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Non-targeted screening technology used for the detection and evaluation of
small household appliance for food contact
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ABSTRACT: Objective To establish a screening and evaluation technology for food contact small household
appliances. Methods The actual use scenarios of kitchen appliance for production or food contact were simulated. Gas
chromatography-mass spectrometry, ultra liquid chromatography coupled with quadrupole-time of flight mass
spectrometry were used to develop whole machine non-targeted screening technology. And this technology was applied
to non-stick electric cookers, yogurt machines, folding kettles, temperature-sensing spoons, coffee machines, blending
cups and ice maker household appliances. Results None of the volatile substances was detected in the samples.
Semi-volatile substances and non-volatile substances including 20 compounds such as erucic acid amide etc. were
detected in yogurt machines, folding kettles and temperature measuring spoons. The 7 kinds of detected objects included

solvent yellow 56 and laurylamide in the folding kettles, 2-methyl-N-[(2-methylpropoxy)-methyl]-2-acrylamide,
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N-butylbenzenesulfonamide, methyl stearate, methyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate and 3,5-di-

tert-butyl-4-hydroxyphenylethyl from temperature-sensing spoons exceeded safety exposure threshold, which needed

to be concerned about health risks. Conclusion The method developed in this study is fast and effective, which is

suitable for food safety evaluation of household appliances.

KEY WORDS: non-targeted screening technology; kitchen appliances; food safety; threshold of toxicological

concern method
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BEfil/NR B g LT 2021 AR 4 b [ 5 B v R R B A
%1663 12T, Al 5.0%M3, 2021 45 Bl 28 T2
FonH B, RE AR OSSP HE AT
B FVTHALH AL AR M AT R 2 A4S
V5 Y S A S S A B, RO S (O, 1R
FTREREIR T R R R . & B flob Rl 2 e S s
5 R R R KR A IEaA 5 (2 12285 FHEYBF T F &
SRR A7, iR 388 RO =, AT IR
5000 BE DG TR RO, i b SR BRI A A I (un 2%
. TEY) . A O R P, B AR R R ]
REFEFE 21k 100000 Fifb2< e, it 1000 k2=
JORAE £ it BB G 01 8 2 N R R )
KMINAE L IC, FEAFM TR 4L A AT, aTBEsE
Bt A& Y SR S IS JR

FEBIEZ MR LM REMmAs 5%, B
KB 4 AT DA A AL SRR A i & aE AT,
(R TEAH I T7 U F8 B b o o P I o oA A ST B
il /N R AL TR S AR s e r . HAT & &
P ARG ) 2 L X A5 TR A B AT, B R AL I
K PEA 5 5 RIS o B AT T R AL 0L 0038 A0 43 i
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WP L, R B R D) B4 B R AR R R
Y58 I HEHLER BT A AR, UFSE TR ML AR A9 E
Bk PR PR AL 1 5 A R R - 1 OO £
- T DU AR O T D 3 £ 0 R A AR T
By AL 4-n-EFEE A 4-n-TIE TR &, 78 1 FiEaE
B R H AU A SRS TR 0.0195 mg/dm®. B8 bk
T BT A - A O - TS LS T R AL 7 50
KEYTH BN E R, W HITENHF 9 KR
BEFEHLAE S PR R R BRI . v R AHLE R T ik
HATARES, SRR IE S, HSCHR R E 300 5
W, K E bR A AR PR o AR 1 0 2y 0 T A
BT 2 AR AL A it e RO A, AR OR B R E A T AR
FNZEARO U8 Ag 20 REAR I
il e Rl it AT AN EAT RS I T A . AR E bR
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Bz, B il K AR S 22 6 B 22 R A1
B MBHEAT S B R AR A B L B nsR) K AR EEs
VIR IE RS KU, A GE T B . H AR ) bR AL S5
BT R S AT S A I R A AR A Jr I ORAR . A4
b, Bz E3PE, CEEE T AR, MELI R MR
A AT FI TR WA AR . SRR 2 0 W D £ 4 fi
FHZE L b B2 A R, ASBE 98 T s 1 2 b e /g
R AL A A 0 ) 0 2 b RS, ST LTS B A A B
A, B H2E 5 B {572 (threshold of toxicological concern,
TTC)R I T/ INGE B 7™ i B AL SEBR A FH 3 55 T 19242 4 3
i, DAASR AR 3R E £ fh 2 il /NG BT i 22 2 /KO 5
7, BROEWE D SR B ARk, W
J/NF L R 57 ) B A
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1.1 Ml RFIS5EE

