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Abstract: Kashgar River in Xinjiang is located in a typical arid and semi-arid area. The abnormal contents of total dissolved solids
(TDS) and iodine in groundwater in the lower reaches of the river seriously threaten the local water security. Taking the plain area
in the lower reaches of Kashigar River as the study area, the distribution of iodine in saline groundwater and its influence on iodine
enrichment were determined through analysis of the hydrochemical characteristics, Cl/Br mole ratio, stable isotopes of hydrogen
and oxygen, occurrence environment of groundwater and hydrogeochemical process. The results showed that the iodine content of
groundwater in the study area varies from <(0.40 pg/L. to 435.00 pg/L. (mean 123.50 pg/L.). The mean iodine content of
unconfined groundwater and confined groundwater is 58.75 pg/L. and 188.25 pg/L., respectively, and the proportion of high iodine
groundwater is 25.0% and 75.0% , respectively. The main hydrochemical types are Cl-SO, and SO,*Cl. TDS of groundwater
ranged from 3 079.13 mg/L to 15 249.50 mg/1., mainly in neutral to slightly alkaline saline groundwater (87.5%), followed by
saline groundwater (12.5%). The main form of iodine is I~ (87.5%), followed by 10,7(12.5%), and there is no coexistence form.
The existence of iodine in 10, and I forms in the suboxidizing environment and the subreducing environment is favorable,
respectively. High TDS, fine lithology, gentle topography, shallow burial conditions of groundwater and alkaline environment are
all conducive to the accumulation of iodine in groundwater. The iodine enrichment in unconfined groundwater is mainly affected by
evaporation concentration and the dissolution of evaporite, while the iodine enrichment in confined groundwater is mainly affected
by the dissolution of iron-bearing minerals under reduction conditions and alluvial-lacustrine sediments. The Cl™ to Cl/Br mole
ratio indicates that the high iodine water in unconfined groundwater is obviously affected by evaporation.

Key words: high iodine; Kashgar River; groundwater; saline groundwater; iodine species; hydrogeochemical process.
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Table 1  Statistics of hydrogeochemical composition content in groundwater
i 2 K1 K2 K3 K4 K5 K6 K7 K8
R K2R WK WK FEWIN TR K TR K WK TR K TR K
W (m) 123 35 18 70 52 45 40 40
Eh(mV) 24.90 1.50 4.90 2.80 8.50 —11.10 1.50 —0.30
pH{H 7.20 7.36 7.36 7.65 7.35 7.51 7.49 7.38
K" +Na'(mg/L) 4 254.02 877.27 1191.38 1087.74 1 609.80 502.79 1624.04 1017.36
Ca”"(mg/L) 858.96 538.11 603.48 542.13 535.09 361.69 663.83 372.15
Mg* (mg/L) 411.18 308.08 331.87 277.58 333.09 135.68 336.75 333.09
Cl (mg/L) 5574.51 985.51 1683.88 1581.07 1648.43 566.49 2339.70 1403.82
SO, (mg/L) 3 887.76 2489.01 2359.42 2084.10 3 098.04 1 340.00 2651.30 1934.57
HCO, (mg/L) 521.32 463.94 512.77 324.76 452.95 329.64 277.14 411.44
I(pg/1L) 144.0 51.0 <<40.0 435.0 96.0 <40.0 101.0 121.0
B Felmg/L) 0.25 8.25 0.89 0.19 0.32 6.82 0.32 2.11
TH(mg/L) 3 837.58 2611.97 2 873.16 2496.44 2707.41 1461.70 3043.95 2 300.54
TDS(mg/L) 15 249.50 5439.40 6428.22 5736.79 7 452.60 3079.13 7 755.45 5269.71
Br (mg/L) 1.76 0.20 0.23 0.46 0.37 0.14 1.16 0.35
DOC(mg/L) 0.81 2.74 2.14 0.92 1.40 1.53 1.14 1.26
3D (%) —47.40 —72.08 —73.30 —65.86 —74.71 —72.73 —68.94 —70.07
3"0(%) —6.19 —9.50 —9.76 —8.12 —10.16 —9.59 —8.70 —8.51
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Fig.2 Piper trilinear diagram of groundwater in the study area
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TDS Fin £ 5 4 %5 (g UK AR ALK (39 TDS 3
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TDS &5 0 /KBS ) B R . R /K
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K A3 AR TR 123.0 m Y T K F 40~70 m i 7K
IS N I N o =R 1 2 N S N o R R RN
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% (Craig, 1961; Pang et al., 2017; R at 25,
2021). ffF 5% X 5 v 7K OD B A —47.40%, . 0“0 &
S —6.19%, AR K SD #H{H Ky — 72.7%, .80 ¥ {H
J—9.62% 3 5 il K IR K 8D ¥I{E S —68.29%, .80
BI{E S —8.45% , AL B 7K & 7K oD fH iy —74.71%, .
S"OMH y —10.16%0. 3 W] i fL s K AR 7K 8D 5
SUOE Y B K FARMLK , H & g K oD 5 80
W e T e R R K, 3 D TR K 7R b 25 o AR
Az 28 R AE W K TREUK
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2.6 WTKBMBPEERDS

