+ 1# (Soils), 2023, 55(4): 829-837

DOI: 10.13758/j.cnki.tr.2023.04.017
R, EI, A5 %, 55 HDXRF ¥E4% H A 5000 00 i 45 SR o off B DPAN S RS AR IE R ARG . 38, 2023, 55(4): 829-837.

HDXRF ZNXHETIERENES R ERE TN EBERIERE
AR

R oW, ALY, B, o &

(1 MAE R TR SRR, fat 210044; 2 ERRARE LIPS 15 B R T 0 5000 % (R ot LIEBTSEAT), BAt 210008)

W OE: DHNARETSEX f AR5 Yk ORI 4, Wm0 X 996G (HDXRF) i B (Cdr) Ml E R Y
FRERHAT T, 20ROk AP S & HIE2ETINT HDXRF i Cdrilla iysgmd, IR XA ZE(RE).
AR v O 22 (RSD) AR 2 FREC(R) X 2 45 SR (9 VM J38 ARG 58 8 AT T34 . 45 R 35 W1 HDXRF ¥ Cdr MEM RE<10% .
RSD<10%., R>>0.99, £5-44% M - SEFRBE IR 2 W IR AR IS A0 25 [ PR B ARP B AR FORS % LE . HDXRF ¥ Cdr M EL
RS IS S R I RSB S, S TR y=0.803¢ B 28I B R (L) 1328 4, R*70.984 5. HDXRF ¥ Cdr
e 25 RGP & 2 B AR R (r = -0.955), HIEFERRHA) LR i (Peat) Xl e S5 A2 T K, HA S50 45 R MR IE
FFEH y= —1.555x + 0.780, R*4 0.934 4, +3EMINS HDXRF ¥ Cdr ME LS RAFTE—E R, AR TLFkfE L, KA5+m
W E G RGBS S = M N E SR HGE . M2, BIR HDXRF ¥ Cdr WELSRZ L2 EE N, (B R EBERAE, H
FEIEZS SRR ] SEPEREASTE I Cd V5 YAk I E a7 oK o

KR X FLIOEIE; AR, R ; wmEE; RIEFR
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Accuracy Evaluation and Precision Correction Model Construction of Cadmium

Determination in Farmland Soil by HDXRF Method

FU Zhaocong', WANG Cong', WU Chunfa'", LUO Yongming?, LIU Dong'

(1 Department of Agricultural Resources and Environment, Nanjing University of Information Science & Technology, Nanjing
210044, China; 2 CAS Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 210008, China)

Abstract: The main factors affecting the accuracy of high-precision portable X-ray fluorescence spectrometry (HDXRF) for the
determination of total cadmium concentration (Cdr) in soil were screened with the heavy metal contaminated farmland soil in a
sewage irrigation area of Baiyin City, Gansu Province as the object of the research. The influences of moisture, organic matter
type and content, and soil type on the determination results of Cdy by HDXRF were studied, respectively. The relative error (RE),
relative standard deviation (RSD) and determination coefficient (R*) were used to evaluate the accuracy and precision of HDXRF
method. The results showed that the RE and RSD of HDXRF were <X 10%, R*>0.99, which met the accuracy and precision
requirements of farmland soil environmental quality monitoring technical specifications and US Environmental Protection
Agency standards. The determination results of Cdr by HDXRF method was exponentially decayed with the increase of moisture,

L3284 with an attenuation coefficient (4y) of —1.328 4 and a coefficient of

and the attenuation equation was y=0.803e
determination (R%) of 0.984 5. There was a significant negative correlation between Cdrby HDXRF method and organic matter
content (» =—0.955), and humic acid (HA) had a much stronger influence on determination results by HDXRF method than that of
peat (Peat). The correction equation of HA was y = —1.555x + 0.780 with a R? of 0.934 4. The influence of soil type on the

determination results of Cdr by HDXRF method was limited, and the determination results of Cdy in sierozem by HDXRF method
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were closer to the determination results by traditional laboratory analysis method than that of red soil and paddy soil. In

conclusion, although the determination results of HDXRF are affected by many factors, the reliability of the correction results can

meet the needs of accurate investigation of cadmium contaminated farmland soils through model correction.