Wi 7 FE SRR/ R ONEAT . BRIHL
PrBAKTE . AKHEAE . HIVKHL. R AmEEDL), ¥ K&
METFERL . WHIE . BRI . &8 . WIZLIUE Dk
TG 1 5 v AU A o

WEC A all, IR T A AR B A BRAS FD;
Skt M e, DUEKIE . (%4, 3EE Fisher
Chemical A A]); Jo/KEREREN . FALE . —HZE | KRR (5
Mrad, J7oMmARFIRG ) IE O ke (b al, fEE CNW
Technologies 23 A) ).

7890B GC/5975C SAHAIE- BT (Bl G6500-CTC H
TS HEFERD) . DB-SMS B4 (30 mx0.25 mm, 0.25 um) |
1290-6546 8 = A0 A €433 - DU AR A - TR AT B ] BT gAY
Proshell Cig {6 41:(150 mm=2.8 mm, 2.1 um)(3&E Agilent
A F]); SQP HL T RV (Jt 0.1 mg, 5[ FE £ R B4 AL %
v ), Milli-Q #alizK il 51X (3 F Millipore A 7).
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TR LI A TRNE R S0, RAFRIM . FRA B
AR LI S BRI 1.8 R AALTH LR, |
e A SR A T R S A .

1.2.2 ZARATAE T %

PRV R ABBAC IR 10 mL H 4T 1%s
e, BRI, T AT bR,

BRI T 10%~50% Z B R, B
50 mL BT 500 mL 508 < H, A3 IR AITA 20 mL
TER R, FIRGER, RS RER, RIEENT
BUOR AR Z, BIFMIRAERUR, 15 45°C Mgk 7R,
We4nE] 1 mL, Wit 0.22 um MEMEE, BRIV . BRI
K 95% L BET, M 50 mL R, Zid ToKBiRR L I F ke
i, £ 45°C P78k, We4iE) 1 mL, @il 0.22 pm JEAHE
Jei, BUERREIE . AR S BeRd, B 10 mL B
TR, ARWHE | mL, 15 45°C T ek E R, We4n3)
I mL, @3 0.22 pm JEALS, BI MRV .

AR B 10%~50%Z B0, B 1 mL 35
W, I 0.22 pm BENESE, RIARRIE R B R 95%
ZEERE, 10 mL B E TIRE T, RARSES RS
W, SR 1 mL HEEE S, it 0.22 pm 3RS, B
SRAEI R
1.2.3  HE¥e@ it &6 iAo R4t

P M SR FH T 25 SR €8 3% - i % 75 (headspace-gas
chromatography-mass spectrometry, HS-GC-MS)fii &, {{#%
ELA AR IR B 85°C, MNEARTIE] 90 min, WEARES
TR 100°C, SEFEARRL 10 uL, E3RETE 20 min, 40
WERERIER, 43U 2:1; $FARIRE 280°C; DB-5MS E 4
& A (30 mx0.25 mm, 0.25 pm), #H KN H K (4l
J£>99.999%), 1.0 mL/min fHE; FHEFF I 35°C 15
12 min, 10°C/min F+i& 5] 100°CH#4HF 0 min; 20°C/min F+E 5]
250°C {#4%F 2 min; R Scan MRS, BFH B FEL

