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Abstract: A method for the determination of seven heavy metal element residues (lead, chromium, nickel, arsenic, antimony, cadmium,

and barium) in disposable paper cups was established usin digestion and inductively coupled plasma mass spectrometry (ICP-MS).

Samples were digested by microwave digestion with nitric’acid and hydrogen peroxide as the digestion solutions, and then analyzed with the
kinetic energy discrimination model (KED) and an online internal standard solution. The detection signal (counts per second, CPS) showed a
good linear relationship with the content of seven heavy metal elements; the correlation coefficient R? was>0.9997, the recovery was in the

range of 85.0%~112.2%, and the relative standard deyiation (RSD) was less than 6.46%. This method was used to analyze the seven heavy

metal elements in the national standard material GBW.10045, and the results were consistent with the standard values. The method developed in

this study is sensitive, rapid, a
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rate, and it is suitable for the analysis and detection of seven trace heavy metal elements in disposable

paper cups. ‘
Key ds: disposable paper cups; heavy metal elements; microwave digestion; inductively coupled plasma mass spectrometry; online
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Table 1 Operating parameters of the microwave digestion

instrument
FH SR E/SC B E/min BB /min
1 120 5 6
2 160 5 15
200 5 20
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Table 2 Operating parameters of the iCAPQc instrument

TSRS AL
& (Power)/W 1550
584 5 (Ar) 8 /(L/min) 0.800
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Table 3 Selection of isotopes and internal standards
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52Cr 35C116OIH+\ 35C117O+\ 40Ar12c+‘ 36Ar16o+ lZle 106Cd14N1H\ 40Ar81Br+
60Nl 44C3160+‘ 59C01H+\ 23Na37C1\ 23Na36 1y7+ 137]3a IZISbIGO\ 105Pd160160
75AS 40Ca35Cl+‘ 40AI'35C1+\ 39K36AI'+\ ISONd2+\ 150Eu2+€;12+‘ 59C016O+ x(mpb 19205160
lllcd 95M0160+‘ 36AT7SAS+‘ 79Br32$‘ 71Ga
24 B R A TRENbR e SD, MR ARG T7 K IR

43y SIBC & 0~100.00 ng/mL ] Pb. Crs Ni:‘
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HATHEIRI RS, A TAERME, SR ?
PR AT AL A e 8- e i AT e )
Ho TEAHFIZRAET, PR B E S NE 11 %,

(LOD)=3SD, HUFEMZSAERE 11 IR ERZER 10
& (10SD) 1EAFITLERIME FIR. FIo Rk
Bl ZRMEARSC R R DA e R AN & R RN 5
Fn. MRS TLLEH, TEMRIIREIER P, Pb.
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Table 5 Linearity r.

e/linear correlation; method detection limits, and quantitation limits of the analytical elements

AE JGE/(ng/mL) AERAHKRD)  FESHER/(gml)  AE TFR/(hg/mLl)
Wier 00.00 0.9997 0.040 0.133
\ ONi 0~100.00 1.0000 0.029 0.097
( As 0~100.00 0.9999 0.020 0.067
: Med 0~10.00 0.9998 0.004 0.013
) 0~100.00 0.9999 0.024 0.080
'¥Ba 0~500.00 0.9998 0.010 0.333
208py, 0~100.00 0.9990 0.018 0.060
25 FARIE Ba7 ¢%ﬁ%ﬁ%$%{ﬂﬂ% 11 %, Bt sl -1
{8, BERECMEAbREE XK 6.
FE D 5E — VI ARARAE b B0 R I, DA R KOk GBW10045 KoK 7 Fh e 5 J 7o 2 1O E (S5 05

GBW10045 1EAJFiERE,  B6AUF AN 7y O HERG T .
% GBW10045 A2Kk9 Pb. Cr. Ni. As. Sb. Cd Al

HER (1225 (0 B A — B R INIER
2 R T
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< 6 FEIIR GBW10045 73 H4ER (mg/ke)
Table 6 Analytical results of standard material GBW10045

GBW10045
E AR AL ok AL WAL
Cr 0.130.005 0.13 Sb 0.0110.002 0.011
Ni 0.29+0.057 0.34 Ba 0.48+0.055 0.53
As 0.130.034 0.10 Pb 0.072+0.013 0.086
cd 0.210.015 0.20

