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Optimization of the Detection Parameters for Heavy Metals in Plants by Energy Dispersive

X-ray Fluorescence Spectrometry

GUO Zixi!, JIANG Aosong®, HUANG Yujuan®, LI Zhu?, ZHOU Jiawen?, WANG Jingjing®, WU Longhua’, TAN Changyin'"

(1 School of Geographical Sciences, Hunan Normal University, Changsha 410017, China; 2 State Key Laboratory of Soil and
Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 3 JP Scientific, Suzhou,
Jiangsu 215004, China)

Abstract: This study systematically optimized the sample preparation conditions for the detection of heavy metals in plants using
Energy Dispersive X-ray Fluorescence Spectrometry (EDXRF). Three different types of plant samples were selected: wheat
grains (starch type), soybean grains (oil type), and Sedum platyphyllum plants (fiber type). A single-factor experiment was
conducted to investigate the effects of sample particle size, tablet pressing pressure, sample thickness, and measurement time on
the detection accuracy of heavy metals such as Cd. The results showed that 100-mesh particle size significantly enhanced sample
homogeneity and reduced the relative errors of Cd detection in wheat and soybean to <5%; The optimal pelletizing pressures for
wheat, soybean and S. plumbizincicola samples were 2, 3 and 4 MPa, respectively. High pressure increased relative error in
soybean due to oil seepage; Low-Cd samples (wheat, soybean) required a pellet thickness of 5 mm, while high-Cd of S.
plumbizincicola required only 2.5 mm for minimum detection error; The required detection time was =300 s for low-Cd samples
(error reduced from 30.1% at 60 s to 9.7% at 300 s) and only 60 s for S. plumbizincicola. Using the optimized detection
parameters, Cd detection limit was 0.08 mg/kg for the certified reference material GBW08503c, with a recovery rate of
80.9%—-119%.This study provides a set of universal sample preparation parameters for the rapid EDXRF detection of heavy
metals in plant samples, which can effectively enhance the method’s accuracy and applicability.

Key words: EDXRF; Heavy metals detection; Plant; Sample preparation parameters
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Table 1 Total concentrations of heavy metals in plant samples
Hafts cd P Cr Ni Cu Zn
ANEREL 010 010 034 370 2.01 644
INERE2 031 016 336 2.08 498 438
INEFE3 060 011 3.69 2.0l 1.46 525
KEFELT 011 014 558 380 655 354
KERE2 019 015 460 244 175 431
KEFE3 032 017 375 277 348 411
TR REE D 217 - - - - 12974

fESERFE 2 548 - - - - 25230
fEERRES 1124 - - - - 31174
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) o3 BT v i 2 07 7R 1 o ko
1.3 TH1EMZESL
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Fig. 1 Calibration curve of Cd for Plants
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Fig. 2 Calibration curve of Cd for Sedum plumbizincicola
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Table 2 Design of single-factor experimental methods for plant

samples

A FEMRLR FERES DsEntn fIRE R
K (A (MPa) (s) (mm)

1 20 1 60 25

2 60 2 100 5.0

3 80 3 200 7.5

4 100 4 300 10.0

5 200 5 600 12.5
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Fig. 3 Effect of particle size on the determination of Cd in plant samples
INEE —m-Pb K -m-Pb
401 -e-Cr sl N -e-Cr = /NEZn
n —A-Ni \ ~A-Nj —a KE-Zn
~ N -v-Cu N -v-Cu = ~e % R-Zn
s 30r \ S 307 \ s
:g \\ & \\ i;‘-
P11=24 1B g
f\i_; 20+ ‘\ j— 20F \\ &
5 \ = \ e
= = +=
Z 10} o . B3 1] SN - E
= T VR Ly EETTTYOE LY = _ Ao
- - 2 NS _ - = N _m
0 A—f"“‘--A— _______ — —A 0 *_-:E-*_i—_—‘—!::—:’:—‘—‘l L t:*:,74M\$i*,:
0 40 80 120 160 200 0 40 80 120 160 200 20 60 80 100 200

FERRAE (H)

FEAKLAE (H)

FeREAE (H)

