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ABSTRACT 

A method for determination of 226Ra and 228Ra in environmental samples using the α-β coincidence liquid scintillation 
counting (LSC) has been developed. Radium were preconcentrated from environmental samples by coprecipitation with 
BaSO4, then purified from others radionuclide interferences using the cation column exchange (Bio-Rad AG 50 W-X4 
resin with 200 - 400 mesh size and H+ form) and operating in warm temperature which is between 70˚C - 80˚C. Then, 
the Ba(Ra)SO4 precipitate was filtered through the Millipore filter paper, dried and weighed to calculate chemical yield. 
The activity concentration of radium isotopes in mixture of liquid scintillation cocktails were measured using LSC after 
being stored for over 21 days to allow the growth of the progeny nuclides. The method has been validated with a certi-
fied reference material supplied by the International Atomic Energy Agency and reliable results were obtained. The 
radiochemical yields for radium were 59% - 90% and recovery was 97% and 80% for 226Ra and 228Ra, respectively. 
Sixteen seawater and fish flesh samples collected in Kapar coastal water have been analyzed with the developed method. 
The obtained radium activity concentrations in seawater were in the range of 2.08 ± 0.82 mBq/L to 3.69 ± 1.29 mBq/L 
for 226Ra and 6.01 ± 3.05 mBq/L to 17.07 ± 6.62 mBq/L for 228Ra. Meanwhile, the activity concentrations of 226Ra and 
228Ra in fish flesh were in the range of 11.82 ± 5.23 - 16.53 ± 6.53 Bq/kg dry wt. and 43.52 ± 16.34 - 53.57 ± 19.86 
Bq/kg dry wt., respectively. 
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1. Introduction 

Radium is commonly measured using a various analyti-
cal procedures and equipments. The most common 
methods for determining radium isotopes are alpha spec-
trometry [1,2], gamma spectrometry [3-5], Cerenkov 
counting [6] and liquid scintillation counting [7-14]. Al-
pha spectrometry is the most sensitive technique and 
allows simultaneous measurement of α-emitting radium 
isotopes but it is difficult to isolate the radium from other 
alkaline earth metals [15-17]. Meanwhile γ-emission is 
relatively low due to low counting sensitively and liable 
to interference from 235U [17-19]. But the liquid scintilla-
tion counting (LSC) provides detection efficiency up to 
100% for unquenched samples and intrinsically high 
background count rate compared with other counting 

methods [20]. 
The radionuclides of 226Ra and 228Ra can be measured 

in environmental samples using a range of techniques 
with offers a number of advantages such as time saving 
and simplicity [21]. Through LSC methods also, radium 
in mineral waters [22], contaminated rivers [8] and 
phosphogypsum samples [23] can be measured. The aim 
of the study is to develop a simple method for determina- 
tion of 226Ra and 228Ra in environmental samples using 
the α-β coincidence LSC. The present method is applied 
to some environmental samples and certified reference 
material prepared by International Atomic Energy Agen- 
cy (IAEA) for procedure validation. 

2. Experimental 

The complete procedure of isolation and determination of 
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226Ra and 228Ra in natural samples was tested in the fol- 
lowing IAEA reference materials: IAEA 300 (Radionu- 
clides in Baltic Sea sediment) and IAEA-315 (Radionu- 
clides in marine sediment). Then, this procedure with 
minor modification was used to determine activity con- 
centration of 226Ra and 228Ra in seawater and fish sam- 
ples collected at Kapar coastal area which located at Str- 
aits of Malacca, Malaysia (Figure 1). 

2.1. Chemicals and Reagents 

The cation exchanger Bio-Rad AG 50 W-X4 resin with 
size 200 - 400 mesh and H+ form was used to purify 
226Ra and 228Ra from other radionuclide interferences. All 
reagents of analytical grade were used unless otherwise 
stated. High quality of instagel® XF and Ultimate™ Gold 
AB supplied by Perkin Elmer also was used. 

2.2. Instrumentation 

A Perkin Elmer-Wallac 1414 α-β coincidence Liquid 
Scintillation Analyzer connected to compatible personal 
computer was used. High quality and performance of 20 
mL glass vials were used in this study. 

