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Abstract. This studv lpéed 21 rock samples and 193 s€ts of ﬁdddv soil and,fice. grain samples collected forny Bdm;mg Town, an area\of clastic sedlmemdry rocks in Guang}ﬁ,_‘l
China, fo efaluate the potential for selenium-rich agricultute. R\ e analyzed the concentrations of seleniuf and" heavy metals 1ﬁ the soil and rice samples, and discuss the
influeneing factors by means of statistics and correlation ana].vms The restlts showed that the selenium-rich rafe of paddy soil and'rice grain in Baiwang Town were 67. 4% and
64. 8%, 1e5pect1ve1), but the"content of cadmium in the sjelemum fich soil sdmples was, generally highersthan the Daseline value for China and the background value for
Guangxi. Init compansofrl.l to the scréening value of soil pollutlon risk! for ‘agnc_l_lhural l_a_tpd( GB 15618-2018) , the over-standard rate of cadmium was 46. 1%, while the over-
standard rates/of-other heavy metals were negligible. The cf)mparison showssthiat the selenium-rich rate of rice was 61. 1% in the southern area of Baiwang Town with a
negligible hea\u/y metal contenit, and the advantages of green selenium-rich rice planting were clear. The correlation analysis showed that secondary enrichment was the main
form of selenium enrichment in the study area. The soil pH and texture of the root-zone soil also affected the selenium content of the soil. The selenium content of rice seeds
was mainly affected by the selenium content, active selenium content, pH, and aluminum oxide content of the root-zone soil. The risk assessment showed that the level of
dietary exposure to cadmium is generally within safe limits, but it is still necessary to strengthen the monitoring of cadmium in rice and control cadmium pollution to reduce the
levels of dietary exposure, especially in the central region of Baiwang Town.

Key words: Baiwang Town, Du’an County; selenium; rice; correlation analysis; influence factors; exposure risk
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Fig. 1 Geological sketch map of the study area and the sampling locations
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Table 1  Instrumental methods and detection limits for samples

WiH JLE VRIWIRES iogaal ' WH JLE WA IWIRES o R
As/mg-kg ™! ST 0.2 As/mg-kg ™! RFHIOGIE 0.2
Cd/mg-kg ™! H TR 0.02 Cd/mg-kg™'  FETHRBERE 0.02
Cr/mg-kg ™! X-SEDOO61E 1.5 Cr/mg kg™ X-SFHERTOLRE 1.5
Cu/mg-kg ™! B NP 0.1 Cu/mg-kg™!  FETIRBEL 0.1
Hg/mg-kg™!  JBFFOOGIEE 0.000 5 Hg/mg-kg ™! JRFHEGHE 0. 0005
Ni/mg-kg ™! LR 5 TR T I T 0.2 Ni/mg-kg ™! FLBGHEG A5 B TR R SEIE 0.2
N/mg-kg ™! ik 15 HA Ph/mg-kg™!  HEFIRBE: 0.2
P/mg-kg ! X-SHER TG 5 Se/mg-kg ™! JEF TG RE 0.01
Ph/mg-kg ™! B R NTI§A N 0.2 Zn/mg-kg ™! B R NT AN ) F_‘.-“" i ‘
S/mg-kg ! Rk 15 Si0,/% XIS . ;‘;_;0._0‘5‘
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K,0/% = XS5t ‘ 0 03 Ni/mg-lg | [ 8 T IR R 0,07
FbL % g R [ ¥ J o2 | Pb/mgrke ' BRI 0.05
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Table 2 Descriptive statistics of physicochemical properties of rice root-zone soil
. EI-N=N

