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Abstract: This paper is the result of ecological geological survey engineering.

|Objective] The natural endowment, genetic source, ecological environment effect and human health evaluation of soil selenium in typical
black soil distribution areas are the research focus of healthy geology, a quantitative study on the migration and accumulation of selenium in
the soil—crop—human system in the Shuangyang River Basin was carried out. The development of selenium—rich agricultural products in
black soil and the prevention and control of endemic diseases are of great significance. [Methods] The selenium content of parent material,
soil, atmospheric dust, irrigation water, crop seeds and human hair was determined, and the results were statistically analyzed and evaluated
by GIS and SPSS software. [Results] The selenium— enriched land is 46.4 kn’, mainly distributed along the Shuangyang River and its
tributaries; the selenium is largely caused by human beings, mainly from atmospheric dust supplementation with an input flux of 0.21—
1.47kg/km’ - a. The mean selenium contents of soil, soybean, rice, corn and human hair are 0.305 mg/kg, 0.0352 mg/kg, 0.0287 mg/kg,
0.0198 mg/kg and 0.145 mg/kg. The enrichment coefficient of selenium from crops to soil (0.120) is much less than 1, and the enrichment
coefficient of selenium from human hair to crops (4.834) is greater than 1, indicating that human hair has a strong concentration and
amplification effect on selenium. The migration and accumulation of selenium in the soil— crop—human system shows a "V"— shaped
pattern. [Conclusions] In general, the selenium content in the soil is sufficient or rich with no potential environmental risk. Soybean and rice
are rich in selenium, accounting for 28.4% and 9.4%, with no selenium exceeding the standard and poisoning in organisms. The content of
selenium in human hair is significantly lower than the reference value of 0.20—0.60 mg/kg, indicating that the human body is in a state of
selenium deficiency, and the selenium content tends to decrease with age. There may be certain health risks, which should arouse the

attention of local relevant departments.

Key words: selenium; soil; crops; human hair; human health; black soil quality; ecological geological survey engineering
Highlights: Migration and accumulation of selenium in soil—crop—human system of typical black soil area were studied based on
systematic ecological geochemical data and statistical analysis principle, which provided scientific basis for the development of
selenium—rich agricultural products and local disease control.
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Fig.1 The location of the study area and a sketch map of the regional geology
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Fig.2 Sampling locations of geochemical samples
1—-Mapping parent material; 2—Soil profile; 3—Soybean and root soil; 4—Rice and root soil; 5—Soybean and root soil; 6—Dry and wet sedimentation;
7—Irrigation water; 8—Human hair; 9— Township; 10—Village
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Fig.3 Geochemical map of selenium element in surface soil of Shuangyang River Basin
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Table 2 Statistics of selenium elements in surface soil
JLR FEAHL RRME R/ME FHE ez RRRH BRILEERE  FERKN
Se/(mg/kg) 2.12 0.13 0.305 0.074 0.243 0.147 2.07
Corg/% 2767 6.50 0.86 2.40 0.47 0.196
pH 9.35 5.16 6.96 0.92 0.132
R3S ESH ST (mg/ke)
Table 3 Statistics of selenium in surface soil (mg/kg)

TED CREAED UGN [/ ONI! ¥iE TRAH BEAH  FHSEE AR =l b
KE(81) 0.024 0.057 0.035 0.229 14.08 23 28.4%
IKFE(61) 0.02 0.056 0.03 0.200 11.48 0.04 3 9.4%
FK(38) 0.014 0.031 0.02 0.150 7.92 0 0
F1H(180) 0.014 0.057 0.03 0.209

F4 NEPHESEFMESIT (mg/ke) i £5 &/(mg/kg)

Table 4 Statistical table of selenium content in human hair 000 005 0.0 0.5 020 025 030 035 040
(mg/kg) 0~20 1
ToER AR BONME BAME CFIIE bREE RRAY ZEME 20~40 +
Se 32 0192 0099 0.145 0025 0.172 0.20~0.60 AP
£ 6080 ]
x5 ML ER.TEHEWRSE5 T (mg/kg) B o100 ]
Table 5 Statistics of selenium content in parent material & 4
and soil profile(mg/kg) 100~120 4
FA FEARY BORME B/ME CPIIME AREE BR R 120~140-
BR300 0107 0.027  0.065 0.020 0299 140 TED 4
LR 85 0374 0.034 0153 0.101  0.660 7

