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Fig.1 (A) Structure and ( B) physical map of ultraviolet digital micromirror device ( DMD) spectrometer
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Fig.2  Comparison of full spectrum of hollow cathode lamp ( HCL) before and after signal enhancement:
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Fig.3 (A) Schematic of fixed mode of DMD rotation; ( B) Detection results of fixed location and scanning
mode under the same conditions
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B ) Sblank 820
2.3 PMT (8192 a.u.)
; 1 Cd. Zn Hg
Sn  Sb ; 2~3 As( 189.04. 193.76
197. 26 nm 1 X 245.65 249.29 nm ) ., Bi. Te Se
o As. Sb. Bi. Hg. Se Pb 4.51.7.91. 4.20.
2.03. 6.36 8.94 .
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RGF-7800 (. )
( ) As o 5
2.5 10 ng/mL  As 1 o
(n=3) (n=23) o 2.3
RGF-7800 PMT 300 V. HCL 80 mA o
«=279.16 B=79.22( y=ax+B) r=0.9999;
95% ~106% (RSDs) 0.9%~3.4% 10D 0.058 ng/mL. RGF-7800
a=172.14 B=14.58 r=0.9997, 91% ~109% RSDs  0.2% ~
4.1% 10OD=0.021 ng/mL, a=154.32. B=51.72. r=
0. 9995 93% ~101% RSDs 0.6%~3.3% LOD=0.055 ng/mL. RGF-7800
a=124.34. g=11.08. r=0.9999 96% ~101% RSDs  0.5% ~1.3% LOD=
0.019 ng/mL, N o
1 As
Table 1  Detection results of As in food samples and drinking water samples
Found ( ng/mlL) * Recovery ( %)
Added
Real sample . RGF-7800 . RGF-7800
( ng/mL) This method This method
0 0 0 — —
2 1.96+0.06 1.93+0.02 97.9+2.9 96.6x1.1
Pork 5 5.01+0.17 4.76+0.12 100.2+3.4 95.1£2.4
10 10.00+0.26 9.19+0.09 100.0+2.6 91.9+£0.9
0 0.79+0.02 1.13+0.07 — —
2 2.86+0.08 3.14+0.10 101.8+2.3 99.4+4.1
Fish 5 6.12+0.56 6.10+0.13 102.1+£3.1 99.4+2.7
10 11.46+0.31 11.86+0.06 104.4+1.0 107.3+0.6
0 0 0 — —
2 1.7+£0.03 2.04+0.06 98.5+1.7 101.8+3.1
Orange juice 5 4.84+0.08 5.33+0.09 96.8+1.7 106.7+1.8
10 10.08+0.09 10.41+0.02 100.8+0.9 104.1+0.2
0 0 0 — —
2 1.94+0.07 1.92+0.03 95.4+£3.3 96.0+£1.3
Purified water 5 5.03+£0.03 4.94+0.02 100.6+0.6 98.8+0.5
10 9.37+0.12 9.85+0.07 93.7+1.2 98.5+0.7
0 0 0.07+0.02 — —
2 1.91+0.07 2.05+£0.02 95.3+3.3 98.0+1.2
Tap water 5 4.92+0.15 5.08+0.05 98.4+2.9 99.8+1.1
10 10.01+0.16 10.13+0.08 100.0+1.6 100.4+0.8
N + ( Mean valuezstandard deviation (n=3)) .
3

DMD PMT PMT MEA
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Study on Signal Enhancement Technology for Atomic Fluorescence
Spectrometry Based on Digital Micromirror Device

WANG HongXia' LI Ying-Chao' LI Chun-Sheng"' ZHOU Zhi-Heng® MA Zhen-Yu’ TIAN Di"'
'( College of Instrumentation & Electrical Engineering Jilin University Changchun 130061 China)
*( Beijing Bohui Innovation Biotechnology Co. Ltd Beijing 102206 China)

*( Changchun Institute of Optics and Fine Mechanics and Physics
Chinese Academy of Sciences Changchun 130033  China)

Abstract A dispersive detection system based on ultraviolet digital micromirror device ( DMD) was used for
hydride generation atomic fluorescence spectrometer ( HG-AFS) on the basis of the original non-dispersion
detection system. The dispersion system was used to suppress the interference when spectral interference from
the light source or scattering interference exists. The limit of detection ( LOD) of the dispersive system was
worse than the non-dispersive one due to the addition of the dispersive components ( DMD and grating etc) .
In this work to improve the analytical performance of the dispersive detection method a cylindrical mirror was
installed in front of the photomultiplier tube ( PMT) the minimum effective area of the PMT was expanded to
enhance the signal intensity a better fixed location mode of DMD rotation was proposed and the analysis
methods such as peak selection and the instrument parameters affecting the signal intensity were optimized. The
results showed that the signal intensity within 180—320 nm was increased more than 2 times and the spectral
resolution was increased more than 1. 2 times. Moreover the emission lines and excitation fluorescence lines of
Cd Te Sn and Zn were obtained and the LODs were respectively less than 0. 005 ng/mL for Cd 0. 02 ng/
mL for Sn 0. 1 ng/mL for As Bi and Hg 0. 05 ng/mL for Sb  Pb and Te and 0.2 ng/mL for Se and Zn.
The spiked recoveries and the RSDs of As were 93% —101% and 0. 6% -3. 3% in living and drinking water
samples and 95%-106% and 0.9% —3.4% in food samples respectively. The LOD and resolution of the
dispersive system were effectively improved because of the improvement of the ultraviolet DMD spectrometer
the upgrade of the DMD rotation detection mode and the optimization of the analysis method. As a result the
dispersive system met the detection requirements of toxicological index limits in the Standards for Drinking
Water Quality ( GB 5749-2006) and also had good accuracy sensitivity and stability in actual food sample
analysis.

