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Rapid Diagnosis and Assessment of Heavy Metal Pollution in Greenhouse
Vegetable Production Soils Based on Portable X-ray Fluorescence Spectroscopy

DENG Yuan"?, FAN Yanan', WU Qiumei', HU Wenyou'’, YU Yueming?, WANG Hua*!, ZHU Chunwu’, LI Xun®,
TIAN Kang', HUANG Biao'

(1. Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2. College of Environment, Hohai University, Nanjing 210098, China; 3. State Key Laboratory of Soil & Sustainable Agriculture,
Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract:  Objective Guangdong is a major province of vegetable production and consumption in China, and is also an
important vegetable production base for Hong Kong, Macao, and the ‘Southern Vegetables and Northern Transportation’.
Therefore, rapid diagnosis and assessment of soil heavy metal pollution is the premise of soil pollution prevention and control
and risk management. This study aimed to investigate the applicability of in sifu and ex situ portable X-ray fluorescence
spectroscopy (PXRF) for rapid detection of heavy metals in greenhouse vegetable production soils of Guangdong Province and
to diagnose and evaluate heavy metal pollution in greenhouse vegetable production soils based on portable X-ray fluorescence
spectroscopy.  Method A total of 110 greenhouse vegetable production soil sampling sites and 26 open-field soil sampling
sites were set up in the study area. PXRF was used in situ to rapidly detect soil heavy metal contents (Cd, Cu, Cr, Pb, Zn, As,
Ni and Hg). The accuracy of the PXRF method was verified by analyzing the correlation between the values of soil heavy
metals measured by the PXRF and the traditional laboratory analysis and based on this, the soil heavy metal pollution status
was quickly diagnosed. The risk of soil heavy metal pollution was evaluated by the single factor pollution index and the
Nemerow composite pollution index method.  Result The results indicated that: (1) the concentrations of Cd, Cu, Cr, Pb, Zn,
As and Ni detected by the ex sifu PXRF method were significantly correlated with those determined by traditional laboratory
methods (P < 0.01), and the R? were 0.69, 0.50, 0.56, 0.58, 0.47, 0.54 and 0.62, respectively. Also, the results of in situ
determination of Pb and As in soil by the PXRF method were significantly correlated with those by traditional laboratory
methods (P < 0.01), and the R* were 0.73 and 0.74, respectively. (2) When the soil moisture content was 150 g-kg '-200 g-kg ™',
the results of in situ determination of Cr, Pb, Zn and As in soil by the PXRF method were significantly correlated with those by
traditional laboratory methods (P < 0.01), and the R? were 0.77, 0.94, 0.72 and 0.93, respectively.(3)Soil Cd and Cu pollutions
were prominent in greenhouse vegetable production soils of Guangdong Province. The point exceeding rates were 20.9% and
10.0%, respectively, according to the Soil Environmental Quality Risk Control Standard for Soil Contamination of Agricultural
Land (GB 15618-2018). In addition, the average content of Cd in greenhouse vegetable production soil was 0.21 mgkg ™,
which was 1.2 times greater than that in open-field soil. The contents of Cd, Cu, Cr, Pb, Zn, As and Ni in the greenhouse
vegetable production soil in the Pearl River Delta were generally higher than those in other areas.(4)The single pollution index
of Cd, Cu, Cr, Pb, Zn, As, Ni and Hg were all less than 1, and the order was Cd > Cu > Pb > Zn > Cr > As > Ni > Hg. The
mean value of the Nemerow comprehensive pollution index was 0.69. From the overall average, the degree of soil heavy metal
pollution was at a clean level. Conclusion In summary, PXRF is an effective method for the rapid diagnosis of heavy metal
pollution in greenhouse vegetable production soils in Guangdong Province. Furthermore, Cd and Cu can be quickly identified
as the primary pollution elements with high risk in greenhouse vegetable production soils of Guangdong Province. The results
of this study will serve as a reference for the evaluation of soil environmental quality and sustainable development of
greenhouse agriculture.

