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Concentration variation and morphological distribution of tin in tinplate
packaged fruit cans

ZHANG Ke*, ZHANG Qin-Long, LUO Chun-Ying, GAO Ge

(Chengdu Center for Disease Control and Prevention, Chengdu 610041, China)

ABSTRACT: Objective To study the concentration changes and morphological distribution of tin in tinplate
packaged fruit cans. Methods The tin content of tinplate packaged fruit cans was determined by inductively
coupled plasma-tandem mass spectrometry (ICP-MS/MS), and the characteristics of tin concentration changes with
storage time and heating times were analyzed. High performance liquid chromatography-inductively coupled
plasma-tandem mass spectrometry (HPLC-ICP-MS/MS) was used to determine and analyze the morphological
distribution of tin in cans. Results The tin content of tinplate packaged fruit was 27.17-183.81 mg/kg within 3
months of the production date, and 54.56-265.44 mg/kg within 12 months of the production date. The tin
concentration increased significantly with storage time and heating times. The dissolved tin was inorganic form,

mainly divalent tin Sn[II], and no organic form was detected. Conclusions Tin in canned tinplate packaged fruits
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increases with storage time and heating times, while it exists in the form of inorganic tin. Because of its low

absorption and utilization rate, toxicity is relatively low. Try to choose products those are close to the production date

and do not consume them heated in the can.
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5 (Sn) & — i H AV AE 75 1 LA 5 AR 2
AR T, ICHLAE LB SN A WL 5 ol HL
XL TR, Sen s | ARl | e S R G A Y,
ATt R ZHCE S AL O AR, R R
TG A 2351 2 E N BB N, {H I 4k A B R IR,
PIOBCAED O | T i V4 SR P S TR A . — B
TR AR, AR B A AR I S R R R

PEBMR (AR D D) BB L MR R — 24
J&8), PR IR S T A A 55, s B A 2
RFERY, FLICEICMAS S £ 0 Rk A SR, i 25 i
AR AR I R, WSS . R R E BT A
A 24 5 B W AR o T e K SR Sk b ke
RSN, SIN—sG PR . HRERMA, Wk
PEIREE 2 A B 2 v th U2, T I b A Ak A e Sk
HEE LA EART, FEEREGE B ARE, Fealem
PRI RSk, FEEK B REAEIT (B A/ B R, 68
B E AR R RE T RE; ULAh, ARREEL B
LTS WA S RIS EE e, ik, AU0EERS S
0 R B AR AL DL S IE S AT RHE

EA MR 2 R B s M BRI LA
SIS A BB S SR A SO - R
PRV L - B B T PO TR £ - LR S
B R P2 L M € 3 - T 0 I P AR X 4
Z, Bz AR T A NEIERS . XA KT BRI
G3 BT 22 R H B 45 B IR BT (inductively  coupled
plasma-mass spectrometry, ICP-MS) . HLJER G 258 IR L
B % 3% ¥ (inductively coupled plasma-optical emission
spectrometry, ICP-OES), FATHABAD £ 474 4151
JAMES %15 BIR F ICP-OES 31 ICP-MS 3l 40 Hr
TR IKCREEL B, BRI A IR T AR (A,
XLEAFFE AL MrARE il b AN ) A B B i, E 8 )
K ICP-OES IEBLU T T B 25 e B HOIE AT, A
MG ER M F RN FEARRIRE . BN, &8 Ah
FIERIRLIE . BANAVI 252450 5o BED A B4 H 58 10 4
RIS, RN SEIRGSF2/E /MR EEE. W
TS AE B A PT RE 230 KOV S5 Sk, 37T g 2s kg
B RE . HRT, LASERRRE MBS T oK SRRk 85 2
BEARF AR | AR B S5 51 T 0 HARRAE A 4l

ABIF AR FH FL R 5 55 B U S BT 1 (inductively
coupled plasma tandem mass spectrometry, ICP-MS/MS)LA
W 5 RO AR 8.3% (high performance liquid chromatography,
HPLC)I FH AR 5 1 111 B A e /K R Sk v BB A TS,
G R B A A NF i) R R KR ) AR A R SR AR,
DU A By P10 e AR RESK 8 i 42 12 2%

1 MR5RE%

1.1 #R5R

BEALATHZIAE 14 Fhh Ok R RESk, Ahs
Be. TR AL R . R ORI, WA L.
W, Wt WEEE . FRALFIALAE, HTEAr=H e 3 4~ H
W, B TR .

