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Determination of 14 Elements in Human Nails by Inductively
Coupled Plasma Mass Spectrometry with Graphite Digestion

SUN Qi"?,LIN Xiao"*,DING Liang"?,ZHENG Lei"?,ZHU Ying"?,YANG Yanwei''*"
(1. National Institute of Environmental Health ,Chinese Center for Disease Control and Prevention ,Beijing 100021 ,China;

2. Key Laboratory of Environment and Population Health ,Chinese Center for Disease Control and Prevention ,Beijing 100021 ,China)

Abstract  To achieve the purpose of sufficient and efficient digestion, 14 elements in fingernails samples
were detected by inductively coupled plasma mass spectrometry (ICP-MS) with wet digestion method using
graphite-digestion device. The human fingernails were digested with concentrated nitric acid and perhydrol
using graphite furnace under the temperature 110 °C, and then diluted 50 times. Under the corresponding
standard series,similar internal standard elements were selected according to the atomic mass of different
elements, and the concentration of the corresponding elements was calculated. The methodological

characteristics of this method,such as linearity of standard curve, precision, standard recovery experiment,
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reference of quality control substance,etc were evaluated. Good linearity of standard curves of 14 elements

in human fingernail samples were obtained. The total CV range was 0. 58%—6.7%. The recoveries of 14

element in samples were in the range of 80.8%—113%. This established method was used to detect hair

reference substance and the test results were all within the standard value range of the certificate. The

method has the advantages of sufficient sample digestion, high safety, good correlation of standard curve,

wide linear range,multielement detection,and good precision and accuracy.
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1 SCIGERS

1.1 XHFE5EHF

ICAP RQ HL JBHE & 55 2 114 ot 1% 43 (36 [ 8 K
KR A BR A E]D, Vulean £ 8 15 f# AL O & KX
Questron 7 PR 2> H), TOLEDO ME-T 43 #7 K
G+ METTLER £ FR2 "D, Milli-Q 1X7003 4fi7k
B ] S8R T A7 BR 2 w)) SR TR46

B B VR BT LB R LB LB RV 2T
RIR A A5 HEW W (100 pg/mL, 3 [E Accustandard
A ED. B AR M W (1 000 pg/mL. %
Accustandard 22 7] , KRR HEE W (10 ‘ug/mL, EE|
Accustandard 2 ®]), B, 8 B BB N BRI R
(100 pg/mL,3EE Accustandard 24 H]) , iR (MOS
G HARZEENFD o FALE (25 00 PR al 16 2 48
A, L-2 e s e (AL 2l , 75 [ Sigma A 7)) . 2k &
Ji4E A (GBWOT7601a, [8 52 o &t W B A6 56 4 92 &
J7) .
1.2 URTESH

ICAP RQ HiL S & 55 1 7 UK o0 35 43 28 3 3 3
JEH TAES LR 1.

&1 ICP-MS (UFTIESH
Table 1 Working parameters of ICP-MS

THESHK HfH THESHK HH
ST R/W 1550 | RAEEVRIE/mm 5
BT WE /(L » min~™1) 1.4 | ZfzmEE/C 2,70
FAAR A /(L + min~ 1) 1. 02 WAL/ Y% 0.027 3
BRI /(L » min~!) 0. 88 A/ %  0.016 6
HH# A K 20 B A BT AR X KED

1.3 WHAERBRRARBEOES

13 Al 4 Jm A TR AR R G« FH 2 00 1 il TR Vs T
¥ 22 J0 Z TR A Bn E VA WL B OC R I AR M T R R R
Hh ) AR IS W, A BT R W B 2 000 pg/ L, HoAth
12 PO Z W 100 pg/L. {134 v [l A5 o W
BeHIR G hn il R, P BT R E R 0.2. 0,10,
20,60,100,200,400,1 000,2 000 pg/L,H4 12 ff
JEEWEEH 0,0.1,0.5,1.0,3.0,5.0,10.0,20.0,
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50. 0,100 pg/L,

RICEbRUEM 4 : & A L-2F e & ik (100 -1y
2 (2 Y0 AR IR ITTR MR . 45 10 pg/mL
RICE R ER W B 10 pg/L Y b ] bR v R, >R
JHZ 9% His ¢ 25 L il 5K T R B Sl 0,0..100,0. 500,
1.00,2. 00 pg/L BIBRHEZR S TAER W

PRI : B B ol 100 g/ mL Y PN R 14 TR
I o FH A R VA W (2 00) B R R B 6 g/ L
14 PN b A PRV R
1.4 HmATALE

e PR E T 5 mL B 0BT IMAN
Bl 5 B AE IR M TE VR 1 h R AR T IR W A
201 K ¥R AR o B P W R 30 min, AR A R 3
UK, BRE RO R BRI VRIS R4S TR S
TENRCT A 80 “CHE T, A& T J5 B
.