FH 25 (ectron impact, EI), 70 eV, BuigfE I IE N 250°C, &
FURIREEA 230°C, DUARATIREE A 150°C, #HRILER 2 min,

AT LMY R R GC-MS g, HARUER S Bk
FEIRE 280°C; DB-5MS E41HE (30 mx0.25 mm, 0.25 pm),
HR AR (LEE>99.999%), 1.0 mL/min 1E¥i; FHERF:
1E 40°CAR4F 1 min, 15°C/min £ 315°C {#4F 8 min; JHiEE
TR EL, 70 eV, JRIEHE RN 250°C, BRI N
230°C, VUMRATIEIE R 150°C, HHIFER 5 min; KA Scan
B EARRE, Nirii.

AN SR 00 R FFR w8 s30BOH 3 - WO AR - €A T B[]
i (ultra liquid chromatography coupled with quadrupole-time
of flight mass spectrometry, UPLC-Q-TOF-MS)ffi#y, H.iA&
IXEREAE R AR 0.1%HR, B AH: 2N, YEIBAEE: 0~1.5 min,
5% B; 1.5~15.0 min, 5%~40% B; 15.0~25.0 min, 40%~98% B;
25.0~32.0 min, 98% B; J&iz17HfA] 3.0 min; #E7E: 40°C; #E
FERE: 3 uL; B & —WE A S & H0E T,
IERE PR ATER: —208F 50~1100 m/z, g+
20~800 m/z; K EFhlffEAE T 10, 20, 40eV,

1.3 Z&iTh

[EE o Ao R e P i s S A IR D EE I O
VER AR Y, TR RS R E I TR A RE;
P AV AT AH P R W, W B A, WIS H AL TR R
BT R PR T TR o B H Al 15 R (estimated daily
intake, EDI)J 3 3 B0 2 (1):

EDI/[ug/(kg bw)]=MxFW/BWx1000 1)
K, M BT RS i, me/kg; FW R4 H AL,
kg; BW WK, kg XFF RN, BE—4 60 kg AH 1K
HEN—A P RRIBEA BN MR R 1 kg & BARPI
2, BRI AR A BN 6 dm?, THEAASH AR
St BARYI EDI, Bl EDI=Mx1 kg/60 kgx1000.

*1 HRES5TIBIR
Table 1 Sample information and migration test
FE RS T et Tt fe R I
AR o< =
- R BRI . A B4 )L 95%Z, i 60°C, 3 h
MR N < 0, < >
: W) Bl g O OIS2h Sk 60°C, 1h
. ANEN . RN RIKR . . I AT 50%2, B2,
2 FR WL i FR Y T<40°C,t<12h 50%Z, SEHLRIE 12 b
, . W 1k, RE
K ar N e N < o < % =
3 gk U N NN K T<100°C,t<24h 10%Z. B SRR 24 h
) ] BB ORKR)Z . B ; 95%Z. 60°C, 6 h
N Hh ﬂ = i = ° s LS =z '
4 AN LR R R T<100°C,t<2h g 60°C. 41
5 wEERL WRL . AR i T<100°C, t<15 min 10%ZBE 357 G A FH U 5 # A
N s L KR BY. T<T70°C,t<05h, E o > JPHLEEPE 3 min J5 70°C,
6 BEFEM N T REAR S B K 2 b 50% L 0.5 1+40°C, 2 b
BN . R, ok e
7 il vk AL BEE . AW, - K t:o min’ 10%Z M/ Ho™ il ] e

TR LIRILRY)

T8 T OB A £ i FRIRLRE S € D F5U 422 i £ i A IR 1)
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XF TR 40y L% T Sl bRk v Ak 2 40 00 2 58 DA,
HT WHO HisE—1 5 kg MEMZELIL, BREA
0.75 L /K7, 354G 3440 L3S HAR4 1 EDI, Rl EDI=
Mx0.75 kg/5 kgx 1000,