Wi o mokn b e B U e meme DR DL
pH 4.47 7.83 5.07 5.03 0.16 5.06 0.33 0. 06 8 4.9
N/mg-kg ! 1038 3792 2195 2180 215 2 161 386 0.18 707 —b
P/mg-kg ™! 392 1192 601 573 71 588 132 0.22 570 —
TOC/ % 1.42 4.15 2.21 2.14 0.23 2.17 0. 44 0.20 0.6 2.9
Si0,/ % 57.95 82.49 68.30 67.42 1.85 68.19 3.90 0. 06 66.7 —
Al, 05/ % 8.44 17.78 15.29 15.79 0. 66 15.20 1.55 0.10 11.9 11.45
TFe, 05/ % 3.39 9.34 6.27 6.36 0.42 6.21 0.91 0.14 4.2 5.03
MgO/ % 0.38 1.38 0. 86 0.89 0.16 0.82 0.24 0.28 1.43 0.38
Ca0/% 0.10 1. 16 0.25 0.24 0.04 0.24 0.11 0.42 2.74 0.10
Na, 0/ % 0.12 0.39 0.18 0.17 0.03 0.18 0.06 0.31 1.75 0.08
K,0/% 0.98 2.36 1.75 1.8 0.18 1.72 0.28 0.16 2.36 0.99
i/ % 0.3 33.1 10. 1 6.9 2.9 7.6 0.1 0.7 — 33.5
1) =" FRIR 3k e A R G K
2. 6%, ol Jm AR (T B O e (R ALK, BEIIEY 0. 46 mg-kg ™ ,ﬁ%ﬁ? 63 AR R fili /K

[ T SN2 U K = v o | DR N A o T o
4.1%., 4. 1%, 1.6%. 5.2% F1 2. 6% LA 1 TR 5

FRZ £ 0. 25 mg-kg ™', 2 K ﬁ'#z@ﬂ%u
ELR 5 1A 25 Ao T W0, DR T S KRR R

A AR PR I, A S KRG, RO B R M R R — s g 54
S AR T E K FH - PR A Y 2 A [ L S B Al T I Y E%Bﬁﬁ%ﬁ&%
130 (VTR R LR g T Y

iy £y ﬁﬁ?{ﬁkﬂ%&’%i Se quﬁEﬁg(n_m) v < Po— '”";:_
P.‘ J ' Table3 Deit‘rlptlve statl%tlcs of conten.t@ ‘of selenium and heavy metﬁl@ of rice root -zone soil " 1
i ﬁﬂi gxf U gt L, 1 SREHER 7

“se/gag kgJ 0.25 0.91 | ou 46  “0.46 / 0.08 0.45 0.11 0,23 0.17 0.678
A Se/ e kg 5006 33.98 13.06 44 10-86, _f’ 3.15 11.91 5.94 0.45 —n —
As/ingikg! 2.32 74.27 10. 84 7695 2.88 8.36 10. 58 0.98 9 12.2
Cd/mg kg ™! 0.16 2.18 0.39 0.29 0.20 0.33 0.31 0.79 0. 137 0.073
Cr/mg-kg ™! 67.9 129. 8 80.7 77.3 76. 84 80. 05 11.03 0. 14 53 65.3
Cu/mg-kg ™! 23.53 68. 39 37.26 36.9 36. 44 36.75 6.4 0.17 20 23.1
He/mg kg ™! 0. 06 1.25 0.14 0.1 0. 02 0.11 0.14 1.04 0. 026 0. 099
Ni/mg-kg ™! 21.6 52.13 32.1 31.6 2.43 31.76 4.85 0.15 24 18.2
Pb/mg-kg ™! 23.35  462.77 37.36 29.55 2.98 32.88 36.37 0.97 22 19.5
Zn/mg kg ™! 73.39  285.78  104.82 95.02 8.11  101.87 29.84 0.28 66 51.8
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Fig. 2 Histogram of the ratio of selenium-rich and exceeding-

standard rate of Cd by pH ranges
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Table 4  Correlation coefficients between selenium and heavy metals in rice root-zone soil

Se As Cd Cu Hg Ni Pb
As 0.705 ™
Cd 0.637 ™ 0.899 ™
Cr 0.269 ** 0.192* 0.077
Cu -0.153" -0.030 -0.054 0.718
Hg 0.257 0.230 ™ 0.222*" 0. 141 -0.003
Ni -0.130 0. 062 0. 069 0. 696 ** 0.757* 0.279
Pb 0. 460 ** 0.495 ™ 0.525* 0.0616 -0.027 0.111 0.039
Zn 0.596 ™ 0.895 ™ 0.897 ™ 0.220 ™ 0. 150 = 0.237 ™ 0.244 ™ 0.523 ™

1) ™ FIRTE 0. 01 K (CRUI) _ERFHISE, * FIRTE 0. 05 /KF (R b W FAIE

FEICR &P ALBUIE — e ab B 25 R R 3
MXARZR 1 pH TCHH B 22 5 45 Xl & = A 8K
Z5, BXKRIRAR L &M &ER&E, C XKIKkZ,
A XIRAR; AR C Kiem, BXKZ, A Kk
i SFXmEEZESPE, A XK, C KR,
FRHILRSKERARE, A XHE &5, H
A WAL SRR, B X B e, 1
JLERBRZ A, C R HURR & B s (HE
HATHAS 2 (B 30 Zia W A Eﬁi%*ﬁﬁﬂﬁa
AFH R R 2 C KR 34 wX]‘?J@ﬁ'ﬁ%

