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[ Abstract] Objective  To transfer and verify the reference interval for serum lithium determination by inductively
coupled plasma mass spectrometry (ICP-MS), and to evaluate the consistency of this method with the ion-selective electrode
(ISE). Methods A total of 450 serum samples from patients treated with lithium carbonate were collected and detected in parallel
by ICP-MS and ISE methods. Among them, 150 samples were used for reference interval transfer of ICP-MS, 100 samples for
reference interval verification, and 200 samples for evaluating the consistency between ICP-MS and ISE methods in serum lithium
detection. Results  Reference interval transfer showed a high correlation between ICP-MS and ISE methods for serum lithium

detection (r=0.980, P<0.01), with the regression equation ¥ =0.060+0.964X _ and R*=0.976. The ratio of the absolute value
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of the intercept to the width of the ISE reference interval was 6%, and the transferred reference interval of ICP-MS was 0.25~1.22
mmol/L. The verification pass rate was 98%. Consistency analysis indicated that the detection values of ICP-MS were generally
lower than those of ISE (P<0.05); in the low concentration group, the detection values of ICP-MS were significantly higher (P<0.05),
while in the therapeutic concentration II group and high concentration group, the detection values of ICP-MS were significantly
lower (P <0.05). The two methods showed an overall positive correlation (r=0.961, P<0.01) with R?=0.924, and the proportion
of points outside the 95% limits of agreement (LoA4) was 2.5%. The linear bias was 0.000 4+0.190 0, and the absolute bias met the
criterion ( < +0.3 mmol/L) for total allowable error (TEa). In subgroup analysis, the correlation coefficients of each group ranged
from 0.737 to 0.870, R* from 0.543 to 0.927, and the proportion of points outside the 95% LoA ranged from 2.9% to 8.3%. The linear
bias of each group ranged from —0.000 4£0.069 0 to 0.001 0+0.099 0, and the absolute bias in all groups met the TEa requirement.
Conclusion The ICP-MS method is reliable for serum lithium detection and shows good consistency with the ISE method, which
can serve as an effective alternative for clinical serum lithium determination.

[ Key words]  Serum lithium; Inductively coupled plasma mass spectrometry; Ion—selective electrodes; Reference interval
transfer; Method consistency

PR AR Ay RUAR 17 % B B 1 — 2l R IR 7 24, @B WM REA AR . W TS D A8 bR ™
BATE M 4. 1 B R AR AR A o KU 2L S OBEIN I RE H AT @ H R Ol
Lo W85 9 52 A A IR A (L. AR T, B AR B9 56 399 1) A P I 2 R 0 G T R e I T A R Y 24
I EBOHAE (04 ~ 1.2 mmol/L) , MFEMWEE Yo 25 XA F B e BUREAS 15001, o I 59431,
*QMmmmﬁ@ﬁ@ﬁljmmmﬁ¢%@ 9Ll AR 14 ~ 654, F A I (27.6 +12.6)

fE, PHUERE 2™ M Sty 25 W e I o AR %5 B A I 2k T K PR 2 % XA I

G & TR % (inductively coupled plasma mass
spectrometry, ICP-MS ) 4 AR H A K il & & . R
R e ﬁﬁﬁﬂl@ltﬂ@%ﬁil L, N T
IR ICER 5 E A BT 220, (B7E 15 2 25 Y ik
RS 7 AT AL T 05 W F IR B B LS B R R
L #% (ion-selective electrode, ISE ) % 1E M Il 75 £ 24

Yy AR I d5e o #9739, A BN AN B —
2 2 DX JB) MBS 2 s KCF o0, AR FSE LU ISE B4k

HZ e, X ICP-MS A ) I 37 £ 19 2 2% X [H] i 47
R S0, PEAl ICP-MS Bk A6 I I 7 44 55 ISE % 1Y
—HE, DA F A 7 V5 T I3 B 24 4 v B A )
FRISE i i H I ol 47 1 .