R KL E L IO, M B SR, A HL
BLCOD) & J AR . HIP 28 32 S0 J5 5% 14 RN f AT
BT 45 K b 2% B R 35 46l (Li ez al., 2014; Wang et
al., 2021). BF5E X AL 1418 7K K FE KT OB & & R
144.0 pg/L) W BUE 2 R 10, , E Hfl 278 245,
A KRR B RILE 2538 8 T A SCHF 9 26 I 41k 45 1 )
T IO, WA, BT KRR &M T FEUT BE
T 7E (Schwehr et al., 2009; Voutchkova er al.,
2017). WF5E X K1 HURE 23 43 A1 T L0k AP S ok
TOKJE T WAL EE (B 5a) , HiZ 5 TDS fie K
(2415 249.50 mg/L) , H: 4% ¥ K K BE 3832 5 1Y 38
PR, 2R B AL I B R T o E DL IO, A AE
TE . 7R KK B R 5 W3R SRR B . & K2 DR
R A ) 1 3 T A AR T 0 AR A v IURE B S R
K, AR R A R v, DA ARk B AT ML L AR
LAk 9 %) ot R o — 2B 4 1 T R A ) BRI (i et
al., 2020) , P A F 038 J5 R BE (0 AR K B T B i
AR
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2.7 MK EERE

271 HARFENM T KBIEHZNE HH5EX
S5 DU 20 P 26 2 T By i AR — T AR L oh R AR A A

HEFR Y, B S T VD 8y A A KRR R o R S
(7). e BV 7K K1 43 A 7k AR b (B35 5 o
144.0 pg/L) , R WK ¥ o0 F o B — 1A h
(Rl B ¥ {H 0 30.3 pg/L) ; i 7R JR K 43 A T v
P — 3B RN ok R (BB B 3 43 0 Ol 435.0
pg/L A 111.0 pg/L) , HAR AR ALK 43 A4 T itk £
o (B 52 96.0 pg/L) AN R DURR W o i 5 4
N, PR — T R A X R B e S R A K
5 DX o B — 1 AR 32 22 o0 A T o R ST
TS AL T IR I /N 1a) |, 5 v DL e IR £
HUB 4110 Ry ) A ) R AR DT BUE L T8 S A L
J AL 2 A L RURS £ B s Y [ AR
T3, A W L W A A AL 0T Ao R v £ R T AR g
250 BIURE T 3 1 R K A
272 HTRAKCIr5CUBrE/REEE T Cl M
Br (955 5 fife R A A AR A0 DR ST ME L K RTIE AR

YA EAE AT AR CL RN Br B9 46 X 4k B (HAR fig
AR C1/Br 5 & B, B8 8 B 46 7R R K%
JT A R B RN A 2 1 Ak (Cartwright, 20045 Li et al.,
2016). yCl /yBr il k4 546.22~16 501.76, i
FEIX CL AN Cl/BrEE R e (B 8) vl LA H, v /K
(K1) 52— 72 BE 9 78 R Wi AF F sz ), FE A K RE &2
BB WK .