4 HBRENEYHRELE Cr. Ni. Cu. Zn 7 Pb NERE M
Fig. 4 Effect of particle size on the determination of Cr, Ni, Cu, Zn and Pb in plant samples

http://soils.issas.ac.cn



438 +

e 58 %

22 EEENEYHRESETELEENENFI

EDXRF 202 fE P RE S i, A0 I e ff 1 Al 52 %
SEEERCA o A SN R R BUT R B A
¥y, 50 X SWEESUES, SIS EITER ME R
L T A

WE 5 fos, BEER RSN 1 MPa 3% 5 MPa,
/NFE SR ERE S Cd B 0 A X R 25 R X
e 22 4 e R Ja Tt s AR S R I DAL e 3R 24
e, SRR R, R B ARk, BART
T, /NERESD Cd I E P EARRR ZE T R R R
712 MPa FHRAK, M 3.46%; KOG RESL NIZE AR )
3 MPa BRI, K 6.14%; R0 5 RAK Cd & &4
M2 T B AR g, HR -3 AR B 152 25 B
FER 13 Ig Ak, £ HJ) 5 MPa ik
RAH 0.72%. X AT g2 He 738 RS A il 5 5

FE, BEEREGE B SRS, MRG0k s, 42
R R . (R = T R X PR AR
TR ST R, SEUE SR RN E
G S FE 6 AL, BRARE R TR Cd & &t
INFZ L RGHRERRA, AR A 4 B JT R AR
HEMZ MR T 10%, £F4 DB 32/T 4843—2024%1h
(RED) RN R . TR PR R, i A R T
AT 4R S, (H AT BE 3 UMk e, nyE
KGHES R, B p A 2 R BOm IR 1, =
SRS B — RO E S, SEORE-3 H
FEFE R T 5 MPa BEAHXT 1R 22 Rk 43.40%. [HIL,
7£ EDXRF i AR i 4 S8 JT E B, £ XA
R IR B B B T g, SR N S TE Ry 2
FERIER 2 MPa, KT AEHBIEFE M EH 3 MPa, 1
W5 RAF R S 21 AE SRR L U ] 4 MPa.

cw Nl - NE2 w NES3 e KEdl e KE2
- - KE-3 FR-1 - A - 5R2 - A - FR3
60 -
30
50
25+ @
S
40 = iR
S < 20 v
% 30F u S .
o %15_ &~ e -0~
S 1{% //\\.,;‘\ . _ -7
?’?20- = /—’/.\ \i\‘./ ®
g R Ve ‘
Jaeng \ NN A
10 = ‘\\\ N l‘ ////
sh T8 S ¥4
- T~ @e-=T NN =
0F [ \]: -~ \./ ~8
Of A----A----A----—A---- A
_10 1 1 1 1 1 1 1 1 ]
1 2 3 4 1 2 3 4 5
R EFT (MPa) JE R 1 (MPa)
5 EREAMEMHREE CdNERMFRE
Fig. 5 Effect of pelletizing pressure on determination of Cd in plant samples
/J\i _m-Pb 8r j(g : : :(l:;l; —n— /J\E-Zn
) YN PAN R
& v/// -v-Cu 56_ R {/.—V-Cu S TeT mALN
i‘i 10 * // ';t. ’ ) ~ //// :;k,
= s / = 47 / =
N / - _ _ -
=0 YO0 e, = 2t SRR, z
O = e e An g
B B -== AT g A R
0 * 0 o * O-tf—:***ffa—»—o
2 3 4 s 1 3 4 s T2 3 4 s
R 77 (MPa) JE R HJ7 (MPa) JE R 77 (MPa)

6 EREAMEYHMALE Cr. Ni. Cu. Zn 1 Pb N EHIF NG
Fig. 6 Effect of pelletizing pressure on the determination of Cr, Ni, Cu, Zn and Pb in plant samples

23 HEEEMEVMEREERETEREENEN

A1)

TR i (4 1B JRE B2 4F EDXRF 32500 2 4 il i

A BE L IR B X ML A R
FIEAS AR, 100 52 0 ARG (0 o 120 e i JEE
AR, FTRE BRGNS I E 4550 B 22 5

http://soils.issas.ac.cn



IS

i

5 2 39

REHE (LRI X A ERPOOE RGN E ALY B G e 1 SR PR

439

FESERE LA, WS 51 X BG5St md, [F
FESBRATKIM ARG B . HIFEREE R S TR X
— B MIE, il ORI, R 4 HEEE
FETR BN FHERT, X B 2555 0 B AN Bl 5 3
N 22 A= B AR Ak, BREHRR i 2 D= AR RS I 1R
S ORECR HR R X SR REREE, H
TCRRIE A FrARTE] . B, 7Ef AR R T AR s H AR
TR MR B A8 R I RE IR, AR R 45 3 Y
CIET2E

