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B E:. BBy 27 BEA S S FRREE: (inductively coupled plasma mass spectrometry, ICP-MS) . Hi, JEHH
A5 T TE P (inductively coupled plasma optical spectrometry, ICP-OES)I & 40K & H 4 J@ o K (4. Bl
Y RAERB RN, I 3 TR SRR EANE.FE AMBEERIE 4% LB TIE% 2 h
YEAHTAL IR %A, i BEE 2 M AR TAE SR AT BT, SbipndE TAEMIZR, XT3 Fhoc 4 AlEA mimds ik
SEg, TR RICR ARG R, TR BRI 45 AMEAET 3 MOTR S BRI B, 48R ICP-MS ikt
LR LIEIERN 5~50 pg/L, HERERT 0.999, HHFR 0.005, 0.002 mg/kg, HFREMCEE S 96.1%.
104.2%, FHXTFRHENNZE 1.5% . 3.6%; ICP-OES Jiik R Ie 3 M 0.5~4.0 mg/L, #H5¢RHCKT 0.999,
K ik 0.3 mg/kg, IR BB 94.0%, FHXTRRIEN 2 0.2%. A0 ThERIC R & i FL B i (H A 5w, JUH
BEITROHE, PO EN 148.00 mg/kg, &N 1005.00 mg/ke, &&=l 100.00 mgkg 1Y il 40%.
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ABSTRACT: Objective To establish a method for determination the content and migration of metal elements

(lead, arsenic, aluminum) in paper straws by inductively coupled plasma mass spectrometry (ICP-MS) and

inductively coupled plasma optical spectrometry (ICP-OES), and analyze the changes in the content and migration
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of 3 kinds of elements. Methods Microwave digestion and immersion in 4% acetic acid for 2 hours were used as
pre-treatment conditions. The instrument was analyzed according to the selected working conditions, and a
standard working curve was drawn. Three elements were subjected to spiked recovery experiments, and the
recovery rate and precision were calculated. Then, the content and migration amount of 3 kinds of elements
were detected in 45 samples. Results The linear range of lead and arsenic elements in the ICP-MS method
was 5-50 pg/L, with correlation coefficients greater than 0.999 and limits of detection of 0.005 and 0.002 mg/kg.
The spiked recovery rates were 96.1% and 104.2%, with relative standard deviations of 1.5% and 3.6%. The linear
range of aluminum element in ICP-OES method was 0.5—4.0 mg/L, with a correlation coefficient greater than
0.999 and the limits of detection of 0.3 mg/kg. The spiked recovery rate was 94.0%, with a relative standard
deviation of 0.2%. The aluminum content and migration amount in paper straws were relatively high, especially
the aluminum content, with an average content of 148.00 mg/kg and a maximum content of 1005.00 mg/kg. The
40% of the straws had a content exceeding 100.00 mg/kg. Conclusion Based on the characteristics of lead,
arsenic, and aluminum content in paper straws, this study establishes an analytical method for testing aluminum,
lead, and arsenic in paper straws. Based on this method, the content and migration patterns of lead, arsenic and
aluminum elements in actual use are explored, providing technical support for a deeper understanding of the safety
of paper straws.
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o K AT BRI AR A S, AR 7 ¥R [ RS A 45 B F AR R 3 2k (inductively  coupled
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1.3 /5 &
1.3.1 HabFonE 7k

T TE MR FREL 0.3 g BYRRFES,, BTl s,
AA 6 mL fi5#R, K54 BAGOBR AR )y 24518 120 °COHR
5 min, fE#H 5 min)-150 °C(FE 5 min, {EJE 10 min)-
180 °C(FHE 5 min, HIE 20 min)FAT 5% E R E25, 1
EERRAL T 120 °CHERR 30 min, RIGHEBIIERIT, €4
RAY, FEHREa [, R,
132 H&REHTHMNT T E