273 MEE5HTKEBEFIHK(DOC)KX
FORSRHF KoK A HLGE H & AR, DOC
Tl E AT 2 mg/LL A 0.7 mg/L (5 ARLAE,
2018). T A= Wy 3l o B A B E A CO, 3R 15 g it
Y FE A A RN B (9 A RS, 2018) . H 8L A S
DOC F ML ARE(E 9 LLE H, # T /KDOC %
BRI, b s K i DOC & i (KLY
DOC & #4 0.81 mg/L) &Kk DOC % & (DOC
TR 2.14 mg/TOAR, B R A IR T AR Y
T M B X A0 PR ik 1) R FH 3 (22 38 45, 2013) , Bl &8
A3 BURE 25 DOC &t AH X . A DG 58t 3R W, b
FAKPBLE RS DOC KW E X R, 5IEMEA
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JE A 56 (RETT LA, 2021).

2.7.4 KA HL I E £ R0

(1) #EEAER #WidyNa /y(Na'+Ca® )5 TDS
M 56 Z2 FE 45 1 AR K AR 32 2 Ak 2 415 T8 L i 43
H 3R (ZEREFH RAFEKESFBA S AN E
S ) (Gibbs, 1970). i #f 55 IX #s F /K Gibbs [ (&
LO) AT LAE W K FEBIVETE T 728 & 3 SR Xk (f7 1
H) L WK K BE K1 B 5 7% 78 Bir A K BRI A7 3, %
WA R 7K K Ak 22 T B 5 B 22 7 e VR AR ) . s
KK RE R yNa ™ /y(Na ™+ Ca®" ) {8 % AR A K (318 43
A 0.80 F10.57) 5 ,yNa /y(Na" +Ca”™ ) {H1E &K H
K S A AN K (R K R AIR K X Y 9 yNa /y
(Na'+Ca™ ) ¥{E 2 310 0.65 F10.71) , 7 W 75 L vtk
IK IR 2T 157 25 45 i A 52 i K, 7R R 7K K
o208 A2 28 R A S i 48/

10° = =
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(2) HFEHARWLIEHB KA Ca /yNa 5
YHCO, /yNa' HAf it 7C B fiff 75 32F — 25 o 2 b R K
1k 2 55 1E ) A A XA T 2R A (Gaillardet ez al.,
1999; Qian ez al., 2016). HF5E X # F 7K 3= B4 i £
Tk T2 46 2 XU N 28 T 6 2 V75 Mok DX Sl B 30, L vy O
TR T AL AR (E 1), 2R ZET
DURRER B | 3 2 38 2o 78 & 1 FH O 2 0 B8 8 o 1 0 TR
g i K T TE I S & R 5 2R (Orr, 2017) . AR WS
NAKEURE AL TDS ¥ s T 5 SR 2 B Rk A0
fiff A FH 2 — 25 R B 532 TDS 1952 .

(3) BRIEBER HWAEH T Kb B DREIR
A5 T2 HRE R K Y A R R R SR e g (Amird
et al., 2015). 78Xt 7K 1% 41 43 - 5 43 A6 1T 5wl
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Fig. 12 The relationship between the saturation index of

mineral phase and TDS in groundwater

b I E R OKAR X T A A s A A B AR
1 F1148 %% (saturation index, SI), 4 SI>>0.5, % ]
W T UL AR A SI<<— 0.5 1, R W% 4 ik
TR ARIRAS s 24 ST XHE /N T 0.5 0, R Wiz Py &b
TR A .l R K TR S T A A R e B E
(F12) " LLFE W, i A o A e R ko 22
b F 40 R AS 5 4B 7E MR K P 3 A T AR
Aai FEA THEMRAE . MK A R A
T8 BB TDS 1 R T2 1 K, 26 0w K b s R 1
VoS IR S B T, L v BT K b s R T A
o

