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Table 1. Descriptions of the examined bottled waters labeling made from sea water sources.
Sample Description on bottle Desalination method
SSW
SSW-1 Surface seawater, Yilan, Northeastern Taiwan. Manufactured in March, 2012.
SSW-2 Seawater 12 m below sea surface, Miaoli, Western Taiwan. Manufactured in February, 2012. Distillation
SSW-3 Seawater 12 m below sea surface, Miaoli, Western Taiwan. Manufactured in May, 2012. Distillation
SSW-4 Seawater 12 m below sea surface, Miaoli, Western Taiwan. Manufactured in May, 2012. Distillation
DSW-A
DSW-5  Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in January, 2012. Reverse osmosis
DSW-6  Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in December, Reverse osmosis
2011.
DSW-7 Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in June, 2012. Reverse osmosis
DSW-8  Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in October, Reverse osmosis
2011.
DSW-9 Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in February, Reverse osmosis
2012.
DSW-10 Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in February, Reverse osmosis
2012.
DSW-11  Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in May, 2012. Reverse osmosis
DSW-12  Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in June, 2012. Reverse osmosis
DSW-13  Seawater 618 m below sea surface, Hualien, Eastern Taiwan. Manufactured in June, 2011. Reverse osmosis
DSW-14  Seawater 618 m below sea surface, Okinawa, Japan. Manufactured in December, 2011.
DSW-B
DSW-15 Seawater 610 m below sea surface, Oahu, Hawaii, U.S.A. Manufactured in August, 2012.
DSW-16 Seawater 610 m below sea surface, Oahu, Hawaii, U.S.A. Manufactured in August, 2012.
DSW-17 Seawater 610 m below sea surface, Oahu, Hawaii, U.S.A. Manufactured in August, 2012.
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Table 2. Descriptions of the examined bottled waters labeling made from terrestrial fresh water sources.

Sample Description on bottle Water processes Note

TPO1 Unknown water of Ruifang, New Taipei County. Manu- Physical filtration membranes BW-2
factured in August, 2012.

1ILO1 Groundwater of Yuanshan, Yilan County, Northern Tai- 0.2 pm filtration membranes (three times) and ozone BW-3
wan. Manufactured in March, 2013. sterilization

IL02-1  Surface water of Toucheng, Yilan County, Northern Tai- Sand, activated carbon and ultra-thin membrane fil- BW-3
wan. Manufactured in October, 2012. tration, and ozone sterilization

IL02-2  Surface water of Toucheng, Yilan County, Northern Tai- Sand, activated carbon and ultra-thin membrane fil- BW-3
wan. Manufactured in September, 2012. tration, and ozone sterilization

IL02-3  Surface water of Toucheng, Yilan County, Northern Tai- Accurate filtration technology BW-3
wan. Manufactured in October, 2012.

1L03 Surface water of Toucheng, Yilan County, Northern Tai- Boiling sterilization and 5 pm, 1 pm, and 0.2 pum BW-3
wan. Manufactured in August, 2012. filtration membranes

TYO1 Tank water of Zhongli, Taoyuan County, Northern Tai- Removal of anions and cations, and purification BW-3
wan. Manufactured in September, 2012. treatment by reducing electric conductivity

MLO1 Groundwater of Tongluo, Miaoli County, Central Taiwan. Multiple filtration equipment, reverse osmosis, and BW-3
Manufactured in October, 2012. boiling sterilization with 105°C

CHO1-1 Groundwater of Beidou, Changhua County, Central Tai- Reverse osmosis BW-3
wan. Manufactured in July, 2012.

CHO1-2 Groundwater of Beidou, Changhua County, Central Tai- Activated carbon and reverse osmosis (seven filtra- BW-3
wan. Manufactured in August, 2012. tion membranes)

NTO1-1 Surface water of Puli, Nantou County, Central Taiwan. Multiple filtration equipment and ozone sterilization BW-2
Manufactured in September, 2012.

NTO01-2 Surface water of Puli, Nantou County, Central Taiwan. Multiple filtration equipment, ozone sterilization, BW-1
Manufactured in October, 2012. and charcoal-filtered

NTO02-1 Groundwater of Puli, Nantou County, Central Taiwan. Multiple filtrations and reverse osmosis BW-3
Manufactured in October, 2012.

