
2008

BARC/2008/E/023
B

A
R

C
/2008/E

/023

STANDARD PROTOCOL FOR EVALUATION OF
ENVIRONMENTAL TRANSFER FACTORS AROUND NPP SITES

by
A.G. Hegde, P.C. Verma and D.D. Rao

Health Safety & Environment Group



BARC/2008/E/023
BA

RC
/2

00
8/

E/
02

3

GOVERNMENT  OF  INDIA
ATOMIC  ENERGY  COMMISSION

BHABHA  ATOMIC  RESEARCH  CENTRE
MUMBAI, INDIA

2008

STANDARD PROTOCOL FOR EVALUATION OF
ENVIRONMENTAL TRANSFER FACTORS AROUND NPP SITES

by
A.G. Hegde, P.C. Verma and D.D. Rao

Health Safety & Environment Group



BIBLIOGRAPHIC   DESCRIPTION   SHEET   FOR   TECHNICAL  REPORT
(as  per  IS : 9400 - 1980)

01 Security classification : Unclassified

02 Distribution : External

03 Report status : New

04 Series : BARC External

05 Report type : Technical Report

06 Report No. : BARC/2008/E/023

07 Part No. or Volume No. :

08 Contract No. :

10 Title and subtitle : Standard protocol for evaluation of environmental transfer factors
around NPP sites

11 Collation : 104 p., 3 figs., 4 tabs., 1 ill.

13 Project No. :

20 Personal author(s) : A.G. Hegde; P.C. Verma; D.D. Rao

21 Affiliation of author(s) : Health Safety and Environment Group, Bhabha Atomic Research
Centre, Mumbai

22 Corporate author(s) : Bhabha Atomic Research Centre,
Mumbai-400 085

23 Originating unit : Health Safety and Environment Group,
BARC, Mumbai

24 Sponsor(s) Name : Department of  Atomic Energy

Type : Government

 Contd...

            BARC/2008/E/023



BARC/2008/E/023

 30 Date of submission : December  2008

 31 Publication/Issue date : January      2009

40 Publisher/Distributor : Associate Director, Knowledge Management Group and
Head,  Scientific Information Resource Division,
Bhabha Atomic Research Centre, Mumbai

42 Form of distribution : Hard copy

50 Language of text : English

51 Language of summary : English, Hindi

52 No. of references : refs.

53 Gives data on :

60

70 Keywords/Descriptors :    NUCLEAR  POWER  PLANTS;     ENVIRONMENTAL  IMPACTS;
REACTOR  SITES;     TRITIUM;     GROUND  WATER;     CROPS;     MILK;     FOOD;
RADIONUCLIDE  MIGRATION;     CESIUM  137

71 INIS Subject Category :  S22; S54

99 Supplementary  elements :

Abstract :          This document presents the standard procedures for evaluation of site specific environmental
transfer factors around NPP sites. The scope of this document is to provide standard protocol to be
followed for evaluation of environmental transfer factors around NPP sites. The studies on transfer
factors are being carried out at various NPP sites under DAE-BRNS projects for evaluation of site specific
transfer factors for radionuclides released from power plants. This document contains a common
methodology in terms of sampling, processing, measurements and analysis of elemental/radionuclides,
while keeping the site specific requirements also in place.



 
 

ÃÖÖ¸üÖÓ¿Ö  
 
 

         ‡ÃÖ ¤üÃŸÖÖ¾Öê•ÖÌ ´Öë ‹−Ö¯Öß¯Öß ÃÖÖ‡™üÖë  êú “ÖÖ¸üÖë †Öê¸ü ÃÖÖ‡™ü ×¾Ö¿ÖêÂÖ  êú ¯ÖμÖÖÔ¾Ö¸ü ÖßμÖ 

†−ŸÖ¸ü Ö ‘Ö™ü úÖë  êú ´Öæ»μÖÖÓ ú−Ö ÆêüŸÖã ´ÖÖ−Ö ú  úÖμÖÔ×¾Ö×¬ÖμÖÖÑ ¯ÖÏÃŸÖãŸÖ  úß  Ö‡Ô Æïü … ‡ÃÖ ¤üÃŸÖÖ¾Öê•ÍÖ 

 úÖ ¯ÖÏμÖÖê•Ö−Ö ‹−Ö¯Öß¯Öß ÃÖÖ‡™üÖë  êú “ÖÖ¸üÖêÓ †Öê¸ü ¯ÖμÖÖÔ¾Ö¸ü ÖßμÖ †−ŸÖ¸ü Ö ‘Ö™ü úÖë  êú ´Öæ»μÖÖÓ ú−Ö ÆêüŸÖã 

†¯Ö−ÖÖμÖê •ÖÖ−Öê ¾ÖÖ»Öê ´ÖÖ−Ö ú ¯ÖÏÖê™üÖê úÖò»Ö ˆ¯Ö»Ö²¬Ö  ú¸ü¾ÖÖ−ÖÖ Æîü … ×¾ÖªãŸÖ ÃÖÓμÖÓ¡ÖÖë ÃÖê ×−Ö ú»Ö−Öê 

¾ÖÖ»Öê ¸êü×›üμÖÖê−μÖæŒ»ÖÖ‡›üÖë ÆêüŸÖã ÃÖÖ‡™ü ×¾Ö¿ÖêÂÖ †−ŸÖ¸ü Ö ‘Ö™ü úÖë  êú ´Öæ»μÖÖÓ ú−Ö  êú ×»Ö‹ ›ßü‹‡Ô-

²Öß†Ö¸ü‹−Ö‹ÃÖ ¯Ö×¸üμÖÖê•Ö−ÖÖ†Öë  êú †−ŸÖ ÖÔŸÖ ×¾Ö×³Ö®Ö ‹−Ö¯Öß¯Öß ÃÖÖ‡™üÖë ´Öë †−ŸÖ¸ü Ö ‘Ö™ü úÖë ¯Ö¸ü 

†¬μÖμÖ−Ö × úμÖê •ÖÖ ¸üÆêü Æïü … ‡ÃÖ ¤üÃŸÖÖ¾Öê•ÖÍ ´Öë ÃÖÖ‡™ü ×¾Ö¿ÖêÂÖ  úß †Ö¾Ö¿μÖ úŸÖÖ†Öë  êú ¯Ö×¸ü¯ÖÏê μÖ 

´Öë ÃÖî´¯ÖØ»Ö Ö, ¯ÖÏÖêÃÖêØÃÖ Ö †Öî¸ü ŸÖÖÛŸ¾Ö ú/¸êü×›üμÖÖê−μÖæŒ»ÖÖ‡›üÖë  êú ´ÖÖ¯Ö−Ö ‹¾ÖÓ ×¾Ö¿»ÖêÂÖ Ö  êú ÃÖÓ²ÖÓ¬Ö 

´Öë †¯Ö−ÖÖ‡Ô •ÖÖ−Öê ¾ÖÖ»Öß ÃÖÖ´ÖÖ−μÖ   úÖμÖÔ×¾Ö×¬Ö  úÖ ¾Ö ÖÔ−Ö × úμÖÖ  ÖμÖÖ Æîüü …  

 

DJ/RS 
Abstract 08 
17/12/08 



1 
 

PROTOCOL FOR EVALUATION OF ENVIRONMENTAL TRANSFER FACTORS 

AROUND NPP SITES  

 

SCOPE OF THE DOCUMENT 

The scope of this document is to provide standard procedures (Protocol) to be followed for 

evaluation of environmental transfer factors around NPP sites. The studies on transfer factors 

are being carried out at various NPP sites under DAE-BRNS project for the evaluation of site 

specific transfer factors for radionuclides released from the power plants. This document is 

prepared to provide a common methodology in terms of sampling, processing, measurements 

and analysis of elements / nuclides, while keeping the site specific requirements also in place. 

   

1. INTRODUCTION   

The operations of nuclear facilities results in low level radioactive effluents, which are 

required to be released into the environment. The effluents from nuclear installations are 

treated adequately and then released in a controlled manner under strict compliance of 

discharge criteria. The effluents released from installations into environment undergo dilution 

and dispersion. However, there is possibility of concentration by the biological process in the 

environment.    

In order to understand the accumulation of radionuclides in the environment it is essential to 

collect and analyse various environmental matrices including dietary items such as water, 

cereals, pulses, meat, fish, milk, egg etc. for their radioactivity contents.   

There are several environmental matrices which preferentially concentrate certain 

radionuclides/elements from the ambient medium due to biological processes or by 

adsorption. Such samples are often called as indicator samples. When the ambient marix and 

concentrating matrix are in equilibrium, the ratio of concentration of a particular 

radionuclide/element bears a constant value. This constant is generally referred as Transfer 

Factor (TF). It is termed as Concentration Factor (CF) if the concentration in the matrices is 

represented by physical, chemical and biological processes. When the concentration factors 

are related with organism they are termed as Bioaccumulation Factor (BF) whereas it is 

termed as Distribution Coefficient (Kd) when it is in relation with sedimentation.    

The environmental behaviour of radionuclides and stable elements present a challenging 

problem for their regular monitoring in the atmosphere and hydrosphere. These behaviours 

can be well understood by studying through either laboratory investigations under controlled 

conditions or through comprehensive field studies involving the simultaneous analyses of all 
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type of environmental matrices. One more way to understand the behaviour of 

radionuclides/stable elements is to develop a suitable model to assess the concentration 

profile in different environmental compartments.     

The concentration based environmental monitoring helps in avoiding bulk sample collection. 

Once TF of the concentrating matrix is known the concentration expected in other samples 

may be predicted. Such monitoring is also helpful in setting up of derived working limits and 

environmental modeling. This is quite helpful during emergency monitoring. The 

concentration of radionuclides in a particular matrix of an environmental compartment 

depend on the availability and release of the subject radionuclide in / from  that compartment 

of the environment There are several known parameters which governs the transport of 

radionuclides from one compartment to another compartment of the environment. This aspect 

of transport of radionuclides/elements widely covers the phenomenon of accumulation and 

transfer factors. 

The knowledge of environmental transfer factors is useful to evaluate the radiation dose and 

associated risks, quick assessment of radiological levels in the environmental matrices to take 

specific counter measures during emergency conditions, if any. The studies on transfer 

factors are useful to establish models/codes for monitoring the environment.   

The concentration factor is defined as the ratio of the concentration of the radionuclide/ 

element in the acceptor compartment to the concentration in the donor compartment at 

equilibrium. The transfer coefficients can be time dependent and the ratio of the transfer 

coefficients (forward/backward) as time approaches infinity are concentration factors. The 

concentration factors may differ significantly if the transporting compartments are not in 

equilibrium.                           

             Concentration of radionuclide/element in the concentrating matrix    
                                                               (mBq/g)   /   (mg/g)           
Conc. Factor      =   ------------------------------------------------------------------------------------ 
                                  Concentration of radionuclide/element in the ambient matrix 
  
                                                               (mBq/g)   /   (mg/g)   
 

1.1 ENVIRONMENTAL PATHWAYS: 

Transfer Factors are needed to be evaluated both in Terrestrial and Aquatic Environment. 

(a) Transfer factors in terrestrial environment: The gaseous releases may contaminate the 

soil due to gravitational deposition of the contaminants and may also result in foliar 

deposition on vegetation. In context with the studies on transfer factors soil is the main source 

of propagating contamination in other components of terrestrial environment. Thus soil to 
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vegetation pick up relation needs to be studied to establish the transfer factor for vegetation, 

assuming negligible foliar deposition on them.     

Soil → Soil Solution → Roots → Plants (stem, leaves, edible parts) 

The transportation and accumulation of radionuclide in various parts of the plant are 

governed by several parameters such as physico-chemical characteristics of soil, ion 

exchange capacity, pH, clay and organic contents of soil. It also depends on type of plant, 

time of exposure to the plant and the physico-chemical properties of radionuclide.There is a 

possibility of sorption/desorption of radionuclides between main soil component and soil 

solution. The presence of microbial community in soil may also affect the uptake of 

radionuclides by plants. Transfer factors in milk and meat are normally quoted with respect to 

feed consumed by animals in unit day/l milk and d/kg of meat respectively. 

The simplified terrestrial environmental pathways: 

 Soil  Grass      Cattle                  Milk/Meat                   Man 

 

 Soil   Vegetable/Cereals/Pulses    Man 

(a) Transfer Factors in Aquatic Environment: The river/lake and sea are the major 

recipient mediums for radioactive liquid effluents released from the nuclear facilities in India. 

The radionuclides present in the liquid effluent released to the water body get diluted, 

dispersed and undergo physical and chemical change in the medium. The radionuclides 

present may get concentrated in various aquatic matrices such as suspended silt, sediment, 

algae, weeds, organisms etc. The fate and transport of radionuclides in water body depends 

on several factors such as type and duration of discharges, physical and chemical form of 

radionuclides and the discharging effluent.  

The concentration of radionuclides/elements differs widely in various aquatic components of 

sea water and fresh water environment. This is because of higher elemental concentration in 

sea water as compared to fresh water. There are several other factors which affect the transfer 

factors. 

The transfer of radionuclides between water and suspended silt is governed by 

adsorption–desorption and diffusion processes. These processes are further depends on 

several parameters such as clay and organic contents, microbial contents, cation exchange 

capacity, pH, particle size of the sediment etc. The sedimentation of contaminated suspended 

sediment and the bottom erosion are the important processes for the migration and 

distribution of released radionuclides. Furthermore, the movement of sediment within the 

water body either due to temporal variation, speedy water inflow or other physical, chemical 
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and biological processes plays an important role in migration and distribution of 

radionuclides in the water body.    

In order to fulfill the objective of TF based monitoring, the pathway oriented matrices 

should be collected from the same specified location viz. in case of aquatic environment 

sediment, suspended silt,  weed, biota / fish etc. from the water body. These samples need to 

be analysed for plant originated radionuclides or their congener elements to evaluate the 

transfer factors.  It would be appreciated if the upstream and downstream locations around 

site are included for sampling to obtain their transfer factors.  

  

The simplified aquatic environmental pathways: 

 

Marine Environment: 

 

 Water  Weed/Plankton (Phyto/Zoo)  Fish  Man  

 

   Water  Sediment  Fish (shell/crustacean)      Man 

 

Freshwater Environment: 

 

 Water  Weed/Plankton (Phyto/Zoo)  Fish  Man 

  

 Water     Sediment   Fish (Benthos)         Man 

 

In order to evaluate transfer factors, all the samples shown above are required to collected 

and analysed for following elements / radionuclides   

 

1.2 ELEMENTS / RADIONUCLIDES TO BE ANALYZED: 

 

a) Radionuclides: 3H, 134Cs, 137Cs,  90Sr, 95Zr, 95Nb, 54Mn, 63Ni,  106Ru, 60Co, 110Ag,        
65Zn, 125Sb, 210Po, 131I, 144Ce, 241Am, 239Pu etc. (site specific radionuclides may be 

selected for the study).  

 b) Stable Elements:   K, Ba, Ca, Na, Mg, Fe and stable counterparts of all the 

radionuclides mentioned   above. 

c) Toxic Elements:  Hg, Cd, Pb, As 
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In order to obtain the concentrations of site specific radionuclides / elements in various 

environmental samples, standard procedures for sampling, processing and useable  analytical 

techniques  are required to be known which are given in the following sections of this 

document. The standard procedures for estimating the required physico-chemical parameters 

in soil and sediment samples are given in Annexture-I. 
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2. SAMPLING 

 

2.1 SAMPLING PROGRAMME 

 

 The collection of valid samples is the vital first step. Sampling should be done with 

the same care as the analysis, and both should be done with a rigor that is appropriate 

for the project at hand.  

   

A variety of samples may be required for the purpose of obtaining concentrations in 

different matrices which will lead to serve the objective. Sampling must be carried 

out based on certain specific criteria so that representative sample can be collected. 

Usually, the crucial decisions in planning a sampling program are sampling locations,   

Sampling frequency, Sample matrices of relevance etc. 

 

The sampling locations need to be identified based on the wind pattern, environmental usage 

and utilization of the environment. It should include locations up to a distance of 30 km from 

the site. In general the sampling near source may be more frequent as compared to far 

distances. The samples should be collected as available in a particular season and the number 

of samples should be at least five for each species (eg. 5 spinach samples within 30 km radius 

and the corresponding soil samples). The collected samples must be identified and logged in 

the record book according to their date and locations.  

   

Sampling locations, matrices and frequencies are selected on the basis of: 

a. Distance from the source 

b. Predominant wind affected sector 

c. Downstream water flow from discharge point 

d. Discharge point use/consumption of matrix and its contribution and importance in 

 internal exposure. 

e. Production centre and availability of matrix 

f. Population using the matrix 

g.  Coverage of all sectors with appropriate frequency 

h. Frequency and number reduces with distance 

i. Radionuclide released and recipient media and its exposure pathways. 
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2.2 TYPE OF SAMPLE 

 

Samples to be collected for evaluation of transfer factors can be mainly categorised as 

of terrestrial samples and aquatic (samples of marine or fresh water origin).  

 

2.2.1 SAMPLES FROM TERRESTRIAL ENVIRONMENT 

Soil, grass, vegetation, food crops, fruits, milk, vegetables, meat etc are the terrestrial 

samples generally analyzed. Ground water samples from wells and bore wells 

constitute the main source for studying terrestrial subsoil movement of radioactivity.  

 

2.2.1.1 SOIL 

Soil sampling is carried out with intention to mainly evaluate root uptake leading to 

environmental transfers. Soil sample should be collected from an undisturbed area. 

For study of transfer factors, area has to be nearly covering the root spread. Samples 

from different spots covering a depth of 15 to 20 cm upto which the ingrowth of 

nourishing roots is expected, has to be covered. A small pickaxe or a hand-scoop can 

be used for sampling. 

  

2.2.1.2 GRASS 

Grass or other types of animal forage are sampled from known area. A 1m x 1m area 

wooden frame is to be laid over the area and the grass within the frame is to be cut 

above 4 cm height from ground to minimize soil adherence and to represent the 

portion normally used as fodder. If the grass is grown only to a small height, or if the 

end objective is to study transfer factors, the grass must be cut just above the ground. 

Grass from 3 to 4 locations in an area may be composited to get a representative 

sample. 

The green grass can be collected and stored in perforated plastic bags. Fresh weight is 

to be taken on reaching the laboratory. 

 

2.2.1.3 VEGETABLES/VEGETATION 

For evaluation of contribution of a pollutant to environment from a source, vegetables 

and vegetation have to be collected from the fields located in the environment. A 

composite sample, about 4 kg in weight is to be collected from the locality, from 
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different plants distributed at the locality. 2 kg is normally sufficient for analyses, the 

rest being for storage. Samples can be collected in perforated polythene bags and 

stored under refrigeration. Fresh weight is to be taken at the earliest. 

Vegetables and vegetation vary from place to place and the sample chosen should be 

representative for the location. 

 

2.2.1.4. FOOD CROPS  

Rice, wheat, millets and pulses are the main food crops in the country. For study of 

transfer factors the samples have to be collected from the field along with soil sample. 

For dose evaluation, they can be collected from the field or from granaries known to 

store crop from the locality. About 2 kg of sample should be adequate for 

radiochemical estimation and storage. 

 

2.2.1.5 MILK 

Milk should be collected from dairy farms where milk is processed for distribution or 

pooled from 5 milk producers and pooled to make a representative sample. 2 liters 

milk is needed to be sampled, 1 liter for immediate analysis and 1 liter as standby. 5 

ml of 5% formalin is added per liter if milk is to be preserved for long periods. For 

short duration, refrigeration is enough. 

 

2.2.1.6 MEAT 

Fresh meat of cattle or sheep is to be collected from local abattoir or local market in 

case there is no abattoir. The sample of 2 kg soft tissue (about 4 kg total) is to be 

analyzed. The sample can be brought in plastic bags and stored in a refrigerator or 

deep-freeze. 

  

2.2.1.7 GROUND WATER 

Main ground waters to be studied in terrestrial environment are well waters and bore 

well waters. For study of contribution to dose about 20 liter of water needs to be 

analyzed since the levels are likely to be very low. In case of monitoring bore wells 

and open wells near a waste storage facility, a volume of 1 liter is adequate for 

studying ground water movement or seepage of the pollutant. 
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2.2.2 AQUATIC MONITORING 

Fresh water, sea water, aquatic organisms like fish (fresh water and marine) shore 

sediment, bottom sediment and bottom cores, aquatic biota and aquatic plants cover 

the spectrum of samples of aquatic origin. 

