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Abstract : The present report gives the brief summary of the participation of Environmental
Radioactivity Measurement Section; Health Physics Division in the proficiency test organized
in the frame of the IAEA Technical Cooperation project RAS/7/021. The objective of the
proficiency test was to check performances, analytical capabilities and comparability of results
of radiological measurements. This proficiency test has deviated from normal exercise as
additional conditions were imposed by IAEA. The extraction efficiency of cesium isotopes on
copper ferrocyanide filter cartridge used for in-situ pre concentration for large volume of sea
water was found in the range of 85 to 90 %. Our country reported “1”3"4Cs and “1”3"7Cs
activity levels of 0.0707#+-#0.0043 Bg.kg”-”1 and 0.1027#+-#0.0064Bg.kg”-”1 . The approach
discussed for low level measurement in high volume of sea water resulted in a precision of
3.2%. The relative bias for “1”3"4Cs and “1”3"7Cs was - 4% and 2% respectively which was
well below the criteria of maximum acceptable bias fixed by IAEA at 25% for both radionuclides.
The results also ensure that our laboratory is producing data that is accurate, precise and reliable.
Our results passed the evaluation criteria required by IAEA. This report describes a detailed
methodology and approach to carry out low level measurement in the marine environment



1 

 

फुकुिशमा के पश् चात तटीय समुदर् के िनधार्रण से संबंिधत  गुणवत् ता  
डाटा के िवश् लेषणात् मक मापन एवं जनन का अनुसमथर्न । 

 
 

एस.के.झा, आर.एम.ितर्पाठी, एस.जे.सरतांडले, वी.बी.यादव, पी.लका तथा डी.एन.शमार्  
 
 

पयार्वरणीय रेिडयोसिकर्यता मापन अनुभाग 
स् वास् थ् य भौितकी पर्भाग 

भाभा परमाणु अनुसंधान कदर् 
 

 

सार 
 
य ह िरपोटर् आईएईए तकनीकी सहयोग पिरयोजना आरएएस/7/021 के अनुसार आयोिजत दक्षता  
परीक्षा म पयार्वरणीय रेिडयोसिकर्यता मापन अनभुाग, स् वास् थ् य भौितकी पर्भाग की सहभािगता का 
संिक्षप् त सार पर्स् ततु करता ह ै । इस दक्षता  परीक्षा का उ ेश् य िविकरणकीय मापन  के पिरणाम   से 
संबंिधत कायर् िनष् पदकता िवश् लेषणात् मक क्षमता  एव ंतलु् यता की जांच करना था । आईएईए ारा 
लागू अितिरक् त शत  के कारण यह दक्षता परीक्षा प ित बदल गई ह ै। समदुर्ी जल की  बडी  मातर्ा के 
िलए स् वस् थान ेपूवर्  सांदर्ण हते ुपर्युक् त कॉपर फेरोसाइनाइड िफल् टर काटज पर सीिजयम आइसोटोप की 
िनष् कषर्ण सिकर्यता 85 स े90% तक पायी गयी ह ै। हमारे दशे ने 0.0707±0 . 0043 Bg.kg-1  तथा 
0.1027 ±0.0064 Bg.kg-1  के 134Cs तथा 137Cs की  सिकर्यता स् तर पर्स् तुत िकया । समुदर्ी जल की 
बड़ी मातर्ा म िनम् न स् तरीय मापन हते ु िनधार्िरत िकए गए दिृ कोण के पिरणामस् वरूप 3.2% 
पिरशु ता पाई गई । 134Cs  तथा  137Cs अपेक्षाकृत झुकाव  कर्मश: - 4% तथा 2% था जो दोन  
रेिडयोन् यूक् लाइड के िलए 25%पर आईएईए ारा अिधकतम स् वीकायर् िनधार्िरत झुकाव के मापदडं से  
बहुत नीचे था । ये पिरणाम यह भी सुिनि त करत े ह ै िक हमारी पर्योगशाला सही, संिक्षप् त और 
िवश् वसनीय डाटा पर्स् ततु करती ह ै। हमारी पर्योगशाला के नतीजे आईएईए ारा िनधार्िरत िकए गए 
आवश् यक  मलू् यांकन मापदडं को  पूरा िकया  ह ै। यह िरपोटर् समुदर्ी पयार्वरण म  िनम् न स् तरीय  मापन  
करन े के िलए  िवस् ततृ कायर्  प ित  एवं दिृ कोण  का वणर्न करता ह ै।  
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Abstract 

