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Study of Influencing Factors on Determination of Heavy Metal Migration in Dry
Food Wrappings

LIAO Hui-yun, ZHANG Ying , XIONG Xiao-min, ZHUANG Ya-dong
(Technical Research and Development Center of Jiangsu Tobacco Industry Co. » Ltd. , Nanjing 210019, China)

Abstract: The determination method of migration amounts of heavy metal Pb, As, Cd, Cr, and Ni in dry food
wrappings by graphite furnace atomic absorption spectrometry was established. The experimental conditions.,
such as solvent, sample quality, acid concentration, extraction temperature and extraction time, were studied.
The results showed that under the optimal conditions, the detection limit of Pb, As, Cd, Cr and Ni was
0.0172, 0. 0235, 0. 0021, 0. 0735 and 0. 0645 mg/kg respectively; the average recoveries were 88. 0% ~
92.4% . 93.42~108.9%, 107.1%0~121.3%, 94.5% ~106.9% , and 99. 826 ~123. 0% with relative stand-
ard deviations of 6. 89% , 3.55% ., 21.46%, 1.32% and 5. 00% respectively. It was concluded that this method
can meet the demand of migration amounts analysis of heavy metal in dry food wrappings.

Key words: graphite furnace atomic absorption spectrometry; dry food wrappings; heavy metal; migration

LRBREEEMNNEZNEEMNBEER H, IEnEIDEBINEREEERFERE
IMR,BL, IFRERBGEEMNAERDEE BHEZRSE #T\%‘éﬁﬁ’wif&ﬁ GPITBE
MRNPHMOHEHIZREBRKNES Y, BER EBEXSE” 7. RRBEXNMREN " BEREAMI
BLEZROAUYNIERE, RREEMHNZ—TEE "SR J\E@\DJ?FH?% £y B NENERT &
HAREPERREEMRNPHUZ SN ZEE TETRSGETIBASHEMNRG. P, £E
MEREE Mﬂtﬁ%@ BE,MMESARNE IHIREER, NRoEBRBAPESEENLNERLL
R, SXELARBRREBEMRIBARSEE BLEENKE., LW, MESERWNZMREHLR
M?mmE;m&fﬂﬁ%ﬁﬂ%%%ﬁﬁfﬁi ExEﬁﬁH%?% MEFPETREOTN , ERZIR EN12498.2005 IR

B, ENBRa8EMNPHEZ SR )IRIAR HERER, RABRKKR KRR, B XA ST
E@E)ﬂbg‘kﬁ%%@Emo ToMNe" , SREIRUNUIREEHANE, 1B

EEA, THRGEBERAPEZENWN IS FMER, B2, MMERESR, ILAPRINMEFHI
E—MRIZIR GB/T 5009—2003 lBREKHEHT, M  FEMN, ANTFBHERRBLZERE,

Wi EE: 2012-06-04
EHER- N BE (979 B 84 T o5 tP Tk A BR 3T AT 2 B B AR B & e TR2 I 32 28 M\ 35 4k 2 43 B 46 I K 7 FHAF 9%



\W

%

P il 2 AR R 4 R T R I E R T P R B R ST

EEUENRE —DEERITANEEKANAR
WRETETRIBENRNFTR, EZEHERX
EVER EN Y, RO R R T RBDGE A, BLS
REAIONERSH, AR T REUSH R
E\/VS%J@AE\}EHQ/ER\}Eﬂyﬁj‘@%.%yjq:"g@%

RABEYPELRD BREBIESENENR
/DF] IR EARIMBRIRE BN Lo RADE —
EEZFIMERIB ERHESIIKE,

—_—

SR

1.1 HFI 5

Pb,As,Cd,Cr F] Ni 7SR 1 g/L(EE Mer-
ck A8);PA(NO,), BR 1 g/L(EE Fluka 2 8);
KER (DD, MRINZAABRAT);
NH, H,PO,(EZE Fluka A &); Mg(NO; ), (EXE

a 35

Fluka "G)),

AA800 [RFIRIIHIE(Y, = Pb,Cd, Cr, Ni =)
BRINKTAR As ToRMEBIT(EE PE A 8); Milli-Q
Reference ALK Z 4t (ZEE Millipore 238)) ; AL204-
ICABFRE(RE.0.0001 g, K TBFHEANZD
NT);DZAA-WS BILWFL OB LR ENBIH R SR
AN=IPA
1.2 HRLEBSDH