AR SC LA WE A WS R VAT T i Sk B 51X, MK ST L
A TR BE SR SC b BR A 2 AR 55 7 T F A 5%
Br bR K Y B AR SR SR R

(1) W5 X b 7K e 1A Sy v M 28 555 1k Rl K
Hb K L E B A TDS 8 8w, A Y O <<
0.40~435.00 pg/L (¥ K 123.50 pg/L) , TDS i
il 75 3 079.13~15 249.50 mg/L (¥ { } 7 051.35
mg/L) , = K K A2 2 R ClsSO,-Na # [ Cl-SO,-
Na-Ca #4 F1 SO,*CI-Na-Mg ! .

(2) H R ROk K s B B TDS 8 Km0 B &
B, 7R R K L i A A

(3) 47K 8D 5 "0 fH 2= W] = Bl F 7K 76 4 25
b Frh 2 25 AR T B ORI EoK . CL 5 CL/Brg
IR PEAE 3 W oy ALV K 52 — o R B 78 R VR A AR T Y
AN

(4) BB PE PR BT 7 22 00 3 ARz e P 3 K

References

Amiri, V., Sohrabi, N., Dadgar, M.A., 2015. Evaluation of
Groundwater Chemistry and Its Suitability for Drinking and
Agricultural Uses in the Lenjanat Plain, Central Iran.
Environmental Earth Sciences, 74(7): 6163—6176. https:
//doi.org/10.1007/s12665-015-4638-6

Andersson, M., Karumbunathan, V., Zimmermann, M.B.,
2012. Global Todine Status in 2011 and Trends Over the
Past Decade. The Journal of Nutrition, 142(4): 744—750.
https://doi.org/10.3945/jn.112.161729

Cartwright, 1., Weaver, T.R., Fulton, S., etal., 2004. Hy-
drogeochemical and Isotopic Constraints on the Origins of
Dryland Salinity, Murray Basin, Victoria, Australia.
Applied Geochemistry, 19(8):1233—1254. https://doi.org/
10. 1016/j.apgeochem.2003.12.006

Chen, J.L., Yang, H.X., Liu, W., etal., 2017. Study on the
Total lodine and Iodine Speciation Characteristics in
Xilingol League, Inner Mongolia and Tacheng, Xinjiang
High Iodine Area by High Performance Liquid Chroma-
tography-Inductively Coupled Plasma Mass Spectrometry.
Rock and Mineral Analysis, 36(6):614—623(in Chinese
with English abstract).

Craig, H., 1961. Isotopic Variations in Meteoric Waters. Sci-
ence, 133: 1702—1703. https://doi. org/10.1126/sci-
ence.133.3465.1702

Gaillardet, J., Dupré, B., Louvat, P., et al., 1999. Global
Silicate Weathering and CO, Consumption Rates Deduced
from the Chemistry of Large Rivers. Chemical geology, 159
(1—4): 3—30. https://doi.org/10.1016/S0009-2541(99)
00031-5

Gibbs, R.J., 1970. Mechanisms Controlling World Water
Chemistry. Science, 170(3962): 1088—1090. https://doi.
org/10.1126/science.170.3962.1088

Hao, S., Li, F.D., Li, Y.H., et al., 2019. Stable Isotope
Evidence for Identifying the Recharge Mechanisms of
Precipitation, Surface Water, and Groundwater in the
Ebinur Lake Basin. Science of the Total Environment, 657:

1041—1050. https://doi.org/10. 1016/j.scitotenv. 2018.



