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ABSTRACT - The method for the determination of ethylenediamine (EDA) and hexamethylenediamine
(HMDA) in food simulants was developed, and migration amounts of these compounds was monitored for 124 polya-
mide (PA) utensils. The diurethane derivatives of EDA and HMDA, which produced by reaction with ethyl chlorofor-
mate, were analyzed by using gas chromatograph (GC)/flame ionization detector (FID) and GC/mass spectrometer
(MS). The developed method was validated with 0.3 ug/mL of limit of detection (LOD) for EDA and 0.1 pg/mL of
LOD for HMDA, > 0.999 of linearity(r?) and > 88% of recovery. The EDA was detected 1.31 and 2.06 pg/mL for 2
samples in water. The HMDA was detected 0.29 - 0.93 pg/mL for 3 samples in 20% ethanol and 0.26 - (.44 pg/mL
for 10 samples in n-heptane. These migration levels were below the specific migration limits (SML) of 12 pg/mL and

2.4 pg/mL for EDA and HMDA established in EU.
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EJoH] = (Polyamide, PAY= amine”](-NH,)9} carboxylic
acid’|(-COOH)E 7MA¥ Exw7} 3}shukgsle] HA=
amide”](-CO-NH-)Z ©]Fo|x A4 Z&8AE F3 3,
Y ENylon)olzhe AEFHLE & 4EA Ud. PAE
A el 3 g AFd EE o-olnjes2E
AN SE5FoR2 oA -[NH(CH,),,CO]- 7F Y}
AE 6(n=6), YL E 11(n=11), YAE 12(n=12) 3}, t]o}
7 o]F71e] FE5PeE doJA = -[NH(CH,) NHCO
(CH,),COJ- #Z2! YU E 66(n=6, m=4), L}AE 610(n=6,
m=8), FAdE& 612(n=6, m=10), YLE 46(n=4, m=4), }
UE 24(n=2, m=2) 5°] JYTH(Table 1). PAE ZFA &
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Table 1. Classification of polyamide

Classification Monomers Structures melting point (°C)
Nylon 6 caprolactam "I:‘NHCO(CHEZIE %— 215-225
n
Nylon 66 HMDA, adipic acid a{—NH(CHEJ NH ——COI(CH,,CO %— 255-260
n
Nylon 610 HMDA, sebacic acid —%NH{CHEJENH —CO(CHZJQCO—E}- 213-215
n
Nylon 46 butanediamine, adipic acid %NH[CHEJJ\]H —CO(CHEMCO%— 278-290
n
Nylon 11 aminoundecanonic acid %NHCD(CHE)W%‘ 187
n
Nylon 12 Jaurolactam _E_ NHCO(CH, )4, %_n 176-183
Table 2. Chemical structures and physicochemical properties of EDA and HMDA
EDA HMDA
Chemical structure NHZ\\/\ NHZ\W

NH,

Synonyms 1,2-Diaminoethane Hexane-1,6-diamine, 1,6-Diaminohexane
CAS No. 107-15-3 124-09-4
Molecular Weight 60.1 60.1
Feature colorless liquid white to yellowish crystals or powder
boiling point (b.p.) or melting point (m.p.) 116°C (b.p.) 42°C (m.p.)
solubility miscible in water and most polar solvents freely soluble
3L 3lem, cthylenediamine (FDA) 2 hexamethylenediamine

(HMDA)o] YYUE 24, YAE 66, HAE 610 5] %3
of 948=d% AMET EE, EDASY AL g
o] Yol o] 7}A] PA Al TN SjEx AHgE 5
ITh(Table 2)'*19), o]9} 7¥o] pA 24 AMEE EDA
% HMDA A2 F vukg ez A7 = Jdon, 4
4 AH A3E3 A= pAA 71 2 8] 239
BF ol€ 98EHo] AEoz o|3yg 977} 3ith EDA
% HMDA®] NOAEL (No observed adverse effect level)}
7}7F 9.0 ¥ 500 mg/kg bw./day® HIET gJon v
EPA%| A= EDAE 15 D (not classifiable as to a human
carcinogenicity)= #-stal QoH117, wetA] pAA] 71t
R 871 249 HBEE 98)ME= EDA 2 HMDAS
g 24 29, AE F A5 2 AEFARR R
ol Tl Wist ATF7t AF3 Ao},

EDA, HMDA3} 72 A= tlojrle] A= F2
FEA S §H8-E o8-8 712 A2 rE 289 (gas chroma-
tography (GC)/ &1 7](mass spectrometry (MS)), GC/&-

Fo]23}71 & 7] (flame ionization detector (FID)H o] WL
HI QAo A= AEFE 87124 F EDA
2 HMDA®] thale] ethylchloroformateE ©]-8-3fe] A

g tedg fFAE VAR EIRA R EAse
ol FAASE Hol ek,

£ A A= EDA @ HMDA®] tdt FA 84S 3
dota, FellM frEE de PA -] 277
thste] EDA 2 HMDA®] A EFAHEulE o8] A&
ZAbskSTh.

