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Analysis of migration and safety risk of 22 kinds of elements in disposable
biobased tableware made of different materials
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ABSTRACT: Objective To analyze the migration of 22 kinds of elements in 39 disposable biobased tableware made
of polylactic acid (PLA), starch-based, and fiber-based materials, and evaluate their safety risks. Methods The
migration solution was obtained from the sample through migration experiments, and 22 kinds of elements in the
migration solution were analyzed using inductively coupled plasma-mass spectrometry. Results Antimony and
thallium were not detected, while 20 kinds of elements (beryllium, boron, magnesium, aluminum, titanium,
vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, gallium, arsenic, strontium, cadmium, tin,
barium, lead) were detected. The detection rate of aluminum, manganese, zinc, gallium, strontium, and barium

migration was 100%. The migration range of each element was 1.0x107*-6.9x10" mg/kg, with the highest average
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migration of magnesium being 3.5 mg/kg. The migration levels of 22 kinds of elements in PLA and starch-based

products were generally lower than those in fiber-based products, and there was no safety risk of element migration.

Aluminum, chromium, manganese, zinc and lead in fiber-based samples exceed specific migration limits. The daily

exposure levels of zinc, cadmium, and lead may pose potential safety risks, and there have also been instances of

multiple metal elements exceeding the migration limit simultaneously. Conclusion Some fiber-based samples have

excessive metal migration and potential safety risks, and it is necessary to focus on strengthening attention and

supervision of metal migration in fiber based samples. This study provides a scientific basis for the safety research

and supervision of metal migration in disposable biobased tableware made of different materials.

KEY WORDS: inductively coupled plasma-mass spectrometry; disposable biobased tableware; elements; migration;

safety assessment
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WAk, Bk R MIREE RS H 2558, AR ZA
FE S M X T Ak ity shl, fE i 50T, AR R H 25
A A5 S8 A A LRGSR SRR AR P, MRS GBIT
39514—2020 {AEMFAEIARTE . 8 XHARRIE) M, A5k
WA RHETE F A= W 5 A J5URE B3 () 28 0o A= Wy i 3 45 3] 1) 64
o AR T AR HEORIE R =200 (1), B ISRH
RpAS, BlnGEky . S4ER . SRS (2). T EAA
Y A AR T A, RFLER (polylactic acid, PLA),
RTINS, (3). vk me =, R kst
BERRTR . RIAIE T IRIRSE . AR WS R HAT T HRLE | AT REAR |
A GV Ye . HSETZ s RIS, cateti g
BN RS, e HAE A b &) (food contact products,
FCPs)H, CLZHBL T K PLA 2t JERIE | AL SEpT IR 048
HFiig.

ELJEZE FCPs s WA HEIEBY, BAEAR
O H 4 A A 3 A AT B S A AR 0 T R
Sl G S R R R G AN R, U
g RN IE Ry, EA X FCPs 4B LR
W E S5E R AT, R FHRHE A 5 8 Rk

(inductively coupled plasma-mass spectrometry, ICP-MS)['62!]

L A 55 B F IR R 5t 6 1% 7k (inductively  coupled
plasma-optical emission spectrometer, ICP-OES)*> 3, {Y
RHEGRZ BN Z RN, & EE RO SRR L
Ko RAFAERRMUE THE. BREER ST S EYHE
fl BB R 5 ) EUL0/2011 54545 Hh, X} FCPs H 24
FOC R AR E T BR & (specific migration limits, SML)f
T HUE . ETRE GB 9685—2016 ( & i 2 e E K brife &
ai B MBTRE R ] it FHAS IR G AR UE ) vh, BLE T 7 Fhs
JEICR N SML; TiifHith 51 GB 31604.49—2023 (£
Fe fub bR S 200 R I E M 20 R ITRE A E )

