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Abstract: The 226Ra activity concentration in several of mineral water samples of Northern
Vietnam was measured by using alpha spectrometry. Ra adsorption techniques on manganese oxide
were applied to produce thin alpha samples. The efficiency of sample preparation process was
determined by conducting similar procedures for IAEA reference materials. The 226Ra content in
mineral water ranged from (11.33 ± 1.00) mBq/l to (38.00 ± 4.50) mBq/l. The measured maximum
values do not exceed the permissible limit radiation dose for all samples (100 mBq/l - USEPA ). This
study may be useful for assessing impacts of radiation dose from mineral water on human health.
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1. INTRODUCTION

Nowadays, domestic and imported commodities are plentiful and diversified in the
Vietnamese market. Along with the high quality products, we must have measures to prevent the
poor quality ones affecting the health of consumers. It will become more serious if the products are
food and drink that do not meet quality standard requirements because they can cause the
instantaneous and long-term efficiencies. Mineral water is also a product that must be checked and
controlled the food hygiene standards. Especially, radiation levels in mineral water are often higher
than other water sources, so it is necessary to indentify radiation standards before being put into use.
The radioactive isotope such as 226Ra, 228Ra, 210Po, 232Th, 234U, and 238U can be found in the mineral
water, of which 226Ra is the most important radioactive isotope. 226Ra is a radioactive decay product
of uranium range and is highly radioactive toxic substance because it has a longer half-life cycle of
1,600 years and alpha emitters that will cause serious biological damage as being infected.
Currently, 226Ra concentration analysis in the mineral water is one of the market’s demands [1].

In the world, there are many researches about the determination of the 226Ra in the water but
just a few of them researched into mineral water in detail.

In Viet Nam, survey of radioactivity in mineral water is of practical significance. It is high to
know that the length of the country has hundreds of mineral water sources and in there [2]. Many
establishments have exploited, used, and commercialized other sizes together. Radioactivity in
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mineral water is also taken care by some organizations and laboratories Geological scientists of
Czechoslovakia, Geology and Viet Nam Atomic Energy Institute also has some data on this issue.

However, a process for determining radioactivity of Ra in the mineral water by alpha
spectroscopy has not been set.

Purpose of topic:

- There are procedures to determine Ra concentrations in natural mineral water.

- There are data on 266Ra activity concentrations in five natural mineral water mines (Quang
Hanh, Thanh Thuy, Kim Boi, My Lam, Hung Ha).

2. RESEARCH OBJECTS AND ANALYTICAL METHOD

2.1. Research objects

The topic researched mineral water samples at five mines namely Quang Hanh, Thanh Thuy,
Kim Boi, My Lam, and Hung Ha. The mineral water mines which were sampled to analyze 226Ra
activity concentration in the subject, were founded for a long time in the North of Vietnam and have
famous brands in the market such as Kim Boi mineral water, Quang Hanh mineral water, and Thanh
Thuy mineral water. The study area is located in the south of Hanoi capital

 Thanh Thuy Mineral Water – Phu Tho

According to geologists, Thanh Thuy hot spring was formed and led up to the ground from
the Song Da fault intersecting with the northwestern - southeastern fault. The spring covers an area
of over one square kilometers and reserves nearly 20 million cubic meters. Thanh Thuy hot mineral
water’s ingredients are a mixed solution concentrating powerful ionizers, yeasts and most of the
chemical elements that make up the earth’s crust. Thanh Thuy hot spring is a natural hot water
source with many mineral elements such as sulfur. Especially, Vietnam Union of Geological
Sciences recognized the Thanh Thuy hot spring as the first Radon hot spring in the Vietnamese
north. It has very precious Radon used to nurse [2].

 My Lam Mineral Water – Tuyen Quang

About 15 kilometers far from Tuyen Quang City along Highway 37, My Lam hot spring,
located at Yen Son commune, is very hot and has high sulfur content. The My Lam hot spring is
Vietnam’s leading hot spring and is suitable to treat arthritis and skin. It has a slightly smell because
of high sulfur content [2].

 Hung Ha Mineral Water – Thai Binh

Located at Duyen Hai commune, Hung Ha district in the northern province of Thai Binh, Duy
Hai hot spring was distributed from Northwest to Southeast with the length of 2.250 meters, width
of between 120 meters and 1,000 meters (average width of 600 meters). Duy Hai hot mineral water
is tasteless, calcium bicarbonate or calcium bicarbonate and has total mineralization of 0.47 gram-
0.5 gram per liter. The Duyen Hai hot mineral water is similar in quality to Tien Hai hot mineral
water [2]. It is a potential ware source in terms of scale, water quality, and water depth, so it is
necessary to invest in more detailed research to exploit this precious water source soon.

 Kim Boi Mineral Water – Hoa Binh

Located at Ha Bi, Kim Boi district in the northern province of Hoa Binh, it takes about two
hours to go and 75 kilometers far from the center of Hanoi city, Kim Boi hot spring has the lowest
temperature in Vietnam of 34ºC - 36ºC. The mainly mineral compositions of Kim Boi mineral
water are Ca, Mg, Zn, K, Na, HCO3

-, SO4
2-, has low solubility (407-412 mg/liter) below the

prescribed level (1000 mg/liter) and meets quality standards for demands such as healing, relax, and
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taking care skin [3].

