2018,37(7): 1386-1395 b A7 N S S - 201847 H

Journal of Agro-Environment Science

U, A, B G, AR R XU RO I AAE T e A FH b 3 T 4 D b g 1 F R[], Al AR RLA AR R, 2018, 37(7)
1386-1395.

PENG Hong-liu, YANG Zhou—sheng, ZHAO Jie, et al. Use of high—precision portable X-ray fluorescence spectrometer on the heavy metal rapid determina-
tion for contaminated agricultural soils[J]. Journal of Agro—Environment Science, 2018, 37(7): 1386-1395.

B BRI X BRSO R AE
SRKHITETE BRI AR

Hapmn', mELL R R RS, R @, F AT WmAT, ZHM’,
Bk, fTE i, T, B R, AN A, 2R

(1. 22BN R Rl 5 TR bR, 228 Ja 2410025 2. v [ERF 4 Bx i 5t - BERFSE Br L3RR 157 Y &5 i S0 e %
3 210008;33.X0S 23w, ¥ 2003355 4.8 M 2= B IR S4B, ) PE 4R 535000)

+

pis

f

B A XIS (PXRE) i 9 SR 1 (5 45 =X X IR R 280065 (HDXRE ) ik 3EF 7R i FR(Cd T3 AR A -
SRR TR 1 (0 I (]S4 P -3 rp R E 4B U0 E Cu Zn \Ph Cd FIZE AR As HEATDREEIN 2 , IF45 00 58 25 523 B 5 L 1
WIS (AAS) 1 JRF 2GS (AFS ) 2 K H Rl & 458 U R 56T (ICP-AES ) 1k (10 5 25 3 a7 2t 1 A, LA 23-#r 1+
HeRie KA A DL R L BRI A2 45 A . S5 R I HDXRF 3430 22 39 i 4 S it Re e M v v va ARG BR AL,
Cd IR RN T B4 0.27 mg- kg™ MURLRLAR X - 38 i <55 o Vi J8 U0 o 235 SRAT — 2 S0, A el 100 B 7 BSF 80 Y00 7 48 SR A P AR 108
T 7K X HDXRE 1 A0 52 45 50 M 50, I A UE I3 -1 SERE o T4 5 A6 LSBT X HDXRF 326 9 I 2 4% SR A7 A6 s 0, {H A] 3@ 2o 38 48 5
PR H BGIA TR . HDXREF 740 (5 5 1230 52 50 % ICP-AES 3L I 4521, Cu Zn P FI Cd M B E 5055124 0.997 5.0.996 7.
0.961 4 #10.995 4; HDXRF 2 5 52595 % AFS BRI AE As (IR E £ 50005 R 73K 0.979 8 AHEL T 5285 % U 2 Jy 25 , HDXRF ¥ H 5 1 4
BUHTAL IR, G XU WS 45, L HDXRE 00 7 3 [ 58, A T -8 h 48 Cu Zn (Ph . Cd A4 @ As BB 2 , 2 — R0 2R PR
MER RTEE R AT

SRR - SR LA 2 X ERTOGIGIEE s T4 8 s A 3 s Pt

RESEE:X53  XEEFEESD:A  XEHES:1672-2043(2018)07-1386-10  doi:10.11654/jaes.2018-0568

Use of high—precision portable X-ray fluorescence spectrometer on the heavy metal rapid determination for
contaminated agricultural soils

PENG Hong-liu'?, YANG Zhou-sheng', ZHAO Jie’, SONG Wei’, ZHOU Tong’, LI Zhu’, HU Peng—jie’, WANG Zhao—yang’, GE Yan—yan’,
HE Hong—fu*, HUANG Jian—ning*, LU Hao*, SUN Jian‘, WU Long—hua™*’

(1.College of Environmental Science and Engineering, Anhui Normal University, Wuhu 241002, China; 2.Key Laboratory of Soil Environ-
ment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3.X0S, Shanghai 200335,
China; 4.College of Resources and Environment, Qinzhou University, Qinzhou 535000, China)

