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Abstract In this work, to fulfill the rapid detection of multi-elements in vegetable samples, a rapid
detection method for As, Pb, Cd, Cr, Ni, Cu, Zn, Rb, Mn in vegetables was established using a
monochromatic wavelength excitation-energy dispersion X-ray fluorescence spectrometer (MW-



EDXRF). Herein, the excitation time, sample size, and sample tabletting conditions were optimized
for the MW-EDXRF. Under the optimal conditions, i.e. total 600 s excitation and 15 Mpa tabletting
with 60 s for 2 g powered vegetable sample, the detection limits (LODs) of As, Pb, Cd, Cr, Ni, Cu,
Zn, Rb and Mn were 0.07 mg/kg, 0.07 mg/kg, 0.07 mg/kg, 0.32 mg/kg, 0.32 mg/kg, 1.2 mg/kg, 0.4
mg/kg, 0.08 mg/kg, 0.3 mg/kg, respectively; the relative standard deviations (RSDs) of 11 repeated
measurements for spinach, onion, carrot, bean, tomato, ginger, water spinach, lotus root, celery and
garlic samples were in the range of 3%-10%, indicating a good analysis precision. The recoveries
of multi-elements in 5 vegetable certified reference materials (CRMs) ranged from 93% to 119%;
the linear regression coefficients (R?) between multi-elements measured by this proposed method
and microwave digestion inductively coupled plasma mass spectrometry (ICP-MS) were greater
than 0.99 except R’=0.9838 for Cu, indicating a favorable detection accuracy. As well, the
instrumental weight is less than 10 kg, and the analysis time is ~10 min without sample digestion
process, which is very suitable for the rapid and field screening analysis for multi-elements
including key heavy metals in vegetables.

Key words X-ray fluorescence spectrometry; Monochromatic wavelength excitation; Vegetables;
Heavy metal; Multi-elemental analysis
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Table 1 Instrumental conditions of MW-EDXRF

oY TR Frk (kV) I (nA) Rl o & Ao ]
fKREEL 15 400 Cr. Ni. Mn 200s
HREEL 30 350 Cu. Zn. As. Rb 200s
R 70 100 Cd. Pb 200 s

XRF IRAER FIFEASHALY 22, g Bt REAL IR T fETHRIS T AT
ARG FEC; (WA LR, XS INERICR M) , FP BT RIKEEC ™ AR B IR 08
JEHREE Rimet, SRR SR RIS E Rimes 5 SEBRAa IS B A% s T Ritheo HEAT LA,
A A Rymea b5 Rytheo i T4 BeE RS BE (B 41 0.05%) W4 H AR EE Cs an RN 2 THUAC A JUJ AR
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T IR PESEBR G DUREAF 1 8, BARZEAE R
1.4.2.1 FESRTALE

HES 3 MR, 2 BIFREL 0.220.001 g K i B 78 e S, VAR HmN 3

mL 58, 2 mL i SN 55 IR S BT AR, A OB T AR DG AT I AR (BT R
TEFE R 2) o WARTEIFA G E IR 120°CH BB R4 1 ml A4, %
B EZEF] 25 mL,

2 PNETHRT

Table 2 Microwave digestion heating program

FHIRISTE] (min) AR (°C) PREFITE] (min)
3 80 3
3 100 3
3 130 3
3 160 3
3 190 35

1.4.2.2 {X8%4
TS 7900 T ICP-MS K H ' IR AR A3 AT R, BARSAF- 3R 3 ATz
#£ 3 ICP-MSIUHB&MS5SHEE

Table 3 ICP-MS instrumental conditions and parameters

B 22 BWEME
RF I 1500 W
RHRE 15 L/min
PRI E 0.4 L/min
FHATE 0.8 L/min
N2 YSIVARRN He
il 43 52 7 < i 4 mL/min
S BE Al 0 AL 3
SRR B R
EREER/C 4 3
EEEi] b B
I3 B[] 30 ms
PRERNYS 8 mm
[ 52Cr, Mn. Ni. SCu. %Zn. As. 2%Pb, ''ICd. ¥5Rb
AR $Sc. Ge. 'In. 2Bi

