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Integrated Design of Multifunction TRFIA and

Phenylketonuria Fluorometer

Guo Long
(College of Geophysics, Chengdu University of Technology . Chengdu , Sichuan 610059, China)

Abstract Fluorescence analysis and time-resolved fluorescence immunoassay (TRFIA) are often used in screening
of new born babies’ desease, while there is no domestic instrument having a collection of two measurements. A multi-
function time-resolved instrument is developed to integrate two measurements, which is a lens-optical fiber combined
instrument. According to the US. Committee for Clinical Laboratory Standards (NCCLS) documents and related
literatures, the instrument is tested. It is compared with THERMO Varioskan Flash and PekinElmer Wallac 1420,
which are used widely by major hospitals in China. The results show that the specification of the instrument are in
line with requirements, and it could be put into practical production.
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1,3,20,21: collecting lens;
2,5,8,11: narrow bandpass filter;
4: speculum;

6,10: convex lens;

7,12: regulator for detecting light;
9: broadband cutoff filter;

13: lower mirror;

14: plano—covex lens;

9 W 15: PMT;

10% 16: xenon lamp;

10 17: halogen lamp;

—c 18: silicon photodiode;

10 + 19: optical fiber;
! 22: dichroic mirror
9,
\ /ﬁ_#
14 e
15 PMT
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Fig. 1 Optical design of the multifunctional TRFIA
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Fig. 2 Three-dimensional part drawing of speculum

and dichroic mirror
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F 1 PKU & & M
Table 1 Repeatability measurement of PKU

Concentration / Control group Measurement group
(mg/dL) 0 0.001 0.1 1 10 15 0 0.001 0.1 1 10 15
1 243 568 938 8789 36803 51846 181 356 672 7745 90340 149136
2 275 568 875 7898 34376 47628 181 361 648 7704 89734 145508
3 262 576 892 8247 35706 49521 181 352 682 7810 87315 151409
4 271 536 913 8521 35102 50128 181 344 633 7605 90920 149112
STD 18. 87 17.74 27.20 381.28 1026.64 1740.46 0 7.18 22.32 85.91  1583.99 2439.54
Mean 262.75 562 904.5  8363.75 35496.75 49780.75 181 353.25  658.75 7716 89577.25 148791.3
CV /% 5.4 3.2 3.0 1.6 2.9 3.5 0 2.0 3.4 1.1 1.8 1.6

# 2 TRFIA HE &
Table 2 Repeatability measurement of TRFIA

Concentration / Control group Measurement group
(U/mL) 0 1.03 11. 31 30. 61 194 431 0 1.03 11.31 30. 61 194 431
1 1542 22168 247952 651402 1836557 3927470 4057 31749 342480 882769 2488256 5356679
2 1522 22256 247063 647853 1833947 3939235 4051 31801 339360 883516 2507944 5367378
3 1544 22311 247850 648793 1834879 3929754 4059 32080 340231 879036 2497355 5384631
4 1531 22202 247232 650180 1835362 3931852 4038 31620 341209 885217 2518471 5346218
STD 10. 24 62. 69 442.43  1557.72 1086.27 5096.02 9. 46 193.88 1339.83 2608.55 13077.29 16396.61
Mean 1534.75 22234.25 247524.3 649557 1835186 3932078 4051.25 31812.5 340820 882634.5 2503007 5363727
CV /% 0.67 0.28 0.18 0. 24 0.06 0.13 0.23 0.61 0.39 0.30 0.52 0.31
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Table 3 Results of linearity measurement

PKU TRFIA
Control group Measurement group Control group Measurement group
a 1659. 98 —959.17 129097. 95 176909. 07
b 3272. 31 9694. 36 8853. 24 12073. 65
r 99.6% 99.8% 99.6% 99.6%
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N S B B B T AR E AN B . A3 PKU 1 TRFEIA (% r {54358 99. 2% F1 99. 9% 5 2 3 [ I K 52
IS AR AL T B2 (NCCLS)EP15-A 30N - >97, 5 % B Al A ULAY 2852 43 2 e L3k .

