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Assessment and Suggestions of Application of Field Portable XRF in Investigating

Contaminated Sites

CHEN Yun'?, YING Rongrong'?, KONG Linya'"? JIANG Dengdeng'?, LI Xuwei'? XIA Feiyang'? DING Da'?, LONG Tao'?,
DENG Shaopol’z*

(1 Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042, China; 2 China State
Environmental Protection Key Laboratory of Soil Environmental Management and Pollution Control, Nanjing 210042, China)

Abstract: Portable XRF is widely applied in the investigation of contaminated sites as a fast-screening tool for heavy metals, but
very few studies focused on the assessment of XRF test results to guide the sample selection in laboratory detection. In order to
evaluate the guidance of portable XRF in practical applications, the XRF and lab measured data of six heavy metals of Cu, Pb, As,
Ni, Cd, and Hg were selected from two sites. The linear fitting, Pearson correlation and differences between XRF and lab values
were analyzed. The results showed that there was a significantly positive correlation between XRF and lab data in Cu, Pb, As and
Ni. XRF data of Hg and Cd were higher than those of lab data, while the values of Cu, Pb, As and Ni detected by XRF were
smaller than those of lab data with more than 50% of the samples. Among the six heavy metals, Cu and Pb performed better in the
correlation analyzed and linear fitting results between XRF and lab data (correlation coefficient=0.5-0.8, R*>0.7). Moreover, Cu
had better fitting results between XRF and lab data in XRF data high than 1 000 mg/kg (R*>>0.8), the better fitting results of As
and Pb were found in the range of 4.0-10.0 mg/kg and the detection limits to 80 mg/kg respectively. Furthermore, when the half
screening values of heavy metals were used as the standard for selecting lab samples, the accuracy of predicting contaminated
samples by XRF in Cu, Pb and As were 87.5%, 100%, and 67.9% respectively, which were an increase of 12.5%, 66.67% and

17.9% comparing to direct use of the screening values. Therefore, the screening criteria should be appropriately lowered in
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selecting lab detection samples when using XRF data in investigating contaminated sites.

Key words: Field portable XRF; Investigation of soil contamination; Detection of heavy metals
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Table 1 Detection limits of XRF for selected heavy metals

HE4JE  X-MET7000 Vanta-VLW  DP-4050  Vanta-VCA
As 5 3 1~3 1
cd 5 10 2~3 5
Cu 5 20 4~8 3
Pb 5 1 2~4 2
Hg 5 9 1~4 2
Ni 5 20 5~15 4

http://soils.issas.ac.cn



588 +

e 554 %

XoF g (L B ik S0 3 A 7 A . % B 4 AR 5K
50 % SR FH A I 7 5 an 2% 2 i .

R VA A LR AT M B T A B 11 5256 28 46 0 4k
PEA R 1654 A~F 1 158 A~ AESEAT TR, X XRF

FSE B0 2 A A B AT AR, ST oM A 3L
AR B T . As 811, Cd 292, Cu 780, Pb 427,
Hg 495 FINi 137; #1311 : As 1 116.Cd 675 .Cu 1 023,
Pb 1109, Hg 142 FINi1 131,

%2 TEDELEZWEAN G ERAEN

Table 2 Standards of analysis methods for selected heavy metals in lab
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Fig.1 Trend consistency of XRF and Lab values for selected heavy metals
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Table 3  Correlation between XRF and Lab values for selected
heavy metals

Gl S Mk T Mk 1T
Ni LB 0.13" 0.12"
FEA T () 857 1131

Cu AR R AL 0.78" 0.84"
FEA T (AY) 778 1023
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cd LEEEY 0.04 0.02
FEAHR (1) 292 675

Pb P 0.49™ 0.60™
FEA T (1Y) 427 1109

Hg AR R AL 0.20" -0.05
FEA (1) 495 142
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Table 4 Statistical characteristics of XRF/Lab values for selected heavy metals in site [ and I

BEE JiT )8 Hb Bk NI f/ME S 25% 50% 75% 95% FEAB N 1 BTHE S50 (%)
Cu bk T 55.70 0.01 1.53 0.91 1.18 1.53 2.81 31
o T 21.03 0.03 0.98 0.62 0.88 1.14 1.73 61
As Mok T 7.52 0.00 1.04 0.51 0.91 1.40 2.32 56
o 11 7.32 0.05 0.70 0.42 0.60 0.84 1.44 86
Pb Hode 1 12.07 0.13 1.11 0.77 0.96 1.24 2.07 52
Hode T 5.91 0.10 0.97 0.71 0.92 1.15 1.59 58
Ni bk T 6.53 0.07 1.10 0.60 0.80 1.14 3.10 68
o 1T 6.35 0.02 0.99 0.47 0.65 0.97 2.82 75
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Fig. 2 Frequency distribution of XRF/Lab values for selected heavy metals in site [ and 1l
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Table 5 Linear fitting between XRF and Lab values of Cu, As and
Pb in different concentration ranges

E4JE XRF 52 e i oy B e 1 b 1T
(mg/kg)
Cu < 400.0 y=1.13x, R?>=0.32  y=0.95x, R*=0.65
400.0 ~1000.0  y=0.60x, R?>=0.30 y=0.42x, R*=0.62
>1000.0 y=0.60x, R?=0.74 y=0.65x, R*=0.73
As <4.0 y=3.57x, R*=0.69 y=3.76x, R>=0.81
4.0~10.0 y=1.44x, R?>=0.85 y=1.63x, R*=0.86

>10.0 y=0.60x, R*=0.79 y=0.67x, R*=0.71

Pb <80.0 y=1.18x, R>=0.56 y=1.05x, R*=0.85
80.0 ~ 200.0 y=0.51x, R?>=0.58 y=0.85x, R*=0.60
>200.0 y=0.45x, R*=0.38 -
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Table 6 Correlation between XRF/Lab values (<1) and moisture
contents of samples for selected heavy metals