Key words: Portable X-ray fluorescence spectroscopy (PXRF); Greenhouse agriculture; Rapid detection; Spatial distribution;

Risk assessment
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Fig. 1 Spatial distribution of soil sampling sites in the study area
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Fig.2 Correlations between concentrations of heavy metals measured by in situ portable X-ray fluorescence spectroscopy (PXRF), ex situ
PXRF and laboratory analysis
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Table 1 The correlation between the heavy metals measured by in situ PXRF and laboratory analysis under different soil moisture (coefficient
of determination, R?)

<150 g'kg™! 150~200 g'kg ' 200~250 g'kg ! >250 g'kg !
(N=12) (N=41) (N=14) (N=14)
Cu —0.031 0.168 0.148 0.272
Cr 0.075 0.767" 0.106 0.928"
Pb 0.816" 0.939" 0.883™ 0.854"
Zn 0.340 0.719" 0.765™ 0.049
As 0.948" 0.933" 0.886™ 0.917"

. “F/R P<0.01, Note: " indicates P <0.01.

23 EEXRMTIEEEENEZERSHHFML

7R AR Bt S M - 3 v RN 4 R R A
MR 2 o, Wi HIERAEILR (OM) K& =R
24.71 +11.65 gkg ', pH 4 6.06 = 1.01, S8 ( -4
R T A FH b A 3305 Qe U A R e (A7)
( GB5618—2018 ) bl oz () o Fi b 4 4875 H XU
ffgefE, Cd. Cu. Cr, Pb, Zn. As Hl Ni [ 5074
BRI 5H 20.90% . 10.00% . 4.55% . 4.55% . 3.64% .
2.73%F1 2.00%, F77F 5 4 Jm AR 0 s A A 36 1,
Hrb Cd flbR R R, FOlbR A A 234, 244
i 4 R AR ST 64%, DL L 8 FhER 4 AR
RBIIKT 36%, PSS,

IR X it S 3 Zn S EEREE R A
TR SR 24.00%, Cd. Cu. Cr, Pb,
As. Ni, Hg AT ALIT & 5 88 KR 1 3 73
AN, BRI Cd. Cr. Hg &fi
ML 2 43 ) 458 8 R A% 38 v 9 5 B 55.56%
219.54%. 20.00%7F1 32.83%, B = ffHb X % it 3% M

4 Cu. Zn F1Ni & 800 B0 KA 3R i
S 34.60% . 10.85%F1 21.63%, Cr. Pb. As.
Hg A ML & 5 5 AR 1 i & i KRB0
M R X B 3 Zn M He &3 b IX
15, B b X Pt R Cr B, HAhoT &R
4 5 AR = R DX ) 22 S S B

W 5% X it 4 48 7 4 A9 A5 Tl o A el 3 i
Ko BOMEHH SR As AR/ T 20 mgkg
R =AM XA HOSA (FR5E ., Hhilimh ) +3 As &
g, k37T 40 mgkg ', Pb S EEENT
70 mg-kg ', RS S As ML, B AR
120 mg'kg o 3 Cu F KT 50 mgkg ' AORES &
B T ER = A RS X BR = R R X
Jiti S b -4 Zn B i Al b DX R S e A A
316 mgkg ', LT ARA RIS . ZHFEA
+3E Cd WEE/NT 030 mgkg ', BR=AAAEL X
Cd HFHE KT 03 mgke ' RS, H Cd SRS
B A R X Ak T, A A 1.03 mgkg s