R
HEME
2008'd 39E 8d7HA] S 8 =AML, A, o

T, FAh QAL sEE, A, Lol AR A,
wshd g zHAE SolA PA A =21, HA 5 2
71 124 52 Yl AlEE ARSI
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Fig. 1. Representative FT-IR spectra for polyamide and samples.
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Fig. 2. GC/FID chromatogram for EDA and HMDA standard mixture.
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Fig. 3. Electron impact ionization (EI) mass spectra obtained
from GC/MS-TIC chromatograms of each standard solution (not

shown in here).
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Fig. 4. Calibration curves for EDA and HMDA by GC/FID.

8 10 12

= FEE LOQE AAsIuth = A3}, EDA ¥ HMDAS]
LOD= 747} 03 % 0.1 pgmLollen, LOQE 747} 1.0

2 0.3 pg/mLe| AT,

Table 3. Recovery and repeatability (expressed as RSD(%))
determined from the EDA and HMDA spiked food simulants
(EDA 10.16 pg/mL and HMDA 2.57 pg/mL)

EDA HMDA
Recovery(%) RSD(%) Recovery(%) RSD(%)
Water 108.9+3.24 298 87.8+2.04 232
4% Acetic acid 90.9+1.82  2.00 91.8+0.61 0.67
20% Ethanol 953+5.57 5.84 88.3+0.86 0.97
n-Heptane 1002+ 198 1.98 89.3+0.87 0.97

food simulants

3|42 (recovery)

AEHALETZ AR 2 4% 24 20% AEE 2 on-
gl eholl EDA 2 HMDAS —17—1 12 ug/mL 2 2.4 ug/ml 5
7t H =g Avisle] 33] 9hE 438l daes FESH
A3}, Table 3o WreRd upel o] RE A F{AEu o]
3te] 88% ol F3 g Feed T F AT

ﬂl

B2 X34 A (repeatability)
AEAREE R 33] v AYe dse] A
A= Table 30 YERH uwRe} o] RE 2 A
thate] 10% o2 F38 AAAHS

Ag9] B
PA AA Y Z8]7]F 124 E5 igt &, 4% Z4H 20%

Table 4. Migration levels of EDA and HMDA from PA utensils into various simulants

migration levels (ug/mL)(No. of samples)

Type sI:n(;.p(l):s 4% acetic acid water 20% ethanol n-heptane.

EDA  HMDA EDA  HMDA EDA  HMDA EDA  HMDA
brush 5 NDG)  ND(5) NDG)  NDGS) ND()  ND(5) ND()  ND(5)
cutter 3 ND(3)  ND(3) NDG3)  ND@3) NDGB)  ND@) NDG3)  ND@)
ladle 3 NDG3)  ND(G3) NDG3)  ND@3) NDG3)  ND@3) ND(3)  ND@3)

skimmer 4 ND@4)  ND@#) ND@4)  ND() ND@4)  ND@) ND@#)  ND()
slotted spoon 3 NDG3)  NDQ3) NDG3)  ND@3) NDGB)  NDQ) NDG3)  ND@3)
spaghetti fork 7 ND(7)  ND(7) ND(7)  ND(7) ND(7) (I)\I;(g)) ND(7)  ND(7)
spoon 21 ND(21) ND(2I) 12186(2((1)3 ND21)  NDQ21)  NDQ21) NDQ1) 1(\)11;(()3))
tea bag 12 ND(12) ND(12) ND(12) ND(12)  ND(12)  ND(12) ND(12)  ND(12)
tong 1 ND(I)  ND(I) ND(1)  ND(1) ND(1)  0.93(1) ND(1)  ND(1)
ND(62) ND(62) ND(56)
turner 63 ND(63) ND(63) Laty NP6 NDE3) e ND(63) o 0 aals)
whisk 2 ND2)  NDQ) NDQ2)  NDQ) NDQ2)  NDQ) NDQ2)  NDQ)
ND(122) ND(121) ND(114)
total 124 ND ND 1312.062) P ND - 27:0.933) ND ) 26-0.44(10)

ND : <LOQ (EDA 1.0 pg/mL, HMDA 0.3 pug/mL)
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2 9

2 EfAH F EDA ¥ HMDA E41WS 3ty 2
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olgizEe- ZARBISTE EDA % HMDAE ethyl chloroformate
2 O fxA8let 3 GCFIDE 3% B GOMSE

et B 24 H-S EDA 2 HMDA 7zt o
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