The present report gives the brief summary of the participation of Environmental Radioactivity 
Measurement Section; Health Physics Division in the proficiency test organized in the frame of 
the IAEA Technical Cooperation project RAS/7/021. The objective of the proficiency test was to 
check performances, analytical capabilities and comparability of results of radiological 
measurements. This proficiency test has deviated from normal exercise as additional conditions 
were imposed by IAEA. The extraction efficiency of cesium isotopes on copper ferrocyanide 
filter cartridge used for in-situ pre concentration for large volume of sea water was found in the 
range of 85 to 90 %. Our country reported 134Cs and 137Cs activity levels of  0.0707±0.0043 
Bg.kg-1  and 0.1027±0.0064Bg.kg-1 . The approach discussed for low level measurement in high 
volume of sea water resulted in a precision of 3.2%. The relative bias for 134Cs and 137Cs was -4% 
and 2% respectively which was well below the criteria of maximum acceptable bias fixed by 
IAEA at 25% for both radionuclides. The results also ensure that our laboratory is producing data 
that is accurate, precise and reliable. Our results passed the evaluation criteria required by IAEA. 
This report describes a detailed methodology and approach to carry out low level measurement 
in the marine environment.  
 

1. Introduction:  

In the post Fukushima environmental impact study in the coastal marine environment it was felt 

that data credibility is crucial in the international programme in which laboratories with different 

practices participate. Analyses of radio-nuclides in environmental samples are carried out daily 

in many laboratories. The data are used for a variety of purposes including dose assessment in 

man and environment. The accurate and precise determination of radionuclide concentrations in 

marine samples is critical to reliable marine radioactivity assessment. It was also realized that 

quality assurance (QA) is essential priorities for generation of data which are harmonized and 

comparable. The primary objective of this study was to assess and ensure accurate and reliable 
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data is reported by laboratories involved from countries in Asia-Pacific region participating in 

the post Fukushima IAEA project, “Marine benchmark study on the possible impact of the 

Fukushima radioactive releases in the Asia-Pacific Region”.  The present Proficiency Teat (PT) 

aimed at measurement of sea water samples containing 134Cs and 137Cs thus assessing the 

analytical performance of the participating member countries, testing the results comparability of 

radiological measurements amongst laboratories, provide reliable data of high quality and 

assisting in improving their analytical techniques & performance. This will enable to generate 

comparable data for joint assessment in regional sea areas. In the present report some of the basic 

challenges and approach to meet requirement of proficiency test are discussed.  

 

2. Requirement imposed by IAEA in the intercomparison exercise 

To address the problem of data quality, the IAEA Environment Laboratories (IAEA-EL) in 

Monaco regularly conduct inter-laboratory comparisons and PT on radionuclide’s in marine 

samples as part of their contribution to the IAEA’s programme of Analytical Quality support 

[1,2]. From past IAEA has carried out several inter comparison exercise namely IAEA-381, 

IAEA-385, IAEA-1806, IAEA-CU-2007-04. In most of the earlier inter-comparison test 

homogeniszed samples were recived for analysis. The present PT was unique due to the 

additional task of diluting the recived sample with regional sea water and homozenization prior 

to pre-concentration of sample for analysis. During the test it was observed that for 137Cs, 25% 

laboratory failed to pass the test. The task involved in PT were 

1. Dilution of PT sample with local regional sea water with photography of each 

processing step of diluting, homogenization, pre-concentration and analysis of samples. 

2. Determination of background radioactivity of local regional sea water used as dilutant for 

PT. This involved field sampling, pre-concentration and measurement of background 
137Cs and 134Cs concentration of sea water, determination of parameters like, salinity, pH 

and temperature. 

3. Homogenization of PT samples in 100 liters of filtered local sea water. 

4. Three independent analyses of samples and reporting the mean value with combined 

uncertainty.  
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This PT thus involved the check of capability of laboratory in field measurement, 

homogenization, and analytical capabilities for low level contamination of cesium isotopes in sea 

water.  