wE 7 B, B SRR, N FR
B Cd B I E A AR X 22 45 S B R 5 3
Htas . ERIRERRE R 5 mm BF, ARERES T Cd &
SN E P AR R 22 IR B R A, 200 3.91% FiI
5.69%; TFE XA o i 2 DU A 2 5 A AR A i 3
FEGIVRRIEEE A 10 mm B2 AR X I Cd e
WA -1 R G-1, FERIFEIRREN 5 mm B, H Cd &
S PP AR R 25 R T YRS 2 7.5 mm B
AHX IR 22 B3 FTF . X ATRBIEOMAR S Cd &

fiX, FEHIOLETREAN L., K Cd FEFEL
T, BRI IR B S A HE S T S s
o AN, X FLRARERES TR EREAR,
5 DR AR O B S 3, AT — AR T
R 5% 2%

XFT Cd B EAEY T R R, AR R L
Cd &= IR 2 B s i N B, X rT g T H Cd
Erie i T/ NE MR GRS, BVEETE 2.5 mm 3R
JEF AR A R ETR I TGS, H Cd fERES T o
A d45), A BTl NSO FIE S 8. HARotER
WPb, Cr. Ni, Cu. Zn %, 2 AHIX AR ifE e 2=
WIEAAR Z HIAE R, KREMREEE 10% LN
(# 8), XA 5P D &R E, REUEYS
SRIERRA K, 4L, 16 EDXRF ENEHYAE S E
GIEICEN, EUUNERMK SRR 5 mm HIEE
JE R LS5 5 5 1R 25, MRS SR AT il FE R
J¥ 2.5 mm R TSR B e AERG TN AR, 70 AR IESS S
(1 RIS T 1 2 A o, SR TR I Ak %

-m- NE-l - NE2 - NE3 o - K- e - K2
50 o KE3 FR-1 - A - FR2 - A FER3
40 - 0r [ ]
[N
AN
~ 30+ & \ T
S < 20F ' ~_ .. PN
a1 "ﬂ ° \ PR TN
g 201 & RS *
E {\‘\é "\ \\\\\ ///“\\ \.______\'
Z 10+ 5 10f *\:‘/\\
x T~ 8-y g
= .- ,/_/5,\!» S
ol .”7,l~—_;./ -~ g
Of A=-===A=---&R--==A-----=4A
-10t 1 1 1 1 1 1 1 1 1 |
2.5 5.0 7.5 10.0 12.5 25 5 7.5 10 12.5
THIFEIERE (mm) THIFEIREEL (mm)
7 HEEENEYMHREE CdNERFME
Fig. 7 Effect of pellet thickness on determination of Cd in plant samples
_ =)

! " e ) s o
o JToa-Ni_op ToaNi o4t o é%%ﬁ
< ok _x , -v-Cu ¢ S omv-Cu &=
% v / e ’ o
= 8_Q // :i // is;
= I :
£ 6 " /5\ \\V/ ji‘ 3 -®~ x// E 2t
g \ 4 N % -7 P .

E 4F \\ // \\//.\\\ 3‘: ///;_7777/ *—\;. E:
_.l:g n \ ’ A S E - =
2-‘ :\_\\.’\ L7 L = 0‘::: —-z=M===f=-_g //A\‘““::n——f—t
oft T e of EE=w==3T o
2.5 5.0 7.5 10.0 125 25 5.0 7.5 100 125 2.5 5 7.5 10 12.5
HIFEREEE (mm) HHIFEREEE (mm) HHlFEFEEE (mm)

8 HIHEEMEMHLELE Cr. Ni. Cu. Zn F Pb N ERIF N
Fig. 8 Effect of pellet thickness on the determination of Cr, Ni, Cu, Zn and Pb in plant samples

http://soils.issas.ac.cn



440 *

e 58 %

NEREBNEYEREESETELEENEN
A1)
¥ EDXRF ¥EME A YIRE AL i, Al st 5
ASCESH I 2 B ) %5 I AF DG o 1000 22 i ] 94 0 5 el o
HeA5 5 B S e M « e [B) ik T BB R U R 4R
AR, TEHAME S RITER , G5 5 s s
AT H a5 25 5 B[] sk 4 D) T 8 DR S T A% T 5 M 25
FAER PR,

