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Table 1 Determination results of K, Ca, Fe, Mn

using ICP-AES mg/kg

Wi H Item K Ca Fe Mn
R MH 20089.5 39050.8 19201.2 478.8
e /ME 17499.3 36918.1 18805.5 411.5
E 18507.2 34521.9 19037.8 429.3
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Fig. 1 Effect of water content on the test results of K, Ca, Fe and Mn by PXRF
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& PXRE il 8 BE & 7K 53 & B A3 m #& T
Rife o AELAFL &P 7 A Ak B 2 1) G B 3 25 57 5 MK 4 & o
0.05mL/g i} ,Ca JTTE & i 1Y PXRF & {E 5 ICP-
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Table 2 Effect of water content on the test results of K, Ca, Fe and Mn using PXRF and ICP-AES

ik ok w(K)/ w(Ca)/ w(Fe)/ w(Mn)/
Method Water content/(mlL/g) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

ICP-AES 18507.2 a 34521.9 a 19037.8 a 429.3 a
0 18311.5 ab 33323.5 b 19252.0 ab 398.5 abced

0.05 16799.0 be 30418.0 ab 19559.5 a 418.0 ac

0.10 15897.0 cd 29066.0 b 18494.0 abc 386.5 abc
0.15 15020.0 de 25174.5 be 17169.0 cd 357.5 bdef

0.20 13599.0 e 23458.0 bed 15982.5 bede 359.0 bde
PXRF 0.25 12647.5 ef 21281.5 cd 14 881.0 cde 314.5 cdef
0.30 11207.0 fg 19255.0 cd 14555.5 ef 325.0 def
0.35 10218.5 g 18667.5 cd 14 252.5 def 320.5 bdef

0.40 9693.5 g 16968.0 d 14596.0 def 328.5 ef

0.45 9548.5 g 16312.0 d 12273.5 f 294.0 f

0.50 8439.0 g 14765.5 cd 11512.5 ef 272.0 f

PR FRACER A B2 5 (P<<0.05),
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Table 3 Determination results of Cr, Ni, Zn, Pb and

Cu using ICP-AES mg/kg
i H Item Cr Ni Zn Pb Cu
e KAE 80.9 33.9 65.8 25.9 34.8
f/ME 59.4 16.2 52.8 19.8 31.2
(g 53.8 30.8 52.2 22.5 32.1

5 Pt R PXRF 45 5 52 7K 53 52 ) 1) 745 4k 94
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Fig. 2 Effect of water content on the test results of Cr, Ni, Zn, Pb and Cu by PXRF
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x4 KkHXF CrNi.Zn.PbFl Cu TESENFZRNERHZM
Table 4 Effect of water content on the test results of Cr, Ni, Zn, Pb and Cu using PXRF and ICP-AES

VRS KR w(Cr)/ w(ND/ w(Zn)/ w(Pb)/ w(Cu)/
Method Water content/(mL/g) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
ICP-AES 53.8 a 30.8 a 52.2 a 22.5 a 32.1a

0 49.0 b 42.0 be 48.1 ab 20.1 ab 18.5 b
0.05 51.5 abc 46.5 ¢ 46.4 b 20.5 a 18.4 bc
0.10 42.0 bede 43.0 be 45.5 be 18.9 abc 19.0 bed
0.15 43.5 abede 39.0 be 40.4 bed 17.1 bed 16.4 cd
0.20 42.0 bede 32.0 abc 37.7 bede 15.6 d 13.4 d

PXRF 0.25 40.5 cd 29.5 abc 37.4 bede 15.1d 14.8 bed

0.30 37.5 bede 33.5 abc 35.9 cde 14.9 bd 14.5 cd
0.35 37.0 cde 34.0 abc 34.9 de 15.2 d 13.3 cd
0.40 35.0 cde 34.5 be 35.7 cde 15.6 cd 14.0 d
0.45 32.5 de 29.0 ab 34.4 e 14.5d 12.9d
0.50 31.0 e 38.5 abc 35.3 de 14.9 d 15.0 bed

BN R 7 B R 3 1 25 5 (P <<0. 05)

