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A Study on Migration of Monomers from Kitchen Utensils Including
PA, PU, ABS, and Acrylic Resin Plastics
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ABSTRACT - The purpose of our paper was to investigate the migration level of 4,4’-MDA (4,4’-methylenedi-
aniline), 2,4-TDA(2,4-toluenediamine), aniline, acrylonitrile and methylmeth acrylate from plastic cookwares into
food simulants and to evaluate the safety of each monomers. The test articles for monomers were PA (polyamide)
items for 4,4’-MDA, 2,4-TDA and aniline, PU (polyurethane) items for 4,4’-MDA, ABS (acrylonitrile-butadiene- sty-
rene) items for acrylonitrile, and acrylic resin items for methylmethacrylate. All the article samples of 321 intended
for contact with foods were purchased in domestic market. 4,4’-MDA, 2,4-TDA and aniline were analyzed by LC-
MS/MS (liquid chromatography -tandem mass spectrometer), acrylonitrile by GC-NPD (gas chromatography-nitro-
gen phos phorus detector) and methyl methacrylate by GC-FID (gas chromatography-flame ionization detector). The
migration level of monomers were within the migration limits of Ministry of Food and Drug Safety (MFDS). As a
result of safety evaluation, our results showed that the estimated daily intake (EDI, mg/kg bw/day)s were 2.39 x 10~°
and 1.20 x 10~ for 4,4’-MDA and 2,4-TDA of PA, 4.32 x 10~ for acrylonitrile of ABS and 2.27 x 107" for methyl-
methacrylate of acrylic resin. Reference Dose (RfD, mg/kg bw/day) of acrylonitrile and tolerable daily intake (TDI,
mg/kg bw/day) of methacrylate were established respectively as 0.001 by EPA (US Environmental Protection
Agency) and as 1.2 by WHO (World Health Organization). When comparing with RfD and TDI, the EDIs of acryloni-
trile and methylmethacrylate accounted for 4.32 x 10% and 1.89 x 10% respectively.

Key words : 4,4’-MDA, 2,4-TDA, aniline, food simulants, LC-MS/MS
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oRIFo|| &ate 44 -HEalt|opdd, 2 4-FF<lr]olwl B
oldelz Zelg-det 5 44 -mgeATiobdE, ABSFA 9]
olmad=UEY, olmdx] o vdHueadyclEE Y
THA ] GFA RN HFOREE oYt HoE st
g, A 2 fEolA Vet eRE AYEHL e 2
ot A A4 (International Agency for Research
on Cancer, IARC)E 4,4 -Hg€@tjoldd, 24-EFdr]o}
9l 2 olad2UELS 15 2BRIAELY 7 =4), of
93 mEr e Aol EE 15 3(UA EUEHE
Fob7l ofEg)e® Zh7t Rt Aok g AAIRA
7](World Health Organization, WHO)= ™€ H el 2 g
olEe] dAMHIAZFE 1.2 mgkg bw/day® 2, FH 2
& 8+9] 9 3] (Scientific Committee on Food, SCF)= ™€
HEet=ZdyolES] A dUHFHIAFS 0.1 mg/kg/day”
2, 0=+ 374 B 5 =H(US Environmental Protection Agency,
EPA)E obddl, ol md2UEY Y vduead o] E9
579 #F 31 %] (Reference  Dose, RfD)E 0.007, 0.001 %
1.4 mg/kg b.w/day'"2 ztz} DA s o).

2 Aol es ot =9 44 -vERit|oldd, 24-
EFdtely]l 2 oold Az FE| e F 4,4-wHalr]o}
d¥, ABSFA| Y oY ZYEH, ofad A9 wdu| et
deo]E9] ol FS FAIG & 2 AAE VT 2 &
- X =S A e Hgste] b S
%7Fstal TDI B RIDE vlaste] flej=s AbEsiar

sttt
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Nz 9 Yy
A=
=24, HJAA & EFe=AA 1407, F71, JA &
gdeAd 2174, 74, FdF 5 ABSTAAA 707,
A, Ar 5 ol FEFAAE 904 F 321F=9 7+ &
£7] - xRS A= gEg A, A 2 ax=
nj oA el ste] Alg R ARSI

ojt

g

Aot
OS2 AR 4 4-HRItold A} 24-FFT
oltl 2 opbd#L Fluka (Saint Louis, USA), o} 22l
EY, vgreadyelE 2 229 olEd WEEFE