WK 9 Fras, BEE I AE B R3Gn, /N2 FR G
fin HY Cd 5 0 A AR R 158 2 55 RE X A o O 25 2 $ 3
R, STEARER AR A O 22 53 0 AU 2 B ] 60 s B (Y
34.50% F129.90% k& 202 Bf ] 600 s B 1) 8.77%
1 8.60%. Xk Cd & &FEMm (WI/NEE-1), X —Z2LH
B, LI AR 2E N 79.0% FREE 14.8%. iX
ATAEEH TR Cd S EpEdhh Cd (55859, M
(60 sYETRENE, FEORERAK; I E & LE
K% 600 s, AIERERINGES BH, BEEWITL, W

2.4

T TR AR A Mk S P . b, AN B ] 4
A B TR I sh AT 5o 5 R R R AL R 2, i
— A5 I R T AT S AR S AEAS [0 e [
TEEREE B, Cd il B R 25 A
HERZE XN T 10%. XERH TIH Cd Faim, B
EAERSE I E R E] (60 s) FBEF= L LS55, e
R o A AT fig 5 AR A R A R A
X%, B Cdatdlys) . Sk, A5 RESCR B
TFAINEFIRGHE

MRG0 BE A (1 9 &1 10), 24300 52 i ] o
60~200 s i, /NEFIRGH Cd 5 Cr ME5HEH8 R
B, ULIAE 5 R B0 BB 1M 2100 s ]
=300 s Ji, FAPEES 2R a8 R TR RIS %
JE B HERFAE AR BN o 3R — 25U S, 0 s ]
X} EDXRF JEAG NS5 5 BAT 2500, A i e i
() AT A R SRR, B ALIR S, M
FELERNER S M. Fik, 7Eift EDXRF %

-m - NE-l -m - NED2 - NE3 o - K-l e - K2
o K3 BR-l -4 K2 - A BR
120
1ok 60 o
] 50 e
- \
70/; \ \
_ \ /\;\ \
3 N \ S 4L w--__g
< 40t N S 4 N
K 30 $€1-7 \ @ 0F g-"" 9 g
= L>~_~eo, \ = u N T
I ® R VAN \ = N N
= 20} I~ ~-<_ Y N \ = 20r > NERY NN
B -=-=_2_-=-Z ‘:—\-\ S \\ N
L T ~ S~ o = = = = N .
10 . B TR _‘;‘:i 10 - '_\_5:————\'\\‘\%#.3\1\\\.
0f &z===4----a---_B---= il RO Lot
of &----A---—-A----A-""__ 4
_10 1 1 1 1 1 1 1 1 1 1
60 100 200 300 600 60 100 200 300 600
MR fEl(s) W B[] ()
9 MEREMNEAEREE CdNEMFID
Fig. 9 Effect of detection time on determination of Cd in plant samples
25: INE ~=-Pb 25 RH -=-Pb = /NE-Zn
° -e-Cr ) -e-Cr — 4 KKE-Zn
\ - A-Ni \ - A -Ni | e BT
\?20' \ -v-Cu @20_ ! -v-Cu \’34 * HK-Zn
< \ > S
st e osp %
= o - = \ =
& hno T S & o & 5
% 10F KL S & 10 N ®
o Y 3 & e =
O g 5 | an s
(] S S . of #4 Ao I
0 100 200 300 400 500 600 0 100 200 300 400 500 600 0 100 200 300 400 500 600

IFES ] (s)
10

DNFEH] (s)

M ER E M EIHFREE Cr. Ni. Cu. Zn F Pb N EHIS M

WFEWS 1] (s)

Fig. 10  Effect of detection time on determination of Cr, Ni, Cu, Zn and Pb in plant samples

http://soils.issas.ac.cn



%21 SRS

e d

REHE (LRI X A ERPOOE RGN E ALY B G e 1 SR PR 441

D52 i[RI, 25525 SRR SRR |« e 3k B R A I
KRR . X T /N R R, S0 22 s ) A />
T 300 s, DABACRAGI MRS BE A SR, A A R
JEESRE R, nIEEEE 600 s; TR TAER SRR,
HF Cd & sy, Mg RIA T 60 s B
CIRT Y oailes
2.5 RALFERIE