S5 XUBG: W A8 S PR, S0 A AT 5 o Y A B 5 UG
2127 0.125 mg/kg, {03 HHEMIGE = 5 20 0.175
mg/kg, fUER TIRIAEERAEA R (R 7). 27671+
HER S WGt os , B DL FRES, LT
FES A 224, 5 0.80% ; - 3EAR 25 H 5P 2 7K SF A
XA, AR Ry T s e G, TG Vs A R BT ARG, (H
23 (8] b R AR A Sk, 8 A7 A MG v A
AN (A HbR  8F e 2 I T A0 v # B 13.0 mg/
kg, NELE A0 AT , JCA P g KU

YEW N 3 vh 32 Sl sl bl Sl SO , 32 547 80
29 (X204, 2000 2004, 2021) o K& IKFH
T oK = FAEY X 7T 2R B9 BCF jgy 1 (BCF=AEY T
SR e AR FR T, AR AR AT T AN 0.25
mg/kg) 43 B 4 0.141,0.115,0.792, B &t /N T 1
(BCF g4y 16=0.120) , K. KR | T KA 5 42 AR K
WREEAK . 81K AR i Th A 23 A S AT 15 :2>0.04
mg/kg, IAENE R SARE, i L 28.4% ;32 (/K Fike

P4 g e ) A 5 2 A PR

Fig.4 Changes of selenium content in soil vertical profile

xo6 KRRBELERKFERIESHSIT
Table 6 Statistics of selenium content in atmospheric
dustfall and irrigation water

R REAH BORME RAME CPIME bRdEZE R R
KAKED
15 0.63 0.17 024  0.157 0.64
/(mg/kg)
FEEK
30 0.003 0.001  0.001 1
/(mg/L)

il A 3 R A AT S B >0.04 mg/kg, 35 B & AT A
B, o5 1 9.4% ; KRR & 0w AR i
NIRFEAAEYFESE S 5 i TR R
RTE AR R AL S Bl S wm TE
PMAD)  Hm T M AD)  NEXEY Y
BCF s KT 1(CF jn=4.834) AL FIEY
Fra P IE oL B (MY s BT R U TR - A
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Table 7 Classification criteria for potential
environmental risks of soil selenium

S/ (mg/kg) il 357 TR EL 451 /%
<0.125 T 5 REAS 2 0
0.125~0.175 WVEEA 0.80
0.175~0.4 JEAT 90.89
0.4~3 & 8.31
>3 T2 0

i =7 N

5 TE LR — AR RS LR 5 IR
(5 il e A5 B0, 2014)
Fig.5 Migration and accumulation patterns of selenium in
soil—crop—human hair system
(modified from Ma Jianhua et al., 2014)

RIEB AN RN v (& 5), Ut
AN & %o il LA 50 () 4 RV E
5.3 ANE@ERTM

N RS w32 M5 AR R AR IR
TG ISR 2 I R 2 (FRIL5E,2003) , LA
[7i) [ 8 R H IX N R 5 B AEAE R R 20 . 5%
X 2P Sk Rl & w4 v T Bk (3R ), AT g 5 2otk
(A 1 5 AR RE B i A G, 1 R AR Y Al SRR
HE T B CRNISE,2012) . ARG & B EE N
0.145 mg/kg, B AKX T2 % (HE F 0.20~0.60 mg/kg
(P E TR B R S bR iE, 2007) , OBCR AR
FEACHE AR AL BARPIR S | AT REAFAE — 2 fEERR AR

ANRVAEHRY N B & g WA 9, N &l &
HH 8~20 SAFILBEE > 70 H AR BEY SR A,
HON B A 5 4R i BE 22 18] i A 56 R 80k —0.408

(FRERAE 0.05 7KF-CBUI ) 1= 5 5 AH G ) | 2 d 25 T A
e, Ut BN e H s £tk o A A 1 15 1 S s
T RE S5 AR A R K- 2K (Trojanowski et
al.,2010; Perumal et al., 2011) , Jvj 5| 362 1 75 AH 5C &K
P SE

6 4i it

(1) R 5E & i 1S3 i R 46.4 kem? , 32 29 XL FH ]
KA U LA R A 2 3 2R B R
R (i AR 0.21~1.47 kg/km® - a) b 78, A
KEBIOH K IR AR A 7 iE Bl b