Key words: X-ray fluorescence spectrometry; Heavy metals; Rapid detection; Influencing factors; Correction equation
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ARk W 43 4 T S SUIRAR B B I TR 55 1
A 200 38 2 5 AN R - R T A SR B SRS v AT o
RIRE G LI ST ARG B L DR 2570, (R R AL
UM R B | SRt P HAR 8, B A Tk
T, MELUE R M, X SERTOOERE(XRF) I,
FIH X O & Mg X S BFER:, R
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fiE X 4k, I o prRE il h R R I8 2 7 AR I R IE 2E
6 X BRI K (S BE ) A, T RASRE L AT
FUAMGHFRGEE, TGRS e B B 8.
FIE 20 0 50 4R X SR & SO EIRE Y
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60 FARAE R U X EIE L (EDXRF)W H B,
R T X I AR R R R, B
JEAE X JFRIETE T T RE ;s & 80 4R, XRF
TR — RS AT i, R SE I A B AT
T AVR R ITT RN k2 —, A AIRRE
TN & T g T I AN TR 95V N T D = R
FETCAR S BT R A4 ELA AN TR ) i 7
21 2240 [ BRbr 41 21(ISO) | 26 FE R (547 - (EPA)
FHRAY, %2 42 55 fif BEAFF 55 91 (NTOSH) 56 5 i 7 i A
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2015 A HS S RN TR TCHLIC R I E (b v
IR EZ—.

i 5 5 VR AN 2 A A SRR R AR /N EDRS b &
&, N X FERIOE(PXRE) B, R
#E3h T XRF S HT AR BRI ;. TR ZA 6
TG FE S I SRS FE A X X 9O U (HDXRF)
BB, i e AR A i T 4 B DU AT A DA SE
P, AHH PXRF, HDXRF il RAKEEERRA TR KW
P, HOE RN RS S H oy A 50
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Fe A ME Y FRIE RN, K AT FIAT HIL o S B
TRVE, ROt R DTS T3 0 A4 56w sy 45 1 R
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JEIE YRS A TR . BARE N E#7E HDRXF
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BT, A ST DL H R PR R 5 3 XA 133
WEoE R4, @it a N KR L AHURE. A
[F2E70 + 4 Cd St ingsss, 435k A HDXRF %
F1 GB/T17141—1997M 4 il i ik — S R o St
AL B30T T 3ERE S A Cd & i (Cdy), SE R+
HOKAy . AL B ALy . RHERAIN) HDXRF 2
Cdr ME LS HMRZm, FE7E e ILnt DAL T4 R
MBI E R IEBIAL, DIATRURIE HDXRF %
Cdy JF AR 455 , hi4e & HDXRF kil 8 428 Cd
O ET

1 #RERE

1.1 AREWMEEHRFE

F5E DX Ar T H N R T AR X, Ja iy R itk
TR ME, FHRIE 6 ~ 9°C, 4ERRKE 180 ~
450 mm, FZKKEIA 1500 ~ 1600 mm, +IEFAIL
BG40 AR R EE A LR Tl k=3t
M, TR E =, 8RB RA IR I 2R 78 Ay
KA EEER) Tk I5KER, SBORTRRX £
e Cd G H 4w T5 Y g

AT BIFEAR KA FIPE R 2 ARSI
KR 1 AFEX (AL 508 9.09 hm® AT 10.64 hm?)
FF I 38 4 i 15 LR AN R 2 o E PR DXOR FH I A
A7 520 mx20 m)HEAf B 880 M RAEA, AL
KH S BB R M ZE LR G 1 A A ey
A S = SRR S N T, BIBRAE AR . A
Y2 JE S 2 2 mm & . % IEEIRE AR R,
SRS TR 2 1, R HDXRF 005 T f5 35
Fedh Cdr &, AR HDXRF ¥ Cdp JRIRINE S
SR FH e B 6 B vk 40 B 18 , -l i i 38 1 58 4~ +
RS TR = 8T, DA AL IR AL I P
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HDXRF % Cdy il 5 45 5 0 HERA FE .