2.3. Analytical Procedure 

2.3.1. Solid Sample (Reference Materials and Fish 
Flesh) 

All the solid samples were dried in an oven at 60˚C until 
a constant weight prior to further analysis. Briefly, about 
0.5 g solid sample was weighed and 25 mg/ml of Ba2+ 
carrier was added in the sample. Then, the samples were 

digested with 10 ml of each HNO3, HClO4, HF concen-
trated acid and a few drops of H2O2 on hot plate until 
dryness. After digestion, samples were added with 5 mL 
of concentrated HNO3 and a few drops of H2O2, then 
dried on hot plate. The sample residue containing radium 
isotopes was re-dissolved with 20 ml of 1% HClO4 and 
kept warm on hot plate for 1 hour - 2 hours prior to pass 
through the column. 

2.3.2. Solution Sample (Seawater) 
About 12 L of seawater samples were collected using 
Van Dorn water sampler and the in-situ parameters such 
as salinity, conductivity, pH, DO were also measured 
using the calibrated portable meter (Model: YSI-SCT 
6810). After that, seawater samples were filtered, trans- 
ferred into bucket and acidified with concentrated HNO3 
to pH 2. Then, 1 ml of barium and ferum carrier solutions 
(25 mg/ml) and 10 g of Na2CO3 were added into the 
seawater samples. The samples were stirred vigorously 
after added 20 ml of ammonia solution to reach pH 10. 
Then, the samples were put aside for overnight to settle 
down the precipitate that appeared after a few minutes 
added with ammonia solution. The liquid was then 
poured out and discarded. Meanwhile, the precipitate was 
siphoned out into cleaned beaker. The precipitate with 
the rest of liquid was centrifuged for 10 minutes at 2500 
rpm to separate both phase. The precipitate containing 
radium isotopes was re-dissolved with 20 ml of 1% 
HClO4 and kept warm on hot plate for 1 hour - 2 hours 
prior to pass through the column. 

 

 

Kapar 

Stn.8

Stn.7

Stn.6 

Stn.4 

Stn.2 

Stn.1

 

Figure 1. Sampling sites of water samples at Kapar coastal area. 
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2.3.3. Radiochemical Separation Using Cation Ex-

change Resin 
The above warmed solution samples were passed through 
into the cation exchange column resin (35 ml of Bio-Rad 
AG 50 W-X4; 200 - 400 mesh; H+ form) under warm 
condition at 70˚C which pre-conditioned with 1% HClO4 
prior to use. Then, all solution were collected in beaker 
and discarded. In the first stage, about 200 ml of 1 M 
HCl were added into the column; the aqueous solutions 
were collected into new beaker and kept it at safe place 
for lead, uranium and others radionuclide analysis pur- 
poses. During second stage, the column were added with 
200 ml of 2 M HCl and aqueous solution which con- 
tained radium isotopes were collected into cleaned bea- 
ker. 

The aqueous samples were evaporated nearly dryness 

and kept cool for a while. About 20 ml of 0.5 M HCl and 
1 ml of concentrated H2SO4 were continue added into the 
residue for making white precipitate of Ba(Ra)SO4. The 
precipitates were then filtered using 25 mm diameter of 
0.45 µm pore size Millipore filter paper, dried and 
weighed for calculating chemical yield. The dried pre- 
cipitates together with the filter paper were then trans- 
ferred into a 20 ml glass vial followed by adding 8 ml of 
distilled water, 4 ml of Instagel® XF and 8 ml of Ulti- 
mate™ Gold AB. After well mixing using ultrasonic 
cleaner, the vials were stored for over 21 days to allow 
the growth of the progeny nuclides [9,10,12]. Finally the 
vials were counting using the α-β coincidence liquid 
scintillation counter (LSC) for one hour. The flowchart 
of detail analytical procedure for separation of radium is 
illustrated in Figure 2. 

 

 

Figure 2. Flow chart of separation procedure and preparation for radium isotopes. 
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2.4. Preparation of Blank and Standard Solution 

A 8 ml of distilled water, 4 ml of Instagel® XF and 8 ml 
of Ultimate™ Gold AB were mixed into the vial and 
were measured using α-β coincidence liquid scintillation 
counter for one hour as a blank sample. Meanwhile, 1 ml 
of the standard solution of 226Ra (20 dpm/ml) was pre- 
pared then followed the same procedure as for blank 
sample. 

