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Determination of 14 migration elements in cell phone cover by
inductively coupled plasma mass spectrometry
FANG Dan, LIU Rongcong
(Guangdong Meizhou Quality & Metrology Supervision and Testing Institution, Meizhou 514072, China)

Abstract A method of inductively coupled plasma mass spectrometry was established to determine the contents of
14 migration elements in cell phone cover. The sample was oscillation treatment by artificial simulation of sweat solution,
the 14 migration element were transferred to the simulated solution, and then microwave digestion was performed and the
solution was determined by inductively coupled plasma mass spectrometry. The mass concentration of the 14 elements had
a good linear relationship in their respective ranges the correlation coefficients were all more than 0.999, and the detection
limits were 0.004—0.400 p g/ L. The recoveries of standard addition were 88.2%—-99.5%, and the relative standard deviation
of the determination results was 2.5%-9.3%(n=5). The method is simple, high sensitive, widely linear and accurate, and can
be applied in the analysis of the 14 migration element in cell phone cover.

Keywords cell phone cover; inductively coupled plasma mass spectrometry; 14 migration elements
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BT DA BB AN AR R 7= A e i & W 4R
TRENE, & B0 7 B A A s E S
545 , 3 1l B T8 S PR R B 1 ) e,
A e FECENERAE S ks FHLEETh E
PRl ER A E o R S re ik A EEE L.

HL B A S5 B TS (ICP-MS) 7 HA Rl
JE v AR R L 2200 K WA A A
SUETIZ I A IREE b R A A R
TR IR BT LT 2R
ALAERA FE IR R AR (1 [ S sl A T lb A,
TOAH K SCHRHGE 2 2 ik N TR vk
HESL T U A S TR A E FALEE
14 R IERS TC R S 17, e s A il AL
£ i TR R R SR
1 ZIE4S
1.1 FEZAE5EKA

FL B & 55 B AR BT 1R : NEXTON 300 %4, 52
A R BB AT B A F 5

TR T AL : ETHOS UP &, 2 KA 3 1A 22 R
NGIF

ERRAY : YKM=36 1Y, 2 KR AR ZERMA F

ALK Milli-Q Reference %Y, 56 [F 2k va %5 B
AT

HL TR - AL204 7, 84 0.000 1 g, HERE —
FERIZAES (1) HBRA R

fE IR /K84 . HH.S21-8 7Y, | IRF RS 23 ] 5

Ki% pH 11 PHS-3C &Y, IS %R A AR A
Al

BLLB CHY LR VB HR VR VAR AR B R
TCEARMER W : PRI 1000 wg/mL, 45
4% %1 2 GSB G 62016-90, GSB G 62028-90, GSB
G 62071-90, GSB G 62069-90, GSB G 62017-90,
GSB G 62040-90, GSB G 62022-90, GSB G 62019
90, GSB G 62031-90, GSB G 62046-90, GSB G
62024-90 11 GSB G 62025-90, [ Z% 4 4 k4 ] i,
Hils;

B Bh PRI AR T R T VR Y Ok 500
wg/mL, %543 5 5 GSB G 62042-90 F11 GSB G
62043-90, [F Z M EAA B s 5

B OHHBR BB TR NSRRI B R
%179 1000 wg/mL, %5505 GSB G 62073-90,
GSB G 62041-90, GSB G 62064-90, GSB G 62037—

90, [E A BRI O 5

TV SR TR VA R - B A AR B
MR, BTSN 1 g/ mL, SEEFAGR
BHEA PR AT

PRE : el il Sk i va e fb 125

SRR EUK A, ) AR

DL- FL2: 43t aili, 1542 so bR AE AL BB AT BR
NCIF

B - ARgeat, ) AR5

BRI N 99.999%, M T TR
A BR A

FHLFEERE S 3 12 41wk, 1 [ M LR ek
TR , B4 5 5 R RERS R AR TR TR R 0 AR
bR XA BRI 5

SIS 7K A B 4tk .

1.2 Eik Bl

PRI« RFRBON 2%, ERIAS L 20 mL
% T 1000 mL Z5 5, B 21K 2 25 B Angk, 72
59,5 M.

SRV R H0H 2.5%, 1 B 103 mL 2
KT 1000 mL 285 i, B 21K 2 25 BAng , 77
5,51

R R AR AR ST S pg/mL,
SIS 0.5 mL 4f A EE BRI B AR I TR
F 100 mL Z i, H 2% AR E 75 Bhngk,
P25

B BB TR A A I A U
500 ng/mL, 43I H 0.05 mL £ 5% AR A AR A
F10.1 mL B BICRARER K T 100 mL 255,
FH 2% RSFRVSTE 25 204k 455

KVERIR G MER R 5 we/mL, 5351
B 0.5 mL R AT 1 mL B0 R AR ER T 100 mL
A, 2% THRRIA WS 25 AR 355 .