1.2 HRLEBESHSHAE

1.2.1 HDXRF {8 IE 5 REIFA ENTERSS
FH %) HDXRF(E-max, 2£[E XOS /A &)i0 £ & M ekt
PRSI 2% (SDD) FIXLH 11 25 & R (DCC) . T AT
522 W], PXRF N & 1 HEASEIER IEA A A fe e
PESEHE AR RE AR ARG IS B, R 256 R B0
1E3E A 3R 5 HDXRF 5 45 A v BE U AHF
FPIERE 8 P E K AT AREY) T (GSS)FI 2 FK R T
FUYIARUEY) B (GSD), 3 3 43 B B 5% - HEhm v ) o
HDXRF Il 25 5 5 IAUEE 2 ] 2R PEAR M, SR A
LM I U 0 B P I U 28 A AR IE ALY, A% O
HDXRF i Cd i 5z 25 17 A4 HI 168—20201"1
NY/T 395—2012PF1 3% [E PR B bR, 205K
FHAI %22 (RE) . AH X bR 7 fm 2% (RSD) AP 22 72 4L
(R)3 AFEBRXF A5 A RS 3 K 2 B b A T2
24 RSD<10%., RE<10% HI R* = 0.85 ~ 1, KA
IR AT AR B RS “BE e ARl 0P,
122 AFKGEEEFEESAHE hTER
WFFE K53 & i %F HDXRF 5 Cdr 2 25 A, A

FFEHEE 100 H R HWFFE XA IS £(Cdy 0.8 mg/kg),
2 THRALFS (105°C HUAHULE 6 hy, S alEinT +
FUEA) 0%, 2%, 5%. 10%. 15%. 20% F125% HY
BT, TCBURRIK G SR R, CE T VKA V2
ZE(0~40C)12h, RUEKPTE LIPS, R
HDXRF & K HHE Cdy, BAREAEA S % Turner
Hl Taylor® )5 4:

1.2.3  RFEIZEARIE AT AL SR A i & H
TR A MU AR HDXRF 3 Cdr U2
SRR RS, SREBUEHR R - e e v
RIGWEFE DA LTS — I A HLBT Y 7. Herr,
MK+ 394 LT 22 bR Ravansari Fl Lemkel > H
A BB ER T, R 13 (Cdr 0.8 mg/kg)iik
AN 600°C +20 C 4583 h, REXIBE 2 K,
PRUEA BB 23 B o SE A A HLET A
BHR (HA)FIE & SR Ue % (Peat) (% 1), 70 1] 161 1 18
RN B REW 0%, 0.5%. 1%, 2%. 4% Hl 6%
AN, TR RGP & R . fREs
HEK 3 1E HE R RRK &Y 70%, 3757 2 J8, KBS
ek 100 B, F#0 .

x1 BUNRBRYRIEXRER

Table 1 Information of organic matter substitutes

ALY aiz FEH Sy AR
JEEFE R (HA) R FA=90% —FERMRAAVE T TEVRREY, SHK. RGITE TR ey
& AR

4
14

2R RASTTR, AR, ok, Bk B,
FERNT RS IR, SR OB A L TCE I

A, R TK I R R

B =94%, A 4.4%,
pH5.5~6.5

Je 7% (Peat)

TAHBHR . AR PR AR, BEYRSE SR e A A

1.2.4  Jbr BIEREGOEHIES T E RIS K
+ 45 1 25 TN} HDXRF 3 Cdy B S5 52, 1k
FRICT5 Y B 2T R0 B KRS A R X FEBF 9T %42 .
HRAE GB15618—2018 { HIEMASE i & FH M +35
e RSB BEARAEGRAT) YOI Cd 1A i e (B RN A 4 0
Sy i AR 820 B)HE I AR RHAELRY
PRERRIEC S 9 MIRBERREERY 14802, 0.3, 0.4,
0.6, 0.8, 1.5, 2.0, 3.0 Fll 4.0 mg/kg), FHILIEHES
PEAE LS ISR A o R R SR IR B R A
(25°C + 3°C)EEFR, JHER M BB — A AL
AN AS/NLITERE, DAB K Pl 78 &, 53R ]
60 d, FEJEENE 3 d ) - HE A NG 2 B K DA
TSR BARSFAE 70% HIAHFFK BT, RERghR
Jo . BREESE R B RE L 100 B, 409K
HDXRF 5556 % A 7 Cdro