2.5. Calculation of Activity Concentration for 
Radium  

It is a simple method based on the α-counting of precipitate 
containing radium, generally Ba(Ra)SO4. For determining 
226Ra in environmental samples, it would be better to 
count the samples after one month of growth for secular 
equilibrium in half life. Using the α-rays by LSC the 
measurement of 226Ra activity can be calculated as Equa- 
tion (1): 

 226 226 226
RaA Ra = cpm Ra Y E            (1) 

where A (226Ra) is the activity of 226Ra (dpm), cpm 226Ra 
is the count of 226Ra activity per minute, Y is the yield, 
E226Ra is the efficiency of 226Ra activity, λ is the decay 
constant of 222Rn (day) and t is the time start from sepa-
ration of Ba(Ra) until counting (day). The 228Ra activity 
was calculated from the equation 2 [24]: 

     228 226 226
Ra Ra228

228
Ra

cpm Ra   Y  E A
A Ra  

Y  E


 


－
 (2) 

where A (228Ra) is the activity of 228Ra (dpm), cpm 228Ra 
is the count of 228Ra activity per minute, Y is the yield, 
E226

Ra is the efficiency of 226Ra activity, E228
Ra is the effi- 

ciency of 228Ra activity, A (226Ra) is the activity of 226Ra 
(dpm), λ is the decay constant of 222Rn (day) and t is the 
time start from purification of Ba(Ra) until counting 
(day). 

3. Results and Discussion 

Activity concentrations of 226Ra and 228Ra in certified 
reference materials and seawater were measured simul- 
taneously by LSC after standing more than 21 days to 
reach the secular equilibrium between parents and its 
daughters. However, the whole procedure for the separa-
tion of radium started from sample preparation to column 
design taken 1 to 3 days. The reported uncertainty for 
individual analysis is 1σ, derived from uncertainties as-
sociated of some parameters such as the counting and 
weight statistics of the sample, blank, standard solution 
etc. The analytical results of those activity concentrations 
with uncertainties and the radiochemical yield are listed 
in Tables 1-2.  

3.1. Quality Control 

The use of certified reference materials containing the 
radionuclide at known concentration and composition is 
one of the most appropriate tests to validate methods and 
the performance of the analysts. For this purpose, it is 
desirable to have included a certified reference material 
that matches the sample as closely as possible with re- 
spect to its matrix and the concentrations of the constitu- 
ents of interest to demonstrate the reproducibility and/or 
accuracy of the method. Unfortunately, however, the 
certified reference material as mineral and environmental 
water is not available, and so the IAEA-300 (Radionu- 
clides in Baltic Sea sediment) and IAEA-315 (Ra- 
dionuclides in marine sediment) reference materials sup- 
plied by the IAEA have to be selected to check statistic- 
cally whether the method is sufficiently precise and un- 
biased [25]. 

In order to verify the procedures, five sets of each ref-
erence materials were used and the results of 226Ra and 
228Ra activity concentration in each reference materials 
as well as the obtained chemical yield and recovery of 
radium isotopes are presented in Table 1. In comparing 
the results with the recommended values of 226Ra and 
228Ra activity concentration, the agreement is considered 
to be satisfactory. The results showed that the mean 226Ra 
and 228Ra activity concentration in IAEA-300 were 54.74 
Bq/kg dry wt. (information value: 56.5 Bq/kg dry wt.) 
and 49.78 Bq/kg dry wt. (certified value : 61.6 Bq/kg dry 
wt.; 59.0 Bq/kg - 63.9 Bq/kg dry wt.), respectively. 
Meanwhile, the mean 226Ra and 228Ra activity concentra-
tion in IAEA-315 were 11.00 Bq/kg dry wt. (certified 
value: 13.86 Bq/kg dry wt.; 13.0 Bq/kg - 14.6 Bq/kg dry 
wt.) and 23.66 Bq/kg dry wt. (certified value: 26.7 Bq/kg 
dry wt.; 25.3 Bq/kg - 28.0 Bq/kg dry wt.), respectively. 
Although, those values obtained were not in the range of 
the recommended certify value at 95% confidence inter- 
val, but their recoveries were over 80% and chemical 
yields were 59% and 96% for IAEA-300 and IAEA-315, 
respectively. Additionally, these results showed that the 
chemical yield of radium was not significantly influence 
the accuracy of radium determination in the IAEA refer- 
ence materials.  