710 mL, (EAHRISESR SR PR RRAES T 7 IR,

2.6 ks B R ok R

N T RE DAL TR NHER S, RN 51240
MTTERINGE L, R EAERE S AR 0.5~2

THERS S BEAIIORR IS R, S5 SR WRT . M 7 TT LA
EH, Pb. Cr. Ni. As. Sby CdFl1 Ba2s 7 FhcEm
IR FTCFRAE 85.0%~112.2%. ), FHSK At i 2

2 6], R ANl — € &1 Pb. Cr. Niv As. Sb. (RSDY/N T 6.46%, 38 H1% 77 15 B R 0 OS5 B R
Cd Al Ba [IARMEE L, KSR, R, & k.

=7 IFREERFEERE

iy

Table 7 Recoveries of spiked standards and precision =

TE Pb Cr Ni As Sb Cd Ba
g 1000 2000 500 1000 500 | 050  100.00
Kk Ahng 1050 2259 355 ND D 0250 6812
ME A/ng 2072 4056 6 962 072 168.54
SITESA 1122 900 10827 962 % 850 U 940 1004

RSD/%(Mm=7) 398 268 465 197 646 254 436

2 8 KEDARZFN STD AR LLEL

Table 8 Comparison of KED mode and STD mode
R }%p BAMAME ST AEAMAM

E

Cr 0.13+0.005 0.13 0.20
Ni 0.29+0.057 ( 0.34 0.32
As 0.13+0.034 0.10 0.16
Cd 0.21+0.015 0.20 0.21
0.011£0:002 0.011 0.010

0.53 0.54
0.086 0.085

0.48+0.055
; \ P 0.07240.013
2.7 f Q;ﬁj STD % K %

A TS KBD B AT LUK K PR 2 5 T
BT, W05 KED RS STD o 5t # REib
B Rk GBW10045 EELEMIE 11 ¥k, HCF{E, KED
A STD #A F Pb. Cr. Ni. As. Sb. Cd #1 Ba
T MELSBEITREENR S .

M 8 FHTLIEH, iCAPQc £ KED #&i{F,
GBW10045 &K+ Pb. Cr. Ni. As. Sb. Cd F1 Ba7
Tt B 453 Je8 7 2% (0 I A S AR AE) I IR 228 (0 R e A
—3, e STD #zUF, Cr (e CLgst Hbrik
fEYEFE . MWK 4 FariEH, “Cr %3 *Cl0'H'.
35C117O+\ 40Ar12C+;FD 36Ar160+%%ﬁ%%%ﬁgq:#t’
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B2 9 mI%n, HHEHRA A SA Pb,
FT g SR 4857 Cdy Niv Cr 1 Ba. AT HE
Ut 7 RRARMR R, ARSI FH O 2 IR Al KN 3K,
T AR o MBI SR — IR AR, 32390 Th, B
PR WMRFENZZR KD EL 0.5 mL, EAE 10 mL,
EHUINSE SR I Cd. Ni. Cr. Sb 1 As BIARAGH, 1M

Hr Ba MIEEREASHAUK 8. Bt L, B
AP T4 Cd. Niv Cr Al Ba Z5 0 R,
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Ko

*®9 HmOTER

Table 9 Results of sampl

e analysis (ng/mL)

AE YRAR 1 WA 4AR3 YRAF 4 WS M6 HART MRS AR 9T AR 10
Cr 10.26 21.72 30.80 17.94 15.80 25.78 23.06 19.87 2354 18.95
Ni 435 10.76 8.85 3.93 6.54 2.30 3.25 9.97 6.62 10.55
As 1.03 ND 0.47 ND ND 0.19 ND ND. ND ND
cd 0.097 0.106 0.134 0.220 0.057 0.075 0.2 0.365 03 089
Sb ND ND ND ND ND ND ND ND ND
Ba 98.37 74.35 123.50 129.88 448.31 10735 176768 5 15 105.34
Pb ND ND 1.56 ND ND ND 1048 ND ND

7E: ND A TR .

