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Determination Method of Elements in Plastic Spray Pump
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ABSTRACT: The work aims to establish an ICP-MS method to detect 12 elements in plastic spray pump, and determine
the contents of elements in hydroxymethazoline hydrochloride spray. The method of microwave digestion was used for
sample pretreatment, and 12 elements including boron, aluminum, titanium, chromium, manganese, iron, zinc, nickel,
arsenic, molybdenum, cadmium and lead in plastic spray pump were tested by ICP-MS. For each element, there was a
favorable linearity in the range of 0-500 ng/mL with the correlation coefficients r>0.99. The detection limit of this me-
thod was 0.02-1.71 pg/kg, the rate of recovery was 92.62%-113.82% and the relative standard deviation (RSD) was
0.64%-3.41%. At the same time, with hydroxymethazoline hydrochloride spray as an example, the content migration of
elements in the spray was studied under the condition of acceleration, and the results showed that all elements did not
exceed the concentration limit. This method established in this work is convenient for sample pretreatment, accurate and
highly sensitive and can determine the contents of 12 elements in plastic spray pump rapidly and efficiently.
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i 3 260 A A B B R R S 5 2 07 2. R AR, B
W% 25 N TR MR R e A e e,
il & T2 H s, w7 iz i T Ie R, S
WEEF O] iR IT SR e . S, ik A
ST S ISR 200, A B b R 2H S AR R IR
TR R R Y S BE A 1T, ETR RGO
#1%, U Bentrio X RGBT A& 9 SR %55, R AT
$t SARS-CoV-2 K H: Delta 28 (A YL 3 %24 F #r
SR R AT A AR . TS 5 AT ]
THUH . BRR . R DR, ] e 3697,
T 36 7 O I8 B Y A R H T R T mE 2% 5
( NitroMist ). Y& J7 B8 IR 08 09 JBR 55 28 11 i 85 55 71
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12 (= AZER ) &,

W5 55 FIVE N — LG 45 2505 X, HA WA
PR BIMER/N . Rk M KLy S
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16 1072 Gk S Pk | HERf gt f 7 20 08, B
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1.1 EFFIH

FELAS . Agilent 7900 H B & 4 8 TR S
1, LR A RAE s Mars6 UL, £
CEM /A #]; XS205Du # K-, AHe-FCH) 2 EHPrE
FRZy 7] 5 Milli-Q Advantage A10 Zli7KHL, 25 H A R
yHl; BHWO09C20 HUFERRER , 5 RAERA FRA T ;
KBF P 720 #FE MRS 4E, EEATIE A R
I8

FEGF] . KB BCR 68% ~ TO%HITEIR , &2k
CHRBHE A BRA R Wi, PPtk TR A RRA
Al o RIS FH A L3 FHARFR 00 10% 06l iR = 16 4
w, K )E & .

FRUEsh . SAPRAEA IR (100 pg/mL ). BAFRAE R
(1000 pg/mL ), EKARMERHK (10 000 g/mL ), BliARiE
W (10 000 pg/mL ), H REFHEABRAR]; b
W (1000 pg/mL ), FEFRAEFSE (1000 pg/mL ), Y
FRUEFTE (1000 pg/mL ). ERFRHEATE (1000 pg/mL ),
TFRIEA( 1 000 pg/mL ) EFFRUEAIE( 1 000 pg/mL ),
HETFERERE; SRPRER (1 000 pg/mL ), EKbR
HEFW (1000 pg/mL ), BrbriERHE (1000 pg/mL ),
U BTRL T AR MR e A R F

1.2 Ak
1.2.1 {UEEEH
1.2.1.1 ICP-MS &%k

PEPE G AY ICP-MS U8 S Bk 75, L3k 1.
1.2.1.2 TR A S

VP18 BT i S B RE B R AT T R
W 2,

&1 ICP-MS &#
Tab.1 ICP-MS parameters

B R R/W RFERE /mm B E/(L-min')  Omega fRRHLE/V  SUHH/(mL-min~") OctP fi ik #LE/V
No Gas 1550 8 1.07 -90 0 -8
He 1550 8 1.07 —95 43 -18

TE: BICRTE No Gas B NAI, HATTERTE He BT
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Tab.2 Parameters of microwave digester

e & }Hﬁ #ik {%ﬁ
i/, C WE/min - JEE/SC WHE/min
1 30 15 150 10
2 150 15 210 20
3 210 15 30

1.2.2 RERHHE
1.2.2.1 JCREI& WM H &

WD, % 4. Bk B B ML LAY
PRUEVS A4S 100 uL, B . BRPRMER AT 10 L, SHbR
WEVAT 1 mL T 100 mL &9, IERF508 0.5%
1) HNO, iR e 2218, #2750,
1.2.2.2  ZePERRIEA W0 %

HHEEPOCEN AW 0, 0.1, 0.5, 1.0, 5.0 mL
% 10 mL =P, IEBECR 0.5%1) HNO; IF
WBZEZIE, 75, 81 mL49& ERITES 0.
10, 50, 100. 500 ng.
1.2.2.3 AR 625

