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Abstract: In this study, the state of the production, market, and integrated management of mineral
water in South Korea was assessed and a strategy was established to improve the competitiveness of
mineral water with respect to foreign brands. Diverse data, including a number of mineral water
manufacturers, daily permitted volume, daily production amounts, sales volume, and sales amounts,
were used to clarify the state of mineral water and establish a strategy. Real-time data transmitted
from the mineral water manufacturers were analyzed and managed in an integrated management
system (IMS). Chemical characteristics of mineral water were analyzed to assess water quality and
identify problems related to contamination. This study shows that specialization plans according
to geological characteristics should be established, rather than focusing on quantitative growth by
a low-cost sales method. The establishment of contamination management plans was found to be
needed for wells with potential pollution due to sub-surface inflow into the wells. We suggest that an
independent editing system of the attribute information needs to be designed based on the analysis
and management of the IMS.

Keywords: mineral water; permitted volume; production amounts; sales volume; integrated
management system

1. Introduction

Water is essential for life and is a valuable natural resource. The acquisition of fresh water
has been a key factor influencing human settlements throughout the history of mankind. Mineral
water is commonly produced from bedrock aquifers in which inorganic constituents have been
dissolved in groundwater through a water—mineral interaction. This process eliminates ingredients
and impurities that are harmful to humans during the movement of groundwater through the bedrock.
As a consequence, mineral water contains various mineral components and specific trace elements
depending on the geologic property of the aquifers [1], and is hygienically safe with little change in
water quality.

At the present time, mineral water is commonly used by consumers and can be easily purchased at
supermarkets and large discount stores. Minerals are required by human beings for nutrition, growth,
sustaining body functions, and well-being. In Korea, mineral water originates from groundwater
with sufficient quality to meet the standard for drinking water [2]. For this reason, the mineral water
must be secured in a clean and safe state to preserve its quality. It is also necessary to clarify the
state and various problems of the water and establish a management strategy that includes geological
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characteristics, production amounts, production and monitoring wells, the source water environment,
and an automatic measurement system of monitoring wells.

Since 1995, the Korean government, via the Ministry of Environment, has managed mineral water
under the Drinking Water Management Act (DWMA) [3]. According to the DWMA, only mineral
water is allowed as the water source for manufacturing bottled waters [4]. In 1997, the first nationwide
investigation into mineral waters was under taken by the South Korea Institute of Geoscience and
Mineral Resources (KIGAM) for ensuring a high quality and better understanding of the hydrochemical
properties of mineral water [5]. A total of 87 mineral water manufacturers were officially registered
in 2006, but 62 companies were in action as of December 2018. Article 3 of Korea’s DWMA classifies
drinking water into drinkable natural mineral water, drinkable treated tap water, drinkable spring
water, drinkable salt groundwater, and drinkable deep ocean water. Natural mineral water is the
groundwater or spring water originating from bedrock aquifers, which ensure high and safe water
quality. According to the DWMA, mineral water is the product of drinking water manufactured
exclusively by physical treatment. The use of chemical treatments for original groundwater used
for bottled waters are prohibited [6]. KIGAM, the groundwater specialized agency designated by
Korea’s Ministry of Environment (MOE), has monitored the quantity and quality of mineral water
based on real-time data transmitted by mineral water manufacturers since 1999, analyzed anomalous
data, and helped to establish countermeasures. In addition, KIGAM has operated an integrated
management system (IMS) for the management of mineral water through a database of information on
the manufacturers, pumping and monitoring wells, water quantity and quality, rock/soil, and geological
data. On the other hand, apart from data transmission based on the real-time, the mineral water
manufacturers should hand in measurement data for the quantity and quality of water to the local
government monthly according to Article 22 of the DWMA.

In South Korea, the National Groundwater Monitoring Network (NGMN) has operated since
1995, earlier than the on-line system for mineral water [7]. The goal of the NGMN is to establish 320
groundwater monitoring stations, and the main purpose of these stations is to monitor long-term general
trends in water level fluctuations and groundwater quality throughout South Korea. The National
Institute of Environmental Research (NIER), under MOE, conducted the Safe Groundwater Supply
Project (SGSP) from 2014 to 2016, and proposed a roadmap for groundwater quality management and
a supply plan for safe drinking groundwater [8].

The purpose of this study is to present the current state of the mineral water production, market,
quality, quantity, and integrated management in South Korea, and then to establish a strategy to
improve the competitiveness with respect to foreign brands.

2. Materials and Methods

2.1. Geological Settings of Mineral Water Manufacturers

Geology is an important factor in determining the quality of natural mineral water. The geology
of South Korea is complicated because of complex tectonic events and a wide span of ages, ranging
from the Archean to Quaternary Holocene epochs (Figure 1). The geology of the areas where mineral
water factories are located is mostly composed of Precambrian metamorphic rocks, Mesozoic granite,
Ogcheon metamorphic rocks, and Quaternary Jeju volcanic rocks.
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Figure 1. Geological map of South Korea and locations of mineral water bottlers facilities.

Of the 62 mineral water factories operating in South Korea, 26 are distributed in areas
characterized by Precambrian metamorphic rocks. Precambrian metamorphic rocks, one of the
most widespread geological units in South Korea, are generally composed of granitic gneiss, banded
gneiss, porphyroblastic gneiss, orbicular gneiss, and banded biotite gneiss [9]. Each of the factories
in the Precambrian metamorphic rocks area is located on the granitic gneiss. Granitic gneiss is
predominant in the Precambrian metamorphic rocks according to its petrochemical properties and
spatial distribution.

Twenty-three mineral water factories are located in areas of Mesozoic granite. Mesozoic granite
shows an equigranular medium to coarse grained texture with the major constituent minerals of
quartz, plagioclase, orthoclase, microcline, and biotite. Mesozoic granite is classified into two types of
granite, namely, Jurassic Daebo granite and Cretaceous Bulguksa granite. Daebo granite is considered
to have been formed by partial melting of the lower continental crust, and solidified at relatively deep
levels [10,11]. Bulguksa granite is considered to have been formed by partial melting of the mantle and
solidified at relatively shallow depths [10-12].