H, BUE T 16 Mot RIERRAYINE I, X —JT R T
FCPs TR AL ENE, J3—Jr iy FCPs Ht
AL S A it 1 AR

AR IR R S LR M B, B T S Y
PR, X HA et s A T kR Y, LR T
Hepz—, &Y% FCPs HRILETBHIN T E Z T —E X
H. FREPNGINT 3 HAYRATEEE b 21 FOUcR
B, Hba S FOnEGH . B &Y. B HE. B B
&R, MR TTETE RS S EB R . HU
PR ICP-MS Xt 15 AN H R AN Sy 10 ROt R
AT TR, RIA S FOTEGER . 8. 8. Bk SRR
=, N EENT T RES . FEFFR SR4F4E0L FCPs 193¢
7. HE 25Mdi i ICP-OES #F5¢ T PLA & 4f 7 f4s )& 7T
R, HEH LA BIRIS LN Ga
KF, HETMAEERT— R AP B OCHEAE  HRE
fn gD L XITRIE B R A R, R X AN [ 2
B A ) HB LR G AT RS I e M XU o 5620 .
AW WEE R E T 3 25(PLA 2. ML, SR
I 39 Fh— R PEAE WAL, SRAT ICP-MS X H ST R AT
BT, IR T 025 B e RS AT, LI A4
IR N 5 SRR 22 R

1 #MREFE
1.1 RS

PG 10 4> PLA JERESL . 15 DNTEMERE AN 14 A 2F 4k
SRR, FERMERILER 1.

22 FOCEAREN MR . Tl B, B0, B B AN
B BRLBRL BELRR. R OEY. BRL OB R Bk .
Bl B, WREEH 100 pg/mL, FEZAT (48 K BT3RS
Wl Hr ), MR (P ali, 1= 24 4 H Ak R R0 A FR A 7)),
LR (G at, R KUk 2= 0 B A B A |lD; AR
ERGR ., B, 5. Bl BB B, WRIEN 1 ng/mL), {UEY
VTR, 0. B BB L B, WREEN 1 pg/mL)[E
FERRHE (P ENA RA R, S5 /KR GB/T 6682 ML
H—Z0K; SAER . AR R(E 99.995%, JbatKA]
{5 R 5 A B DT 23 Wl )
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Table 1 Information on 3 types of 39 kinds of disposable biobased tableware
PLA 3 TEM SR E 57
Pz il b PR E R s il iy SR E R s il PR E R
1 BE PLA 11 & FOKTER 26 BE ZREFH
2 BE PLA 12 & FOKTER 27 WS P 4F 4+PE &
3 BE PLA 13 X FOKTER 28 WS 4L+PE i
4 L PLA 14 BE TE K +PP 29 WS 4L+PE i
5 W PLA 15 BE TE K +PP 30 Wi RIFATH
6 BE PLA 16 BE TE R +PP 31 Eiy HIREACR /AT I
7 '8 PLA 17 BE TE K +PP 32 i 274 Z +PE Jiit
8 JiE PLA 18 wE JER+PC 33 i YL+PLA it
9 PRUES PLA 19 BE TER 34 & S
10 s PLA 20 #&r AW FETE KD 35 & ENEE A
21 i KW 36 Eiy e
22 Al T FE 37 # HREHTIR
23 A] HEVIVE R B 38 i ARIAK
24 A] FKTEH 39 i 4RI
25 4% TEM+PE

1.2 UE5EF

ICP-MS 7700 Hi/BHHA 55 B TR S (L (3 1E Agilent
BHEA FRAH); ME104E J7 43 2 —HL 200 K Gt g4
-FE R £/ ), DHF-9246A 18 iR 140 (1A 22 9208 1%
FARAFD.

1.3 LWHE
13.1 iR ms)

B EE N 100 pg/mL ) 22 Rl R FR R 5 W
S%BRTUBOMIE M R BRI e A B A mmm, o
SR B 4 500.0,100.0, 50.0,10.0, 5.0, 0.5 ng/mL
FR AR E TR, 8 BRI,

1.3.2 Hafl&

R 4% (AR E0 RIS AR R & a0 AR
% GB 5009.156—2016 { B ZFEEARHE B b filks
Kl i RSB A By ), B9 em® BE AL E T 50 mL
BEEHEIE MR, I 15 mL 4%ZBRIEHGEE M 58 IR T,
# 70°CHREF 2 ho BT HEF TR 28 (508, IERBASHE,
KB WGE L 0.45 um AY/K RIEMLIEFTRLUE, FF ICP-MS
AT 0T o B8 BT AT AR St AT 2 R W R
IR, FEAE R K ki
133 BEH