XTI R H = B A R A BdE (A=Y B, AT
DA FH 5 B2 5 13 [ (B (threshold of toxicological concern,
TTC) kAT fE F WA, b & WA A [ P2
43K Cramer 125 | TZEFNIZE, FRITHE R (1922 4 2 5% I
1.4 HIEAE

JRAARE S AE AR LI 55 N PATINE 3 1Rk, B
3 I B AL G AT o0 . R TR BEAR T 100
FEFELR R B 1 (A TE I AN T 25 18 X TS ST 18 %
W, A TAES P NIST RGEAH UL, VURECRE > 98%
DA E, A H % i % UPLC-Q-TOF-MS it i dhs,
RAMLEYE L Agilent Mass Hunter Qualitative Analysis
WAL 0T . SR A A A bR B A fi
R A3 o) 75 25 10 7 9 AR AR AR 0 <Ak B e B A 5 1)
Uy ag i vt ik 4> 53X, @ 5 AR A A Y i #
5 B AT OB b, BB 0 F S 50 7 R 22 [ A DG P
JERBIARAL G P S E 2 . A Y Y 8 =2 i
NIRRT RERR T RRERS R REEY
YL = O IR HOR 515 LG W) R AR b2 SR 1Y)
Y, EBHIR COEE . AR R TR ER A 2R
FRAVER AR HEA T &, 7EF 8 BERHE RS AR 45
Ty BV SR i ) — R AT R

2 HERS5SH

2.1 EHIERHEFELER

LG H T SRR S A S e, X2 AR
PR, BT AR BRI, RGOS AT R SE I Ak 1,
IR | TR SR . I UNER WL fih £ ol b oA 3R
P9 4 (polypropylene, PP) N JIlH . PP P 3% Al 2 Gk B2 e
(polycarbonate, PC)/has, il i I FLAl, HIVERTE
A RUIAGRIR, A T BRI ML B S B il &, ST
Rk B 6 24 A 40°CTIHE Y 50% L%, SR

AR 12 h, SRR DR AT & Sl 5k PPAR
A B A 1 504 A (thermoplastic elastomer, TPE), W]
RERE A A I N, SO RERLINNE AT H & LA s, 25
e 95% VR IR 60°C, 3 h IRk HiiR i 60°C,
1 h AT RENLERE A

YRR AT HE R MY AR R I i A, bRz HE,
STMASKE AR L BRYIML . Prokar . JBGRmIHEL . $i
FEM A DKALA, YR BT 2 e I R A & o X
R HATEE LY AR m i &, fiBR= HE, BF
TSRS FBRER . BRI . MERL . BEREAR AR vkALH, 3
KRBT B MR AR A&, P Sk ar AR A
R R R PR R A A R IR 2, B th iR A
0.025~1.200 mg/kg, b s 2 B IS 7 00 IR AT A9 A [R] A5
W a R Hd, xR R - H R sEskIE T A
R T 1 B ) R R R S R 8 R T R L R
PR IR — 2T 1T 6 R WA T I 7 791 AR 4 791 A 3 0 5 01,
A8 — FR IR i AT A R VR T SR (e P 0 B 38 9 ) B 4
AT FETR ] Gk IR T HRE | AR AT AR 5P N-
T AR I R e T B R 0 R0 ) i R P S mT
TR G S50 LA I W AT RE R IR BT . I MR )
WA T S AR B, R AT A HLE A R
— 5T

XTI AT AN R B AR AR 1 0 A, HnBRZE
Ja, AKEREER . MERL . AR A KL R R BT
KEMEY . BRYIHL. S8 Ka filEAT P Z Y
FEifiA a5 R 3, At ThIv R I I 7T BRI TR
W BPURS SR R e 504 T R B 2R . O R
ZHIERFN O R R TR O e ik A R, R I T RSk
V8 % 10 )l S B T B A 7, RS B R
AT . LT EKAamREs ], B 1R T 10%L 8%
2 MBOT RS W ) 58S AL (433 [ (total ion chromatogram,
TIC). Kb &Y ShrEiEEIXT H, F 2 gAY &,
TR AT F AR — B, DA REER IR 6, %R
f£ 21.65 min 0, HZRFTEE LA 2, HEEFh
[M+H]" I, TR A 184.0769 Sk F M 22 -NH, 77, 5%k
P 2 o6 oy AL A T B DL LT, S S SR &