5 4 e

TEXF PKU % Y6 M TRFIA Z86AL M 7843 T LAJG > B h 17— Fhogr B0 2 T RE I [R] 20 BEAL FF 4 T
A N 25 14 B Bk 3 A o A SRR O HL - H B e T VAR N T AE — B AR B S B T PKU F TRFTA B Fp il & 77
KA TEAZ B B NCCLS S LR I STHR 43 56 AR 1 38 52 Pk VM R ik 22 X0 L MRk AT T
Ko . 45 BRIz s PKU I & 76 55 5 M RN Ze M 48 Fr 0 RO T 6 BRASCES TRETA I & 1) 55 52 M 5 T 48
ZHE BRI KF IR — 2200 O Z R 8 BB T 2R . 5 B A SEPRAE 7, A BT — 25 A ol e R
fE TRFIA WU i) 8 2 M L 2 ek oF , w1 20 25 183 i B2 i s AT

5 F X
1 G. Xueyuan. The status and prospects of newborn screening[ J]. Guangdong Medical Journal, 2000, 21(7); 533~534
J st AR LR A BUR AR ERLT]. - A E S, 2000, 21(7): 533~534
2 R. Fingerhut, M. Sten, A. Kohlschiitter. Comparison of four different pheny lalanine determination methods[J]. Clinica
Chimica Acta, 1997, 264(1): 65~73
3 Sidney Golden. Temporally quantized theory of damped multimodulated fluorescence[J]. Physica A, 1997, 246 (1-2) .
172~186
4 Guo Yaojun. Spectrophotometry and Its Application in Biochemistryl M]. Beijing: Science Press, 1987. 50~75
A, M EREARRHAAAE YRR M. a0 Bhas d it 1987, 50~75
5 Tian Zhen. The Research of Time-Resolved Fluorescence Immunoassay and Tester[D]. Guangzhou: South China Normal
University, 2003. 1~4
M. B I 43 B O i 3 A BOR R i BF 98 (D, 77N - BRI TS K 2%, 2003, 1~4
6 Han Caiqin, Duan Peitong. Liu Ying et al.. Fluorescent emission of erythrocyte suspension with time-resolved fluorescence
spectrometer[ J]. Acta Optica Sinica, 2012, 32(4): 0430005
B, B, X & SE. T4 BEOG I A 5T 4040 i B M U R AT LT, e F AR, 2012, 32(4): 0430005
7 Tian Zhen, Guo Zhouyi. A pulsed light emitter for time resolved fluorometer[J]. J. Optoelectronics « Laser , 2002, 13(11) ;
1198~1201
M PR, S80H L. 38 T I 23 B 50t S e e A AR e R e [T ). b F  ftk . 2002, 13(11): 1198~1201
8 Ren Lanxu, Wei Xiudong, Niu Wenda et al.. A high flux solar simulator based on an array of non-coaxial ellipsoidal
reflector[J]. Acta Optica Sinica, 2012, 32(10); 1022002
R0, BT AR, 4Fo0ik A JR LRIk JROG M 30 m 4B LR BB ER LT ). b5 224k, 2012, 32(10): 1022002
9 Wu Xingjian, Wu Jinhong. Principle, characteristics and application of photoelectric magnification tube[ J]. International
Electronic Elements, 2001, (8). 13~17
WO, ReZ. AN E I SN AL B e F B4, 2001, (8): 13~17
10 Guo Congliang, Sun Jinjun, Fang Rongchuan ez al. . Noise analysis and model building of PMT[J]. J. Optical Technology
2003, 29(5): 637~640
SR . P, Jr AN A SRR R A A AT ], L FH AR, 2003, 29(5): 637~640
Zhang Yunbo, Zheng Jihong, Jiang Yanmeng et al.. Near UV-band frequency division multiplexing detecting technique with
fluorescence microscopy[ J]. Acta Optica Sinica, 2011, 31(6): 0618002
KIS YL, ABURLL . YA S5 T RN BN B SOt BRI R BT ZET]. 6% #3% . 2011, 31(6): 0618002
12 Zhao Ming, Xiao Shali, Wang Xier al.. Ultraviolet communication system based on deep LED[]]. Laser & Optoelectronics
Progress, 2010, 47(4) . 040602
B, HUR, EOA F T LED MEIOLEME RG] sk 5k e F 53k, 2010, 47(4): 040602
13 Lei Pingshun, Xue Lifang, He Juner al.. Design of multi-mode fiber collimator with ZEMAX[]J]. Laser & Optoelectronics
Progress, 2011, 48(1) . 010605
BN, $H3. 01 F 4. ZEMAX 76 S BOBLEE BBV T i) ], #0065 k& F K, 2011, 481+ 010605
14 A NSRRI E TAETR. Ak JLBNE i A H R BLYE (2010 4R OS], 2010
15 Tan Yuhua, Liu Haiping, Zhang Zhengwu et al.. Quantitative determination system for neonatal phenylalanine[ J]. J.
Modern Laboratory Medicine , 2010, 25(2): 66~68
wWEA, XN, RKIER . BEH A LA WNERIOLE RN RGN HFNLI] AREREF R E, 2010, 25(2);
66~68
16 NCCLS. User Demonstration of Performance for Precision and Accuracy[ S]. NCCLS EP15-A, 2001

1

—

051203-5