The precision and accuracy were evaluated by the term 
of relative standard deviations and relative error, respec-
tively [25]. The relative standard deviation is also widely 
used in analytical chemistry to express the repeatability 
of an assay, where it is derived from the ratio of standard 
deviation and mean value of radium concentration. 
Meanwhile, the relative error is the difference between 
the experimental means and recommended values of ra- 
dium concentrations. Refer to the statistical analyses given 
in Table 1 confirmed that the relative standard deviation  
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Table 1. 226Ra and 228Ra activity concentrations (in Bq·kg–1 dry weight) in the reference material IAEA-300 and IAEA-315. 

Certified value 
(Bq/kg) Experimental value (Bq/kg) 

Chemical 
yield (%) 

Recovery 
(%) 

Reference material 
Sample 

code 
226Ra 228Ra 226Ra 228Ra  

226Ra 228Ra

 (1)   56.69 ± 11.54 48.36 ± 11.46 56.81 100.34 78.51

 (2)   60.08 ± 11.90 51.01 ± 11.76 55.98 106.34 82.81

IAEA-300 (3) 56.5* 61.6 50.86 ± 10.37 53.64 ± 11.10 63.14 90.02 87.08

(Baltic Sea sediment) (4)  (59.0 - 63.9) 50.89 ± 10.64 48.42 ± 10.98 60.66 90.07 78.60

 (5)   55.16 ± 11.06 47.65 ± 11.01 59.88 97.63 77.35

Mean    54.74 49.78 59.29 96.88 80.87

Standard deviation    3.95 2.49    

Relative error (%)    3.12 19.13    

Relative standard deviation 
(%)    7.21 5.00    

 (1)   11.79 ± 3.91 25.90 ± 8.79 96.58 85.43 97.00

 (2)   11.20 ± 3.87 21.98 ± 8.25 95.96 81.16 82.32

IAEA-315 (3) 13.8 26.7 10.30 ± 3.83 24.66 ± 8.72 94.76 74.64 92.36

(Marine sediment) (4) (13.0 - 14.6) (25.3 - 28.0) 10.90 ± 3.78 21.76 ± 8.08 98.13 78.99 81.50

 (5)   10.83 ± 3.81 23.98 ± 8.48 97.26 78.48 89.81

Mean    11.00 23.66 96.54 79.74 88.60

Standard deviation    0.55 1.77    

Relative error (%)    20.26 11.40    

Relative standard deviation 
(%)    4.96 7.49    

Note: *Information value back correction for IAEA-300 (1st January 1993) and IAEA-315 (1st January 1993). 

 
(RSD) for IAEA-300 is 7.21% for 226Ra and 5% for 228Ra 
and IAEA-315 is 4.96% for 226Ra and 7.49 % for 228Ra. 
Meanwhile, the relative error (RE) for IAEA-300 is 
3.12% for 226Ra and 19.13% for 228Ra and IAEA-315 is 
20.26% for 226Ra and 11.40 % for 228Ra. These variations 
RSD and RE might be due to large quantity of other ra- 
dionuclide interferences in the samples which probably 
contributed to the lower chemical yield of radium, espe- 
cially in IAEA-300. In this case also related to the lower 
activity levels of 226Ra and 228Ra in environmental sam- 
ples which difficult to measure. For this reason, there has 
been much interest in development of improved methods 

for its determination in variety types of samples. Gener-
ally, the determination of 226Ra and228Ra is performed by 
α-rays and β-rays, respectively [26]. On the other hand, 
the proper design of the column, column dimensions, the 
quantity of exchange resin and working condition also 
necessary to be taken account as high a chemical yield of 
radium as possible.  