 

3. Material distribution and reporting requirements 

As shown in figure 1, two ampoules, a quality control sample and a proficiency test exercise 

unknown sample, each containing 10 g of a 1 M HCl solution containing 134Cs and 137Cs (with 

454 mgkg-1Cs carrier) were received for analysis from Marine Environment Laboratories, 

Monaco. Sample No.1 contained 134Cs and 137Cs isotopes with unknown specific activity. 

Sample No.2 was a “QC” (quality control) solution (10.259g), with activity levels for 134Cs and 
137Cs isotope and its uncertainty (in Bq/g at 5 January 2012) of 1.974 ± 0.015 and 1.980 ± 0.029 

respectively. Quality control sample was used to test the analytical determination procedure and 

chemical recoveries of cesium. The ampoules were meant to be diluted with exactly 100 L of 

local sea water, resulting in a relatively low activity concentration for the above mentioned 

radionuclides. 

The participants were required to report to the IAEA the 134Cs and 137Cs activity levels (in Bq 

kg–1) of the diluted proficiency test sample. Additional requirement were details for the local sea 

water used to dilute the original proficiency test sample such as the date of collection, position, 

salinity, temperature and background level of 137Cs.  

 

PT Evaluation Criteria [1,2] 

PT results were evaluated on the basis of following three criteria  

Trueness: The participants’ results are scored as “Acceptable” for trueness if: A1 ≤ A2 

Where:      

 
 

Precision: The P precision for each participant is calculated according to the following formula: 

 



5 

 

P directly depends on the measurement uncertainty reported by participants. The Limit of 

Acceptable Precision (LAP) used in the evaluation was 25% for both radionuclides. Participants’ 

results were scored as “Acceptable” for precision when P<LAP.  

 

Relative bias: The relative bias (RB) between the Analyst’s value and the IAEA target value 

was calculated as follows and expressed as a percentage: 

 
The PT results were evaluated against the acceptance criteria for trueness and precision, and 

were assigned an ”Acceptable”, “Warning” or ”Not Acceptable” status accordingly [3-5].  

For the final evaluation, both scores for trueness and precision were combined. In cases where 

either precision or trueness is “Not Acceptable”, Relative Bias (RB) of the reported result was 

compared with the Maximum Acceptable Bias (MAB). If RB < MAB, the final score would be 

“warning”. If RB>MAB, the result would be “Not Acceptable”. For present PT evaluation MAB 

values used was 25% for both the radionuclides. 

 

4. PT Sample Preparation   

4.1. Selection of location for local sea water collection: Local sea water was required for 

diluting the proficiency test samples. It was necessary to choose a location away from the 

vicinity of nuclear reactors such as the sea water would have background activity only due to fall 

out. 137Cs concentration in Arabian sea along the western coast of India was found to be ranging 

from 0.7 – 0.9 Bg.m-3 with the lower value of 0.7 Bg.m-3  observed at Ratnagiri [6]. Thus for 

present PT sea water required for dilution was collected from Harnai jetty, Dapoli, Ratnagiri. 200 

liters of filtered sea water was collected in acidified plastic carboys and brought to laboratory. 

Also background of cesium isotopes in this local sea water was estimated using in-situ pre-

concentration technique with copper ferrocyanide coated cartridges (figure 2.).  

 

In laboratory the sea water was transferred to two acidified plastic container. Both the ampoules 

were broken by pressing the “breaking point” on the head of vial as seen in figure 3. The content 

of the ampoule was transferred to a 100 L of local filtered sea water using a thin transfer pipette. 

Both the ampoule and the head of the ampoule were rinsed 3-4 times with a small proportion of 
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the seawater separated before from the 100 L container. The recovery at the transfer step had 

been tested by gamma-measurements of the ampoule and the transfer pipette; no remaining 

activity of Cs isotopes had been detected. The homogenization between Cs isotopes tracer and 

100L of water was performed by mixing sample for 4-5 hours before taking aliquots from the 

sample into three fractions (figure 4). The efficiency of this homogenization procedure was 

checked by independent analyses of three sub-samples taken from homogenized sample. 
134Cs and 137Cs activity concentration in sea water was determined by both the direct 

measurement of the original seawater by high resolution gamma-ray spectrometry using 

marinelli geometry capacity of 1 liter and measurement after pre-concentration of the cesium 

isotopes adsorption using copper ferrocyanide coated filter cartridges. Performance was to check 

the radio-cesium determination in seawater, in relation to the contamination as a consequence of 

the Fukushima accident.   