Abstract: In this paper, the detection limit (cadmium ), stability and the accuracy of reference material of soil were tested by high precision

portable X—ray fluorescence (HDXRF) spectrometer in PXRF and HDXRF spectrometer was used to detect the main heavy metal or metal-
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loid elements include copper, zinc, lead, cadmium and arsenic in agricultural soils and linear regressions were established for the determina-

tion results of HDXRF spectrometry with atomic absorption spectrometry (AAS), atomic fluorescence spectrometry (AFS) and inductively
coupled plasma atomic emission spectrometry (ICP—AES) respectively. Furthermore, the effects of soil particle size, moisture content, organ-
ic matter content and soil type on the determination results were also investigated. The results show that: HDXRF spectrometry has high sta-
bility, high accuracy and low detection limit for heavy metals and the lower detection limit for cadmium ( Cd) is 0.27 mg - kg™. The parti-
cle size of soil samples affected HDXRF performance and 150 pwm is a better choice. The moisture content of the soil samples had a signifi-
cant influence on the results of HDXREF spectrometry, so samples should be kept dry. The soil organic matter content has an influence on
the determination of HDXRF spectrometry, but it can be calibrated by adjusting the constant of equation. The determination results of
HDXRF spectrometry are more close to the results by ICP=AES method and the determination coefficients of copper (Cu), zinc (Zn), lead
(Ph) and Cd are 0.997 5, 0.996 7, 0.961 4 and 0.995 4, respectively. The determination coefficients of As determined by HDXRF spectrom-
etry and traditional laboratory AFS is 0.979 8. Compared with the traditional laboratory measurement methods, the soil samples can be ana-
lyzed HDXRF spectrometry just only after simple pretreatment, such as air dried and grinded. Therefore, HDXRF spectrometry is a simple,

fast, accurate and reliable analysis method which can be widely used in the determination of heavy metal Cu, Zn, Ph, Cd and As in soil.

Keywords: high precision portable X-ray fluorescence (HDXRF); heavy metals; agricultural soils; rapid detection

7= 8 YR R 1B LR B ok T i 2 R B )
R HERC S BN X R S AR A T 4 R S e i)
RRAZ B 37 K AR FH YO A G B FH Al 2
M- E LRI . T E 1 5850 AR ik
19.4%, F= %75 Y Wy J 6 (Cd) VB (Ni) L4 (Cu) L i
(As) K (Hg) 5 (Pb) %5 4 X A5 s 06735 33.4% , 7
& my XA 3T 4 8 15 Yt e EN, AR H
3 SR R AR B A KR A 2 4 iR T
TYIEE L AR . 4R 5 YRt A AR R 1
foF RSB (BUR B BRAE ), UESE
Cd A i), 4 A 2 fioh— 2 79 6 199 Cd 2 3 i ' O 461 5
HET T BOE A AR, FEA 4 R R
BUPEA WS TR FUE IR B R, MEA PR R
B & R i 2 e E S, JRE K HES
& T RS e B P W R B B R+ ARV IE
B AT, O A FREE T o 2R
PRI B BIER X B R 55 YA
R T — K

I 7 8 v B 4 R ) S 0 5 VR R R R S A
i 2D VB TR BT R T A, SR 5 R R I o
(AAS) | HLUBHE A 55 B 1R R 51 b3k (ICP-AES) (HL
TR A 25 B TR U (1CP-MS) B 1 26 ) 6 3
(AFS) S AL AR PEA T I, 33 630 52 Jr v A JE 1
K BT AR R a5 2 2% v Ak 30
PR FERH , SRR TH A e — o fERS , T 28l
N BT o T X G428 ki ik (XRF) UL AT FF 5
il 5 FAS AR R a7 o R HL 2% AR L E kTS
YL fi W R g Z2 R o0 R AFO0 A, T T R B AT