3.2. Application to Seawater and Fish Flesh  
Sample 

An achievable lower limit of detection is mainly de- 
pending on background of the counter used for meas- 
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urements, time of counting, counting efficiency and 
chemical yield. With a low lever counter with back- 
ground of 0.203 cpm for IAEA-300 and 0.257 cpm for 
IAEA-315, counting time of 60 minutes, counting effi- 
ciency of 10% and chemical yield of 59.29% for 
IAEA-300 and 96.54% for IAEA-315. Thus, the lower 
limit of detections (LLD) level for IAEA-300 and 
IAEA-315 were about 0.1 Bq/sample and 0.11 Bq/sam-
ple, respectively. Meanwhile, the detection limits were 
about 0.59 Bq and 0.41 Bq in respectively for IAEA-300 
and IAEA-315. 

This method has been applied to determine the activity 
concentrations of 226Ra and 228Ra in seawater and fish 
flesh sample from Kapar coastal water. The mean radio-
chemical yields of radium in seawater and fish flesh are 
64% and 75%, respectively. The activity concentrations 
of radium isotopes in seawater were varied from 2.08 ± 
0.82 mBq/L to 3.69 ± 1.29 mBq/L for 226Ra and 6.01 ± 
3.05 mBq/L to 17.07 ± 6.62 mBq/L for 228Ra. Meanwhile, 
the activity concentrations of 226Ra and 228Ra in fish flesh 
were in the range of 11.82 ± 5.23 - 16.53 ± 6.53 Bq/kg 
dry wt. and 43.52 ± 16.34 - 53.57 ± 19.86 Bq/kg dry wt., 
respectively (Figure 3). 

The activities of radium isotopes in seawater are al- 
most similar especially in west Peninsular Malaysia and 
however, found to be relatively low level than other sea-
water sampled elsewhere in the Malacca Straits and 
world oceans are listed in Table 2. This means that the 
activity of radium with LSC was successful using cation 
exchange column in developing method. 

 
 

 

Figure 3. Activity concentrations of radium in seawater and 
fish flesh samples measured during this study. 

Table 2. The activity of 226Ra and 228Ra in sea water sample reported at various locations. 

Country Locations 226Ra (mBq/L) 228Ra (mBq/L) Reference 

Kapar, Selangor 2.08 - 3.69 6.01 - 17.07 This study 

Pulau Redang, Terengganu 2.08 - 12.43 5.92 - 33.53 [27] 

Bagan Lalang, Selangor 1.09 - 7.14 5.22 - 218.5 [28] 

Pulau Besar, Melaka 2.4 31.75 [29] 

Kuala Selangor, Selangor 1.52 27.39 [29] 

Malaysia 

Matang, Perak 1.57 71.11 [29] 

Nuecas Bay, South Texas 2.3 - 16.67 2.5 - 43.3 [30] 

Yeoja Bay, Korea 1.5 - 4.8 n.d [31] 

Ulsan Bay, South Korea 1.4 - 5.4 4.49 - 19.9 [32] 

Estuary Nakdong, Taiwan 0.51 - 4.3 1.2 - 16.2 [33] 

Chao Phraya River, Bangkok 2.1 - 4.3 2.4 - 18.4 [34] 

Bengal Bay, West India 5.4 - 19.0 3.0 - 7.6 [18] 

South China Sea 1.3 2.98 [35] 

Mississippi & Atchafalaya, North America 1.2 - 3.3 0.7 - 7.4 [36] 

World’s ocean 

Bengal Bay, West India 2.0 - 19.0 0.3 - 44.2 [37] 

Note: *N.d is not determined. 
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4. Conclusions 

A radiochemical procedure was developed for the deter- 
mination of Ra-isotopes in marine samples. Liquid scin- 
tillation counting combined with this procedure allows 
more rapids determination and much simply step to iso- 
late radium isotope from an interference of other ra- 
dionuclides. The present method found to be successfully 
and useful applied for the determination of radium iso- 
topes in solid and liquid sample, and it could be applied 
to any matrix with appropriate modification. This proce- 
dure can preferentially be used for determination of very 
low level 226Ra and 228Ra in marine samples. 
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