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Mineral Components of Water Supply Plants and Spring Waters
in Northern Gyeonggi Area
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ABSTRACT

Objective: The purpose of this study was to investigate the distribution of mineral components, health and taste
index for water supply plants, spring water located in northern Gyeonggi area and bottled waters in market to
analyze Ca, K, Mg Na, Si, F~ and SO,*.

Method: The samples were source and tap water in 15 water supply plants over 9 river basin, 172 spring water
and 20 bottled water. The Ca, K, Mg Na and Si were analyzed by ICP-OES. The F~ and SO, were determined
by lon Chromatograph. Then, taste and health index were calculated using Hashimoto equation.

Results: The average concentration of major minerals showed in same order of Ca > Na > Mg > K for all kinds
of drinking water from water supply plants, spring waters and bottled waters. Total concentration of major
minerals (Ca, K, Mg, Na) was calculated that showed 26.79 mg/L of tap water, 21.81 mg/L of spring water,
32.94 mg/L of bottled water on average. So, the spring waters indicated the lowest minerals sum. The tap water
from water supply plants was categorized to Group I, II for 33.3, 44.4% according to K-index and O-index.
Otherwise, spring water was classified as Group I, II for 44.0, 46.3%.

Conclusion: According to the results of K and O-index, water from water supply plant showed higher K-index
which means good for the health. Otherwise, spring water indicated higher O-index that people can feel more
delicious than tap water. Futhermore, the mineral distribution of source water from water supply plants and
spring water had indicated high correlation with geological effect.

Key words: Mineral, water supply plant, spring water, K-index, O-index
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Table 1. The sampling sites of water supply plants in
northern Gyeonggi area

Source water Plants
Bukhan River (Bukhan)
Han River (Han)
Hantan River (Hatan)
Imjin River (Imjin)

Gapyeong, Hwado
Dogok, Deokso, Guri
Gwanin
Dongducheon, Yeoncheon

Jeil Reservoir (Jeil) Ganeung
Jojong Stream (Jojong) Hyunri
Miwon Stream (Miwon) Seorak

Paldang Lake (Paldang)
Yeongpyeong Stream (Yeongpyeong) Idong

Ilsan, Goyang, Wabu

(' ): abbreviated word

Table 2. The number of sampling sites of spring waters
in northern Gyeonggi area

Region No. of sampling sites
Total 172
Dongducheon (DD) 12
Gapyeong (GP) 12
Guri (GR) 10
Goyang (GY) 23
Namyangju (NY) 14
Pocheon (PC) 11
Paju (PJ) 29
Uijeongbu (UJB) 22
Yeoncheon (YC) 10
Yangju (YJ) 29

(): abbreviated word
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Table 3. The analytical methods and instruments

Items Method and Instrument
ICP-OES
(Ca, K, Mg, Na, Si) (PERKIN ELMER OPTIMA
5300DV)

Ion Chromatograph

F, SO~ (Metrohm, 850 professional IC)

Table 4. The classification by K-index and O-index

Group Range

I K=252,022

Water quality
Delicious and healthy

I K=>252,0<2 Healthy
I K<52 022 Delicious
v K<52,0<2 Anything else
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Table 5. The analytical results of drinking water over the river basin (Unit mg/L)
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River basin F Ca K Mg Na SiO, SO,* K-index O-index
SW ND 12.12 1.72 2.60 4.26 6.14 7.30 8.4 2.0
Bukhan
TP ND 12.62 1.89 2.62 6.64 6.29 8.00 6.8 2.0
H SW ND 22.20 4.00 2.60 7.72 443 13.67 15.5 1.9
an
TP ND 21.80 3.93 2.63 9.75 4.34 13.85 13.3 1.8
SW ND 14.38 1.74 6.49 9.65 20.09 10.93 6.0 2.1
Hantan
TP ND 15.01 1.76 6.50 10.20 20.05 11.17 6.1 2.1
Imii SW ND 16.05 1.29 4.05 2.75 448 6.53 13.7 2.1
mjin
/ TP ND 16.18 1.30 4.05 3.06 3.92 6.84 13.5 2.0
Toi SW ND 13.58 1.83 247 4.62 7.73 9.77 9.6 1.9
ojon,
Jong TP ND 13.09 1.73 2.51 5.39 8.17 9.36 8.4 1.9
el SW ND 7.77 1.29 1.46 3.98 11.28 5.29 43 3.0
e
' TP ND 8.15 1.28 1.42 3.87 10.57 5.71 4.8 2.8
. SW ND 19.35 1.42 3.70 6.18 11.98 9.22 14.0 2.5
Miwon
TP ND 19.92 1.60 3.77 8.08 11.99 9.06 12.9 2.6
SwW ND 23.40 2.71 4.18 7.96 4.69 14.11 16.5 1.7
Paldang
TP ND 23.30 2.78 4.20 8.38 444 14.73 16.0 1.6
SwW 0.27 5.18 0.70 0.68 2.17 8.73 4.90 33 2.6
Yeongpyeong
TP 0.33 6.85 0.74 0.75 3.40 9.98 5.19 3.9 3.0
SW ND 14.89 1.86 3.14 5.48 8.84 9.08 10.1 2.2
Average
TP ND 15.21 1.89 3.16 6.53 8.86 9.32 9.5 2.2