SRR 1500 W; BUREHE/ARIUHE: B4k, Fih=E
T 2°C; B TR R 15.0 L/ming #RS(ES)FHE:
1 L/min; B GES)WR: 1 mL/min; 250 1 mL/min;
B TR 27.4 MHz; BEAARTIIEE]: 40 s; A ERT
[f]: 30 s,

1.3.4 Ar/fw s 2 mn 2

A R R R R 1 200 IR A AR AR
WFRIRATAIR, 43BI5 1A ICP-MS JHATHGI, 2 hikRikihe,
BNt . AR E S K PR (limit of detection, LOD).
HEAR (5 Lt A 3 %1% LOD, {5 kA 10 X5 € 5 PR (limit of
quantitation, LOQ), i#id LOD {1455 15%] LOQ. Ll 9 kb
HERBCAANE, A RHEE. . @& 3 MREACE A —E &
HITCEFRUER MR (2.5~100.0 ng/mL), P4 HIFR 525 (n=9),
THEASRER mIR S A R

W 1 UE 5 I RE S ARIR G, A EI A
ICP-MS HEATRGIN, 38 b Stk B R A s i P T R
W, HEITRE.
14 FitSHEBAZEITE

HRHE R A EU10/201108Y,) 52 60 kg AT A9 N5
KIH T 1 kg G025 T AN & S bR &, H A1)
T LT R i 4 H 3 At (estimated daily intake, EDI)
(mg FFANFFR),

EDI=iF i x1 kg D

1.5 HiRALE
{5 25 = 2384840 W) ICP-MS MassHunter Ver5.1 2k {4
1 Origin 2021 R HEA 7 AH R EHRAL BRFN 4347 o
2 HERESHR
2.1 {UEEMRE R T EIEMN
22 FiOCE M BTRE . XRLANFRIGE . bR, M
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KRBT . LOD 5 LOQ. Jy ¥k Ml Kok 25 2
%2 FR . HERIMSE R B R =0.9959, LOD<4.58 ng/mL.
BICE M BN 92%~120%, LI RSD i #
BE, TR 0.2%~2.7%(% 2) 4R KW, TIEAIERRAR
U REE R, JIETIEE, EELMELE, RES T L AG I
TR JrEE R IAT GB/T 31604.49—2016 { £t 24 =
RERE B AR R ORI AL B B B BYATINE AN
LR BB BT, BE. BREREANE ) WREIK,

MFR R BN 2.5~100.0 ng/mL B, A ) [ i 22 47
E 221%~248%2 [f], JFH 2RI T, HorTRER 3222
HVE 2R, MR TEPL S 2 R s hn, AR
VR VAR ARSI R b ) BB 2 TR . BRIk, ASBIESTRE
A% IR HURFERE 10 R BRI T DR A E, Xit, 2
FRIGEE T TR, MR 117%~122%, T2l E K
22 HEENEREDH

FEBEIT AT B SC 00 4 A i, 25 i 3 — oM A HL i 7
WSS, RIS GB 31604.1—2015 £ b4 4 E % b
W B b R B i S AL R BRE I ), BL 70°CH B

2 h &SR . FImE, MR SU 2P
5%, LBEHYERGHEERETIAME TR, EH
LRV AR B 25 5y 1T & s B, b nl LA
g R T Al B2 L AR A

i ICP-MS il 3 54 S rhon R A 45 1L 0L
Bl 1, 78 39 AMFRAh AR, BRARK BRI T RSN, Hay 20
FOCRWAKE . 8. 8. B B, 8. P 6 Flock
TR N 100%, . & 9L, JF. . B8 %
BRI R B R (51%~97%), B, 4. . B, fE
BT B BIK BB (3%~36%), 5 RSP E &
A B A BERHE & P B 4 R AG S5 R — B, X 22 FhOGER
TE 3 KFES IR A R, FTLAE N, B AL BE. R
BLOHA L CBEL B R 9 FhOTER SR A Wy BE ET AR b R
W48, HAJBTMIE PLA JEifl 5 b R EIK, 16
R SE I PR o IXRE Y 25 5 R T ORI B TEHL
TSI P R A 7 0 A R A X o R a7 O U ik s
HARKEHRAEBOLHERAGEET RIS ER
s PP I SR 1 RURS: o