®2 FELAMYRIBENFESRER

Table 2 Screening test result from migration of semi-volatile substances

FE i TR A ALy TR H (mg/kg)
O BB 1 3k X2 — F iR — H i 0.025
S % LA 1 IR, g A
Ik I ST 24 b M= 0.730
LB BN ER 0.022
2- 1 -N-[(2-FF 2 P 40 2 )- FF 3L )-2- TN s Pk i 0.062
ABUT R 0.044
- 95%Z.M%, 60°C, 3 h
AT N- T EEFE e 0.052
i g R Y i 1.200
ST, 60°C, 1h i i R Y i 0.830
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Table 3 Screening test result from migration of non-volatile substances

FESh b e Slis okt F# & /(mg/kg)

R A 40°CHIAE B 50% LB, K5 (RS bE) 0.083

AR 12h TR T e 1.200

fr 0.085

W 56 0.097

Py R — B A R 22 4 0.530

fomoka  ORCRHERAE LU ARSI 2.2 (+ T A ) W 2 B 0.028

HCE 24 h PN A ik 2 PR 0.068

L R T H R 0.019

R 5N 0.210

R 0.150

3-(3,5- AU T FE-4- 5 IR B N IR H R 0.220

95%Z.M%, 60°C, 3 h IEC R 0.076

WA 3,5- T -4 IETR IR 0.130

e 3-(3,5- AU T He-4- R ) N I Y i 0.016

FFR, 60°C, 11 3,5 T H-A- BRI 2 0.023

1.6x10°} g S 22 REITH
L2x10°| B g & 0 5 7 i 0 12 T3 59900 25 9 R
Bl ., & E MG | B TTC Jriilb 7540 Ak . 4T
R |- = =l RIVAFET ZAK B AR, ABE BT R
4.0<10°d i zlgg BIATIPAG
l i LU - 221 HARBIE

O e, 410 o8 190 01 L 4 S0 S o B0 8

1 PRkt i AR R LS YT B TIC 18
Fig.1 TIC chromatogram of non-volatile compound migration of
folding kettles

MR AT 2R, A0 IA0 B3 R8P A i ) S LR
WA 4, BRUIHL. PrEREeMEA] 3 307 b PR g IT
BRI . oK IR — RS 8 Mk S it A I T

00l T LA, DT B LA B R SR, R 2 0 2
- 4, TEEENERITIRBIESS, AR H Y2k —F
” 200 | TR R . FrER =R, AR I EREER . 4-8UT 3K
® ool 1248714 T SE AN FAAE R B 5 2 b P ARV AT, TR
V5 el A A A
86.7514 1190877 [131.5512 200.2004 o s .
w b . Ll e : 222 HEFgAHMWIRN
0B sy X A S o AR K s, e T R
B2 Abam R e i AW RE AR, ELAS A7 Jik DR 1 0 1 s 6 4
Fig.2 Mass spectrogram of lauramide B, AR TTC 280k ok ke %434 Cramer
4 FEEFEHREIHFEMEITEN
Table 4 Compliance check for screened substances
FE i ) CAS ER R/ (mg/kg) PRt /(mg/kg) R > 5