AR vk, EE&REREXF TR
Fe RV R, ASBIFSE 38 FH 4% R AR o KRR i 1
70 °CHY 4% FR IR 2 h, WA SIS I E .
14 (UEBFHEL

ICP-MS e A it % AR R (STD) . HllfiE
FEC(KED) I FMREARR, DAL at . WU (B RO B2
Bfi), ZadfifkiE A KED i, S MM E 3 L/min,
FEREFIE] 15 s, $#2FFEF[A] 35 s, RF Power: 1200 W,

ICP-OES &4 : Z5fb Ay 0.5 L/min, 3B
0.5 L/min, X#I#$7 i 12.5 L/min, 8531553 45 r/min,
RF Power: 1150 W, 1z Aqueous.

1.5 HIBEAIE

MEMESERRG B IREENE 11 K, FEMNXEE
Mg 3 RECEIE, 1 FH Microsoft Excel 2013 #4475k
PIC B AGEHHr

2 HFEREHR

2.1 ZMSHME LR
HR A LA A G 37 I i I ik bR 2k, o0& 1)
MR R ILER 1. h3R 1 TR, kR EE
1, HHERBIYAT 0.999, kA HBR A4 0.005 mg/kg.
T 0.002 mg/kg . 47 0.3 mg/kg, LKA TSR . 7k HER
AIEE, TR FACH] . Bl &R T
£1 ZLMsBEMEEIRMO=11)

Table 1 Linear parameters and limits of detection (n=11)

27404—2008 { SEEEE B S H M & FRALAG I ) fRHL
SE, VaHAIZ P MER T E

F2 HEHENBERERLE
Table 2 Accuracy and precision experimental results

JLH AR /((mg/kg) EEE A RSDs/%
[ 0.21 96.1 1.5
i 0.12 104.2 3.6
i) 1.00 94.0 0.2

T atsEm geopr  TOSRECTRRER

() [(mg/ke)
Br 5~50pg/L Y=0.06155X+0.0529 0.9999 0.005
i 5~50pg/L  Y=0.0633X+0.0120  0.9999 0.002
B 0.5~4.0mg/L Y=0.9997X-0.0125  0.9997 0.3

22 BEESERR

X RE S HEAT INBR L5, 1A A 5 vk B R 5 R 0 E] i
K, gERLFE 20 AFE 2 A, FILEIEREDCRAE
94.0%~104.2% Z [8], RSDs K 0.2%~3.6%, & GB/T

T AT BR R 22 (relative standard deviation, RSD).

23 HRMNEERS
231 H&AETHME

P IR S A5 T R, SEIEE IR LR 3. A 3
AT LIRS, BRE i iR R 100%, BffSah 0.84 me/ke,
RN 1005.00 me/kg, ¥k 148.00 meke, Tk
#Bid 100.00 mg/kg 1Y ki 40%, HoAy 3 #tkis# 532.50,
808.30. 1005.00 mg/kg; e FA 100%, HRLHES
0.05 mg/kg, TN 3.20 mgke, “FH&HA 0.80 me/kg,
HorPRESL &Sl 1.00 mg/kg B 10 4, di L 22%, RESL
#Bid 3.00 mg/kg A —1>, NFFA GB 4806.8—2022 fiifi
R, AR R R 27%, AR E R 0.01 mg/kg, FeE
# 0.50 mg/kg, ¥J/hF 1.00 mg/kg.
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RIS R ACH R TR 70%KH, A AR
B4 A BESEUE 100 AL EE Al FHATH] o, B T
R 97%, KR 23%, HIAREAEFEMKGH . B REd
TV A B A A A R A L AR AT, 45 SR R BT
HRES A AET . MEREAG Y, HAGH IR T 50%, Xik
R SRR P AT & A 3 100%3 3R, 40T & h 4y
14 Ton) R L B 2 4, I A 2 I ik A T B8 S A, [) AR
FERUIGUIRAE PRI L A 100%, {HICHH N B 5 br i
FRAE, FRIIL, 02 56 4R A XU M9