WAMIFFE S Z — o XRF 3 24 —Fh 32 1
TR 4 M T R B TA A B8 E S
ST A3 A 5 BRI RER B R A 1A A T R R AR
5 YR H A 3 ) H 4 S PR A Hp e

[l N ANFE XRE 32 0 FH 52 B A 338 v 3 4 Jm sl 26
4 e B PR SRS I RN A5 T T R R A A S T
M, FEBFFE I IC R SE Cu 8% (Zn) (P %% (Cr) \As.
Heg 255131 XRF 32460 BR— LG %06 1 SEBRAS N 75
KX CdICER BF A, SRR T v, 6 =
JoT b 3 A 2% Z2 A, A T S o R, R 4 1
FRAG I B, A0 = A b 0 SBORLRE A% K 2 I BILIR
AR AR T BE R R XREF 15 0 45 L A - e PR b
JE Xt XRF (A0 5 45 SR 58 ) 22 K, 33 ‘B 19 0 a8 2% 1 2
fH4, [ N M 2

D]t , AR SR FH wsops A 485 5K X R e ik
I (HDXRE) %75 e 4 H 438 H Y Cu . Zn . Pb . Cd \ As
EMET IR E FE TN E SR R RIS YR T
PLE G , 454 AAS  AFS 2 ICP-AES %54 %8 (9 I 5
255 BT HDXRE v PRk I e 54 I 179 ] S
[ A4 T A T] RS R | - ki i | RS K R DL
Je o2 5 R BR AT ML OO E 25 R s, B AE R
HDXRF PR A H 4 58 5 4 Jg s 2R 4 g $R L3 e
SR

1 MR5FE

1.1 R ER
T B - R 4 5 X B LR 98GR (Ca-
dence, 32 [E XOS A A ) A 82007 5 I 406 6 B



1388

YRIEIRCX iy F37E5TH

(SpectrAAZZOZ , 25 [ Varian 22 7)) KGR T U4
FEIERE T (SpectrAA220FS, 3 [# Varian 23 /] ) JFRF-2%
HA I T (AFS-230E, HF EVE LA AR ) | HLIERFE &
2 B AR 6 (Optima8000 , 3 [H Perkin Elmer
NEIDS

HDXRF AN XRF FAR 5 — >0 3, i 3k
K FH A~ B0 GRSl B2 5 15 M LU R SE BT A
D BB YA AR T, & —Fh FH T I AR &
rhOR I 7 A R 0 P o A vk HDXRE 5 fifi 4%
3 X HHR DG (PXRF) #R AT (485 3R o R
T R O a1 B 93 AN 923 K (39 it/ @2 L 1 i )
Mg Z R E SN A . AT PXREF, HDXRF AR
Y0 TR B VRS RS B R v R D B B, T R X
Cd 7T 2 AR I PR A AR, Wt 2 o 6] - S A 055 ot s o
H CdICRZORIRE , A& Iz 1 R 5.

F IR : Cd FRUERE 25 75M (1000 mg- L) 5 i 2
Hil[Cu(NOy), | B B2 B (ZnS0O,) (AR A [Pb(NO;),| .
PR B (NaAsO,) ; il B2 AN ER R o 156 T i 7K Sy 4l
KR ERFR Y AL Al Al R B R A Mt
1.2 tEFMRESHLE
1.2.1 TIERES IR

KA 0~20 em B2 HHE W ZE KT, B
w3 10 HA1100 HJE i, 457 .

KA T 4 8 75 Yk A FE . (1) 2 FE AR
Hiy X TR 5 gy SRR G 1224 5 (2) Y S A AR
JEl A SRR o1 A, R R AU SR+ (3) B
JCHE AR R % H R R i 63 1, 3R AL K
it .