2. HE(fikal), W HNO;(JZ4l)(35E Fisher
NHEl);, Mtk ai) . & 4L B (tin[l1] chloride
anhydrous, Sn[II], 99.99%%li ) (3 E Sigma 24 +]); GSB
04-1753-2004 B T E PR HEE W (Sn[IV] 1000 mg/L, EZK
FRUEY) TRy, —H 3k &1k 83 (dimethyltin dichloride,
DMT, 98.0%%4fifir) . — H 3 & L8 (trimethyltin chloride,
TMT, 96.6%%4ti ). — 1 3 — 44k (dibutyltin dichloride,
DBT, 95.0%4fi4h). = T &t (tributyltin chloride, TBT,
98.0%4li i) . AR K = 5 1b4 (phenyltin trichloride, MPhT,
95.0%%li i) E LGC A Fl).

12 UFE5EE

Agilent 126011 HPLC-8900 ICP-MS/MS. ZORBAX
Eclipse Plus C;g 3% 4E (150 mmx4.6 mm, 5 um)(3E H
Agilent A F]); S400-K Z S50 (=% METTLER A #);
AL204-1C R¥-(J74r2—, Fis METTLER A #]); Milli-Q
Integral 5 #f7K{% (3% [E Millipore 23 7]); X4R Pro B.0HL(3E
R KB A Al); QSI-B02X5 /NREDIREAL( A/
REFL 2R AT BRZA 7]); EH 35 B HUR (LA 28 BHUER A RS
F); KQ-500DA 75 i i v (B LL i B A AR A | o
1.3 XWHE
1.3.1 3Rt

ARWFFTHG M 5 RS, 55 1 4R EA = H I 3 AN A
WARESL, 55 2 AU HIW 12 S A, 5 3~5 A5 h
A HE 12 A A B EFT 1.2.4 3R 75°C 0.5 h Jin#ib 3, B
B IFRERIIN pH, S 4% 1.3.2~1.3.4 ikt T4e4E, I
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X5 2 RS EA T B A A0 HT o FEAE Sl A BRI [ 80 b
W SELG 3BT RR 10 /M S 1 iR 2s A s
FEM
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HUGHA RECR A P DRI T, MERRARIEL 0.5 g(Fh
#F] 0.001 @I T =MBMih, MA 5 mL ¥ HNO; #17
FL AR 220°CTH R, THMSERUE IR E | mL £4, #BE
57 100 mL #4758 Sn W&, MAEFEATH 2% HNO;
HRER

HETRFRIL IR 0.5 (k5145 0.001 g)F 15 mL &
DB, LA 10 mL 25%BRER-HEL4:6, V-V, TR
BOK, FEiRHEARE 10 min, 6000 r/min B> 5 min, B 1 mL
ZEF IR E AT Sn AT, AR T 2 T R Sh AR
R
1.3.3  ARBERBLH

SEOOR, AR FRICGE bR A, R I 2 I AL
1000 mg/L MAfF IR, -20°CHRHARAE. BT 25% 2 1R
S - (4:6) B A BEICH AL 0. 10, 100, 500 1000 pg/L
FIBREE T
134 MNBLHK

ICP-MS 25A%: SHish=R 1550 W, ZEALEIRAE 2°C(E
Sn)/-5°COEAY), # Mk 0.65 L/min, #ME< 0.10 L/min,
TR UM R, 20% 0,, %38 0.1 rps(ik Sn)/0.3 rps(FEA), Pt
SRAFAEFIEUEUE, A HUIMERE, BUMTRL: 0.3 s, RAHT
[: 10 min, REFREE Q; '¥Sn-Q; '*Sn, WHSH 20%
0,, 4T ] 4335341 (time-resolved analysis, TRA)
R, HEAEA SR,

