Ak B2 % TR

2020 4 11 H PACKAGING ENGINEERING <77 -

PVC

1 1 2 2

(1T RO 7 o B R IR 5T e, A K FE 050091 ;
2 [ RIS B R R L, AKE 050091 )

Bey 2K TERABEFET MG (ICP-MS) HRGEANGES Tk, ATRBER
At BRI Pk TF L ik 4R W Ak vh s R Ik ik R A AU RS R R 69X AE, R K
Fa kR GH Hy 4%0 TR #ATEA K, BB EA 20 °CH 40 °C, EHAEFE A 10d, FEFHEK
HHIZ BT A AR B ik AR R, A R E A ERESAT RN, BR SANGEH
M T T EERETREN 0.13~13 pg/L B ZRIFHERMEE R, RARRSIA 4% TR Y 45 6946
HFRA 0.011 pg/L, ZZFRA 0.033 pg/L; KM TH eG4 HIRA 0.0097 pg/L, E A 0.029 pg/L,
B A AR K RSB A 98.1%~109.9%, ABXTAR AR Z (RSD) <4.5%, 48 WHEEAZHED.
AR A R AR EAEE, BT PVC QM AW T B ik oA,
RACH; RREmds;, EANY,;, LRSS ETFHRAEN; &4
TS206.4 A 1001-3563(2020)21-0077-06
DOI  10.19554/j.cnki.1001-3563.2020.21.011

Determination Method of Total Organotin Migration in PVC Packaging Materials
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ABSTRACT: The work aims to establish a method for determination of total organotin migration based on inductively
coupled plasma mass spectrometry (ICP-MS) technology, and use it in rapid screening of total organotin in food contact
materials. The tetrahydrofuran dissolution method was used to screen out the samples added with organictin heat stabiliz-
ers. Water and 4% acetic acid simulants were used for migration test at 20 °C and 40 °C for 10 d. The results of conven-
tional immersion migration and ultrasonic acceleration migration were compared. The precision and the accuracy of the
detection method were confirmed. The total organotin migration measurement method had a good linear correlation at
concentration of 0.13-13 pg/L. The limit of detection of migration using 4% acetic acid simulant was 0.011 pg/L, and the
limit of quantification was 0.033 pg/L; The limit of detection of migration using water simulant was 0.0097 pg/L, and the
limit of quantification was 0.029 pg/L. The adding standard recovery of total organotin was 98.1%-109.9% and the rela-
tive standard deviation (RSD) was less than 4.5%. The proposed method has high sensitivity, high selectivity and accura-
cy. It is suitable for rapid analysis of total organotin migration in PVC packaging materials.
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1.1 #FR5iK7

FEMEHMUTE 8 Fh PVC 2k kL. MRSk (FE
i 1), SN 0.3 mm W R B (CBER 2). BFFHE (FF
i 3) JEEEN 0.15 mm B9 AF (RESY 4) AT (FE
i 5). PVCJE (FESL 6 ). BUSZafsE (RS 7). PRfif
B CFEM 8 ),

FZIH 13 FEIBIRARER R (H3 =
SAes . TR=G8 . T RS T R
MRS AR TR T A IR A
TORFE TS . RS . ST RERE . =
A . oA . —EEALY),
AP BTRE RN 1 o/, e B =R %
(LGC); WHRAW (Rh, In, Re), JERHKE N 100
mg/L, B ZA 04 8 S iR AT il s s RS TR

BV-1II %, %[ Merck AH]; KLMgR, ks, EE
fisher 237l ; 7K, GB/T 6682 ¥LiE M —Z4K ; A4
BOR 3% SR , FH 30.0 mL AR 5 970 mL /KR AT
PUSKIR ( THF ), e, 526 fisher /A H]; DU K
IAHPR TR G VAW, HHL 10.0 mL PUE W5 990 mL
TRFECR 3% SRR ST s RBLEUh 4% M LT,
L 40.0 mL 425 960 mL /KR~ .