RERE AN [ S 7 A 38 v A [ 4 0 ) 22 4 R D
BRI , 43 )3 28 PR R VTR T AR A e L AR VTS
HiL A 3 ALY - 38 3 R A R T 4 JE TG TS e s AR
R uk N b 23l v S R 71| P S LA
AR (/e
1.2.2 H4 @15 Y R S T A

SR 4 JE 5 YRR B o LI S R S ] ek
100 H i (4 13 3 B -3 v 43 5178 0 2 43 s O 78 43 TR
A7, 45 3 5 B W BN < Cu 1000 mg - kg™ . Zn 2500 mg -
kg™'.Cd 5 mg-kg' . Pb 800 mg-kg™', As 250 mg - kg™
(GB 15618—2017 443K &2 UL , w1 48 — i bnife
B LOAE ) A ZR 575 Yo - 398 s B o 45 s o o TR 11
15 e L AN A H ) 5 D R TR R 15 BV 4y
) AR 4 R e FE 1K) 0% 2% 5% . 10% .20% .30% .
40% .50% .60% .70% .80% ,90% . 100% , AT (A AE

AT AR FR ), F HDXRE 3200 22 1 26 + 38 1) 3 42 g vk
FE.

SRR 3 WL ) B 4 D s, L
AN E 4R W E R 0% . 5% . 20% . 40% . 60% .
80% . 100% 1 -3 , FREGE 100 H G XTF 17 ¢ F
50 mLBEFRH, 23 BTN 30% 19 H,0, 75 5 mL, 2%+
B AU, BB E kS ARE IR SR, A
MU LBR G F 88X, 3 100 H i, FE

PR A AR A% X 57 X I 45 SR 5
iy, AN B 4 8 W B 10% Y ) 2R 4% 1 s 2138 XL T
FE, 43515 10,20,60,100,200,300 H J2 e fifi , 75 F

SRR 3 %o B 4 S I 1A s ), I B AR S i
GRS YR T N B R R 10% B ZR AR TR RE 2148, 1
100 H i J& . 43 5 ds i AT 5/ 0% . 2% . 4% . 6%
8% 10% 1 5 85 7/K B AN [R] % 7K S B 1) - 48
1.2.3 - 4EFE S 4R 4

Z I8 HJ 168—2010 fff 58 A. 1.1 B2 , P HL GSS16
R AR UED BT, B0 b Cd T R T2 21 1R
W E (Fe 1), MRS 1Y 2.526 F5 A7 v D 22 0 7 B4
H R (MDL) 5 48 GSS14 |8 5K + HEbr Py i i 2200 34
10 YR AR XS Br v f 22 (RSD ) 5 5 9 A 18 R 1= 358
FRUERI T (GSS 1.2.4~6.8 .13, 14 F116) , X} H 1 Cu,
Zn As Cd.PbICRIMAT40HT , I 6 5 bR E(E A
X R 25K 25 S P HERR I o K )35k 15 mins

4 G0 S 56 1 R - - HERE A 25 HNOs—HCI 1: 174
fbJ5 , Cu.Zn Pb . Cd 4 FhEH 4 J& R FH AAS 15 1CP-
AESTENZE ; As I ALIS SR F AFS IE o S O
S3 AT A AL AT SEVE RN HERA A, B 10N FE AL AL S
8RR A3 AN B, 2R GSS-5 AR i) i it
il

HDXRF 005 « A i AR X e & R N
95 R 2% = S, I P 3P 1, BBOAS ) 2840 T b B s

R BRENTEREESE21RMNELER (ng k")
Table 1 Determination of Cd concentrations for 21

consecutive times(mg-kg™)

eis e eid e B /%4 e B
1 0.25 8 0.19 15 0.17
2 0.21 9 0.2 16 0.19
3 0.16 10 0.14 17 0.13
4 0.18 11 0.21 18 0.17
5 0.22 12 0.15 19 0.21
6 0.19 13 0.17 20 0.24
7 0.15 14 0.22 21 0.26
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Table 2 Precision test of GSS—14 reference material

of soil(mg-kg™)