R2 R2MAEMEMEEXRE. KER. EER. FETFHREWER, BERE

Table 2 Linear correlation coefficients and linear ranges, LOD, LOQ, method average recovery rates, RSDs, of 22 kinds of elements

L N ~ LiES N

JLE Bt N 28 LT/ (ng/mL) LOD/(ng/mL) LOQ/(ng/mL) SEEER /% RSDs/%
B (Be) 9 #Sc 0.9997 1.4~500.0 0.42 1.38 116 0.5
(B) 11 +Sc 0.9998 0.7~500.0 0.22 0.72 108 0.8
BE(Mg) 24 8¢ 0.9982 15.1~500.0 4.58 15.11 92 2.6
£(Al) 27 +Sc 0.9959 0.9~500.0 0.27 0.88 105 2.1
£K(Ti) 47 Sc 0.9992 1.2~500.0 0.36 1.18 101 0.5
BLV) 51 Sc 0.9975 0.5~500.0 0.14 0.46 104 0.4
#%(Cr) 52 3¢ 0.9987 1.6~500.0 0.47 1.56 104 0.2
% (Mn) 55 +Sc 0.9963 2.0~500.0 0.60 1.98 105 1.0
% (Fe) 56 Ge 0.9962 3.2~500.0 0.97 3.22 117 1.8
41 (Co) 59 Ge 0.9984 0.5~500.0 0.13 0.44 101 0.5
H(Ni) 60 Ge 0.9972 4.0~500.0 1.22 4.03 106 0.5
Hil(Cu) 63 Ge 0.9959 0.5~500.0 0.04 0.12 104 0.5
(Zn) 66 Ge 0.9996 2.4~500.0 0.71 2.36 108 2.7
#(Ga) 71 Ge 0.9987 0.5~500.0 0.10 0.33 110 0.2
fifi(As) 75 Ge 0.9976 0.6~500.0 0.17 0.55 120 0.7
£8(Sr) 88 Ge 0.9998 0.9~500.0 0.28 0.91 103 0.4
? In . .5~500. . . .
FA(Cd) 111 1 0.9999 0.5~500.0 0.03 0.10 104 0.3
) (Sn) 118 5n 0.9987 0.6~500.0 0.18 0.60 103 0.8
#(Sb) 121 U 0.9984 2.4~500.0 0.73 2.42 114 0.9
Hl(Ba) 138 51 0.9991 0.5~500.0 0.06 0.18 102 1.0
£B(TD) 205 Ly 0.9990 0.5~500.0 0.05 0.15 101 1.0
5(Pb) 207 7Ly 0.9989 1.4~500.0 0.42 1.40 105 1.1

e X FRE N 22 (relative standard deviation, RSD),
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Fig.1 Detection rates of 22 kinds of elements in 39 kinds of products

22 FPOGETE 3 Rk SRR S T R A B &l 2 fF
R, HICETREIEHITE 1.0x10*~6.9x10" mg/kg Z A, H
1, 30 SRR S P BRI RS i A R (68.9 mg/kg), HRA
BRI TR (5.5 mg/kg 1 29.5 mg/kg) 5 HE P4k
R BEoR MBI B iR (3.5 mg/ke); VLB
PERE R R Z.(0.2~1.9 mg/kg); Bk, 91, FEAFIIE
MEERZ(1.3x102~8.3%102 mg/kg); 12 T3 . M.
B GRS BLL BT B B ML B BHRERE R
BAK, $/NF 13107 mg/kge XFEL 3 Bk il i v 14 42 )@
TRAELRH, B, Bl 4. B & B B 7 FraE
TELFYERE A T R RS 1 5B, [ PLA B
VERY L S B AR, R, LRI, £R4E
JE 54 BT RS K T T PLA SERITER B B b U |
W7 RICR), TEEEZIN,
23 EMMEITFESXEE S