HER PRI T J5 o de AR 0.1 g M o &
0. 000 1 @) T4F % I fif i o iIn A 2 mL ¥R Al 7R
2 mL i A S T A AR AR AP R R T
fif 22 5 SRR Y TR .30 min W ANE R TEZ 110 °C,
TR 1 h 20 S W s IR 60 . S BRI i T 2%
B, T 110 CHEMR . FFH MBI R L) 0.5 mL i), 4%
TH 7 B T 0 KURET VA ) R R T R EE DR O
% 50 mL E.08 N B AlKE BRI E A & 50 mL,
BEAIR . FEh S B TR RE S A 20 A B,
1.5 #&NEREESS

it FHAE 2 AR, 76 1888 45 10 T K 5, D 8 )57

G 25 FURE i AR HEVS R A A A RRE . DA
B0 5T 22 M B T EE (CPS) 5 P A% Wi R 3145018 14
FOAR A B AR bR s o R 901 o o TR R Sl AR A, 2 il A
Y 2, T B8 0 9 VR ) v FE L. W Microsoft
Excel 2016 Xf 288 53 # i ¥ B 14 B 45 1k 17 &b 21 A0
AT .

2 HR5iTE

2.1 HRERAYED B XTI RE B9 % i

6 Rk B A B D TR v AL RO A
T A SR T L T B 0O A k. B AR 1 mL
R+ 3 mL &AL E 1.5 mL iR +2. 5 mL 4
fb4 .2 mL @5 +2 mL i3 Ak 4.3 mL 4@+
1 mL g 40 &0 04 Lo i) e 3 i 8 O X 5 4 YRR
Iy LY Sk R T FE KE S (GBWO07601a) #E 47 114 f# .
FESE 1 mL 5% +3 mL o S04k S0 I LR B
TR TE I 5 4 A L G 3 IS R ROR S & BT R A
FoAE AR RSk R ARES 1.5 mL AR +2. 5 mL i 4
b S0 AT 52 4 T AR S o (EL X T i 0 AL 2 IS A I
A 43 JC 2 A 35 B 2 2% 190 1] D00 R A7) 4R ¢
MEELHALEH TREMWTEEHEM. 3 mL iHR +
1 mL A0 A R BC b T =R B o v 5 3ORE A 5 0
i RIS I J) 270 T SR S R 4 3 Y R R AR BE UEAT
LA, 25 A R E 2 T LA 2 mL R +2 mL 3
A S B 1) T T AR T AE DG C B SR 1R R R T S
PR S 1 30 5 10 A ST 2 A 0 R A v ) BT
BN 25 R 2,

x 2 HRRREYED L X E 69 0

Table 2 Effect of the proportion of the digestion liquid on the determination /(pg-g")
pan S 1mLﬁﬁﬁ§+3 mL 1. 5n11“f|?¢]4|7.ﬁ§+2. 5 mL 2mLfﬁﬁ§+2 mL 3 mI: ?ﬁﬁ§+l mL
U (o) A A PO =N () PO =N ()
i 0.41+0.12 0. 37 0.41
[ 2.04+0.3 0. 24 1. 45 1. 89
&k 0.04540. 009 0.03 0. 04
2] 0.43+0.12 0. 21 0. 38
= 13749 51 110 138
i 0.28+0. 05 0. 14 0. 30
i 0.58+0.12 0.11 0.51 0.53
4 0.174£0.03 0.16 0.18
[ 0.07+0.01 0. 05 0. 07
B 0.2 0.13 0.17 0. 20
B 0. 065 0. 064
i 0.007 740.001 1 0. 008
iy 5.740.5 0.58 4.99 5.68
K 0.6740.1 0.47 0.63
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2.2 H AR E X RE B9 R

N T 25 SN TR T i 6 [ (45,6075 min) X K
st T iR S B 15 O 1 52 ) DAAT 228 1Y Sk Kk SR
ah (GBWO76012) 1 2 % W) ot 4£ = A B ] & 5850
T _EMUAGII L 7E 45 min (14714 ff# BT a] P AE & P
RN LR AR, VR B B L R TG I S T A D E
INTRRUED) IRAE FE . WAE 75 min [ 95 fif 5[] P9
EIRLAEINCINTIN N N v SR NI ETEOR IS
Ly FOBH R K A= BN S A LA R Ak ) 0 D0 (i 1
INTFBHEFER . Z W PFAl R FE S AE 60 min [ R [H]
TR e HLINE B A 0 R B A Ik B 22 (A
ZOR B $E 60 min D 9 AR Sh I DL 25 2RISR 3.