(2) +3EAf & 0.13~2.12 mg/kg, H1{E 4 0.305
mg/kg, &R IT LI SH 2.07 15, B R RECH
0.243 IR F AR ST . K KRR B K = FEY)
S A H I 435914 0.0352 mg/kg .0.0287 mg/kg
F10.0198 mg/kg., A KAl & 14 0.099 ~192 mg/kg,
BIEH 0.145 mg/kg, VEYIXT £ 1LY BCF ey
JNTF 1 (BCF pg 40 5 =0.120) , 1 A & XF 1E 4y i 1)
BCF Jien KT 1 (BCF wuen=4.834) , 1l vy + 1 —1F
Y- NI R B AR AR R I e R it v E AL 40
BN e KT LA 58k R v 240 R AR FH o

(3) S 7 F A AR Ay R0 B A, TG A
AT RIS 1A WG v B XU o AR FE S R R B

=8 RNEMEHAZFESE (mg/kg)
Table 8 The content of selenium in human hair of different
genders (mg/kg)

PEG EOKE BeME A fRifEE ARARK

B o 0183 0.099 0.145 0.023 0.159

(25 0192 0.125 0.164 0.024 0.146
Jik32) 0192 0.099 0.145 0.025 0.172

*9 RREHE AL TS E (mgke)
Table 9 The content of selenium in human hair of different
age groups (mg/kg)
R OBEAR B BRR O WE BE
8~20 8 0.122  0.192  0.157  0.022 0.140
21~30 1 0.114  0.114 0.114
41~50 3 0.122  0.159  0.141 0.019 0.135
51~60 8 0.099  0.183 0.140  0.028 0.200
8
3

61~70 0.105  0.184 0.136  0.024 0.177
>70 0.108  0.159  0.132  0.026 0.197
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il 768 e 155 400, R B2 A o L 28.4% , K AR R Al LE
9.4%, R AL BUERE Sy . AN A0 & 5 BB A
T3 % {H 0.20~0.60 mg/kg, AL F Ham k2, b
AR 5L 3 el B A, PT BB AETE — 2 A fE R XU
I 15 | R b AE DGR T DG .

References

Bai Zhipeng, Jia Chunrong, Wang Zongshuang, Zhu Tan. 2002. The
relationship between human exposure to indoor and outdoor air
pollutants and potential doses[J]. Journal of Environment and
Health, 19(6): 425—428(in Chinese with English abstract).

Chen Huaiman. 2012. An original discovery:selenium deficiency and
Keshan disease(an endemic heart disease)[J]. Asia Pacific Journal
of Clinical Nutrition, 21(3):320-326.

China Environmental Monitoring Center. 1990. Background Value of
Soil Elements in China[M]. Beijing: China Environmental Science
Press(in Chinese with English abstract ).

Chi Fengqin, Xu Qiang, Kuang Enjun, Zhang Jiuming, Wei Dan, Su
Qingrui, Han Jinze. 2016. Distribution of selenium and its
influencing factors in soils of Heilongjiang Province[J]. Acta
Pedologica Sinica, 53(5): 1262—1274(in Chinese with English abstract).

Cheng Borong, Ju Shanjain, Yue Shurong, Hei Rongzhen, Sheng
Shijun. 1980. Study on the Se in soils of northeastem China[J].Acta
Pedologica Sinica, 17(1):55—61(in Chinese with English abstract).

Dai Huimin, Gong Chuandong, Dong Bei, Liu Chi, Sun Shumei, Zhen
Chunying. 2015. Distribution characteristics and influencing
factors of soil selenium in the Northeast Plain[J]. Acta Pedologica
Sinica, 52(6):1356—1364(in Chinese with English abstract).

Ferreira B L, De Miguel E. 2005. Geochemistry and risk assessment of
street dust in Luanda, Angola: A tropical urban environment[J].
Atmospheric Environment, 39(25): 4501-4512.

Chen Xiangyou, Zhang Hongxu, Qin Junfa, Liang Dongdong, Wang
Guangyi, Li Zengxi. 2007. Standards of the Chinese society for the
study of trace elements[J]. World Elemental Medicine, 14(3):39—
46(in Chinese with English abstract).

Hakanson L. 1980. An ecological risk index for aquatic pollution
control a sediment to logical approach [J]. Water Research, 14(8):
975-1001.

