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Fig.1  Sampling location map in the study area

— 413 —



53 90 HoO

meaK
http; // www. ykes. ac. cn

2022 4

B R KRB VR
TS I BB IR (T, —))  F—h
E AT EY N1 I AT E
(T, of - 1) FR=BGH IAL (T, | = ARAE
WAL Tyy)  F—F R B B0 1 14L(, Ly) Rk
BRI (Jy0) P E S LA R Bk 3, 5 A it
B e U,
1.2 BEShR S 540

(1) R A5 0 0 10 4 4 15 1T 2 1 )
BRES A (N LAy 5 H A P 2K 780 8 7
YRR 1L, I8 15 7 2 3 2 )43 2 2
5] IR AT TR 4 ~ 16 iz, 2 X
200k’ +H BT AL 2 1 HE 1328 18, FREVRSE
g0 ~200m B G FIA 20 ke, TET5 AT G
FJR L9743 %5 10 I ( <2mm) , sk 05 FE 40 BEST
S5 FRTE FRIR T 200g BESI% 5005 AR

(2) MR B A TR T R4, BB P 5
M M2 50 FRVBC 5 M A R 5 0
SUURE, B 5 5 3R 50 IR 4 B i TR T
1. kBl , Forpt 0K 19 {4, 5720 £, FRAES,
IR TR BURLRRE , £ SRE AR, PR
BRI 2000, AL BRI % 5 3000 3 5 407
1.3 RES BRI

YA RER S 0 3 7 e
SEMRL TR AT R M I B 2 V4 9 )
(DZ/T 0295—2016) (£ FIBRIX B X {2 o 75 30
JE) (DZ/T 0258—2014) FiI{ H: A5 HuBR AL TR
S BT H AR SR ) (DD200S - 03) 7 .

(1) £ HERE S48 BF IR, Se. AL O, | TFe, 0,
Si0, \pH , Corg K% T 42 8 TG 2 45 1 b7 1 40 B J7 £ 12
Kot BRI e TS 5 o B W B RSN R T

SR FHH AR SE A 1 20 e A, AR A o 2 A 0 3K
VLA SR AT R K F RE Al 20 M AR B2 7K F-
Pl ALK

(2) fEW AR Se Jv 5 4 J@ JU &K & 40 e
HARGIT i A 20 AR R B 73 M T ik e &
B AT 2, 20 Ml AR S R S L R . o
B 2SR K — A= AR HE ) S A5 Pl JH B &
PRI P RS B (R 2) o BT AT AR i) o A0 52 5
=X AR ARSI A £ R R A F 100%

A2 AEWIRER BT TS R B B AR R
Table 2 Analysis method, detection limit and qualified rate of

crop samples

B B EA% (% )
X HTHRRR | e HT i i R
CRMs LI HEFE

As HG - AFS | 0.01mg/kg 100 100
Cd ICP - MS 10pg/kg 100 100
Cr ICP-MS | 0.2mg/kg 100 100
Cu ICP - MS Img/keg 100 100
Hg HG - AFS | 0.5pg/kg 100 100
Ni ICP-MS | 0.2mg/kg 100 100
Pb ICP - MS Omg/ke 100 100
7n ICP - MS 2mg/kg 100 100
Se ICP-MS | 0.01mg/kg 100 100
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Table 1 ~ Analysis method, detection limit and qualified rate of data for soil samples
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Vi kit GIMT 5 Kot R Hf ﬁiji%u)ﬁ%? Vit ViR IWIR7S e 4 B HAfif Egji%u)%?
As HG — AFS 1 mg/kg 98.5 Zn ICP - MS 2 mg/kg 99.5
Cd ICP - MS 30 ne/kg 99.5 Al, 04 XRF 0.05 % 100
Cr XRF 5 mg/kg 98.5 TFe, 0, XRF 0.05 % 100
Cu ICP - MS 1 me/kg 100 $i0, XRF 0.1 % 100
He CV - AFS 0.5 pe/kg 99.5 Se AFS 0.01 mg/ kg 99.5
Ni ICP - MS 2 mg/kg 99.5 Corg POT 0.1 % 99.3
Pb ICP - MS 2 mg/kg 100 pH POT 0.1 mg/kg 100
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Table 3  Geochemical characteristics of elements in topsoil
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(0.33mg/kg) > 1 =& G5 DY 41 (T, 1) (0. 31
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Se(mg/kg) 0.33 0.32 1.50 0.04 0.15 0.45 0.25 0.20 1.34 1.67
AL Oy (%) 16.40 16.72 25.09 5.30 2.02 0.12 14.04 12.6 1.17 1.30
TFe, 05 (% ) 8.84 7.74 17.10 2.85 3.08 0.35 5.59 4.70 1.58 1.88
Si0,(% ) 54.30 55.94 81.36 21.39 9.75 0.18 61.59 65.0 0.88 0.84
pH 5.53 5.35 8.11 4.34 0.57 0.10 / / / /
HHLFE (% ) 2.34 1.95 12.80 0.36 1.35 0.57 1.46 0.35 1.60 6.69
As(mg/kg) 10.03 8.86 39.11 1.14 6.80 0.68 9.50 10.0 1.06 1.00
Cd(mg/kg) 0.26 0.23 2.84 0.04 0.16 0.63 0.34 0.09 0.76 2.88
Cr(mg/kg) 92.1 84.5 395 25.8 38.1 0.41 82.0 65.0 1.12 1.42
Cu(mg/kg) 96.9 53.3 1067 14.9 88.3 0.91 32.0 24.0 3.03 4.04
Hg(mg/kg) 0.09 0.09 0.25 0.02 0.04 0.45 0.10 0.04 0.99 2.37
Ni(mg/kg) 43.5 42.1 112 17.0 12.8 0.30 36.0 26.0 1.21 1.67
Pb(mg/kg) 30.9 31.2 88.5 9.33 8.43 0.27 38.0 23.0 0.81 1.34
Zn(mg/kg) 108 95.9 255 38.4 35.9 0.33 90.0 68.0 1.20 1.59
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Fig.2 Spatial distribution characteristics of topsoil selenium concentration in the study area
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in the study area
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Table 5