Eleven mineral water factories are located in the Ogcheon metamorphic belt distributed mostly
in the central part of South Korea. Rocks in the Ogcheon metamorphic belt are composed of
various metamorphic sedimentary rocks, such as chlorite schist, sandy phyllite, biotite schist, quartzite,
and quartz-sericite schist [13,14]. The main constituent minerals are quartz, dolomite, biotite, muscovite,
chlorite, calcite, silicate, and various metamorphic minerals.

Two mineral water factories are located on the eastern part of Jeju island. Jeju, the biggest island
in South Korea, is the site of active quaternary volcanoes [15]. Jeju Island consists of various volcanic
rocks, including predominantly alkali basalt in lowland areas, and lesser trachybasalt, trachyandesite,
and trachyte in the highlands. In addition, at least 400 scoria cones, phreatomagmatic tuff rings,
and tuff cones are widespread on the island, intercalated with shallow marine deposits [16]. The main
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constituent minerals of volcanic rocks are olivine, pyroxene, hornblende, biotite, feldspars, and volcanic
glass. The water resources on the island rely entirely on groundwater because there is no surface
water, such as from streams [17]. Groundwater levels in the northern and southern basins are generally
higher than those in the eastern and western basins on the island [18].

2.2. Database Preparation

All data, including a number of mineral water manufacturers in each province, daily permitted
volume, daily production amounts, sales volume, and sales amounts, were obtained from the Korea
Mineral Water Association (KMWA) to identify the state of mineral water in South Korea and establish
a strategy to improve the brand value of products through data analysis. We analyzed the ratio of
production amounts to the permitted volume, the relationship between sales volume and sales amounts,
the sales volume increase rate, the sales amount increase rate, and the ratio of manufacturer numbers
in each geology and province using these data. Data for the IMS were collected from information
transmitted in real-time from the mineral water factories. The information transmitted was analyzed
and managed in the IMS, which consists of metadata and a dataset of various attributes.

Mineral water samples were collected directly from the production wells of the 62 mineral water
factories from March to June 2017. The samples were taken after temperature, pH, and electrical
conductivity (EC) had been stabilized, then filtered through a 0.45 pm membrane filter. Temperature,
pH, EC, and alkalinity as bicarbonate (HCO3) were measured in situ. Samples for cation analysis
were acidified to pH < 2 with ultrapure HNOj;. Each water sample was analyzed to determine the
concentration (as mg/L) of major and minor ions (K, Na, Ca, Mg, SiO;, E, Cl, SOy, and NO3) using
inductively coupled plasma atomic emission spectrometry (ICP-AES, Optima 4300 DV, PerkinElmer,
Waltham, MA, USA) and ion chromatography (IC, DX-1500, Dionex, Sunnyvale, CA, USA) at KIGAM
laboratory, respectively.

2.3. Statistical Methods

Considering that the aim of this study is to present the current state of the mineral water in South
Korea and to establish a strategy, descriptive statistical methods are better than inductive statistical
methods. So, we used simple descriptive statistical methods, such as maximum, minimum, standard
deviation, and representative value including arithmetic mean and median, to present data on the
production, market, and hydrochemical characteristics of mineral water.

2.4. Integrated Management

An integrated management system (IMS) of mineral water based on a geographical information
system (GIS) was designed and built to store and efficiently manage data transmitted from the
mineral water manufacturers (Figure 2). In order to store and manage real-time data collected from
all manufacturers, it is not efficient to put all information directly into one database to be managed.
Therefore, all information used in this system is kept as a file, and the metadata is used to efficiently
manage the data constructed in the system. This metadata is designed to efficiently manage various
types of data by making it accessible through queries, such as basic structured query language (SQL)
in the form of database tables.
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Figure 2. The initial screen of the mineral water management system.

2.4.1. Acquisition and Transmission of Mineral Water Data

50f17

Most mineral water manufacturers in Korea have three to five production wells each, with at
least three monitoring wells. All manufacturers have to install and operate an automated monitoring
system in their monitoring wells, and a flowmeter in the production wells. The monitoring system
consists of a well, a probe, a transducer cable, a data logger unit, and a power unit. The probe in the
monitoring well continuously measures the water level, hydrogen ion concentration (pH), electrical
conductivity (EC), and temperature (T), and the flowmeter records the extraction rate. The data
logger is a device that stores measured data and transmits the stored data to KIGAM's network server
using on-line and wireless communication, on an hourly basis (Figure 3). The data stored in the
data logger are transmitted using the transmission control protocol/internet protocol (TCP/IP) remote
communication method.

m Well 1

o Well 2

m Well 4

O Well 5

454

351

Groundwater level (m)

Time

Figure 3. Mineral water level data (monitoring well 1 of red color, monitoring well 2 of green color,
monitoring well 4 of violet color, and monitoring well 5 of yellow color) are transmitted from the

mineral water manufacturers based on real-time. Horizontal axis is the measurement time and vertical

axis is the water level value. Numbers represent depth to water (unit: m).
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2.4.2. IMS Design

The basic structure of the IMS for the mineral water consists of applications for user access,
metadata for the managing and accessing of collected data, and a dataset of various attributes. Database
supporting files such as application metadata are accessed and managed through structured query
language (SQL) using ActiveX Data Objects (ADO), and other images are displayed through the access
path stored in the metadata. The information of the metadata used in the IMS includes information
additional to the basic data and an access path for accessing the data in the IMS. The metadata consists
of database tables in the form of Microsoft Access (mdb) files and the database table stores information
for accessing and explaining the data for each menu.