Heilongjiang Provincial Bureau of Geology and Mineral Resources
No. 1 Hydrogeology Engineering Geology Brigade, Ministry of
Geology and Mineral Resources Hydrology Command 904
Hydrology and Quality Engineering Geology Brigade. 1990.
Quaternary ~ Geology and Environment of Heilongjiang
Province[M]. Beijing: Ocean Press(in Chinese with English
abstract).

Hosnedlova B, Kepinska M, Skalickova S, Femandez C, Ruttkay—
Nedecky B, Malevu TD, Sochor J, Baron M, Melcova M,
Zidkova J, Kizek R. 2017. A summary of new findings on the

biological effects of selenium in selected animal species——A
critical review[J]. International Journal of Molecular Sciences, 18
(10):2209.

Hu Shengying, Ran Weiyan, Fan Hongrui. 2003. Geochemical
behavior of heavy metal elements in soil—crop system[J].Geology
and Prospecting, 39(5): 84—87(in Chinese with English abstract).

Li Haihua, Liu Jianwu, Li Shuren, Shen Canjie, Jia Jimei, Zhang
Yufa, Ding Tongqi. 2000. Research progress on heavy metal
pollution and crop enrichment in soil—plant system[J]. Journal of
Henan Agricultural University, 34(1): 30— 34(in Chinese with
English abstract).

Li Ting, Wu Minghui, Wang Yue, Yang Huaju, Tang Chundong,
Duan Changqun. 2020. Advances in research on the effects of
human disturbance on biogeochemical processes of heavy metals
and remediation[J]. Acta Ecologica Sinica., 40(13): 4679—4688(in
Chinese with English abstract).

Liang Gang, Liu Xuan, He Hui, Liu Xinhui. 2012. Determination
and correlation analysis of heavy metals in human hair of urban
population in Xinmin City[J]. Environmental Science &
Technology, 35(10): 112—115(in Chinese with English abstract).

Liang Shuai, Zhu Jianxin, Dai Huimin, Song Yunhong, Liu Kai,
Han Xiaomeng, Zhai Furong. 2021. Migration and enrichment of
selenium in soil— plant system in baiquan area, Heilongjiang
Province[J]. Geology and Resources, 30(4): 456— 464, 478(in
Chinese with English abstract).

Liao Ziji.1989.Pollution Hazards and Migration and Transformation of
Trace Metal Elements in the Environment[M]. Beijing: Science
Press, 26—28(in Chinese with English abstract).

Lin Kehui, Zhao Ping, Zu Yanqun. 2009. Toxic effects of trace
elements on crops and human body and its control[J]. Journal of
Yunnan Agricultural University, 17(1): 94— 98(in Chinese with
English abstract).

Liu Hong, Ma Yanming, He Zhongyi, Xia Jian. 2000. The
relationship between the characteristics of human hair trace
elements and the geochemical environment[J]. Journal of East
China Jiaotong University, 17(3): 63— 67(in Chinese with English
abstract).

Liu Faxin. 2007. Human Dealth Risk Assessment of Heavy Metals in
Regional Soils and Agricultural Products[D]. Ya'an: Sichuan
Agricultural University(in Chinese with English abstract).

Ma Jianhua, Ma Shiyuan, Chen Yunzeng. 2014. Migration and
accumulation of heavy metals in soil— erop— hair system in a
sewage irrigation area,
Circumstantiae, 34(6):1517—1526(in Chinese with English abstract).

Henan, China[J]. Acta Scientiae

Muller G. 1969. Index of geoaccumulation in sediments of the Rhime
River[J]. Geological Journals, (2): 109—118.

Piao Hechun, Liu Guangshen. 1995. Preliminary evidence for the
formation of Se deficiency in a particular monsoon climate in
China [J]. Geology and Geochemistry, (6):40—43(in Chinese with

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(4)



H49E 4

GRS - BRI TS BH R i - S A - AR R GE T K S A 8RB 5 AR DA 1073

English abstract).

Perumal A S, Thangamani A. 2011. Atomic absorption spectrophoto
metric determination of heavy metals lead and chromium levels in
human hair of people living in Katpadi and Yelagiri Hills of Vellore
District[J]. International Journal of Research in Ayurveda and
Pharmacy, 2(5):1563—1570.

Qin Junfa, Li Zengxi, Liang Dongdong. 2003. Hair Trace Element
Analysis and Disease Diagnosis Dish[M]. Zhengzhou: Zhengzhou
University Press(in Chinese with English abstract).