1 MRl5FEZ®
1.1 #HRITK

PEH 20254F 7 A 2 20264 2 A 15 Wi VT K 2F B 2F
B A T s A TR e (B T EE £ N IR EEBE ) 176K
M FIER I AR I DR ok TR L ARG ) ) 4% i R A AR
YN BRI AR I PR A A = 0.2 mmol/L. HEFR
b OFEARLELERR ML, 7 I, #9558 9 8 3

W R R s E, b, KA (0.2 mmol/L <Lis<
0.5 mmol/L ) 40, {& (0.5 mmol/L<Li=< 0.8 mmol/L)
504, w5 {H (0.8 mmol/L <Li<1.2 mmol/L) 504,
e fH (Li>1.2 mmol/L ) 10, % B ifin 375 45 I R AG:
DA FF A Iy 22 % H (0.2~1.2 mmol/L ) MIFEAS
100 635172 2% X M 96 IE . — BOPE A 5k BURE 4% 200
B, Hod 5 536, 4 1476; 4k 14 ~65%, F 1Y
S (27.7 + 14.4) % e VG B AG MAE 4 Ry 44
ik e & 2H (0.2 mmol/L <Li<0.5 mmol/L) 60,
VEIr e T 4H (0.5 mmol/L <Li<<0.8 mmol/L) 55
1, Ir e FE T4 (0.8 mmol/L <Li < 1.2 mmol/L)
5045, w54 (Li>1.2 mmol/L) 354, 7K #F5E )7
E SN AN o e o Y VW N ERE S DTN €I I T
L ANREBERE) B2 038 25 01 2 i it (I 5 R 51
. YI250211135114 ) , FFAEHTTLAE B2 2 W 5840 B
EIEL R G5 NE I,

1.2 A F

1.2.1 ICP-MS¥#:

ICP-MS i ft FAN 25 o Fi B 5 45 2 1 14 o 3%
% [ 5. Inspector SQ60, & =) %K. it K1 (bt



(IARAL S S YT ) 2026 445 32 45 2 1] 25

M) BEIFRHEARRA R ] 5 oA A ) A R e i
F & Gl T i 20242401957 ) . FE TAES K. S0
T3 1 300 ~ 1 400 W, ALk 1.10 ~ 1.15 L/min,
K AR AR E AR SR, BUTFIE] . SRAE VR B 4%
SRR G AR B E LR AT o

1.2.2 ISE:

ISE ¥ [t AN A S HEL A B2 20 BT A (F-5-: H900,
A7) R WY A E R FAERAR) ;5 B
B ER S R . BRI IR (3 B
120172400506 ) . FE TAES 5. R BB SR HE,
R A AR R E R 20~70 mV/104% vk B, Y
[ 0.10~6.00 mmol/L , M HH5 £ 1Y 75 5 R4 < 3.0%,
SR PER 0.01 mmol/L, HAx S B0 3 AE 4 REAE 1L
i 5 bR R LR
1.3 AHik
1.3.1 &gk

# kAL AHE 3500 r/min B0 6 min 43 B I3
Jii 2 o DN ¥4 7 K SRR Il PR G 0 S 0 B 0T k4 1 B
T S Xt AN 7 b o R AE LR, D ISEdL: LR
BRWEAAE )G, R IR, BUA S I A
180 WL E#: AR, @ ICP-MS:: B 80 wLifl
HHEAS 39 mLEEMBRIRAMEE, RAFET
RS, AR E S BOR E SRS S, A E T
B 2 HERE R R SRR AE AT I E 3k, DA E
A B 4 25
1.3.2 ZHXNEK

MR A5 55 1 i R N S 59 = A fE A6 B 25 (Clinical
and Laboratory Standards Institute, CLSI) & 755 f¥) 45 B
Qi PR 52 56 %8 2 7% X ) L. g7 R iE)  (CLSI
EP28-A3c) Fl (i JH AR 35 A A i A7 D 4 72 % LU 8K
w22 45 3F) (CLSI EP09-A3) , X W Flt J5 ¥ °F
A 6 WU %) 235 SR AR DA 43 B, 5 P A A Ty v A OG
PEP AT A L R B (1) =0.975, LA E REL
(R?) =0.975, &M EIHR R (a) &b F 0.95~1.05
X [E), H A 4 %A 5 ISEvE & % X 8] % & 19 kb
{5 < 10%, W25 ICP-MS¥: il M ISE¥E HEFT 2 % X
[ 5% %%

1.3.3 ZHX[HHIE

M 019 5 FEHHE ICP-MS ¥ Y & % X ], JF

K I ICP-MS i £ M 100 6] kb F ISE 7L 2 % {5 [l Y

MIFEAS, TH8 I 100 5 B A rhoks: I 45 21 9% A6 5% 7% )
ICP-MSEZ % X [H N BYFEAS 5 [, #5383 % = 90%
D ) 5 96 0 3 ot
1.3.4  —ZPEPEN

iz FH W i 7 3 %E T SR B R A I e S A T A
XoF R A RS DN 5 v i A e T 4 AR AT 25 kSt o
BrICAROGHE 70, TS WIS 5, AT PR 5 1k i 4R
PEAR 25 80, WG AE A I PR I 3 A AR B ICP-MS
25 ISE ¥ (4 25 W 4532 1k
14 SHitFEH*

¥ H1 SPSS PROTE £k %4l 41 M7 7 & #4741 2
G HTe BT T i SR DA x+s FoR, R X
¢RI, AR B A AH G RT [E] I SR ) Bland—Altman 75
115 95% & {5 X [8] (limits of agreement, Lod ) . VA
P<0.050 225 BAG 4 L.