 

5.  Analytical Procedure 

5.1.  On-site pre-concentration of cesium isotopes in Local sea water  

To estimate background levels of 137Cs and 134Cs on site (at Harnai jetty, Dapoli, Ratnagiri) 

cesium was pre-concentrated using copper ferrocyanide coated filter cartridge.  Copper 

ferrocyanide coating was done on 1 μm cotton filter cartridge using copper nitrate and potassium 

hexacyanoferrate. The design of the sampling system is simple and require minimal technical 

interface. Figure 5 show a schematic drawing of the filter housing assembly connected in series 

while the actual assembly used at sampling site is seen in figure 2. At the sampling location 3000 

liters of sea water was pumped at the flow rate of 4-5 lpm. Flow rate of sea water and total 

volume of water was noted using digital flow meter connected in series with the pump and filter 

housing. Radioisotopes in suspended material like silt, plankton were isolated by passing the sea 

water through pre-filter assembly. Pumped water passed through 5 cartridges arranged in series. 

First three cartridges of pore size 10 μm, 5 μm and 0.5 μm respectively were for silt removal 

considering high silt load in coastal area and next two 1 μm cartridges were copper ferrocyanide 

coated cartridges for adsorbing cesium isotopes in sea water. Twin cartridges were used for 

determining the adsorption efficiency of cesium isotopes. After pre-concentration the cartridges 

were packed in labeled polythene bags and brought to lab for further processing. The pre-
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concentrated cartridges were ashed, filled in prefixed geometry container and estimated for 

background level of 137Cs in local sea water using gamma-ray spectrometric technique.  

  

5.2.  Pre-concentration of Cesium isotopes in PT samples 

Both PT samples S1N70 and S2N18 homogenized in 100 liters of local seawater were pumped 

separately through two separate assembly having three cartridge holders arranged in series 

(figure 6). Copper ferrocyanide coated cartridges were used for adsorbing cesium isotopes. Twin 

cartridges were used for determining the adsorption efficiency of cesium isotopes. The pre-

concentrated cartridges were ashed in laboratory at 400◦C for 4 days in 3 steps: first 95◦C for 20 

hours to dry the cartridge, then 200◦C for 10 hours and finally 400◦C for 60 hours (figure 7). The 

sample ash was filled in prefixed geometry container for gamma counting. 

 

6. Radioactivity Measurement 

Radioactivity measurements were carried using n-type HPGe coaxial detector (DSG make) with 

relative efficiency of 50% coupled to PC based 8K multi-channel analyser. The analysis of 

acquired gamma ray spectrum was carried out with the help of software programme PHAST. 

Energy and efficiency calibration was done using standard prepared from reference material 

IAEA-434 phosphogypsum in same geometry. Efficiency calibration curve over the energy 

region of interest was generated. This efficiency values cannot be directly used for quantification 

of activity in ashed cotton cartridge (0.7g/cm3). To harmonize the difference in density of 

standard and sample correction factor was generated. The correction factor was defined to 

quantify the efficiency reduction due to self attenuation in the standard as compared to sample 

[7]. Quality assurance was carried using reference material IAEA-154 whey powder, IAEA-152 

milk powder and IAEA-444 soil in similar geometry as that of the sample.  

The gamma ray spectrums of ashed pre-concentrated copper ferrocyanide cartridges samples 

were acquired on HPGe detector for 100,000 s and the photo peaks were evaluated by using the 

MCA emulation software. Activity of the ashed sample was calculated using the following 

formula 

 ( )VεγT
B)(N)L (BqA Activity 1-

×××
−

=
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where B is the background counts, N is the gross counts (sample + background), T is the 

counting time (s), γ is the gamma emission probability, ε is the absolute efficiency of the detector 

at particular gamma energy, V is the volume of water passed through the cartridges in liters (L). 
137Cs was analysed by using the 661.6 keV (85.1%) gamma line while 134Cs was estimated using 

604.7 keV (97.6%) and 795.0 keV (85.5%) gamma line. 