WP LR R SR (RE ki A2 100 H L il
FEIERE 5 mm. JEF RS 2 MPa, JllERTE 300 s)%f
INEREEFEFRAEYI R GBWO08503¢ (Cd IZ Zhnifk
i 0211 mg/kgt0.014 mg/kg) FATME ., 455 %
W, SRAMEAE )G, 21 IREE G Cd & & iyt
BIEH 0.20 mg/kg, PnifEfRZEN 0.03 mg/kg, IR
o 80.9%~119.0%. Z% HJ 168—2020°" 775, B 10, 0.99)
fHh 2.528, THEAFEIMLILIY EDXRF X /INZRE i
i Cd BAS IR 4 0.08 mg/kg, i 2 GB 2762—2022
(ERZEEZRRME BihhiE Yy Ra ) Bl prs
KIS Cd ST R mARBRE , RUIDLAL T AT S
LR

3 #ig

EDXRF AN E YIRS B &R u R, AEAkL
PRI/ IN B AR TR G — T ARSI F K 2
it 100 H 0 1R b AT A I T 5K 5 AN R R & 1)
BAER R RIS, /INZFEATE 2 MPa, KRG HE
FRTE 3 MPa., A S KEEME 4 MPa B, A 45 SR 1
FEXT 8 25 FAH X AR A 22 B/ 5 X FHlFE L, S mm
A JEL ok /N2 R R T it B R B, AR S KA
ALTE 2.5 mm JEBE BRI AT AT R 5 7 D0 B[R] 1)
PEFE L, 300 s DL b pyii e i ] REAS B 3 3 IR Cd
TR NE MK )RS, 5 60 s U2 i (7]
AHEE, T BF- S AE TR 22 N 30.1% B EREZE 9.7%,
ML 5 KRR SR AE 60 s I B a] F B AT 3R 1554 5E 1)
oRilE

SE WK

[1] B, SAME, makom, 55 FTs Y I AT RS AR A
THE W 5 FR B AL ) %2 4 F) R ws [J/OL]. R34
2025-07-08. DOI: 10.11766/trxb202502260089

[2] EtI5, #6F, L4tk 55 X FLIFtibatrikie+
T 4 SR A v ) T RIS R[], £ AE A o e A
244, 2016, 7(11): 4394-4400.

[3] XRUE, Y, RBkM, 55 P X LR
TR AR M T A SR TS Y2 W ST ()] s
R, 2024, 61(1): 174-186.

[4] Bz, Rigss, FLAE, 4 TR X B0tk b
SEAAY SRR FHPEAN R i D). 358, 2022, 54(3): 586-593.

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

R, T, R&EK, %. HDXRF A M+ 55N E
S8 R AT O R A IEAR R 2 [T]. Lo, 2023,
55(4): 829-837.

Florkowski T, Kuc T, Piorek S. Determination of trace
elements in plants by the X-ray fluorescence analysis for
environmental pollution investigations[J]. The International
Journal of Applied Radiation and Isotopes, 1977, 28(8):
679-686.

Boman J, Larsson C, Olsson M, et al. Trace element
analysis of Scots pine and Norway spruce needles by
energy-dispersive X-ray fluorescence
X-Ray Spectrometry, 1996, 25(2): 89-94.
Xie M,
Multielement analysis of Chinese tea (Camellia sinensis)
by total-reflection X-ray fluorescence[J]. Zeitschrift fiir
Lebensmitteluntersuchung und -Forschung A, 1998, 207(1):
31-38.

Chuparina E V, Gunicheva T N. Nondestructive X-ray

spectrometry[J].

von Bohlen A, Klockenkdmper R, et al.

fluorescence determination of some elements in plant
materials[J]. Journal of Analytical Chemistry, 2003, 58(9):
856-861.

Chuparina E V, Azovsky M G. Elemental analysis of
aquatic plants by X-ray fluorescence[J]. Analytical Letters,
2016, 49(12): 1963-1973.

Chuparina E V, Revenko A G. Application of X-ray
spectral analysis in Russia to determine chemical elements
in medicinal plants[J]. Journal of Analytical Chemistry,
2024, 79(12): 1679-1693.