B e M 1 Tl

Cu LB 0.11 -0.045
BEAR (1) 245 625

Pb X Z B 0.018 —0.086*
FEA (1) 453 646

As BT 0.068 0.017
FEA (1Y) 453 959

0 Bk RBUH R T4 B XRF FISZI S AR %
NAESEPETR P<0.05 WEIKFOMERSR), T E .
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Table 7 Correlation between XRF and Lab values for selected heavy metals in different soil layers

Hu ke T+ EEN ZH Cu As Pb
ke 1 FRIE/ IR LIPS 0.55™ 0.13 0.49™
AL () 281 219 305
b HHIEREL 0.34™ 031" 0.12
FEAR R (1) 71 71 74
b= AHC R EL 0.98" 0.16" 0.18"
FEAHE (1) 421 513 678
e 1T FR I/ IR P 0.87" 0.46™ 0.52"
A () 358 391 386
R HHIE REL 0.46™ 0.27" 0.76™
FEAR R (1) 587 625 614
USUAp i AHC R EL 0.89" 0.19 0.84"
FEAR (1) 48 74 74

U, 4238 XRF {E A Lab {33 91 BT A MY Cu
TE4S T2 0 M A . P BRAEHBIR T ik
T #3072 XRF {E A Lab {70 W EFHCHN, HAMEIE
P LA I 2R O HL AR b 1T A9 9 008 o 2 4 rhoke G
PR (HERTTS , AR 3 FiE4JE XRF
fHFN Lab {ERYAHCHEEA R 12 R BRI —E
PR
2.3 XRF ik & R E 5 L 2 FATF &N R

GIEA 3R

FPEAS FiR R XRE E AN S5 SR8 T 0 n]
Pk, R P A AR E 48 Cu. Pb 1 As,
B R SR BB XRF A5 s 0, sk
8 N, HEREW], FEARJE T ML Cu 1 Pb 1Y
XRF {H 5 Lab {ELZ 0] 04AH XM 43 51 2K IR 38 A DG Al
FAERREEA G, H SRS B S R A, MG R B
PIf e Tt . UiPH MR JE A BT, XRF B K FIET Cu
P 15 YLt s B MRS BE =, 000) B 37 1) e psp PR )
W2 75 10 SR A i LA R

#8 MARE XRFES Lab EHIHE K

Table 8 Correlation between XRF and Lab values at sample point
scale

G S8 M 1 Hu e 10

Cu K FREL 0.83" 0.93"
FEA L (1) 185 303

Pb P 0.60" 0.64”
FEA R (1Y) 305 304

As K FREL 0.20" 0.29"
FEARHE (1) 271 313

L5 IR B A R XRE R 45 R

CEHe e a4 5T g UK & 8 b o )
(GB 36600—2018) (1) 25— 21 H M i e (EL A F v A 7
SR ST A ISR, X 3 R4 R R XRFE
SEAEFN W AR HERR P EAT T 43087, Cu 9 Lab {H3E
AR 8 4N, Hith 6 M XRF K57 ; Pb Y Lab {8
MR 34, Horr 1 A8 XRF R As Y Lab {H
HFR 28 1, A 14 NP XRF Wl ik . #5% 104
PRI 50% HEATHARIGIE, W Cu BibsHEA 7 4
A[BE XRF fiith, Pb il @i, As A 19 #Ebi
Hilio UiHIEYS XRF WX Cu KIS & 04 i 2 Al
TGYSHE o AT A (AEA TR, RYE XRF £
DU 28 1 Y Cu AR i, XRF I {4 (486 mg/kg)
e KT HA R ZHRE A ) XRF 2. Kk, R
T AE VR A R TR R A TS Y, AT LS M R
Wik AR, AR bR A T REE Y 50%. S35k,
BT G XRF NS (EHARIRE AL, X XRF I 25
SR B A e R L T A ST, TR S
= S

T T e M I, As TEIHb T Y & TR
SCHRHR T AE X AR AE L AT, ARifE 1 As R
B, XRF 02 AR X DR 22 080/ N PR o v vk B
As 15 L3 B 44 XRF 052 18 B v Afe ek B )
W AR AR I T SEPE T UE— B AR A A

3 #ie

1) WiHiHess 4 )8 ) XRF {55 Lab {EAH & PER)
IR —5 . #ude T AT Cu i) XRF {E A1 Lab
{530 R J s AR R AE G, P Ry A R AE G,
As MEIMIE, Ni, Cd fl Hg 55 JCH ., XRF
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B =45 TR X GHRIOEIE PRdtil R (i) 52 B L HHPF A B 593

TR B A S =R B 7750 F, Cu., Pb Al As
) XRF {H5 Lab {E A AHNE T LF

2) E4JE Cu. Pb. As Fl Ni 1, [Fiidk I (%)
Cu 4b, HABAEIE F H4 )8 XRF (/N RE S8 & Fe
B, SEERAEARLEFES T XRF A5 Lab (A
SR T —E LA

3) HbHLEATET, XRF 2 455 H W Cu Fi1 Pb i5
PeRE R B MERA LR As 5 % Cu SR XRF PRE A
o8 B2 AR A o RO 4 2 3 R A o 1 T S M A
i 43 ) R o

4) AR IR SRR T, R XRF I 458
A Ay M — 0 18 ST A i A AT 5 30T G st
T, WA MBIt Mk . FESLZ IR G Z R H Z it
ST i O R Y B s O TR T 2 TS YAt
fi, ATRERRE 4 R — IS TR (A S0%1E kAT
XRF i 00 i 15 A s o
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