		0.32		μL/mL

		4		1146322		16959		253321		455296		480945		32.7				1,4-Di		10		μL/mL

		5		1121827		16975		247828		444812		473750		31.5

		6		1117033		17170		246756		441119		468898		32.5

		Ave		1133328		17252		250173		448086		476246

		Std		11609		319		2599		4839		4415

		RSD(%)		1.02		1.85		1.04		1.08		0.93

				Acetone		Methanol		Ethanol		1-Propanol		内標比 ナイヒョウヒ						0.4771212547		0.6989700043		0.4771212547

		1		1131293		17223		249536		446948		1.00

		2		1131664		17690		248408		446619		0.99

		3		1139595		17302		252501		448897		1.00

		4		1135121		16793		250846		450847		0.99

		5		1127737		17064		249134		447155		1.01

		6		1134537		17439		250623		448031		1.02

		Ave		1133325		17252		250174		448083

		Std		4053		309		1461		1587

		RSD(%)		0.36		1.79		0.58		0.35

				Column(m)		time(min)		平均線速度 ヘイキンセンソクド

		Methane		30		0.994		50.3

				Acetone		Methanol		Ethanol		1-Propanol		1,4-Dioxane(IS)

		1		2.00		2.88		3.56		6.86		7.98

		2		2.00		2.88		3.55		6.85		7.98

		3		2.01		2.88		3.56		6.86		7.99

		4		2.00		2.88		3.55		6.85		7.97

		5		2.00		2.88		3.55		6.84		7.95

		6		1.99		2.86		3.53		6.81		7.93

		Ave		2.00		2.88		3.55		6.85		7.97

		Std		0.01		0.01		0.01		0.02		0.02

		RSD(%)		0.28		0.28		0.27		0.27		0.26

				Acetone		Methanol		Ethanol		1-Propanol

		1 回目 カイメ		2.38		0.04		0.52		0.94

		2 回目 カイメ		2.38		0.04		0.52		0.94

		3 回目 カイメ		2.39		0.04		0.53		0.94

		4 回目 カイメ		2.38		0.04		0.53		0.95

		5 回目 カイメ		2.37		0.04		0.52		0.94

		6 回目 カイメ		2.38		0.04		0.53		0.94

		Ave		2.38		0.04		0.53		0.94

		Std		0.0085		0.0006		0.0031		0.0033

		RSD(%)		0.36		1.79		0.58		0.35

				Acetone		Methanol		Ethanol		1-Propanol		1,4-Dioxane(I.S.)

		1 回目 カイメ		1133489		17256		250020		447815		477170

		2 回目 カイメ		1140590		17830		250367		450142		480002

		3 回目 カイメ		1140704		17319		252747		449334		476709

		4 回目 カイメ		1146322		16959		253321		455296		480945

		5 回目 カイメ		1121827		16975		247828		444812		473750

		6 回目 カイメ		1117033		17170		246756		441119		468898

		Ave		1133328		17252		250173		448086		476246

		Std		11609		319		2599		4839		4415

		RSD(%)		1.02		1.85		1.04		1.08		0.93





Acethexamide

		Area		Cyclohexylamine				stage		Cyclohexylamine

		1		159140				1		71862

		2		134640				2		72096

		3		136256				3		70487

		4		139140				4		70750

		5		137031				5		70589

		6		135420				6		70593

		Ave		140271				Ave		71063

		Std		9372				Std		718

		RSD(%)		6.68				RSD(%)		1.01

				Column(m)		time(min)		平均線速度 ヘイキンセンソクド

		Methane		30		1.343		37.2

		Area		Cyclohexylamine				stage		Cyclohexylamine

		1		134640				1		72096

		2		136256				2		70487

		3		139140				3		70750

		4		137031				4		70589

		5		135420				5		70593

		6		136488				6		69826

		Ave		136496				Ave		70724

		Std		1545				Std		746

		RSD(%)		1.13				RSD(%)		1.05





ECH

				ECH		0.1-CV				濃度(ppm) ノウド		面積 メンセキ						面積 メンセキ		回収濃度(ppm) カイシュウノウド		抽出濃度(ppm) チュウシュツノウド