Marc6 Parra L M. Determination of total As in onion plants
growing in contaminated substrates by total reflection
X-ray fluorescence[J]. Journal of Radioanalytical and
Nuclear Chemistry, 2011, 287(2): 479-484.
Camarillo-Ravelo D, Kaftandjian V, Duvauchelle P.
Accurate standard-based quantification of X-ray fluorescence
data using metal-contaminated plant tissue[J]. X-Ray
Spectrometry, 2010, 39(6): 391-398.

Desideri D, Meli M A, Roselli C, et al. Determination of
essential and non-essential elements in herbal tea and
camomile by polarised X rays fluorescence spectrometer
(EDPXRF)[J]. Journal of Radioanalytical and Nuclear
Chemistry, 2011, 290(2): 391-396.

FRENL, T, HERER X FLR7EOEE G TR AL
TR T 14 FOTRP] St S, 2012,
32(1): 252-254.

Cheng D W, Liu M B, Ni Z Y, et al. A LiF(200)
double-curved crystal for performance improvement of a
monochromatic X-ray fluorescence X-Ray
Spectrometry, 2021, 50(6): 514-523.

AU, B RBR —RE S AR X SO G AT
BT E SR TS [D]. HRER: UL TR, 2023.
Tadeu Costa Junior G, Nunes L C, Feresin Gomes M H, et

al. Direct determination of mineral nutrients in soybean

source[J].

leaves under vivo conditions by portable X-ray

fluorescence spectroscopy[J]. X-Ray Spectrometry, 2020,
49(2): 274-283.

http://soils.issas.ac.cn



442

+

i

o558 &

[19]

[20]

[21]

(22]

(23]

(24]

(25]

McLaren T I, Guppy C N, Tighe M K. A rapid and
nondestructive plant nutrient analysis using portable X-ray
fluorescence[J]. Soil Science Society of America Journal,
2012, 76(4): 1446-1453.

da Costa M V, de Oliveira Lima G J, Guilherme L R G, et al.
Towards direct and eco-friendly analysis of plants using
portable X-ray fluorescence spectrometry: A methodological
approach[J]. Chemosphere, 2023, 339: 139613.

WA, XU, EINA, 5. GRACRE R X I 40406
T ABR A (1], e R, 2012, 37(11): 278-
281.

XI5, BT B, AN, 5 bR OB XTI
JEE . FEE . RIUESIE R SRR R B LA, BT
SEME AR, 2011, 31(9): 1038-1041, 1061.

Stikans M, Boman J, Lindgren E S. Improved technique for

quantitative EDXRF analysis of powdered plant samples[J].

X-Ray Spectrometry, 1998, 27(6): 367-372.

VLT, 2Rk, I, 5. 0 XRF Jr#r e
e G R N F SN, B T SRR, 2021,
41(6): 1005-1012.

Bortoleto G G, Pataca L C M, Bueno M I M S. A new
application of X-ray scattering using principal component
analysis—classification of vegetable oils[J].
Chimica Acta, 2005, 539(1/2): 283-287.

Analytica

[26]

[27]

[28]

[29]

(30]

[31]

[32]

(33]

Angeles-Chavez C, Antonio J, Antonia M. X-Ray
Spectroscopy[M]. Rijeka: InTech, 2012: 120-136.
Newlander K, Goodale N, Jones G T, et al. Empirical study
of the effect of count time on the precision and accuracy of
pXRF data[J]. Journal of Archaeological Science: Reports,
2015, 3: 534-548.

A AR AL AR, b E AR B 5 2
P AREAINE: GB/T 5009.15—2003[S]. dtat: HiE
Bt AL, 2003.

VLT B R ARG il . . B 4.
BUEY . BEIINE BEE AR X SEPOGHE: DB32/T
4843—2024(S]. Jbut: FEFRAE T ML, 2024.

A N RALFTE PR ARG ER. FREE I 4By s A
FHEITH AR W HY 168—2010[S]. dtat: hEFEER
AL, 2008.

Towett E K, Shepherd K D, Lee Drake B. Plant elemental
composition and portable X-ray fluorescence (pXRF)
spectroscopy: Quantification under different analytical
parameters[J]. X-Ray Spectrometry, 2016, 45(2): 117-124.
AR, X JLISCH5T T3 b )8 &4 [D]. I8
AR EE TR, 2015.

e NIRRT E R PAE@ERE N &, BERTN
BEALR. EnEeEE R EEM T EYRE
GB 2762—2022[S]. dbxnt: PEPRAE T i, 2022.

(REHFE: T )

http://soils.issas.ac.cn