K VEBIRA R E R R : 50 ng/ mL, £ H 1 mL
KRB AMERE AT 100 mL 2550, H 2%
MRV E 75 BhRLR , $225) .

14 TR IRAIE TARR W : 7301 0,0.2,
1,2,5,10 mL 4% i VBF B8 R A bR iEfE 2 7 R
B VB R B B BT A PR A A VA TR A BOR
BRRGPAEDRE T 6 H 100 mL A&, H 2%
B R VA TR R O 38 5 B A, B850, T o A L 0
BRI i R 44300 0,10,50,100,250,
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500 wg/L,BLHE VB BB HE T R VR Y
4350,1,5,10,25,50 wg/L, 7K BhAY R EYY
35124 0,0.1,0.5,1,2.5,5 wg/L R2IRGHRMET
VER I

B Bk IR A AR TRV il Bl 0.25
mL B 1Bk B 4 BRI R N ER PR ES T 500
mL ZE I, FH 2% HPRIEIRE 25 AR, #25) T
Tl RCEs B Bk B TR 500 g/ L BIIRG
PR TARR W

R IR : #2HL 900 mL 7K T 1000 mL 48
P ImA S g JRZE (1 g HALEI AN 1 ¢ DL- FLIR,
Pk 2 T A R 58 e i TR R R R BRI A
2.5% FOKVEW, W pH HZE (4.4 £0.1). B
WG R 2 1000 mL 25 s, In A K e 45 Ehngk,
P25
13 B IEEH

LB ARSI A 1300 W5 B LR
o 15 L/ min ; 3BV AL N 1.2 L/ min
FALS AL WA 1.0 L/ min ; MERL . S0
o PUBATF LA 8.9 % 10° Pa ; 5L IR . 39C;
BEBNZEH : 24 v/ min 5 HEFERFE]: 30 s 5 WEAUBERE.
3 s R E A R 3 U B R AR U K Bk
1.4 FFonsz

PERE S BT FRELZY 1.0 g KM E THEE M
FnA 50 mL BRI, 78 (37 £ 2) CHE IR K&
PR L 60 YK/ min BSFRNED 1 h, i 5E,
FERE SR, R 10 mL RE SIS L T
Brh LA S mL VRAHER , & T 00 T A P A
THAR RSO 4G 229 1 mL, B HEH B2
25 mL A, FKE 25 AR 5257, RIS
THAR . FAR R 7k RIS Falee
2 FERE5FR
2.1 HRHATAIE T ik ikdE

39 25 5% B 4 I 18 Y0 YRORINR Y VR 28 Tl in T
i i 00 P A ot A 3L o S S5 R s, 4
TR I, BN R T, 0 5 SR A A X AR v A
ZERKT 10%, S5 R AT fig 2 AL 2R 1 ik A7 A 7
SOH VR, XY 2 A MR G, AR R
EF 28 I YT, ARG I 4% SR e A A T, i
08 3 AR T A T DA A e b i e AR ) B I T 4
BHCIHE T A I 25 SR B AR AR AR 22 /N T 10%.
22 FWAFTR

HL SRR 5 25 A B 3 5 D s 1) e

A G TR BGE THPZE . Bl T 2R
=2 VS b /NE 2 i i 7 N R 2 7 DY e )
TR, RIOY FEIE RS ARTE T B2
LS 11 7 NS [ SR v € VAR v 7/ B2 5 G AR R 7
%[16]0

i 3 YA 32 ) S AL R TR R T R R
A7 280 5 SR T B ) i S 2 R T4 14 Ml AT
2 M A As AT )00 %, 3L T8 H 4 i
5V, 2Cr, ONi,L ©Cu, “Zn, ¥Sr, 'S, "'Cd, ¥'Ba,
#Sb,*"Hg ,*"Pb MR IATIE .

W RN 45 7T 2R 20 7E. He AR 21530 A5 X 74 o
oI BTN HEAT 5 4, K BRTR A fr Il DT & A He
TR 1 5 AR B R R AR, A7 R B T 5%
T, ks He BUHBRZ T8 17T

SR FH BT 3 ASCRT 18 5 VR R AS A R A T O AL U 1 O
R R/ SIS GEN i a7 S

K PR RIE LT PR AR BE B 40, #%IRA
P oe 2R R 2% o i - o oo 2% o i O A Y
mu&*%lj‘]ﬁ—‘ﬁ%o SIV,SZCT,SSMH,(’ONL“CU,%ZH e
F "Ge {11 "As, "sr, " I B Rh fF: 79 £
1SS, 13Sh, YBa Y In FE AR ; ZOOHg,ZOSPb T
"Re fEMT.
23 LM AEfidR

T 13 A TARSAE R, 0 R AR A b v TA%:
VWA TINSE , DL DN 02 0 B R () DA A
i, ARE N 0 2R 55 bR o0 38 0 B A5 5 ELAY LR AEL ()
YA, 22 il b o il 2 THIR LA T RE AR O &
o 18 13 AUES TAESME R, X 28 R e
113, BA 3 A AR e 254 T iR R . & ou Ay
LRMET R R MTT AR AR R KOG T R LR 1.