HERIRN 1 g ZONTHEREEAFD, B
BB E 5 mm X5 mm ZAAOBNERB, & T 50
mL H/OWERHD, N0 40 mLRE(REDH, =X
DN 4N NEBRER, NERE, EYG, ETHE
M 60 CHRHNRBEN 4 h, RHBREG, BEIHFI)
HAE 3000 r/min BYFR T EI) 5 min, RGN EEE
B RERIBRER 1 DM FEHHT ORI RS RIE
1B Do

x1 ASPEFRIISESNE Pb,As,Cd,Cr 1 Ni BBRIEE G

Tab. 1 Operating conditions of Pb, As,

Cd, Cr, and Ni determination by graphite furnace atomic absorption spectrometer

JCE R Pb As Cd Cr Ni
K /nm 283.3 193.7 228. 8 357.9 232.0
J6i% @/ nm 0.7 0.7 0.7 0.7 0.2
JTHL L/ mA 10 380 4 25 25
W T =X AA-BG
THO 110/5/30 110/5/30 110/5/30 110/5/30 110/5/30
THO 130/15/30 130/15/30 130/15/30 130/15/30 130/15/30
KAD 750/10/20 1000/10/20 500/10/20 1100/10/20 1100/10/20
JEF 4D 1600/0/5 2000/0/5 1500/0/5 2400/0/5 2400/0/5
= Ay 2450/1/3 2450/1/3 2450/1/3 2450/1/5 2500/1/5
HAAWE/(mL s+min™") 250
Ji b7 = =AU
AR/ L 20

5 pL NH, H, PO,
W0 g/1)+
3 ul. Mg(NO;),
WL g/L)

FE AR TR W (L g/L)+
2897

W (1 g/l

5 ul. PA(NO,),

3 pL. Mg(NO,),

5 pL. NH, H, PO,
W0 g/1L)+
3 pL Mg(NO;),
B g/

15 pl.. Mg(NO3),
WA g/L
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Tab.2 Heavy metal migration under different extraction

solvent conditions (mg/kg)
. PR 10 °C FIELEE A 60 °C
o K X K L
Pb ND 0.161 ND 0.211
As 0.121 0.035 0.148 0.079
Cd ND 0.058 ND 0. 059
Cr ND 0.072 0. 50 3.96
Ni ND 0.072 ND 0.118

T - ND 270 K (B A T AR MR R IR
EBX, AIREVREE N 60 ‘CHY,Pb,Cd,Cr F Ni AR
As SSNTHBERSIEBREEN 40 CHRHETHE
CIEEA—,BImEB BB/, Pb,Cd, Cr
MNiZ1NETENSESES, MAIEBXKABH
,As 2285, 5 LRONSR, gUEEEA
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BEamRRm R T, B, EE T RNEENT
ARPEERBOBNVREBH , AT HEREE
APETEOTBBER.
2.2 AEFERENFIN
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Tab.3 Heavy metal content in different sample quality

(mg/kg)
i WA/ g
0.5 1.0 2.0 3.0
Pb 0.342 0. 365 0.370 0.327
As 0. 055 0.061 0.041 0.031
Cd 0. 060 0.052 0. 049 0.047
Cr 0. 081 0.125 0.071 0.062
Ni 0.118 0.077 0.075 0.073