1% 5 4F: ZORBAX Eclipse Plus C,g J2 A4 3if4+
(150 mmx4.6 mm, 5 um), FaIAH A FHE, B AT 1.0%
= LI 25% L BREE W, A 1.0 mL/min, #EEEE 20 pL,
FESR 30°C, BREFEEE: 0.0~1.0 min, 5% A; 1.0~1.8 min,
5%~80% A; 1.8~6.0 min, 80% A; 6~6.5 min, 80% ~5% A;
6.5~9.0 min, 5% A.

1.4 BIELIE

KA SPSS 27.0 #EATHCHE ST, B(E BEORR A
Shapiro-Wilk #ATIES ML, 156 IERDMN, KA t
Ko b g 1 4R 2 AL A7 I RS R 8 & BE A Ak, SR
R R\ Wy 2200 B 0. 1, 2 M4 R &
254k, RPN 2y 22 00T LB [ RE Sk rp g 5 b 25 5,
SR FHTRT AL 01 5 3 B8 & St [RD ARGk B8OR pH 22 [1] ) 2%
PERR, P<0.05 ZRAH¥E L,

2 HERE5HR

2.1 HEmEIEARHHE
KRSk 19 T SR R ACR B RT B4y L IR AT
WhHE, S AT RRR NI o A, SRS TR €L =

SRR . P ERAE, DRI 24 N H, fRE SRR
BT . BRAKALS 5 HE 4%~5%, B A 3 M7 %K.

TR B S A 77 s 2 R — S £ T 5] of 1 ok R
S B KRN 11 K, AP R AR 2B C /K SRSk A 8
FIBSINA . FPBE IR 2 R A R R, AT PR it K SR 1
JRUR 261 5 W e A A G S, 4id R C AR PR
FIFE FRRAGTR IS GE Sk b e 4R TE N R A
5, 477 H 3 A B pH Yu I 3.26~4.31, i pH i
KA (4.31), HfEN 1L (3.26),

22 RBEBOH

W JOKRREL Rk, TR AL W BT ¥
o RIRAMAEE)E Sn FEEECGETEN 3 AR
27.17~183.81 mg/kg, WL 1), i e Py BEAG B 5 ph B
BB 1 1~8), BRI BB Wil . FAE
FHAFIMEA) L Sn F BN, WS VI FIE 0.01~0.53 mg/kg,
of 7 0 P BE S T Dl B (LB 1 R 9~14), PZGRESK
By iR, B MR E B, KR8 E R,
WRE<2 mg/kg!"™, o5 T REEMAEBE R HE, ) TRk T
AR TP R A — 2R RS T T

GB 2762—2017¢ & i & EZAME B P is iR
) HEE £ b (SOR P8 WA 78 4 02 ) v 4 1) PR
(B4 Sn i)k 250 mg/kg, HREIZEH 150 mg/kg. ASHFIL Y4
BT RO RSk S S R A T HE 12 S A Y
54.56~265.44 mg/kg, FHor A HESk (I 45 R O H R
H(265.44 mg/kg, W 145 2 41), BAAIMPCKR G HABEE
PR, (H8 S IR LRI 1 5 3~5
1),
221 #4e Sk A a6 T

55 1R 2 GRERAHAE 3 H A 124 A B ek, B
BT RILER L EX R8T, WAZERAERITFEXL
(t=6.03, P<0.05), HERAMA 3~12 D H Z WAL,
IR A7 e T2 5 M B 2 8% W s IR R
222 BAFR ORI T

o5 2~5 A IR AE 12 D A I EEI A 0, 1, 2
4 WRES, 4 HB T EIE 1. RARH R RN 5
TrEMNTE 4 A8, BhERA5IF¥EX
(F1=25.91, P;<0.05), Bk 3415441, 45 5445, Hitbdd
[B] HL A 22 52 389 BT 2F i o BRI 2 5 B s Hh 1
2GRS BESMER, A L ok SES ST
A B AR

fRT B LA A BT R B, BRAG 91 (F2=5.08, P,=0.11),
Ay 7 FGESk IR B S B B R AR M R BT G
F L (Py<0.05) £ —E MBI, BE IR E 3, )
TR RS,
223 RREHLBELE T EFILER