2 H#R
21 SERXEER

X 150 ¥ A ICP-MS ik 5 ISE ik F 17 #& Ml
IV B &5 SR HE AT AR OCHE o A, MG HRE (1) =
0.980 (P <0.01) . LA ICP-MS¥: 45 5 N [H 78 &
ISEVE &5 3 o | A8 & 4 57 42 1 ol 3 7 72, 15 3

Y o s =0-060+0.964X  , JeiE RE (R?) =0.976. i
it 32 [l 5 J7 A8 R 4 X5 (B 0.060 1 55 W] 15 4 BE 48 Xof
{H 5 ISE¥: 2 7% X 8] 98 i 19 L AH B 6%, 4% ISETE 2
2 X [a] (0.20~1.20 mmol/L ) ¥ " BR AL A [0 15 J5
PR, 13 5] ICP-MS 74 K I if 765 22 19 2 % X 8] 2y 0.25~
1.22 mmol/L,
22 SEXERKIE

K F ICP-MS#: X 100 6 £F 7 ISE % 2 % i [l
1) I 75 R R AR R AT A, &5 SR R, 98 {9l B A A
45 W& 7E ICP-MS 7L 2 % X [H] (0.25~1.22 mmol/L )
P, 206045 S X a], il RN 98%
23 ICP-MS:E 5 ISEE# U I BR# A B9 — B 1%
M

SR T, TCP-MS 5 X i 75 44 () 46 I (B X T ISE
%, ZREAGIFE L (P<0.05) o #E—200
25 IV A B A A OO0, L A Ak A o B X[
i, ICP-MS L MR (B T ISETE, 255 AA 4t
R (P<0.05) 5 24 i i £ AL T H: At e B X [R]



26 Modern Instruments & Medical Treatment, 2026, Vol. 32 No. 2

GRITHRE T 4. 3Ry e B8 T 4 R g vk 2 41 ) |,

ICP-MS ¥ (19 4 ) {8 ik T° ISE¥:, HAEWBIFwE 1
AABFBHREHAEFHASIT¥2E X (P<0.05) . U
#1,

R RPN L v R Y 22 PR A BT
ISEi%
( mmol/L )

ICP-MS %=

AR
e (' mmol/L )

e BE 4 (0.2 mmol/L <Li<
0.5 mmol/L )

VARITHE T 41 (0.5 mmol/L <
Li < 0.8 mmol/L)

WRITIREE T ZH (0.8 mmol/L <
Li<1.2 mmol/L )

EEE4L (Li>1.2 mmol/L)
gk 0.730 £ 0.619 0.678 + 0.687"

1 : ISERE T Re Bt ; ICP-MS i BHl & 45 55 11
Wt TS ISEE L, P<0.05,

0.357 + 0.080 0.380 + 0.066"

0.644 £ 0.105 0.629 + 0.109

0.926 + 0.107 0.861 + 0.147"

1.420 £ 0.912 1.380 + 1.231"

FEAH OGP 43 A 7 i, SR ICP-MSIE 5 ISE
FERIEME (r= 0961, P<0.01) , [F)5 R4
B (R2=0.924) , 95% LoA4M s di kbl 2.5%, Hk
PE 22 #2380, LA WS/T 403—2012 i IR 4= 11k 2%
Ao 56 BRIV E 43 BT 0T A ) FIE 04 1003 B I IR o
PF A% 2% (total allowable error, TEa) < + 0.3 mmol/L
hy ) R A, R RRORS 0 5 3k A 48 %) R 2% 7F TEail
Bl ARSI A dl, IR BEAL. 1RIFIRE 1
A IRYT RS T4 0 A C R B (r) 4351 R 0.784
0.773. 0.737, L& B (R?) 43 5 K 0.615. 0.597.
0.543, FHXTEAR; MM, QI WRIE T 4. /97
WS 219 95% LoAAb ki i 73 51 0 8.3% . 5.5%.
6.0% , YL BIH (5%) , 545 50 41 0 26 s 22
PIHEIE 0, H & 4100 46 % i 25 ¥ 76 TEaiis iy, L
#2,