NT02-2 Groundwater of Puli, Nantou County, Central Taiwan. Reverse osmosis and ozone sterilization BW-3
Manufactured in September, 2012.

NTO03 Groundwater of Caotun, Nantou County, Central Taiwan. Reverse osmosis, 5 um filtration membrane, and ul- BW-3
Manufactured in November, 2012. traviolet sterilization

NTO04 Groundwater of Puli, Nantou County, Central Taiwan. Specific filter (not reverse osmosis) and ozone steril- BW-2
Manufactured in October, 2012. ization

KSo01 Tank water of Renwu, Kaohsiung City, Southern Taiwan. Activated carbon, reverse osmosis and ozone steril- BW-3
Manufactured in September, 2012. ization

PTO01-1 Groundwater of Wanluan, Pingtung County, Southern Cation exchange measurement, ceramic resonator, BW-3
Taiwan. Manufactured in August, 2011. and ultraviolet combining ozone sterilization

PT01-2  Groundwater of Wanluan, Pingtung County, Southern 1 pm, 0.7 um, 0.4 pm, and 0.2 pm filtration mem- BW-3

Taiwan. Manufactured in October, 2011.

branes, and ultraviolet combining ozone sterilization

# 3.
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Table 3. Reference waters collected from the laboratory at National Chung Hsing University for this study.

Water type Description
™ Tap water in laboratory.
Collected in September, 2012.
ROW Reverse osmosis water in laboratory.
Collected in September, 2012.
DIW Deionized water in laboratory.

Collected in September, 2012.
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Fig. 1. Plot of 2-PC1 vs. 2-PC2.
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Table 4. Amount of variance for each principal component.
Eigenvalue

Component Total Amount of variance (%) Cumulative (%) Element

1-PC1 9.380 22.877 22.877 Be, Se, Rb, Mo, B, K, Mg, S, and EC
1-PC2 7.564 18.448 41.325 Ga, Y, Cs, Ba, La, Nd, and Ca

1-PC3 4.072 9.932 51.258 Ni, Cu, Nb, and Hg

2-PCl 6.778 33.890 33.890 Se, Rb, Mo, Mg, S, and EC

2-PC2 4.945 24.725 58.615 Ga, Y, Cs, and Ba

2-PC3 2.718 13.591 72.206 Ni and Cu
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Fig. 2. Mean EC (electrical conductivity) values and total concentrations of trace-element in selected bottled water

samples.
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Comparison in Mineral Characteristics among
Commercial Bottled Waters

Wen-Jui Liang', Tsung-Ren Peng’, Shiou-Yuh Tsai’, Ping-Ting Lin*, Ping-Yi Huang’, Yu-Wen Lin°,
Chun-Chun Huang’, and Tsang-Sen Liu*’

Abstract

Liang, W. J., T. R. Peng, S. Y. Tsai, P. T. Lin, P. Y. Huang, Y. W. Lin, C. C. Huang, and T.
S. Liu. 2017. Comparison in mineral characteristics among commercial bottled waters. J.
Taiwan Agric. Res. 66(1):74-86.

To evaluate the mineral characteristics of commercial bottled drinking waters sold locally, their
concentrations of major and trace elements were analyzed and compared with those of tap water,
deionized water and reverse-osmosis water using the principal component analysis (PCA). Whether
PCA can be applied to separate the difference between bottled drinking water and tap water was also
assessed. Results showed that, except one kind of seawater-sourced bottled water, concentrations of
major and trace elements of examined bottled waters were lower than those of tap water, and levels of
some bottled waters were low enough to compete with those of deionized water. Furthermore, PCA
can not only distinguish bottled water sourced from terrestrial fresh water or sea water, but also divide
fresh water-sourced bottled waters into three different groups, BW-1, BW-2 and BW-3. The mineral
characteristics of BW-1 and BW-3 were similar to those of tap water and deionized water, respec-
tively, implying that water sources of BW-1 and BW-3 are highly related to tap water and deionized
water, respectively. The characteristic of BW-2 lies between the BW-1 and the BW-3. The most con-
cerned about this study is that there was one kind of bottled water claimed a sea water source exhib-
iting the mineral characteristics similar to that of deionized water, indicating goods carrying incorrect
designation of origin.

Key words: Bottled water, Elemental concentration, Principal component analysis (PCA).
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