The collected and managed data largely consist of basic information regarding the manufacturers,
the status of monitoring and pumping wells, rock/soil information, groundwater level data of the
monitoring wells, the management status of the pumping wells, the extraction rate, and water quality
data. The manufacturers’ basic information comprises the manufacturer name, telephone number,
address, geology, and original equipment manufacturing (OEM), as well as photos related to the
manufacturers. Photos of the manufacturers can be displayed through a search function. The data of
the monitoring and pumping wells held by the manufacturers are stored as attribute data, so that users
can browse the relevant information through inquiries. Rock and soil information includes the physical
and chemical analysis data on rocks and soils of the manufacturers, and additional information on the
analytical components can be manually entered. Water level data on the monitoring wells include
actual and automatic measurement data by measurement date. We actually measure the water level by
hand monthly in order to check for errors between the actual and automatic measurements. If an error
is found in the groundwater level, the management system calculates and provides information to the
user. The water quality data of the manufacturers are stored and can be updated.

2.5. Uncertainties and Shortcomings

The data such as daily permitted volume, daily production amounts, sales volume, and sales
amounts used in this study were handed in to KMWA by each mineral water manufacturer, so there
are some uncertainties. Although the current IMS has the flexibility to modify, add, and update data,
it has a shortcoming in that a large amount of information should be newly inputted in accordance
with the designed form because it has not been rebuilt since March 2010.

3. Results and Discussion

3.1. Chemical Characteristics of Mineral Water

Understanding groundwater quality is important as it is the main factor determining its suitability
for drinking and domestic, agricultural, and industrial purposes [19]. Tables 1 and 2 represent the
physicochemical properties of mineral water and statistical summary of the analytical data for each
geology, respectively.
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Table 1. Physicochemical compositions of groundwater for mineral waters for different types of rocks

(PMR: Precambrian metamorphic rocks, MG: Mesozoic granite, OMR: Ogcheon metamorphic rocks,

OJV: Quaternary Jeju volcanic rocks). Concentration unit is mg/L unless otherwise noted. Electrical

conductivity (EC) in puS/cm.

Samples K Na Ca Mg SiO; F Cl SO; NO3-N HCO3; EC pH T(CO)
PMR1 0.63 207 549 1.02 697 017 181 490 1.67 1932 5740 7.34 8.03
PMR2 226 331 9.63 1.62 880 012 450 10.04 4.06 17.08 108.42 743 9.92
PMR3 1.12 898 20.06 539 2170 060 852 7.06 0.90 95.74 16696 7.76 17.38
PMR4 064 292 824 191 1547 008 192 219 0.79 39.14 76.83 7.76 14.10
PMR5 057 518 2153 123 1350 059 338 5.03 0.86 79.30 142,50 7.77 13.75
PMR6 1.63 1410 4884 7.82 2647 096 375 1443 0.18 197.25 349.53 7.00 1441
PMR7 120 17.80 3743 346 1613 0.69 1457 30.67 0.33 110.56 303.50 6.99 15.88
PMR8 085 947 2434 073 1220 112 379 13.11 0.89 91.01 17946 7.74 1295
PMR9 076 512 536 115 2478 012 155 1.63 0.46 3584 7020 6.95 13.70
PMR10 097 425 6.78 1.06 1584 0.15 248 548 2.57 2684 7322 6.59 12.05
PMR11 1.67 855 2346 579 2744 028 403 3.16 0.47 121.41 202.02 6.65 15.30
PMR12 0.83 369 870 299 977 005 238 838 0.63 4118 86.53 739 9.85
PMR13 191 1073 2400 572 2923 0.19 583 719 091 11895 232.70 6.87 15.00
PMR14 139 13.08 25.04 500 3250 025 834 890 1.98 98.88 22826 6.93 14.92
PMR15 1.08 6.88 2427 435 1540 0.12 299 11.75 0.01 99.63 17340 7.54 17.80
PMR16 090 6.13 1423 1.65 1490 0.12 345 13.18 0.19 5430 12838 7.21 14.68
PMR17 1.68 5.08 1416 217 1334 049 183 845 1.05 62.70 12094 7.92 14.28
PMR18 206 6.03 19.00 170 1990 0.15 34 11.0 0.25 76 157 757 16
PMR19 084 425 992 1.04 1767 019 260 375 1.44 46.26 102.30 813 17.33
PMR20 0.79 384 733 090 2064 013 156 248 0.68 28.68 59.22 724 15.86
PMR21 2.03 10.80 21.76 510 3236 035 568 6.92 0.96 108.34 207.02 6.79 15.58
PMR22 049 483 433 041 873 027 151 6.08 0.16 23.64 5576 733 1193
PMR23 113 546 1395 1223 719 019 331 9.46 1.02 101.31 202.24 7.70 14.32
PMR24 0.75 887 2646 417 1784 0.12 819 1234 0.42 100.35 206.38 7.27 14.32
PMR25 275 993 27.00 514 1988 0.67 462 838 0.51 122.00 234.33 7.33 16.00
PMR26 267 1616 3464 371 21.60 1.03 921 10.71 0.01 148.23 271.00 7.61 17.18
MG1 1.06 286 1350 340 919 073 1.4 6.8 1.58 55 154 7.07 -
MG2 044 998 767 120 4176 012 319 421 0.08 4142 8742 710 1793
MG3 051 1739 1784 565 1124 0.65 3.66 14.81 1.98 113.22 221.42 8.19 14.63
MG4 0.81 946 2573 179 2374 030 3.83 814 0.49 106.15 208.66 7.19 15.36
MG5 082 676 10.07 152 2556 042 431 291 0.67 4929 10326 796 16.15
MG6 058 1674 1934 157 2210 1.65 458 4.64 0.93 92.72 19136 7.10 13.70
MG7 028 1254 2066 067 2020 114 4.06 2644 0.12 65.88 17418 7.75 18.92
MG8 1.06 807 1734 224 2326 026 380 12.67 1.94 62.77 14820 6.81 14.65
MG9 040 695 994 186 3046 029 304 320 0.22 57.65 10658 7.28 16.04
MG10 046 1870 3443 151 2285 1.18 2322 6.15 0.71 127.34 198.63 7.56 16.03
MG11 063 808 1466 232 865 024 195 8.01 1.34 7326 152.08 743 13.82
MGI12 167 495 1310 4.08 21.10 0.38 2.5 55 0.62 59 120 792 167
MG13 052 564 1120 153 1880 023 212 133 1.00 5148 9326 7.17 14.63
MG14 085 952 1774 343 3098 034 447 1217 1.90 7595 161.70 6.57 14.24
MG15 059 1246 11.68 144 2972 029 7.03 6.76 4.33 50.02 138.10 6.43 15.44
MGl6 041 1770 1830 033 2213 143 3730 2.87 0.10 3453 19448 712 16.23
MG17 037 683 1250 133 1946 070 1.34 3.08 0.32 64.36 102.76 7.54 12.50
MG18 121 463 1146 089 1646 033 133 3.12 0.59 4819 86.80 7.74 14.96
MG19 080 6.02 13.66 144 1554 017 489 7.62 2.33 46.67 117.80 7.05 12.15
MG20 0.11 523 2250 0.83 2670 0.07 2.3 40.4 0.04 38 142 789 16.8
MG21 010 474 1672 084 2298 007 215 26.68 0.06 39.04 134.10 7.81 16.68
MG22 043 525 1244 095 1838 085 299 5.88 1.16 4148 10090 7.14 13.93
MG23 053 474 867 143 21.00 013 1.80 1.00 1.04 4587 88,52 742 11.04
OMR1 121 1360 31.76 1352 1390 049 422 2464 0.06 167.75 315.60 7.82 15.42
OMR2 188 6.04 5058 7.69 3128 073 293 8032 0.55 106.37 353.50 7.63 15.58
OMR3 136 378 3430 363 1300 0.05 683 3.14 224 11348 199.50 7.51 13.80
OMR4 126 483 3370 1820 1150 0.17 3.1 33.1 0.13 171 323 778 142
OMR5 127 779 39.04 897 1998 0.14 10.12 32.05 0.71 130.54 266.18 6.73 16.44
OMR6 065 7.77 4143 1433 11.00 0.13 19.23 19.97 1.34 150.98 329.00 7.28 12.80
OMR?7 146 3.63 21.82 247 1087 017 560 7.29 1.68 7442 119.18 7.61 13.06
OMR8 085 446 3073 320 997 009 242 2564 0.00 92.01 21033 810 13.20
OMR9 083 807 31.05 1205 1235 033 3.77 2379 0.45 137.25 261.00 7.64 15.15
OMR10 1.09 724 2409 548 2450 032 790 13.44 0.87 110.06 224.74 7.65 14.44
OMR11 133 726 4220 1196 1144 018 844 18.13 1.52 149.45 303.33 740 15.90
QJvi 209 530 299 228 2634 006 578 1.59 0.11 3691 8034 7.74 14.72
QJv2 256 749 640 679 3650 0.06 852 1.87 0.62 6320 141.14 735 16.04
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Table 2. Statistical comparison of physicochemical components in groundwater used for bottled
waters, with respect to rocks (Precambrian metamorphic rocks (PMR), Mesozoic granite (MG), Ogcheon
metamorphic rocks (OMR), and Quaternary Jeju volcanic rocks (OJV)). Min: minimum, Max: maximum,
Mean: average, Med: median, Std: standard deviation. Units are the same as in Table 1.