Qin Haibo, Zhu Jianming, Zhu Yongxuan, Lei Lei. 2009. Advances
in research on atmospheric selenium[J]. Earth and Environment, 37
(3): 304—314(in Chinese with English abstract).

Qin H B, Zhu J M, Liang L, Wang M S, Su H. 2013. The
bioavailability of selenium and risk assessment for human selenium
poisoning in high Se areas[J]. Environment International, 52:66—
74.

Tan Jian'an, Hou Shaofan, Zhu Wenyu. 1998. Research on the etiology
of low—selenium belt, Keshan disease and Kashin—Beck disease
in my country[J]. Bulletin of the Chinese Academy of Sciences,
(1): 54—60(in Chinese with English abstract).

Tan J A, Zhu W, Wang W, Li R B, Hou S F, Wang D C, Yang L S.
2002. Selenium in soil and endemic diseases in China [J]. Science
of the Total Environment, 284(1/3): 227-235.

Trojanowski P, Trojanowski J, Antonowicz J. 2010. Lead and
cadmium content in human hair in Central Pomerania(Northern
Poland)[J]. Journal of Elementology, 15(2): 363—384.

Wang Zijian, Zhao Lihua, Peng An. 1989. Study on the volatilization
process of selenium in low—selenium zone soil[J]. Environmental
Chemistry, 8(2):7—12(in Chinese with English abstract).

Wei Zhenshang, Tu Qijun, Tan Shuhong, Wang Huabing, Zhao
Xuejiao, Bai Jingi. 2016. A discussion on the geochemical features
and origin of selenium— rich soil on the northern slope of the
Tianshan Mountains from Urumqi to Shawan County [J].
Geophysical and Geochemical Exploration, 40(5): 893 — 898(in
Chinese with English abstract).

Xia Xueqi, Yang Zhongfang, Xue Yuan, Cui Yujun, Li Yansheng, Hou
Qingye, Yu Tao. 2012. Characteristics of selenium cycle in the
southern Songnen Plain of Heilongjiang Province[J]. Geosience, 26
(5): 850—859(in Chinese with English abstract).

Xiu Jinliu, Ke Yang, Fei Guo, Shi Qitang, Ying Hanliu, Li Zhang,
Cheng Hangxin, Fei Liu. 2022. Effects and mechanism of igneous
rock on selenium in the tropical soil— rice system in Hainan
Province, South China[J]. China Geology, 5, 1—11.doi: 10.31035/
cg2021038.

Zeng Zhaohua, Zeng Xueping, Liao Suping. 2002. Study on the
correlation between cancer and chemical elements in soil
environment in China[J]. Jiangsu Environmental Science and
Technology, 15(2): 13—15(in Chinese with English abstract).

Zeng Zhaohua, Zeng Xueping. 2001. Research on the correlation

between liver cancer in China and chemical elements in soil
environment[J]. Jiangsu Environmental Science and Technology,
14(3):3—4(in Chinese with English abstract).

Zeng Zhaohua, Zeng Xueping. 2001. Research on the correlation
between colorectal cancer in China and chemical elements in soil
environment[J]. Zhejiang Geology, 17(2): 55—58(in Chinese with
English abstract).

Zhai Furong, Liang Shuai, Dai Huimin. 2020. Prospects of
geochemical investigation of Black Soil in Northeast Chinal[J].
Geology and Resources, 29 (6): 503— 509, 532(in Chinese with
English abstract).

Zhao Jun, Zhang Zhehuan, Mu Huayi, Wang Xin, Liang Shuai. 2021.
Study on selenium in soil and crops in the high incidence areas of
Keshan disease[J]. Northwestern Geology, 54(4):250— 258(in
Chinese with English abstract).

Zhao Yan, Luan Wenlou, Guo Haiquan, Cai Kui, Ma Zhongshe, Dun
Yanran. 2021. Characteristics, causes and ecological environment
health evaluation of selenium—enriched soil in Gaocheng district of
Shijiazhuang City, Hebei Province[J]. Geology in China, 48(3):
764—776(in Chinese with English abstract).

Bt 32 2% STk

PR, B, TR, 2RI 2002, AT N AMAS S5 YL 10 5
TR IR I R [D]. RS IR AL, 19(6): 425-428.
FAZE, WL L, R0, BRoRER, 102 .1980. Tk E R bt X +- ek

RYAT[T]. F 33244, 17(1): 55-61.

