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Teaching practice of undergraduate graduation projects in
clinical laboratory science integrating liquid chromatography-
tandem mass spectrometry and external quality assessment

SHI Jie', WANG Mo'?, XUE Qiaozhen', ZHANG Shunli’?, HU Yanwei'*
(1. Beijing Chao-Yang Hospital, Capital Medical University, Beijing 100020, China; 2. Beijing Center for
Clinical Laboratory, Beijing 100020, China)

Abstract: This study aimed to explore the application and pedagogical innovation of liquid
chromatography-tandem mass spectrometry (LC-MS/MS) in undergraduate thesis training for medical
laboratory science students. Using the development of 25-hydroxyvitamin D, (25(OH)D,) and 25-
hydroxyvitamin D, (25(0OH)D,) external quality assessment (EQA) samples as a teaching platform ,
an experimental teaching model driven by research tasks and clinical practice was established. The
teaching design encompassed the entire workflow, including sample preparation, instrument op-
eration, data processing, and result evaluation, enabling students to acquire hands-on experience
with core LC-MS/MS techniques and quality control procedures. Through the implementation of the
experimental project, students participated in EQA sample preparation, reference method-based
quantification, homogeneity and stability assessments, and EQA result analysis, thereby gaining

comprehensive exposure to the process from experimental design to result interpretation. The results
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demonstrated that the prepared EQA samples exhibited satisfactory homogeneity and stability,
meeting the quality standards established by the China National Accreditation Service for Conformity
Assessment (CNAS). In the “2024 Beijing Serum Vitamin D EQA” activity, a total of 16 medical
laboratory institutions in Beijing participated. Teaching practice revealed that this project significantly
enhanced students’ comprehensive abilities in experimental design, instrument operation, data
analysis, and quality assessment, while also fostering scientific thinking and teamwork. By in-
troducing advanced analytical techniques into the undergraduate curriculum under the educational
concept of “research-driven teaching and integration of industry and education”, this approach not
only optimized course content and experimental procedures but also broadened students’ practical
perspectives in clinical laboratory and research applications. This study provides a replicable teaching
model for undergraduate laboratory education and offers valuable insights for promoting the in-
tegration of advanced analytical technologies into medical laboratory science training.

Keywords: liquid chromatography-tandem mass spectrometry (LC-MS/MS) ; 25-hydroxyvitamin
D, (25(OH)D,) ; 25-hydroxyvitamin D, (25(0OH)D,) ; external quality assessment (EQA) ; clini-

cal laboratory science; teaching innovation
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RZ-500 i {1 &5 AH (3 - BT i B H R 48 (L ifg
HERAWREARA ), T # M LC-MS/MS £
I ; AB5500 ¥ AH €633 - BT 35 5k 1 R 46, £14% Nexera-
XR WA % R G (B EAE, HA)E 5500 Q-Trap
= 5 MU AT 1% (Y (AB Sciex A #l,EE) ,H T
) E A . BCESSI-10CN K (FEZ A A A,
), H17.5R &3 &0 H0 (R A RACA R, MSS
fg 1 Bt £ 4% (B 248 ) , AN25D020-96 FL % W 1Y
(4R FHEE ) \EX-48 4 [ sl A% R B U g v P 4k A=
FAREAR BN (f %% LK FSV_MB2 96 A{3/€, 0
FE R E ) T 96 FL 43 e B R I v
FOEEBT BEHEE 96 FLHEFLH .96 L V AIHT |
BB D LR EH B RE
BRAF D,

25(OH) D, b5 1 & (41 =95%) F1 25(OH) D, #5
7 fib (4% >98%) I A 3¢ [# Sigma-Aldrich 2 ] ; [A]
A Z NARL6,19,19-D,]1-25(0H) D, ( 4 &F >97%) il
[6,19,19-D,]-25 (OH) D, ( 4li ¥ >97%) ) A 3 [{
Cambridge Isotope Laboratories, Inc 2\ a) ; H i
(HPLC %) .2 i (HPLC %) . Z % (HPLC %) K g
(4l £ >99%) Ml 1E & % (HPLC %% ) iy [ 3% [ Fisher
Scientific 28 A o ik 2 81 (41 B >95%) - /K & i iR
BE (41 >98%) 1 11 b 5T 45 FIRS 41 1k 27 5 A BR 2 A .
1.2 EEREEM

EQA J& 521 % i 4% PR AR 2 A0 51 240 B4
L BE A Dt PR 58 3 A o AR R AR LT TR S5 5 5 ]
f 3R G0 1 22 R R, I o B5HiE S 4 L i 2 A I
5 R R e