K Na Ca Mg SiO, F Cl SO; NO3-N HCO3 EC pH T(CQO

PMR Max. 275 17.80 4884 1223 3250 1.12 1457 30.67 4.06 197.25 349.53 8.13 17.80
Min. 049 207 433 041 697 005 151 1.63 0.01 17.08 5576 6.59  8.03
Mean 129 760 18.69 336 18.09 035 443 872 0.90 79.39 16137 7.34 1433
Med. 110 6.08 1953 258 1690 0.19 344 838 0.73 85.16 16198 7.34 14.54
Std. 065 420 11.09 272 741 031 3.09 576 0.89 45.00 80.27 041 241

MG Max. 1.67 1870 3443 565 4176 165 3730 4040 4.33 127.34 22142 819 18.92
Min. 010 286 767 033 865 0.07 133 1.00 0.04 3453 86.80 643 11.04
Mean 0.64 892 1570 1.84 2184 052 553 932 1.02 62.60 140.31 736 15.11
Med. 058 6.89 1416 153 21.60 032 331 645 0.81 56.27 140.20 7.31 14.96
Std. 036 476 612 124 741 045 820 9.64 1.00 2522 4220 045 3.64

OMR Max. 1.88 13.60 5058 1820 31.28 0.73 1923 8032 224 170.80 353.50 8.10 16.44
Min. 0.65 3.63 21.82 247 997 0.05 242 314 0.00 7442 119.18 6.73 12.80
Mean 120 6.77 3461 923 1543 025 6.77 2559 0.87 127.55 264.12 7.56  14.54
Med. 126 724 3370 897 1235 0.17 560 2379 071 130.54 266.18 7.63 14.44
Std. 034 281 830 520 6.88 020 485 2043 0.74 31.08 7035 035 1.24

QJV Max. 256 749 640 679 3650 0.06 852 1.87 0.62 63.20 141.14 7.74 16.04
Min. 209 530 299 228 2634 006 578 1.59 0.11 3691 8034 735 14.72
Mean 232 639 470 454 3142 006 715 173 0.36 50.05 110.74 7.55 15.38
Med. 232 639 470 454 3142 006 715 173 0.36 50.05 110.74 7.55 15.38
Std. 033 154 242 319 718 0.00 194 020 0.36 1859 4299 027 093

3.1.1. pH Value

The pH value in the groundwater is mainly governed by CO, and COs. The pH values in
Precambrian metamorphic rock range from 6.59 to 8.13, with an average value of 7.34; in Mesozoic
granite, they range from 6.43 to 8.19, with an average value of 7.36; in Ogcheon metamorphic rock,
they range from 6.73 to 8.10, with an average value of 7.56; and in Jeju volcanic rock, they range from
7.35 to 7.74, with an average value of 7.55, indicating a weak acidic to weak alkaline condition. The pH
measurements for the majority of mineral waters in each geology were close to neutral, with an average
of 7.34 to 7.56.