Correlation between topsoil selenium and organic

matter in different statistical units

N e
A T A P T
() )

Pe 518 0.508** i 554 0.587**
T.f-j 119  0.492** et 129 0.489**
T, _of -1 173 0.751** 4 648  0.545*"
T,! 235 0.569** 13 63 0.510**
Ty 264 0.641% % || ki 545 0.721*"
i 632 0.691 * * w4t 50 0.913**
K | 13 0.451 A 1328 0.615* "

e w ox "FRIRAE 0. 01 ZKF(RUM) | S 245G

Table 4  Characteristics of selenium content in topsoil from different land utilization types and soil types

r— FE AR Se FFIH  Se Fm gk Se Fr 3 [ FrifE 22 Rk WFITIX Se & it
R4 ST IR "
() (mg/kg) (mg/kg) (mg/kg) (mg/kg) H el (mg/kg)
=87 632 0.29 0.27 0.06 ~1.05 0.13 0.45
JK H 13 0.24 0.21 0.09 ~0.32 0.06 0.27 0.33
i 554 0.39 0.37 0.05~1.10 0.14 0.37 ’
PRHE, 129 0.34 0.30 0.03 ~1.50 0.19 0.58
- P g Se FrFIMH Se S iAK Se brifi 2 . WFIEIX Se & it
+ 3R LRAE L
) (mg/kg) (mg/kg) (mg/kg) (mg/kg) ¥ 5 {H (mg/kg)
g 648 0.34 0.33 0.10 ~1.10 0.12 0.36
AR 63 0.23 0.16 0.04 ~1.50 0.21 0.94
Figrs:d 545 0.36 0.35 0.06 ~0.94 0.16 0.46 0.33
2+ 50 0.17 0.16 0.05 ~0.36 0.08 0.46
Hof 22 0.22 0.21 0.09 ~0.32 0.06 0.28
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Fig.4  Scatter plots of pH values and selenium content in topsoil with different pH
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Table 6