3R 2 AR5 5 A a3 R A R S Al 22 0 A

o Edl  0.784 ¥ pans=0-149 + 0.647X,, 0.615 8.3 0.000 2 + 0.041 0 0.022 9 +0.050 0
WWITWE T4l 0.773° Y s =0.110 + 0.805X, 0.597 5.5 —0.000 4 +0.0690  —0.0150 +0.072 0
B4 0.737 Yps=—0.071+ 1.008X 0.543 6.0 0.001 0 £0.0990  —0.064 0 +0.099 0

FIREEAL 0.870° ¥ prs = —0.600+ 1.299X, 0.927 2.9 —0.0003 £ 03330  —0.0720 = 0.430 0

FEYEN 0.961" T 0s=—0.080 + 1.066X,,  0.924 2.5 0.0004 =0.1900  —0.026 0 =0.194 0
E: "P<0.01
3 itig A5, ICP-MS ¥k 5 ISE ik i 6 1 45 2R 5

AT, 0GR b v R A 35 BRI vk Ol ISE
00 TR R AR R . R A A A
8.5 3% i35 1 Nat, K. Ca? % HAh B 7 19 3k,
A FH AR 8 SR I, DA B s B I P At 19 S AR
E B E AL R A 25, R RE S O E 25 R
PR M T, DATH B2 I PR 12 97 Al L2 ICP-
MS V& K I 9 BB, 3E iy b A Jm 2R 2 i ik
FER, RRE R, W] R LT P 25 YR R o T
K, HatHZ o RIES R L rbrie )y, JEal BT
TG FRE SRR N, S ELAS I E AR 4 X E B, AL
T B M3 2 5R TH0, BLC 7 22500 R A I A5 3 56
TE - R, AR BF 5T i ICP-MS % A 4% ISE ik
Rl SRR SR SR

JER K (£=0.980, P<0.01) , &0 HFh 7 3246 0 i
7NN R R = N R R Y Y T S ET S Wy 4P e
Z B R?*=0.976, 1 W ICP-MS#: 5 ISE¥: 1Y il A 5L
AR S, H 07 AR o R 0.964, V% 7E CLSIHE 1%
9 0.95~1.05 [X ], #%HE 48 X} {H 5 ISE: 2 % X [1] 9
JE B HAB N 6%, £F 4 CLSIHE#E A < 10% Y 4 (i,
FYIAI X ICP-MS L 4T 2 7% X [0 # 75 112 %0
L 26 T 0] 42 75 98% ) i PR A A V& TE e B 5 1) 2 7% IX.
&) P, gt R E T CLSI EP28-A 3¢ #7519 90% 1 5
{8, VL% T 5 4 ICP-MS ¥ 2 % [X [a] %) T Ifs K #E
AA R IE A AT S, 5 oCHk [15 ] AR5
T—.

FE—BETE b, SRR DG R A e REGR



(IARAL S S YT ) 2026 445 32 45 2 1] 27

B, RS DNy 3 A A A Sy B BRI R DG O R
ISE ¥ 6 I {E BE % 1% B¢ ICP-MS % 92.4% iy 7% 5 1%
. Bland-Altman— ¥ 73 B 45 2 B 75, 95% Lod
HP S HEH 2.5%, KT 5% &1 BR{E, I 2P
o %0 it 22 . V- B2 i 22 S 0E T 0, X B IR AE
07 5 AR WL 000 3R Gk S ) i 220 454 I T
(% TEa, %0 22 7K - 4b T I PR A 0 1% AT 42 32 5 i 2
PR, 2R T TR A gk G T 245 L %) 4 T 2 S X I PR 2R B
FH IS RPE R, ICP-MS 3% Al %80 ISE k.