 

2.2.2.1 WATER SAMPLES: 10 - 20 liter of water from water body at desired 

locations should be collected in plastic containers. At locations where treated 

effluents are discharged into the aquatic system, it is desirable to have a continuous 

sampler which pumps small quantity of water from the location to a container. This 

will give the time averaged concentration.   

 

2.2.2.2 SEDIMENT: Shore sediment is collected from top soil, using procedure same 

as surface soil, lake bed, river bed and sea bed are sampled using grab samplers 

(Ekman Dredge).  From each location, two or three grabs should be collected and 

pooled. 1 to 2 kg samples are collected and prepare a composite sample to represent 

the sample of that location. 

 

2.2.2.3 AQUATIC BIOTA / PLANTS: The phytoplankton and zooplankton samples 

from the water body may be collected by passing a known volume of water through 

plankton net of bolting silk. The samples should be preserved in 4% formalin. The 

aquatic plants   have to be collected, dislodging silt with thorough washing. Samples 

should be collected in plastic bags with perforations and preserved in deep freezer. 

 

2.2.2.4 FISH AND AQUATIC ORGANISMS: Fish samples are collected from fish 

landing centres or brought directly from the boats or trawlers. These samples have to 

be collected depending on the availability, with the help of local fishermen. It would 

be better if variety of samples can be collected so that study on preference uptake of a 

particular radionuclide may be carried out. About 1 kg of fish is normally sufficient 

for a single analysis. Marine organisms like Oysters, Crabs, Clams, Sponges 

concentrate radionuclides and are good indicators for specific radionuclides should 

also be collected. Samples collected in plastic bags should be transferred to ice-box 

and subsequently preserved in deep freeze prior to analysis. 

2.3   SAMPLE PRESERVATION, PROCESSING AND PRECONCENTRATION   
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Environmental samples are collected at site and generally require preservation prior 

to being taken up for analysis. Initial process like washing, drying and preliminary 

preparation is needed for carrying out instrumental, radiometric or elemental 

analyses. 

Take up the sample immediately for gamma counting taking into consideration of 

short lived radionuclides. 

 

A)  SOIL  

1. Separate rocks and pebbles 

2. Dry at 110 0C, weigh. 

3. Powder  

4. Sieve through 70 mesh 

5. Weigh known quantity into standard container. 

6. Subject to gamma spectrometry with HPGe detector. 

7. Take up 10-100 g for radiochemical separation 

 

B) GRASS AND VEGETATION & VEGETABLES:   

1. Weigh the sample 

2. Wash the samples 

3. Remove non-edible portions preserve in refrigerator till its processing. 

4. Weigh again (weight of edible portion) 

5. Dry at 110 0C 

6. Weigh again (Dry weight) 

7.  Pack in standard container 

8. Count in HPGe or NaI(Tl) detector  gamma spectrometer with MCA. 

9. Transfer to tared Silica dish, Ash at 450 0C in a muffle furnace. Weigh (Ash 

 weight) 

10.  Take up for radiochemical analysis. 

 

C) FOOD CROPS 

1. Transfer 1 kg (dry rice/wheat, millet, cereal) into a standard container. 

2. Count in a NaI(Tl) detector based or HPGe detector based gamma spectrometry. 
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3. Transfer to tared Silica dish. Ash at 450 0C in muffle furnace weigh (ash weight) 

4. Take up ash for radiochemical analysis. 

 

D) MILK 

1. Measure 1l milk into a large tared stainless steel container. 

2. Evaporate to dryness 

3. Dry ash at 450 0C. 

4. Weigh again (Ash weight) 

5. Transfer to a standard container  

6. Count for gamma activity (measure the height of the sample) 

7. Take up for radiochemical analysis 

       

E) MEAT  

1. Wash and preserve in refrigerator till it is processed. 

2. Remove non-edible portion (weigh - fresh weight) 

3. Dry at 110 0C (weigh - dry weight)  

4. Ash at 450 0C (weigh - ash weight) 

5. Transfer ash to a standard container and subject to gamma spectrometry. 

6. Take up ash for radiochemical analysis 

 

 F) FISH AND AQUATIC ORGANISMS 

1. Separate and classify the organisms. Weigh each group (total weight) 

2. Wash the sample and preserve in refrigerator till it is processed 

3. Separate edible portion, about 1 kg (fresh weight)  

4. Dry at 110 0C and powder 

5. Transfer dry powder to a standard container and subject to gamma spectrometry 

6. Ash at 450 0C in a tared silica dish and weigh the ash 

7. Take up ash for radiochemical separation. 

 

G) AQUATIC BIOTA / PLANTS 

1. Dislodge deposited silt by thorough washing and preserve in 4% formalin. 

2. Drain dry, weigh (fresh/wet weight). About 1 kg required. 

3. Dry at 110 0C, powder and weigh 
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4. Transfer to tared standard container and subject to gamma spectrometry in HPGe 

 detector. 

5. Transfer dry powder to tared silica dish. Ash at 450 0C. Weigh 

6. Take up ash for radiochemical separation. 

 

 H) BOTTOM SEDIMENT 

1. Pass (or push if necessary) using a rubber stopper through 10 mesh to remove 

 stones and sand. 

2. Dry at 110 0CZ, take dry weight. 

3. Ash at 450 0C - ash weight. 

4. Powder 

5. Transfer weighed quantity into standard container, count for gamma emitters 

6. Take up 10-100 g for radiochemical separation. 

 

I) SHORE SEDIMENT  

1. Remove stones and pebbles 

2. Weigh (wet weight) 

3. Dry at 110 0C, weigh (dry weight) 

4. Powder, Sieve through 70 mesh. 

5. Weigh, transfer to standard container and analyse for gamma emitters in HPGe 

 detector. 

6. Take up 10-100 g for radiochemical separation. 

 

J) FRESH WATER SAMPLES 

1. Filter a known volume of water using Whatman 42 filter paper. Acidify the sample 

with Conc. HNO3 (3ml/l). 

2. Evaporate to dryness for carrying out elemental analysis. Or use appropriate pre--

concentration of sample for radiometric analysis. 

3. Take up for radiochemical analysis 

 

 

 

K) SEA WATER SAMPLES 
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1. Filter a known volume of water using Whatman 42 filter paper. Acidify the sample 

with Conc. HNO3 (3ml/l). 

2. The sample is then pre-concentrated for carrying out radiometry or instrumental 

analysis such as gamma spectrometry.  

3. Take up for radiochemical analysis 

A good quality map of study area needed to be prepared showing all the sampling 

locations and type of samples collected from these locations. 

The map should also show the boundary circles of 5, 10, 15, 20 and 30 km radius 

around the study site. Each radial zone should be divided into 16 directional sectors 

as shown below in the typical map of Narora site.      

N

G
A

N
G

ES

LG
C

Fig.1 Environmental Sampling Locations Around NAPS, Narora

PLG
C
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3.0 SAMPLE PREPARATION AND RADIOCHEMICAL  

ANALYSIS 

 

3.1   INTRODUCTION 

The sample preparation for activity estimation depends upon the type of sample 

and radionuclides to be analysed and the activity levels. Gamma emitters are 

estimated in fresh, dried or ashed samples after filling in a container of suitable 

geometry by direct gamma spectrometry depending upon activity levels.  Volatile 

radionuclides such as radioiodine are estimated in fresh samples or with special 

precautions to avoid loss by volatilization.  Beta and alpha emitters are estimated 

after radiochemical separation. For the purpose of radiochemical separation, it is 

necessary to first solubilise the sample to mobilize all detectable radionuclides 

from the sample matrix.  Generally the following methods or a combination of 

them are adopted depending upon the sample matrix and objective of the analysis.  

 

3.2 INITIAL TREATMENT 

 

3.2.1 ACID LEACHING METHOD 

It has been observed that strong nitric and hydrochloric acid leaching suffices to 

mobilise most of the radionuclides from environmental samples (e.g. marine and 

fresh water sediment, ash of tissue, vegetation, crop, milk etc.) 

 

3.2.2 ALKALI FUSION AND HYDROFLUORIC ACID TREATMENT 

Alkaline fusion with NaOH-NaNO3-Na2CO3 mixture enables solubilisation of 

silicates and mobilising the radionuclides (e.g. grass, glass fiber air filter paper, 

ash of biological samples). In cases where the entire sample must be brought into 

solution (e.g. soil/sediment), initial acid digestion  followed by  a series of 

hydrofluoric acid treatment to volatalise silica and finally sodium carbonate 

fusion of the acid residue is carried out. When volatile radionuclides such as 

radioiodine is to be analysed, alkaline fusion of fresh samples is always resorted 

to (e.g. thyroid glands, other tissue samples, algae etc.).  In general the analyst 

dealing with a complex system will be well advised to adopt the least complex 

and least drastic treatment which will achieve his objectives. 
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3.3   GENERAL PROCEDURE FOR RADIOCHEMICAL ANALYSIS 

 

3.3.1 INTRODUCTION 

In general, radionuclides are present in biological samples at the level of a few 

atoms per gram and it is necessary to add inactive carriers, hold back carriers and 

tracers to ensure quantitative recovery and estimate the recovery of the 

radionuclide. Some of the commonly encountered radioelements and the carriers 

and tracers to be used are tabulated below. 

Radioelement          Carrier/Tracer to be added 

Radioiodine            10 mg/ml I as KI 

Radiocesium           20 mg/ml Cs 

Radiostrontium       20 mg/ml Sr, 5 - 20 mg/ml Ba,  

                 10 mg/ml Y, 5 mg/ml Fe, 100 mg/ml Ca  

Radiocobalt            10 mg/ml Co 

Radionickel            10 mg/ml Ni 

                    

Radiocerium           10 mg/ml Ce 

Plutonium               2 dpm/ml Pu-242 or Pu-236 

Americium              2 dpm/ml Am-243 

Polonium                2 dpm/ml Po-209  

 

1. Prepare the carrier solutions from AR grade nitrate or chloride salts in 1M 

HNO3 or HCl. Standardize and store in appropriate containers. 

2. Store the tracer solution in 3M acid solution. 

If sequential analysis for multiple radionuclides is adopted, add all the necessary 

carriers and tracers at the initial stage and allow equilibrating with the sample.  

 

3.3.2   BIOLOGICAL SAMPLES  

1. Keep aliquot for volatile radionuclides (e.g.  Isotopes of I, Ru, Po) separately 

if necessary 

2. Transfer tared sample to a porcelain dish or an enamel tray and dry at 110°C    

in an air oven.  
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3. Transfer the dried sample to a silica dish and char on low flame till fuming 

stops 

4. Place the charred sample in the silica dish in a muffle furnace for ashing at 

450°C for 16 hours or till white ash is obtained. Higher temperature will result  

in the loss of  Cesium. 

5. Weigh the ash for determination of ash content. 

6. Take 3-20g ash for analysis, depending on the expected activity levels decided 

by the samples and sampling locations. 

7. Proceed to step 8 for acid leaching or step 16 for alkali fusion.   

8. Acid leaching method (steps 8 to 12)   

Add the carriers/tracers for respective determination and measured volume 

(30-60 ml) of Conc. HNO3 to the ash sample and evaporate to dryness. 

9. Repeat step 8 twice and dry till brown fumes are removed. If the residue is      

still brown, add 10 ml HNO3 and a few drops of HClO4, cover with a watch     

glass, heat to boil and finally remove white fumes by low heating on hot plate. 

10. Add measured volume (5 to 20 ml) of Conc. HCl and evaporate to dryness.     

(About 1ml per gram of ash is required to remove HNO3 fumes completely. 

11. Extract the residue with 30 ml of hot 1:1 HCl thrice, centrifuge and collect the 

supernatant solution. 

12. Add 30 ml of 0.1 N HCl to the residue stir well and centrifuge. Collect the 

supernatant and mix with the solution in step 11. Discard residue if any. 

13. Add 6 N NaOH to the solution till it becomes alkaline and then 10 ml of 

saturated sodium carbonate solution and centrifuge. Preserve the supernatant 

for Cs. 

14. Dissolve the precipitate with 1:1 HNO3 and proceed for determination of 

radionuclides of alkaline earth metals, transition metals, rare earths,                

actinides, lead, phosphate etc. 

15. Acidify the supernatant solution from step13 with 1:1 HNO3 and proceed for 

cesium estimation. 

16. Alkali Fusion Method (steps 16 - 23) : 

For samples containing excessive silica such as grass or vegetables etc…         

alkali fusion method is adopted. Take 3-20 g of ash in a nickel/s.steel             

crucible and add the necessary carriers/tracers. Dry under infra-red lamp. 
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17. Add three time by weight of fusion mixture (NaOH, NaNO3, Na2CO3, (5:2:1) 

and heat over a low flame to a clear melt. 

18. Continue strong heating for 10 minutes. 

19. Allow the fused material to cool completely. Soak the mass in distilled water 

and heat. 

20. Transfer the fused mass and water to a beaker with distilled water washings 

and heat till the lumps disintegrate completely. 

21. Filter the solution through Whatman 41 filter paper. Wash the residue with 

distilled water. 

22. Acidify the filtrate from step 21with 1:1 HNO3 and proceed for                     

radiocesium estimation.  

23. Dissolve the precipitate from step 21 with 1:1 HNO3 and proceed for analysis 

of radiouclides of barium, strontium, cobalt, nickel, cerium, plutonium, 

americium etc. Discard the residue if any. 

Note:  When acid leaching method is adopted for the separation of Sr, matrices 

containing excessive sulphate ions will require special attention to avoid loss of 

Sr as insoluble residue. Generally, addition of 20 mg of Ba carrier will prevent 

such losses. Alternatively, (if only 5mg Ba carrier is added) the insoluble residue 

after acid leaching (step 12) is digested with saturated Na2CO3 solution to convert 

the insoluble sulphate to carbonate and centrifuged. The supernatant is discarded 

and the residue dissolved in 1:1 HCl and mixed with the original acid extract (step 

11). 

 

3.4 ESTIMATION OF TRITIUM IN ENVIRONMENTAL SAMPLES 

 

3.4.1   ESTIMATION OF TRITIUM IN WATER 

To determine tritium in water, distill the water sample to remove interference 

from non-volatile quenching and radioactive materials. Prepare standard tritium 

and blank samples and count simultaneously to overcome errors due to ageing of 

the scintillation medium or instrumental drift. 

  

        LSA:  Packard 1550 Tricarb / Packard TRSL 3170  

        Background:  6 cpm 
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        Scintillation Cocktail:  15 ml Dioxane based scintillator 

        Sample volume: 4 ml    

        Counting time:  6000 s  

For special investigations, however, it is necessary to use special low background 

counters and counting parameters are as follows.  

LSA:   

        Background: 0.7 - 0.8 cpm    

        Scintillation cocktail:  10 ml Instagel  

        Sample volume:  10 ml  

        Counting time:  20000 s 

Distillation Apparatus: Standard distillation flask, heating mantle and condenser 

assembly with a trap. 

 

3.4.1.1 REAGENTS 

         Scintillation cocktail - I ( Dioxane based scintillator) 

         1.   1, 4-dioxane      :     1 l 

         2.   Naphthalene      :     100 g 

         3.   2, 5-diphenyloxazole (PPO): 7 g 

         4.   1, 4-di[2-(phenyloxazolyl)]benzene (POPOP)  : 120 mg 

Scintillator Solution: Mix the above reagents thoroughly in a clean dry beaker, 

stir, filter and store in an amber coloured bottle, in the dark. 

Scintillation cocktail – II  Instagel 

 

3.4.1.2 PREPARATION OF WATER SAMPLES     

1.  Take 15ml of sample, add 1 pellet of NaOH, a few grams of KMnO4 and distill 

   slowly.  The distillation flask should be provided with a trap to prevent NaOH 

  from spraying over the condenser. Collect the distillate in a clean dry flask. 

2. If water sample is coloured, add about 2 g of activated charcoal, stir                  

 well, allow settle and filter. Collect the filtrate and distill as in step 1. 

 

 

 

3.4.1.3   PROCEDURE 
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1. Pipette 15 ml of scintillator solution - I and 4 ml of sample into a low 

background counting vial (20 ml capacity). 

2. Prepare a blank sample, in the same manner as the sample, (i.e. 4 ml of blank 

water and 16 ml of scintillator solution).  The water for blank should be 

obtained from areas where there is minimum tritium intrusion and stored in air 

tight containers at all times. 

3. Prepare a standard in the same manner as the sample, i.e. consisting of 16 ml 

scintillator solution and 4 ml of tritiated water containing a known amount of 

tritium activity. 

4. Keep the vials in sample changer of LSA, wait and cool the samples to the 

temperature at which the liquid scintillation spectrometer is operated. 

5. Count the samples, standard and blank vials in the LSA equipment at least 

twice each. 

 

3.4.1.4   CALCULATION 

Liquid Scintillation Analysers are generally provided with automatic calculation 

of activity, taking care of background subtraction, averaging, quench correction 

and efficiency. 

However, steps are given below for manual calculation of efficiency and activity 

in air. 

Calculate the counting efficiency from the formula: 

                    [Cst/t1-C2/t2] 

          E = -----------------------  

                           Ast 

    Where E = counting efficiency 

          Cst = gross counts of standard, in t1 seconds. 

          C2 = background counts in t2 seconds. 

          ASt = tritium activity of standard, in disintegrations per second 

 

The tritium content of water sample is given by the formula: 

 

                           

                          [C1/t1 - C2/t2] ± 2SD 
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                A =   --------------------------- 

                                     E x V 

 

Where A = tritium content, in Bq/ml 

C1 = gross counts of (sample + background) in time t1 seconds 

C2 = background counts in time t2 seconds                    

SD = the standard deviation ± [C1/t1 2+ C2/t2
2]½ 

V = volume of the sample taken for counting (ml). 

  

3.4.2   ESTIMATION OF TRITIUM IN BIOLOGICAL SAMPLES 

Tritium may be present as tissue free and tissue bound form in biological samples 

like dietary items. 

 

3.4.2.1 ESTIMATION OF TISSUE FREE WATER TRITIUM (TFWT)  

a.   EXTRACTION OF AQUEOUS TRITIUM FRACTION  

The analytical procedure for H-3 extraction in biological matrices involves freeze-

drying of the biological samples such as vegetation, fish etc. under vacuum.  Each 

sample is extracted separately and the tissue free water of the biological sample is 

collected in a special trap.  Fig. 3.1 is a simple system used for the purpose. 

 

b. PROCEDURE FOR VEGETATION, VEGETABLE, FISH, WEEDS ETC. 

1. Cut the sample (about 50-100 g) into small pieces of 0.5 to 1.0 cm size with 

scissors and transfer to a distillation flask. 

2. Connect the flask to the freeze drying equipment as shown in Fig. 3.1 

3. Fill the container with liquid nitrogen and wait for about ten minutes to cool. 

4. Start the vacuum pump by opening the valve slowly. 

5. Keep refilling the container with liquid nitrogen whenever the liquid nitrogen 

falls to low level. 

6. At the end of the extraction (the normal time required for each set of sample   

for complete lyophilisation is around 2 to 3 hours) release the vacuum slowly 

and carefully remove the flask containing the sample. 

7. Close both ends of the distillation container with stopcocks to prevent            

atmospheric moisture entering inside and allow to attain room temperature. 



21 
 

8. Add 4 ml of the tissue free water thus collected into 16 ml of the scintillator 

solution in a vial and count the tritium activity in a liquid scintillation  

analyser. 

The freeze drier is useful when small quantities ( up to about 10 g ) are to be 

freeze dried. Liquid nitrogen is poured into thermos flask. The sample in the flask 

is first frozen by keeping in liquid nitrogen bath, attached to the equipment and 

vacuum is applied slowly and carefully. The sample gets dried under vacuum at 

low temperature and distillate gets solidified in the receiver at liquid nitrogen 

temperature. The modified all glass freeze drier can be left unattended for 

prolonged periods. The vacuum is continued till the contents of the distilling flask 

get completely dried. 

Alternatively simple vacuum distillation may be substituted instead of freez 

drying of biological material (fig.1). 

 

NOTE 

As a result of the lower vapour pressure of tritiated water vapour, incomplete 

reactions could offset the results and as such the extraction should be followed to 

completeness.  Some of the organic volatile compounds in the  plant  tissues   

inevitably sublime into the trap along with tissue water.  Being normally miscible 

with scintillators, such volatile organic compounds if coloured cause quenching, 

necessitating a correction procedure while counting TFWT. 

