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Determination of 6 kinds of heavy metals in food paper products by
inductively coupled plasma mass spectrometry

YANG You-Cong, ZHANG Wang, LU Fu-Qin, DU Feng-Lin, ZHONG J jao"

(Center for Disease Control and Prevention of Whenshan Prefecture, Wenshan 663099, China)

ABSTRACT: Objective To investigate the pollution of lead (Pb), cadmium (Cd), arsenic (As), mercury (Hg),
antimony (Sb) and chromium (Cr) in food paper products in some cities of Yunnan province in 2018. Methods A total
of 100 pieces of paper bag, paper box, paper bucket, paper cup, paper bowl, paper plate, paper plate, wrapping paper,
pad paper and food processing paper were collected from 10 prefectures in Yunnan province. Then 0.1 g samples
were weighed and crushed in a microwave digestion tank, 5 mL nitric acid and 0.5 mL hydrofluoric acid were added
and placed overnight. After digestion and acid removal, the samples were detected by inductively coupled plasma
mass spectrometry. Results The highest detection rates were Cr and Pb, which were 100% and 97%, respectively.
The detection rates of Hg, Sb, Cd, As were 92%, 88%, 72%, 23%, respectively, and 1 case exceeded the standard for
As and 3 cases exceeded the standard for Pb. Conclusion The detection rate of heavy metals Pb, Cd, As, Hg, Sb and
Cr in food paper products sold in Yunnan province is relatively high and there are safety risks. Relevant departments
should attach great importance to it and strengthen supervision.
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i R e Y I S SR N Y T i E S S e
HRHH 52, HEmEskgz 2 AT eE. HEAERE
ARA% . ACE. ACRT . 4UMF. 4Umi. 4URE. 40, AR, #
4%, BN T ARAEREAL AT U . FEFR AR AR R S B
B 40% A4, ACH] S IRATI AR TR TR ER], &
st FHAR T 5 PP FEAE T O B i e A0 TR, )y (s 4,
PeobasEs, RERAUAE SN RS S
BT, 1 i AGHH A I R R S 24 T RE T 12 A 4
A7 HE AR BE IR  FE N TR AR A R AR i b Ak 27 L o3 ]
ik & AR, WAT A — 2 AR, T2
FE et #5(Pb). FA(Cd) . Tli(As). FK(Hg). $5(Sb).
BCHEREEFAENEERENBEHEFR, A ARG
B R E Y MR SR T AR OR,
ANREEE AT RIETIE B Y | SRS e, KR
BEAEGEAEIAEET, ST IE . AFREAE B SR R B AL
gUurE i ER, RIEN—FESCR, ALY EENEY
RN, RGEEE I ML B Rk ok, HHA W&
PEL DI EEE . BIEREE . A A | S RGN R
FEVESED, 4R B A AR BRI REEVE, X
ARG B mALEE . WL RS A RREH A EE.
R R MiAL T4 4 R 50 & B BURHIY L3, XHEA Rk
B, WSt UL R B R AN R SR BT R,
TR 1T 5 e R o A, A Bz BRI . R RDT AR, K
T (it A SRR | 2 Fme AT B e S e i) LR B (g,
UEAN, TEERA S EIE . BEIRG . O AR S A 0,
fR2FPE B S RARL, AR R, X AMEAT M IS
FEbE, R TEAER N AT SHELE S, MBI A ISR
WEE, SLEENNREEEL, SR RS, ZhHEmET. =
Yras I S it AR, piirsea SomiEm®™. &
FhriE GB4806.8-2016 (i LA EZbRE £ il 4T

FATHTR R Bl ) rPRLE Y . R BIA KT 3.0,
1.0 mg/kg, HoAhE 4 i A LA PR ER D), R LR 4
Ja A W AR B, AHDGHRI I X E AN

AT 2 FE AT SE 2018 FEIR B RE S
DRI Wi 350 Si2 i 58 ) ORI ZESR, 4351 R 4 10 4~ Hiu M
100 HHARFME . JRIPE | SEBHE AR S UEF TR, T
fift 2018 4F 2 RG24 T B 2 4G T 03 40 DL T 4R %
e AF L, A R B L A IRV Ak 0 AH S o 1 o1 R &
1T BRERVEA S HR AR 2 A

2 MREREE

21 UESEHF

Thermo X2 HiBHEA 452 TR BIE{L(3EE Thermo
Fisher 23 7]); CEM-Mars % i i A (35 E CEM A H]);
METTLER TOLEDO-xs205 AL Fa A K¥(+ a2z —, Hi
AR R 2 A FD