75 Cu Zn Pb cd As
1 33.9 88.1 29.2 0.14 8.12

2 35.1 88.4 29.3 0.18 8.16

3 34.9 89.4 29.3 0.14 8.24

4 36.2 89.9 29.6 0.16 8.52

5 36.7 89.1 29.8 0.18 8.13

6 542 92.6 29.9 0.19 8.27

7 36.6 88.4 29.4 0.17 8.45

8 39.2 90.3 29.8 0.17 8.02

9 35.1 88.1 28.9 0.11 8.39
10 36.7 89.9 29.3 0.15 8.43
FHE 37.9 89.4 29.5 0.16 8.27
sD 5.93 1.38 0.31 0.02 0.17
RSD(%)  15.65 1.54 1.06 15.25 2.02
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Table 3 Accuracy test of reference material of soil (mg-kg™)

Cu Zn Pb Cd As

kS —— - - - - - . X
TORRMERD MR BR2% FRMERD MERET UR2H% FRMEM WGRE R2% FRMEMD WGRET R% FRMEMD MRET 1R2%%
GSS-1 21.0 25.6 21.90 680 818 20.29 98.0 108 10.20 4.3 4.6 6.98 33.5 40.6 21.19

GSS-2 16.3 20.3 24.54 423 38.8 8.27 20.2
GSS-4 405 50.6 24.99 210 219 4.29 58.5
GSS-5 144 145 0.42 494 550 11.42 552
GSS-6 390 429 10.00 96.6 103 6.63 314
GSS-8 243 18.0 25.93 68.0 67.9 0.15 21.0
GSS-13  21.6 34.2 58.19 65.0 67.0 3.05 21.6
GSS-14 274 25.4 7.19 96.0 82.9 13.61 31.0
GSS-16 32.0 40.7 27.19 100 114 14.40 61.0

19.5 3.47 0.071 0.10 40.85 13.6 13.7 0.74
64.7 10.58 0.35 0.28 20.00 58.0 62.0 6.95
628 13.84 0.45 0.41 8.89 412 433 5.07
348 10.83 0.13 0.11 15.38 220 250 13.64
19.2 8.57 0.13 0.10 23.08 12.7 12.6 0.79
23.1 6.71 0.13 0.11 15.38 10.6 12.4 16.60
27.8 10.42 0.2 0.12 40.00 6.5 7.88 21.23
72.2 18.33 0.25 0.32 28.00 18.0 21.0 16.67
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Figure 1 Effects of soil particle size and moisture content on the determination of heavy metals by HDXRF spectrometry

R4 AEBRANREERBNATEESRREBNEEXR

Table 4 Effect of removal of soil organic matter of heavy metals concentration

ER: &S| WETLR Cu Zn Ph cd As
Bt LT y=1.096 4x-14.936  y=0.953 2x+30.752 y=0.961x-20.975 y=0.820 5x+0.343 6 y=0.933 5x+9.809 2
Y R*=0.9619 R=0.953 5 R*=0.988 4 R*=0.983 8 R*=0.948 1
N EEAR: RET T y=1.124 9x+0.924 8 y=1.116x-2.5757 y=1.120 1x-1.206  y=0.916 8x+0.006 3  y=1.137 2x—0.645 9
E BB R*=0.983 R*=0.983 6 R*=0.992 6 R*=0.999 R*=0.989
T2 Rb 4 AT y=0.896 2x+23.008  y=0.878 3x+50.104 y=0.888 4x+33.8 y=0.969 2x-0.0554  y=0.908 7x+7.393 4
e FEL R>=0.989 5 R>=0.986 1 R>=0.986 9 R>=0.993 8 R>=0.988 7
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Figure 2 The linear relationships between added concentration and measured value by HDXRF spectrometry of heavy metals

in different soil types
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Figure 3 The correlation of heavy metals determined by HDXRF spectrometry and ICP-AES/AFS ( Typical polluted soil samples over China)
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Figure 5 The correlation of heavy metals determined by HDXRF spectrometry and AAS/AFS
(Polluted soil samples from north of Guangdong Province )
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