 

3.4.2.2   ESTIMATION OF ORGANICALLY BOUND TRITIUM (OBT) 

A combustion procedure is required and described for the quantitative conversion 

of organically labelled tritium to tritiated water.  The procedure is applicable for 

biological samples including vegetation, foods and tissues. 

Carry out the extraction of aqueous tritium fraction procedure (cf. 3.4.2.1b). 

Repeat the extraction to constant weight of flask (Generally three extractions will 

be required). Since such residues are normally hygroscopic, care is taken to 

prevent HT-H2O exchange before processing the dry matter for measuring the 

tissue bound tritium concentration. 

The combustion assembly for OBT determination (Fig. 3.2) consists of a 2 litre 

heavy walled conical flask with a kanthal boat supported from the top by means of 
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two copper rods inserted through a rubber stopper. The rubber cork closes the 

conical flask air tight. The rods serve as electrical leads for burning the organic 

matter. 

 

3.4.2.3 PROCEDURE 

1. Wrap about 100-150 mg (weighed) of the dry tissue in a cellophane sheet and  

 keep it inside the kanthal   boat. 

2. Fill the conical flask with oxygen from an oxygen cylinder and close it with 

the rubber stopper fitted with copper rods and kanthal boat. 

3. Keep the flask in a cold ice bath.   This will help the condensation of water 

formed by combustion. 

4. Apply a power input of about 60 W for 30 seconds. The contents of the boat 

will catch flames. If not, repeat the experiment. Incomplete burning can cause 

colour quenching. 

5. Add 20ml of liquid scintillator to the flask. Swirl the flask with scintillator 

slowly to mix all condensate. 

6. Add 18 ml of this scintillator into a counting vial and determine the tritium 

content by counting in a liquid scintillation analyser. Apply correction for 20 

ml scintillator volume. 

7. Determine the blank by burning an empty cellophane paper in the flask and 

repeat the experiment. 
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Fig 3.1 Vacuum Distillation 

 

 

 

 

 
Fig 3.2 Combustion Assembly 
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3.5 SEPARATION & MEASUREMENT OF FISSION AND ACTIVATION 

PRODUCTS IN ENVIRONMENTAL SAMPLES 

 

3.5.1   INTRODUCTION 

In addition to fission products like Sr-90, Cs-137 etc activation of stable elements 

present in structural materials in nuclear reactors give rise to activation products 

such as 134Cs, 95Zr, 95Nb, 51Cr, 54Mn, 63Ni, 106Ru, 60Co, 110Ag, 65Zn, 125Sb, 210Po, 131I, 144Ce, 
152Eu, 239Pu etc. These radionuclides may appear in effluents released to the 

environment from nuclear power stations and get distributed in various matrices 

in the environment according to the characteristic behavior of individual nuclide. 

Except Sr-90, Ni-63 and Pu-239 others are gamma emitters and can be estimated 

directly by gamma   spectrometry.  Ni-63 is a low beta emitter with maximum beta 

energy of 67 keV and is estimated by liquid scintillation counting after 

radiochemical separation, Sr-90 is estimated by radiochemical separation followed 

by beta counting and Pu-239 is estimated by alpha spectrometry. 

 

3.5.2   PRINCIPLE 

Gamma emitting radionuclides are generally estimated by gamma spectrometry of 

bulk samples. Separation procedures are however given to analyse very low level 

of activity. Manganese-54 and Chromium-51, not being beta emitters are 

estimated by gamma spectrometry only. Cobalt, Nickel and Iron can be separated 

by anion exchange separation and estimated individually. 

 

3.5.3   REAGENTS 

1. Carrier solutions (10 mg/ml) of stable elements of radionuclides to be 

analysed. 

2. HNO3 Conc. and 4N 

3. HCl 8N, 4N, 1N and 0.1 N 

4. Dimethyl glyoxime (DMG), 1% solution in absolute alcohol. 

5. Oxalic acid (saturated) 

6. Ammonium citrate, 5% solution 

7. NaOH, 4N 

8. Na2CO3, 4N 
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9. NH4OH, 4N 

10. NH4NO3 (5%) 

11. Na2SO3 

12. Dowex 1 x 8 (100-200 mesh) anion exchange 10 g resin column , 30 cm X 1 

cm dia column 

13. Liquid scintillation cocktail or Instagel liquid scintillation cocktail. 

 

    3.5.4   PROCEDURE 

1. Take the sample (5 g ash of vegetation, organisms etc.,25 g of   soil or silt)     

in a 500 ml beaker. 

2. Add 1 ml of each carrier solutions of the stable elements of those 

radionuclides    which are to be analysed.. 

3. Add about 50 ml of Conc. HNO3 slowly and evaporate to dryness to dehydrate 

the silica. Repeat the process twice to remove the brown fumes.   

4. Extract the residue in the beaker with 50 ml of 4N HNO3 and filter through 

Whatman 541. Wash the residue with 4N HNO3. Collect the washings along 

with main filtrate in a beaker. 

5. Add 4N NaOH slowly till alkaline and then 20 ml 4N Na2CO3. Warm and stir 

the solution. Separate the precipitate by centrifuging and filtration. Discard the 

filtrate. 

6. Dissolve the precipitate in 4N HCl, evaporate to dryness and dissolve the 

residue in 8N HCl. 

7. Prepare a 20 ml column of Dowex - 1 x 8 resin in chloride form, condition 

with 8N HCl. 

8. Pass the 8N HCl sample solution of step 6 through the anion exchange resin 

column (0.5ml/min) and collect the effluent containing Ni and Mn. 

9. Wash the column containing Co and Fe with 60 ml of 8N HCl and collect the 

washings along with the main effluent fraction and proceed with effluents 

from step 12 onwards for Ni separation. (Mn-54 and Cr-51 can be estimated by 

gamma spectrometry of the effluent after evaporating to suitable volume). 

10. Elute Co from the column with 50 ml 4N HCl and evaporate to near dryness 

and subject to gamma spectrometry using a 10 x 10 cm. well type NaI(Tl). 
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Proceed with eluate from step 20 for Co estimation, if gamma spectrometric 

system is not available. 

11. Elute the column further with 50 ml 0.1 N HCl and collect the eluate 

containing Fe. Continue from step 24 for analysis of Fe. 

12. Add 2 ml of ammonium citrate to the combined effluent solution of steps 8 and 

9. 

13. Add 5 ml of DMG solution and ammonia solution to precipitate Ni-DMG    

complex. 

14. Filter Ni-DMG, dissolve the precipitate in 4N HCl and reprecipitate Ni-DMG 

by addition of ammonia solution and DMG. Filter the precipitate and wash 

with 5% ammonium nitrate solution. 

15. Ignite the filter with the precipitate in a tared silica crucible to destroy DMG. 

Weigh the crucible with the nickel oxide (NiO) and evaluate the chemical 

recovery of Ni.  

16. Convert the Ni-oxide to NiCl2 by adding Conc.HCl and evaporating to 

dryness. Dissolve the residue in 1N HCl and transfer to a liquid scintillation 

vial. Evaporate to dryness.    

16 (a)  Add 1 ml of distilled water to dissolve NiCl2 residue and mix with 15         

   ml of Instagel solution (3.5.3, 13b) and count in  a liquid scintillation                 

  analyser. Or 

16 (b) Dissolve the residue in alcohol and proceed to step 17. 

17. Add a few drops of oxalic acid solution to the alcoholic solution from step 

16(b) to precipitate Ni- oxalate, centrifuge and discard the supernatant. Wash 

the precipitate with alcohol to remove excess oxalic acid. Drain last traces of 

alcohol, wash once with 5 ml of Dioxane and centrifuge. Discard washings. 

18. Add 15 ml of scintillator cocktail (3.5.3, 13a) and 1 g of polystyrene powder 

and shake well. Keep the vial in dark for an hour until uniform gel is formed 

and count in a liquid scintillation analyser. 

19. From the sample counts subtract the background count, calculate 63Ni activity 

taking the efficiency determined using standard 63Ni, source prepared in 

similar liquid scintillation mixture. 

Further calculations are similar to 3H in water samples (cf. 3.4.1.4), where V is 

the quantity of sample taken for analysis.  
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 Standard and blank are prepared as follows: 

           Ni - oxalate standard: 

Evaporate 1 ml Ni-63 standard solution with 1 ml Ni carrier to dryness, dissolve 

in alcohol and precipitate Ni-oxalate with oxalic acid and proceed similar to the 

sample (step 17 and 18). 

           Ni - oxalate blank: 

Evaporate 1 ml Ni carrier to dryness, dissolve in alcohol and proceed similar to 

the standard above. 

      Ni - Instagel standard: 

Evaporate 1 ml Ni-63 standard with 1 ml Ni carrier to dryness, dissolve in 1 ml 

distilled water and mix with 15 ml Instagel. 

      Ni - Instagel blank  

 

20. Evaporate 1 ml Ni carrier to dryness, dissolve in 1 ml distilled water and mix 

with 15 ml Instagel.  

21. Evaporate the 4N HCl eluant from step 10 to dryness. Extract the residue       

with 2 ml 0.1N HCl. Add 100 mg of Na2SO3 and warm to precipitate Co-        

sulphite. 

22. Dissolve the sulphite precipitate with a few drops of 1N HCl and add 2 ml of   

oxalic acid solution.  Digest the solution in a water bath for half an hour. 

23. Wash the precipitate with distilled water and transfer to a tared filter paper.    

Dry the precipitate at 90-100°C. Weigh the precipitate as CoC2O4. 2H2O        

and count the beta activity. 

24. Calculate the 60Co activity using the efficiency of 60Co source similarly           

 prepared.( 3.5.5)   

25. Evaporate the Fe fraction from step 11 to small volume and transfer the          

solution to a vial of suitable geometry. 

26. Estimate 59Fe activity by gamma spectrometry or alternatively add ammonium 

hydroxide to the Fe fraction to precipitate Fe(OH)3 and transfer the precipitate 

to tared filter paper. Dry the   precipitate at 90-100 0C and count in low          

background beta counter and calculate the 59Fe beta activity. 
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Note: Many of the environmental matrices contain stable Fe which has to be taken 

into account while applying the recovery factor for calculation. In the presence of 

excessive stable Fe, gamma spectrometry alone would give reliable results. 

 

3.5.5   CALCULATION 

The Co -60 activity (Bq/kg) in the sample is calculated as follows: 

                                          100 x 100 x 1  

           [(C/t1-B/t2) ± 2SD] x ----------------  

                                           E x Rco x A 

Where,  

C=Total count due to sample + background in t1, secs. 

B=Background counts of the counter in t2 seconds 

SD=Standard deviation =  [C/t1
2 + B/t2

2]½ 

E=Percent efficiency of beta counter 

Rco  % recovery of added Co carrier 

An Aliquot of the sample analysed (kg) equivalent to ash sample taken for 

analysis.  

 

3.6 SAMPLE PREPARATION AND ANALYSIS OF Sr-89 & Sr-90 IN 

WATER  

 

3.6.1   INTRODUCTION  

Strontium-90 is one of the most important fission products in nuclear fuel cycle.  

It is present in all environmental samples in trace quantities due to atmospheric 

weapon testing fallout. Strontium-90 is also present in the low level liquid 

effluents discharged from nuclear reactors and fuel reprocessing plants.  It is a 

pure beta emitter and its daughter product Yttrium-90 is also a high energy pure 

beta emitter.  Another isotope of strontium namely Sr-89 is also present along 

with Sr-90 especially in the liquid effluents of power reactors. Procedures for 

analysis of Sr-89 and Sr-90 in different matrices are briefly described. 

 

 

3.6.2 REAGENTS 
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1. Nitric Acid Conc. (AR), 8N, and 4N. 

2. Nitric Acid fuming (95%). 

3. Calcium carrier (100 mg/ml). 

4. Strontium carrier (20 mg/ml). 

5. Barium carrier (5 mg/ml). 

6. Cesium carrier (20 mg/ml). 

7. Ammonium hydroxide (1:1). 

8. Ammonium carbonate AR. 

9. Acetic Acid (1:1). 

10. Sodium chromate solution (25%). 

11. Iron carrier (Fe+3) 5 mg/ml. 

12. Hydrochloric Acid 4 N. 

13. Yttrium carrier (10 mg/ml) standardised. 

14. Ammonium oxalate solution (5%). 

15. Oxalic Acid solution saturated. 

16. Sodium hydroxide AR. 

17. Sodium Nitrate AR. 

 

3.6.3   EQUIPMENTS 

1. Counting Equipment: Low background beta counting system with background 

of 1 to 2 cpm and efficiency of 40%. (Gas-flow GM counting system with anti -

coincidence circuit and shielding developed). 

2.   Sintered glass 25 mm filter assembly. 

 

3.6.4      PROCEDURES  

 

3.6.4.1    FRESH WATER 

 

1. Filter about 10 - 30 l of water using whatman 42 filter paper.  Acidify the 

filtered water with Conc. HNO3 (3ml/l).    

2. Add 20 mg Sr, 5 mg    Ba, 100 mg Ca and 20 mg Cs carriers.   

3. Precipitate hydroxides and carbonates by raising the pH to 10 with 1:1 NH4OH 

followed by (NH4)2CO3.  
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4. Stir with electrical stirrer for about 15-30 minutes.  Allow the precipitate to 

settle overnight. 

5. Siphon out the supernatant carefully.  Centrifuge and wash the precipitate with  

1N NH4OH solution 

6. Mix the supernatant to earlier supernatant, preserve for Cs-137 estimation 

(cf. 3.10.4 step 10).   

7. Dissolve the precipitate in 8N HNO3 and evaporate to dryness.  Repeat to 

dehydrate silica if present. 

8. Dissolve the residue in 4N HNO3 and centrifuge to remove silica. 

9. Collect the supernate in a centrifuge tube and evaporate to  near  dryness under 

an infrared lamp. 

10. Dissolve the content in minimum volume (not more than 5ml) of 8N HNO3.   

Cool the centrifuge tube in an ice bath. Add about 30 ml of Conc. HNO3 

(.70%). Stir well, cool for 15 minutes. 

11. If the Ca content in the sample is high, do a second Conc. HNO3 precipitation 

of Sr after dissolving the nitrate precipitate. (Note: If fuming HNO3 is 

available, Sr(NO3)2  can be precipitated using  fuming  HNO3 (95%)  and 

adjusting the HNO3 concentration to 70%). 

12. Dissolve the precipitate in 2 to 5 ml of distilled water and neutralise with 

ammonia and add 1:1 acetic acid to adjust the pH to about 4-5. 

13. Warm the centrifuge tube in a water bath and add 1 ml of sodium chromate 

solution. Stir well, centrifuge and collect the supernate in another centrifuge 

tube. Wash the precipitate with distilled water and centrifuge; combine the  

supernates. 

14. Make the combined supernate alkaline using 1:1 ammonium hydroxide and add 

ammonium carbonate to precipitate SrCO3. Wash precipitate with water. 

Discard the supernates and washings.   

15. Dissolve the precipitate in minimum amount of 4N HNO3.  Heat and allow to 

boil. Add 1ml Fe carrier and 1:1 ammonium hydroxide dropwise to precipitate 

ferric hydroxide. Centrifuge and transfer the supernatant to another centrifuge 

tube. Wash the precipitate with water and add to the earlier supernate. Reject 

Fe(OH)3.  (If floating ferric hydroxide precipitate is observed, filter the 

supernate solution  using Whatman 41 filter paper). 
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16. To the supernate, add ammonium carbonate to precipitate SrCO3. Digest on a 

water bath. Centrifuge and discard supernate. 

17. Transfer the SrCO3 precipitate to a tared Whatman 42 filter disc in a  

remountable filter assembly.  Wash with water, dry in an oven at 110°C; cool 

and weigh the filter disc* Calculate the weight of SrCO3  recovered . 

*    The disc has to be kept on a clean aluminium planchet to be used for beta        

     counting and weighed before and after transferring the precipitate. 

18. Beta count the SrCO3 on the filter disc to get the total count due to Sr-89 and 

Sr-90. Using efficiency factor and Sr carrier recovery factor calculate total Sr-

89+90 activities (cf. 3.6.5 - 2). 

19. Dissolve the SrCO3 precipitate on the filter disc in 5 ml of 4 N HCl and 

transfer to a centrifuge tube using distilled water for washing. Add 1 ml Y 

carrier and dilute to about 20 ml. Keep the solution for 14 days for Y-90 build-

up to equilibrium level. 

20. Heat the centrifuge tube in a water bath to remove CO2. Precipitate Y (OH)3 

by adding 1:1 ammonium hydroxide, centrifuge and wash the precipitate with 

distilled water. Keep the supernatant and washings, the Sr fraction, for any 

further verification. Note the time of Y (OH)3 precipitation  for the purpose of 

Y-90 decay  correction. 

21. Dissolve  Y(OH)3 precipitate  in  2 ml of 4N HCl and dilute to about 20 ml,     

heat the solution  and  add  5 ml of oxalic acid  solution  and stir to precipitate 

yttrium oxalate. 

22. Centrifuge and discard supernate. Wash Yttrium oxalate once with distilled 

water. Transfer the precipitate with distilled water to a tared filter disc in the 

filtration assembly. 

23. Dry the Y-oxalate on the filter disc in an oven at 110°C, cool,   weigh and 

count for beta activity in a low background beta counter. Note the time of 

counting and correct for the Y-90 decay during the time period between initial 

precipitation (Step-20) and mid time of counting. From the weight of Y- 

oxalate find the Y carrier recovery factor. Calculate Y-90 activity using 

efficiency and recovery factors. Sr-90 activity will be equal to Y-90 activity 

since Y-90 is in  secular equilibrium with Sr-90 after 14 days  
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Procedure B for fresh water can be followed when sequential analysis of a few 

isotopes is desired especially for large volume samples where duplicate sampling 

is difficult. 

 

 3.6.4.2   SEA WATER  

Sea water can be handled similar to fresh water but the main difficulty is that it 

contains large amounts of Mg & Ca in addition to about 8 mg/l of stable strontium 

(Ref. NAS 1971). In case of seawater, calcium oxalate precipitation is preferred.  

The procedure recommended is as follows: 

 

Procedure A: 

1. Filter 5-20 l of seawater (depending on the location and activity expected) 

through Whatman 42 filter paper.   

2. Acidify with conc. HNO3 (3 ml/l).   

3. Add Sr, Ba carriers, and warm on a hot plate.   

4. Precipitate calcium oxalate by adding saturated oxalic acid followed by 

ammonium hydroxide to adjust the pH to about 1.    

5. Allow the precipitate to settle overnight.  Decant the supernatant carefully and 

centrifuge the calcium oxalate. 

6. Wash the precipitate   with 5 % ammonium oxalate solution followed by 

distilled water. 

7. Dissolve the precipitate with concentrated HNO3 and evaporate with addition 

of 2-3 ml perchloric acid on a hot plate to decompose the oxalate.   

8. Dissolve the residue in 8N HNO3 and proceed for Sr separation. 

     

Procedure B for sea water can be followed when sequential analysis of a few 

isotopes is desired especially for large volume samples where duplicate sampling 

is difficult. 

 

 

3.7 ALTERNATIVE ESTIMATION OF 90Sr BY CERENKOV RADIATION 

COUNTING  
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3.7.1   PRINCIPLE  

Light photons in the region of UV-VIS spectrum are emitted whenever the 

velocity of the charged particle exceeds the speed of light in the medium through 

which it is passing.  The phenomenon of such radiation emission is called 

Cerenkov effect and the radiations are called Cerenkov radiations.  The 

conventional Liquid Scintillation Analysers can convert the Cerenkov radiation 

into an electrical signal similar to the one encountered in 3H measurement by 

liquid scintillation method. 

 

3.7.2   INSTRUMENTATION  

A standard Liquid Scintillation Analyser equipped with matched photomultiplier 

tubes and operating on the principle of coincidence counting technique can be 

used.  The energy of the Cerenkov radiations is in the range of 0-25 keV for 90Y.  

In a dual channel energy scintillation spectrometer the following energy set up is 

used. 

 Channel A:  0 keV - LLD      25 keV - ULD  

Channel B:   4 keV - LLD      25 keV - ULD  

The ratio of the two channels or the built-in Quench Indicating Parameter like 

TSIE or SIS can be used to identify the end point energy and the degree of 

quenching. The background for the Liquid Scintillation Analyser model TRI-

CARB 1550 of CANBERRA in region `A' is about 0.1 cps with an efficiency of 

50 % for 90Y. The minimum detection limit for 90Y and thus for 90Sr is about 32 

mBq for a counting period of 3600 seconds. 