MR 3 PTUE L, BEEVFEREBVBI0, T+
BEMPSETRNEHEARLKA— BEIF
REZFHNBK,Pb SERIZK, BHERUBI0, MBS R
DVEPEFREN 2.0 ¢ 9, SERK AsSER
TEREEX,BRD HPHFEREN 1.0 ¢V, 28
RK;CdSERZHEEBD, EPFEREN 0.5
BN, BRBERD,H

gIY,ZERK;CrSER

PIFREN 1.0 g 1Y, ZERK; Ni SELKBE
D BETYER EPREREN 0.5 ¢V, BER
Ko ZFELRBSTRSENZWIBR, MEBRIEI
HEFEN 1.0 go
2.3 ZBARENFIE
N—BFHEREEL, DUKRR D EY 0.0
(FBH),0.5%,1.5%,3.0%,4. 0% A 6% BV B
BRANZER, LR ERDH AR TUE, BEIR
NBREFH P IFPEZENSENX 4,
x4 TRZBRREFGHTHREIEZREE
Tab.4 Heavy metal content in different concentration
of acetic acid (mg/kg)
LTRUPE ) %
0.0 0.5 1.5 3.0 4.0 6.0
Pb 0.716 0.893 1.02 1.41 1.35 1.24
As ND  0.044 0.085 0.056 0.109 0.083
Cd ND 0.021 0.045 0.038 0.069 0.078
Cr 2.14 3.48 3.96 4.01 4.43 4.85
Ni 0.089 0.094 0.090 0.139 0.172 0.154
MR 4 TGURI,BEE CBRERNZK, WS
B PSETEBNENBBLEKA—, PbBEREFE
DIBK,BEEHUE, BB BRI DEN 3. 010, 3
SRA;As SEXEN, BED, BIZN0, BEE B
DV EPBRIERDEN 4. 0%, SERK;CdS2
FIEN,BE/D,BEEXIEN, AR SBRIAR DN
6.0007,BERK;Cr SEXKNIBIZN, BEIEIE
0, EPZBATRDEN 6. 0% 0, SER K Ni %I
0, BRD, BB, BEE XD, EP ZERIRR D #
N4 0Ny, BERK, UEDMKRA, FAOELE
TERAREBTDRREAD, BREEPE 3. 06~
N ZB, XRHRREEPETRITRE BN
A —ENRILEBNR, SEERBRINE,
DIRBRENSBRIRIRDEN 4%,
2.4 REEEESNZN
eI THERGEEL, DA 25,40,
60,80 CHIFH N, BB LR DT IARITUIE, T
HAIRNEEFH T PETBHNSEMNE 5,
MZE 5 POUB L, BERBUEENZL, T+
BSENPSETRNERED A — HPERP Ph,
CANCrE3MMETRTERNSELERERTEDN
SBIMIZ 0, MEEIE T 8RBY 25~40 CHIB 2 ¥
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Tab.5 Heavy metal content in different extraction temperature

(mg/kg)
P T BE/C
25 40 60 80
Pb 0. 155 0.161 0.211 0.271
As ND 0. 035 0.079 0.034
Cd 0.057 0.058 0. 059 0.066
Cr 0.48 0.72 3.96 6. 87
Ni 0.099 0.072 0.118 0. 088

10,BEEXED , HPREUREN 60 CH, 8K K,

BUENEEATGUENSE, T BTRE IR
BRPHNBHRNZEEF M RKRIUD AW B
TDEEERRE 40 C2B, BRR MM, B
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Tab.6 Heavy metal content in different extraction time

(mg/kg)
P PR ULAT ] /h
1 2 4 6 12

Pb 0. 84 1. 38 1.51 1.42 1.57
As 0.092 0.087 0.112 0.101 0.123
Cd 0.025 0.039 0.073 0. 069 0.081
Cr 2.20 3.83 4,44 5.20 5.73
Ni 0.096 0.125 0.184 0.167 0.152

MR 6 BT UKIL, FESE 1R EXOY BBV (L, T+
SENPSETBNEREBRLA—: PhEE
ARIBI0, BED, BEEXIEI0, APREINE Y 12 h
iV, ZS8RA;As SEREERD,EEBI0, BE
D REXIEN, HPRERIEN 12 h Y, S8R XK;
CdS8TB0, BR/D,BE X8I0, HPRIMIYE
N1z hiy, BERK;Cr 2R KNBEIBN, BEIE
IBIOVEH, EPRMINEN 12 h iy, S8/ A Ni
SELXNBEIZN, BEERD , HPRIIVEN 4 h
0y, ZERK,
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Tab.7 Heavy metal content in different delay time