Keywords Hydride generation atomic fluorescence spectrometry; Signal enhancement; Digital micromirror

device; Dispersive detection
( Received 2021-0426; accepted 2021-06-28)
Supported by the National Key Research and Development Program of China ( No.2016YFF0103303) .



XHEER

Supporting Information

ETHFREASR TR FRAESHREARME

FTREI ZHHA FTHAET AZFE? BT @t
VOEMORZEAGER A S A TR, K35 130061
2 (et IR AR R AR AT, Jbat 1022060

3 P EBEAR KE A ENU S BT ST, KR 130033)
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R S1 Hua @SSRS HEHEREHE (n=3)

Table S1  Comparison of the reference and the set value of the instrument and analysis parameters of each element (n=3)

. e I PR BRI KBH, i fE T
i Atomizer height Flow rate of Flow rate of shield Concentration of Concentration of Negative high
TLE Total current (mA) () carrier gas gas (mL/min) acid (%) KBHa (5%) voltage of PMT
Elements (mL/min) V)
Ref.2 Paper® Ref. Paper Ref. Paper Ref. Paper Ref. Paper Ref. Paper Ref. Paper
As 60 230 8 8 400 200 1000 700 5 6 2 4 280 380
Sh 80 230 8 10 300 300 900 800 5 5 2 1 300 340
Bi 100 200 8 6 400 200 1000 1000 5 2 2 4 300 350
Hg 20 80 10 1 400 200 1000 500 5 2 1 2 290 330
Se 80 230 8 2 400 200 900 800 30 70 15 1 280 400
Pb 50 200 8 5 400 200 1000 1000 2 2 2 2 280 330
Cd 60 200 8 1 400 300 900 1000 2 3 2 2 260 250
Te 70 230 8 4 300 300 900 600 30 60 15 2 300 340
Sn 80 230 8 7 400 300 900 1000 15 2 2 2 300 410
Zn 50 200 10 6 300 200 900 300 3 2 2 2 280 280

a. MO ETM P IHERE 2 30H (Recommended parameter values in the reference analysis method manual) ; b. &/ T4 5 1S HUE (The

most suitable parameter values applicable to the method in this paper) .
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Table S2 Atomic fluorescence lines and LOD of 10 kinds of elements

i 4R LOD* (ng/mL)

et
_ K ST R 2 751 This method i
JLE Lol
Wavelength /2552l b5 3 Hiit 38 Scanning mode 5E R Fixed mode
Element ELE S
(nm) Relative intensity L 37 f e B U T el T .
) CpG] itk
of light source . Peak width FWHM? Peak width FWHM?
. Previous =
emission / R piEY BRE A% R A RRE PrAlE s
fluorescence (%)* Max Al Max All Max All Max All (:':";
peak* peaks peak peaks peak peaks peak peaks o
As 234.98° 100/100 0.23 0.082 0.069 0.19 0.079 0.073 0.051 0.13 0.075 0.36
Sh 217.58% 100/100 0.34 0.072 0.049 0.080 0.044 0.062 0.053 0.048 0.043 0.69
Bi 223.06°¢ 100/100 0.21 0.080 0.057 0.069 0.065 0.067 0.050 0.13 0.087 0.84
Hg 253.652 100/100 0.12 — 0.067 — 0.071 — 0.092 — 0.059 1.24
Se 203.98" 19.6/100 0.89 0.16 0.15 0.25 0.21 0.21 0.14 0.18 0.16 113
Pb 283.312 60.4/100 0.42 0.063 0.058 0.067 0.057 0.065 0.047 0.11 0.062 0.69
Cd 228.80° 100/100 — — 0.019 — 0.011 — 0.0055 — 0.0043 0.70
Te 214.28% 44.6/100 — 0.14 0.14 0.15 0.15 0.086 0.041 0.057 0.046 0.90
238.58¢ 77.6/83.5 — — — — — — — — —
Sn 22461 100/60.6 — — — — — — — — —
235.48" 35.7/44.5 — — — — — — — — —
242.95° 52.1/55.3 — — — — — — — — —
254.65% 7.9/14.6 — — — — — — — — —
270.65° 23.6/26.1 — — — — — — — — —
286.33% 100/100 — 0.088 0.084 0.13 0.084 0.027 0.024 0.024 0.017 0.32
300.91° 5.3/28.9 — — — — — — — — —
Zn 213.86° 100/100 — — 0.20 — 0.21 — 0.17 — 0.13 257

*, N R HCL M0R, B AR X% mi 5 {4 #4737 (Excited with high-performance HCL, value corrected for detector spectral response) 6 HiFR (Limit

of detection, LOD) ; a.3L4%7% )t (Resonance fluorescence) ; b. EEK 4k (Direct jump fluorescent line) ; c.FrEk7% )t (Step fluorescence) 5 JIFL AR
F BRI 4E B (The bold font represents the best detection result); 204 %  (Full width at half maximum, FWHM) ;5 & FBARTHIRE 7R A G E 5% (The

measurement method used in preliminary research by our team)