AR E PR B MRE TR S AR E AT
A3 SO T AR S R OR TR BRSO 4Rk, 4 ad Bl K
W, 202 8] A 2R 2 e KRG AR — R R,
MK P & ARRIC R A Y B & ik 09 JEL R Al Be s Al
FH A T35 0 SRR L RO 7R DA B AN 3 A e £ P 1 2 445
ﬂﬁ%[zofzz]o
232 HamHBEamE LR

Fi FSE RS A TR R AT, SRR ZE R IR 4.
MF 4 R LIEH, SRk Rl 89%, A&t
0.05 mg/kg, &l 11.15 mg/kg, BT 1 mgkg 1Y
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#3 HRPETRLEZWNER (ng/ke) F4 HePETRITIBELERSE R(ngke)
Table 3 Experimental results of the content of each Table 4 Experimental results of migration amounts of various
element in the sample (mg/kg) elements in the sample (mg/kg)
e LiEREs i T 5 Fre R T LERES

1 0.84 1.90 - 1 0.05 - -
2 0.88 2.00 - 2 0.05 - -
3 1.10 1.50 - 3 0.07 - -
4 1.20 1.70 - 4 0.18 - -
5 1.40 2.80 - > 0.21 - -
6 1.80 3.20 - 6 0.23 - -
7 3.70 0.05 0.10 ’ 0.23 - -
3 6.00 013 _ 8 0.27 - 0.0023
9 700 015 _ 9 0.28 - 0.0030
10 8.50 0.17 _ 10 0.31 - 0.0031
11 10.00 0.20 0.01 11 032 - 0.0052
12 12.90 0.25 0.03 12 0.33 - 0.0140
13 13.50 0.25 0.04 13 0.34 - 0.0230
14 15.60 0.35 0.05 14 0.35 - 0.0240
15 17.70 0.35 0.06 15 0.35 _ 0.0850
16 28.70 0.35 0.07 16 0.39 j 0.0920
17 29.80 0.36 0.07 17 0.39 - R
18 39.90 0.38 0.08 18 0.39 - -
19 53.90 0.41 0.15 19 0.42 B i
20 55.20 0.43 0.15 20 0.43 - R
21 64.80 0.45 0.50 21 0.46 - -
22 70.00 0.45 - 22 0.47 - -
23 77.70 0.48 - 23 0.53 - -
24 82.10 0.49 - 24 0.54 - -
25 83.40 0.55 - 25 0.72 - R
26 86.10 0.55 - 26 0.84 - R
27 96.00 0.55 - 27 0.88 - -
28 101.00 0.55 - 28 1.12 - -
29 116.20 0.60 - 29 1.42 - -
30 118.80 0.61 - 30 1.54 - -
31 132.30 0.61 - 31 1.78 - R
32 148.30 0.66 - 32 1.78 - -
33 193.00 0.68 - 33 2.69 - -
34 202.00 0.74 - 34 2.80 0.0053 -
35 220.00 0.75 - 35 286 0.0079 ~
36 229.80 080 - 36 3.55 0.0080 -
37 251.20 0.81 -

37 3.78 0.0085 -
38 266.60 0.90 -
39 334.00 1.40 - 38 73 0.0110 _
40 334.00 0.93 - 39 10.11 0.0130 -
41 356.00 0.95 R 40 11.15 0.0180 -
42 443.00 0.95 - 41 - 0.0680 -
43 532.50 1.00 - 42 - - -
44 808.30 1.30 - 43 - - -
45 1005.00 1.40 - 44 - - -

s AR, 4 1. » - - -
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5 29%; BB R 75%, HfK &M 0.0053 mg/kg, NI H Y B a BRI . E U AU A I S (0 AL T

FﬁﬁiﬁO%%n@@,WL%EWﬁ$ﬁﬂM,%ﬁ
i 0.0023 mg/kg, Fefm & 0.0920 mg/kg. DOUZIECH
4231 ge 424 UNGUREANU %5 2515 1 S04 55 750 1 A
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