3 HRITR

AWFSE & B PXRE A6 I (5 AR X T 52 96 % O vk
ICP-AES Wl & AN A7 75 — S8 22, JEAR R B Ry ICP-
AES B8 $c4 %5 T PXRE MR H (Ni BRAb) 5 % S
TR A 22 00 A BEET 20, PXRE A6 I B A b s 42
N 157 VG 7 N s O o 5 A = i
5 25 B BT DU A5 19 00 K & o N AR L K
HEAL0~0.15mL/@) i}, Ni STt R PXRF il i {H &
F T ICP-AES 45 B, 5 R I 580 Rk A #5 X X
S 2R 98 S AR I A= 1 v ) LR 42 s e R A5
FIH Ni A X 22 88 KA 25 SR, AR R &
AR SR EBARM N LT . LR T R PXRF K il {A
5 ICP-AES M3l JC W 35 Pk 22 55, IE W 5 20 X 5
LR AU AR R 43 BT O ik 4 b T 4 A 2 )
111,

FYR LR K A &5 PXRE #5825 2%
I HLXF TR 4 4 I 0 3 10 52 i 31 2% il 25 K 4y 5
(R34 i, PXRE ST e & b 4 4 8 2 2 B =2 0/
XA 2 A AR B [ — - SRR R A K
34, PXRE A8 00 08 /s 1 45 BEAHAF . 40 07 e I
A G R Ry — TS T 7K 43 43 5 i) R RE 5 1 B —
MIFH S MR LIRS E SR, 5 — 2
IR W I B 55 XS R B S B L R X5 2R G R
S, NI /N 1 5 AE 0 3 20, (45 PXRE 4345 45
AR T I S U

4 Z#HiE

485 X XIS 25 Ol Dl i (S0 T R B GO o

o Al B A RO AR R T TARRCR i HLH AT LR
5 T AR ity s AN 5 00 9 R e G i e A T
PR ity [R] I AN 7 22 el A ] A 2 10500 2 — b G
PRGN T5 3% o 5 1 AR 19 B2 Z% P PXRE B9 PR
SN E 1 A2 BT PR AT A5 R AL ] PXRF
R0 3 45 2R 2 2 BRE il A [ Ak B D7 SR R L O
HE T 753 3o 7 HL I 3 45 2R AT AR 5 LA A AR X T
ARG ER A B BE AN [ o A 0 R e M A AR Y
DRI 35 A o P 4% P A S AP AT DAL 3K
I, WS T RIS T L Ml T R Y I ]
7 o DT PR UE 0 3545 2R 0 o 1

PXRF W] LA i 5 -+ S v 5 J 5 5, 4 b
BTG GER DL o A S I I 1 B SR b R
E A AR B TR TS Y L B LURE b b Y 3R 43 T
B IR I3 5 W AR R B8R i <5 J IR A5 R 2K g
FR 5 R AR G /8, T Ni R EEAR T B 28k, A
SEH R BT R R AR I (BRI B AR R, A T
Gm G| R BRI S Y B2 B 7T R W —
Fofv bR 3o 5 B 1A B LTS YOR B R T7 k. (4
X PRI AR —Fh A AR G S g =
I3 3k B e, AT USR] QS L R s 1 A9 4 0
35 G FE SR DL, S R R 1 98 R 05 W 0 i it i
A HERZH .

S 3 Wk

(1] 22F R, 2A% , WCPH Wk, 76 ) 4 3 b 2R Ak 2% R FEAE A0k AR
FEH R SCLT ] B R2 .1998 .18 (1) 1-8.
GONG Zi-tong, HUANG Biao, OUYANG Tao.Pedogeo-
chemistry of China and its significance in agriculture[ J].

Scientia Geographica Sinica,1998,18(1):1-8.



AT BT, R 55 K 20 % T 4550 XS9O e A0 & L b u R &

A R

R4 T, 2018,38(7) :20-26

[2]

(3]

[4]

[5]

[6]

7]

[8]

FE A A B RN AR SR Ay BN &R S S AT
W5 [J]. R HE% 4] ,2017,54(6) : 1438-1450.