AR FEZSIR, ARG PE S ENSIkE
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FAGIF R L(F=19.04, P3<0.05), AR, K5 A E T A
fio 7 RO . EBES RN | T SR 2 ] 2 224 HeEhHEpHH XA

AEIFE, SRR S SRR N R ZF.
WA, AR AR EL . BRER) B Al 2= 4%
TS B T, P A ORI AR St T 5 34 1 A I
R, BT RE R (0 A A B Y A ST R,
BEABA SN PRI I R S HE R, 4 B O LR .
T B A N3 X AR R R B, T S

KRR Sk R B B AT IR  4EA= 2 C 55Ul iy
i, ZIKIRARGRREERME N 8 Rk A4 E] pH W shik
/N3.42~4.62, WL 2), LR FEEE MG 200, £4
ERIGIFE L(F1=0.53, P,=0.55), RMBEFSANHALE]
AHEN pH AU, BHIFSEP2% B, pH ok 7 B
AR, RIS S R, TERRYEIREE (pH=4) T,

U B AR A AU, P R R, G YL T IR R R AR A, Bl o i
R1 BFEAHERLSHNEL R (mg/ke)

Table 1 Results of total tin concentration of various samples(mg/kg)

Bk Y s 32 ¥ R JeHR %]
141 27.29 91.48° 183.81 97.88" 27.17° 44.66" ¢ 62.58%¢ 52.82%¢
241 64.60 152.30 265.44 144.70 54.56 116.58 85.31 81.19
34 77.39 171.00 277.58 161.71 52.66 139.61 86.09 90.32
441" 72.88 188.86 290.79 176.37 52.38 149.64 99.46 107.83
54° 117.53 191.45 303.76 192.46 60.62 175.41 104.58 116.52
t,P t=6.03, P<0.05
Fi, P Fi=25.91, P,<0.05
Fs, P; Fs=19.04, P;<0.05
Fa, P, 18.01,0.02  15.30,0.03 11.26,0.04 37.00,0.01 5.08,0.11 21.47,0.02 29.20,0.01  65.79,0.01

TE:t, PSR 1 4URIEE 2 URCXS t KRIRAS AL, Fo, PyOREE 2~5 21 B IR S A2k A 5 22 20 W 4

3 ¥, AT SR C AL 22 g i 7

Fo il P B ELS Sn & it L ME R M ISETHE52R Fa, Py R RIRRERESS 88 ki) AR R 7 22 T 45 2R, a, b, ¢ MIRIAF SR HY

IR Sk 2 18] B9 2 S TTGE R T

T 1-8 ATk, HHL,

LR T R R, A,
9~14 gl . BT, Wi, AR, AR

B AR E 12 A A R
Fig.l Drawing of the inner wall of the tank within 12 months of the production date
*2 BAHAH pH
Table 2 pH values of various samples

BBk S & H B AR JEHR %
14 3.63 3.67 3.53 3.73 3.51 3.46 4.11 3.54
24 3.61 3.80 3.49 3.78 3.59 3.42 4.16 3.64
3N 3.81 3.70 3.59 3.78 3.65 3.43 4.24 3.60
44 3.74 3.67 3.49 3.83 3.55 3.43 4.25 3.68
54 3.66 3.64 3.58 3.38 3.54 3.44 4.62 3.67
Fi, Py F=0.53, P,=0.55
F, P, F,=1.70, P,=0.20
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W 2 iR, pH SARR RSk, g & a2
S Pk iR , B B A RESL H pH X 58 &
AERT AR A 1 Sk v pH A4, 17 pH 5 = A8l AR Sk v
BEENHE ST pH BARWRGFRES: . X &M &
w5 pH MATEPERIEAH, 45 RIS 5 L (F=1.70,
P,=0.20), Wi Z [ Gt 56, pH 7€ 3.4~4.6 Z[H] 1
ERIFAZTREFGELBEZFHRE