13 Cdy MIE R HDXRF S50 ik BE
PSR REZY 12 pm, X FT2E F) IO 455 T
RIS, # R a8 ), e U F 2.0 g 19 100 H X (%
IKAE<5%) AR T AR P, A R e SR O D3 i
ST B I ARG U 2 7 1T, OGP AP
BB ML E] 300 so BEAFERIIE 3 IREBCEFE
SRR R UEY) BT GSS-4 FEAT Fi s, A 10
AL ET GSS-4 1 K.

T8 Cdr MEMERENN HE: M
GB/T17141—1997 ( HHEF & Ay, fMrlE A&
JEF WMo YEIERE L ) UL R T 548 b S A A A 52
Bre M T AR (4 ] - 49875 YR 0 PR 34 43U
BT EHE AR ) PV —H 4 - LI 43 Hri
IR 2-1 Gl () € xR 4 40 YR PR - HERE A
T H 48 LK1 ICP-MS ) (NJTC/DMOS-
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CH22)", R FH & e il R — S0 R — v S R T Ak FIFER
ICP-MS LA o MBI 45 R B vERf 1, B4t

' 2 BERS5HH

FESIRE 32 M, WE 10% RS AT RER
SR AR MEY) R GSS-4 Ml GSS-1a #E 4T i
Pl
125 HIECAFHEESTE: IRARZE
RUFTE B A AL I +3E Cd b2 RS2,
K FH KR BH ARSI )kt BCR B4 i 575 +
e Cd Mik2ETE A . 20Tk LI Cd th2BTE A
SRR EUGE(F1) . Alb AR (F2) . Al A AL (F3) ok
A (F4).
1.3 HIESIH o

KH Excel 2019 TR 2E (RE) R X AR
fWi#£(RSD), SPSS 26 #F17HLH % J7 22531 (ANOVA)
Hl Pearson FHIMESGE /34T, Origin 2021 X4 505
GBI A HDXRF 50 25 SRt A 74006 g [l A 5

21 ESREXWESWNALERESHEERE

TR G Jm RIS SRR, KPR LI Cdr
TG RREAEAE R 25 57, DR S0 3 43 B rh 4 X
53 2 DNCUGHEAT ST, BRI A B ES I 2 FhbRHER)
J(GSS4 Fl GSS-1a)3 ~FA7, HLAMENLIEE 10% #Y
FEGAE R AT . B T R R i R Y
FERE B 3 A I o R rp e R A o g O ik kA T
GrHTe AIRRWL, A PATREM B RSD ¥I7E AR
N, BERN 100%, £ 2 NIREYI RS R, &
H 3 Cdr TATHE S I A 45 5N 2% 5 A e pnf
Py o D, A ARG ISP A S 5 SR AR o B
FAERR FE LI F i 25, W S0 28 0 e 25 RAT 6 TR E A
FH 8 PRI Jo M D A AR R 1 B 4 20K

*2 EREXURESMERERIEFAREEHER

Table 2 Traditional laboratory analytical quality assurance and quality control

FE SRR GER) Bt T INIE {H (mg/kg) S (mg/kg) RSD(%) A1 3 (%)
A GSS-4 0.35+0.06 0.39 +0.02 5.49 112.31
GSS-la 25+02 2.55+0.08 3.06 101.92
Ti A VA GSS-4 0.35 +0.06 0.35+0.01 2.69 99.78
GSS-la 25402 2.28 +0.03 1.35 91.36
A BT R IR GSS-4 0.35 £ 0.06 0.38 +0.02 4.53 108.00
b £ ERE GSS-4 0.35 + 0.06 0.38+0.01 271 108.57