Pb, Cd, As, Cr RS HRMEA(100 pg/mL, 160008-01-01,
1107023, €[ O2si 23 Al); Hg BITRPRMERI(100 pg/mL, 3£
[ SPEX A H]); Sb HITEAMERI(500 pg/mL, EZMEAIRL
R ACSNERBF R 24 05%) . IFRRHEIA (10 pg/mL, CL-ISM-
1-100, CL3-188MKBY, Z£[E SPEX /Awl); (10 ng/mL,
% E Thermo Fisher 2H]); fHFR(65%, FEEBRTEMANAF);
K, BRI, KHETT RS R A FRAF]).
2.2 KR

Mt (= HE BMIvES2 2018 4F [ A hh2e 4 XU W
DRI SEitE %8 ) MESR, 3 TarE 10 DM (fFE
B, mhg. R, M. KREE., fEZE. MWIH. WYY, 4
L ST RS M S ATAS | 406 40 . 40RF . 4RI .
AUHE . AU EEAC. AT AN T AT R AL L 100 14,
BORFIE . R MY MEAIEC, BOk S ey
515, FEREAREE LR 1 (B ),

x1 HmER

Table 1 Sample information

(k=3 SRR R AR
wEE ER WIE  AHAY ME M 4tmE 4Ra 408 At 40 44y nTat kg
A 2 8 6 2 2 3 4 1 1 1 - - - _
ity 7 4 6 3 3 4 4 2 - 1 - 1 2 - -
K& 4 6 6 2 2 2 2 - 3 - - - 3 -
T 2 8 6 1 3 1 3 2 - - 1 3 -
pil 5 5 4 4 2 2 3 1 2 - - 2 _ _
(Y 5 5 4 3 3 2 4 - 3 - - 1 _ _
Rl 5 5 5 5 0 5 4 1 - - - - _ _
Ji 4l 5 5 4 3 3 3 4 - 1 1 - - - 1
EART} 5 5 4 3 3 - 4 1 4 - - 1 _ _
pdll 4 6 4 3 3 4 2 1 1 1 - - - 1

T — R AR
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B dn 2 4 R R I A 4R

F10 &

2.3 HmARLE

FAVIEIREAH R RE SRR, TRS). PRI RERENS 0.1 g
(iR % 0.1 me) B TR IHMHES, A S mL 4R, 0.5 mL
SRR, O RS T O T AP TR AR, SR T A AR
PEWZE 20 THMERUR, BOREEIZRE, B, 47
FF I fif B, R /0 Bl K vp ok b 26 AR EE Y, R e E
TS B IR IS K R S 2 25 mL g,
HEE R (2 /LB . [FIEH ks fizs (.

®2 WOKHMBRER

Table 2 Microwave digestion procedure

TH i 20 % R /°C LA 1) /min
1 150 15
2 180 30
3 190 30

24 MEFE

AR B, R A S5 B IR B T v
POk, PR, KB BRAR, ERATF 2R MR TR
f [ s s U012 R A v 2 4 i o 2R A ]
SERFERT U0 232 2018 4R E R A5 e iy & H %
DR W TAEF0E, & RS e . al . R B
%S0 R ME PR MERAE AR, SR AR & 45 5 IR R
T AU AL 3

2.5 Gioth

I Excel #7804 7E, FIH SPSS 23.0 3R1F X B d ik
147
3 FERESWH

ARIRAETTER S ALH 100 #4F, i/ 1ICP-MS
KRS g Pb, Cd. As. Hg. Sb. Cr &, e Cr
K 2 100%, Pb #6Hi3 97%, Hg # 1 % 92%, Sb i

88%, Cd KR 72%, As #rHi % 23%, i HF 5 MZ Cr
1 Pb, A4 E Z ARl GB 4806.8-2016 € £ il &4 E K bnif
A Al FH AR ACARB L B a5 ) P IR S P AR 3
4, As bR 14, BT EZRRERERAME Cd. He. Sb.
CrFRMH, KAEHS5HE, HIKRILE 4.

#3 ICP-MS B £H
Table 3 Instrument parameters of ICP-MS

TS BEH
EURE A /AR A 1.0/0.4 mm £4f
S VEsIES 1200 W

Vo H R 13.0 L/min

Al Bk

Uit Bl 2 He 35 r/min
ETR 0.5~0.6 MPa
FE T B 1] 30s
PR 93
Analogue Decetor 1830
PC Decetor 3770

AN XBE L B 4 R S UL 5, R BRI T F AR,
P {H15>0.05, HITFE S, RIRFRRA:HIX /Y6 5 F 4%
Hildh 6 FPE 48 S EICW B 255, HIRTE 6.