)L Aldrich (Saint Louis, USA)lA z+2} 7918191,

B EH
AN E‘H
o OH

d

Alefo 2 ARgE Z24h, AEEF R ET Q4 oehE,
n-3 & 2 NN-tjH[oAEfrto] == Sigma Aldrich (Saint
Louis, USA), #lEH2-2 Merck (Darmstadt, Germany), %
UEFL Dajung (Seoul, South Korea)ollA ztz} -
3R, S/ WatershF (Massachusetts, USA)2] Mili-
Q ultrapure water purification systemS.=Z 33} AAg A
< A&t

BME7

44-mdAYobd ™, 24-5Fd ol ¥ opd 2 LC-
MS/MS (LC : SPALC Micro-inert HPLC, MS/MS Detector:
Thermo Electron TSQ Quantum Ultra)E, o222 U EZ
2 GC-NPD (Agilent GC 6890N, USA), WEwel= ]
o]EE GC-FID (Agilent GC 7890A)S zt7} o]-&3lo] &
st on, BA2ALE Table 1-39] L oFalTh.
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Table 1. The operating parameters of the LC-MS/MS

LC part
Column C,s 2 mmLD. x 150 mm, 3 um)
Flow rate 0.2 mL/min

Column temperature 40°C
20 uL

A: 4.7 mM Pentafluoropropionic acid
(PFPA) in water

B: 4.7 mM Pentafluoropropionic acid
(PFPA) in methanol

Injection volume

Mobile phases

Time 4.7 mM PFPA in water 4.7 mM PFPA in methanol

(min) (%0) (%0)

0 100 0

5 100 0

20 0 100

25 0 100

28 100 0

30 100 0

Detector part

lonization ESI (positive)

Capillary temperature 330°C

Collision gas Ar

Compounds Parent ions Product ions Collision
energy (eV)

4,4’ -Methylenedianiline 94 51,77 18,31

2,4-Toluenediamine 123 106,108 16,19

Aniline 199 106,165,182  19,25,28




Table 2. The operating parameters of the GC-NPD

Column HP-5 (0.32 mm x 30 m, 0.25 pum)
SPME fiber 75 pum carboxen/PDMS
Injection temperature 260°C
Column temperature 40°C (5min), 25°C/min to 200°C
Detecter temperature 270°C
Injection mode 10:1 split
Carrier gas N, gas
Gas flow 1 mL/min

Table 3. The operating parameters of the GC-FID

Column DB-1 (0.25 mm x 30 m, 0.25 pm)
Injection temperature 200°C
Column temperature 50°C (5min), 25°C/min to 250°C
Detecter temperature 250°C
Injection mode 10:1 split
Carrier gas N, gas
Gas flow 1 mL/min

ol RYEL LS HFF(1000 pg/mL)S 22 343
g HFE -S| =2 o] 2% (SPME-headspace, solid phase
micro extraction-headspace)oll W& HAAz] o AL v
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Bl Foloisiols, ABS £ % o}

A 7179 44wt obd ™, 24-EFATolRl, of
g, oladeyEd 4 ﬂﬂ‘ﬂﬂlﬁ}ia‘alOlE«l il
U= ™ 2 st #eE7t Fdshd W

WA F2h 1em’d 2mL %4 60°CE

oA NEE E F, Zo7F edsH B2
el tisfed A 1 em’d 2mL H]
HEEq A4 F 60°CE
g o s Agskath
= €, ABS 4] H ofa Y
xge] oladglEY 4 wWdvea
= 71 8 87 - 2 82 dig
HE8v A8 7hol=10 wet n-gIH, 20%
ANEE, 50% olehg, 4% =2 3% & 7k o}ﬂra e
Ao ARgste] AAE Wole W HAEEE o=
FH AR 9s 02} smm ol SE8AS A A
ARAZ G2 F 60°CollA 3087 WAIF AL A8
o siglom n-gJel A5 25°CE FAISEAM 1A
AR g AgEAoR solth =7k ABS 49| of
APRYE-S] Ao 47 AEE8N s5mLe WiFE
T8N 0.1 mL B ASUHEF °F 17509 NS HT A
FEAoR ARgstAT.