é&%@ﬂ: oL iy ) e
kmSE e S |t T

ﬁﬁfﬂ%ﬁﬁﬁﬁ%@ﬁ8ﬁiéﬁ%&$
&%i#%SKﬁﬁ%@é%%ﬁﬂﬁi@@
0.015 ~ 0339 mg- kg, BI{H 0. 076.4mg-kg ', ﬁlﬁy
ﬁawswkg‘@m?gvmmwzm§WMﬁ
K ETARUE (0. 04 mg-kg™" ), S IK BT A 64. 8%
A8 GB 2672-2017 F1 NY 861-2004%) T 4> J& iR
HE, BIFST DX K R FF S 5 A 4% AR R 3 518 6. 7%
F 1. 6%, HoAth 51 4 J& IO , 57 2 52 M 1% X K R #F
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SEHTE BTG YL, *MZISLﬂ(%aﬂ‘;k%mEﬁiﬁ%ﬁﬁé
lIEF*EE%ﬂVﬁEfEHﬁD” A X 125
PEETRDKAS LS T 200 14 1R &8 & & B AR KA
CHA 1 PRRR AN R A ) | 4R 52 *E%iﬁlﬁ%ﬂi
SR PELE R SR K R RE SC R G s o B bR R
nin, BIFSE X TC TS G Bl /KA ;Eéiﬁﬁénnﬂﬁ 57. 5%, 41}
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Table 5 Descriptive statistics of the elemental content of rice/mg-kg ™!

SN E| KitR/%  f/ME BRME BECEEE POAE JURPEME ARdEZE BRFRE REbsfE #BiEE/%
Se 100 0.015 0.339 0.076 0.055 0. 059 0.058 0. 764 —b —
As 100 0.06 0.41 0.20 0.20 0.20 0.05 0.26 0.202%12 0
cd 87.0 0.003 1.575 0. 069 0.014 0. 020 0.177 2. 569 0. 221 6.7
Cr 100 0.15 1.06 0.56 0.58 0.51 0.21 0.37 1028] 1.6
Cu 64.8 0.50 5.56 1.86 1. 68 1.37 1.31 0.71 1012 0
Hg 93.8 0.0003 0. 005 4 0.0017 0.0017 0.0015 0.000 8 0.4611  0.020% 0
Ni 100 0.07 2.36 0.29 0.17 0.21 0.30 1.02 — —
Pb 22. 3 0.03 0.10 0.03 0.03 0.03 0.02 0.54 0.2028] 0
Zn 100 7.79 26.57 18. 40 18.08 18.17 2.85 0.15 50120 0

1) “—" FR BUATHVE BEA MU A S R (L, AR RO JCHAR R B 5 2) A9 R A AT N JCHLR , S0 A 4 2 S8 7 K R A S B B 2 2

B, DRI RTE TEHLAS AEAR , AS DR AR I T LA

3 AN IK e B R RO XK RS R S AT SR L
/N, B XK FEFFIC 6 R 81.4%, AR T A X
(55.0% ) F1 C X (61.1% ) (B[R B XK REkFS2 59

AR 15. 3%, 3
0T fr e RS s C XK B SR AEAE 5% R

KR T ICHLA

Fe T O IX 4 AR

BOBRBIAE Ah , (EAR RIS St i T R AR E (3 1
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Table 6 Descriptive statistics of the elemental content of rocks/mg-kg~

1

A M N FAT A bR REAHIE (T H)
Se 0.037 0. 305 0.123 0.117 0,058 017 o
As 1.34 9.01 4.67 3.88 2.30 il o
cd 0. 082 0. 655 T 0.211 0.193 L 0,130 0.1)
Cr 62. 80 78. 80 471,58 71. 80 3,58 724
Cu 31.12 61.80 46.38 46.24 | 6,85 b /g
Hg 0.020 0.113 0.043 0.035 / 0,022 0.008 ~ &
Ni #2899 68/93/" | YA 43.79 [ . T 34 A
/P 414109 sl.41 /) /L5 2.46' 4 ¢ g & 23
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