IR T 112-84-5 1.200 60 GB 9685—2016

BRI RPOR U H i — H R 120-61-6 0.025 60 (EU) No 10/2011

PR = 21 77-93-0 0.730 60 (EU) No 10/2011

RIS S N 523-31-9 0.022 0.5 mg/inch’ 21 CFR 178.3740

Yr&Kar TR 110-94-1 0.085 60 (EU) No 10/2011

Py R — B A R 22 4 97-74-5 0.530 T 21CFR 177.2600

s 4R T HIR By 98-54-4 0.044 0.05 mg/kg (EU) No 10/2011

WA n
EC 142-62-1 0.076 60 (EU) No 10/2011

#: GB 9685—2016 & fh & R hrifE £ MMl Rl B il i B s AR e ) o
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I, I, I 28, X024 268 B {E 458 30.0. 9.0 F
1.5 pg/(kg-bw). FETREEFAI BRI Sk A0 FEA]
TR RN L LN TEXTAG Hh 4 (0 R i, 5 B I G
MR LA, VRS P e] REAETE AU, IR DL 5. WL
B, PrEKarh & R T RN ER R P T KT
AHN; 1) % 42 7 R UAE, JoT iF—25 S0 i (e 2 & XU, i
P K i I EH 3 56 F1 A EEmEIR I RR B S T
FEIVE P 42 4 B 5 SUAEL, 1T REAFAE— o (R JRURS: o IR A
RS L AN 2- F JE-N-[(2- F P A 0 ) - FH 6 -2 - TS TR e

N-TIHORRRMENE . AERRRR I . 3-(3,5- 4 T FL-4-35 560K
INTREEE . 3,5- AT He-4-BHIK 2, HEg i
N A AR B, X AR AR T 220G . IR s
AT T L R A 1o e A (1 T R R R ) B
fl B4 LB i, BRA LAY T U OEE, AER EAIT
FRAEN, R RAGRI A R . AT
(A2, ABIFSE Hh O 2 4 o A S e BT IR ) o AR
Gy A, G R Y TR ARSI vk, K
P T R BTN X BRI LA R 7 A A XSS

*5 FEEFEFRHYPREITME

Table 5 Safety assessment of screened substances

A IS~a=X 7 B
BES St 0 CAS SR (mgkgy TOTREHRERR  ppo ey KARRERI
[ng/(kg-bw)] [ng/(kg-bw)]
O R RN R 6938-94-9 0.21 3.5 |ES 30
BRI 56 2481-94-9 0.097 1.6 IIES 1.5
N 5 R ik 2 R iR 84540-57-8 0.068 1.1 IIES 1.5
Y&k
o R R 627-93-0 0.019 0.3 2k 30
R 1120-16-7 0.15 2.5 IS 1.5
2,2°-(F e R A F ) WL 2 P 1541-67-9 0.028 0.5 2 30
2-H JE-N-[(2-F LN A 0T -H ;

) ’ 4548-27-0 0.062 9.3 2k 1.5

JE]-2- P A4 e -
N-T L2 T P e 3622-84-2 0.052 7.8 IIES 1.5
MR T N5 7% P 1 112-61-8 1.2 180 2k 30
3-G,5-=R 24 BRI 6386-38-5 0.22 33 2% 9

i e '
3,5- T -4 R IR 2R 14035-33-7 0.13 19.5 IES 9
N 5 ;
3o i BEXH

Sy iR DRt 42 i R /N R L B T 28 4 W v BRA T A
W7 36 Ta AR fh R, R H — ) RCRARTR 9 )
AR B (1) /NG ™ i, 4% BRI 3 55 13 A LA
I, 454 GC-MS Hl UPLC-Q-TOF-MS JF & @t v JE#R 7]
i A SERGF AR, /NG AL IEA T 4 T A XU 0 5 O
WIEEEAE S AR RZE RIS TTC Fikilir&4
PEAL, 255 R BTl 2 i Al 5K i e S T R WAL L T &K
7 R AT 77 it A A6 338 1%l 22 i 2R 22 0/ mT ol A9 9 o
FIE S, & KA R AT S8 B0 S s AR A
RS INY) AT B A A B, | e R G T
o B 5 0 A /N R A e SR Rl
R A AL A AR I AN NS A o DU 90 R = i B e 2 1Y)
PR e 3 D T AR T — S A SRR BT R 2
LR
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