VE: ARHE NY/T395—20120P9885K , FHbAE Mk 10% BURE S PE R FATRES, EATS280 % 4 BT T i 4 1

2.2 HDXRF ZAEHESKZE

2.2.1 HDXRF A5 HFR(MDL) %% HI168—
2020  FREE W A4 I7 AR R TR AR S ) U
HLE, W IEFRMEY R GSS-4(Cdr: 0.35 mg/kg +
0.06 mg/kg)ifF17 21 IREL M@, Z5HRFRW, L
Cdr M EVLHE A 0.310 ~ 0.374 mg/kg, THEARMEZ(S)
4 0.0207, HRIEAR MDL=2.528%5(2.528 & 21 °F
FFE RBUE), THEASH Cdr AR FRA 0.05 mg/ke,
M5E FRA 0.20 mg/kg, /e GB15618—20182
Cdr AR E(E 23K o

2.2.2 HDXRFEHERGEE SHEHE  HIEbRMEY
# HDXRF JEMESE RN 3, RE 2 -35.38% ~
50.70%, RSD } 0.61% ~ 16.67%, HDXRF V£l & 45
TN TAL G S50 % 3 BTkl e 4528, Cdy 1yl
FE B FIIAUE (B AT B U7 1 Lt AH DG, AH DGk A
0.999 7, KIFJ5FEN y=0.948x + 0.0277(x ¥ HDXRF

BEAE, y R HHEARAEY) FUA ) o 24 AR Y
JFOAIE(E IS T HDXRF 005 FBREF, HDXRF 2%
EERIFAER AR . 2 Cdp 3 TI0E FRRI, RSD
I RE ¥7E £ 10% LI, FW] HDXRF % Cdp I
SERMER B RS 2 BEAT B e ME” i
2.3 WMIREX 1T Cdr B HDXRF iENE 45 R

EiEH

HE 1 ATAL, 2 AMFEIX 4 Cdr 19 HDXRE 3230
B 25 L 5 R 5 S0 A 43 B O VRN E A R LA BT
ANEAHDCHE, FHOCR BT 0.900 2 F10.972 2, 3
] HDXRF 32 3 I 25 S04 438 Cd V5 YLl BAy
—SEMFE R AE . {0 HDXRF 3l 2 25 5 515 50 523
LTI 2 R BT — 2 W s iR 22 ARk,
47 HDXRF SAEME R 228K, 16 8 HDXRF 75 &
LZERLM) RE RREWE L 10% HIESR ., ARBF5E A B, 74
KA RIHEX, RE (468 5 IE F 43 51 2.82% ~

O zZEinge. 4B e gk B R 1 ERE i JCHLI H 428 6K /4 ICP-MS #:(NJTC/DM08-CH22). 2018.
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*3 LTIREREYRT Cdy &2 8IAEES HDXRF SEN EE b
Table 3 Comparison between certified and determined Cdr values by HDXRF method in soil standard substances
FRifEd) 5 INEE(mg/kg) I (AT {E (mg/kg) PR ifE 2 RE(%) RSD(%)
GSS-2 0.071 £0.014 0.11 0.003 50.70 2.80
GSS-8 0.13 +£0.02 0.08 0.014 -35.38 16.67
GSS-5a 0.16 £ 0.03 0.12 0.016 —22.08 13.17
GSS-15 0.21 +0.02 0.22 0.002 6.67 0.89
GSS-16 0.25+0.02 0.27 0.011 9.87 4.04
GSS-29 0.28 +0.02 0.27 0.015 -3.39 5.36
GSS-4 0.35+0.06 0.34 0.010 -1.90 2.86
GSD-6 0.43+£0.03 0.40 0.016 —6.82 3.96
GSD-10 1.12+£0.08 1.10 0.008 -1.37 0.74
GSS-1a 25+0.2 2.40 0.015 —4.09 0.61