It is conceivable that the adsorption efficiency of sea water 137Cs onto the ion exchanger depends 

on the flow rate, coating of copper ferrocynide on the cartridge, surface area exposed and 

environmental condition at the time of sampling like silt load, pH, turbidity, and may vary 

between samples. To circumvent this problem, two coated cartridges are placed in series so that 

the absolute adsorption efficiency (E) and the concentration (C) of 137Cs activity for each sample 

can be calculated by:                    

Activity of 137Cs in sea water    

Where (A), (B) is 137C activity of the first and second copper ferrocyanide coated cartridge, E is 

cartridge adsorption efficiency. Considering the density of sea water the final activity levels of 

the samples were converted in Bq kg-1. 

6.1. Uncertainty  

Identification of the uncertainty sources in nuclear analytical techniques is an important step for 

reporting high quality data. Sources of standard uncertainties for present PT can be from  

- Preparation of PT sample by dilution with 100 liters of local sea water 

- Pre-concentration of cesium isotopes using copper ferrocyanide coated filter cartridges 

- Energy and efficiency calibration of HPGe spectrometry system 

- Measurement 

- Nuclear data used 

6.1.1. Uncertainty due to dilution of PT sample and pre-concentration technique. 

The sources of uncertainties which may have risen during the preparation of PT sample are - 

- uncertainty due to analyte losses and/or contamination during breaking of the PT vial 

received.  (Uncertainty from this step was neglected as the ampoules were well rinsed and 

recovery was tested by gamma-measurements of the ampoule and the transfer pipette; no 

remaining activity of Cs isotopes had been detected.) 
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- uncertainty of the mass/volume of the PT sample received (unc. value given by IAEA)                   

- uncertainty in sea water mass or volume used for dilution (Uncertainty in sample volume 

pre-concentrated was estimated by noting the precession error in flow meter reading unc. ≤ 

2%) 

- uncertainty due to sample in-homogeneity after dilution with local sea water. (unc. Was 

estimated from standard deviation in independent analyses of three sub-samples taken from 

homogenized; typical values <1%). 

  

6.1.2. Uncertainty due energy and efficiency calibration 

The sources of uncertainties which may be introduced as a consequence of energy and efficiency 

calibration procedures are the following:  

- uncertainty due to instabilities during the counting period (Stability of the measuring system 

was ensured to obtain good results; unc. <1%) 

- uncertainty due to the energy calibration (measured energies were used to only identify the 

nuclides and, thus, the uncertainty in the energy was not used in the calculations) 

- uncertainty of the detector efficiency calibration (unc. in activity of standard source, and 

nuclear data of radionuclides use for calibration and true efficiency function was derived from 

the fitted analytical function. The uncertainty of the efficiency value was calculated using the 

uncertainty in the fitted function obtained from the uncertainties in the parameters; typical values 

≤ 2%) 

 

6.1.3. Uncertainty due sample measurement   

As a consequence of measurement, following contributions as uncertainties of sources may 

appear: 

- uncertainty due to counting statistics (uncertainty due to counting statistics is one of the most 

important sources of uncertainty. The associated uncertainties depend on both sample and the 

background spectra net area counts; typical value ≤3%) 

- uncertainty due to differences in counting geometries of samples and standards (The counting 

geometry of sample and standards were same thus avoiding the uncertainty arising due to 

geometry)  
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- uncertainty due to reproducibility of the positioning of the source relative to the detector and 

the source geometry ≤ 1%. 

- uncertainty due to random coincidences (as count rate was low unc. due to random coincidence 

was negligible) 

- uncertainty due to decay time effects (unc. in decay time correction applied; typical value < 

1%)   

- uncertainty due to self-attenuation correction (As composition and the density of the sample to 

be measured differ from the calibration sample, self-attenuation corrections to the efficiency 

were applied. These corrections depend on the sample geometry, composition and density, and 

on detector parameters. These corrections are higher for large volume high Z and density 

samples and for low energy photons. Since difference in sample and calibration density was less 

and also radionuclides energies considered were above 600 keV, the relative uncertainty of the 

self attenuation correction factor was < 1%.) 

 

6.1.4. Uncertainty due Nuclear data 

- uncertainty due to half-life (unc. taken from published nuclear data literature; unc. <1%) 

- uncertainty due to emission probability (unc. taken from published nuclear data literature; unc. 