		0.1		25909		25909				0.1		24752				No.1		323108		1.17		0.17

		0.1		28464		28464				0.2		55952				No.2		300318		1.09		0.09

		Ave		27187		25123				0.5		141260

		Std		1807		23866				1		281909

		RSD(%)		6.65		24918				2		548087

		0.2		55952		24347						275920

		0.5		141260		22412

		1		281909		25507

		2		548087		24752

						649

						2.62

				Area

		1 st		25123

		2 nd		23866

		3 rd		24918

		4 th		24347

		5 th		25507

		Ave.		24752

		STD		649

		RSD (%)		2.62

				60℃		70℃		60℃　添加回収 テンカカイシュウ

		竹串-1 タケグシ		0.749		0.725		0.637

		竹串-2 タケグシ		0.532		0.802		0.712

		鉄砲串 テッポウグシ		1.537





ECH

		



面積



ECH_hit

		



面積

濃度(μg/mL)

面積値

R2 = 0.9996



		ブランク

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		76		Ethoxy(methoxy)methylsilane				2		62		Adenosine, 2-methyl-

		竹串-1 60℃ タケグシ

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		96		2-Propanone, 1-hydroxy-		102199		8		91		Hexanoic acid		60236

		2		81		Glycolaldehyde dimer		550889		9		85		Phenol		50750

		3		99		Acetic acid		3356918		10		94		2-Propanone, 1,3-dihydroxy-		1165882

		4		93		Furfural		83473		11		92		Nonanoic acid		108971

		5		82		2-Nonanol		159743		12		90		Heneicosane		50949

		6		93		2-Furanmethanol		70797		13		91		4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-		197995

		7		93		Hexanoic acid		101909		14		95		Heneicosane		191020

		ブランク

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		76		Ethoxy(methoxy)methylsilane				2		62		Adenosine, 2-methyl-

		竹串-1 60℃ タケグシ

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		96		2-Propanone, 1-hydroxy-				5		93		Hexanoic acid

		2		81		Glycolaldehyde dimer				6		94		2-Propanone, 1,3-dihydroxy-

		3		99		Acetic acid				7		91		4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-

		4		82		2-Nonanol				8		95		Heneicosane

		竹串-2 60℃ タケグシ

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		98		2-Propanone, 1-hydroxy-				6		96		2-Furanmethanol

		2		97		Acetaldehyde, hydroxy-				7		83		Cyclohexanone

		3		87		2-Propenoic acid, oxiranylmethyl ester				8		90		1,2-Ethanediol

		4		99		Acetic acid				9		95		4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-

		5		96		Formic acid				10		95		Nonacosane

		竹串-2 60℃ タケグシ

		Peak No.		Hit		Name		Area		Peak No.		Hit		Name		Area

		1		97		2-Propanone, 1-hydroxy-				7		96		Cyclohexanone

		2		93		Acetaldehyde, hydroxy-				8		95		Hexanoic acid

		3								9		91		2-Propanone, 1,3-dihydroxy-

		4		99		Acetic acid				10		97		Docosane

		5		98		Formic acid				11		95		4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-

		6		95		2-Furanmethanol				12		97		Heneicosane
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Structural Formula

OH
Cl

Structures created using Chemistry 4-D Draw which 
is provided by ChemInnovation Software, Inc.

Hot water bath (shake  for 1 hr at 60 ˚C)

Preliminary processing procedure

Sample

Solvent extraction

GC/MS

Ethanol 5 mL

Cutting

Example: Measurement of samples

Bamboo skewer extract Bamboo skewer extract + ECH (1 μg/mL)

1. ECH 1 µg/mL

Time (min) Time (min)

[Bamboo skewer weight 0.749 g (one piece)]. [Bamboo skewer weight 0.637 g (one piece)].

1

Ethylene chlorohydrin (ECH)
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