R 3 H R E T E BB
Table 3  Effect of the digestion time on the assay

/(pg+g")

JLHE AN 45 min 60 min 75 min
% 0.414+0. 12 0. 50 0. 40 0. 36
[ 2.040.3 2.45 1.92 1.98
i 0. 0450. 009 - 0. 04 0.06
g 0.43+0.12 0. 30 0. 40 0.33
= 13749 133 135 139
fif 0.28=40.05 0.22 0. 30 0.16
il 0.58+0.12 0.48 0.53 0. 29
£ 0.17+0.03 0.14 0.19 0.18
Lo 0.07+0.01 0.08 0.07 0.06
L) 0.2 0. 20 0. 20 0.18
B 0. 065 - 0. 064 0.055
i 0.007 7240.001 1 - 0.008 -
20 5.740.5 5.92 5.65 5. 67
*K 0.67+0.1 0.42 0. 64 0.59

2.3 HERIEEXTIE R R

PEPE 4 AN SR )E (100,110,120,130 °C),
A 2% 0 3k & B A (GBWO07601a) 1
SHY AT RS A 4 AN IR BN AT
2. FEah 100 °C Ry EERRIR BE T EHLIE 5 &R 43 o &R
PUEIR NI I T ve BTt 2 [ N i P 1

AT R T A R AR R R SR AN AR, 5 BT A
R 3 Aok v Y A YA R O A e e A DR R e T
{8, M RE SHFE 120 F1 130 °C (9 36 BE T 8 8 0 B 4%
1o T AT B ¥ R R BO A e R VR AR EALG
BINTF SN S 2 0G5 FPE AL 5 FE G A
110 °C B RR 25 A T BT A ¢ 0 T 2 389 ) 1 2 E 5 =
HAR TR L BB 110 °C Al Ab BE 7 25 10 R IR
GER ML 4.

F4 HEBREXNEN MW
Table 4 Effect of the acid drive temperature

on the determination /(pg-g")
T 3 S (HE P ME{E e
100 C 110 C 120 'C 130 C
% 0.4140.12 0.47 0. 40 0. 65 0.57
Lo 2.040.3 2.11 1. 94 2.03 1. 44
G 0. 0454+0. 009 - 0. 04 0. 05 -
AR 0.43+0.12 0. 32 0. 40 0.42 0. 35
(24 137+9 132 135 133 127
fith 0.28+0.05 0. 20 0. 29 0. 27 0.21
i 0.58+0.12 0. 40 0.53 0. 55 0. 54
4 0.17+0. 03 0. 15 0.19 0.21 0. 24
[ 0.07+0.01 - 0. 07 0.05 -
) 0.2 0. 14 0. 20 0.18 0.18
[ 0.065 - 0. 064 0. 055 -
L 0.007 740.001 1 - 0. 008 - -
Hy 5.740.5 4. 11 5.65 5.12 4.31
K 0.67+0.1 0.59 0. 64 1.0 1.2

2.4 [EFFE.LEEEMNGHR

B VER VRGBT A BH B LB B R VAR 12
FPICZEAE 0. 1~100 pg/L BEFE 2. 0~2 000 pg/L,
KRAE 0.1 ~2.0 pg/L WH NLMEXR R, r>
0. 999, HE LI & FE 5 25 11 11 Ik, BL 3 A% 10 A& b5
THE 22 X 7 8 e B AR H B30 J7 VR 4G H BRI 7 H R . 28 o
ARG 14 FhOTER vk R BR R 5 i & R A 0 AE
0.002~0.24 pg/g F1 0.01~0.81 pg/g. 3L H 45
L 5

RS5 M4FTEHOEFGE LHEERMEHR

Table 5 Regression equations, linear range,and detection limits of the 14 elements

TLE R/ (ug - LD [l 1 77 it LIBT3 TR IR (g g™ TR/ (Gug e g
% 0.10~100 y=1.0251x+0. 2081 1.000 0 0.07 0.23
i 0.10~100 y=1.0128x+0. 1938 0.999 7 0. 09 0. 29
Ak 0.10~100 vy=0.97022+0. 3613 0.999 0 0.01 0. 05
[ 0.10~100 y=0.9892x+0. 0890 1. 000 0 0.08 0. 25
B 2.0~2 000 y=1.9939x+0. 4206 1.000 0 0.24 0. 81
i 0.10~100 y=1.0005x -0. 0324 0.999 8 0.02 0. 05
il 0.10~100 y=1.0001x -0. 0059 1.000 0 0.01 0. 03
8| 0.10~100 y=1.0001x -0. 0054 1. 000 0 0.03 0.10
i 0.10~100 y=1.0001x -0. 0058 1.000 O 0. 05 0.15
) 0.10~100 y=1.0281x -0. 0910 0.999 9 0.23 0.78
b 0.10~100 y=1.0110x -0. 0136 1. 000 0 0.01 0. 04
B 0.10~100 y=1.0005x+0. 0054 0.999 8 0.002 0.01
ik 0.10~100 y=0.94052+0. 2219 0.999 9 0.02 0. 05
K 0.10~2.00 y=0.9670x+0. 0482 0.999 8 0. 004 0.01
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2.5 FEREmELR