K B B IUTTAR AR 25 pL & 50 mL &, 0
IRFE0HR 0.5% ) HNOs IR B 2208, 2],
1.2.2.4  fEK S T &

g TR R I 5 N AR BT, VE VR T, BT
TiE, H0.05g, WHERE, ERMUKLIERES,
A HNO; 4 mL., H,SO, 1 mL, FHlikisE i+ iR
1.2.1.2 WP R AT I A . REFE S S 2 THAR S, R
VUG £ TR AR 1, SRJE7E 150 °Cn#k 1 h 22
R R T - For B PR VARG T 05, K e 3R DU 9 2 075
FUEBOT A ZE 25 mL #P, AR B EZIE, %
5] TR AR 25 TR
1.2.3 tRAEHLZ

JH ICP-MS U6 b3k R AR fE R WA T 5, LA
HICRTEIRIE (pg/L) MEEAAR (x). KRBT
Fek R LA AR (y) AT EIE, BEI%ITRP
PRUE N2 T7 R AIAE SC et R AL, N3k 3 i,

1.2.4 ®BMR5ERR

il Fil ICP-MS 430028 B WAl E 11 3, A
D S5 50 3 A5 bR o e 22 T 6 I 19 R 32 {ELAE Ry 45 0T
RAKE R, AN RE 25 SR 10 R br v i 22 B % 17 1)
WAV N LR e B, 25503 3,

125 ESHMRBZERE

BORE S (1650 20411-1) #2108 1.2.2.4 556
il e 6 i i I A S B A 1 R 6 A
s ABERMEA R (100 ng/mL ) EENE 6 K
A S H 3 3 A T S
1.2.6  InREK R

IR 0.05 g 25 9 1, MR, BT RNUKL

Wt JmA HNO; 4 mL. H,SO, 1 mL, f®1.2.1.2
ORI, RS S TR, K R L
HEE THR A F, SRISTE 150 °CHN#k 1 h HERERIK
FRFEP G T 05, FHZK PP R U 4 £ , K Ve
JEAZE 50 mL wifi, FHAKRBEEZE . 2 5nAJc
EiEW 4.0, 5.0, 6.0 mL, FFNHREEEATHI& 3 147,
TIKERZZE, $827, B ENSCR ARG
1.2.7 HRUE

PREURE S 3 41, MR 1.2.2.4 W7 Ekille , AAVEE
ST AE 2 YR, AR [T 5 AR R A T R M A
FEfE
1.2.8 mEiXIE

VEPRER RS FH enbkiss 25 7R i 3 1L, ZE ARl
FER 40 °C+2 °C . AHXHREN 75%+5% ) TiE 6 ™H ,
ERIRHIEEE 1, 2, 3. 6 MHERSBEHAR 1.0 g, K
ERRE, BTRMBOHTTET, A HNO; 4 mL . H,SO4
1 mL, FRENEMACRIE 1.2.1.2 W5kt ribfg. 5
FEM TG , BRI CIGHEE TR L, /5
TE 150 °)CHm#k 1 h KRR . riErhiAoE T, M
IKMPRR VU IEHE, eIt A 25 mL &Y, M
KRR ZE . B IRAE A 1ICP-MS A 7
It AR,

2 #R5HE

2.1 HNIRRBHIERE

H T#E ICP-MS {34 H N A 1 TAE R B2 e 43
Mroo 2 5 WER TR S B TR P AT AR T2
R 25 A R S R 0 DL R e 2R B0, 1B 488 g
B 1, I HL5 AR 0 28 o i 5OR R 25 v 07 42230 A
TCEAEN BRI

2.2 JTLERAVIERE

ICH Q3D "#ii#iEc = iyt (PDE) M HAEZ W
BRI ATREME, KOTRA R 3 2K, BERAEU
i rE T AR TR, e fSE AR A EF ST Y
JERZEP WSRAE 2 A T A R e i R R B
FEfb RO R AR, WTCAZIC R A T4 50HT5
A= T2 h M TR, REZTEAE ICH
Q3D 2z, WRFEXHAE T, 4 Ti SR IR
TE Q3D Mz v BAEYER T A Hh T REER N T S kikt
N, L2 KBS PG I , IA RS 24T Ti SR A TIAT
Z ST, ARBF5EHIE B, Al, Ti, Cr. Mn, Fe, Zn,
Ni, As. Mo, Cd., PbiX 12 FionE/ENFFTITE,

2.3 HWMTTEMEL
2.3.1 FRfEHZ

ERINGE 3 i, BIULEAELRNEEXLRR
I, RPEMRREr >0.99,
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Tab.3 Regression equations, correlation coefficients, LOD and LOQ of 12 elements