 

3.7.3   CERENKOV COUNTING OF EQUILIBRATED 90Sr-90Y. 

Liquid samples containing 90Sr activity of the order of 0.1 Bq/l or above can be 

conveniently counted for Cerenkov radiation to estimate 90Sr concentration.  It 

must be ascertained that the sample is either in equilibrium or allowed to attain 

equilibrium in-situ in the vial. The daughter product 90Y of 90Sr has beta end point 

energy of 2270 keV.  The beta particles emitted by 90Y are capable of producing 

Cerenkov radiations with an efficiency of about 50 %.  The estimation of daughter 

product 90Y in an equilibrated sample helps in the estimation of 90Sr.  It should be 

noted that the β energy of 90Sr will not produce Cerenkov radiation efficiently (2 
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% efficiency).  This helps in the in-situ estimation of 90Y in the presence of 90Sr 

and other low energy beta emitters. 

 A sample volume of about 10-15 ml is taken in a low potassium content LSS vial 

and counted for about half or one hour duration. The activity levels due to gamma 

emitters in the sample are estimated by gamma spectrometry using HPGe detector.  

Count rate due to 90Y is computed as given below:                      

                             j 

      CSr   = CT   -    ∑ Ai x Fi         --- (i) 

                            i=1 

 

                                      100         1 

      Q (89+90Sr) = CSr x -------- x -----       --- (ii) 

                                       E           V 

 

where      Q   =   Activity due to 89+90Sr (Bq/ml.) 

              CSr =   count rate due to 89Sr and 90Y (90Sr) (cps) 

              CT =   Total count rate (cps) 

              V   =   Volume of sample (ml) 

              Ai =   Concentration of nuclide (i) in the sample (Bq) 

              Fi = Sensitivity factor of nuclide (i) for   Cerenkov radiation (cps/Bq) 

              j   =   No. of radionuclides 

              i   =   n th radionuclide. 

             E   =   % efficiency for Cerenkov radiation. 

  

 

 

 

3.8 SAMPLE PREPARATION AND ANALYSIS OF Cs-137 IN      

ENVIRONMENTAL SAMPLES 

 

3.8.1   PRINCIPLE 

3.8.1.1 WATER SAMPLES 
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Radiocesium along with added Cs carrier is absorbed on ammonium 

phosphomolybdate(AMP) from acidified water sample. The Cs-AMP is then 

counting in suitable geometry by gamma spectrometry.  

 

3.8.1.2   BIOLOGICAL SAMPLES 

Cesium-137 and added Cesium carrier are equilibrated in solid samples by fusion 

with fusion mixture or for soluble samples, by digestion of the sample in nitric 

and hydrochloric acids.  Bulk constituents including iron, the alkaline earths and 

rare earths are removed by leaching the alkali metals from the fusion melt with 

water or scavenging the acid solution with alkaline carbonate precipitation. 

Cesium from solution is extracted with AMP. The Cs-AMP is then subjected to 

gamma spectrometry.  

  

3.8.2 REAGENTS 

1. Cesium carrier solution - 10 mg Cs/ml 

2. Ammonium phosphomolybdate micro crystals (AMP). 

3.  Nitric Acid Conc.(AR), 1:1. 

4.  Fusion mixture: NaOH , NaNO3 , Na2CO3 anhydrous  in the ratio of  5:2:1. 

  

3.8.3   PROCEDURE 

 

3.8.3.1 WATER SAMPLES (SEA WATER, FRESH WATER) 

1. Take required amount of filtered water sample (1-50 l). 

2.  Acidify with Conc. HNO3 (2ml/litre).  Add 1-2 ml of Cesium carrier and stir 

  well. 

3.  Add 200 mg/l of AMP to the sample and continue stirring for an hour.  

4.  Allow the AMP to settle and decant off as much as possible of the supernate.   

5. The Cesium adsorbed AMP is then subjected to gamma spectrometry.  

3.8.3.2   BIOLOGICAL SAMPLES 

 

SAMPLE PREPARATION: 

Since Cs is volatile at high temperature wet ashing or acid dissolution is the ideal 

method of sample preparation.  However, this treatment is prohibitive for the size 
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of sample generally required and dry ashing in most instances is the only practical 

approach.  Loss of Cs is minimised by ashing at temperatures below 450°C and by 

exposing the samples to elevated temperature for as brief a period as possible. 

Loss of Cs on ashing is negligible for samples containing sulphate and phosphate. 

After ashing, grinding and blending, a suitable aliquot of ash is taken for analysis. 

Different sample types are subjected to preliminary separation to bring them to a 

common point of analysis. 

 

A.   WET ASHING METHOD (For tissue sample) 

1. Added 250-500 g of tissue sample in small portions to 500 ml of hot Conc. 

HNO3 in 2 l beaker. When all the tissue has been added and the reaction has 

stopped, add 1ml of cesium carrier solution and other required carriers. 

2. Evaporate to approximately 50 ml. If the solution is not clear and oxides of 

nitrogen are being formed, repeat the evaporation with additional HNO3.  

3. Complete the ashing by the continuous dropwise addition of H2O2 and HNO3. 

4. Evaporate gently to dryness to a white residue. 

5. Redissolve the residue in 1:1 HNO3 (25 ml) and transfer to a 400 ml beaker. 

Dilute to 200 ml with water. With continuous stirring, adjust the pH to 5-6 

with NaOH pellets. 

6. Add 100 ml of saturated Na2CO3 solution with stirring.  Stir for 15 minutes 

more and allow the precipitate to settle. 

7. Filter with suction through a whatman 42 filter paper.  Wash the precipitate 

with 10% Na2CO3 solution. Reserve the precipitate for Sr or other analysis 

(where required). 

8. Transfer the filtrate and washing to a beaker and cautiously acidify to pH-1 

with HCl and add approximately 5-10 ml in excess. Remove dissolved CO2 by 

warming. 

9. Stir for 15 min. and if any precipitate forms, filter through whatman 42 filter 

paper wash with hot 1:1 HCl and discard the residue. 

10. Transfer the filtrate & washing to a 2 l beaker. 

11. Add 200mg AMP, stir for 30 minutes and allow the precipitate to settle.      

Cs-AMP is then counted for radiocesium activity using gamma spectrometry. 

. 
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B. DRY ASHING METHOD 

1. Weigh 1-3 kg of the sample. (food crops, vegetables, milk, fish and other 

aquatic food  organisms.) 

2. Dry the sample at 1100C for 24 to 48 h. and weigh. 

3. Take the dry sample for gamma counting in a suitable geometry. If the activity  

is low proceed with step 4. 

4. Ash the sample at 4500C (48 h) 

5. Cool and weigh the ash and take for gamma counting in suitable geometry. If 

the activity is low proceed with the radiochemical separation for Cs.   

6. Carry out initial mobilisation of cesium from the ash of biological samples 

byeither by. Alkali fusion method or Acid leaching method as detailed below. 

 

i.   Alkali Fusion Method: 

1. Weigh 3 to 5 g (or 20 g for near background samples) of the dry ash of the 

biological sample and take in a 100 ml capacity Nickel/S.S. crucible. Add       

1 ml of Cs carrier and dry under infra-red lamp. 

2. Add about 10 to 15 g fusion mixture to the crucible and fuse the content over a 

burner till a clear liquid melt is obtained. Heat further for about 10 minutes.  

Allow the melt to cool thoroughly. 

3. Soak the contents with 50 ml distilled water and digest.  Break the lumps 

slowly. Transfer the contents into a 400 ml beaker quantitatively with distilled 

water. 

4. Break any lumps of fused mass further with a glass rod and digest for 15 

minutes over a flame. 

5. Filter the contents through whatman 41 filter paper. Wash with distilled water. 

Collect the filtrate and washings for Cs estimation.  

6. Acidify slowly the filtered solution with 1: 1 HNO3 and heat to remove CO2. 

7. Add 200 mg/l of AMP and stir for 30 minutes. Proceed for gamma 

spectrometry. 

ii.   Acid Leaching Method. 

1. Weigh 3 to 5 g of dry ash (20 g for near background samples) of biological 

sample in a 400 ml beaker 

2. Add 1ml of Cs carrier. 
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3. Add measured volume (30-60 ml) of Conc. HNO3 to the ash sample and 

evaporate to dryness. 

4. Repeat step 3 twice and dry till brown fumes are removed. If the residue is 

still brown, add 10 ml HNO3 and a few drops of HClO4, cover with a watch 

glass, heat to boil and finally remove white fumes by low heating on hot plate. 

5. Add measured volume (5 to 20 ml) of Conc. HCl and evaporate to dryness 

6. Extract the residue with 30 ml of hot 1:1 HCl   thrice, centrifuge and collect 

the supernatant solution. 

7. Add 30 ml of 0.1 N HCl to the residue stir well and collect the supernatant and 

mix with the solution in step 6. Discard residue if any. 

8. Add 6 N NaOH to the solution till it becomes alkaline and  then 10 ml of 

saturated sodium carbonate solution and centrifuge and wash the precipitate 

with distilled water.  

9. Collect the supernatant and washings. Acidify the solution slowly with 1:1 

HNO3 and heat to remove CO2. 

10. Add 200 mg/l AMP and stir for 30 minutes. Proceed for gamma spectrometry.

   

3.8.4   CALCULATIONS 

The Cs -137 activity (Bq/l or kg) in the sample is calculated as follows: 

                                         100 x 100 x 1  

           [(C/t1-B/t2) ± 2SD] x ----------------  

                                           E x Rcs x A 

Where, C= Total count due to sample + background in t1, secs.      

B=Background counts of the counter in t2 seconds 

SD=Standard deviation =  [C/t1
2 + B/t2

2]½ 

E=Percent efficiency of beta counter, Rcs   % recovery of added Cs carrier 

A=Aliquot of the sample analysed (kg or litre). 

3.9 ESTIMATION OF Sr-89, Sr-90 AND Cs-134+137 IN BIOLOGICAL 

SAMPLES 

 

3.9.1   PRINCIPLE 

Ash of biological samples such as food crops, vegetables, milk, fish and other 

aquatic food organisms is fused with fusion mixture after addition of Cs and Sr 
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carriers. The fused mass is extracted with distilled water. Cs carrier along with 
134+137Cs will get extracted with water and Sr carrier with 89+90Sr will remain in 

the insoluble carbonate residue. 

Aqueous extract containing Cs is acidified with nitric acid and Cs is collected by 

replacement of ammonium ions on ammonium phosphomolybdate(AMP). Cs-AMP 

is dissolved in ammonia and gamma counted or Cs.  

The carbonate residue is dissolved in nitric acid. Sr is separated from Ca using 

fuming HNO3 or conc.HNO3 in cold condition.  Ba, Ra and Pb activities are 

removed by Ba-chromate scavenging.  Ferric hydroxide scavenging of Sr solution 

removes all other fission products including 90Y, daughter product of 90Sr. 89Sr 

and 90Sr can be estimated individually after 90Y separation. Yttrium carrier is 

added to Sr solution and kept for 14 days for growth of 90Y. Y-90 is precipitated 

as hydroxide and then as oxalate. Y-oxalate is beta counted and 90Sr is evaluated 

from 90Y counts.  Chemical recoveries are corrected for by using Sr and Y carrier 

recoveries.  Sr-89 activity is calculated by subtracting 90Sr activity from the total 
89+90Sr activity or alternatively by solving simultaneous equations formed from 

the two countings done before and after growth of 90Y. 

Prior to radiochemical separation, gamma spectrometry of the sample is carried 

out for gamma emitters. However, for beta emitters radiochemical separation is 

necessary. 

 

3.9.2   REAGENTS 

1. Nitric Acid Conc. (AR), 8N, 4N 

2.   Hydrochloric Acid 4N 

3.   Acetic Acid 1:1 

4.   Ammonia solution (AR) (sp. gr. 0.91) 

5.  Ammonium Phospo Molybdate (AMP) 

6.  Ammonium Carbonate. A.R 

7.  Sodium Chromate solution (25%) 

8.  Oxalic Acid solution (10%) 

9. Cesium carrier (10 mg Cs/ml) as CsCl or CsNO3 (standardised) 

10. Strontium carrier (20 mg Sr/ml) as nitrate (standardised) 

11. Yttrium carrier (10 mg Y/ml) as nitrate (standardised) 
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12. Barium carrier (5 mg Ba/ml) as nitrate 

13. Iron carrier (Fe3+) solution (5 mg Fe/ml) as nitrate  

17. Fusion mixture: NaOH+NaNO3+Na2CO3 anhydrous in the  ratio of  5:2:1 

 

3.9.3   EQUIPMENTS 

1. Counting Equipment: Low background beta counting system with background 

of 1 to 2 cpm and efficiency of 40%. (Gas-flow GM counting system with 

anticoincidence set up) and gamma spectrometry system.   

 

3.9.4   SAMPLE PREPARATION 

1. Weigh 1-3 kg of the sample. (food crops, vegetables, milk, fish and other 

aquatic food  organisms.) 

2. Dry the sample at 1100C for 24 to 48 h. and weigh. 

3. Take the dry sample for gamma counting in a suitable geometry. If the activity 

is low proceed with step 4. 

4. Ash the sample at 4500C (48 h) 

5. Cool and weigh the ash and take for gamma counting in suitable geometry. If 

the activity is low proceed with the radiochemical separation for Cs and Sr.   

6. Carry out mobilisation of cesium and strontium from the ash of biological 

samples by A. Alkali fusion method, or B. Acid leaching method as detailed 

below. 

 

A: Alkali Fusion Method: 

1. Weigh 3 to 5 g (or 20 g for near background samples) of the dry ash of the 

biological sample and take in a 100 ml capacity Nickel/S.S. crucible. Add 1 ml 

of Cs, Sr, Ba carriers and dry under infra-red lamp. 

2. Add about 10 to 15 g fusion mixture to the crucible and fuse the content over a 

burner till a clear liquid melt is obtained. Heat further for about 10 minutes. 

Allow the melt to cool thoroughly. 

3. Soak the contents with 50 ml distilled water and digest.  Break the lumps 

slowly. Transfer the contents into a 400 ml beaker quantitatively with distilled 

water. 
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4. Break any lumps of fused mass further with a glass rod and digest for 15 

minutes over a flame. 

5. Filter the contents through whatman 41 filter paper. Wash with distilled water. 

Collect the  filtrate and washings for Cs estimation. Take the precipitate on 

filter paper for Sr estimation (step 8). 

6. Acidify slowly the filtered solution with 1: 1 HNO3 and heat to remove CO2. 

7. Add 200 mg/l of AMP and stir for 30 minutes. Carry out the gamma 

spectrometry to evaluate Cs-134 & cs-137.  

 

B: Acid Leaching Method. 

1. Weigh 3 to 5 g of dry ash (20 g for near background samples) of biological 

sample in a 400 ml  beaker 

2. Add 1ml of Cs, Sr and Ba carriers. 

3. Add measured volume (30-60 ml) of Conc. HNO3 to the ash sample and 

evaporate to dryness. 

4. Repeat step 3 twice and dry till brown fumes are removed. If the residue is 

still brown, add 10 ml HNO3 and a few drops of HClO4, cover with a watch 

glass, heat to boil and finally remove white fumes by low heating on hot plate. 

5. Add measured volume (5 to 20 ml) of Conc. HCl and evaporate to dryness. (  

About 1ml per gram of ash is required to remove HNO3 fumes completely). 

6. Extract the residue with 30 ml of hot 1:1 HCl   thrice, centrifuge and collect 

the supernatant solution. 

7. Add 30 ml of 0.1 N HCl to the residue stir well and collect the supernatant and 

mix with the solution in step 6. Discard residue if any. 

8. Add 6 N NaOH to the solution till it becomes alkaline and then 10 ml of 

saturated sodium carbonate solution and centrifuge. Proceed with the 

supernatant for Cs separation.     

9. Dissolve precipitate with 1:1 HNO3 and proceed for determination of Sr 

10. Collect the supernatant from step 8 Acidify the solution slowly with 1:1 HNO3 

and heat to remove CO2. 

11. Add 200 mg/l AMP and stir for 30 minutes. Carry out the gamma spectrometry 

to evaluate Cs-134 & cs-137.  

 



42 
 

3.9.5   CALCULATION 

     Sr-90 activity: (Bq/g fresh sample) : 

                                                                     100 x 100 x 100 x A 

      N(Sr-90) = [(C/t1   -  B/t2) ± 2SD] x  ----------------------------------------- 

                                                             E x F1 x F2 x  Rsr x Ry x W x 100 

 

      C   =   Total count due to sample Y-90 + Background in time t1 secs 

      B   =   Background count in time t2 secs. 

    SD   =   Standard deviation ± [C/t1
2 + B/t2

2]½ 

      E    =   Percent efficiency of the beta counter for Y-90. 

      F1   =   Y-90 growth factor (< 1) 

      i.e. [1-exp(  - λ tg ] where, λ is the decay constant for Y-90 and  tg  is the  

period   of Y-90 growth.  (for 14 days period F1  can be  taken as 1) 

      F2   =   Y-90 decay factor 

i.e.  Exp (- λ td) where  λ is Y-90 decay constant and td is the decay period 

between precipitation of Y(OH)3 and mid point of counting of  Y-oxalate. 

      (  λ for Y-90 is 1.083 x 10-2 hrs-1)  

      Rsr =   Percent recovery Sr carrier 

      Ry =   Percent recovery of Y carrier 

      W   =   Weight of sample ash taken for analysis 

      A    =   Percentage ash for the sample w.r.t fresh wt. 

3.  Sr-89 Activity: (Bq/g fresh sample) 

Sr-89+90 activity in Bq/g is calculated (N Total Sr-89+90) from the total Sr 

counted immediately after Y-90 removal by Fe(OH)3 precipitation as 

follows(cf.3.6.4.1 Step18). 

                                                              

                                                              100 x 100 x A 

      N(Sr-89+90)  =  [(C/t1-B/t2) ± 2SD] x ------------------------ 

                                                               E x Rsr x W x 100 

 

 C, B, SD, E, Rsr, W and A are similar to what is given for  Sr-90 but  refer to 

total Sr counting. 

  Sr-89,  is calculated as 
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  NSr-89  = NSr-89+90 - Nsr-90. 

 

3.10 RADIOCHEMICAL DETERMINATION OF PLUTONIUM AND 

AMERICIUM  

 

3.10.1 SOIL AND SEDIMENT 

 

3.10.1.1   PRINCIPLE 

Americium and plutonium are leached from the soil or sediment with nitric and 

hydrochloric acids after equilibration with Am-243 and Pu-242 tracers. Plutonium 

is separated by anion exchange separation in 8N HNO3 medium. Americium is 

coprecipitated with calcium oxalate and separated by cation exchange. Both 

plutonium and americium together can also be coprecipitated with calcium oxalate 

and separated from each other by anion exchange. The separated plutonium and 

americium are electrodeposited on a stainless steel planchet and the individual 

isotopes of the nuclides and tracers are resolved by alpha spectrometry using 

silicon surface barrier detector. Am-241 can also be estimated by gamma 

spectrometry (59.6 keV).  The method given below is suitable for 100 g of soil or 

sediment samples.  

 

3.10.1.2 REAGENTS 

1. Am-243 and Pu-242 tracer solutions standardised for total disintegration rate  

     and checked by alpha  spectrometer for purity. 

2. Sodium nitrite salt. 

3. Methyl red indicator. 

4. Dowex 1 x 8 resin (100-200 mesh) - 10 ml (3.3.3) 

5.  Dowex 50 x 8 resin (100-200 mesh) - 10 ml (3.3.3) 

6. Hydroxylamine hydrochloride. 

7. 1.5 M Hydroxylamine hydrochloride in 1N HCl solution  

   Dissolve 104.2g of Hydroxylamine hydrochloride in 1N HCl and make up to    

     1 litre with 1N HCl. 

8. Calcium carrier solution: 100 mg/ml - Dissolve 25 g CaCO3 in minimum of 1: 

9     HNO3 and dilute to 100 ml. 
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9. Oxalic acid solid. 

10. Oxalate wash solution: Dissolve 50 g of oxalic acid in water and adjust the  

     pH to 2.5 - 3 with  NH4OH. 

11. Hydrochloric acid 8N and 3N 

12. Nitric acid 8N and 10N 

13. Sulphuric acid (Conc.), 1.5 M 

14. Iron (Fe+3) carrier, 50 mg/ml as nitrate or chloride. 

15. Ammonia Solution, 0.5 M 

 

3.10.1.3   EQUIPMENTS 

1. Ion exchange columns (3.3.3). 

2. Electrodeposition apparatus. 

3. Electrolysis electrode (Platinum wire). 

4. Alpha spectrometric system with Si-surface barrier detector. 

 

3.10.1.4   PROCEDURE 

1. Weigh 20-100 g of soil/sediment and take in a round bottom flask.  Add known 

amount (about 2 dpm) each of Pu-242 and Am-243 tracers. 