F1 LEEE. LHEAEMAXREREHR

Wi b AR o WG iy

JLE JLER (ng- L) AE (pg L)
V. Ge  0~50  y=0.0242x+0.0057 0.9996  0.008
Cr Ge  0~50  y=0.0252x+0.0669 0.9997  0.020
Mn  Ge  0~500  y=0.021 1x+0.0169 0.9998  0.050
Ni  Ge  0~50  y=0.0187x+0.0542 0.9999  0.080
Cu  Ge  0~500  y=0.0189x+0.0357 09997  0.070
Zn  Ge  0~500  y=0.0034x+0.052 0.9997  0.400
As  Rh  0~50  1=0.0003x+0.0002 0.9998  0.060
St Rh  0~500  =0.0028x0.0027 0.9998  0.010

Cd Rh 0~50 y=0.000 5x-0.00008  0.999 8 0.030

Sn In 0~50 »=0.0013x+0.0004 0.9998 0.040
Ba In 0~500 »=0.0206x+0.0904  0.9992 0.200
Sb In 0~5 »=0.0199x+0.0012  0.9996 0.040
Hg Re 0~5 »=0.0008x+0.00001  0.9999 0.004

Pb Re 0~50 y=0.005x+0.0143  0.9999 0.060
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B 1A 0,14 Fhoos 2 7545 A 1Y B A K
EHBENEAREFMLEXRR, LR RN
0.9992~0.9999, %4 HHFRA 0.004~0.400 pg/Lo
FEURIZ T 1 I 2R

2.4 Feirwlik 5 A A E R I

P N TR0 T, R A IR (E R Y
FESR UL, 23 WA 5,10,25 wg/L 3 NHJEK
SERIBRHE G T IAR RIS , 25 58 W3k 2.

R2 EEKEEREREER (=5

JLE ARME/(ng- LY AR/ (ng LY MM/ (g L) T/ (peg- L) FHECE/% RSD/%
5 4.60,4.59,4.52,4.61,4.57 4.58 90.6 6.1
\ 0.05 10 8.94,8.93,8.91,8.88,8.92 8.92 88.7 4.2
25 22.90,22.87,22.88,22.92,22.93 229 914 7.6
5 4.91,4.89,4.93,4.87,4.85 4.89 96.2 6.2
Cr 0.08 10 9.57,9.49,9.58,9.56,9.60 9.56 94.8 7.4
25 24.19,24.32,24.24,24.21,24.27 24.25 96.7 59
50 55.17,55.08,55.07,55.15,55.13 55.12 99.0 3.4
Mn 5.64 100 102.09,102.03,102.13,102.14,102.11 102.1 96.5 39
250 252.13,252.03,252.07,252.12,252.07 252.08 98.6 2.8
5 5.15,5.25,5.17,5.23,5.24 5.21 95.8 4.1
Ni 0.42 10 10.19,10.13,10.17,10.11,10.16 10.15 97.3 6.7
25 24.58,24.67,24.64,24.69,24.65 24.65 96.9 7.1
50 54.14,54.08,54.16,54.11,54.13 54.12 98.0 53
Cu 5.1 100 104.16,104.21,104.15,104.23,104.25 104.2 99.1 2.5
250 253.82,253.77,253.8,253.79,253.85 253.81 99.5 4.8
50 51.20,51.31,51.25,51.27,51.24 51.25 97.5 4.6
7Zn 2.52 100 100.63,100.52,100.58,100.49,100.56 100.56 98.0 2.6
250 242.49,242.57,242.59,242.56,242.47 242.54 96.0 3.9
5 4.57,4.61,4.48,4.46,4.50 4.52 89.8 8.4
As 0.03 10 9.11,9.03,8.99,9.08,9.05 9.05 90.2 7.3
25 22.24,22.35,22.28,22.34,22.32 22.31 89.1 8.0
50 51.27,51.25,51.19,51.23,51.19 51.23 94.8 6.3
Sr 3.82 100 100.46,100.57,100.53,100.56,100.47 100.52 96.7 4.1
250 241.15,241.31,241.23,241.24,241.21 241.23 95.0 3.8
5 7.08,6.99,7.02,7.03,7.00 7.02 88.2 4.5
Sn 2.61 10 11.59,11.67,11.69,11.62,11.64 11.64 90.3 3.8
25 25.39,25.51,25.46,25.49,25.41 25.45 91.4 2.7
5 4.99,4.93,495,4.89,4.97 4.95 97.4 7.6
Cd 0.08 10 9.96,9.83,9.91,9.85,9.91 9.89 98.1 8.9
25 24.49,24.56,24.53,24.51,24.48 24.51 97.7 93
5 4.79,4.83,4.71,4.76,4.81 4.78 95.2 6.1
Pb 0.02 10 9.71,9.64,9.72,9.66,9.69 9.68 96.6 5.2
25 24.28,24.32,24.29,24.36,24.34 24.32 97.2 3.9
0.5 0.48,0.51,0.41,0.45,0.42 0.45 90.0 8.5
Hg 0 1 0.91,0.95,0.85,0.88,0.87 0.89 89.0 6.2
2.5 2.19,2.26,2.24,2.19,2.27 2.23 89.2 4.3
50 47.48,47.53,47.41,47.46,47.39 47.45 91.3 52
Ba 1.82 100 91.95,91.82,91.91,91.88,91.90 91.89 90.1 6.1
250 231.69,231.86,231.84,231.79,231.81 231.8 92.0 39
0.5 0.69,0.62,0.67,0.63,0.72 0.67 90.0 6.9
Sb 0.22 1 1.09,1.21,1.15,1.16,1.11 1.14 92.0 9.1
2.5 2.54,2.49,2.57,2.47,2.50 2.51 91.6 7.5