52.94% Fl 2.13% ~ 25.53%, RE “F1H 7 91 K
20.17% F110.14%, RE Hid 10% MIFE 3004 46
AF17 A4

I N B T A O E M ST 2 A IE AR A E S
) HDXRF 5 25 5 5 4% 4 52 56 2 4307 7 6D
SRR A PR 2248k, HAA#FES RE
5T 10%; PERIE AR R e 25 R AR IE ) ,

RE FIMEF MR T 7.34% 1 1.4%, RE #it 10%
RS2 B0 T 22 ANF0 34, RIIE TS24
MEIERE IR TE R A F 3 Cd V5 Y i 25 1Y
Ko FHHDXRF A8 KA 522 1Y IR R AT e S5 35
FES K > R LB AR B A G, B, T52A
HEHLT 45 PR RS MR A LR %) 2 S IR | DA T 2 g A
IESE AT Sk

AEG SR EECD, e R IR 95%E {5 X [f] 95% T X i)
3.0F ; 250
(A) PHRIABIFE X (B) RKIWFFIX.
55| »=1.0x+0253 y=1.016x+2.973
B | r=09002 200f r=0.9722
Eo 20l R*=0.8103 V- R=0.9451
=z n=58 . n=38
S . Ry 150}
T LS ' 4 r 4
05 sep %0 o
"‘.315\] 8 5,° 100 X
& g?
05F = P o
S 50 —:";-,-""J: y
0.0 1 1 1 1 1 1 b 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0 50 100 150 200 250

HDXRF%Cd, (mg/kg)

1 2AMHERXERIEESFES HDXRF 7E IR Cdr MEL R L

Fig. 1

2.4 ARIEZEX HDXRF % Cdy il 7E 45 RS0
2.4.1  HHOKS IR Bt 7K o3 3
i, HDXRF i Cdy 52 25 B S Fe Bo it e, =k
BRET R y=0.803¢ ¥, R* 4 0.984 5, FIRARSL
(o) N —1.328 4, p, JEHRFIE X BHERPIRE T ok i
WS R A RO R E(E 2). r 220 Hras R,

MK E>5% B, eSS RA A 25 25 55 (P<0.05).
T KA RN 1A E 4 4 530 Cdy Y HDXRF i
MELER T 0.90% ~ 1.43%., B Ko&wsn,

HDXRF 7 Cdr il E 455 1) RSD ik L% (1

Comparison between determined results of Cdr in soils by traditional laboratory analysis methods and by HDXRF method for two study
areas

A FR(RSD<5%).

242 THEGHUTEALS RN A PRI
Ingsip Cd AR, Wl 3 & 4 AT,
SN HA Fl Peat 2435 p55 FRE2 OGS CA(F1) & REREAIR,
AR JEAS CA(F2) RIAT LA CA(F3) & LAY LA,
Cd WIRTEIE 045 N FA(BR A 25)>F2>F3>F1 .,

HEX HA Fl Peat ZR58 /BT AAE H Cdr(fIKTF
KRR 0.05 mg/kg). M 4 AJHI, RfE T AL
PRSI HDXRF ¥ Cdr P 45 51 R AR, — % 23
BE AR, AN R 2R A LT A AR % B
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il . Cd, 120 F4 TEANREE 5SS EX HDXRF % Cdy MEHR
0.80} i% b «RSD 18 B8N (mg/kg)