2. Add slowly about 4 times the volume of the sample of 8N HNO3 & allow the 

reaction to subside. 

3. Set  up  an  apparatus  for  refluxing  with  a  45  cm  water condenser. Reflux 

the sample for 2 hours and allow to cool. 

4. Centrifuge and collect the supernatant solution.  Transfer the residue to the 

flask with 8N HNO3 in case of sea sediment and 8N HCl in case of soil 

sample. Reflux again for 2 hours with 4 times the  sample volume of 8N HNO3 

for sea sediment or 8N HCl for soil samples.(In case of soil samples  HNO3 

treatment alone does not give complete extraction  of the actinides) 

5. Cool and centrifuge the sample and collect the supernatant solution and mix 

with the solution in step 4. 

6. Wash the residue with 8N HNO3 or 8N HCl respectively until the colour of the 

supernatant solution becomes pale yellow and add the washings to the sample 

solution in step 5. Discard the residue. 
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7. Reduce the volume of the solution by evaporation on a hot plate and add 1:1 

ammonium hydroxide solution and heat until the precipitate coagulates.  

Centrifuge & collect the precipitate. Discard the supernatant. 

8. Dissolve the precipitate in 1:1 nitric acid and reprecipitate with 1:1 ammonium 

hydroxide. 

9. Centrifuge and discard the supernatant solution. Wash the precipitate with1:20 

NH4OH. 

10. Dissolve the precipitate with 1:1 HNO3 & collect the solution in a beaker. 

Evaporate the solution to near dryness. 

11. Add 100 ml of 8N HNO3 to the residue and warm. Centrifuge & filter through 

Whatman 42 filter paper, collect the filtrate. 

12. Wash the residue four times with 20 ml fractions of 8N HNO3, centrifuge and 

filter. Collect the filtered washings along with filtrate from step 11. Discard 

the residue. 

13. Add 200 mg of NaNO2 and warm the solution. Allow the solution to cool to 

room temperature. 

14. Prepare an anion exchange resin (Dowex 1 x 8) column of 10 ml (1 cm dia). 

Condition the column with 8N HNO3.  Pass the sample solution obtained in 

step 13 through the column at a flow rate of 0.5 ml/min. Wash the column with 

     60 ml of 8N HNO3. Plutonium and thorium are retained on the column. 

15. Collect the effluent and washings from Pu column and proceed for americium 

separation (from step 19). 

16. Wash the column with 60 ml 8N HCl to elute thorium held on the column. 

Discard the elute 

17. Elute the column with 60 ml of 1.5 M hydroxylamine hydrochloride in 1M 

HCl solution collect the elute containing plutonium. 

18. Evaporate the elute to dryness and add slowly a few drops of nitric acid to 

decompose hydroxylamine hydrochloride. Gently heat to complete the 

decomposition. Take the evaporated   residue for electrodeposition (cf.  

3.12.1.5) and alpha spectrometry for estimation of isotopes of plutonium  

Neptunium isotopes if present will accompany plutonium. Calculate the 

activity of Pu isotopes  with respect to the added 242Pu tracer activity. 
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19. Reduce the volume of effluent from step 15.  Add 1 ml (100 mg) of calcium 

carrier and oxalic acid (about 1g/g of sample aliquot) with stirring using a 

magnetic stirrer. 

20. Adjust the pH of the solution to 3.5 with NH4OH and continue to stir for 30 

min. 

21. Allow the Ca-oxalate precipitate to settle, centrifuge and discard the 

supernatant solution. Wash the precipitate with the oxalate wash solution.  

22. Discard the washings. 

23. Dissolve the precipitate in 20 ml of Conc. HNO3, heat on a low temperature 

hot plate to destroy the oxalate.  Add 5 g of oxalic acid and reprecipitate 

calcium oxalate at pH 3.5 with NH4OH. Stir for 30 minutes. Centrifuge and 

discard the supernatant solution.  Wash the precipitate with oxalate wash 

solution. (Am-241 can be evaluated by gamma spectrometry by dissolving the 

Ca-oxalate precipitate with HCl and filling the solution in a container of 

suitable geometry). After counting, evaporate the solution to dryness. 

24. Dissolve the residue with 20 ml of HNO3 and add 2 ml perchloric acid and 

evaporate on a hot plate. 

25. Evaporate the residue twice with HCl, 10 ml at a time. 

26. Dissolve the residue in 3 M HCl (25 ml).  Warm gently and centrifuge.  

Discard the residue. 

27. Prepare a Dowex   50 x 8 cation exchange column (10 ml, 1 cm dia) and 

condition it with 3M HCl. 

28. Pass the 3M HCl sample solution obtained in step 26 through the cation 

exchange column at a flow rate of 0.5 ml/min. 

29. Wash the column with 40 ml 2N HNO3. 

30. Elute the column with 70 ml 10M HNO3. 

31. Evaporate the eluate to dryness & take for electrodeposition (cf. 3.12.1.5).      

32. Americium and other alpha emitters like curium isotopes can be estimated by 

alpha spectrometry. Calculate the activity of 241Am with respect to the added 
243Am tracer activity   

 

3.10.2 WATER SAMPLE 
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3.10.2.1 PRINCIPLE 

Americium and plutonium are coprecipitated with ferric hydroxide and 

radiochemical separation carried out by ion exchange as described in the case of 

soil and sediment. 

 

3.10.2.2    SAMPLE PREPARATION 

1. Take 50 to 100 liters of filtered (Whatman 42) sea water and add 242Pu and 
243Am tracers (about 2 dpm) each. 

2. Acidify the sample with 200 ml of Conc. nitric acid and add 2 g 

hydroxylamine hydrochloride. 

3. Add 500 mg of iron carrier as iron chloride or nitrate, stir well. 

4. Heat the sample to about 70°C using an acid and alkali resistant immersion 

heater. 

5. Add 1: 1   NH4OH slowly to raise the pH to 7 with continuous stirring. 

6. Allow the precipitate to settle down. 

7. Decant off the supernatant solution. 

8. Centrifuge the remaining solution and collect the precipitate. 

9. Dissolve the precipitate in 1:1 nitric acid and reprecipitate with1:1 Ammonium 

hydroxide. 

10. Centrifuge and discard the supernatant solution. Wash the precipitate with 

1:20 NH4OH. 

11. Proceed for plutonium and americium separation as per the procedure given 

for soil and sediment.  

 

 

3.10.2.3   ELECTRODEPOSITION 

1. Add 0.3 ml of Conc. H2SO4 to the dried plutonium or americium residue and 

heat over a bunsen flame till white fumes start evolving. Cool. 

2. Add slowly a few drops of water by the sides of the beaker. 

3. Add 2 drops of methyl red indicator solution and ammonia dropwise until the 

indicator just turns yellow. 

4. Quickly add 1.5 M sulphuric acid drop wise to restore the red colour, then one 

drop in excess. 
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5. Set up  the  electrodeposition  assembly  with  a  2.5 cm  dia  stainless  steel  

planchet (cathode). 

6. Transfer the sample solution to the electrodeposition cell. 

7. Wash the beaker thrice with 2 ml each of distilled water & add to the 

electrodeposition  cell. 

8. Adjust the anode (platinum wire) to cathode distance to about 1 cm and pass a 

direct current of about 300 mA through the cell for at least 2 hours. 

9. At the end of the time add 1-2 ml of ammonia solution to the cell to make the 

electrolyte solution alkaline and wait for one minute. 

10. Switch off the current and collect the electrolyte solution in a beaker. 

11. Rinse the cell twice with 0.5 M ammonium hydroxide solution. Remove the 

stainless steel disc from the cell, allow to dry in air for a few minutes and heat 

to redness in a bunsen flame. The sample is now ready for counting and alpha 

spectrometry. 

 

3.11 DETERMINATION   OF POLONIUM-210  

 

3.11.1   BIOLOGICAL SAMPLES PREPARATION: 

 

3.11.1.1 PRINCIPLE 

Since Polonium is volatile at high temperature wet ashing or acid dissolution is 

the ideal method of sample preparation.  However, this treatment is prohibitive for 

the size of sample generally required and dry ashing in most instances is the only 

practical approach.  Loss of polonium is minimised by ashing at temperatures 

below 450°C and by exposing the samples to elevated temperature for as brief a 

period as possible. Loss of Polonium on ashing is negligible  for samples 

containing  sulphate and  phosphate. After ashing, grinding and blending, a 

suitable aliquot of ash is taken for analysis. Different sample types are subjected 

to preliminary separation to bring them to a common point of analysis. 

 

3.11.1.2 WET ASHING METHOD (For tissue sample) 
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1. Add 250-500 g of tissue sample in small portions to 500 ml of hot Conc. HNO3 

in 2 l beaker. When all   the tissue has been added and the reaction has 

stopped, add 1 ml of Po-209 tracer (2dpm). 

2. Evaporate to approximately 50 ml. If the solution is not clear and oxides of 

nitrogen are being formed, repeat the evaporation with additional HNO3. 

Complete the ashing by the continuous dropwise  addition of H2O2 and HNO3. 

3. Evaporate gently to dryness to a white residue. 

4. Dissolve the residue in 250 ml 0.5 M HCl  

5. Add 200 mg ascorbic acid 

6. Proceed for Po-210 plating as per the procedure given under polonium plating 

procedure.  

 

3.11.1.3 DRY ASHING METHOD 

1. Weigh 10-20g of the dry sample ( food crops, vegetables, milk, fish and other 

aquatic food  organisms.) and take in a 250 ml round bottom  flask.   

2. Add slowly about 50 ml of 8N HNO3 & allow the reaction to subside and 

evaporate to dryness Add 1 ml of Po-209 (about 2 dpm) tracers. 

3. Connect the flask for refluxing with a 45 cm water condenser. Reflux the dry 

mass with 8N HCl for 2 hours and allow to cool. 

4. Centrifuge and collect the supernatant solution and evaporate to near dryness.  

5. Take the residue in a beaker and dissolve it in about 250 ml 0.5N HCl. 

6. Add 200 mg ascorbic acid 

7. Proceed for Po-210 plating as per the procedure given under polonium plating 

procedure.  

  

 

3.11.2 WATER SAMPLE PREPARATION 

 

3.11.2.1 PRINCIPLE 

Polonium can be coprecipitated with ferric hydroxide in large volume of water 

samples. The ferric hydroxide is dissolved in 0.5M HCl and Po-210 can be 

deposited electrochemically on silver plate.  
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1. Take about 10 liters of filtered (Whatman 42) water sample and add 209Po 

tracer (about 2 dpm) each. 

2. Add 150 mg of iron carrier as iron chloride or nitrate, stir well. 

3. Add 1: 1   NH4OH slowly to raise the pH to 9 with continuous stirring for two 

hours. 

4. Allow the precipitate to settle down for over night. 

5. Decant off the supernatant solution. 

6. Centrifuge the remaining solution and collect the precipitate. 

7. Dissolve the precipitate in 250 ml 0.5 M HCl  

8. Add 200 mg ascorbic acid 

9. Proceed for Po-210 plating as per the procedure given for soil and sediment.  

 

3.11.2.2 PROCEDURE FOR POLONIUM PLATING 

1. Take the sample from the step proceed for polonium plating i.e. extracted    

sample in 250 ml 0.5NHCl. Keep the beaker on a hot plate cum magnetic 

stirrer.  

2. Take aclean and washed silver planchet and count its both the sides separately 

for alpha activity background in the Po-210 region using a calibrated alpha     

spectrometer.  

3. Dip the silver planchet ( by hanging from outside) in the above solution and 

allow the stirring for about 2 hours at constant temperature of 600C. 

4. After two hours the plate is removed and washed by running water. Dry the 

silver planchet and count its both the sides separately using a calibrated alpha 

spectrometry systemto evaluate Po-210 activity in the sample.  

5. Po-210 can be estimated by alpha spectrometry. Calculate the activity of Po-

210 ( 5.305 MeV)with respect to the added Po-209 (4.88 MeV)tracer activity  

 

3.11.2.3 CALCULATION 

The Po-210 activity (Bq/l or kg) in the sample is calculated as follows: 

                                          100 x 100 x 1  

           [(C/t1-B/t2) ± 2SD] x ----------------  

                                           E x Rpo x A 

Where, C=Total count due to sample + background in t1, secs. 
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B= Background counts of the counter in t2 seconds 

SD=Standard deviation =  [C/t1
2 + B/t2

2]½ 

E=Percent efficiency of beta counter, Rcs   % recovery of added Po carrier 

A= Aliquot of the sample analysed (kg or litre). 
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4) RADIOACTIVITY MEASUREMENTS AND NUCLEAR COUNTING 

INSTRUMENTATION 

 

4.1 INTRODUCTION 

The radioactivity contents in different environmental matrices are measured by using 

nuclear instruments.  In this section, the principle, methodology, calibration and 

performance of different detector systems have been described.   

 

4.2   COUNTING SYSTEMS  

The most common counting systems used in nuclear research laboratory are: 

i) Beta Counting System   ii)   Alpha Counting System iii) gamma Spectrometry 

 

4.2.1   BETA COUNTING SYSTEMS 

 

4.2.1.1   GM COUNTING SYSTEM 

Beta counting systems generally utilise a medium sized sealed normal type or low 

background type of end window Geiger-Muller tube as detector. Argon as counting 

gas and halogens or organic gas as quenching gases is used in these tubes.  Beta 

particles incident in the gas volume through a mica window (10 mg/cm2) dissipate 

their energy in ionising the gas atoms.  Electrons produced in the process are swept to 

anode and are collected.  The signal is quite strong as the detector is operated in G.M. 

region and does not require complicated electronics.  An electronic quench unit 

(paralysis unit) collects these electrons and provides a measurable pulse.  It also 

provides a selectable fixed dead time of 250 or 350 or 550 micro sec. 

Beta counting system can be assembled by utilising nuclear instrumentation modules 

like EHT unit, Paralysis unit, timer / scalar and the power supply bin.  Stand alone 

systems are also available which contain electronic circuitry to provide required 

functions of the above units. 

 

CALIBRATION 

Analytical grade potassium chloride crystals are powdered after drying at 110 0C for 1 

hour and uniformly spread and fixed with gelatin or collodion in an aluminum 

planchet. The size of the planchet is properly chosen to match the detector and 
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window size. Strength of around 2 Bq of K-40 is sufficient to give significant count 

rate. Natural potassium contains about 0.012% of K-40. Higher strengths will increase 

the thickness of standard source causing self absorption.  The efficiency of the 

detector is mostly independent of energy in G-M mode of operation but attenuation 

due to sample thickness needs to be corrected.  Gas filled GM counters normally 

gives 15-20 % efficiency and about 0.4 cps (counts per second) background. The 

specific activity of KCl is 16 Bq/g. 

 

BACKGROUND  

The background due to cosmic radiation and environmental radiation is reduced to 

some extent by employing good quality lead shielding of about 5 cm thickness with 

Al or Cu lining.  Background radiation of detector materials cannot be reduced and 

therefore detectors giving low background should be chosen.  Detector of size 25 mm 

x 50 mm (dia x height) would have background in the region of about 15 cpm to 50 

cpm in 5 cm Pb shielding depending on the type of detector. 

  

4.2.1.2 GAS FLOW BETA COUNTER USING ANTI COINCIDENCE 

TECHNIQUES 

Generally two or three GM counters of either planar or spherical shape namely main 

counter or guard counter are used.  The counters are mechanically arranged in such a 

way that background radiation due to cosmic rays and surrounding materials do not 

interact directly with the medium of main counter where the sample is placed without 

passing through the guard counters. The counters have an aluminum or gold foil 

window of about 1.0 mg/cm2 through which the β particles traverse and reach the gas 

(Argon) chamber with isopropyl alcohol vapours and ionise the medium.  The signals 

from both counters are collected through the anode wire. 

 

PRINCIPLE 

The electronic signals from both main and guard counters are fed to an 

anticoincidence electronic unit.  The unit filters out the signal of main counter if  it 

has a corresponding signal of the guard output in coincidence within a specified 

resolving time.  Resolving time depends on the electronic unit used and the associated 
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detector and electronics. It varies from 50 msec to 200 msec. Anticoincidence signals 

from the main counter alone are fed into the scaler and recorded. 

 

PERFORMANCE 

Due to anticoincidence technique and shielding the background of the system is 

reduced to about 1-2 cpm. The efficiency of the counter is generally independent of 

incident beta particle, once the particle enters the chamber. However, due to 

absorption of energy of incident particle by the window material the efficiencies get 

affected for different energies. The efficiency for 40K is approximately 40%.  The 

efficiency for other beta energies of 137Cs and 90Sr is about 35%.  The efficiency is 

also influenced by the thickness of sample.  The efficiency for 90Y is about 45%. The 

MDL (3σ) of low background beta counting system is 0.023 Bq for 3600 s counting 

duration. 

  

4.2.2   ALPHA COUNTING SYSTEM 

An alpha counting system comprises of an alpha probe and counting electronics 

including high voltage   supply to probe, a preamplifier, amplifier, timer and scaler. 

 

ALPHA PROBE 

Alpha probe consists of a scintillator detector made up of a thin layer of silver 

activated zinc sulphide [ZnS(Ag)] crystal and a high performance low noise 

photomultiplier tube(PMT). The density of the crystal is about 10 mg/cm2.  The PMT 

and crystal are placed in a light tight steel housing so as to have very low background 

of the order of about 1.0 x 10-3 cps at an efficiency of about 30%. The operating 

voltage is usually less than 1500 V enabling the use of simple scalers. 

 

PRINCIPLE 

Alpha particles incident on the ZnS (Ag) powder spend their energy completely in 

raising the valence electrons into the conduction band.  The electrons from the excited 

state return to ground state either directly or through activator sites.  The loss of 

energy appears as visible/UV light rays when they reach ground state. Cathode of 

PMT is positioned in such a way that it absorbs full light energy and emits primary 
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electrons.  PMT multiplies the primary electrons and develops a current signal at the 

output of anode which is amplified and shaped to register it in a counter. 

  

PERFORMANCE 

The background of the system is about 0.002 cps and the efficiency for plated 239Pu 

source is 25% to 30 %.  The efficiency is largely influenced by the thickness of 

sample. MDA (3σ) for unit volume of sample is 0.0075 Bq for a counting time of 

5000 s. 

 

4.2.3   ESTIMATION OF ALPHA OR BETA ACTIVITY 

Counter efficiency: 

                                                    Na           Nb            100 

                                          S = (-------   - --------)   x   ------ 

                                                      t1             t2             Q 

               

  S     - Efficiency of the counter in percentage. 

            Na     - Gross counts due to standard in time t1 secs. 

            Nb    - Background counts in time t2 secs. 

  Q    - Source strength in dps (Bq) 

           Sample activity estimation: 

                                      Na          Nb          100         1            1 

                           A = (-------  -  -------) x ------- x ------- x ------- 

                                          t1           t2             S          V           Y 

              A    -   Activity of the sample in Bq/g or Bq/ml. 

              Na   -   Gross counts due to sample and background in t1 secs. 

             Nb    -   Background counts in t2  secs 

              S     -   Efficiency of counter 

   V     - Volume/weight of the sample 

              Y     -   Chemical yield fraction (< 1) 

      

 

 

Error estimation: 
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                                        Na            Nb              100          1           1 

                 s = 2 x       [--------- + ---------]½  x -------- x ------- x -------- 

                                         t1
2           t2

2                S           V           Y 

                                

             s - Standard deviation at 95% confidence. 

 

4.3   RADIATION SPECTROMETRIC SYSTEMS 

Spectrometry is a system of several devices which helps in identification and 

estimation of mostly gamma or alpha emitting radionuclides.  It broadly comprises of 

a detector, a high voltage unit, signal shaping electronics and multichannel analyser. 

The spectrometry can be divided into three categories. 

i)    Gamma Spectrometry 

ii)   Alpha Spectrometry 

iii)   Beta spectrometry  

Gamma spectrometry is a non destructive technique used to identify and quantify 

gamma emitting radionuclides.  It is mainly carried out using NaI(Tl), or high purity 

Germenium ( HPGe ) detectors for gamma energies  primarily in the range of 100 keV 

to 3 MeV. Thin crystals of both types are used for low energy gamma emitter 

analysis. 