EQA H) 52 ita 18 % A 3% 4 st I . (D FEAR
W5 40 & il 2% 5 I R AS 5L B AE oL L A R AT
BISPE AR E AR  IF P R B2 S IMTE R =
(2) 6 00 5 5 4 ] 1 - S 30 = feff P i R AG: 00y 3k
Ho 1 \LC-MS/MS ¥ ) % FE A S 47 K, I 4% 220K
A ISR (3) Bl Gt S PR R AR S
205 0 Chn b LB s AR Y 437 B S 6 SR
XoF 45 S 16 = G I {5 1 22 ) ) i 25 1E AT 0 BT, O
B 015 %) T 7 Y R (£25%, 1R 5% T A fat B 2%
PRAG B bt 5 i 442 2 D /) EQA TE M A5 ) Hl
W ARG I 25 SR A A A 5 () 25 R i 5 ik - EQA 41
SUHLAL AR G0 1125 5 1) 9206 % IR it 22 15 8L SE 5

5 ARG I Ty v R R AR B o i R R
PSP A AR i

1£ 25(0H)D, f1 25(OH) D, (& H , EQA fig
WA R AR k2 B R EHER .
2 7 ¥ A (40 LC-MS/MS) 1] FH F 1 & $84H , I LA
I A o A 2 2 e 1 A5 v RILARG: T v A T &4
(AT AN AT R P .l ST 48— 1 EQA K
TR R AR R D R DU bR AR S A R o,
I 4 I PR 12 W7 i) T S P R S 6 5 ] 45 S i )
3B WP
1.3 #HARHE

FREL 25(OH)D, fil 25(0H)D, 45 1 mg, 43 HIl %
f# T 1 mL HEEP 6485 1 mg/mL &M . Bl A H%
it 5 WO BE 1,000 5, 19 1) 24 i 5 VR JE 1.00 pg/mL
(9 b5 A T A/E W (BRI 25(0H)D, 2.427 wmol/L, 25(0H)D,
2.496 wmol/L) .

WS 1D B B O 2 B JE A nT w PE B B A 56 R
R J 103 3 300 mL, K H AR I K O J5 F- 34 40
34y (4% 100 mL) , Hrp— 0y 72 8% 1 f E 4% B A
25(0H)D, br#EE K 0.65 mL, 4i 5~ 202411 ; — 15
TERE P HE 2% Fhm A 25 (OH) D, 4% #E % W 1.95
mL, %5 K 2024125 55 — 0 AS B AR o & AE 8 K
WERES g5 202413, SRS E R T
F£ 30 min J5 @ E B4 A 150 52, 5 3 0.65 mL,
& o AW I 4w B B B R A B8 b a0 5 BH B B
e ZE 51 S e, A 4L (2023-F1-410) .

1.4 E#M LC-MS/MS F iR S IR E M
1.4.1 FFALE

B 96 L 43 % 45 BUi 3R] L 3 000 r/min & .0
1 min, {320 550 K % 2k 24 4R vb 21 L AR R B . H 300
wL a5 ) T AR 300 wL 5 0 R A 2 9 fin A 96
FLF A 2 FR BOR FI 09 55 3.9 P L, (i 4 A SR R
PEWAGS AT A0 T 2O Y RS, WG Ak, A, R,
3WMRVE, VR . AN ER R P A AE KA 6,12 B AL
HH Y T B B EY 96 FLERFLAR L BT 96 FLAIK
A A 80 L B 1 A M B (21 W
I 5K AT A 8:2), B F e, e PR % 10
min, &> (4 000 r/min, 4 °C) 10 min, & J5 ¥ &5 1%
W 2 96 FL V EINT, B 1 I &4, ] RZ-500
€35 - 0T 1% B FH ASCAG
1.4.2 &%

Boltimate & #: C18 @i (50 mmx2.1 mm,
2.7 pm) ;I BAH A AH R 0.1% F R K VW . B AH N
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0.1% H R B [ 5 B B Y P2 JF : 0 ~ 0.2 min, 80%B;
0.2 ~ 2.5 min, 80%B ~ 100%B ;2.5 ~ 5.0 min, 100%B;
5.0 ~ 5.1 min, 100%B ~ 80%B; 5.1 ~ 6.5 min, 80%B.
Mk 0.4 mL/min, #EEERFHN 15 pL.
1.4.3  Jrik &t