Environmental geochemical grade in topsoil of the

study area
TR | W (km?)  HBI(%) | mR(km®)  HBI(%)
As 221.22 99.74 0.58 0.26
Cd 178.00 80.25 43.80 19.75
Cr 219.82 99.11 1.98 0.89
Cu 157.04 70. 80 64.77 29.20
Hg 221.81 100. 00 0 0.00
Ni 214.20 96.57 7.60 3.43
Pb 221.81 100. 00 0 0.00
Zn 221.81 100. 00 0 0.00
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Fig.6  Environmental geochemical grade maps of Cd and Cu in topsoil of the study area
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Table 7 Heavy metal element contents in different crops of the study area
YERIFIE B R E As cd Cr Cu Hg Ni Ph Zn
f/ME (mg/kg)  0.008 0.001 0.070 1.23 0.001 0.02 0.005 13.38
R (mg/kg)  0.030 0.015 0.108 4.89 0.003 0.27 0.086 31.53
FHE (mg/kg)  0.017 0.004 0.079 2.17 0.001 0.07 0.028 19.17
BE/S i E (mg/kg)  0.017 0.003 0.078 1.96 0.001 0.05 0.017 18.15
FrifEZ (mg/kg)  0.005 0.004 0.009 0.81 0.001 0.06 0.025 4.12
AR R 0.30 0.82 0.11 0.37 0.57 0.86 0.90 0.22
B (me/ke) 0.5 0.1 1.0 / 0.02 / 0.2 /
f/ME (mg/kg)  0.007 0.005 0.005 0.35 0.00002 0.01 0.002 1.56
R (mg/kg)  0.013 0.067 0.011 1.65 0. 00009 0.21 0.027 3.60
FHHE (mg/kg)  0.009 0.016 0.007 0.79 0.00003 0.05 0.005 2.23
+u i E (mg/kg)  0.009 0.013 0.007 0.73 0.00003 0.03 0.004 2.10
tiEZE (mg/kg)  0.001 0.014 0.002 0.31 0.00002 0.05 0.006 0.50
AR B 0.13 0.84 0.21 0.39 0.49 1.00 1.05 0.22
PR & {E (mg/kg) 0.5 0.1 0.5 / 0.01 / 0.2 /
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Geochemical Characteristics of Selenium in Surface Soil of Central

Townships in Zhaojue County, Sichuan Province

ZHAO Chen'*, SUN Binbin'”* , HE Ling'>, WU Chao'*, CHENG Xiaomeng'™ ,
ZENG Daoming'”, LIU Dong'”

(1. Key Laboratory of Geochemical Exploration, Ministry of Natural Resources; Institute of Geophysical and
Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, China;
2. UNESCO International Centre on Global — scale Geochemistry, Langfang 065000, China)

HIGHLIGHTS

(1) The selenium — enriched land covers 7.23km”, which is consistent with the distribution of Permian Emeishan
basalt Formation, indicating strong regularity in space.

(2) In addition to soil parent material, land utilization type, soil type, soil pH value, soil organic matter and soil
texture all affected the enrichment and activation of selenium in soil.

(3) Heavy metals in corn and potatoes did not exceed the standard, but the selenium enrichment rates were low,

and silenium content was higher in corn than in potatoes.

Land utilization type, soil type
pH, SOM, oil texture

Influence factors of

Selenium selenium content

ABSTRACT

BACKGROUND:; Selenium (Se) is one of the essential trace elements for humans, and an important way for
humans to obtain and supplement selenium is by eating natural selenium — enriched agricultural products. The
geochemical characteristics of selenium in the survey area are an important basis for the effective utilization of
selenium — enriched land resources and the development of selenium — enriched agricultural and sideline products.
OBJECTIVES: To investigate the geochemical characteristics of selenium content, distribution and influence
factors in the study area.

METHODS: Soil and crop samples were collected from a central village of Zhaojue County, Sichuan Province.
AFS, XRF and ICP — MS were used to determine the contents of elements including Se, Al,O,, TFe,0,, SiO,,
OrgC, and pH values. Geochemical characteristics of selenium content, distribution and influencing factors in the

study area were investigated using statistical and correlation analysis.
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RESULTS: (1) The soil selenium content in the study area ranged from 0. 04 to 1. 50mg/kg, with an average
value of 0.33mg/kg. The delineated selenium — enriched soil area was 7.23km’, accounting for 30. 31% of the
total soil area. The selenium content of the soil developed in basalt was the highest, with an average of 0. 4mg/kg,
indicating that the geological background in the area was closely related to the soil selenium content. The
Se — enriched soil in the area was mainly controlled by the Emeishan basalt Formation, which contained basalt
intercalating with picrite and tuffaceous sand and mudstone. (2) The enrichment capacity of selenium varied in
different land utilization and soil types. The absorption capacity of selenium in soil decreased due to human
agricultural activities. Clayey particles or iron oxides in the yellow — brown loam layer were easy to combine and
enrich selenium. The selenium content in acidic soil was inversely correlated to pH value. There was a significant
positive correlation between soil organic matter and selenium content. Soil texture had a certain effect on selenium
content. (3) Corn and potatoes from selenium — enriched soils had very low selenium content.

CONCLUSIONS ; During the exploitation and utilization of selenium — enriched soil, organic fertilizer should be
added in time and soil pH should be adjusted in agricultural areas such as dry land and paddy field, and other

agricultural products should be developed by using selenium — enriched resources.
KEY WORDS: selenium - enriched; surface soil; geochemical characteristics; Zhaojue County; atomic

fluorescence spectrometry; X — ray fluorescence spectrometry; inductively coupled plasma — mass spectrometry/

optical emission spectrometry
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