% 2 1 Ih A AU AR S 95 K o BB 7 R B S 701
12.102 Orr, C.A., 2017. Warren JK: Evaporites: A Geological Com-

Hou, X.L., Hansen, V., Aldahan, A., et al., 2009. A Review
on Speciation of Todine-129 in the Environmental and Bi-
ological Samples. Analytica Chimica Acta, 632(2):181—
196. https://doi.org/10.1016/j.aca.2008.11.013

Hu, Q.H., Zhao, P.H., Moran, J.E., et al., 2005. Sorption and
Transport of Iodine Species in Sediments from the Sa-
vannah River and Hanford Sites. Journal of Contaminant
Hydrology, 78(3):185—205. https://doi.org/10.1016/j.
jeconhyd.2005.05.007

Jia, Y.F., 2021. Geogenic-Contaminated Groundwater in China.
Global Groundwater, Elsevier, Amsterdam, 229—242.

Li, L., Qiu, S.J., Tan, F.F., etal., 2013. Effects of Salinity
and Exogenous Substrates on the Decomposition and
Transformation of Soil Organic carbon in the Yellow River
Delta. Acta Ecologica Sinica, 33(21): 6844—6852 (in
Chinese with English abstract).

Li, 1.X., Wang, Y.X., Guo, W., et al. 2014. lodine Mobili-
zation in Groundwater System at Datong Basin, China:
Evidence from Hydrochemistry and Fluorescence Char-
acteristics. Science of the Total Environment, 468: 738—
745. https://doi.org/10.1016/].scitotenv.2013.08.092

Li, J.X., Wang, Y.X., Xie, X.J., 2016. Cl/Br Ratios and
Chlorine Isotope Evidences for Groundwater Salinization
and Its Impact on Groundwater Arsenic, Fluoride and
lodine Enrichment in the Datong Basin, China. Science of
the Total Environment, 544:158—167. https://doi.org/
10.1016/j.scitotenv.2015.08.144

Li, J.X., Wang, Y.X., Xue, X.B., etal., 2020. Mechanistic
Insights into Iodine Enrichment in Groundwater During the
Transformation of Iron Minerals in Aquifer Sediments.
Science of the Total Environment, 745:140922. https://doi.
org/10.1016/j.scitotenv.2020.140922

Li, W.P., Hao, A.B., Zheng, Y.J., et al., 2006. Regional
Environmental Isotopic Features of Groundwater and Their
Hydrogeological Explanation in the Tarim Basin. Earth
Science Frontiers, 13(1): 191—198(in Chinese with English
abstract).

Liu, Y.L., 2019. Groundwater Salinization Mechanism and
Interaction Processes of the Evaporation and Salt Accu-
mulation in an Arid Inland Basin (Dissertation). China
University of Geosciences, Wuhan (in Chinese with English
abstract).

Okin, G.S., Gillette, D.A., Herrick, J.E., 2006. Multi-Scale
Controls on and Consequences of Aeolian Processes in
Landscape Change in Arid and Semi-Arid Environments.
Journal of Arid Environments, 65(2): 253— 275. https://
doi.org/10.1016/j.jaridenv.2005.06.029

pendium, 2nd Ed. Environmental Earth Sciences, 76: 687.
https://doi.org/10.1007/s12665-017-6965-2

Pang, Z.H., Kong, Y.L., Li, J., et al., 2017. An Isotopic
Geoindicator in the Hydrological Cycle. Procedia Earth
and Planetary Science, 17: 534—537. https://doi.org/
10.1016/j.proeps.2016. 12.135

Qian, C., Wu, X., Mu, W.P., et al., 2016. Hydrogeochemical
Characterization and Suitability Assessment of Ground-
water in an Agro-Pastoral Area, Ordos Basin, NW China.
Environmental Earth Sciences, 75(20): 1356 —1371. https:
//doi.org/10.1007/512665-016-6123-2

Qian, K., Li, J.X., Chi, Z.Y., et al., 2020. Natural Organic
Matter-Enhanced Transportation of Iodine in Groundwater
in the Datong Basin: Impact of Irrigation Activities. Science
of the Total Environment, 730:138460. https://doi.org/
10.1016/j.scitotenv.2020.138460