IRREE, TRoi, B BVR, sk AW, BT, 16 PCEn, §hHE. 2016, BIpIT
A B o A B R e PR AF AT [T]. A, 53(5): 1262—
1274.

R, EAR R, FEAL, X5, PN, KRR 2015, AR AL T 5 S
SIATRFIE SO R 2R [T]. 1 HE2:47, 52(6): 1356-1364.

B VT4 b SR S — /K SCHB R AR M TR A, BT K SCHE
904 7K 3CTF 5 T A% 4l J5t BN . 1990. B g Y145 55 DU 20 3 Jot S 3F
BEIMY. U5 R AT

WG, 16 2, %5 . 2003, L HE—1EY RGP E 4 E e K AR
FRZEATNI]. HUBT SIHE, 39(5): 84-87.

R, XA, 2R, BN, BT, TRk, TR 2000. 1
e ZR G0 T 4 R TS Y AR B SRR R[], TR ARk R
2247, 34(1):30-34.

i, SUANE, TR, ibaE, AR, BrERE. 2020. AJSHshnt 4
J& TR A4 P MR AL B 0 5 i S5 06 S BT 0 S 0], AR A2
2, 40(13): 4679—4688.

ZER, XIS, {72, XUHT2s . 2012, 37 R RSk A 4 Jm & il
FATATHII]. AR 4R, 35 (10) @ 112-115.

RO, AREE, UL, KB, XL, ST, AR TR, 2021, BRI
IR b DX 0 38 S R G P RS W AR, HUBR S
YRR, 30(4): 456—464, 478.

B 3. 1989, BT P 4 @ ou R (W15 e fa F 5T HE kM), b
ol B R, 26-28.

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(4)



1074 i 5|

b Ji 2022 4

v B, X7, HHGRE . 2009, flm oo Z VR AR B 5 AR
HPERII]. ZEELOL =244, 17(1): 94-98.

X KK . 2007, DX 358 58 K g 7= i v A T 0 N AR fE R XL B
(D] FEZE: P AR

XULL, Thagi, fa] 56 %, B 1R 2000. A & e T 2T 5 sk Ak 2 56
BE X R[] TR 3GE R4, 17(3): 63-67.

e, ThRERE, PRl . 2014, R 315 HE X L3R - N E RS
EEJEER SRR IR =2, 34(6): 1517-1526.

AN, XTI 1995, F IR 119 2 IRV M 3 Bt T2 1 14 9 26
HE[I]. b ERfL2E, (6): 40—43.

ZEUGIE, REH, Rk, TR . 2009, KATFREE TR AR TEIE R ok
R BE R[] ER S ER5E, 37(3): 304314,

ZER Ik, ZERIRE, BAAL . 2003. Sk KR TG E AT S BN I2 Wi M.
SN O 2 R

DL, 53, RS0 1998. T AT A5 1L R85 e PR T
FE[J]. HERREBERE T, (1): 54-60.

T, BRI, S22, 1989, AR -3 R AN A 44k R BRIESR D], B
Bifk2#, 8(2): 7-12.

BRI, TR, FRENT, TALE, IR, 148 2016 Kb S
LR T A VDV i DX G 9 R AL 2 R R R 0], R

LR, 40(5): 893-898.

HAETE, 05, BRIRL, A B, AR A, B I, V. 2012, RO
G AN BT I R R - T T R A FRRAET]. BEAHLT, 26(5): 850~
859.

IR, BT, BT 2002, P EEE 5 R IEIREE LE e R
AADCPERFFE ] VLR R, 15(2): 13-15.

B RAE, G 2001, T ER A 5 HHEREE b # TR AR
TFFE[I]. BT, 17(2): 55-58.

B R, BT 2001, o E I S T Ak 2T R AR SE P
FN ILHAEREL, 14(3) :3-4.

FE SR, Fo0, HCEA. 2020 R J0 R A M ER (L 2 PR A T ST R
JEEA[T]. W SR, 29 (6): 503—509, 532.

R, I, B —, F 8, P, 2021, sEil e & X L -4 A
T CZE AR FE[T]. AL ML, 54(4): 250-258.

EXHE, ZRSCHE, FRi 4, 2548, Th AL, SOUE-. 2021, LA A R T
B X G SRR I 5 A A PR R AR R VP A [0]. o T,
48(3): 764—776.

F | BB W A3 . 1990, AR [ T R A S M. db st [E R B
Blag Rt

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(4)