 Quang Hanh Mineral Water – Quang Ninh

About ten kilometers far from Ha Long City and located in Cam Pha City, Quang Hanh hot
spring was formed from the flow of natural hot mineral water source, and high salinity with
temperature from 600C to 700C, mainly mineral compositions include Na+, Ca2+, Mg2+, Cl-, SO4

2-,

HCO3
-, Quang Hanh hot spring is the ideal place for visitors to relax, restore health, and prevent

some diseases of the skin and joints [3].

The samples were put into a while polyethylene can that has volume of ten liters and was
cleaned by distilled water. Before putting the sample into the can, the can was rinsed from three
times to five times by the mineral water sample. The samples were written full information
(location, date, temperature) and classified to avoid contamination of the samples.

The samples were taken at the selected locations. Before collecting the samples, opening the
nozzle to rinse the original water accumulated in the pipe for five minutes, then putting the samples
into the can. Each mine took three mineral water samples in line with the sampling process of the
Vietnamese standard (TCVN 6000 : 1995). The samples that were transferred to the laboratory
should be acidified with HNO3 0.1 M to pH = 3 to avoid losing the samples due to the samples’
cling into the can.

2.2. Analytical methods

The process of surveying 226Ra activity concentration in the mineral water was conducted as
follows [5,6,7]:

 Creating MnO2-coated discs with capacity of absorbing 226Ra

 Preparing sample

 Adsorbing 226Ra on the MnO2-coated discs

 Measuring the sample by alpha spectrometer

a) Creating MnO2-coated discs

- Preparation of MnO2-coated discs. Determination of 226Ra was carried out by adsorption of
Ra on MnO2-coated discs prepared as follows: discs of a plastic polyamide based substrate of 22
mm in diameter and a thickness of 0.5 mm, were washed successively with ethanol.

- After this cleaning process they were immersed under stirring in a 0.1M KMnO4 solution
at 70oC over about 3h which cause coating of the disc with a thin MnO2-layer. Then discs were then
washed with distilled water, dried in air and further used in the Ra sorption experiments. All discs
were prepared according to this procedure.

b) Preparing sample

- Step 1: Taking 50 ml of mineral water sample

- Step 2: Adding 0.025g EDTA (Ethylene Diamine Tetraacetic Acid) to help the adsorption
of 226Ra on MnO2-coated discs become more favorable, the next step, add NH4OH to adjusting pH
7-8.5.

b) Adsorbing 226Ra on MnO2-coated discs

The MnO2-coated discs were dipped in a glass beaker containing the sample (Figure 1).
Sorption of Ra is performed at room temperature over about 6h. An exposure time of about 6 hours
is sufficient for almost complete sorption of Ra onto the MnO2-layer of the disc. Following the
adsorption step, samples were washed with distilled water and left to dry at room temperature.
Radium was determined directly by measuring the completely dried disc with α-spectrometer.
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Figure 1: Schematic illustration of adsorption 226Ra on the MnO2 - coated discs

d) Measuring the sample by alpha spectrometer

+ The measurements were performed with an ORTEC SOLOIST alpha spectrometer, with
PIPS detector (1,200 mm2 size) [4]:

- Energy Resolution: 20 keV

- Detector efficiency: 25% for a detector-to-source spacing 10 mm and a 241Am source.

- Background: 0.016 cpm

- Energy range: 3 MeV to 10 MeV

- The sample chamber is vacuumed; the distance from the sample to the detector can be
changed from 1 mm to 41 mm.

+ Vacuum pump: Alpha –PPS-115 of Ortec

+ Dart Ortec includes amplifier and MCA

+ Computers were set up Ortec Maestro-32 spectrum acquisition software

e) Determining the performance of the method

In this procedure, the authors used the 226Ra standard solution of the IAEA which was known
activity concentration (1 Bq/ml) in 50ml of distilled water and adsorbed onto MnO2-coated discs
within 6h. Measurement results are shown in the table below (Table 1).

Table 1: Yield-determination for 226Ra by use of a standard solution

The initial activity
(mBq/l)

226Ra activity concentration
on disc (mBq/l)

Adsorption yield
(%)

The 1st time 200 185 92.5

The 2nd time 200 184 92

The 3nd time 200 186 93

Average 92.5

Results at table 1 showed that the repeatability or the stability of the method is relatively good
with the recovery efficiency > 90%. In the case of measuring a wide range of mineral water
samples, you need to control the 226Ra recovery efficiency on MnO2-coated discs by the recovery
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method and repeat the samples in two times to calculate recovery efficiency.

f) Calculating 226Ra activity concentration in the mineral water sample

The activity concentration of 226Ra isotopes are calculated according to 4.7 MeV energy peak
and the formula:

1000




TG

o

HHV

CC
A (1)

In where

A  :  Activity concentration 226Ra (mBq/l)