FEAWFFE 1Y 22 Fi 4@ vh, BRETEHL EU10/201181
X4 FhaimEE . B B L Bk BE L B ML BEL AP
B OBh. B, 4. FeE GB 9685—2016 Xt 6 L E (5
o LML B BN T BREEDR . SRR AT
EDI {52 %3k F1 T FCPs Hfb2#iT B KU TEAEEY,
J& FCPs A PER e g ) 12 (1 A PEAG 5 3604, MR IR
B EUL0/20110Y,) G157 S Be ok i 22 e LA
FEAR AT (1) IEH A AR R 60 kg (2)FFA
FERIFERIE SN 1 kg; (3) 1 kg £ FIED bbbk
R 6 dm?®. 1 HL35 58 82 iR A A A% S o 2 7
P SEAE RIS LN A= K. HE %M EDIL 5
WS/T 578.2—2018 ( FEERETEFRESHEHAR)
2 WA RICE 55 3 WA ST R I T T X . ASBFSE
KA H G R 9 EDL S i bRifis oG 2 04 7T it 32 45 o 1

A% (tolerable upper intake level, UL) ., & H % A & (adequate
intake, Al), HEF£HE A i (recommended nutrient intake, RNI)
HEATRT G, AR R 24 e R SR I B R B = 25 4
FITCE IR, A 1R O RGN A H fRiF2
% i (permitted daily exposure, PDE)UEFT H £ 02 AU UK
ST FEARBIGEH, XHFEAME SML B4R, @i
EDI, 3 5H UL. AI. RNI. PDE HH R4 P-4k Higk e
A, 22 FICRMER R . k3, AHOCHR I I KU A
3% 3,

39 AMBERhHERER . AL R L ML RRL R B 4T
KB R AR BT EU FEZ AR SML 223K, M. 4.
BhLOBE, AKX 5 RhAEJE, TE 8 AR b IR AR
W, AR NN 3%, 5%, 15%. 3% 5%, LF4ERRE L,
A 5T%HIFE A ERBPR ISR, (EARE A2, 30 S 4F4E5E
FEMIBHBLT 46 8. %, 20 sBRMBIE . LAk, 30
S AP YEIERE SRR AL 1 (68.9 mg/kg) 22 R B SML FR
[ 13 £i5, 26 “SLF4EREFE R PR TS (2.4 mg/kg) 2 RK
WA SML FREEMY 4 %, F7%@ e, R4E EDI 5 UL, AL
RNI. PDE WECRIL, 39 AMFERHEE . BIL. 8%, 5. Bk, 4N,
BLCH LR, B BEL AL AEIX 13 R ORI, )
B} PLA 3 | Bk AR 5 bt of B AE KU B i o HE 2512
WAL T PLA JARFLARES, [RIRE R BB E KRS o M 7E
30 SETYERERE S R, BERY EDI (68.9 mg/d) T UL (40 mg/d);
5K EDI (6.2x10° mg/d)# T PDE (& A 5x10° mg/d). ifi
26. 30, 31, 36 SEFLEREFESL P, HY8 EDI (6.5¢107°~
1.2x107% mg/d)t % T PDE (5x107° mg/d), 4 Fr b E 5
FOMME, @RS AMBAFEWICER, E20Eh
A5 P R, R A 5 B st X £ 2 R R R L 5
DT Y OESSEN
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Fig2 Migration of 22 kinds of elements in 39 kinds of products

BMH Z, PLA B Fety il bn R BUBAR LS, £F BELBY S MR SML, B, B, B3 E A H R ERE
YL SRR U R HHAT 2N . EFYEEERE R R, 8 FAETER) LA, A, BAFE 2B R IT RS BRI b

AVKESS B R AT AE TR AE

AR . b, B B T OL, PRLICHT ZEX LT YRR il P ) G SR T SR A8
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Table 3 Migration amount, detection rate, SML and exceedance rate, risk assessment of oral intake of 22 kinds of elements