Schwehr, K.A., Santschi, P.H., Kaplan, D.I., et al., 2009.
Organo-lodine Formation in Soils and Aquifer Sediments
at Ambient Concentrations. Environmental Science &
Technology, 43(19):7258 —7264. https://doi.org/10.1021/
es900795k

Schofield, R., Thomas, D.S.G., Kirkby, M.J., 2001. Causal
Processes of Soil Salinization in Tunisia, Spain and Hun-
gary. Land Degradation & Development, 12(2): 163—181.
https://doi.org/10.1002/1dr.446

Shen, H.M., Zhang, S.B., Liu, S.J., etal., 2007. Study on the
Geographic Distribution of National High Water lodine
Areas and the Contours of Water lodine in High Iodine
Areas. Chinese Journal of Endemiology, 26(6): 658—661
(in Chinese with English abstract).

Sun, Y., Zhou, J.L., Liang, X., etal., 2021. Distribution and
Genesis of Shallow High-Todine Groundwater in Southern
Margin of Tarim Basin: A Case Study of Plain Area in
Minfeng County, Xinjiang. Earth Science, 46(8):2999—
3011(in Chinese with English abstract).

Voutchkova, D.D., Ernstsen, V., Kristiansen, S.M., et al.,
2017. lodine in Major Danish Aquifers. Environmental
Earth Sciences, 76(13):1—16. https://doi.org/10.1007/
$12665-017-6775-6

Wang, H.T., Zhou, J.L., Zeng, Y.Y., etal., 2019. Spatial
Distribution and Enrichment Factors of Iodine in Drinking
Groundwater in Kashgar Prefecture of Xinjiang. Journal of
Xinjiang Agricultural University, 42(2): 145—150(in
Chinese with English abstract).

Wang, Y.X., Li, J.X., Ma, T., et al., 2021. Genesis of
Geogenic Contaminated Groundwater: As, F and 1. Criz-

ical Reviews in Environmental Science and Technology,



792 iR B 27

http://www .earth-science.net

49 %

51(24): 2895—2933. https://doi.org/10.1080/10643389.
2020.1807452

Wang, Y.T., Li, I.X., Xue, X.B., etal., 2021. Similarities and
Differences of Main Controlling Factors of Natural
Highlodine Groundwater between North China Plain and
Datong Basin. Earth Science, 46(1):308—320. (in Chinese
with English abstract).

Wang, Z., Du, H.B., 2003. Discussion on Groundwater Re-
sources and Development and Utilization Mode in Bachu
County. Xinjiang Water Resources, (2):16—19(in Chi-
nese).

Wei, X., Zhou, J.LL., Jia, R.L., et al.,

Resource Estimation of Shallow Groundwater with Dif-

2017. Distribution and

ferent TDS in Kashgar Region of Xinjiang. Water Saving
Irrigation, (9):51—54(in Chinese with English abstract).
Xu, F., Ma, T., Shi, L., et al.,

Characteristics of High Todine Groundwater in the Hetao

2012. Hydrogeochemical

Plain, Inner Mongolia. Hydrogeology & Engineering
Geology, 39(5):8—15(in Chinese with English abstract).

Xue, J.K., Deng, Y.M., Du, Y., et al., 2021. Molecular
Characterization of Dissolved Organic Matter (DOM) in
Shallow Aquifer along the Middle Reaches of Yangtze
River and Its Implications for lIodine Enrichment. Earth
Science, 46(11): 4140—4149 (in Chinese with English
abstract).

Zeng, H.B., Su, C.L., Xie, X.J., etal.,
Salinization of Shallow Groundwater in Western Hetao
Irrigation Area. FEarth Science, 46(6): 2267—2277(in
Chinese with English abstract).

Zeng, Y.Y.,

Quality Groundwater in Western Kashgar Prefecture of

2021. Mechanism of

2018. Study on Formation Mechanism of Poor

Xinjiang (Dissertation). Xinjiang Agricultural University,
Urumgi (in Chinese with English abstract).