3.1.2. Electrical Conductivity (EC)

The EC value indicates the amount of material dissolved in groundwater [20]. There are large
variations in EC values, not only in the samples collected from the different geologies, but also in the
samples collected from the same geology. The EC range of Precambrian metamorphic rock is 161.98 to
349.53 uS/cm, with an average of 161.37 uS/cm; in Mesozoic granite, it is 86.80 to 221.42 uS/cm, with an
average of 140.31 uS/cm; in Ogcheon metamorphic rock, it is 119.18 to 353.50 uS/cm, with an average
of 264.12 uS/cm; and in Jeju volcanic rock, it is 80.34 to 141.14 uS/cm, with an average of 110.74 uS/cm.
Jeju volcanic rock has the lowest EC because Jeju island mainly consists of permeable volcanic rocks,
which do not allow an effective water-rock interaction due to the rapid penetration and water flow.

3.1.3. Temperature

Mineral water temperature according to each geology ranges from 8.03 to 18.92 °C, with an
average of 14.33 to 15.38 °C, and a median of 14.44 to 15.38 °C. The temperature order of each geology
is as follows: Jeju volcanic rocks (15.38 °C) > Mesozoic granite (15.11 °C) > Ogcheon metamorphic
rocks (14.54 °C) > Precambrian metamorphic rocks (14.33 °C).
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3.1.4. Cation Concentration

The ions in mineral water are primarily dissolved in the groundwater from certain chemical
species in minerals that behave independently or together [21]. Consequently, the characteristics of the
chemical species can be utilized to infer the behavior of ions in the groundwater. The mean value of
total cations is highest in the mineral water of Ogcheon metamorphic rocks, and cation concentrations
are in order of abundance, Ca > Na > Mg > K.

The SiO, concentrations in Precambrian metamorphic rock range from 6.97 to 32.50 mg/L, with an
average of 18.09 mg/L, Mesozoic granite is 8.65 to 41.76 mg/L, with an average of 21.84 mg/L, Ogcheon
metamorphic rock is 9.97 to 31.28 mg/L, with an average of 15.43 mg/L, and Jeju volcanic rock is 26.34
to 36.50 mg/L, with an average of 31.42 mg/L. The mean values, in order of abundance, are as follows:
Jeju volcanic rocks > Mesozoic granite > Precambrian metamorphic rocks > Ogcheon metamorphic
rocks. The behavior of silica in solutions is strongly influenced by the solubility of quartz, amorphous
silica, and Si-bearing minerals [22-24].

The concentration range of Ca in Precambrian metamorphic rock is 4.33 to 48.84 mg/L, with an
average of 18.69 mg/L; in Mesozoic granite, it is 7.67 to 34.43 mg/L, with an average of 15.70 mg/L;
in Ogcheon metamorphic rock, it is 21.82 to 50.58 mg/L, with an average of 34.61 mg/L; and
in Jeju volcanic rock, it is 2.99 to 6.40 mg/L, with an average of 4.70 mg/L. The mean values,
in order of abundance, are as follows: Ogcheon metamorphic rocks > Precambrian metamorphic
rocks > Jurassic granite > Jeju volcanic rocks. Ca is commonly enriched in calcite, dolomite, gypsum,
apatite, and Ca-bearing silicate minerals.

The Na concentrations in Precambrian metamorphic rocks range from 2.07 to 17.8 mg/L, with an
average of 7.60 mg/L; in Mesozoic granite, from 2.86 to 18.70 mg/L, with an average of 8.02 mg/L;
in Ogcheon metamorphic rock, from 3.63 to 13.60 mg/L, with an average of 6.77 mg/L; and in Jeju
volcanic rock, from 5.30 to 7.49 mg/L, with an average of 6.39 mg/L. Na is easily leached from albite
plagioclase, which is one of the most common components in granites.

The range of K concentrations in Precambrian metamorphic rock is 0.49 to 2.75 mg/L, with an
average of 1.29 mg/L; in Mesozoic granite, it is 0.10 to 1.67 mg/L, with an average of 0.64 mg/L;
in Ogcheon metamorphic rock, it is 0.65 to 1.88 mg/L, with an average of 1.20 mg/L; and in Jeju
volcanic rock, it is 2.09 to 2.56 mg/L, with an average of 2.32 mg/L. The mean values, in order
of abundance, are as follows: Jeju volcanic rocks > Precambrian metamorphic rock > Ogcheon
metamorphic rocks > Jurassic granite.

The Mg concentration range in Precambrian metamorphic rock is 0.41 to 12.23 mg/L, with
an average of 3.36 mg/L; in Mesozoic granite, it is 0.33 to 5.65 mg/L, with an average of 1.84 mg/L;
in Ogcheon metamorphic rock, it is 2.47 to 18.20 mg/L, with an average of 9.23 mg/L; and in Jeju volcanic
rock, it is 2.28 to 6.79 mg/L, with an average of 4.54 mg/L. The mean values, in order of abundance,
are as follows: Ogcheon metamorphic rocks > Jeju volcanic rocks > Precambrian metamorphic
rock > Jurassic granite. The mean Mg value is the highest in Ogcheon metamorphic rocks because
they are rich in minerals such as dolomite, high Mg-calcite, biotite, amphibole, and olivine.

3.1.5. Anion Concentrations

Total anion concentrations are the highest in groundwater of Ogcheon metamorphic rocks.
Among anions, HCOj is the most abundant species, followed by SO, > C1 > F > NOs.

The HCO; value range in Precambrian metamorphic rock is 17.08 to 197.25 mg/L, with an average
of 79.39 mg/L; in Mesozoic granite, it is 34.53 to 127.34 mg/L, with an average of 62.60 mg/L; in Ogcheon
metamorphic rock, it is 74.42 to 170.80 mg/L, with an average of 127.55 mg/L; and in Jeju volcanic
rock, it is 36.91 to 63.20 mg/L, with an average of 50.05 mg/L. HCOj is the most abundant species in
groundwater with neutral pH conditions [25].