WA R IR AR AR W T TR R RS IR S . &
2N S R L, VR BT 45 AR o IS A5
TE 3t BHETATINE 4 U4 B S W (BET R
1500 pg/LKICE 1.25 pg/L HABICE 75 pg/L),

Hiy BE (BFJCE 500 pg/LORICE 0.75 pg/L Al
TEE 25 pg/L) AR E (BT E 25.0 pg/L.RILE
0.125 pg/L HAB T £ 1. 25 pg/L) W b5 % 1 . 15
FREAS 14 FhoC 2 i i AR = A4S ok BE K CF 1 b
B TE 80. 826 ~113%0, SLHLE R LKL 6.

F 6 14 FhyL R kR E Y LI

Table 6 Recoveries test with 14 elements

B i/ vk B vk o e
TLE (gL ) WAEM/  CFHbR mAREICE  WEM/  CFEnks nAREICR WEM/ ks AR R
(pg = L7 FRE/%  JWHE/Y% (ugeL7H BER/% JEE/% (ug L7 BRER/ % JEE/%
73 0.72 1. 94 97.6 94.6~99. 9 25.7 99.9 96. 0~104 77.5 102 99.2~105
7 3.24 4.38 91. 2 88. 6~92. 4 26. 1 91.0 88.9~92.1 77.8 99.4 96.3~103
b 0.07 1.13 84.8 82.4~86.7 23.5 93.7 89.8~95.2 68. 1 90.7 88.5~93. 1
=) 2.14 3.35 96. 8 93.2~101 23.9 87.0 85.2~88.6 72.2 93.4 90.1~97.5
23 87.1 113 102 97.5~105 571 96. 9 92.4~98.9 1570 98.9 96.3~103
i 0.11 1.34 98. 4 94.6~103 25.2 99. 6 94.2~102 72.7 96. 8 93.2~100
iy 0.33 1. 36 82.4 80.8~87.7 26. 4 104 100~108 82.6 110 105~112
iH 0.18 1. 29 88. 8 84.7~91.6 25.1 99.7 92.7~106 77.5 102 100~103
i 0.21 1. 44 98. 4 94.2~103 24.0 95. 2 92.1~97. 2 73.1 97.2 94.2~99. 5
) 1.65 2.91 101 98.3~105 21.7 88. 2 84.0~90. 4 66. 6 86.6 84.1~89.7
(74 0. 04 1. 24 96. 0 92.6~99.4 23.0 91.8 87.5~93.6 70.1 93.4 90.1~96. 4
b N.D 1.15 91. 2 88.2~93. 4 25.1 100 97.2~102 76. 8 102 99.7~105
i 0.72 1.87 92.0 88.4~93.1 23.9 92.7 90.5~95. 1 72.4 95. 6 92. 4~100
K 0.18 0. 29 88.0 86.5~90. 4 0.98 107 103~111 1.58 112 110~113

2.6 AEBEELR

AR EMIERES RN 1 5.2 %5
F2 [) B 1) i A 3 7 SRR AT S A5 A DU A5 D 3
HE L BAEK I E 3 A PATHE A AT 2 D
4 YR A BT AR o) LA RHE PRI T (1 A A8 S
(CV)BRFTENEEE (R T, LWL RN, W
Tl AS T) o B 8 HRRE b R R v 14 o R At P it
J) F A S S 2R K43 S AE 0. 3290 ~5.3%.,0.55% ~

b

6. 3% 1 0.58%~6.7% ., ikFaENE B,
2.7 HEMNE

i T 3 % 288 A5 A A Fig HRE i i A7 0 A2
14 Fp e 2 AE T8 B REA o A7 76, b 9020 DL Y
Bt rp o] G I B R B BE LRI LB B9k 8 MPoT
L7500 LA RE S b onT A I e LA BH LR LB 3
PR AT R R BARAUA 4. 21 20 B RE & vl K
W, BAR LR 8,