12 UEEITESH

T BB A S TR, EE
PerkinElmer NexION™350X ; Hg T34 K, AL204,
FaHRE R 0.1 mg, MERFEh-FLAIZ R BAK RS,
UPT-11-20T, A8 EAiRHEA A F Sk AL,
MARS6, F[E CEM 2AH]; AL, KQ-250DV,
L7 28 A A A PR A 5 I iEdik 7 4% , GENIUS 3,
5 IKA 237,

HL B 5 55 B IR B ) TAE S 4. i) %
41600 W, PRSI R 18 L/min, HHBIAH
#oOM 1.2 L/min, M 1.1 L/min, SOV HCHFR
WERES, INE S KON 3, Ky A B, SRR
H 3,

1.3 tREBKREH

1) FrUEfit#5i (130 mg/L ), B 1.0 mL A HLE
TRA PRI, 0 515 D Sk e i PR VR A VA T . AR
SR 4% TR L KA E 4T 100.00 mL A fiffi
e o] %, 3 A [i) 356 S 140 s o i 55 T o

2) FRUEd W (1.3 mg/L ), 1.0 mL ARifERE A
T, A5 0 S e A R TR AR TR . IR RO 4%
TR . KEEZET 100.00 mL =T, BHI6L 3
Tt AS [) 366 J () A o ol FH VR o

3) THF R E TAEW . 4r 3l 0, 0.025,
0.25, 2.50, 5.00, 12.50 mL Y50k e s R 5L 5 1) b
YELE PR, FH DO S0 G A R TR A5 VA U2 5T 25.00 mL
BT, A BIEHEI 0, 1.3, 13, 130, 260, 650 pg/L
1) A LB AR TAE R,

4) IR IRIARUHE TAEW . 43 %IH 0, 0.01, 0.05,
0.1, 0.5, 1.0 mL &FSECH 4% LR FIZK B T 1)
PRl i, ARS8 4% MR . KERT
100.00 mL 25 &, 43l Bl 0, 0.13, 0.65, 1.3,
6.5, 13 pg/L MBAH PG IRE TI/ER R,

5) AR W (1 mg/L ). B 1.0 mL NFRER,
AR BN 3% MR E AT 100.00 mL 754
R

1.4 #HmEH&E
1.4.1 THF &Af#%

HGE o LR & R R B RN R ( AR <
3mm), B4, HEFIFREL 0.05 g iflkE K2 0.1 mg )
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1 min, 762 5 N2 20 min 5 # B 3R80E , F 10 mL
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% 10mL, fF LML,
1.42 EiaIH

BURE S 2, 2R FH 3R 1, T AR BRI , #4218 6 dm®
P fok i AR 1 1 L SRR Y, A R R R Rk
4% TR FIZKIR UL, 43 BIAE 20 °CHI 40 °CH&M4 TR
#10d, fF AU, REHERTIZ A,
1.43 @BEMETH

HURE i 2, R F 4R T3, 1w ARUBCRA T, 742 1 6 dm®
AR R 1 L& S, o B AR - 80h 4%
B R KR, 2 BIFE 20 °CHIl 40 °C4AF RS
2h, MU, RIEHERHZ A

2 HERES

21 SANBEE
2.1.1 THF A ETAIER MmBIIRE ML

K ICP-MS 3¢ o & vk BE 431 b 0, 1.3, 13,
130, 260, 650 pg/L WA MR GARIE TAER, WK
1o AdE TAERZR AR PERIE 5 FE hy . y=1425%-9047,
r=0.9992, . y FR{G TR, x RA VB IRME
WK (ug/L), r BaRLHMEXE R, 4SRER,
TE 1.3~650 pg/L ARk E NA DS (55 98 S
W T R BRI R,
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Fig.1 Standard curve for determination of total organotin by
THF dissolution method
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K H THF % A BRAE 5 1—8, FHH B & 45
B TR T I, TR AR LR AN AE B BRI,

IEFEARTIRERS, MBS 1—8 IS A LY & it
(WF 1), Hr, 7ERES 2—5 AL, it
THF ¥ i 0kt U8 I ML O RE i, T N — 204
ik .