< 2%) 

The activity concentration of radionuclides in environmental samples is functions of several 

quantities (detector efficiency, gamma ray emission probability, counting rate, corrections 

factors etc.) and each of these quantities have an associated uncertainty [8]. 

The combined standard uncertainty of the quantity of interest was derived by applying the error 

propagation law. Thus, the combined standard uncertainty of y, uc(y), calculated in terms of 

component uncertainties, u(xi), as follows: 

  =   

where   is a function of quantities  

The expanded uncertainty U is obtained by multiplying the combined standard uncertainty by a 

suitable coverage factor . 
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6.2. Quality Assurance/Quality Control 

It is important to assure the accuracy and precision of the analysis results to guarantee that 

decisions are based on reliable results. It is thus important to have the quality assurance of the 

analytical procedure. QA includes quality control (QC), which comprises all those actions 

necessary to control and verify the features and characteristics of a material, process, product or 

service to specified requirements [9]. Quality assurance programme includes several steps like 

selection and validation of analytical methodology; the resources used for the analysis (qualified 

personnel, work area, instrumentation and equipment, consumables, supplies, etc.); laboratory 

operations for sample handling and analysis (reception, recording samples, sub-sampling, data 

handling, reporting, archiving of results, etc.); quality control, monitoring and auditing [8]. 

Certified reference materials (CRM), were used for the evaluation of the accuracy. The obtained 

PT results confirm the performance characteristics of the method.  

Quality control (QC): In order to assure data quality for routine activities, an internal QC is 

necessary. External QC based on monitoring and audits is necessary in order to ensure that the 

QA system is operating satisfactorily. Internal quality control was ensured by maintaining 

calibration of system, monitoring instrumental drifts and checking the consistency of the results. 

Periodic analysis of QC samples is being performed.  Analytical performance evaluation carried 

out of the different IAEA–ALMERA PTs in various matrices by the laboratory is cited in 

Chinnaesakki et. al., 2012 [10]. 

 

7. Results 

Each processing step of diluting, homogenization, pre-concentration and analysis of samples was 

photographed as recommended by IAEA. Figure 8 shows the acquired gamma-ray spectrum of 

the ashed S1N70 PT sample and figure 9 shows the gamma-ray spectrum of the pre-concentrated 

local sea water. The background activity levels of 134Cs and 137Cs in the sea water was obtained 

by analyzing the acquired spectrum and applying the cartridge efficiency factor (Table 1). The 

obtained background activity levels were similar to the benchmark values obtained before 

Fukushima incidence (Jha et.al. 2012). It can be seen that background activity levels due to 

fallout 137Cs and 134Cs was 0.62±0.03 Bq m-3 and ≤ 0.006 Bq m-3 respectively. Table 2 gives the 

radioactivity levels of the PT samples S1N70 and S2N18 evaluated using copper ferrocyanide 
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coated cartridges. The adsorption efficiency on the cartridge was found to be ranging from 85% - 

90%. The activity levels reported by our country for 134Cs and 137Cs in spiked (S1N70) 

homogenized seawater was found to be 0.0707±0.0043 and 0.1027±0.0064 Bg.kg-1 respectively. 

These levels are observed to be very close to the IAEA target values of 0.0734x±0.0013 and 

0.1003±0.0011 Bg.kg-1 for 134Cs and 137Cs respectively. Table 3 shows the performance 

evaluation of our laboratory in the proficiency test [11]. As observed the lab had passed both the 

trueness and precession criteria. The precision of 3.2% and 3.1% was obtained for 134Cs and 
137Cs respectively. The Relative Bias% for 134Cs and 137Cs was -4% and 2% respectively 

indication minimum systematic error in the reported results. Performance evaluation criteria 

were also calculated for the control sample shown in table 4. Summary evaluation of 

measurement results reported by 23 laboratories from different countries for 134Cs and137Cs along 

with our results are given in table-5. The ratio of lab reported value to IAEA target value for 134Cs 

and 137Cs along with ideal target ratio are given in figure 10 and 11. The ideal value of ratio 

should be unity but as seen in figure 10 majority of the participants vales for 134Cs were below 

unity. 78% of participant’s results showed the negative bias in the results. This negative bias in 

the result for 134Cs may be due to signal loss by coincidence summing problem and hence 

underestimation of activity level. It is clear from the results that some participants did not make a 

sufficient correction for coincidence summing. The plot of 137Cs ratio of lab reported values to 

IAEA target values as seen in figure 11 shows that values are distributed evenly. The overall 

evaluation of these results showed that 59% of all reported measurement results fulfilled the PT 

criteria of acceptability, while 22% of the individual measurement results were not acceptable 

with the remaining 20% having the warning status. The performance evaluation for 134Cs and 
137Cs is summarised in Table 4. 