SHIE AT A R WOR, EARMRBE AL . RITREE |

A RYT B LA, MO R B A AL T —
K, 95% Lod Sh i FEAE R IT Mk B 20 i TRk B2
41, HIH 5% 0 GA% (R T v B 2H A AH OC R
B, WA BE K 95% Lod Ah 5 b R R AF, X Ui W]
PR RO I 7 12 A7 A — o M 2, L2 D 22 B ol v 8 ok
JE B0 T 0N o 33X — O 22 7T RE 5 b 7 i 0 A T
J BRARRPE AR OC, ISE VR AR By 1 e P M 5 S L S 1
(O RE S VRS A, AEAR VR B X)) 32 i i 35 I v 4
BRSO AR R S T, DT S RS I A e AR Y
K5 M ICP-MS 12 3 T Jot i 5 R S MR A I, e ot 1
Pehe Sy s Do) o H JE i Ak 0] bk B R R, el
T3 W T X L Al 25 X i 0, ST 88 4 % A 22 4 AF
A 3% 47 (% TEa, 33X 3R W12 M 22 AS 23 % I D 75 16 46
0 1 I DR — Sk 7 A S

25 b TR, ICP-MS A6 i 35 22 M R T 58, 5
ISEVE — 2t RAF, w] A il PR 1 3 2 A6 00 A A7 3%
Bk, FLRRNEE A R AR b T B
NARBHERNTE

[ & % x & |

(1] op 2 3oz 23R 7 25 4 W DN WF 5 e ok 2 B 2, o 5] B2 Ui
B2 K PR} B2 O 7 2%, v [ 2 B ziﬁdﬁﬁfﬁﬁﬁ%?

4, % EPlil**ﬁiﬂ{ﬁr*fi%"*iﬁlﬂllﬁf‘f“fﬁ%%ﬂii“
(20224F i) [J]. #2850k pf 1L 24E, 2022, 22(8):
601-608.

(2] Z=Bi, G/ 288, 5. ICP-MS LI a2 A 4 1fi p 19 ik
HITRE MW HERBIEAN SR [T . bR 50 B 2 e AR,

2020, 41(20)' 2438-2444, 2449.

[3] B¥%&. HIRICP-MS [ fli 5055 [
2021, 27(5): 51-54.

(4] $EBeRy. ICP-MS 47 AKE I A i 3 Hp 81 s vk B2 19 7 i 1)
@ KR (D] Kb bR Mol B K2, 2023.

[5] Nawi A M, Chin S F, Jamal R. Simultancous analysis

- R S =T,

of 25 trace elements in micro volume of human serum
by inductively coupled plasma mass spectrometry (ICP-
MS) [ J] . Pract Lab Med, 2020, 18: e00142.

(6] HEWEA. B Bk 5 I W SO 35 2 00 22 i v
BRI LU AT [0 ] i BE 2545 e, 2019, 17(32): 22.

(7] 4B 3C Y, # sk 98, ¥t 5, % Sekisui CP300015 STA
Compact Max@f]ﬂl%*fﬂh(m' 1305 xS a3 [T B
PG BEYY, 2022, 28(3): 46-49.

(8] 48/, skARAE. =R TR] A A 43 B AN E 25 2R 1 BE Xk
0017 BN 5 E Y, 2021, 27(3): 69-71.

(9] KRNI, BRikre, BERKAE, S5 M5 0] BT & PEAN 43 # fil 22
R RHA YT 25 Y & R R (1] . T E 2 )5, 2019,
30(1): 136-140.

[ 10 ] S, SREERK, NI, 5. SRR £ 5 79 SRR 78 — J0KS v &
BHEE BE IRy 7 20 M D BRS04 (0] . R 2
W3, 2013, 22(11): 1347-1352.

1 ZEAR, BUA Dy, B R AR AR S R R A 0 A I i
WA [ 1] . B 2546 7, 2018, 16(12): 9-10.

(12 W 5. T 4 12 R ) 42 30 85 S 3 PR AR A AN T vl = 1 UK
SF- LV R A AR I ) — B He g [T ] SR A,
2025, 3(21): 229-231.

[ 13 ] Laur N, Kinscherf R, Pomytkin K, et al. ICP-MS trace element
analysis in serum and whole blood [ J ] . PLoS One, 2020,
15(5): €0233357.

[14] Clases D, de Vega R G. Facets of ICP-MS and their
potential in the medical sciences—Part 2: nanomedicine,
immunochemistry, mass cytometry, and bioassays [J] .
Analytical and Bioanalytical Chemistry, 2022, 414(25): 7363-
7386.

[15] Fan X, Li Q, Lin P, et al. A standard addition method to
quantify serum lithium by inductively coupled plasma mass
spectrometry [ J | . Ann Clin Biochem, 2022, 59(3): 166-170.

[ 16 ] Clases D, de Vega R G. Facets of ICP-MS and their potential
in the medical sciences—Part 1: fundamentals, stand—alone
and hyphenated techniques [ J | . Analytical and Bioanalytical
Chemistry, 2022, 414(25): 7337-7361.