The following paragraphs describe the theory of detectors and their characteristic 

parameters used in gamma spectrometry. 

 

4.3.1   SCINTILLATION DETECTORS 

 

4.3.1.1   INTRODUCTION  

The materials which produce light flashes when ionising radiation passes through 

them are called scintillators.  Scintillators exist in three physical states viz. solid, 

liquid and gases but the first two are most widely used. 

A scintillation counter consists of a scintillator which produces light flashes due to 

the interaction of ionising radiation. The scintillator is optically coupled to a high 

gain, low potassium and low noise photomultiplier tube which convert the incident 

light photons into an electrical pulse.  The magnitude of electrical pulse is 
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proportional to the intensity of light flash.  The output of the detector system is 

proportional to the energy of the incident radiation. 

The important features of a scintillation detector are: 

a) Light output is proportional to the incident energy which enables direct                   

   measurement of particle energy. 

b)  Majority of the scintillators have high density and hence   high stopping power. 

c)  They have short decay time in the range of 10-6 to 10-9 secs.   

d)  The detectors can be fabricated in variety of shapes and sizes. 

The scintillation detectors are broadly divided into two categories  

(i)        Inorganic Scintillators. 

(ii)      Organic Scintillators. 

 

4.3.1.2   INORGANIC SCINTILLATORS  

These scintillators (crystals) are alkali halides containing small quantities of impurity 

as activators. The principle behind the light photon generation is either excitation or 

ionisation of electrons from valance band by the incident energetic photon or charged 

particle.  The return of electron to the valence band produces the light photon.  The 

light photon is further processed by PMT to produce an electrical signal which is later 

amplified and analysed by the sophisticated electronics. The commonly used 

inorganic crystals are NaI(Tl), ZnS(Ag), CsI(Tl), BGO, Phoswich detectors and BF3. 

NaI(Tl) :  The crystal material is hygroscopic and will deteriorate  due to water 

absorption if exposed to air for long time.  Therefore the   detectors are made air tight 

by suitable canning material and are available in various sizes.  The resolution of a 3" 

x 3" detector at 662 keV is about 7%.  This type of detector is one of the most widely 

used for gamma spectrometry purpose. 

 

4.3.1.3   LIQUID SCINTILLATOR SOLUTIONS 

These are organic solutions with the sample incorporated in to the medium and have 

the advantage of filling into any container and obtain a large size detector medium.  

This usually would have very high sensitivity.  The scintillator solutions consist of 3-

4 substances namely primary solvent, secondary solvent, primary solute and 

secondary solute along with solubilisers.  Solvent material acts as stopping medium 

for radiation/particle while solute substance produces light photon.  Secondary solute 
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acts as wave length shifter to provide increased photocathode efficiency.  As high as 

100% efficiency could be obtained for 14C using this scintillator medium.  Commonly 

used solvents are Toluene, P-Xylene and Dioxane and solutes are PPO and P-

Terphenyl and the secondary solute are POPOP or Bis. methyl/styryl/benzene (Bis. 

MSB). Organic scintillator solutions are generally used for beta counting and beta 

spectrometry of low energy beta emitters. 

 

4.3.2   SEMICONDUCTOR DETECTORS 

The detectors manufactured from the materials whose conductivity lies between the 

good conductors and insulators are called semiconductor detectors. The conductivity 

of an inorganic crystal depends on the energy gap between the valance and conduction 

bands.  It is almost 0 for good conductors (Graphite) and 6 eV for diamond (insu-

lator).  The materials Ge & Si are classed as semiconductors because the energy band 

gaps are 0.7 eV and 1.1 eV respectively.  These two semiconductors are most widely 

used in radiation measurements. 

 

ENERGY CALIBRATION     

Energy calibration of NaI(Tl) detector is performed by using sources like 137Cs and 
60Co.  For lower energies 192Ir and 108mAg can be used.  Sources should be chosen in 

such a way that they have long half-lives and are mono energetic or have multiple 

energies of wide separation.  Initially, after setting up of the spectrometer, place the 
137Cs source and acquire spectrum.  Note the peak position due to 137Cs source.   If 

the peak is not in the desired position, increase or decrease the gain of the linear 

amplifier and obtain the peak at desired position.  For example if a 10 keV/channel 

calibration is required, the peak should be positioned at 66th channel for 662 keV 

gamma line of 137Cs.  Now place different sources of known energies one by one and 

note their channel positions.  Make a table containing various gamma energies and 

corresponding channel positions and draw a linear graph. 

A linear equation of y = mx + c or E = m(ch) + c  can be easily fitted.  The equation 

can later be used to find the energy of unknown peak channel. 

EFFICIENCY CALIBRATION  

The geometry in which the samples are analysed should be ascertained and in the 

same reproducible geometry the spectrometric system should be calibrated for its 
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overall sensitivity.  Sources obtained from recognised laboratories mostly in liquid 

form are to be filled into container of selected geometry after suitable dilution.  

Spectrum should be acquired until sufficient number of counts is registered in the 

peak region. 

                                   Ar       100         100 

                   S % =     ------- x -------- x -------- 

                                   LT         C           A 

 

  S %   =     Efficiency at a given energy. 

  Ar     =     Area under the peak. 

  C      =     Source strength in Bq(dps). 

  A      =    Gamma abundance of radionuclide (No. of  gamma  per 100 

       disintegration) 

  LT    =     Live time in secs. 

Long lived gamma sources like 137Cs, 60Co, 192Ir, 108mAg and 54Mn can be used to 

calibrate the system for various gamma energies. A plot of energy versus efficiency  

is to be drawn  for a particular geometry which can be used for other energies for 

which a standard source may not be available.  

 

RESOLUTION OF DETECTOR  

A good spectrometric system containing all integral assembly of NaI(Tl) detector has 

a resolution of about 7.0 % at 662 keV gamma line of 137Cs.  Resolution is expressed 

as full width at half maximum (FWHM) of a peak in % of energy.     

The resolution is calculated as  

                                  δC x Fe 

  FWHM % = --------------- X 100 

                                      E 

 

  δC = Width in channels at half height of maximum peak counts. 

  Fe = Energy calibration factor (keV/ch) 

  E   = Energy of gamma line (keV). 

 

4.4   GAMMA SPECTROMETRY WITH HPGe DETECTOR 
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4.4.1   INTRODUCTION 

Intrinsic or hyperpure Germanium detectors (HPGe) are most widely used for high 

resolution gamma spectrometric purpose.  They can be used for both low level and 

high level samples of different geometries. The instrumentation and principle of 

detection are the same as of NaI(Tl) detector.  The difference is that the 

semiconductor detector (HPGe) has high resolving capacity by which it can 

differentiate the photo peaks due to two gamma emitting nuclides of near by energies 

better than NaI(Tl) detector.  

 

4.4.2   INSTRUMENTATION  

The detector, which is generally 50 - 130cc or higher in volume, needs liquid nitrogen 

for cooling during operation. The detector is mounted vertically or sideways on a 

cryocan of 26-30 liter capacity which is filled with liquid nitrogen. The cryocan is 

kept on a balance to monitor the level of liquid nitrogen.  On an average the loss rate 

of liquid nitrogen is about 1kg/d at 25°C temperature. The cryocan of the detector has 

to be filled regularly with liquid nitrogen.  Suitable delivery system has to be 

fabricated and kept ready. Stock of liquid nitrogen is stored in separate cryocans of 40 

- 55 litre capacity.  During the initial setting up of the detector care  should  be  taken 

 so  that  a  minimum  cooling of 6 hrs or preferably overnight  is  necessary  before 

applying bias voltage to the detector.  

 

4.4.3   SETTING UP OF INSTRUMENTS 

Connect all the cables of the system to respective units which are marked on 

multichannel analyser.  Before applying the bias ensure that liquid nitrogen level is 

maintained in the cryostat.  If the liquid nitrogen level is low, fill it to full capacity 

and wait for a minimum time of 6 hrs.  

Increase the bias slowly stepwise (100 V in each step) or gradually to operating 

voltage of detector. 

4.4.4   ENERGY CALIBRATION 

Energy calibration is carried out using a solid or sealed liquid source of mixed 

radionuclides kept on the detector.  The sources commonly used are 133Ba, 137Cs and 
60Co. Sometimes multiple gamma emitting standard source like 226Ra is also used. The 
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gain of spectroscopy amplifier or built-in amplifier of analyser is adjusted to get 

required energy calibration of 1 keV/ch or 2 keV per channel.  For example 137Cs 662 

keV gamma peak should fall on 331st channel if calibration of 2 keV/ch is required.  

The peak position can be seen by moving the cursor along the spectrum. Linearity of 

the system has to be checked by plotting a graph of energy against corresponding 

channel number with respective peaks of 133Ba, 137Cs and 60Co.  Fig.4.4 shows the 

energy calibration spectrum of Ge detector obtained with calibration factor of 2 

keV/channel.          

 

4.4.5   EFFICIENCY CALIBRATION 

Determination of efficiency is essential for quantitative estimation of radionuclides in 

the environmental samples. Following points are to be remembered.  

a) Sample to detector geometry 

b)  Calibration sources:  As far as possible, standard source of the radionuclide to be 

  estimated should be used.  Alternatively efficiency v/s energy curve has to be        

    drawn for each geometry and required efficiency can be noted from the graph.  

c) Efficiency  are   expressed  as radionuclide counting  efficiency    taking into

 account  total disintegration  rate or gamma energy   efficiency by  applying the 

 gamma abundance factor (number of gammas  per disintegration) of the source 

 used. While making calculation, this point is to be taken care of. 

The system's efficiency for a particular geometry and container used has to be 

determined.  For example if 20 ml bottle of cylindrical geometry is used for sample 

counting, standard also has to be taken in 20 ml bottle of the same geometry. Care 

should be taken to keep the sample in the same configuration with respect to detector. 

 As far as possible, standard calibration source should have same or similar physical 

properties as the sample.  Certified reference standards are available from IAEA, IRC 

and other established suppliers.  If solid standards are not available they can be 

prepared by spiking with known standard solution followed by drying and 

homogenisation .         

EXPERIMENTAL  

The standard solution of 137Cs in 20 ml bottle or 5 ml vial is kept on Ge detector.  

Count for 300 secs.  Intensify the area under the photo peak and take print out.  

Percentage efficiency can be calculated as follows.  
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                                    100          100 

               E (%) = N x --------- x -------- 

                                     dps           A 

 

 E = efficiency of the system for particular gamma energy. 

  N = net counts under the photo peak area after subtracting the background in            

     cps. 

  dps  =  activity of standard (Bq). 

 A    = Percent abundance of that particular energy out   of total disintegration. 

Similarly efficiencies can be calculated for different gamma energies and geometries 

using sources of 133Ba, 60Co, 134Cs, 54Mn, etc.  A graph is drawn taking logarithm of 

energy (keV) in X-axis and logarithm of efficiency in Y-axis.  

 

4.4.6   RESOLUTION 

Resolution of the detector is its ability to distinguish between two gamma energies 

which are close to each other.  It is quantified by specifying it as full width at half 

maximum (FWHM) for a particular gamma ray peak energy. By convention, HPGe 

detectors are usually characterised by the FWHM in keV at 1332 keV gamma of 60Co. 

 In a good HPGe system this is about 2 keV.  Two gamma energies separated by less 

than two resolution widths (FWHM) are usually not resolved.  

 

EXPERIMENTAL       

Collect gamma spectrum of 60Co by keeping a 5 ml vial source or solid disc source for 

adequate time to get well defined peaks. Take printout of 1173 and 1332 keV 

intensified peaks.  Draw the spectrum on a linear or log linear graph.  

Measure the width at half maximum and express in keV. FWHM can also be 

calculated by the formula given below.  

 

 

                                           Nr x 159 

               FWHM (keV) = ----------------    

                                           (X2 - X1) 
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               Nr - the width at half maximum in no. of channels 

               X2 - Position of 1332 peak channel. 

               X1 - Position of 1173 peak channel 

  159 keV is the difference between 1173 and 1132 keV gamma peaks of 60Co. 

 

4.5 IDENTIFICATION AND ESTIMATION OF GAMMA EMITTERS IN 

DIFFERENT SAMPLES 

 

4.5.1   INTRODUCTION 

Every gamma emitting nuclide has its characteristic gamma energy and decay scheme. 

Decay scheme of commonly observed fission and activation products are listed in 

Table 4.1.  A complete list of commonly encountered gamma emitters is given in 

Nuclear Data sheets published by Academic Press, USA.  While identifying multiple 

gamma emitters special care is needed.  Complete knowledge of different peaks and 

their intensities are essential.  While counting bulk environmental samples like soil 

and biological samples natural gamma emitters like 40K and a host of peaks due to 

uranium and thorium daughter products are present.  

 

4.5.2   IDENTIFICATION 

Before identifying the gamma energies the following points may be kept in mind.  

a)  Background spectrum has to be stripped from sample + background spectrum      

      before attempting the identification of nuclides. 

b) Nature of sample counted and its history has to be considered.  For    example a 

  waste sample of a BWR may have 60Co in addition to 134Cs and 137Cs while a 

  waste sample of FRP would invariably show gamma peaks due to 106Ru, 144Ce 

  and 137Cs.  The same logic applies to samples collected near discharge zones.   

c) Bulk   environmental samples collected away from discharge zone of nuclear      

   installations mainly show gamma peaks of natural background (40K, U and Th     

      series daughter products). Traces of fallout Cs-137 is also present. 

d)  Gamma peak at 511 keV comes from high energy gamma emitters > 2 MeV due 

  to pair production and also due to annihilation of electron positron emitters.        

      (e.g. 58Co).  For  example while calculating the concentration of 106Ru using 512   
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      keV  peak  it has to be seen    that the second peak at 622 keV is also present        

   with appropriate ratio of 512/622 keV peaks for 106Ru.  

 

4.5.3   ESTIMATION OF RADIONUCLIDE CONTENT 

Selection of suitable geometry and counting duration is important for optimum 

utilization of the system.  Counting time for process water, waste and contaminated 

samples could be in the range of 100 - 3000 secs.  Background level samples should 

be counted preferably for 50,000 secs or more.  The detector system has to be 

calibrated using standard solution/solid sources for different geometries as described 

earlier. Table-4.2 lists the typical % efficiency of HPGe detector of volume 50 cc 

mounted vertically on a cryostat.  

 

4.5.4 SAMPLE ACTIVITY MEASUREMENT 

a. Prepare sample with appropriate geometry.  Note the weight/volume of the     

 sample.  

b. Take gamma spectra for preset duration depending on the nature and history   

 of sample. 

c. From the spectrum identify the photo peaks of full energy and from that         

  identify the nuclides.  

d. By taking area count rate of the full energy peak and using appropriate           

 efficiency, calculate the quantity of radionuclide present in the sample in units 

  of Bq/l or  Bq/kg. Sample activity can be calculated as,  

e. Evaluate efficiency E of the relevant peak using similar sample.                   

   (volume/geometry/weight) 

                                                      100         100           1 

            Q(Bq/kg or Bq/l) = CPS x -------- x    ----   x  --------                                      

                                            E             A        W or V  

 

              Q     =   activity due to radionuclide                       

            CPS   =   AREA COUNTS/TIME under photopeak after subtracting the           

                          background.  

             A      =   % gamma abundance of radionuclide.           

             E       =    Counting efficiency in %  
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             W      =   Weight of the sample in kg or V in litres. 

 

4.5.5   DATA SHEET 

               i)    Weight of the original sample taken W in kg or V in litres. 

               ii)   Counting time = secs. 

              iii)    From gamma spectra note down major peaks and the channel 

                      No. and enter data in the following table. 

 

S.N Peak 

Channel  

No. 

Energy  

keV 

Radio- 

nuclide

Area 

count 

rate  (N) 

Abundance 

   (A%) 

Efficie- 

ncy% 

(E%) 

Activity 

 (Bq/kg) 

or Bq/l 

  1        

  2 

 

       

  3 

 

       

  4  

 

       

  5 

 

       

  6 

 

       

 

         N = Photo peak area / live time 

 

 

 

TABLE - 4.1 CHARACTERISTICS OF SOME  

COMMONLY OBSERVED GAMMA EMITTERS 

Energy keV Radionuclide Half-life 

d-days y-years 

%Gamma    
Abundance 

Source 

81 Ba-133 10.74 y 33.8 A 
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133.5 Ce-144 284.3 d 10.08 FP 

143.8 U-235 7.04 E8 y 10.5 N 

145.41 Ce-141 32.5 d 48.00 FP 

238.61 Pb-212 Nat.Th 44.6 N 

302.9 Ba-133 3981 d 18.4 A. 

351.91 Pb-214 Nat Ra 37.1 N 

356.0 Ba-133 3981-d 62.1 A 

364.5 I-131 8.04 d 81.20 FP 

427.9 Sb-125 2.77 y 29.5 FP 

497.1 Ru-103 39.28 d 86.4 FP 

511.8 Ru-106 368.2 d 20.6 FP 

537.3 Ba-140 12.74 d 24.4 FP 

569.31 Cs-134 2.602 y 15.41 AP 

604.7 Cs-134 753.1 d 97.6 AP 

661.6 Cs-137 30.00 y 89.8 FP 

724.2 Zr-95 63.98d 44.5 FP 

765.8 Nb-95 35.15d 100 FP 

795.81 Cs-134 753.1 d 85.41 AP 

810.8 Co-58 70.8 d 99.41 AP 

834.81 Mn-54 312.5 d 100 AP 

1116.0 Zn-65 243.9 d 50.7 AP 

1173.2 Co-60 5.271 y 100 AP 

1332.5 Co-60 1925.2 d 100 AP 

1460.8 K-40 1.28 E 9 y 10.7 N 

1596.10 La-140 40.272 h 95.4 FP 

 

 

AP : Activation product                      FP: Fission product 

N : Naturally occurring                      A  : Artificially produced  

 

volume plastic bottle or Marinelli Beaker.  If the radionuclides of interest are only I-

131 and Cs-137, the acidified water with iodine and cesium carries is stirred with 
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AMP and AgCl (2-5g). Allowed to settle. Supernates are decanted and residue is 

counted in HPGe detector with suitable geometry. 

 

4.5.6   SOIL/SEDIMENT 

Transfer homogenised powdered sediment/soil to 1 l Marinelli Beaker and count in 

HPGe for 10,000-20,000 secs duration. 

 

4.5.7   MARINE/FRESH WATER ORGANISMS 

Homogenised dried tissue samples (500-1000 g) are subjected to similar procedure as 

described for crop, vegetable etc. 

 

4.5.8   MARINE/FRESH WATER ALGAE 

Fresh sample is dried or ashed and counted in either in HPGe or NaI(Tl)  detector. 

 

4.6   ALPHA SPECTROMETRY 

 

4.6.1 INTRODUCTION  

Alpha spectrometry is used to identify and determine the concentration of various 

alpha emitting radionuclides such as 238Pu, 239+240Pu, 241Am, 242Cm and 237Np.  

Samples from various matrices are subjected to radiochemical separation of respective 

radionuclides and the separated sample is electrodeposited on a stainless steel 

planchet to count in alpha spectrometer.    

 

4.6.2 INSTRUMENTATION  

The alpha spectrometer system consists of a silicon surface barrier detector of suitable 

size ( generally 450 mm2 area, 100 μm depth ) in a vacuum system, a bias unit,  low 

voltage unit,  charge sensitive preamplifier, spectroscopy amplifier coupled to a 

multichannel analyser.  The system is calibrated with standards 239Pu, 242Pu and 
241Am sources at 0.01 mm Hg vacuum in the detector chamber. 

 

4.6.3   ENERGY CALIBRATION  

Electro plated sources of about 50 Bq concentration each of 239Pu (5.155 MeV), 242Pu 

(4.90 MeV) and 241Am (5.486 MeV) either as single or mixed sources are used to 
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carry out energy calibration.  Amplifier gain and the conversion gain of multichannel 

analyser are adjusted such that an energy calibration of about 10 keV/channel is 

arrived.  (Peak position of 239Pu  515th or 516th channel).  Linearity of the system is 

verified by counting the other sources under the same setup. A linear equation of 

energy versus channel number is established by using the three discrete alpha energies 

and the respective channel numbers. 

 

4.6.4   EFFICIENCY CALIBRATION 

Electro-plated sources of about 50 Bq concentrations each of 239Pu, 242Pu, 241Am are 

prepared.  Each of them is counted for about 300 seconds in a well evacuated 

chamber.  Vacuum for each standard should be same and must be less than 0.01 mm 

Hg.  The distance between the sources and the detector should be fixed at about 2 

mm. The efficiency of the spectrometer decreases rapidly with the increase in the 

distance between detector and source. 