FH S 2 A0, R OIBR BDSCR A 88.2%~99.5%, IR, A3t 12 HER T B LBt i IR T 5 , 2%

W 45 5 B AR AR TR 257 2.5% ~9.3%, R BHiZ 7
LA B () U RIORG 2% E
2.5 FEFRAFESRRE

P TR iR 4y B REAS R IR TR R L
AR R 4w AN AL B B A T 6 A T A PRIt

%'ﬂ?@ 3. HMFR 3 AIAL 1 SFHCER N (B
ML, AR AP 2 L EhdE
I%ﬁfﬁﬁ@ B S YERBUE I A SRR 5 A

TR ; T 2 SV ERES (IS B b i,
%@ ) WA K BT 2R 5 BEC AL B L
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fin R e i v B D PR B S e S o it £ e B R o
AT AP B s i A AL G W w R
H BB BRE NI SRS (4 JEORE , A B € S )
FHLFEE PR S RSB L RE LB B
FHLTEE B 5 s, A O A 7 SRS LM
AT BB RS N PARE R B M R T
AR A% R U E R R, R O EAR R R
A AR B AR

#x3 ELEHEENELER mg/kg
JBE % kEKR PVC  #EETEm PC E ikl
v 1 ND ND 5.8 ND ND ND
2 ND  ND ND ND ND ND
or 1 0.2 0.1 1.5 1.1 77 0.2
2 1.3 0.9 0.9 08 49 0.7
M 1 1602 509 5.8 309 68 159
n 2 563 206 0.9 61.8 134 176
N; 1 3.8 22 0.5 1.3 24 1.8
2 12 3.1 0.9 1.9 06 3.4
c 1 45.1 303 14.7 62 325 605
u 2 10.6 149 1.9 149 169 4238
- 1 396 53 2.5 39 121 93
2 555 21 10.2 2.8 8.6 35
A 1 0.3 0.2 2.4 12 1.2 0.8
s 2 0.1 0.2 1 0.6 2.1 1.3
S 1 2.9 1.1 4.6 5.5 46 1.9
2 32 74 0.9 35 6.8 0.7
s 1 127 905 1.5 36 3.1 0.3
2 29 798 3.1 49 09 1.2
cd 1 ND 1.1 0.6 ND 1.5 ND
2 ND 08 ND 0.7 ND 1.4
- 1 0.7 32 12 1.7 29 3.9
2 1.5 2.5 0.9 0.8 1.5 4.1
H 1 ND ND ND ND ND ND
& 2 ND  ND ND ND ND ND
Ba 1 6.8 119 1.8 211 127 1.8
2 54 142 2.4 68 258 1.1
Sh 1 1.6 102 0.9 7.9 8.8 3.9
2 12 2.6 0.7 102 35 2.3
1 ND FR AR
3 HiE

RN AU O A% A R Ak R
ESL TR B S A B R BRI E T AL
14 Rl LR & R Ik %07 R R
i, P, REGUE S, R e, G TPl e
14 Rl RS LR SR I E .
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