dueladyolEx TFES IOmg/Lol =Tt s JE:I_?_]. l:l*I __'LQ
20% ANGELE 34 —ﬂ% EEGN0R AL, of
agzued B4 AgHE WrEEEde Zede  BMUAS
HEHLS ¥FFS % 2 pg/mLe] FE7F HEE 34 A4, dE B AFEA, IE 2 AR, SAES
so] Abg-steinh S8 O 2 ABE Table 459 2oF5j9ir
Ajgigone] £ xpag
AR ARE 002% SAAAS AR S48 ] FelolIE, TSR ABSIA 8 A ST
98l HEde 2UAE o]8d T F FR4E s 2 £7] - TN o]EE 44 HDATIopd Y, 245
F23) AR F FEo LLA CEA7E AP B Wk Fetiebd, o, oladzuEg 2 vdsekag el
A 2 oy d9 AEE 71T 2 871 - 2 3N ES 48] 98 EFEAE sEEE B4 F
FHST A BEARENS AR AT, atel AL AT Azkel DA RS 4470
Table 4. The results of LOD, LOQ, recovery and reproducibility (n = 3)
Fortified Conc." RSD (%)
Element R? LOD (pg/L LO L Recovery (%
(/L) Q (ugl) (ng/L) y C4) Intra-day Inter-day
4,4’-MDA 0.9997 0.05 0.15 1.00 100.86 = 1.70 0.98 1.47
2,4-TDA 0.9999 0.07 0.22 1.00 100.94 + 1.65 0.84 1.38
Aniline 0.9996 0.31 0.92 1.00 100.73 £1.59 1.01 1.80
Acrylonitrile 0.9996 0.16 0.48 0.48 95.62 £0.56 0.21 1.16
Methylmeth 0.9998 200 500 0.5 95.65 + 3.4 1.47 2.04
acrylate

YValues represent the concentration of standard spiked into 4% acetic acid.
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Table 5. The uncertainty results”

Analysis results

Relative uncertainty ~Combined standard

Expened uncertainty

Element (ug/l) (W) uncertainty (u) Coverage factor (k) (ug/l)
4,4’-MDA 0.0300 0.0298 0.0008 2.0859 0.00186
2,4-TDA 0.0300 0.0293 0.0008 2.1009 0.00184
Aniline 0.0300 0.0406 0.0012 2.0930 0.00255
Acrylonitrile 30.1440 0.0090 0.2700 1.9800 0.5350
Methylmeth acrylate 10.0230 0.0119 0.1190 2.0300 0.2430
YBasis of 95% confidence
galtjopd@o] 0.15~25 pg/Le] 5= MM 0.9997, 24- B} AFEE T
EFelt]olvlo] 0.22~25 ng/Lo] F& LA 0.9999, of olFA ¥ I B9t EIIAHKE o8t &
do] 0.92~25 pg/Lel F% HelolA 0.9996, ofad =Y FEGEE Altsle SAELLEE A& o8 |
EY 048~19.36 pe/Le] s HelelM 0999, WEH  WhE FHs Huge SAUSE sk Aed TS
Bl olEE 0.2-20.0 mg/Le] F% H9olA 0.99980] gaa, g3l F 22 AT e ESEE A type
Moz w4 AA4E FAT S Asich % 28R Holsgdon, RAAAAY 249 g
TAHE A2 A= B type ETEIER I8t
7S L IFM ABA) AS, BEENS A8 FER HA5e 45}
44-mgdtjobdd, 24-F<jopel, opdd, okad o, 13} IS ARGt UREESEE ol
2UEY 9 Wgveageolse] A% dold AveE v, FARERAEE 282430) o7 Ao ge I
2O 2R signal?h noised] M7k 30 A FEE oz RE pld 0 o 24 Ase FREHT Avle)
AZE A (Limit of Detection, LOD)Z, 10°] slgst= & Wl weh 7eisloen, 8 AfEs FIRTESE
=& A 3A (Limit of Quantification, LOQ)Z 3}, o] FREAFEE Welch-Satterthwaite2] .2 31 3 X g
hyA

Y& R MqE
44T opd ™, 24-FF <o, opd@e 7z}
1.0, 5.0, 10.0 pg/Le] T=2, ol AL ZUEZH-2 (.48, 9.68,

19.36 ug/LZ, WEHelmZd o] E= 1.0, 10.0, 20.0 mg/L
o] =g 7Zhzte] £ goS Hylsl T 7 2 =4