SW: source water, TP: tap water, ND: Not Detected
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Table 6. The analytical results of spring water (Unit mg/L)
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Region F Ca K Mg Na SiO, SO” K-index  O-index
DD ND 8.12 1.01 1.73 4.31 17.09 5.66 44 35
GP ND 8.55 0.84 2.23 3.04 12.41 4.87 5.9 3.1
GR ND 10.99 1.25 2.81 6.22 22.57 7.79 5.6 33
GY ND 16.86 1.08 6.24 8.70 23.43 10.63 9.3 2.5
NY ND 13.70 1.33 2.72 6.29 21.80 6.76 8.2 39
PC ND 13.83 0.92 1.99 10.36 19.13 7.43 4.8 3.6
PJ ND 18.13 0.92 3.28 4.39 20.01 6.54 14.3 4.0
UJB ND 7.66 0.72 1.19 5.15 19.05 11.89 32 2.1
YC ND 18.64 0.70 2.99 337 13.94 8.57 15.7 2.9
YJ ND 8.57 0.90 1.35 5.05 20.43 7.78 42 33

Average ND 12.50 0.97 2.65 5.69 18.99 7.79 7.6 32

ND: Not Detected
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Table 7. The major minerals of bottled water
(Unit mg/L)
Bottled water Ca K Mg Na
A 23.33 1.57 3.65 15.40
B 37.63 1.76 4.50 14.66
C 12.29 1.46 1.95 5.28
D 29.91 1.40 6.39 3.89
E 20.89 0.86 229 6.63
F 14.83 0.63 1.37 4.55
G 14.86 0.67 2.07 5.49
H 15.09 0.66 2.05 5.52
I 39.33 1.27 3.54 9.13
J 32.76 0.74 447 9.43
K 3.71 2.08 2.64 437
L 16.49 0.81 2.81 4.88
M 17.92 0.91 1.75 423
N 46.05 1.53 9.78 9.07
(0} 15.44 0.84 5.14 1.64
P 29.33 1.63 3.41 4.00
Q 11.35 1.05 1.26 3.55
R 14.97 1.07 1.44 3.82
S 24.06 0.59 6.41 15.62
T 5.06 2.70 437 6.76
Average 21.27 1.21 3.56 6.89
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Table 8. The top 10 spring water with high value of K-

index
Rank Region Spring water K-index
1 Namyangju Namyang 46.5
2 Paju Je-3ttanggul 43.5
3 Goyang Dongsan 41.0
4 Yangju Jungheung 383
5 Paju Sicheong 37.2
6 Paju Sotumul 31.4
7 Paju Baeri 30.2
8 Paju Josanmaeul 28.8
9 Goyang Sinwondang 275
10 Uijeongbu Sugokcheon 26.0

Table 9. The top 10 mineral spring water with high value

of O-index
Rank Region Spring water O-index
1 Pocheon Muretgol (sang) 12.4
2 Paju Bapjae 10.5
3 Namyangju Seokgogae 83
4 Dongducheon Boeun 8.2
5 Yangju Silbawi 7.7
6 Gapyeong Garugae 7.6
7 Paju Ohyeon 7.5
8 Paju Aeryong 7.4
9 Yangju Honggol 72
10 Uijeongbu Saemugol 7.1

Table 10. The number of sampling sites classified by K

and O-index
No. of water suppl No. of spring water
Group plants (%) Y (I‘)%) y
I 3(33.3) 77(44.8)
I 4(44.4) 6(3.5)
11 2(22.2) 78(45.3)
v 0(0.0) 11(6.4)

K-index”} 16.00.2 7} £& A= H3oH, O-
index:= GFHA A AFHo] 3.00.2 71 =4
et ok o3k K-index$} O-indexe A]-
W W A= Table 69 VERAATH A7 832
FEOIA K-index7} 717 £ 9] 107] oF+H
AAA = FAFEA] o] FOFOFSE| 9O '—43",\]9]
B} A3 FFE S v Ee TIAR P

O{NJ,%FJA—.C
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Table 11. The indices of samples using blind test

Sample K-index O-index
A 9.6 4.6
B 12.0 1.8
C 1.7 83
D 0.1 1.0
Table 12. Result of blind test
4°C 20°C
Sample
Respondents (%) Respondents (%)
A 1(5.0) 3(15.0)
B 1(5.0) 3(15.0)
C 2(10.0) 4(20.0)
D 2(10.0) 3(15.0)
Not distinguish 14(70.0) 7(35.0)

0|9} 7ol Tl X|4(O-index)’} &2 Eol sl =
olshz EubS FH3PIVF A A utel oigk A
357t she] Ao X9XA] & olfr= Uk
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Fig. 1. The correlation coefficients between source water of water supply plants and spring water
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1. A suggestion of recommended minerals intake in drinking water by k-water'

The range of

Items .
recommended intake

The reason of suggestion

Main alkaline minerals in the body are considered as recommended daily mineral
Ca 10~85 mg/L intake and water ingestion contribution rate (1.5~54%), adjust upper limit range to not
exceed hardness (300 mg/L)

Main alkaline minerals in the body are considered as recommended daily mineral
Mg 3~20 mg/L intake and water ingestion contribution rate (1~10%), adjust upper limit range to not
exceed hardness (300 mg/L)

K 1~90 mg/L

Main alkaline minerals in the body are considered as recommended daily mineral
intake and water ingestion contribution rate (0.1~46%)

Na 0.5~10 mg/L

Major minerals in the body and food intake are high, recommended daily mineral
intake and water intake contribution rate (0.1~1%) are considered

J Environ Health Sci 2019; 45(3): 238-246
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