The Cl concentration range in Precambrian metamorphic rock is 1.51 to 14.57 mg/L, with an
average of 4.43 mg/L; in Mesozoic granite, it is 1.33 to 37.30 mg/L, with an average of 5.53 mg/L;
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in Ogcheon metamorphic rock, it is 2.42 to 19.23 mg/L, with an average of 6.77 mg/L; and in Jeju
volcanic rock, it is 5.78 to 8.52 mg/L, with an average of 7.15 mg/L.

The SO4 concentrations in Precambrian metamorphic rock range from 1.63 to 30.67 mg/L, with
an average of 8.72 mg/L; in Mesozoic granite, from 1.0 to 40.40 mg/L, with an average of 9.32 mg/L;
in Ogcheon metamorphic rock, from 3.14 to 80.32 mg/L, with an average of 25.59 mg/L; and in Jeju
volcanic rock, from 1.59 to 1.87 mg/L, with an average of 1.73 mg/L. Cl and SO, are considered
important inorganic constituents of groundwater, which may deteriorate the quality of drinking water
at higher extents [26].

The F concentrations in Precambrian metamorphic rock range from 0.05 to 1.12 mg/L, with an
average of 0.35 mg/L; in Mesozoic granite, from 0.07 to 1.65 mg/L, with an average of 0.52 mg/L;
in Ogcheon metamorphic rock, from 0.05 to 0.73 mg/L, with an average of 0.25 mg/L; and in Jeju
volcanic rock, the F concentration is 0.06 mg/L.

The nitrate nitrogen (NO3-N) concentration range in Precambrian metamorphic rock is 0.01 to
4.06 mg/L, with an average of 0.90 mg/L; in Mesozoic granite, it is 0.04 to 4.33 mg/L, with an average
of 1.02 mg/L; in Ogcheon metamorphic rock, it is non-detectable to 2.24 mg/L, with an average of
0.87 mg/L; and in Jeju volcanic rock, it is 0.11 to 0.62 mg/L, with an average of 0.36 mg/L. The drinking
water quality standard for nitrate nitrogen in South Korea is 10 mg/L [26].

According to the results of the mineral water quality analysis, seven manufacturers corresponding
to 11.2% of the total number, have NO3-N concentrations of 2 mg/L or more (Table 1). NO3-N
originates from soil with a significant amount of organic matter or polluted surface water, rather
than being dissolved in groundwater via a water-rock reaction, and can be used as an indicator
of contamination [27,28]. Considering that the mineral water companies in Korea are located in a
mountainous area without pollution, the concentration values are high. It is likely that sub-surface
water has been contaminated by inflow into wells due to insufficient casing and grouting. The drinking
water quality standard for NO3-N in Korea is 10 mg/L [3]. Although these seven manufacturers are
well within the standard, the establishment of contamination management plans regarding NOs3-N,
including environmental surveys around the wells and the installation of a pollution prevention facility
using a shielding grouting system, are needed to improve the mineral water quality for people’s health.

3.2. Permission and Production Amounts of Mineral Water

In South Korea, an environmental impact assessment, which includes a geological survey,
geophysical exploration, and a water quantity/quality assessment, needs to be completed to apply
for permission for a mineral water exploitation. If the environmental impact assessment is favorable,
a permit effective for five years is issued. After the five years has elapsed, mineral water manufacturers
can apply for an extension for another five years [3]. The DWMA limits a permitted extraction volume
on a “per day” basis.

As of the end of December 2019, 62 mineral water manufacturers were registered in South
Korea: 16 manufacturers were located in Gyeonggi Province, followed by 11 in Gyeongnam Province,
8 in Gangwon Province, 7 in Chungnam Province, 4 each in Chungbuk, Gyeongbuk, and Jeonnam
Provinces, 3 in Jeonbuk Province, 2 each in Jeju and Ulsan Provinces, and 1 in Sejong Province.
Most manufacturers in Gyeonggi Province are concentrated in the suburbs of the Seoul metropolitan
area to meet the high demands of mineral water in that region. Many manufacturers are also distributed
in Chungnam Province and Chungbuk Province because logistics costs are relatively low due to the
advantage of a nationwide travel distance.

The total permitted amount of extracted mineral water in South Korea is 42,645 m3/day, of which
Gyeonggi province accounts for the largest amount, at 12,837 m%/day, 30% of the total permitted
amount (Table 3). The next is Gyeongnam Province with 8366 m>/day and the least is Sejong Province
with 620 m3/day. Eleven companies with a daily permitted volume of 1000 m®/day or more account for
18% of the total number of manufacturers. Twenty-two companies with 500~1000 m3/day account for
35% of the total factories, while the remaining 47% produce less than 500 m3/day of mineral water.
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Jeju Province Development Co. has the largest permitted volume of 3700 m?/day, followed by Whain
company with 3130 m3/day, and Backhak company with 2564 m3/day. Chilgabsan and Geumcheon,
with 60 m3/day and 70 m3/day, respectively, have the lowest daily permitted extraction amount.

Table 3. The status of mineral water manufactures in the provinces in South Korea.

Province Numbers of Daily Permitted Daily Production Production
Manufacturers Volume (m3>/day)  Amounts (m3/day) Rate (%)

Chungbuk 4 2752 1565 57
Chungnam 7 3969 982 25
Gangwon 8 3087 771 25
Gyeonggi 16 12,837 4638 36
Gyeongbuk 4 2710 458 17
Gyeongnam 11 8366 1736 21
Jeonbuk 3 2160 500 23
Jeonnam 4 1490 157 11
Jeju 2 3800 2948 78
Sejong 1 620 82 13
Ulsan 2 854 335 39
Total 62 42,645 14,172 33

The total daily actual production in South Korea is 14,172 m3/day, which only represents 33% of
the total permitted amount (Table 3). Gyeonggi Province covers the largest production of 4638 m3/day,
which is 25% of the total permitted volume. Next, Jeju Province has a production of 2948 m3/day,
representing 78%, and Sejong Province has the lowest production rate of 82 m3/day, representing 13%.
Jeju Province is the local government with a high production rate of 78% compared with the permitted
volume. Although Jeju Province has only two factories, namely Jeju Samdasu Co. and Korea Airports
Co., Jeju produces a large amount, close to 80% of the permitted volume, which is significantly higher
than other factories.