http://pedologica.issas.ac.cn



61 %

il

FUA

iy

1

180

£9sSNOYUdIn (T) 19)jeW o1UBSIO ‘IO I0JBOIPUI [OBD JO UOHBIAOD PIBPUR)S F UBOW AY) SI [qe) OY) Ul onjeA Yo 910N ° (14 ‘IO

PaAY-uado @
LAY F HYEpde,, G4 RR S BCR)E 2

[e10],
60°0F €10 80°0F €10 [E€TTF968T 9091 F €861 8TLFO9IL  €I'8FCB0I  99cyFol6L [S€SF€988 VICIFOI9E  LLSTFSTYE
BI[(] 1OATY [18d(
Y00 F11°0 SO0FII°0 OI'0IFOTLI  6TYIFTO60T  8TLFICEL OI'6F¥9TL  SLITFYLTL LSTYF€9°08 L8SIFH88E €60¢FES6E
N By =1
JuopSuenn) uISop
20°0F01°0 800°0FCI'0 089F0091 6CLF90°S1 T86FLEOL 9P EFSOL TL'SFL6'6S Y ITFTLES €O'LFYEOE YL OIF6¥'ST
hil 5
JuopSueny) widser
YLI0OF61°0 CI0*91°0 EQEIF6CTC  98TC+F898I o6y v #9678 LIV %659 [LL9F 16001  TEOLFEI'STL 8OVIFEPTE LI96I F60°LT
e S e S e S Y5 G e ! oW waze Apris oy,
(8)-8w) /34 (,-838w) /IN (B)-8w) /sy (. B)-5w) yuz (- 31-8w) /qd XAy
[e10],
YTIEFLIIS 60°6LFH0'€9 8891 F06¥C LSETFLI'6T  €10F8I0 81'0F1T0 €T8FITIT SOTIFILYT L6'0FTI9 10'T*909
ﬁrm‘
B0 JOATY [1B]
SEIL FvE9F PSCTFLIBY  SSIIFLETT €ESTFIIOE  CTIOFITO EI0F1T0 €89FL00C  LSPIFEEST 10T F¥09 660 F86'S
M =M
SuopSuenn uINSop
ITITFLY'IS OV EOTF LY VIl ¥YTTIF69'61 IV TIF6TYT  TO0F600 80°0F¥1°0 01°€*89°0C 96 FLY'LT IT0F0t'S 90°'T*TI'9
hd
SuopSueny) uid)ser
8S0SF€L'E9 0187 F8T'SS  LEVYTFVSTE V¥89TFETIE ST'0F91°0 LTOF0T0 STITF96'¢€T 8’9 F10¥C S80FLS9 90T F1€9
oY & oML X E oI X E oI X & oML oY E oI eale Apms oy L
(,315w) 1D (, 318w ) /ny (,-3¥8w) /D (313) /NO Hd P

roIe Apn3s oy} Jo s[1os uononpoid 9[qe1asaA asnoyuadi3 ur sjelow AAeay pue saradord [10s Jo sonsLIORIRY) T AqBL

MHESETEMHARHTHENRXEW T2

http://pedologica.issas.ac.cn



13] B YRS FETERE X LSOOG RGN A B S P B TS G2 W ST 181

a)

»

o
Cd/(mgkg ")
©0.04-0.10

©0.21-0.30

) ©0.31-0.60
0 150 300 @®0.61-1.03
[ Se— S—) .

d)

-]
Pb/(mgkg ')
191 -50.00
©50.01 - 70.00

©70.01 - 90.00
©90.01 - 120.00
®120.01 - 157.20

2)

s
Ni/(mgkg ")

* 0.65 - 10.00
10.01 - 20.00
©20.01 - 40.00
©40.01 - 60.00
@60.01-78.10

0 150 300

c)

>z
>z

o
Cr/(mgkg ")

o
Cu/(mgkg )
e 11.50 - 100.00

©3.07-10.00
© 100.01 - 150.00
© 150.01 - 200.00
©200.01 - 250.00
©250.01 - 600.00

©10.01 - 30.00
©30.01 - 50.00
©50.01 - 100.00
@®100.01 - 136.70

o
As/(mgkg ")

° 0.64 - 20.00
©20.01 - 25.00
©25.01-30.00
©30.01 - 40.00
@40.01 -49.80

S -] .
Zn/(mgkg )

e 23.50-50.00

° 50.01-100.00

BHATH L Provincial administrative center
© MZTTITEPL Prefecture-level administrative center
------ BRI Provincial boundary
ng/(m gy T FERIATELIX % Special Administrative Region boundaries
. 0_035_ 0_505 4 1% Mountain peaks
°0.06-0.10
©0.11-0.15
©0.16-0.25
300 ©0.26 -0.38

3 WS DXt Sl - M T < e 2 ) 0 A AR

Fig. 3 Spatial distribution of heavy metals in greenhouse vegetable production soils of the study area
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