WANG Yu-jun, OU Ming-hao.Contents and distribution
of soil nutrients and heavy metal elements in farmlands of
Xuzhoul J . Acta Pedologica Sinica,2017,54(6) :1438-1450.
SR JAAE AT L IR T S S g IR R BT
A L7 o BB 2 e B 111, 2014, 29(3) £ 315-320.

ZHOU Jian-jun, ZHOU Ju, FENG Ren-guo. Status of
China's heavy metal contamination in soil and its remedi-
ation strategy[ ] ].Chinese Academy of Sciences,2014,29
(3):315-320.

PR, R, O, AR A X R OO E 5 R
W/ S 5 vk I - T 4 R 9 X e A S L)
% 5563% 87 ,2014,34(11) :3113-3118.

RAN Jing, WANG De-jian, WANG Can,et al.Comparison of
soil heavy metals determined by AAS/AFS and portable
X-ray fluorescence analysis[ J].Spectroscopy and Spectral
Analysis.2014,34(11) :3113-3118.

HERTF, EFVL . John A Yunger, & #5 X X S 495t
DTS S B B S o A I vk 1 2 L E R A ). 1 4, 2017,
49(4) :853-857.

DONG Tian-yu, WANG Hai-jiang,John A Yunger,et al.
Practicality validation of portable X-ray fluorescence for
ex-situ measuring soil heavy metals in laboratory[ J]. Soils,
2017,49(4) :853-857.

EAM B3O bR, R X PEOEEE (PXRE) )
FERETEAR M G R oA T R LT ], 0 A H Bk
Ak 2F 4% ,2012,31(5) :522-526.

WANG Ben-wei, HU Wen-you, HUANG Biao. et al. Ap-
plication of portable X fluorescence spectrometry
(PXRF) in analysis of heavy metals in farmland soil[ J].
Bulletin of Mineralogy, Petrology and Geochemistry,
2012,31(5):522-526.

Al R TR X SR IOOLIE OO E & A 2 Fe i
sl R R R B (A A, 2013, 32(5) - 724-728.
LI Qiang, ZHANG Xue-hua. Determination of Mn, Fe,
Co,Ni,Cu and Zn in cobalt-rich crusts by portable X-ray
fluorescence spectrometer[ ] ]. Rock and Mineral Analysis,
2013,32(5) :724-728.

B0, G T A X B R PO OL % 43w AL R
HoAG A iy b e LT 106 8 50 7, 2017, 37(7) : 23-30.

JIANG Xiao-guang, ZHOU Lei, CHU Ning, et al. Progress
on X-ray fluorescence spectrometric analysis of copper
sulfide ore and its concentrare[ J ].Metallurgical Analysis,

2017,37(7): 23-30.

Lo XA T3 %0, IMB AR L 55 . X B 9 e i BORTE H &

o K I R R B L) 0L S 4081, 2011,41(6) :605-609.
LIU Yan-de, WAN Chang-lan, SUN Xu-dong, et al. Ap-
plication of X-ray fluorescence spectrometer technique
in detection of heavy metal[]J].Laser & Infrared,2011,
41(6) :605-609.

[10] B IR » Bk W, il g 8, 46 A 5 30 X 45 R 98t e 1 44

ARIEVEIT B O A Pl AR A7 R v i B T (T ).
BRA} 2 — b [ R 2422 41, 2011, 36 (2) : 337-340.

XIA Qing-lin,CHENG Qiu-ming, LU Jian-pei,et al. Ap-
plication of portable XRF technology to identification of
mineralization and alteration along drill in the nihe iron
deposit[ J].Earth Science
Geosciences2011,36(2) :337-340.

Journal of China University of

[11] TR A, 8 SCA il B, 25 B 45 20 X5 2 98t ot il 1%

(PXRE)LEH X A T A 38 o 4 J P sl A I o 89 03z 1T AJF
FE[1].14,2015,47(3) :589-595.

KUANG Rong-xi, HU Wen-you, HE Yue. et al. Appli-
cation of portable X-ray fluorescence (PXRF) for rapid
analysis of heavy metals in agricultural soils around mining

areal ] ].Soils,2015,47(3) :589-595.

[12] Bpke = BB , 22 BB B X X SF & 9O0ti% ik

A b 3 4 PR A I by N LT 0. I AR T, 2016,
45(8):1586-1591.