                          Ar          100         100 

            S% = -------- x --------- x -------- 

                           t             Q             I 

 

             S% =    Percent efficiency 

  Ar   =    Area under the peak (Background is negligible) 

  t      =    Counting time in secs 

  Q    =     Source strength (Bq) 

  I      =     Percent abundance of alphas (No of alphas per 100 disintegrations) 

Similar set up conditions must be used for the counting of electrodeposited sample of 

environmental matrices. 

 

 

4.6.5 RESOLUTION  

Energy resolution of a detector amplifier system is expressed as energy at full width 

half maximum (FWHM).  An electroplated 241Am source of about 50 Bq is positioned 

of in the surface barrier detector chamber.  Spectrum is acquired till sufficient number 

of counts is accumulated under the photo peak.  Number of channels at the half 

maximum counts is computed and expressed in keV after multiplying with appropriate 
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energy calibration factor.  As far as possible mono-energetic nuclide should be used.  

The energy resolution obtained from an alpha spectrometric system is mainly 

dependent on the detector, uniform thickness of source, amplifier and the analyser.   

Though the detectors are quoted to have a resolution of about 20 keV, (FWHM) it is 

difficult to obtain the same in practice when different components are integrated in to 

an alpha spectrometric system.  A resolution of about 50 keV or less is acceptable in 

the analysis of alpha emitters for the environmental samples.  Details of calculation of 

resolution are same as that for gamma spectrometry (cf 4.6.9). 

 

4.6.6   DETECTION  

The range of alpha particles is only a few centimeters in air and much less in solids. 

Attenuation of energy causes deterioration in efficiency and resolution since alpha 

rays do not reach the detector.  It is, therefore, necessary to have a thin source and to 

keep the source and detector in vacuum to obtain maximum energy resolution and 

high efficiency.  In addition, the metal vacuum system serves as shielding against 

background alpha particles and as an electric shield.  The background of the detector 

amplifier system should not be more than 1 count per 104 seconds in the energy range 

of 0.5 to 10 MeV. The samples are normally counted for 5 X 103 seconds or longer 

depending upon the activity levels. 

 

 4.7 LIQUID SCINTILLATION ANALYSER (LSA) 

The most widely used beta spectrometry is that of Liquid Scintillation Analysers 

(LSA) and the radionuclides estimated are 3H, 14C and 90Sr by Cerenkov counting etc. 

The utilization of LSA for the purpose has been already explained in the earlier 

section. 
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5. SAMPLE PREPARATION AND ELMENTAL ANALYSIS  

 

5.1 INTRODUCTION 

The chemical nature of the isotopes of an element whether they are radioactive or 

stable is same. Since the levels of radioactivity due to individual radionuclides in 

the environmental samples around NPP is too low to detect and estimate them. In 

order to study their behaviour in environment it would be of relevance to evaluate 

concentration of their stable counter parts. There are several analytical techniques 

which may be applied to estimate elemental concentrations in different 

environmental samples. The most common technique in use is atomic absorption 

spectrometry.   

 

5.2 ATOMIC ABSORPTION AND EMISSION MEASUREMENTS 

Atomic absorption and emission spectrometry deal with the absorption and emission of 

radiation by atoms of an element. The measurement of the energy absorbed constitutes 

the atomic absorption technique while the emission of radiation by the previously excited 

atoms or ions constitutes optical emission spectrometry. In the case of alkali metals, even 

a normal flame may serve as an excitation source whereas in the case of refractory oxide 

forming metals, high temperature plasma serves as the excitation source. The 

measurement of the emitted radiation using a suitable dispersing medium like gratings 

constitute the emission spectrometry while the measurement of masses of ions produced 

forms the basis of ICPMS (inductively coupled plasma mass spectrometry). All these 

spectrochemical techniques are valuable in environmental applications. 

The absorption of radiation causes the excitation of metal atoms present in the ground 

state. These atoms are produced through the use of a suitable flame like air-acetylene or 

nitrous oxide – acetylene in the case of atomic absorption spectrometry. The atoms can 

also be produced by other processes like electrothermal atomisation or by the use of DC 

arc or inductively coupled plasma source. The processes taking place in a typical AAS 

experiment can be described as the introduction of the metal salt solution into the flame 

followed by the evaporation of the solvent, desolvation of the metal ion and the formation 

of free atoms. These atoms can absorb the characteristic radiation from a hollow cathode 

lamp and get raised to a higher excited energy state. In emission techniques, the plasma 

or even flame itself serves as the excitation source. The excited atoms will return to the 

ground state by the emission of radiation as they de-excite from the higher energetic level 
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to the lower energetic levels. The measurement of this radiation enables a very sensitive 

mode of measurement of the concentration of an element. This forms the principle of 

flame or plasma emission spectrometry. In the case of normal air-acetylene flame, only 

very few elements like alkali metals are sensitive. Since increasing the temperature can 

increase the probability of emission, nitrous oxide – acetylene flame is often employed 

for emission measurements. In the case of plasma sources, a much higher temperature of 

6000 to 10000 K is obtained and hence even refractory oxide forming elements can be 

converted to their excited state atoms or ions. The measurement of emission lines from 

excited atoms or ions forms the principle of optical emission spectrometry. Since a large 

number of emission lines are obtained in view of the higher energies of argon plasma 

sources, a very good dispersing device is needed for the resolution of the spectral lines. 

 

5.2.1 INSTRUMENTATION 

An AAS unit consists of a source of radiation, atomiser, monochromator and a detector. 

The components and their general layout are similar to those in the case of a 

spectrophotometer except that the monochromator is kept after the sample in the case of 

an AAS instrument. 

A hollow cathode lamp serves as the source of radiation in an AAS instrument. It consists 

of an anode and a hollow cylindrical cathode, which is either made of the metal to be 

analysed or is coated with that element. The radiation emerging out of the hollow cathode 

lamp of a particular metal is of the exact wavelength as is necessary for the resonance 

absorption by the atoms of that element in the flame. Hence, considerable specificity is 

obtained since other elements present in the flame do not absorb the radiation. The 

sample is introduced into the flame through a suitable nebuliser. The sensitivity of the 

AAS method depends on the nebulisation efficiency and the residence time of the atoms 

in the light path. Since the residence time is about 10-3 s while nebulisation efficiency is 

about 5 to 10 per cent, efforts were made to improve the efficiency of nebulisation as also 

increase the residence time. This led to the development of flameless sources like electro-

thermal atomiser. The measurement of radiation intensity is carried out using a 

photomultiplier as in the case of a spectrophotometer. A monochromator is used before 

the detector in order to filter out unwanted radiation such as those coming from the filler 

gas in the hollow cathode lamp, emissions from the flame, other emission lines from the 

source etc. 

 



72 
 

5.2.2 ELECTROTHERMAL AAS 

 There are many applications where the sensitivity offered by flame AAS is insufficient 

as in the case of direct analysis of environmental pollutants in water and biological 

materials. In such cases, the sensitivity of AAS can be enhanced by the use of 

electrothermal atomisation technique. Electrothermal atomisers are generally a type of 

mini furnace (graphite furnace) in which a drop of the sample is dried and decomposed at 

a high temperature to produce an atomic vapour cloud. Electrothermal atomisers have 

conversion efficiency approaching 100% so that the absolute detection efficiencies are 

often 100 to 1000 times that of flame AAS. The longer residence time of the atomic 

vapour also contribute to the increased sensitivity of the technique. However, the 

technique is not cost effective since the instrument as well as the consumable is 

expensive. Moreover, the transient nature of the signal and the presence of gases from the 

sample atmosphere requires an efficient background correction mandatory. In view of the 

smaller sample volumes employed, typically about 10 μL, the precision of the 

measurement is also poor. Thus a flame AAS is preferred when the analyte 

concentrations are higher while ETAAS instrument is of use when the concentration 

levels are in the range of ng/mL. 

Although flame AAS technique enjoys considerable freedom from spectral interference, 

there are instances of interference of physical or chemical nature. The physical 

interference arises when the samples and standards are different in their viscosity, for 

instance, water and biological fluids like blood or serum. Chemical interference occurs 

when stable chemical compounds are formed in the flame. An example is the interference 

of sulphate or phosphate in the estimation of calcium, where the formation of stable 

calcium sulphate or phosphate degrades the sensitivity for determination. The use of 

releasing agents like EDTA or lanthanide ions minimises this type of interference. 

Spectral interference arises when the matrix elements absorb almost at the same 

wavelength as the analytes. In such cases the use of an efficient background correction 

system is advantageous. These effects are more in the case of ETAAS and hence the use 

of a good background correction system is mandatory in those cases.        

 

5.2.3 HYDRIDE / VAPOUR GENERATION AAS 

Flame AAS has a poor sensitivity in the case of certain environmentally important 

elements such as As, Se, Te, Hg, Sb etc. In these cases, the sensitivity can be enhanced 
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by the use of vapour generation technique. In the case of mercury, it is possible to reduce 

the inorganic mercury ion to elemental mercury by the use of a suitable reducing agent 

like stannous chloride. The elemental mercury has an appreciable vapour pressure at 

room temperature and is carried through a stream of nitrogen into the optic path in a glass 

tube fitted with quartz windows to allow the radiation from a mercury discharge lamp to 

pass through. The mercury vapour absorbs the emission line of mercury from the 

mercury discharge lamp just as atomic mercury does in a flame. This allows a sensitive 

technique for the estimation of mercury in a wide variety of samples. 

A similar technique is employed for the analysis of hydride forming elements like 

arsenic, selenium, tellurium, antimony etc. In a typical case, for the determination of 

arsenic in environmental samples, arsenic is generated using sodium borohydride as a 

reducing agent. The generated arsine is swept through a quartz tube positioned in the 

flame of an air-acetylene burner and aligned in such a way as to allow the radiation from 

the arsenic hollow cathode lamp to pass through. Arsenic atoms are produced by the 

dissociation of arsenic at the flame temperature and absorb radiation from the arsenic 

hollow cathode lamp. This results in a sensitive method for the estimation of arsenic. 

Detection limits in the range of 1-2 ng/ml are attainable using this technique. Commercial 

AAS units provide a hydride generation accessory for this purpose. 

 

5.2.4 QUANTITATIVE CALCULATIONS FROM ABSORPTION 

MEASUREMENTS 

The amount of monochromatic radiation absorbed by a sample is described by the Beer – 

Bouguer – Lambert Law, commonly referred to as Beer’s law. It can be expressed 

mathematically as 

A = - log T = log (Po/P)  = a b c 

Where A is the absorbance, 

T is the transmittance, representing the fraction of radiant energy transmitted and is given 

y P/Po where P and Po are the power of transmitted and original radiation respectively 

a = the absorptivity and is dependent on the wavelength and the nature of the absorbing 

species 

b = path-length, generally in cm 

c = concentration of the analyte in g/l 
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The product of the absorptivity and the molecular weight is called the molar absorptivity. 

Thus A = ε b C where C is expressed in moles per litre. 

  

5.3 SAMPLE PREPARATION FOR AAS TECHNIQUE 

The samples for elemental analysis are required to be processed and brought in a 

particular form before their analyses.  

 

WATER SAMPLE 

FRESH WATER SAMPLE 

Since the elemental concentrations are low, large volume of the samples are 

required to be processed either by reducing the volume by evaporation or may be 

pre-concentrated using suitable reagent like MIBK.   

Procedure: 

1. Collect the 15 liter water sample from the desired location in a clean plastic 

container. 

2. Filter out a known volume of sample through Whatman ni 41 and acidified 

with HNO3 (3ml/l) and evaporate to near dryness. 

3. Alternatively the filtered and acidified is stirred for two hours with MIBK 

(5mg/l). Allow the residue to settle overnight. 

4. Dissolve the residue form step 2 OR step 3 in 4N HNO3 and evaporate to 

dryness cool the mass and re-dissolve in 1N HCl. Make known volume of 25 

ml in a standard flask. 

5. Take an aliquot of sample and subject to a Beer – Bouguer – Lambert Law 

calibrated AAS for analysis. 

6. Calculate the concentration of analysed element per liter accounting all the 

dilutions during the process.    

 

SEA WATER SAMPLE 

The elemental concentrations are low, large volume of the samples are required to 

be processed. Since the salt contents in sea water is quite high, pre-concentrated or 

extraction method is required to be adopted. An alternative method for estimation 

of trace elements in sea water is given below; 
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Preparation of Complexant: A 3.5% salt solution is made up by dissolving 8.75 g  NaCl 

in 250 ml DDwater.Five grams each of APDC (ammonium pyrolidine dithiocarbamate) 

and DDDC (diethyl ammoniumdiethldithiocarbamate) are weghed and dissolved in the 

salt solution. The complxant is filtered through a Whatman No.1 paper under vacuum to 

remove any undissolved salts or precipitating metal containing colloids, and then stripped 

of trace metals by shaking for five minutes with Methyle isobutyl ketone (MIBK) in a 

separating funnel. The complxant may then be stored in refrigerator. 

 

Method of Trace Element Extraction 

Take 250 to 300 ml sea water in dry and clean separating funnel of 500 ml capacity. Add 

appropriate ammonia to adjust pH as 7. Add 5 ml of MIBK followed by addition of 3 ml 

of complexant and shake for extraction of trace element into MIBK. Allow the phase to 

separate and isolate the organic phase in smaller separating funnel. Repeat the extraction 

thrice and combine the total organic layers for back extraction in the aqueous phase. 

 

Add 5 to 20 ml DDwater and wash the organic layer. Add 2 ml distilled nitric acid 

followed by 5 ml double distilled water for back extraction. Repeat the extraction thrice 

and combine the aqueous layers. Evaporate the contents gently. Cool and transfer the 

contents with 0.1N HCl in a 10 ml volumetric flask and make up the volume for carrying 

out trace element analysis using a calibrated AAS.  

 

WATER SAMPLE 

Since the elemental concentrations are low, large volume of the samples are 

required to be processed either by reducing the volume by evaporation or may be 

pre-concentrated using suitable reagent like RKBK. The later is useful in case of 

sea water samples. 

Procedure: 

1. Collect the 15 liter water sample from the desired location in a clean plastic 

container. 

2. Filter out a known volume of sample through Whatman ni 41 and acidified 

with HNO3 (3ml/l) and evaporate to near dryness. 

3. Alternatively the filtered and acidified is stirred for two hours with RMBK 

(5mg/l). Allow the residue to settle overnight. 
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4. Dissolve the residue form step 2 OR step 3 in 4N HNO3 and evaporate to 

dryness cool the mass and re-dissolve in 1N HCl. Make up a known volume of 

25 ml in a standard flask. 

5. Take an aliquot of sample and subject to a Beer – Bouguer – Lambert Law 

calibrated AAS for analysis. 

6. Calculate the concentration of analysed element per liter accounting all the 

dilutions during the process.    

 

BIOLOGICAL SAMPLES 

1. Collect the sample from the desired location in a clean plastic bag. 

2. The sample is cleaned washed and dried and ashed as explained in previous 

sections of this document. To ash the sample either dry ashing in a silica dish 

using a furnace or wet ash using nitric acid and hydrogen peroxide may be chosen. 

The wet ash is preferred in case of samples associated with volatile elements. The 

smaller fishes and biota like phytoplanktons or zooplanktons are also preferred for 

wet ash (for wet ash known mass about 2-5 g fresh weight may be taken).     

3. Take a known weight of ash (about 1 g) in a platinum crucible and dissolve in 

HCLO4, Conc.  HNO3 & HF (2ml each) and evaporate gently to dryness cool the 

mass and repeat this step twice.  

4. Dissolve the mass in 1N HCl. Make up a known volume of 25 ml in a standard 

flask. 

5. Take an aliquot of sample and subject to a AAS for analysis. 

6. Calculate the concentration of analysed element per gram accounting all the 

weights during the process.    
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ANNEXURE-1 

 

(A)  ANALYSIS OF SOIL AND SEDIMENT SAMPLES 

The sorption and desorption of element / radionuclides in soil and sediment samples greatly 

depends on their physico-chemical characteristics. The part of the protocol deals with the 

estimations of selected physico-chemical parameters which are useful in studying the transfer 

factors.  

 

(B) PARTICLE SIZE ANALYSIS  

 

INTRODUCTION 

Soil particles are the discrete units, constituting the soil solids. These are generally clustered 

together as secondary particles or aggregates.  The determination of the size of particles 

necessitates their separation (dispersion) into convenient groups, according to certain size ranges, 

involving chemical or mechanical means.  The technique, used for their dispersion, depends on 

the nature of the soil and the bonding agents, involved in the aggregation of the particles.  The 

actual chemical and mechanical treatments depend to, some extent, on the chemical properties, 

the known and suspected bonding agents and the strength of the aggregation. 

 

The particles-size distribution of a soil, also called ‘mechanical composition’, indicates the 

relative proportions of various sizes of the particles, it contains.  The proportions are most 

commonly expressed by the relative weights, within recognized size-classes, of primary soil 

particles.  The determination of particle-size distribution is commonly referred to as particle size 

analysis.  Particle size distribution is one of the most stable soil characteristics, being little 

modified by cultivation or other practices. 

 

SEPARATION OF SILT AND CLAY 

• Make up the volume of the suspension in the cylinder to one liter by adding more 

distilled water and homogenize the suspension. 

• Next day in early morning hours, place the cylinder in a temperature controlled chamber 

to ensure minimum variation of temperature between the two samplings.  Alternatively, 
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measure the temperature of the suspension and from Table 1 find out the requisite time 

for sedimentation, corresponding to this temperature, for silt and clay determination. 

• A little before the time of sampling of the suspension, stir the content with the plunger by 

moving it up and down, about 20-25 times in one minutes, so as to ensure stability of the 

suspension (in the absence of plunger, the cylinder and the content may be shaken by 

hand for about one minute by repeated inversion). 

• Remove the plunger gently and note down the time at which the plunger is taken out.  

This is the time of commencement of sedimentation. 

• Insert the sampling pipette gently into the suspension and dip it to 10 cm eepth from the 

surface of the suspension, about 20 seconds before the time is up, and withdraw 10 ml 

suspension carefully. 

• Deliver the content of the pipette into a weighed dish, and dry the sample at 105°C to a 

constant weight.  Record the weight of the suspension nearest to 0.001 gm accuracy. 

 

SEPARATION OF CLAY 

• Stir the content of the cylinder again for one minute as before. 

• Sample in the same way at a depth of 10 cm immediately after the expiry of the requisite 

time for clay. 

• Transfer the suspension to weighed dish, dry it at 105°C and record the wight nearest to 

0.001 gm accuracy. 

 

SEPARATION OF FINE SAND 

• Decant the bulk of the suspension and transfer the sediment, containing the fine sand, to a 

500 ml beaker with a jet of distilled water. 

• Pour away the turbid suspension, each time the sediment is washed with distilled water. 

• Continue the last step until the liquid no longer stands turbid. 

• Remove quantitatively, with a jet of distilled water, the particles, left in the beaker, to a 

weighed dish and record its weight, after over-drying at 105°C to a constant value with 

an accuracy of 0.001 gm. 

• Compare the fine sand, thus, obtained with that obtained by the difference method. 
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• Take a given amount of the same soil and record its oven-dry weight for determination of 

water content of the soil. 

 

 

OBSERVATIONS AND CALCULATIONS 

Wt. of the soil taken = 20 gm   Water content of the soil = ……………. % 

Thus, oven-dry weight of the soil = gmW
b
=

+
×

100
20100   

Wt. of dish = W1gm    Wt. of dish + Coarse sand = W2gm 

Thus, percent coarse sand, P = 100)( 12 ×
−

W
WW  

Temperature of the suspension = T°C 

Time at which the plunger is taken out the cylinder = t0 

Time at which the sample for silt + clay is to be collected = t0 + tsic (hr. min. sec.) 