K R JE 1k 2% H ¥ (atmospheric pressure
chemical ionization, APCD & 7, EF® T . £ X
R W I (multiple reaction monitoring, MRM ) 5
LB F IR 30 Arb, BB IR 5 Arb, RS
1 Arb, B T £ 4 & IR E 400 C, & 7 IH N kR E
400 °C,25(0H)D, #l 25(OH) D, ity W5 I &5 1 X 43 )
b m/z 395.2/377.4 F1 m/z 383.4/365.4, %F i () filf i
AEHE 439 15.67 V FT 14V,
1.5 #ARHEERMBEETFN

i I CNAS-GLO03(HE J7 3 ik A & 35 5 1 Fi £
SEVE VR 35 ) B VEM AN GE Ty A R REAR R AT 4
PE AR SE PEDEA 5 78 5 50K % W6 2 CNAS-CL02-
A003( = 2 52 56 5 ot 12t FTRE 1 oA n] o DU 8 i PR 1k 2%
o o S5 S A N FH B ) BRI AL L MR 1.2
EQA TFAN J5 v HEAT FEAS b BRURN A6
1.5.1 #H45 HERIFN

By WM 2R 5 2% 40 B, LAHI A TS
[a] 2% . % & 2 S FR T AE B9 T A5 1 22 (standard de-
viation, SD) i ZE3K |, J7 22 43 B 8 7 A (8] 25 15, 4
B SD A KF 030 (o= 72 iF % 22 (total error al-
lowable, TEA) x#J{H ) , {75 Al A Ry i [0] 22 5 4%, RI ¥y
SIVER A, TEARTUHEIE b FRATIN 28 1 A 4 0+
A HTEL 202411 F 202412 FEAS & 10 37, fd 4
M LC-MS/MS Ji ¥ f& Wl i 3% 25 (OH) D, #i
25(OH) D, 5 32K 9 ¥k, B0 O 22 43 A i A7 34
AR AIE
1.5.2 & E M= BT

o P T M 2 W 0 0 ) VR A S g
FV I AE A S5 0 T S A5 & AR AR Ak 38 2o 2k B AN TR 1Y
ek FEE 1 RIS T) (18 s i) o5 X6 B AR R A7 A0 5T, A SR %
T B Ay v A 5 SR DU A /DT 0.3 o,
WA Z AR AR B R RE . AR,
PEPE 202411 Fil 202412 A [R] ¥k B K F 1) EQA FE AR
PEATREMER SR . Hid, “0 P RE A & A -80 TYk A4S
B R A 52 25 38 I S BRI , 5 BB I) B 1 1L 5
AKF“37 CFAEfE 2h"“2~8 TR M 4h7“-20 T
TAEE S AT A RS S, &R 2 K.

1.6 25(OH)D,#1 25(OH)D,E &

25(0OH)D, 1 25(0OH)D, EQA FE AR E X T
A fd R TG R K I P D B L S kT
B0 1 el M LC-MS/MS J7 122 2 45 L v
FeAH 25(0H) D, 1 25(OH) D, # ¥ i, 4R J5 i
AB5500 ¥ AH €835 - T ik 5 H R i 17 5 % ik E
{H « AR 4l Lo 5 18 R (100~800 W) Fif BE A 4 7 Ak
oEZHMA, A 30~50 pL N bR % (100
pg/mL) , DAk A3 350 19 K SR/kR 2 0 b i ()
25(0OH)D, f1 25(OH)D,, % L B35 F K 0.25~2.5) .
ZJa A Na,CO, KW A L # T /KE 1 mL Z4k
o ZEWR T4 1 he e R & A DT MR -]
FE M I TP 2 B H BR A A, il AB5500 W AH
3% - % B R e 64T LC-MS/MS 4347 .

1.7 EQAHAMAN X KMMER LR

BEA DL K& Rt 2= 45 2 i EQA T 3h il 52
K%, BAEIE IR 3 S (202411,202412,
202413) At 3 CAEAR 3 9 T,

BRS ML SRR )G  EL 3 A iitT
R, A H W AT S | X, B EEME 3
W1 JE I SR Y H R A I AR AR F-20 CLEA
W5 Y H K R AR 7E % IR RS 30 min, Rf 58 4 il
b, 2% R EENR A B TR I . D Tk Sk
A5 S 0 S 4 S R DN I PR AE AR B 5 T Tk

TF T AR A 2 52 B, A8 b 5 T I R AR 56
.L> M 3 (https://corelab. clinet.com.cn/) % 5% 52 &
FEHPAMENEHS R, ERs
1.8 EQA &R o

K 2003 Jit CLInetEQA KX, X 5 Jin 5L 46 =
I 2 1) B30 HE AT AR e T o AT < B ST R I 4%
R A S EE A R L R AR T
WA AR Z 5 AR TS s U e S
VEA bR e Ry £25% , 8K I 76 BUH 20 BT R T 230 1S Al
R TR N (S % Tk e NS A s 1
L/ QLR R E S 8 LN rlal = R G =
HEITAZ 5= 1 EQA l5i .