KT UHTEREBTESER

Table 7 14 elements precision results
1S HE il 2 SRE
LR ¥fE/ KRR/ % ¥fE/ KR/ %

(pg+ LD fitry CV fitia) CV MOCV (pg s LD fitry CV fitls CV MCcV
% 3. 46 2.5 2.6 3.7 20.9 0.32 0. 55 0.58
it 6. 77 2.1 2.8 4.0 14.0 2.3 2.7 2.9
4 0. 24 3.6 4.4 5.6 0. 38 2.5 2.8 3.3
i 5.43 2.9 3.3 3.6 10.9 3.2 4.4 4.6
(22 121 2.4 3.0 3.2 170 2.4 2.6 2.8
fip 0.19 4.7 5.2 6.4 0.41 4.0 4.3 5.5
il 0. 40 2.3 2.7 4.8 0.51 1.7 2.0 2.0
4 0. 40 2.5 3.0 4.1 0.71 2.5 2.8 4.0
4 1.09 3.3 3.9 4.0 2.01 2.3 2.6 2.9
L] 1. 24 2.8 3.0 3.2 1. 88 1.8 1.9 2.1
B 0.03 1.5 1.9 2.0 0.10 2.6 0. 62 1.1
& 0. 004 1.2 2.4 3.7 0. 005 1.0 1.4 2.0
Hr 3.42 1.8 2.4 3.8 4.79 0. 85 1.0 1.3
K 0.07 3.2 5.0 6.3 0.18 5.3 6.3 6.7
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Table 8 Exposure level of 14 elements in the nail sample

/(ng-g")
JLE 288 My RE AT R KR/ Y B/ (pg e g D)
% 99.7 1. 86
i 99.3 5.39
B 79.9 0.10
el 100 5. 44
B 99. 3 100
i 86. 8 0.17
iy 99.7 0. 47
4 82.6 0. 20
il 82.3 0.71
17 95. 1 2.79
[ 79. 2 0.06
4 4.21 0.01
e 100 1.07
x* 99.7 0.08

2.8 REES

RAEA B 3 A v, S0 28 VR P 1 1
F8 47 Tl 2 R TR R B ) OB . ARSI R K
LU RRE S 2207 T X 2 R AT R OF TR O] A
B 23 H L AE A AT AR A R SR =S HE N TR
PR o O PR IE R 14 R A A ARG e 1k ST R 3 o 3
LA [ AR e Bt AT 1 s . F R T i S N 4R
IS P i o SR B4 15 i R 2 BB 0 R BL A AR
S R AERE AR 27 AR A [R] 20 b A Sk
S ARl DN RE G5 R AT IR 45 E W P AT
AP AR X A o i 22 10 5 6 2 42 ol 90 T P L M BBl L 3
9. b PR i B e M ORAIE T R 1Y 3 B B

R FiEREYRIZREEDT WHTEONEER
Table 9 Test termination of 14 elements

in the hair quality control sample /(pg-g™')

TLH e g5 R A P
% 0.46 0.4140.12
H 1.93 2.0%+0.3
i 0. 04 0. 04540. 009
[ 0. 30 0.4340.12
B 126 137+9
fifp 0.21 0.28=40.05
iy 0.57 0.58+0.12
e 0.15 0.1740.03
5 0.06 0.0740.01
B 0.19 0.2
B 0.08 0. 065
i 0. 008 0.007 740.0011
it 5.19 5.7+0.5
xK 0.61 0.6740.1

2.9 itig
5 HRE AT AR A 3 5 R R I R AR AR B

i e T A A6 5 0 YRR R VBB AR L L 4R
FEA R IR B Y 4 B e I A W . LR R A K B
RSB RIAE ST, S T 9 3 2 > —4F 1 5% 58 B
B I T R YRR A A AT I A A AR L DA
BRI T B AR E TR R AR R G R
o SCHR VR R WA ML R JCHLER 2k RS Kok n]
MTFHRPRER. &R TR SHEPMEATH
BRI A s R RIS B U N IR T R
S AR PGS TR T R M I YT Uk DU AF AR P TR M T
EBR MRS . 16 AR B AR 2 5 kL S0 56 b
KR4 FEATT 25 IR K 3 V6, X i X v
(14 A ] P S i 20 e 2 TR 9 e AR 1 0 5 R L A
HIE AT R A B A E Y

PR i T T ke 2R A S A R R 22 0 R G I A A v
YT AT A AR 7 i S 2 FE w5 O I
X AL B A% 18 0 P Al R Y R 5 4R B4 A
20 Sk % 0 BE i (GBWO07601a) , [a] B i 4
TR Y R AT S K, 5 R R G B H A AR
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