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Fig. 1 Distribution of the Xintian water-bearing rock formation and sampling points
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Table 1 Hydrochemical analysis of groundwater samples in the study area

ZH i<¥iva =/ IMH wBRME EHE hEME b2z TR R
TDS mg- L™ 136.91 732.81 334.20 322.52 118.05 0.35
eyl mgL’ 65.56 612.20 271.70 254.13 88.49 0.33
Eh mvV -96.2 123.9 47.8 64.5 50.13 1.05
pH 6.74 8.91 725 7.23 0.29 0.04
K' mgL" 0.06 24.00 2.11 1.13 3.44 1.63
Na' mg-L" 0.28 219.72 15.61 2.29 34.76 223
Ca”’ mg-L" 14.85 159.42 89.99 85.23 28.09 0.31
Mg mg-L" 0.94 59.05 11.40 4.94 13.39 1.17
cr mgL"' 1.30 93.32 11.69 6.36 14.95 1.28
SO~ mg-L™ 4.89 236.34 25.48 16.17 27.02 1.06
HCO3 mg'L" 132.50 630.30 316.55 297.19 97.99 0.31
NO3 mg'L" 1.78 91.12 11.76 5.51 17.02 1.45
NO, mg-L" <0.002 8.650 0.290 <0.002 1.31 4.58
F mg-L" 0.04 3.50 0.35 0.16 0.55 1.58
TFe mg-L" <0.003 1.260 0.140 0.061 0.22 1.62
I ug'L” 2.7 3861.0 116.7 12.5 401.83 3.44
COD,,, mg-L" <0.50 229 0.53 0.54 0.53 1.00
lifECo, mgL” 1.06 12.67 473 451 2.51 0.53
N ug'L” 2.9 8 465.0 1002.2 195.0 1811.83 1.81
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Fig.2 Three-line diagram of the Xintian groundwater pipeline
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Table 2 Rotation factor loading matrix of Xintian karst groundwater

- K Hak

F, F, F, F, F, F, F,
TDS 0.648 0.729 0.180 0.348 0.855 0.261 0.237
TH 0.444 0.857 0.085 —0.647 0.697 0.228 0.010
pH —0.062 -0.723 -0.119 0.764 -0.092 0.102 —0.047
K’ 0.821 0.011 0.179 -0.025 0.136 -0.001 0.887
Na' 0.689 0.282 0.450 0.950 0.139 0.084 0.026
Ca” 0.291 0.901 0.130 -0.739 0.527 —0.364 0.075
Mg’ 0.545 0.116 -0.100 -0.004 0.381 0.880 -0.091
cr 0.842 0.171 0.194 -0.071 0.747 0.022 0.117
S0~ 0.740 0.277 0.435 -0.039 0.545 0.335 0.373
HCO; 0.071 0.960 0.023 0.534 0.606 0.321 -0.260
NOj3 0.904 -0.010 -0.031 -0.121 0.114 -0.170 0.882
F 0.380 -0.017 0.809 0.844 -0.015 0.169 -0.034
I —0.043 0.466 0.789 0.829 0.191 -0.116 -0.135
Sr*’ -0.263 0.695 0.409 0.217 0.064 0.908 -0.077
LERORICE 6.749 2.813 1.292 4.675 3.603 1.892 1.156

P& 48.2 20.1 9.2 33.4 25.7 13.5 8.3

Bt Ir 22 kR % 48.2 68.3 71.5 334 59.1 72.6 80.9
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Distribution characteristics of iodine in karst groundwater in Xintian county,
Hunan Province and the analysis on the causes of high iodine

LI Xiaopan"’, NIE Guoquan"’, SU Chuntian'’, PAN Xiaodong"’
(1. Institute of Karst Geology, CAGS/ Key Laboratory of Karst Dynamics, MNR & GZAR/International Research Center on Karst under the
Auspices of UNESCO, Guilin, Guangxi 541004, China; 2. Pingguo Guangxi, Karst Ecosystem,
National Observation and Research Station, Pingguo, Guangxi 531406, China )

Abstract lodine is one of the essential trace elements for human body, which maintains the growth and normal
metabolism of the organism. lodine deficiency or excess will have different degrees of impact on human health. A
large field of strontium-rich mineral water was discovered in Xintian county, Hunan Province. However, the iodine
content in some strontium-rich groundwater is abnormal, threatening the drinking water safety of local residents.
Therefore, it is important to find out the distribution characteristics of iodine in groundwater and the controlling factors
of the formation of high iodine groundwater so as to implement the project for the safety of drinking water and to
prevent endemic iodine diseases in the study area.

In a hydrogeological survey, 66 groups of spring water samples and 45 groups of well water samples were
collected in Xintian county to analyze their hydrochemical characteristics, identify the spatial distribution
characteristics of iodine in groundwater and analyze the main factors controlling iodine content in groundwater by
means of hydrochemical graphical method, principal component analysis and GIS technology. The results showed that
the iodine concentration in spring water and well water ranged from 2.7 to 92.8 ug-L ™" and 4.15 to 3,861 pg-L ",
respectively, with the respective median value of 5.4 pg-L ™' and 168 pg-L™". It can be seen that all the groundwater
with high iodine was well water, and 53.3% of well water samples had iodine concentration exceeding the permitted
national standard of 100 pug-L™' (GB 19380-2016). In contrast, the iodine content in spring water was relatively low,
and the overall iodine-deficient groundwater was predominant. High iodine groundwater was mainly distributed along
a river valley in the northeast-southwest direction. The iodine content in groundwater showed a gradual increase from
the peak-forest valley to the plain area of low-lying river valley, and the hydrochemical type also changed from water
with single HCO;-Ca type to water with complex HCO;-Na, HCO;-Na-Ca type, etc.

The marl stratum formed by marine sedimentation of Shetianqiao Formation is rich in iodine and organic matter,
which provides good geological conditions for the enrichment of iodine in groundwater. The microbial degradation of
organic matter occurs in the closed and partially reducible groundwater environment of the marl aquifer. CO, generated
by organic matter decomposition exists in groundwater mainly in the form of HCO;, which will compete with I" for
adsorption. Meanwhile, the process of organic matter decomposition to form HCOj is accompanied by the release and
migration of iodine deposited on it, making the iodine content in the groundwater increases with the increase of HCO;
content. At the same time, the alkaline karst water environment can increase the electronegativity of organic matter
surface to reduce the adsorption of iodine ions by organic matter. OH in groundwater also competes with I for
adsorption, which accelerates the release and migration of adsorbed iodine into groundwater, and hence increases the
iodine content. The distribution area of high iodine groundwater is located in a groundwater discharge area. It is also an
area distributed with strata rich in iodine and organic matter. In this area, the sluggish groundwater flow due to flat
topography, together with a relatively closed groundwater environment, further facilitates the enrichment of iodine.
The strata rich in iodine and organic matter formed by marine sediments, closed and partial reduction chemical
environment with karst water of weak alkalinity and sluggish groundwater runoff are the main factors controlling the

formation of high iodine groundwater in the study area.

Key words karst groundwater, iodine, spatial distribution, principal component analysis, controlling factors
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