YANG Gui-lan,SHANG Zhao-cong, L1 Liang-jun,et al.
Application of portable-XRF spectrometry for rapid de-
termination of common heavy metals in soil[ J]. Applied

Chemical Industry.2016,45(8):1586-1591.

[13] B, Lalfe i Sr M, 5 45 50 XA 2k 220 e ik

E L Cr,Cu,Zn, Pb FI As MIF 3R [J 1. 0605 2% 506
W43 7 ,2010,30(10) :2848-2852.

LU An-xiang, WANG Ji-hua,.PAN Li-gang.et al.Deter-
mination of Cr,Cu,Zn,Pb and As in soil by field portable
X-ray fluorescence spectrometry [ J ]. Spectroscopy and

Spectral Analysis.2010,30(10) :2848-2852.

[14] HESZAT, ] A8 85 20 X 9200 3% 40 B 52 T e Xt 5 1

(13R85 Rk 4 51,2012, 31(5) . 97-101.

WANG Li-gian, XIANG Feng. Testing, comparison and

application of portable X-ray fluorescence spectrometer

[J].Environmental Science Survey,2012,31(5):97-101.
51 BRIN Tk i L 7 TR 5 2 XS 2R SOk e i A A +

Pk 2wt R [ ] FREIRL o2 54 1, 2013, 38(3)

121-123.

CHEN Yuan, ZHANG Jie, ZHUANG Yuan. Measurement

of various mental elements in soil sample by portable X-

ray fluorescence spectrometry [ ] ]. Environmental Science

and Management,2013,38(3):121-123.



ZHAO Xia,ZHENG Jing-ming,SI Li-qing,et al.Influence of water content on the determination of elements in

soil by portable X-ray fluorescence spectrometry. Metallurgical Analysis,2018,38(7) :20-26

Influence of water content on the determination of elements in
soil by portable X-ray fluorescence spectrometry

ZHAO Xia',ZHENG Jing-ming“',SI Li-qing' ,SUN Hai-long”, WANG Jing*
(1. Beijing Forestry University, Beijing 100083, China;2. Shanghai Zeal Quest Equipments, Shanghai 200030, China)

Abstract : The portable X-ray fluorescence spectrometry (PXRF) is one of methods for the determination of
elemental content in soil. However, the determination results can be affected by the water content in soil.
Therefore, the empirical study about the influence of water content in soil should be conducted. The bene-
ficial elements (K, Ca, Fe and Mn) and harmful elements (Cr, Ni, Zn, Pb and Cu) in soil samples with
different water contents were analyzed using portable X-ray fluorescence spectrometer (PXRF). The influ-
ence of water content on determination results was discussed. The results were compared to those obtained
by inductively coupled plasma atomic emission spectrometry (ICP-AES). It was found that PXRF had dif-
ferent sensitivities to different elements. For the elements with high content in soil sample such as K, Ca,
Fe and Mn, the measured results of elemental content by PXRF decreased with the increase of water con-
tent in soil. Moreover, the water content showed significant influence on the measured results by PXRF.
When the water content was not higher than 0, 0. 20, 0. 10 and 0. 10mI./g, there was no significant differ-
ence between the analysis results by PXRF and ICP-AES, respectively. For the elements with relatively
low content in soil such as Cr, Ni, Zn, Pb and Cu, the analysis results of PXRF was slightly affected by
the water content. The analysis results firstly decreased and then were almost changeless with increasing
water content in soil. When the water content was not higher than 0. 20, 0 and 0. 10mL/g, the analysis re-
sults of Cr, Zn and Pb had no significant difference between PXRF and ICP-AES, respectively. For Cu, all
ICP-AES results were much higher than PXRF results. When the water content was in range of 0-
0.10mL/g, there was no significant difference for analysis results by PXRF. After that, the analysis re-
sults greatly decreased, but the influence of water content was not significant any more. The PXRF results
of Ni were basically not affected by the water content. But they were much higher than the ICP-AES re-
sults when the water content was in range of 0-0. 15mL./g. Therefore, the water conditions in soil should
be considered during the rapid determination of heavy metals in soil by PXRF in the field.

Key words: portable X-ray fluorescence spectrometry (PXRF); soil; water; metal content