(mg/kg)
% SiE B B8] /B
24 48 72 96 120

Pb 1.52 1. 48 1.57 1. 49 1. 48
As 0.108 0. 105 0.112 0.109 0.118
Cd 0. 069 0.072 0.071 0.075 0.068
Cr 4. 39 4.37 4.32 4.51 4.53
Ni 0.173 0. 181 0.176 0.184 0. 180

MER7TIUBE, A8 R MKEHITEN B,
SEEBTRSELNUAK, RENBPENER, &R
GLRNMHE R, MSEIRF RN MR R &, ER
EBVRIBIVEN 4 ho
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EBR . KBIRESNI KK, HETOHTN, S2
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Tab.8 Linear equations, correlation coefficients,

and detection limit of the method

LR . iitES e Livall]ERY
EEp: N

VA 2R /(gL (mgekg "
Pb  Y=0.001 56X+0.000 69 0.9993 0~50 0.0172
As  Y=0.002 15X—0.000 49  0.9998 0~50 0.0235
Cd Y=0.037 194X-+0.001 01 0. 9990 0~4 0.0021
Cr Y=0.012 48X+0.005 72  0.9988 0~20 0.0735
Ni  Y=0.003 37X+0.001 50 0.9996 0~50 0. 0645

2.7 OWRRFNBEBE

NITEBRDAVERE , A —MBTHEREE
BEBPDBNMAS . PR 3 DTS2 KENIRES
R ZIR DRSO BT Pb, As,Cd, Cr A Ni
BDIROIWER L5, ERIZE 9,

ME 9 DPTGUBE,Pb VO ETE 88. 0% ~
92.4% 28, As QW KT 93. 4% ~108. 9% ZH,
Cd IBIWRTE 107. 1% ~121. 3% 28, Cr VO =R
£ 94.5%~106. 9% 28, Ni BYOIWETE 99. 8% ~
123. 0028, ®RPIZSED BUEBSRBHOWER
E0, BNZERT HENBBE, M% I PIULR
W, CdBY RSD N 21. 456 % 29N, HF 4 T &R
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Tab.9 Recoveries and RSDs of the method

L, Hm&mEas by i 5 i mgF  RSD
= /(mg+kg™) /(mg+kg ') /(mgeke)) /% /%
0. 10 0. 388 88.0
Pb 0. 30 0. 50 0.746 89.1 6.89
1. 00 1. 224 92.4
0.02 0.090 93.4
As 0.071 0.05 0.119 96.4 3.55
0. 10 0. 180 108.9
0.02 0.034 114.4
Cd 0.011 0.05 0.072 121.3 21.46
0. 10 0.118 107.1
0.10 4,265 94.5
Cr 4.17 0. 50 4. 668 99.5 1.32
1. 00 5.239 106. 9
0.02 0.119 99. 8
Ni 0.099 0. 05 0.152 106.9 5.00
0.10 0.222 123.0

BY RSD &B/\F 10%, Cd 8 RSD XF 10% ,[ RE*
FZERD CdEEREK.

3 &

D ARTBAPENTNRE . CBRKRE AR
BENRRNBERRENIRENEN, FOBEE
TRENSNKESE,

2) B s EAEHIRE-aE PR RBHOE)
NETHERBERLAPETRED BB BUESE
ENNMELE, STEHRMERE DR A 0. 0172,
0.0235,0.0021,0.0735,0. 0645 mg/kg, NIROULZE
DBIFE 88.0%~92.4%,93. 4% ~108.9%,107. 1%~
121.3%,94. 5% ~106. 9% A0 99. 8% ~123. 0%, ¥
BE RSD D3N 6.89%,3.55%,21.46% ,1. 32 % A0
5.00% , RBODAERREN THERBEADPED
BXBE8E,
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