92, A7 5 o] 5 SIS
e EH 7] BEel 7t BEeS APE
39 ixﬂﬂl wWeh AP e F SR Eo 3R 24 4

[
_Q

) = 2} (Relative Standard Deviation, RSD)Z3
E1 AWl (Intra-day) AA3S, 39 St EA3 A 4
NEZHAZHE L7 (Inter-day) ?Hﬁ e AR,
TE&L 95.62% o, Al 3 A7 RS

RE 3 = 2.04%
olahg ue] F3ich
syEYc

EURACHEM3} GUM'®o|| A 3te] 44w delltjold
4, 24-5Fdrolyl, o}, olaRUEY 2 ugy|
Elago|Eo)] )3l =H B §]—1: poke) _,,],74] 28 AR E L,

AxHK)E AHESIT FFEIEE AEd 4 B &
o oF 95% AlFFFo sFsle 2FAAE 3k
K=
2z 3FEI = 440 W Djold A 3+£0.18 pg/L,
2,4-%$—011E1°} ] 3i0 18 pg/L, 0} & 3+0.25 pg/L, o}
dEUEY 9477+0.168 ug/L 2 wlEW eI g olE
10.023 + 0.243 mg/L ©]}t}.

1%

ol BUET N g B At

o= A 715 14071, AT AE 71 21
A, ABS AA 717 7074, o= FA] A 714 904 F
321708 AAE EA 8t AFEARET 5 olPFS XA}
star, ol ® AAE viEe R 44-vdt]oldd, 2.4-
EFQropyl, obdd, ol mad2UEY 9 wdd e
o|E9] dUFA4F (estimated daily intake, EDI, mg/kg
bw/day) S AHE3EA o™, U YU H A FHtolerable daily
intake, TDI, mg/kg bw/day) £+ %7 %3 X](Reference
Dose, RfD, mg/kg bw/day)e} H|wsle] =5 H7sFic).

140719 Zjom= A 7|7 F 44 -vgTold

& 27, 24-EFAolRle 70| AEHY 0N 7z

ol Fe EAE~. 36pg/L 2 EZAZ~1.17 ug/l °IAtt.

o]l: 1}0:11:!] _(2011)20),4 7151% 1; ]o:];q. _(2009)21)

—4 Ho ol¥=F 21 pg/Lt H] Y& o FrAAY S
ol
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Table 6. The levels of 4,4'-MDA, 2,4-TDA, acrylonitrile and methylmeth acrylate migrated from PA, ABS and acrylic resin articles into

4% acetic acid at 60°C for 30 min (n=3)

Materials No. of samples Compounds Range (ug/L) Average (ng/L)
4,4'-MDA ND"~1.36 (2)” 0.016
PA 140
2,4-TDA ND~1.17 (1) 0.008
ABS 70 Acrylonitrile ND~7.21 (57) 1.30
Acrylic resin 90 Methylmethacrylate ND~3.10 (23) 0.255

YND : Not detected (Less than LOQ)
PNumber in brackets are the number of samples detected positively

7071¢] ABS AE 7]F F ol AEEYEHL 577104
AEHJ e, o]PFe ELE~7.21 ug/L oYL, Fdn
T(011) 4 pg/l) 5 2 ANZHE 5(2005) (3.33 pg/L)el
ArA v dS wf W oIk 90719 ofa Y 4
2l A 713 F HEdE gl Es 237094 AF

Rom, o]P 7 BHE~3.10ppg/L °IAL, FFH
(2011)20) 5o AFAI(15.9 pg/Lyot v e v =&
olgle} 7]EX|Ql 6 mg/Lole & wIX= Yol

o|9} -2 o]} told o] ATE Table 6] &
ofsiaith. Elon|= AE 7T F obdd, EEeHE
ANd 7T F 44-mEdtedde BE EFEo|Anh
o]e] AyfelA Fejoputol =, E2]p-d g, ABS, oF=2¥
FA A 71+ F 44-HE-Aoldd, 2,4-5F <l o}
9, obdd, olmdRYEY 4l vdr gAY o]ES] o]
qF T2 AEFL 71T B 8] - 2 FA HAE
&= 714 oletEA SHHg Ao R AR HAU.