2 HR5WR

2.1 E#H LC-MS/MS FiEHEZE

WEFE 3 DACE A AR E 5K, &
2 72 3 it , 25 (OH) D, 1 A5 1 ¥ WO B2l 5.6,
6.88.13.88 nmol/L, It N ¥ % J& & 5.28%.3.92%.
2.95%, & OKS % 5.40%.5.93%.5.01%. 25(0OH)D,
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B4 o R 5 TR MR B M 35.34,43.04.58.66 nmol/L, it
K %N 3.32%.2.56% . 4.16% , K5 % E N 4.55%
5.06%.5.88%.
22 HARHIEIFEN

FEAR 5 53 PR VEA 25 5L UL I 2% S1(www.chrom-
China.com) FIff} 2% S2, 220G i a9 4 R & 1
M 2, WERTLFEW, WS i &
25(OH)D, #1 25(OH)D, # F i (F=41 18] J5 /¢4 N
)7 )T F RAE (F, ,,,=3.02) , 35 B 1 & 1Y
EQA BRI S MERF G 25K .

%*1 25(0OH)D,EQABAKRAFERWEREK

Table 1 Variance analysis results of 25 (OH) D, external
quality assessment (EQA) samples

Batch Source of Degree of Sum of Mean
No. variation freedom squares square
202411 between the 9 0.518 0.058 1.78
samples
within the 10 0.323 0.032
sample
202412  between the 9 24.875 2.764 1.90
samples
within the 10 14.475 1.448
sample

F=between-group variance/within-group variance.

%2 25(0H)D,EQAHAAFENTERE
Table 2 Variance analysis results of 25(OH)D, EQA samples

Batch Source of Degree of Sum of Mean
No. variation freedom squares square
202411 between the 9 5.769 0.641 2.46
samples
within the 10 2.609 0.261
sample
202412  between the 9 113.025  12.558 1.08
samples
within the 10 116.374  11.637
sample

2.3 HEABEEITEM

FE A 0 A7t B2 2 Pk DF AN 45 2R UL B & S3~S6.
5B F 8] ,25(0H)D, f1 25(0OH)D, fE“37 CF 2h”
“2~8 CTF 4h"“-20 CF 54 "M F ik i
5 SR I A LN T 030, RRE R R I, B
EQA FEA T [ A TR BE F0 B 18] 19 32 B A0 % A7 B 05 T
R TR
24 HAEELERRAEZLE

W £ 1) EQA FEACR 2% Jr ke ", &
AL BRI 3 SRS R SORE S E N 3R, I
DL A 00 A 0 P S (PR . AR 4 +25% 1

PR T BT Z N LR, MR 3 ATUAEHR, %
Lk EQA #EACH) 25(0H) D, . 25(0H) D, LA K 5 %
AHI A5 0 8 25(0OH) D Ay #E {1 52 BLEA 52 A4 vk
FERSEE, H A 25(0H) D By AR ¥k Bt X By T 4E
N R ILFNE TAEAT AR HE WS/T677-2020 N HF 4E 4=
F D k= A k) R AR R D B [ K
192 % Bl (25(0OH) D=50 nmol/L 4 iF %, 30 ~
50 nmol/L A &, <30 nmol/L NEt= ),

%3 25(0OH)D EQAHARBERFTEZR
Table 3 Target values and acceptable limits of 25 (OH) D
EQA samples

Project Batch Target Accept?bl.e Acceptr.atbl.e
name No. value/ lower limit/ upper limit/
(nmol/L) (nmoV/L) (nmol/L)
25(0H)D, 202411 21.30 15.98 26.63
202412 10.30 7.73 12.88
202413 6.42 4.82 8.03
25(0OH)D, 202411 17.05 12.79 21.31
202412 63.00 47.25 78.75
202413 15.11 11.33 18.89
Total 202411 38.35 28.76 47.94
250D 500412 7330 54.98 91.63
202413 21.53 16.15 26.91

HY I AT D0, A B 5% AN ARy il 2% T AR H A M
ARG PEPEAN 2R () EQA #EA, A i & 25(0H)D
THALE 3 T IE R AR AR 23X 3 AN [E] vk BE AK
T N BE L TF A EQA FE AR X I PR AR & Vi I 4 A5 1Y
BER LN E R X R T RN SE
kL.