Zhang, E.Y., Zhang, F.C., Qian, Y., et al., 2010. The Dis-
tribution of High Iodine Groundwater in Typical Areas of
China and Its Inspiration. Geology in China, 37(3):797—
802(in Chinese with English abstract).

Zhang, L.Y., 2012. Using Hydrochemistry and Strontium
Isotopes to Identify the Sources of Salt in Groundwater
Waters of the Tianjin Coastal Area(Dissertation). Tianjin
Normal University, Tianjin (in Chinese with English ab-
stract).

Zhang, R.Q., Liang, X., Jin M.G., et al., 2018. Fundamentals
of Hydrogeology. Geological Publishing House, Beijing,
90— 95(in Chinese).

Zhou, Y.Z., Sun, Y., Zhou, J.L., et al., 2021. Distribution and

Co-Enrichment Factors of Arsenic and Iodine in Ground-

water in the Shihezi Area, Xinjiang. Environmental
Chemistry, 40(11): 3464—3473 (in Chinese with English

abstract).

Bt 325 % STk

R R g, X, 55, 2017 HPLC-ICP-MS 3£ iF 55 N 52 1l
555 B T S I i A X M K S L LT SRR AE
AR, 36(6):614—623.

¥ E B HETE, 45, 2013, S0 AU My X A = A IX
HE DL - S AL R oM . A 2524, 33(21):6844—6852.

2R SCMG  ARBRZE S5 2006, 35 B FH X I T KBRS
/) 3 25 R AIE B HE i ) b 2F i 2%, 13(1):191—198.

X7 , 2019, F 52 P Bl 2t bt /KOs Ak 5 28k — SR AR AR
FAALERAF 58 (A 24 007 98 30). - o [ b o

HIZLAE, SR X512 45 2007, 4 [ v 7K il 1K B8 2343 K
e AU X KRS e B 5. [ O e 2 A KL 26(6):
658—661.

INE, JE & T A 4, 2021 35 UK Z b R 4 1 2 e i I UK
P53 A1 SR DA i B = EP S R 81 b 3RR 2% L 46(8)
2999—3011.

LR, A e R FE, 4 2019, TSR A1 3 XA Hﬂi&%km
O A B E AR T E A BT R Rl K 2 A R 42(2
145—150.

R AR, 5, 2021 AL IR 5 K IR A 5 A
T T KA F2 45 P 22 0 2 ) HuskBl2#, 46(1):308 — 320.

T R, 2003, ELAE BT K BRIR ST R A R HR )
B A, (2):16—19.

B R 4l SR SE 45 2017 WA HEIX R [R] TDS % 2 R
IR B B YR A T K HE R L (9):51—54.

WIS, T M, 45, 2012. Wxﬁnﬁﬂ?ﬁm@&ﬂgﬁkﬂﬁmi
HhBR AL 2= R AE . 7K SCHb T TR M S, 39(5):8—15.

BEVTHIL, XB AL, kLSS, 25, 2021 K VTR i U i o T 7o A LR
53 T A R AE B H X R 4R A R R L L ERBL 2, 46(11):
4140—4149.

B HR, I5 AR SR 7L, 45, 2021, I 5 X TG 3R R 2 H T KR
fEHLH . L ERFL 2%, 46(6):2267 — 2277,

¥E IBFIF , 2018. 37 5t W5 A1 4 XV 35 45 ot b 7K T AL 3EAE 5 (1
2R S0, B E RS TR AR L R A

T 08 SRARAT ARk, 25, 2010, Hp FE LR 3 X R AL T K o A
FROE SR R A E LT, 37(3):797 — 802.

kG, 2012, T Vi Hb DX bR AR R A 4 7K A2 B R IR A 3
TR BERIR T (1 2 3 48 30, K R H I K 2

TR, R BT A 2018, K SCHI A KL . 6T Ml B
fi AL, 57.

JEVBEAT  PNDe | JE 4 T 55, 2021 33 55 A ) F b X Hb R 7K A A
IR SR AR R AT . B AR 40(11):3464 — 3473.