IV 3 Bl )= 75 7 r LOD ffi/ (pg'L™") LOQ fti/ (pg'L™")
B y=0.001 2x+0.087 5 0.991 7 0.490 1 1.633 6
Al y=0.001 7x+0.029 2 1.000 0 1.574 6 5.248 7
Ti y=0.001 8x+0.002 4 0.999 9 0.636 3 21210
Cr y=0.087 3x+0.132 7 0.999 9 0.048 4 0.161 2
Mn y=0.038 9x + 0.147 6 0.999 8 0.077 0 0.256 8
Fe y=0.001 9x + 0.013 6 0.999 6 1.710 4 5.701 3
Ni y=0.047 1x + 0.028 5 1.000 0 0.124 7 0.4156
Zn y=0.017 8x + 0.502 5 0.998 2 0.261 6 0.8719
As y=0.014 3x + 0.056 9 0.999 9 0.152 1 0.506 9
Mo y=0.062 4x + 0.045 6 1.000 0 0.037 1 0.123 7
cd y=0.032 9x + 0.024 2 1.000 0 0.016 4 0.054 8
Pb y=0.416 8X + 0.366 9 1.000 0 0.046 6 0.148 5
232 HNESEER RS HRNEHR
- . Tab.5 Sample determination results
A ICR A PR A PR R LR 3, 45 R Py
S TEERMEE S 0.016 4~1.710 4 pg/L, ERMEH o S o R
0.054 8~5.701 3 ug/L. 20411-1 20411-2 20411-3
ek 1 R B D. N.D. .
233 MERMBERERRE Al ; 6 14.80 1387302
\ . . . 5 . .
R TP A TR DR B EEAL N 25 2R RSD {H 3
PG : . : Ti N.D. N.D. N.D.
INT 5% TEMELEH RSD E N 1.11%~7.57%, ¥/ o L0 0.83 0.65
T . . .
10.0 %, W J7 3 1) 5 52 VAR %5 B R4
T o_%ﬁﬁ%ﬁiifﬁﬁﬁgﬁ% Mn ND. ND. ND.
3 4 Z55L0T A, IbRIIBCRISTE 92.62%~113.82% Ni N.D. 1.28 2.17
Z ], RO AER B R AT 7n N.D. N.D. N.D.
F4 MEEKERBER (n=9) As N-D. N-D. N-D.
Tab.4 Spiked recovery results (n=9) Mo N.D. N.D. N.D.
JTE PR % FHXFR R 22 (RSD) /% Cd N.D. N.D. N.D.
B 113.82 15 Pb N.D. N.D. N.D.
Al 98.52 2.05 {E: N.DAR
Ti 98.91 2.28
Cr 98 54 1.45 25+ 2156 BB Al 2 Cr #uFe #Ni
Mn 100.63 1.78 ~ 20F ; 18.32
Fe 97.09 2.65 2 st 148
. 2
Ni 97.54 1.54 = 10F
Zn 92.62 0.64 4t 6.12 2 6;‘,1
51 7 ' 17
As 96.05 3.41 1o 1920 o Kos71os _65/4
Mo 96.44 1.59 20411-1 20411-2 20411-3
cd 95.41 1.42
Pb 104.24 1.47 Bl 1 3HtFES TR & i i
Fig.1 Comparison of element contents in
2.4 *incﬁﬁ*ﬁ three batches of samples
241 HERmNELER 242 MR ER
3 HEERRF R 55 S AL & (HES 40 3R 20411-1 Hh R 0 H ek g 25 50 3 HbAE AT C R A &

20411-2, 20411-3) pyilE LR sk 5 FE 1 Fs, MsE, ZE5RmE 6 pran, BAEMESRMFT, 12 Fh
Hopr 1 R BoRAE S gk e . LRI EHI/NTIREME, ¥ SREEEK,
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Tab.6 Results of acceleration test
LA W 15 030 15 105 i 115
LR R R

(ngd") (neg") oH 1H 2H 3H e6H oH 1H 2H 3H 6H 0H 1H 2H 3H 6H

B 13000 1300 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Al 13000 1300 0.13 0.1667 N.D. 0288 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Ti 13000 1300 N.D. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Cr 11000 1100 0.0152 0.0106 0.005 0.0067 N.D. 0.014 0.008 1 0.004 500062 0.0051 0.0137 0.0052 0.0041 0.005 0.006 1
Mn 2500 250  0.0105 0.0336 0.0281 0.0267 N.D. 0.0055 0.0034 0.00510.0047 00161 ND. ND. 00091 0.01690.0099
Fe 1300 130 0.6586 5.5075 1.3384 1.8621 0.408 6 1.061 6 0.5866 0.5208 N.D. 20432 ND. 08824 05863 1.003412294
Ni 200 20 ND. 0.0133 00144 ND. ND. ND. ND. ND. 0012800127 ND. ND. ND. ND. ND.
Zn 1300 130 0.1545 03179 0.1351 03135 0.1221 N.D. 0.2413 0.16020.0617 0.1596 0.1345 03413 0.1634 0.20980.096 1
As 15 L5 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. NbD.
Mo 3000 300 N.D. 00016 00004 N.D. ND. ND. ND. ND. ND. ND. ND. ND. 0.0003 ND. ND.
Cd 5 0.5 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Pb 5 05 00067 N.D. 0.0043 00085 ND. ND. ND. ND. ND. ND. ND. ND. NubD. 0'(;07 N.D.

[E: PED fHZ WICH™' Y, N.DWAMG .
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