Pumped source water is variously used as mineral water, washing water, and cleaning water.
Around 70-75% of the water intake in most factories is used to produce mineral water, which is a
suitable amount compared to the pumped water amount. Approximately 25-30% of the pumped
source water is used for washing and the remaining 2% is used for other purposes, such as cleaning.

The actual production of all provinces except Jeju Province is less than 50% of the permitted
amount, indicating that the optimal yield estimated in the environmental impact assessment may have
been overestimated as more the mineral water manufacturers’ actual optimal yield. This result suggests
that it this a serious problem in quantity, which can cause a depletion of mineral water resources and
deterioration of water quality.

3.3. Market of Mineral Water

The sales volume of the mineral water market has increased remarkably over the past 25 years,
from 471,514 m3/day in 1995, to 1,429,970 m3/day in 2000, 3,362,100 m3/day in 2010, and 4,770,722 m>/day
in 2018 (Table 4). The size of the market for mineral water increased 10-fold over the same period:
from USD 60.5 million in 1995, to USD 130.2 million in 2000, USD 301.7 million in 2010, and USD
574.9 million in 2018 (Table 4). Jeju Samdasu, the most popular brand among domestic products,
accounts for 40% of the domestic market [29].
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Table 4. The status of the mineral water market in South Korea.

Year Sales Volume Sales Amount Sales Volume Sales Amount
(m3/day) (Million Dollar) Increase (%) Increase (%)

1995 471,514 60.5

1996 893,002 114.9 189.4 189.9
1997 873,678 87.8 185.3 145.1
1998 940,356 75.3 199.4 124.5
1999 1,147,982 106.2 243.5 175.5
2000 1,429,970 130.2 303.3 215.2
2001 1,851,234 169.1 392.6 279.5
2002 2,024,537 179.6 429.4 296.9
2003 1,970,204 156.7 417.8 259.0
2004 2,259,584 174.3 479.2 288.1
2005 2,441,586 186.6 517.8 308.4
2006 2,550,832 2144 541.0 354.4
2007 2,726,058 231.7 578.1 383.0
2008 3,049,812 256.3 646.8 423.6
2009 3,251,537 272.4 689.6 450.2
2010 3,362,100 301.7 713.0 498.7
2011 3,094,669 357.9 656.3 591.6
2012 3,253,001 388.1 689.9 641.5
2013 3,543,000 433.3 751.4 716.2
2014 3,358,498 478.9 712.3 791.6
2015 3,611,683 535.2 766.0 884.6
2016 4,359,408 564.5 924.6 933.1
2017 4,711,975 571.9 999.3 945.3
2018 4,770,722 574.9 1011.8 950.2

Mineral water was officially allowed to go on sale in 1995 and, in 1996, sales approximately
doubled compared with the previous year. However, the growth of the sales amount slowed or
declined until 1998 due to the foreign exchange crisis in 1997, before increasing again from 1999.
The sales volume was 2.44 million m®/day in 2005 and 3.36 million m3/day in 2010, showing 10-
and 7-fold increases, respectively, from 0.47 million m®/day in 1995, when mineral water sales were
first permitted. On the other hand, the sales amounts were USD 186.6 million in 2005 and USD
301.7 million in 2010, which represent 3- and 5-fold increases, respectively, from USD 60.5 million in
1995. The relationship between the sales amount and sales volume, from when the domestic sales
of mineral water were permitted in South Korea until the present, indicates that the mineral water
market only grew quantitatively until 2013 due to its low-cost sales method, which is a problem in the
market of mineral water, caused by the explosion of manufacturer numbers and excessive competition
amongst them.

Twenty manufacturers, which account for 32% of the total number of 62, produce more than
100 m3/day, and 70% of the mineral water market is accounted for by eight large manufacturers.
The average selling price of a 0.5 L bottle of domestic mineral water is USD 0.17, which is about
one-fifth of the price of USD 0.83 for imported products. This phenomenon indicates that domestic
mineral water is weak in competitiveness in comparison with foreign mineral water.

The Korea Herald estimated that the total sales of the mineral water market will amount to USD
890 in 2020 [30]. However, considering the sales amounts of USD 575 million in 2018, this seems
difficult to achieve.

3.4. Integrated Management System of the Mineral Water

KIGAM analyzes and manages the data transmitted in real-time from mineral water manufacturers,
and notifies and guides manufacturers if anomalous data are detected (Figure 4).
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3.4.1. IMS Building

13 of 17

Ministry of Environment

The location of the manufacturer is plotted on the initial screen of the IMS based on GIS (Figure 2).
The basic environment of the IMS is divided into the control button domain, map display domain,
manufacturer’s brief information domain, map control domain, metadata domain, and attribute data
domain (Figure 5). The control button domain is used to control the manufacturer information of the
vector type by the GIS, which is composed of map enlargement and reduction, domain movement,
full area view, manufacturer’s information view, and system shutdown button.

=loix]

[Informatio:

[Company name]
T: 063-546-3337. F: 063-546-3597

T= 2UHAl S7 8% 2733[Address]
SHZIUW T O, bt granite [Geology]

C7.

queryv domain]

Tgyap control domain]

24BE [Rock information]
AR 42127 [Water level]

BMES [Company information]|

S22 [Soil information]
SE AR [Water qua]ity]

ZPAIE /3 438 22 [Well information]

Figure 5. The basic environment of the integrated management system (IMS) for the mineral

water management.

The map display domain shows the administrative district of the vector type (including city,
county, and district), and the locations of the manufacturers. The map domain is controllable in the
control button domain and the map control domain.
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The manufacturer’s brief information domain shows the manufacturer name, address,
telephone/fax number, and geology, and is automatically updated when a manufacturer is selected on
the map display domain or on the metadata and attribute data domain.