HAEH 7= ol =l g EDISH dLs S
(Acceptable Daily Intake, ADI) === TDIE Blx3le] 4
e HIIFOEA o] T, o5 Tl i 71
of AEFS Fol HAY i 871 A £4E AFE
*é%o}OiE 3 Aol BAgE
sHAl €tk EDI= 2ol F oldq=
o JFsk= 2lole] FAS FOo= AAHTEY.
10] % O]zsgg?d == 6‘]——?— A
A} HEzs ZoF oAt 2]
HAIRe S8l AFRE (74, 2, &
AA) HE HEste HE4l 2
stod At & e AE8 71 2 871
el w2t Q%T"M}&uﬁ (B, 4% z4k 20% ol gt
2 nFehdE §EAIY § ol ol el AFFI
WAl G (G &l &A1 1 H8)E ¥ &, 54 AE
ZH|AIS(PA 0.0047, ABS 0.00013, 0} 2] 0.000034)
% old=de] TEE g F Utk 2

fs o _\ﬂ

i —{)

o ¢ o
aﬁm uy)

(]

s

R

o2
o é
l">" oL

oX,

Ul

o
o}:] i,

ol

D e o 1 S N Vo

Hog AEL 7|7 & 87 2% F $F52] EDIE

P x AEFGRUAGT x 2HAF x 7] AFH ke

ole] FA (FW A% FUY2AF Al 57 1Apd =S w2
x| NeN

=0l HHAF 549 kg 7HTHeE 1.5kg)E =T

Table 7. The results of safety assessment

Acrylonitrile Methylmethacrylate

TDI & RfD

(mg/ks bwiday) 0.001 1.20
EDI (mg/kg bw/day)  4.32x 107 227%x 107
Risk (%)" 432107 1.89 x 1073

DRisk (%) = (EDI/TDI) x 100

EDI= Zotn= A 7179 44 -wdaltjold Az}
24-2FdorRle] A9 Zb7F 239x 107 2 1.20x 107
mg/kg bw/day, ABS A& 7] olmd2UEZS] ¢
432 x 10 mg/kg bw/day, otad A AA 7]+ wLH)
EfF 0] ES] 79 227 x 10" mg/kg bw/day°] ATt ABS
AN 715-¢] ol ad R EZH] 93| == EDIE RID #<l
0.001 mg/kg bw/day®t WA 432 x 107 %70 AL, ©F
g FA A4 7]+ wgHEa g o] E= EDIE TDI
#d 1.20 mg/kg bw/dayt Pl gS wf 1.89 x 10°%FT<T
o] tH(Table 7).

AR A H7F FEELS TDI = RDUY] $8)
7t 432 x 107%%3 1.89 x 10°%E 71 g A7kl 9]
e 7AA Se S 72 ZoE ALEHAT

ABS, o}ﬂ A A *4%% 1 OlSETE%ﬂ NE

A 44’_1:1]%1311;]0 gel, 24-E=qtjolyl, opda,
O}EL%TEHE%‘ 2 et gy o] Ed| thate] o]y
S Ak b H7HE AAlESiT) 8371¢] EE|ofn]

£ 717 AANA A

=
, ABS % o}3 ¥ X AF &=E
F 3R] &7 ol

2%] AZg 713 WD 87)-FA F%
4.4 ETopd ™, 24-5F<djol, ofad = EY 3l
H el g g o] EV} o] = ATt

ol F AHE EUE kA H7F AutE el 283t
o 44 -Wgtioldd, 24-EF¢r]olnl ofFHERUEY
2w etad g o] EL] EDIE 4HESH & TDISF H] st
o] 9el== Hrleth EDIE Zgoln= Ad 7] 79
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4.4 -wedcjopd A3} 2 4-EFlt]olql o] 7-9- ZH7F 2.39 x
107, 2 1.20 x 10°mg/kg bw/day, ABS A& 7]F9] o}=
drYEZ A9 432 x 10°mg/kg bw/day, ok A
A 717 WEvEtadge o] ES] 79 2.27 x 107" mg/kg
bw/day©] Tt ABS A& 7] o8] olAHZYELS] ¢
= RD thH] 432 x 107%% FF0I02, of2d 44
AA 7)1 old) wEWEIAE Y 0| E] Q== TDI U
H] 1.89 x 107°% <=0t A2do=z HEH Hr7t &
259 Y= TDI ] 4.32 x 1074%} 1.89 x 10°%9]|
B33t Aoz FAPE o] HHE £F2 Ao E AFRFS
o} o33 AxEe gow y|F H 7] - ¥4 ¢kA

g el 2A4RR o188 F UL AoR

VAT 20139 % AFooFEedA] AR
AFH| R Y (131612]1F2H023)0] <8 Fa=qom o]
A=Y
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