AN, AURAE IR R A, S0 — IR AEL N
FRIEISCRLE 80%~110%2 1], WFAKT 80%, —M%
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PEIERS MLNZNZ I I FR AL, %ﬂ%m@;&%m@é&
PAEARF), AT 98 R I &5 SR frgsin
AN
g

IR SL N RO RAT ICP-MS [ KED 5 AR — 7k
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‘WE?E’%‘?B‘JE%$% U= Ao
o TSR S R At B S
GBW 10045 K KRNI AT I T 7R v ok, 38
IR SRR BMSARAIE T 7 VAR S R [EICR . 451
R, R EREE. Lot AR, HERRE
T — IR A AR AR oo 2R A PRI E
B Lk
I it T I, B . PR A S B0 TR R G
T — VR A PR n 2R [, H A A2 Tk, 2015,45(10):

593-595
CHEN

3

(1]

Jin-e, JIAN Xiao-xia, ZHANG Hai-rong.

Determination of trace elements in disposable cups by

inductively coupled plasma atomic emission spectroscopy [J].
China Surfactant Detergent & Cosmetics, 2015, 45(10): 593-
595 &

TR, P 5 — PR AR Hh B R B B E [T,
A2 5 i ML, 2013,31(3):63-65

LI Xia, XIE Li, YU Jiang, et al. Determination of heavy

2]

metal Pb in paper cups [J]. Packaging and Food Machinery,
2013, 31(3): 63-65

ik BE, T AR B ML ICP-MS e & it KA OGS p
B A5 U ER B U SR []. & ST AT 5 0T K ,2016,37(17):
195-200

ZHANG Hong-kang, WANG Zhong-yuan, CAI Si-si.
Research progress of ICP-MS in determination of heavy
metal elements in food and relative products [J]. Food
Research and Development, 2016, 37(17): 195-200

FEL X, B BR, 55 v 7 FR RS G SR R TR O
PRI E Bt Y BRAIES S R I] OGS A AT,
2012,32(9):2566-2571

REN Ting, ZHAO Li-jiao, CAO Jun, et al. Determination of
Pb, Cd and Cr in food by high resolution continuum source
RIB
Spectroscopy and Spectral Analysis, 2012, 32(9): 2566-2571
AT TR - S b SR T IR SO T E K
[7].+F EIARIE,2016,35(1):149-151

DIAO Yu-hua. Determination of chromium in rice by

graphite furnace atomic absorption spectrometry

(3]

microwave digestion and graphite furnace atomic absorption
spectrophotometry [J]. China Brewing, 2016, 35(1): 149-151
TRAETT BR AR, BE 400, 55 0 S0 RSO I e 28

281



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.8

282

R i BB N DT 2 18 1R, 2011,17(7):629-
630

ZHANG Gui-fang, CHEN Jin-dong, SUI Hong-bo, et al.
Determination of barium in plastic products used in food
packaging by graphite atomic absorption spectrometry [J].
Preventive Medicine Tribune, 2011, 17(7): 629-630
RTINS XTI P, 1T IR, 5. GV AR A ' BEE I 8 L
HFR ] & M RNE,2011,32(12):204-208
ZHAO Lijie, ZHAO Li-ping, BAI Xiao-lin, et al
Determination of trace Nickel in food by microwave
digestion inhibitory kinetic
spectrophotometry [J]. Food Science, 2011, 32(12): 204-208
FATT 2L, ZR NS Ik, 55 M R A - I T O G L 52
ZhAPE B P S (). BETL B AU EE,2016,9:276-
278

ZHAO Fang-hong, QIN Shun-yi, YAO Wan, et al

followed by catalytic

Determination of arsenic in animal foodstuff using hydride

generation-atomic  fluorescence  spectrophotometry  [J].

Heilongjiang Animal Science and Veterinary Medicine, 2016,

]

[10]

(1]

9:276-278

v [ BED o i, 2 2 2 A5 TR - AR 19 i
IR SE W N G A R AT, BAT] B S RLAE,2013,34(10):
215-218

GAO Xiang-yang, HAN Shuai, WANG Ying-ying, et al.
Simultaneous determination of Arsentic, Selenium and
Antimony in vigna minima (Roxb.) ohwi et ohashi seeds by
microwave digestion-hydride generation-atomic fluorescence
spectrometry [J]. Food Science, 2013534(10):215-218

W BZRE AR TR BRI AR R
##,2016,31(2):67-71

YANG Kui-hua. Determination eof trace in-black

iversity of

Naecem Khan, mon
minor and trace’[eﬂm i
coupled plasma-mass spectrometry [J]. Food Chemistry,
2014, 147(4): 220-224

ilk and yogurts by inductively

A