The map control domain is designed separately in order to easily move the viewpoint to a specific
position when the map is zoomed in or out. In the map control domain, the portion displayed in the
map is designated by a rectangle with red color. The size of the rectangle is changed according to the
enlargement/reduction ratio of the map area, and the designated area can be moved by dragging.

The metadata and attribute domains are used to display the corresponding information of the
manufacturers. In this domain, a specific manufacturer can be selected in the map area and the
manufacturer’s information can be selected separately from the map display domain. In addition,
detailed information can be browsed through the panel of manufacturer information, the status
of observation and pumping wells, rock/soil information, the error of groundwater level on the
observation wells, and water quality analysis data.

3.4.2. Information Query

Inquiries about the present situation of manufacturers can be made in two ways. The first method
is to click the info button on the control domain and select the company in the map domain; if it is
difficult to select because the company is adjacent, the company can be selected using the control button
and map control. Second, it is possible to select the company using the company name pull-down
menu at the top of the attribute domain. The pull-down menu is designed to be automatically updated
when the company is selected in the map domain.

The company status query is designed so that the contents for every kind of attribute
information related to the corresponding company can be expressed in various forms by browsing the
metadata information.

The status of monitoring and pumping wells includes information about the number of monitoring
and pumping wells of the manufacturers. The inquiry method for the status of the monitoring and
pumping wells is the same as the query method for the manufacturer information. This inquiry is
designed so that the contents of attribute information related to the well can be updated from the
metadata search when an inquiry of manufacturer information is carried out.

The groundwater level of the monitoring well is composed of the measurement date, automatically
monitored data, and actual measurement data. Since the number of monitoring wells varies from
company to company, the attribute information and chart area of the monitoring well information are
controlled according to the number of monitoring wells. The attribute information is constructed as a
separate database for each manufacturer and is displayed in the attribute information table as well
as the chart through the company name inquiry. Automatically monitored water levels and actually
measured water levels can be selected and displayed on the chart for each monitoring well.

The water quality database is made up of chemical components, such as K, Na, Ca, Mg, Fe,
Si0,, Al, As, and NO3-N, as well as pH, EC, T, and the analysis date. Water quality data are stored
as an individual database for each manufacturer and additional data can be inputted when further
information is obtained. The results of the water quality analysis are provided in the form of a
table in the order of analysis date and are shown on the chart for each chemical component through
additional inquiry.

Rock and soil information includes the analysis results of rock and soil. The results of analysis
are composed of separate databases, with each database linked to metadata. The constituents of the
analysis are SiO;, Al,O3, Fe; O3, MgO, MnO, TiO,, P05, CaO, K;O, Na,O, etc. The results of analysis
are displayed in the chart by company, and the components shown in the chart can be updated through
additional inquiry.
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3.4.3. Assessment of IMS

KIGAM, the groundwater specialized agency designated by Korea’s Ministry of Environment,
has operated an IMS to store and efficiently manage data transmitted from the mineral water
manufacturers and help the manufacturers’ technical difficulties. However, the role of IMS until
the present has been limited to data storage and management, and efforts to find the problems of
IMS and mineral water manufacturers by various analyses using these data have been insufficient.
The problems of IMS are that a lot of information should be newly loaded in accordance with the
current designed form, and the current IMS is not compatible with other operating systems and only
runs on the Microsoft Windows operating system.

In order to preserve the quantity and quality of mineral water, it is considered that it needs to
develop a groundwater flow model and a pollutant movement module that can be linked with the
current IMS in the future, and to arrange a basis for predicting the change in groundwater around
the manufacturers.

4. Conclusions

This study presented the current state of South Korean mineral water in terms of geology,
production, market characteristics, water quality, and IMS, to determine a suitable strategy. First,
we assessed the current status of mineral water in South Korea and identified a problem, then devised
a strategy to solve the problem and improve the management of manufacturers.

Of particular note, there are no mineral water plants in sedimentary rock areas such as the
Cretaceous Gyeongsang basin located in southeastern Korea, according to the geological setting data
of mineral water manufacturers. The reason is believed to be that most of the geology of this area is
composed of sedimentary rocks with high total dissolved solids. However, Evian is a global mineral
water brand located in a sedimentary rock area with high total dissolved solids. Thus, we propose that
a roadmap for the development of sedimentary rock areas should be produced to compete with global
mineral water brands such as Evian.

The Korean mineral water market has mainly grown quantitatively due to low-cost sales methods
since domestic sales began. Mineral water manufacturers should progress from quantitative growth
by low-cost sales, and establish their own specialization plans according to geological characteristics,
so that they can create high value-added products. By doing so, mineral water manufacturers can
enhance their competitiveness in the world market and grow into international brands. Awareness
among mineral water manufacturers regarding specialization plans should be increased.

Seven mineral water manufacturers have NO3-N concentrations of 2 mg/L or more. Therefore,
we propose the establishment of contamination management plans regarding NO3-N in order to
improve the mineral water quality.

The IMS was developed in order to efficiently analyze and manage various types of information
transmitted in real-time from the manufacturers. The current IMS has a shortcoming in that a large
amount of information should be newly inputted in accordance with the designed form. Therefore,
it is necessary to design an independent editing system of the attribute information, and then link this
information with the mineral water IMS. The current IMS also only runs on the Microsoft Windows
operating system, so we suggest that support for other operating systems should be planned for
the future.

This study is unique as a policy study, with aims to improve the national competitiveness of
mineral water by the efficient management of mineral water in South Korea. In conclusion, we propose
the mineral water exploitation of sedimentary rock areas, development of specialization plans according
to geological characteristics, environmental surveys around wells, installation of a pollution prevention
facility, design of an independent editing system for attribute information, and support for other
operating systems in addition to Microsoft Windows. In addition to these, we propose that policy
makers establish a management plan for mineral water every 5 to 10 years for the conservation of
mineral water resources.
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