 

8. Conclusion 

The laboratory results have qualified both for the trueness and precession criteria imposed by 

IAEA for this intercomparison exercise. The current Proficiency Test has helped in validating the 

extraction efficiency of cesium isotopes on copper ferrocyanide filter cartridge, performance of 

the large volume pre-concentration technique and the accuracy of the analytical methodology 

using high resolution gamma-ray spectrometry for estimation of 134Cs and 137Cs activity in sea 
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water. The results also ensure to the international community the accurate and precise 

determination of radionuclide activity in sea water which are harmonized and comparable.   
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TABLE 1. Background activity concentration of Cesium isotopes in local seawater 

Radionuclide Background  activity 

concentration (Bq m–

3) 

Date of 

collection 

Salinity 

(PSU) 

Temperature 

(°C) 

137Cs 0.62 ± 0.03 
7 August 2012 20.5 27.9 

134Cs  ≤ 0.006 

 

Table 2. Radioactivity levels of cesium isotopes evaluated using cartridge method 

Sample  Radionuclide Radioactivity (Bq kg-1) Cartridge eff (%) 

Control sample 

(S2N18) 

134Cs 0.197 ± 0.008 90.1 

137Cs 0.198 ± 0.007 90.4 

Unknown sample 

(S1N70) 

134Cs 0.071 ± 0.004 85.1 

137Cs 0.103 ± 0.006 85.5 

 

TABLE 3: Evaluation Result for 134Cs and 137Cs in Unknown sample (S1N70) 

Radio-

nuclide 

Lab 

Value 

(Bq kg-1) 

Lab 

Uncert. 

(Bq kg-1) 

Target 

Value 

(Bq kg-1) 

Target 

Uncert. 

(Bq kg-1) 

Rel. 

Bias 

(%) 

A1 A2 Trueness P Precision Final Score 

134Cs 0.0707 0.0043 0.0734 0.0013 -4 0.003 0.006 Passed 3.2 Passed Acceptable 

137Cs 0.1027 0.0064 0.1003 0.0011 2 0.002 0.008 Passed 3.1 Passed Acceptable 
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TABLE 4: Evaluation Result for 134Cs and 137Cs in control sample (S2N18) 

Radio-

nuclide 

Lab 

Value 

(Bq kg-1) 

Lab 

Uncert. 

(Bq kg-1) 

Target 

Value 

(Bq kg-1) 

Target 

Uncert. 

(Bq kg-1) 

Rel. 

Bias 

(%) 

A1 A2 Trueness P Precision Final Score 

134Cs 0.197 0.008 0.2025 0.0015 -3 0.006 0.010 Passed 2.1 Passed Acceptable 

137Cs 0.198 0.007 0.2031 0.0029 -3 0.005 0.010 Passed 1.9 Passed Acceptable 

 

 

 

TABLE 5. SUMMARY EVALUATION OF THE RADIONUCLIDES REPORTED 

Radionuclide 

Number of 

laboratories 

reporting 

Acceptable 

(%) 
Warning (%) 

Not 

Acceptable 

(%) 
134Cs 23 57 17 26 
137Cs 23 61 22 17 
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Figure1. Ampoules received for the proficiency test exercise.

Quality Control Sample
(10.259g)

Unknown Sample
(10.314g)
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Figure 3. Diluting the PT samples in 100 liter of local sea water sample  

 

Figure 4. Homogenization of spiked ampoules in 100 liters of local sea water and independent analyses of three sub-
samples to check homogenization  
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Figure 5. A schematic diagram of in-situ pre concentration system. 

 

Figure 6. Pre-concentration of cesium isotopes using copper ferocyanide coated filter cartridge technique  
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Figure 8. Gamma-ray spectrum of pre-concentrated S1N70 PT sample  

(100 liters) using cartridge method 

 

 
Figure 9. Gamma-ray spectrum of pre-concentrated local sea water (3000liters) 
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