EU10/2011 GB 9685—2016 T B AR P
&8 T8 /(mg/kg) DR/% T KU
SML/  epros SML/  (op o, UL/AURNIPDE/ gy U /%
(mg/kg) (mg/kg) (mg/d)
551 4.2x107° 3
il 7.2x104~1.9x107? 26
3 1.8x107~29.5 95 7 330° 0
s 5.4x10~1.8 100 1 3 39 S (L 4EE)
7N 1.5%107~5.6x107> 36
Ml 4.8x107%~1.9x1072 62 0.1¢ 0
% 2.6x10°~1.8x107? 97 0.01 5 0.03* 0 31/37 (L1 4kk)
5 6.6x10%~2.4 100 0.6 15 0.6 15 11° 0 26/27/28/29/30/31
" ' - ' : B (A YESE)
R 2.8x107~5.5 97 48 0 48 0 42¢ 0
A 4.7x107~6.5x107 59 0.05 0 0.05 0 0.05¢ 0
B 4.6x107°~2.4x107 21 0.02 0 0.2¢ 0
il 1.2x107%~6.0x107* 77 5 0 5 0 3¢ 0
[ 1.3x107%~68.9 100 5 3 25 3 40° 3 30 5 (&4
B 1.7x107%~2.6x107* 100
i 6.0x107~4.1x107° 33 0.01 0 0.015¢ 0
£ 4.6x107~0.4 100
i 1.0x10*~6.2x107° 51 0.01 0 5%x107%¢ 3 30 5 (£F 4 k)
] 6.0x107%~9.9x10™* 5 69 0
o — 0 0.04 0 1.2¢ 0
Lol 1.2x107°~0.1 100 1 0 1 0 1.4¢ 0
& — 0 8x107 0
26/30/31/36 3
5 1.4x107~1.2x1072 62 0.01 5 5x107 10 7

(LT 4EIE)

T — R RK ;K R (detect rate, DR); #AF53 (over-standard rate, OSR); a: RNI(HEFEHE A&, 18~50 %); b: AIGE H A, 18~50 %7);

c: UL(AT i 32 f i A HE, 18~50 %); d: PDE(% H AR =).

AWF5EFRY], PLA MY FCPs ¥ 42 J& % th LR IR
Fl R, FLR R T Tk PLA AR =i, T 4@ A bl
HEALFIEO, HAEABIFTICEER 10 ff PLA S48 Hrp A%
PICRBARBIG S 2 A R, BEBT H ATA PLA B 5o 22
2 W MR R AT 2 AR

LR YRR b bR R TR B RN BB | USR]
RS S T B PR RE, B A bR AR 5
R 2 B A7 S 4 R 1 VS IR S L B 4 e i A )
I, 25 e KLl ol 1 0k 225k B R SR, BN £ 4 |
REFF L T RESER), SRy ] R 23 W B - e o 4 e S
Yy, SR AR R 4R i AR WANG )
BIFE T v gy X R S DR H R v B A R, B
A, BEL ML BB S ROCRAEH A KA
FAE . CUL SN SORREFF R 4R 5 Yt FPAG L9, -
PR OLR EA S PCIORREAT R . AR L3 A
MG RITR AR, JUHEZ R E S E G R L &R &

L RS TS SRS T, BT S B L
U SR P 8 2 53 B AR, 4 AR5
SR LI, 284 SRR XY 8 2 0 S T A B
AR B P BB AR JSR 2

2 %

AAFFEAHF ICP-MS Xt 3 R [RM B 39 A~—k bk
AP Hop 22 Fh & @R T T 0T SRR B, 20 Fil
SR, M. BEL B BKL BLLBS L R Bk AN B M.
BELER. B, ERL L B AL EDIE RFRRE R H
BRLORE.CBELERL BN AL BEL B BURHER, B
PEAP LR A TP AR 4R . PLA JEAE 55 e SR S 10
&R ITEB KT IR T LRI, NSRBI L 4
R o (HEFGESERE SR, A 8 RS INER | 4% . 46 . BF SML
HBER, 4 RSP ROEE . R TR H BE R TEIRTER LA
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