1.4.3 BAESHT
AT 58 [ 75 2245 TR 43 4248 F IBM SPSS Statististics 20, HE4T [/ 5K 255 Z 40T,
Hodr % 5 H i 5 5% LSD(L)AT Duncan (D) , 7E 95%BE /5 X 8] K, P {E<0.05 NI\ N
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Figure 1 Effect of XRF radiation time on multi-elemental RSD and recovery in vegetable samples
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FIG. 2 The relationship between sample size and test results (n=3)
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FIG. 4 Relationship between tablet pressing time and test results (n=3)
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Table 4 Limits of detection and quantification of MW-EDXRF (n=11)

SD (mg/kg) KHBR (mglkg) EeEfR (mgkg)

As 0.023 0.07 0.23
Pb 0.023 0.07 0.23
Cd 0.02 0.07 0.21
Cr 0.1 0.32 1

Ni 0.11 0.32 1.1
Cu 0.4 1.2 4

Zn 0.12 0.4 1.2
Rb 0.03 0.08 0.3



Mn 0.1 0.3 1

2.3.2 WE B

1 2 g maBHEE K77 15 Mpa, & IR ] 60 s (414 Ml FESE A, 384T 11
WEERGI, 48R E 5. FICEM RSD HLE 1%~10%7u [, F&H MW-EDXRF il € B3¢+
9 FPICER ML AT R RS 2 %

#* 5 MW-EDXRF [RTIFE % (n=11)
Table 5 Precision of MW-EDXRF detection (n=11)

JLE BRI SD (mg/kg) RSD(%)
As 1 0.122 3
Pb 11 0.075 9
cd 11 0.031 10
Cr 11 0.409 6
Ni 11 0.358 5
Cu 11 0.409 3
Zn 11 0.344 1
Rb 11 0.057 2
Mn 11 0.262 4

2.3.3 R B

NEAEA SIS AG I 7 O ER {8 MW-EDXRF X 5 ik S22 i 106 WEAR T R
(Certified reference materials, CRMs, fil.#% GBW10014.GBW10020.GBW10022.GBW10023.

GBW10047) gt ATillE, HMHE CRMs Mibre iR, 4558 0% 6. LA H,
B A 25 SR E MW-EDXRF B H BRFIT, SasRirt (N/D) AR e 2 1) R Wi
BRI 93%~119%, I HALEAEARHEY) BT AN € BETE L2 N .

AR ATTIEN E T 11 Mrgisere i (B 2L 88 by G, Ha. 2. 0K,
SEFE. TEE. B B 1 As. Pb. Cd. Cr. Ni. Cu. Zn. Rb. MnZE0EZNISE, 5
FR#E 771 ICP-MS A ()45 SRt AT X b, @i BE 264 e R (R? KM B Fh 5 0 e
SR EREE, S5RIE 5. rTBUEH, B Cu i R? 5 0.9838, Hp 8 Mtk R7IIK
T 0.99, XRF 5 ICP-MS Frif 75 i kil 45 5 B A B i — 8k, R LR h £t
# MW-EDXRF 55 A R U BOAS I v 5
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Table 6 Elemental presence in vegetable CRM samples by the MW-EDXRF method (n=3)
As Poo Cd Cr Ni  Cu Zn Rb Mn

prRdE(E (mg/kg) 006 019 004 1.8 093 27 26 196 187

CBWI0014 yijszf (mg/kgd) N/D 021 N/D 18 093 32 3086 2325 187
[ (%) / 108 / 103 100 119 119 119 100

pedEf (mg/kg) 11 97 017 125 11 66 18 3 305

CBWI0020 yiszf (mgkg) 121 988 013 126 107 666 1943 314 3132
R (%) 110 102 78 100 97 101 108 105 103



bR#EME (mg/kg) 031 072 006 03 092 46 217 65 134
GBWI10022  yijsizf (mg/kg) 03 072 N/D 032 093 464 23 703 1313
FER (%) 97 100 / 106 101 101 106 108 98
PRUE(E (mg/kg) 27 205 057 24 225 122 28 104 68
GBWI10023  yijsizff (mg/kg) 3058 1.97 058 225 224 114 2675 1132 6528
FER (%) 113 96 101 94 100 93 96 109 96
PRAEME (mg/kg) 011 043 003 1.04 067 41 112 69 121
GBWI0047  yijs(H (mg/kg) 011 046 N/D 105 063 425 1169 654 11.74
FER (%) 102 106 /101 94 104 104 95 97
* AS 100 _
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FIG. 5 Regression curves of XRF and ICP-MS detection results
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