C  :  Alpha particle counting rate at 4.7 MeV energy peak (cps)

C0 :  Background counting rate (cps)

V  :  Sample volume (l)

HG:  Counting efficiency of alpha system (%)

HT :  Chemical recovery efficiency (%)

g) Uncertainty in measurement

Uncertainty in measurement is calculated according to the formula:

(2)

In where

K     : Coverage Factor (k = 2 with the desired coverage of 95%)

A     : The activity concentration of 226Ra in the sample (mBq/l)

C : Error of sample rate (cps)

oC : Error of background counting rate (cps)

V : Volume error (l)

GH : Counting efficiency error (%)

TH : Recovery efficiency error (%)

3. RESULTS AND DISCUSSION

Table 2: The activity concentration result of 226Ra in the mineral water sample by
the adsorbing method on  MnO2-coated disc and measuring alpha spectrometry

No. Name of Samples Activity concentration
(mBq/l)

1 Quang Hanh mineral water: the first source 20.00 ± 1.48

2 Quang Hanh mineral water: the second source 16.00 ± 1.34

3 Quang Hanh mineral water: bottled 6.30 ± 1.00
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4 Kim Boi mineral water: the first source 19.00 ± 2.00

5 Kim Boi mineral water: the second source 17.10 ± 2.00

6 Kim Boi mineral water: bottled 8.30 ± 1.00

7 My Lam mineral water: the first source 13.00 ± 2.00

8 My Lam mineral water: the second source 15.00 ± 2.00

9 My Lam mineral water: used for bath 10.00 ± 2.00

10 Hung Ha mineral water: the first source 16.00 ± 1.33

11 Hung Ha mineral water: the second source 11.00 ± 1.21

12 Hung Ha mineral water: the third source 7.00 ± 1.00

13 Thanh Thuy mineral water: the first source 41.00 ± 6.00

14 Thanh Thuy mineral water: the second source 35.00 ± 3.00

15 Thanh Thuy mineral water: used for bath 18.00 ± 2.00

16 Pom Han mineral water (addition) 44.00 ± 6.00

Table 3: The activity concentration average result of 226Ra in mineral
water samples taken at natural source

No. Name of Samples Activity concentration
(mBq/l)

1 Quang Hanh mineral water source 18.00 ± 1.41

2 Kim Boi mineral water source 18.05 ± 2.00

3 My Lam mineral water source 14.00 ± 2.00

4 Hung Ha mineral water source 11.33 ± 1.00

5 Thanh Thuy mineral water source 38.00 ± 4.50

Results at table 2 showed that activity concentration of 226Ra in the bottled mineral water is
quite low and it is just equal 1/3 of that in mineral water at mine. It can be explained that some
radioactive materials in samples are removed during filtration of the samples before bottling.
However, not all bottled mineral water being consumed across the country are currently being
collected and analyzed. Especially, in production base, mineral water is manually bottled without
quality control by authority.

Data on the results of radioactivity survey 226Ra in the mineral water in Vietnam is limited,
thus the topic group compared the results with the published standards. The radioactive activity data
of 226Ra in Table 3 showed that the results of the analysis are smaller than the results announced in
Vietnam. The content of 226Ra in Quang Hanh  mineral water sample that was analyzed in the theme
was 18.00 mBq/l in the previous study of KC-09 was 109 mBq/l theme, Kim Boi mineral water:
18.05 mBq/l (result of the theme) - 27.54 mBq/l (KC-09 theme). This can be explained that in the
previous study, the 226Ra was based on the method of measuring total alpha activity so that results
not only from 226Ra but from other Alpha.

Most of the results of samples at the source are always higher than the results of samples of
bottled mineral water sold in the market. The contamination level in line with the Vietnamese
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standards for natural mineral water (NTR 6-1-2010-BYT) is 500 mBq/l. Based on the regulations,
we can conclude that the five mineral water mines in the framework of the researching topic were
small. Moreover, United States Environmental Protection Agency’s (USEPA) has recommended
226Ra (100 mBq/l), Health Canada (226Ra) is 500 mBq/l for the quality of water used for daily eating
activities.

4. CONCLUSION

MnO2-coated discs, which was prepared at the laboratory of the Center for Environmental
Radiation Monitoring and Impact assessment, Institute for Nuclear Science and Technology, can
adsorb 226Ra in mineral water with a efficiency of above 90%.

We has built a process to determine Ra content in the mineral water by means of adsorption
on MnO2-coated discs measuring alpha spectrometry. The process is suitable for laboratory
conditions. Check the stability of the method with an error of less than 20%.

In this study, 226Ra content in 5 mineral water mines (Quang Hanh, Thanh Thuy, Kim Boi,
My Lam, Hung Ha) has been determined. The results showed that the content of 226Ra in the
mineral water samples range from 11.33 ± 1.00 mBq/l to 38.00 ± 4.50 mBq/l. Based on standards of
radiation safety in drinking water, it can be concluded that the 226Ra activity concentration in 5
surveyed mineral water mines was smaller than allowed limits (<100 mBq/l).
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