A = 5514
300 s Aie

?0 : o BE24
2 250 - 53
2 200 ¢ . s v 4l
ﬂl]\H 150 . R . 54H
41100 : !

wn 50 ¢ 8

Wk AL A B W SRR W WA

B ya
' : - 5141
T 4.0 < 24
= R : .« 5534
3.6 ¢ i I )
! oo el

i

Wk B & WP T PR R A

il

v

K2 & JRER & B pH

Fig.2 Tin concentration and pH of various samples

23 BRESSH

A TR BT 25 00 W e 2 A5 P A kA
ARG SR E AT, AE S R LB AT RO SR 1
hn T PR ICHLAS (Sn[IFN Sn[IV])EYA> B8543 4r . BRhICHL
BAE TR/ R BEVA T TE B IR 45 N £ T 0. 850 1T 1 (34
RS LA S, VA TR A R i R IR SR B B v L A Y
R (4:6) ] 3 I b T AL ) BRSRE T o

BT RERANE 3), BB LTHES

A
12+ MPHT
@« TBT
a pmT IMT 439 DBT
o 8l 235 2.74 306 725
(=1
=
=&
=
8
B
7]
153
(=]
(=3
=
=
iy
8

PREQ i) /min
&3 Sn JEARRHEM K RE(A: 50 pg/L IRFR)FIAE S @153 (B)
Fig.3 Tin morphological standard chromatogram (A: 50 pg/L) and
sample chromatogram (B)

1E, EEATME Sn[IPER(E 70%L4 1), Sn[IV]5H
BN, REGMEIHHIES . — 7, %0 TCHLS 5 R
H A HLERIE AL AT V4 il & 7, LSS & S A
F—J5TH, AHEE Sn-C HEAIIE R R E A R kT
ity R T B R AR A Ak 2R (e APV, B0
BRAL R AR R S AN TE B A A T AR G i 148 Ak B
B . B, B8 AT ST, BERA ULEt
WA KO AL

3 Wit5%R

AN A 20 T O£ i 10 RO A5 i o A
et A 25 s B0 T 1 R — T AT R A
JE B, SRR, S5 — 7 E RS A LA B Y
o A LREIR, X3P TE Sk KUK FK R AMIAT — 2 2 L.
B AFER N IO 251 HLRIE SRR A P s W F ok SR 3
I, 7EE R R R . BT, HopH BT, %
A R R RE RS . A RS R B, ESk R A CHLA BE
T R AT 114 L ABIAR /N (29 2.8% Sn[IT]. 0.64% Sn[IV])28, 4B A
FR 85 22 Bt 2 A R R O WA A B AL 2 A% 2 B 41 2
B, T JRHE P R T AR AR A 2 R B
B R B IO 5 R i 2tk rh s R N 2 o0 B R 0T
Eegddi, AR LM, B B RFIEHEA Sn o]
SIURIUAZFOCRANEE . WS B S IR
BUURY) PB4 228 B AL SRR QK e Ar 2030 Hisg
Fab . BUEREE . ARSI A XURS: i JO DI UE

KARE M & ERI, DO%REZESZENE
WA S, B A AR . 5 IR R
Foit, 8% RS RRIF S . T BEIREAS,
Y AT AR — S B R R B B WA e, FEff A
SAHRBIHBE L, XERMEACRREL R, A
WFFEUESE T T 171 8k K SR Sk mp 85 vk P I it A T[] R B4k
B G i B R, X RO E R A SRS
TP B A RARRE, Ak, TR i A R R
B LLHUIEA 4, SRR, 2R, Bk i sk vh g
B AN, RERBRE S8E R AR, W, A
(7] 0 25 7K SR E Sk v ) i 2 S A R D DR g AN B A,
AREALHEAE S AR RIS . Ak SRS %
fif S B S T B B MR ) BR L B A P el R A A
A A FEAR B S o AT I O ke K SR Sk A
WS —E S22 A, TP 287 it HAtb oo 2L H 2
4R R R TRl — AT
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