2.5 EQA B &

AT I AR A 56 0 T 2024 AR R RAE AT T
1 YL 25(OH)D, A1 25(OH) D, £ 1l i) EQA {5
TR, 2000 52 56 25 KA D 45 SR O L 3R 4. Tl LA
B, BIMELEERECH 16 K. W T U5 &M
J5 gl E 25(0H) D, A1 25(OH) D, 1y 3 i, [H itk
4R 25(0OH)D, 5 25(OH ) D, K il 45 5 (1 52 56 28 {1
A2 5, R 12.5%; 2 8050 5 = ATk A2 kOt
L7 A I A 25(OH) D, [l 4 & 25(OH) D #6145
RITEEA 15 K, FHFE N 93.75%.

ML 25 (OH) D Y 45 52 5 25 45 S a] UL, it 5
202411 A% R AL, N 46.67%;202412 1Y A 4% R
o 73.33%; 202413 WG A& RN 73.33%, GBS
T e A5 A 4 Hre] LUE 202411 19 25(0OH) D,
W B, AR RO R 25 (OH) Do A6
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Table 4 Participating laboratories and the test results

Laboratory 25(0OH)D,/(nmol/L) 25(0H)D,/(nmol/L) Total 25(OH)D/(nmol/L) )
No. 202411 202412 202413 202411 202412 202413 202411 202412 202413 Testing method
1 22.81 2.12 2.81 20.29 80.37 21.05 43.10 82.49 23.87 LC-MS/MS
2 17.09 64.76 17.73 LC-MS/MS
3 26.88 71.56 23.49 AECL
4 65.73 198.67 44.17 AECL
5 29.63 69.69 16.09 ECL
6 73.20 175.00 55.51 ECL
7 24.25 69.30 19.10 ECL
8 27.84 83.38 20.28 ECL
9 32.37 71.84 19.72 CLIA
10 29.18 66.79 22.36 ELISA
11 29.02 67.43 22.45 ELISA
12 35.55 78.77 23.46 MCLIA-AMPPD Marked
13 28.59 85.89 18.80 MEIA
14 24.43 76.70 16.75 MEIA
15 64.06 152.56 44.21 CLIA
16 290.11 39.15 20.02 other
Pass rate/% 100.00 0 0 100.00 50.00 50.00 46.67 73.33 73.33

LC-MS/MS: liquid chromatography-tandem mass spectrometry method; AECL: acridinium ester chemiluminescence method; ECL:

electrochemiluminescence method; CLIA: chemiluminescence immunoassay method; ELISA: enzyme-linked immunosorbent assay;

MCLIA-AMPPD Marked : micro-particle chemiluminescence-3-(2’'-spiroadamantane ) -4-methoxy-4-(3”-phosphoryloxy) phenyl-1, 2-diox-

etane marked; MEIA: micro-particle enzyme immunoassay method.

FAAE—E R BRE, A i & 25(OH) D 1&
e R AR AR

3 BEXLKRSRAB

31 MEBE5#FEKR

C A o B 7N vl L = B [ [ e S ]
25(0OH)D, #1 25(OH)D, 5l H EQA #E Al iyl 2
HIGIKRT 5. 48R D 76 4 R 45 g 0 - 1 B A%
fat B X o DR h R M OCHAE N, sk = sl 7 5
MBI 1 S5 P B o I A 92 0 A5 22 b 2 9 2% VDA
Ko HERRINAE 3 25(0OH)D, F1 25(OH) D, 7K 3F %
TR HIZW JRIT R B A EEE L, EQA
T B 1 DR ARG 56 245 1% o 0 2 R S 6 5 R) AT BL P 1 A
O T B, R i A EQA B A il £ S H sl B 5 it
By FERE . A 20 H L 25(0H) D, A1 25(0H) D,
EQA FEAIFH Sy o AA | 51 T 2 A 7 52 B v B gk 4 fuf
At 48— RE A 7 R VT A b o R (B R A R
SR DU 45 S 0 — BOME S AT e O R S i A
AR B v AR

AR B B MR B, 48 LC-
MS/MS 114 B A G5 48 | A Dt 0 R 454 U A, 2 £
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