N RN EERTIR R iR
(X, =X, )%V x100

(1)

1000m

K X FIESEPRITASA LS & (mg/kg );
Xo WEHPBAEIS & (pg/L); X AR SR
L& (pg/L); m IR (g); V AES
AR (mL ),

X, =

1 1-8
Tab.1 Determination of total organotin in Samples 1 to
8 by THF dissolution method

FE b BAILE &R/ (mgkg ™)
1 _
2 165.308
3 156.702
4 161.226
5 205.595
6 _
7 _
8 _

22 RBAENSETH®

2.2.1 IEBirAEMZ

K ICP-MS 45l %€ 0, 0.13, 0.65, 1.3, 6.5,
13 pg/L WA PR A FRifE TR, RF 0 4%11)
LRI E TAE & WL 2, et mlA 7 #Eh .
y=1821x-53, r=0.99999, sKHBLH s T4 ih 2k W,
Bl 3, rEmIa RN y=591x-18, r=0.99996, =
ey RORME ST, x RKoRA P bR IE WK E
(pg/L), r FRREMAH L RE, 2R E/R, 7 0.13~
13 pg/L FREIE Bl AT LB (5 5 0 B 5 s v VROV
HERIFRERR,
222 FHRE

FEREBGR I T A VLB AR e RIS 2 (R
M), KRR, R 6 dm® M AX N 1 L
A AT P A B R AL R Ak S
M8 GB/T 31604.1—20162, i F i A 401 4 Jo vk S 31
ICP-MS F M FERE | S BUARF M E0N 4% 09 2R Ak it
P, BEIe 1.2 dm® BES, 2018 T
200 mL B, B, 7E 20 °CHI1 40 °CHIE TR
W 10d, KA SRR RO B E RS R
[ Zs (g . S InEaERS (PRI 1.4.3 795)
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Fig.2 Standard curve of total organotin migration with 4%
acetic acid stimulant
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Fig.3 Standard curve of total organotin migration
with water simulant

Fod, Z5RULER 20 RHIER R SE B i A i fiff
A, B 10 d BIERE LS R KT A TR,
S B TE TR 1 BB A B A KPR
B, JFREE TR TR, TR K,
HAPFERF BN 4%89 L8, 40 °C, 10 d BT,

3 2

MAIB T ER SN 1.95 pngkeg, WA HLBTER

PEERAF N S AP S HLBE A i3

X=X,
AT @
S+ X 45 ST R R A BB TR B me/kg )s

Xs JURE A HUBRERS Bl (ug/L)s X, h2s e
FHUBIT R (ng/L); #GEREN 1000, WAL
B % L 1 kg/L 3t

2 2
Tab.2 Total organotin migration in sample 2 under dif-
ferent conditions

N, . Alé\ ‘:F E/
EB R R A1 AT ERE
(pgkg )
R (R 4% ), ™
20°C, 10d :
. LR (RBUM 4% ),
7k, 20°C, 10d 0.352
7K, 40°C, 10d 0.376
R (R 4% ),
20 °C#875, 2h 0.650
T L1 (RRUH 4% ), 127
T 40 °CHi, 2 h :
JK, 20°C#, 2h 0.158
JK, 40 °CHE, 2h 0.234
223 IBABHNEHRERBEEE

FEdh 20 PVC A M )R FH 432 Bkt AT il
AN o (K5 4% ), 40°C, 10d; /K,
40 °C, 10 d., TERHD 435I A 0.13, 1.3, 6.5 pug/L
85 3 MR EIR KO B R USRI, BB TR
W E SRR 3. AR RS FL R 98.1%~
109.9%, MXRHEMZE (RSD) ¥/NT 4.5%,

n=6

Tab.3 Adding standard recovery and relative standard deviation measurement results of organic tin migration test in
Sample 2 (n=6)

TR bz (ug L") -2 [ i % /% AE XS 75 9 M 2 /%
0.13 109.9 3.22
2. (BAE 4% ) 1.30 104.6 1.69
6.50 102.2 0.65
0.13 107.4 4.01
K 1.30 103.0 1.35
6.50 98.1 0.98

TE: PRI 6 WS- 24
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