FERRMAR T . G . RS, BRCRAEIRTYY
14y Rl ANFREERRTT 6 FhEER SR ILE 7, X5 E
1105 22500, 5 25285, Ja R Rl WA-fR 3840 #r, P >0.05,
MEREA N &R ST REEFLGEIFE L, BRLE S,

RE RN R IR FE AURE 2 RIS, KIS, SR 55 9.
X} 2 Pt e SR 4 B S kAT ¢ KSR, He A1 Sb St
S HEA G2 L(P<0.05), HECE B T2 m. cd,
As. Pb. Cr ZR¥TLGIT2E X (P>0.05), &L 10,

R4 cHEEBENER

Table 4 Determination date of 6 heavy metal elements

JLEME FE g 5 i BR/(mg/kg) P BR £ /(mg/kg) ot B Kt /% AR EU
208pp 100 0.08 3.0 97 97 3
P'Hg 100 0.002 - 92 92 -
) 100 0.008 - 88 88 -
"cd 100 0.002 - 72 72 -
TAs 100 0.02 1.0 23 23 1
BCr 100 0.008 - 100 100 -

T —2R [ GARME T I R ALE IR, RPN RS BAR
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x5 TRXRHEMS 6 HESEREE0=3)
Table 5 Results of different sampling sites (n=3)

SCr F4{li/mg/kg) As AT (mg/kg) "'Cd I (me/kg) ' Sb P/ me/ke) ' Hg FHIM (mg/kg) "Pb V- /(mg/ke)

f 4k 1.38+2.52 0.0678+0.125 0.0751+0.0557 0.0936+0.200 0.0279+0.0369 0.713+1.04
R 0.620+0.433 0.0810+0.113 0.0594+0.122 0.0449+0.0904 0.0101+0.0138 0.316+0.198
K 0.624+0.654 0.0837+0.091 0.0822+0.115 0.180+0.462 0.0186+0.0353 0.824+1.59
(YN 1.93+1.20 <0.02 0.0304+0.0728 0.210+0.402 0.0285+0.0490 1.30+2.70

s 1.50+2.93 <0.02 0.0323+0.0697 0.0480+0.0103 0.0214+0.00966 0.576+0.478
W] 1.32+1.11 <0.02 0.00404+0.0077 0.0587+0.0283 0.00923+0.00550 0.368+0.265
praill 0.965+1.03 <0.02 0.0395+0.0668 0.0568+0.0545 0.0221+0.0374 0.846+0.876
FARC} 0.586+0.588 0.038+0.0372 0.0388+0.0989 0.194+0.599 0.0191+0.0478 0.853+1.85
ELRL 0.484+0.312 0.387+1.093 0.0445+0.0573 0.135+0.350 0.0112+0.00978 0.170+0.139
FiE 0.804+0.642 0.108+0.140 0.0345+0.0246 0.0401+0.0316 0.00980+0.0100 0.332+0.485

®6 TRRHFHEDMHEERESE FRUEER
Table 6 Results of F-test of 6 heavy metals in different sampling sites

B gk 208py, Wiy 122g neg TAs 30y
F 0.759 0.593 0.565 1.057 1.015 1.105
P 0.654 0.799 0.822 0.403 0.435 0.368

®7 FERFEFTHeHECRESE

Table 7 Content of 6 heavy metals in different sampling process

SCr FH{E/(mg/kg) P As FI(EH/(mg/kg) M'Cd FEH{E/(mg/kg) 'Sb SEH{H/(mg/kg) *'Hg F-H{E/(mg/kg) 2**Pb “F-2{H/(mg/kg)

] 1.44+2.45 0.052+0.089 0.063+0.106 0.203+0.457 0.031+0.047 1.16+2.14
4 0.658+0.472 0.166+0.647 0.041+0.072 0.075+0.204 0.016+0.022 0.408+0.368
TG 1.02+0.986 0.042+0.075 0.036+0.059 0.073+£0.216 0.012+0.018 0.483+0.805

#8 TERHTTS 6 HELRS EHH-BRNLBLER

Table 8 Brown-forsyth test results of 6 heavy metals in different sampling stages

éﬁi_l_léljj:% 208Pb ZOIHg lZZSb lllCd 75AS 53Cr

P 0.107 0.087 0.251 0.435 0.398 0.217

*R9 2MERABhHESERS
Table 9 Content of 6 heavy metals in 2 packaging types

3Cr FH{E/(mg/kg) PAs FI{E/(mg/kg) M'Cd SEH{E/(mg/kg) 'PSb I {E/(mg/kg) *°'Hg 1A/ (mg/kg) 2°*Pb F-14{H/(mg/kg)

ERL 0.858+0.887 0.103+0.454 0.031+0.050 0.044+0.047 0.009+0.007 0.388+0.322

W 1.298+1.995 0.049+0.101 0.065+0.103 0.204+0.454 0.030+0.044 1.007+1.497
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Table 10 Result of T-test of 6 heavy metals between 2 different types of packaging
ES AR 208pp, *Hg 1228b cd ®As 3Cr
F 23.635 37.220 29.828 11.694 1.284 5.006
P 0.050 <0.05 <0.05 >0.05 >0.05 >0.05
R N AR, 2009, 21(Z1): 474-482.
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