B 075k ‘} .- f'ﬁﬁﬁ:ﬁwﬁ 116 Table 4 Effects of type and content of soil organic matter on
5 e 3=0.803¢" 11y determined results of Cdr in soils by HDXRF method
g 0.70 - R2=0A9845 —_ N =
Z7 $ fi 28 VR (%) HA Peat
@] L KX J
X 065 % ¢ ;O Z 0 0.803 % 0.012 a 0.803 = 0.009 a
g 0601 { I 0.5 0.791+0.012 a 0.803 = 0.041 a
= 0.55¢ . N 1 0.777 % 0.064 a 0.801 = 0.028 a
0507w . . 12 2 0.745+0.03 b 0.751+0.021 b
045— 5 0 15 20 25 3¢ 4 0.738 +0.035 be 0.766 +0.022 b
THOKG R (%) 6 0.712+£0.025 ¢ 0.737 £0.012 b
(& PR R/ INE S 2677 A B ) 22 5 B 22 (P<0.05); R Il ke y=-1.555x+0.780  y=—1.088x+0.801
Bl 2 +iEKSESEF HDXRFAHIE Cd ZENTELER MXRE) —0.973 4 -0.949 5
Y £20m e REURY) 0.934 4 0.901 6
Fig. 2 Effect of soil moisture on determined results of Cdr in soils N R — N N
¢ by HDXRF method ! A I N o AR R R AL ] 22 5

LBl aileoy  IEIREY/AE o e ] KW ez mm 27N
a

70 -

S
=
e
=
b
& b || b a | Ma | N
a
b
bC
<l | ¢
os 12 4 6

HAVR IR (%)

(F AR F/NE FhE R R —TE 2 Cd FEAS [F) b B R) 22 5 4 35
(P<0.05))
3 BEBAMEMNKRISE Cd WERSHENM
Fig.3 Effect of humic acid addition on chemical forms of Cd in
Sierozem

WGSBS RIS

60 :
a i a
a i a
50+ El i ‘I‘
i
£ 4of i
= E
2 i
Z b
x i
¢ i
i c
!
i
HA2% Peat2% HA4% Peat4% o
A HUTZEE KA N
(RPAF/NG AR R R IR N ARRIES Cd (h R B3
(P<0.05))

4 2FANRARERNET LT Cd LFRESTK
Fig. 4 Changes of chemical forms of Cd in soils under different
addition of two organic matters

P<0.05 KF B,

G T 2Eor A R, ORFIAT HLTR N it b 2 Y
HDXRF ¥ Cdy Ml5E 45 RAFTE 35 25 7(P<0.05), 3
16 HA il Peat JHNHE N 2% MR E S, BN
BN 2% ~ 6% i} HDXRF ¥ Cdp 5 45 5 5L 3R [
A RIRIZERA HLFAL PR HDXRF 2 Cdy 2 25
FAETE B VE 2 5(P<0.05), HA I Peat %f HDXRF
B Cdr WERZWE K, HA R IEREL y=
—1.555x+0.780, R*>} 0.934 4,
2.4.3 ISR rE 5 Arg, 3 el
141 HDXRF 7 Cdr I 2 45 5 56 550 50 % 0 Wi r
P A R AR &M O R, RSD BKTF 10%,
RE N-36.56% ~ 10.53%, R*¥JETF 0.99, AHXF413%
G E RUKAE L, JAS A Hp B b T2 0 5 6 SR o 422
IT, RES P RETE +10% LA, Z03ERIEE RUK RS
+HfE Cdp &8>0.6 mg/kg XEt RE iA%] £ 10%.
HDXRF 1% 45 - AE Cdr & 8>2 mg/kg X H FH
EAG IS, 3 P IR R — B A
3 itig
3.1 1iEKSEN HDXRF ENE Cdy IR
AT RS HDXRF 052 245 e i aff b i) s 22 1R
P KW LB, HDXRF 3 Cdr I 52 (B b 7K
G35 e ARG N 2 AR RO A, AR M LR e
H, FERREOTE N y=0.803¢ P, R*H 0.984 5,
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Fig. 5 Linear relationships between different soil types and determined results of Cdr by traditional laboratory analysis methods and by HDXRF
method
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Table 5 Pearson correlation between determined results of Cdr in

soils by HDXRF method and laboratory measured values of various
forms of soil Cd

Cdy Fl F2 F3 F4
Cdr 1
Fl 0.898"™ 1
F2 -0.817" —0.880" 1
F3 -0.573" —0.530" 0.722" 1
F4 0.316 0.104 -0.128 -0.380 1

e *FINTE P<0.05 /K- RS, **FIRTE P<0.01 K
- b B AR,
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