Time at which the sample for clay is to be collected = t0 + tc (hr. min. sec.)+ tsic 

Weight of dish = W3 gm  Volume of suspension taken for analysis = 10 ml 

Weight of dish and silt + clay = W4 gm 

Weight of silt +clay = (W4 - W3) gm 

Thus percent silt + clay, Psic = 100
10

100034 ××
−

W
WW

 

Weight of dish = W5 gm  Volume of suspension taken for analysis = 10 ml 

Wt of dish caly = W6 gm 

Thus percent clay Pc = 100
10

1000)( 56 ××
−

W
WW

 

Therefore, percent silt, Psi = Psic - Pc 

Weight of dish = W7 gm 

Weight of dish + fine sand = W8 gm 

Thus, percent of fine sand, Pfs 

Experimental = 100
)( 78 ×

−
W

WW
 

By substraction = 100 – (Psic + Pc) 
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(C) DETERMINATION OF PARTICLE DENSITY  

 

INTRODUCTION 

Particle density (ρs) is the mass (weight) of unit volume of soil clods and is expressed in metric 

units in grams per cubic centimeter.  The particle density of most mineral soil varies from 2.60 to 

2.75 gm cm -3, with an average value of 2.65 gm cm -3, as the bulk of the soil consists of quartz, 

feldspars and colloidal silicates.  However, values exceeding 2.75 are met in cases where heavy 

mineral particles, viz., magnetite, garnet, epidotw, zircon, tourmaline and hornblende are present 

in unusual quantities.  Soils containing high amounts of organic matter will have particle 

densities around 2.4, as one cubic centimeter weighs less than an equal volume of mineral solids.  

For this reason, subsurface soils have higher particle density than surface soils.  Fineness as well 

as arrangement of soil particles do not affect particle density. 

 

IMPORTANCE 

Knowledge of particle density is important in volume relationships of the soil, viz., porosity, 

bulk density, and void ratio.  Particle density is used in calculating the settling velocity of 

particles of different sizes, during particles size analysis. 

 

METHOD OF DETERMINATION 

Particle density determination is based on the measurements of weight of solids and their 

volume.  The weight of solids is obtained by weighing a sample of oven-dried soil.  The volume 

of solids is determined by immersion.  The method outlined here is the ‘Pycnometer method’. 

 

PRINCIPLE 

A given amount of dry soil, when immersed in a definitive volume of water, expels air, and 

results in the displacement of equal volume of water.  The volume of soil particles is determined 

by measuring the volume of water displaced in the pycnometer bottle. 

 

 Mathematically,  Ww = Wpw + Ws - Wpsw 

 

 But,     Ww = Vs .ρw 



v 
 

 

 And,     Vs = Ws 

                                                                    ρs 

 Thus,    ρs = Ws.ρw 

                                                                    Ww 

 Therefore,    ρs = 
pswspw

s

WWW
W

++
 gm cm -3  

APPARATUS 

A pycnometer; a pipette (20ml cap); an analytical balance; a hot plate or water bath; filter papers. 

 

PROCEDURE 

• Fill up a clean, dry pycnomeer with deaerated water.  Note its temperature. 

• Replace the stopper and wipe out the surface of the pycnometer and weigh it. 

• Empty it and put into it 10 gm oven-dried soil (in absence of oven-dried soil, a duplicate 

sample may be placed in the oven for the determination of its water content). 

• When the bottle is half filled, using the pipette, wash into it soil particles sticking to the 

inner side of the neck. 

• Boil the contents to remove the entrapped air (leave the soil overnight in the case of 

heavy clay, so that all soil pores become water-saturated). 

• Cool the contents to room temperature and fill the pycnometer with deaerated water. 

• Insert the stopper, wipe the surface of the pycnometer, dry and weigh it. 

 

OBSERVATIONS AND CALCULATIONS  

a. Wt. of water-filled pycnometer   = Wpw 

b. Wt. of dry soil      = 10 gm 

c. Wt. of pycnometer + water + soil   = Wpsw gm 

d. Volume of water displaced    = cm3 

 (volume of soil solids) 

e. Particle density of soil    =         10    gm cm -3 

               (Wpw + 10 – Wpsw) 
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(D) EVALUATION OF WATER RETENTION CHARACTERISTICS   

 

INTRODUCTION 

The part of the water, stored in a soil following rainfall or irrigation, and subsequent drainage, 

which can subsequently be removed by a plant, is determined by the difference between this 

retentivity and the water content at which plants wilt.  The upper water limit is called the field 

water capacity (more commonly field capacity), and the lower limit, the permanent wilting 

percentage or simply the wilting point.  The difference between the two I called the available 

water; and for a given soil depth, in the profile itself, the more appropriate term, for water 

storage, is the available water capacity (AWC), the concept of AWC will only be of use in plant 

studies, when sufficient water enters the soil, to raise the water content of the profile to its field 

capacity, beyond the depth of rooting. 

Depth texture, structure, temperature changes and the type of clay minerals and thickness of 

horizons are the soil characteristics, having the greatest influence on available water capacity of 

a soil. 

 

IMPORTANCE 

Measurement of field capacity is, sometimes, made on ground and sieved samples, at other 

times, 0on cores or clods.  The most common measurements are: 

a. 60-cm suction for medium to coarse-textured soils (Rich, 1971) 

b. 100-cm suction with samples that retain their original structure and 

c. 1/3-bar with sieved material. 

 

The lowest suctions tend to be used in areas of sandy or silty soils.  The disadvantage of the 

methods is the error that may be involved when using the water content of a sample, equilibrated 

with a known suction, as an approximation to the field capacity.  Besides, one cannot equate 

1/3rd bar water content for a sieved soil sample with its 100 cm or 1/10th bar water content when 

its structure is retained.  Marshall (1959) stated, ‘no laboratory method can be a real substitute 

for a field capacity measurement, which is necessarily influenced by many factors, including 

especially the physical properties and initial water conditions of the profile as a whole’. 
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IN SITU MEASUREMENT 

 

PRINCIPLE 

 In situ measurement of field capacity involves watering a given area of land, sufficient enough 

to wet the profile, to the rooting depth, by way of insulating the soil surface, from the probable 

loss of water, through evaporation.  Following redistribution of water which varies with respect 

to textural distribution of soil layers, the field capacity is determined when two consecutive 

readings on water content of the soil, taken periodically, agree with reasonable accuracy. 

 

EQUIPMENT AND APPARATUS 

Core sampler, plastic sheets, Hessian cloth, foamed plastic containers, oven, desiccator, balance. 

 

PROCEDURE 

• Water an area of about 3 cm (after removing the surface vegetative cover, if any) with 

sufficient water to wet the profile thoroughly to a depth of 1m. 

• Cover the area with plastic sheet, overlying a Hessian cloth, and a second plastic sheet, 

following disappearance of surface water, so as to prevent evaporation 

• After 24-72 hours (the time of drainage increasing from sandy to clay soils), draw out 

core samples, from separate boring, from the profile at the depths required normally in 

the A and B horizons, using the core sample; pack cores in the sampler and place in 

cavities made in foamed plastic. 

• Ideally a second and third sample should be taken at 12 hour interval to see that the rate 

of change of water content is at minimum; cover the area between samplings. 

• In the laboratory, trim the cores and level off.  Weigh the wet cores, oven dry at 105°C, 

cool in a desiccator, and weigh again to determine oven-dry weight and water loss. 

• Calculate the field capacity from the measurements made, expressing it in terms of 

gravimetri9c volumetric water contents. 

 

PRECAUTIONS 

• Samples should be taken, at least, 50 cm from the edge of the wet area. 
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• Depth of sampling in no case within 30 cm of the wetting front to overcome errors in the 

measured field capacity. 

 

OBSERVATIONS 

a. Wet wt. of soil core      = W1gm 

b. Oven-dry wt. of the soil core    = W2gm 

c. Bulk volume of the core at field capacity  =Vb cm3 

 

CALCULATIONS 

d. Field capacity (gm water/ gm soil), FCg  = (W1 – W2) (x100 for %) 

          W2 

      e. Bulk density, ρb     = W2/Vb g/cm3 

 

      f. Field capacity (cm3 water/ cm3 soil), FCv = (W1 – W2) .  ρb ( x100 for %) 

W2.  ρw 

Where, ρw is the density of water, taken to be 1.0 g/cm3, with an error of 0.2% at 20°C. 

 

(E) EVALUATION OF CATION EXCHANGE CAPACITY 

 

INTRODUCTION 

The study of cation exchange equilibrium is primarily concerned with the measurement of the 

distribution of cations between the solution and the adsorbed phase at equilibrium.  Thus, the 

equilibrium measurement of the adsorbed phase in relation to the solution phase cations provides 

the basis to draw inferences as to the changes in ion exchange behaviour of soil, brought about 

by such practices, viz., fertilizer application and disposal of industrial effluents/ wastes, etc. 

 

EXPERIMENTAL PROCEDURE 

 

PREPARATION OF HOMOIONIC SOIL /SEDIMENT 

To prepare homoionic soils, in respect of a given cation, the soils are first passed through a 60 

mesh sieve, and, then, mixed thoroughly.  The soils are, then, given 5 repeated washings with 1N 
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chloride solution of the cation, in 1:5 soil, solution ratio, followed by 3 washings with diluted 

(0.1N)salt solution.  The soils are made salt-free by giving 3 washings with distilled water, 4 

washings with 95% ethanol or leaching till salt-free (test with dilute AgNO3 solution for 

turbidity, if any), followed by 2 washings with petroleum ether to facilitate the drying of soils.  

The homoionic soils, so prepared, are air-dried, ground with porcelain pestle and mortar, passed 

through a 60 mesh stainless steel sieve, and stored in polythene bags for exchange studies. 

 

ESTABLISHMENT OF CATION EXCHANGE EQUILIBRIA 

Homoionic soils, 2.5g each, are taken, in duplicate, in 50 ml polythene tubes and mixed with 25 

ml (1:10 soil : solution ratio) of different solutions of the cation pairs involved, having 12 levels 

of equivalent ion fractions of the competing cation, ranging from 0.001 to 1, at a desired but 

constant total electrolyte concentration.  The suspensions are equilibrated for 24 hours, with 

intermittent shaking at 25 ± 1°C, and centrifuged at 10,000 rpm for 10 minutes.  The supernatant 

solution is collected, filtered, if necessary, and the concentration of the competing cations, in the 

equilibrium solution, is measured, using standard analytical volumetric procedures.  The 

determination of the adsorbed ions is cumbersome and depends to agreat extent upon the 

analytical method employed, but the relative gain (sorption) or loss (desorption) of ions with 

respect to the standard state (homoionic) of the adsorbed phase is easily measured by the 

corresponding decrease in the concentration of the cation in aqueous solution vis-à-vis the 

original solution, following the attainment of equilibrium. 

         

(F) EVALUATION OF ANION EXCHANGE CAPACITY  

 

INTRODUCTION 

Anion exchange capacity (AEC) is defined as the amount of phosphate bound at pH 4 or 5, 7.  

Phosphate is, particularly, suitable for the determination of the anion exchange capacity of a soil.  

Sulphate is, often, involved in anion exchange reactions, but Cl- and NO3
- have negligible 

effects.  Anion exchange is dependent upon pH, but can be quantitative under acid conditions.  

Under low pH and high concentration, anions may be adsorbed and exchanged on soil colloids.  

Exchangeable anions are fixed on colloidal particles, having a positive charge, vis., iron and 

aluminum hydroxides. 
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Under very acid soil conditions, phosphorous acid anions are retained directly on the surface of 

colloidal particles, from the soil solution through adsorption phenomena.  In weakly acid, neutral 

or alkaline soils, it is considered that this retention takes place by the formation of different salts 

of phosphoric acid with calcium, iron and aluminum. 

Anion retention is related on the one hand to the nature of the nature of the anions, and on the 

other hand to the nature of the soil and the amphoteric properties of organic colloids as well as 

iron and aluminum hydroxides.  This phenomenon is observed in soils, rich in these components, 

as well as in the horizon, where hydroxides of iron accumulate. 

 

REAGENTS 

 

1. Triethanolamine solution:  Dilute 90 ml of Triethanolamine to 100 ml and 

adjust to pH 8.1 with HCl.  Dilute to 200 ml and mix with 200 ml of distilled 

water, containing 100 g BaCl2. 2H2O. 

2. Calcium Chliride solution:   Dissolve 50 g CaCl2. 2H2O in 100 ml of 

distilled water, and adjust to pH 8.0 with saturated Ca (OH)2 solution. 

3. Phosphoric acid solution:  0.01 M of H3PO4 

4. Stock solution of P, using KH2PO4 salt: From the stock solution, prepare 

various working standards so as to construct the standard curve of P. 

5. Bray’s reagent for P extraction :  0.025 N NH4F in 0.03N HCl. 

6. Dickman and Bray’s reagent for colour development. 

 

PROCEDURE 

• Leach 10g soil with 100 ml of triethanolamine solution and wash 6 times with 95% 

ethanol. 

• Leach the soil with 100 ml of calcium chloride solution and again wash. 

• Dry the Ca-saturated soil at 45°C and weigh into a centrifuge tube sufficient to give about 

0.2 meq CEC. 

• Add 20 ml of phosphoric acid solution and shake for 30 minutes. 

• Allow to stand for 24 hours, and again shake for 30 minutes. 
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• Centrifuge and take 1 ml aliquot to determine P. 

• In a separate sample of soil, extract P with Bray’s reagent and determine its content 

colorimeterrically with Dickman and Bray’s reagent. 

 

OBSERVATIONS AND CALCULATIONS 

a) Wt. of soil taken     = 10 gm 

b) Volume of H3PO4 solution added   = 20 ml 

c) Volume of aliquot taken    = 1ml 

d) Volume made upto     = Vml 

e) Conc. Of P (from the st. curve)   = Cppm 

f) First dilution      = 20/10 = 2 times 

g) Second dilution     = V/1 = V times 

h) Total dilution      = 2 x V times 

i) Conc. of P in the soln. phase    = 2 x c x V ppm 

j) Thus, P. adsorbed   = [P added (ppm) – 2 x C x V] = Q ppm 

= Q/ (6.2 x 10) meq/ 100 g 

k) Extractable P    = R ppm = R/(6.2 x 10) meq/ 100 g 

Hence, AEC (meq/100 g soil)  = (Q + R) / 62 

 

(G) DETERMINATION OF ORGANIC MATTER CONTENT  

 

INTRODUCTION 

The term ‘soil organic matter’ embraces the whole non-mineral fraction of soil, and consists 

essentially of a series of products, which range from decayed plant and animal tissues to fairly 

amorphous brown to black material, bearing no trace of the anatomical structure of the material, 

that is, normally, defined as the ‘soil humus’.  In addition to organic constituents, present in the 

decayed plant and animal tissues, soil organic matter contains living and dead microbial tissues, 

microbially synthesized compounds and derivatives of these materials, produced as a result of 

microbial decay. 

The roles of soil organic matter, in relation to soil fertility and physical conditions, are widely 

recognized.  The organic matter is the source of plant nutrients which are released in assimilable 
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forms during microbial degradation.  A major proportion of N (95 – 99% of the total), P (33-67% 

of the total) and S (75% of the total) in soils occur in organic combinations, which mineralize to 

release the nutrients in inorganic forms to be used by plants.  However, the mineralization in 

most cases, is too slow to meet the full requirement of a high-yielding variety / crop.  

Nevertheless, it serves as a reservoir of plant nutrients, in promoting water storage, and in 

regulating microbial activity. 

 

The organic matter content of a soil varies from 0.344% in very sandy arid soils to more than 

86% in peats and mucks.  Soil organic matter contains 5% N, and 0.5% each of P and S, thereby, 

having an N: P: S ratio of 10:1:1.  The organic mater content of a soil is estimated by the amount 

of carbon present, as this element represents, on an average, 52-58% of the organic matter, and 

the C: N ratio is 10-15  in the subsoil, the average organic carbon amount is 36-44% (40%), and 

the C:N ratio is <8.  In order to find the amount of humified organic material, the organic carbon 

content is multiplied by 1.724, which represents the ratio between the humus and the organic 

carbon (100/58), and is known as the ‘von Bemmlen factor’. 

 

TITRIMETRIC DETERMINATION 

 

APPARATUS 

Conical flask, pipette, burette, analytical balance 

 

REAGENTS 

1. 1N potassium dichromate solution: Dissolve 49.04 gm of AR grade K2Cr2O7 in distilled 

water and make up the volume to 1 litre 

2. 0.5 N Ferous ammonium sulphate (Mohr’s salt): dissolve 392 gm of Fe(NH4)2(SO4)2.6H2O in 

distilled water.  Add 15 ml of conc. H2SO4 and make up the volume to 2 litres with distilled 

water. 

3. Conc H2SO4 containing 1.25% silver sulphate (in case of soils free from chlorides, use of 

Ag2SO4 can be avoided). 

4. Ortho-phosphoric acid (85%) and / or sodium fluoride (pure). 
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5. Diphenylamine indicator : dissolve 0.5 gm of diphenylamine in a mixture of 20 ml of water 

and 100 ml of conc. H2SO4 

 PROCEDURE 

• Take 1 gm soil in a 500 ml conical flask. 

• Add 10 ml of 1N K2Cr2O7 solution and shake to mix 

• Then, add 20 ml of conc. H2SO4 (containing 1.25% Ag2SO4) and swirl the flask 2 or 3 

times. 

• Allow the flask to stand for 30 minutes on an asbestos sheet for the reaction to complete. 

• Pour 200 ml of water to the flask to dilute the suspension.  Filter, if it is expected that the 

end point of the titration will not be clear. 

• Add 10 ml of 85% H3PO4 or 0.5 gm of NaF and 1 ml of diphenylamine indicator and back-

titrate the solution with 0.5 N ferrous ammonium sulphate, till the colour flashes from 

violet through blue to bright gren.  NaF and / or H3PO4 gives sharper end point, by making 

the change in colour, distinct through a flocculating effect. 

• Note the volume of the ferrous ammonium sulphate. 

• Carry out a blank titration (without soil) in a similar manner. 

NOTE: 

i) Chloride competes with organic mtter in reducing the chromic acid, one 

milliequivalent of Cl- being equal in reducing power to 3.5 mg of C. 

If the soil is known to contain Cl-, this should be precipitated by the addition of 25 gm 

silver sulphate to each liter of conc H2SO4; otherwise Cr2O7
2- will react with Cl- as 

follows: 

Cr2O7
2- + 6 Cl- + 14H+ → 2Cr3+ + 3Cl2 + 7 H2O 

 and    4Cr6+ + 3C → 4Cr3+ + 3C4+ 

Therefore, in presence of Cl-,  

Soil organic C(%) = Uncorrected soil C(%) – percentage of soil Cl-/12. 

This correction is valid upto a Cl:C ratio of 5:1. 

ii) Nitrate interferes with the estimnation, only when present, more than 1/20th of the C. 

iii) If the titre value is <4 ml, repeat the experiment with 0.5 gm soil. 

 

 



xiv 
 

OBSERVATIONS 

a. Weight of the soil     = W gm 

b. Volume of 0.5N Fe(NH4)2(SO4)2 solution used = B ml for the blank titration 

c. Volume of 0.5N Fe(NH4)2(SO4)2 solution used = S ml for the sample titration 

 

CALCULATIONS 

d. Volume of 1 N K2Cr2O7 used for oxidation of C = 0.5 x (B-S) ml 

[ 1 ml of 1 N K2Cr2O7 = (1 meq) = 3(=12/4)mg of org. C = 0.003 g of org. C] 

Walkley averaged a 77% recovery of org. C by this method.  Thus, the correction factor is 

100/77 = 1.3 

 

Now, 

% of org. C in the soil (uncorrected) = 0.5 x (B-S) x *1 x 0.003 x (100/W) 

               = Q    (say) 

% of org. C in the soil (corrected)     = Q x 1.3 = R   (say) 

Hence, % of org. matter in the soil    = R x 1.724 

 

* Normality of K2Cr2O7 solution 

 

COLORIMETRIC DETERMINATION 

PRINCIPLE 

The oxidation of the soil organic matter is carried out by dichromate-sulphuric acid mixture.  The 

intensity of the green colour of the chromium sulphate formed is measured to give directly the 

amount of carbon oxidized. 

 

INSTRUMENT AND APPARATUS 

Photoelectric colorimeter, conical flask, volumetric flask, pipette 

 

REAGENTS 

1 N AR grade potassium dichromate (49.04g/l/0, Conc. H2SO4 with 1.25 gm of silver sulphate per 

100 ml (not needed, if chlorides are absent), sucrose (AR grade), anhydrous,  
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PROCEDURE 

• Take 1 gm of soil (passed through 0.2 mm sieve) in a 100 ml conical flask. 

• Add to it 10 ml of 1N K2Cr2O7, swirl the flask for a while, followed by the addition of 20 ml 

of conc. H2SO4, and swirl again 

• Allow the flask to stand for 0 minutes on an asbestos sheet, and, then, centrifuge the contents 

to clear state. 

• Read the green colour of the chromium sulphate on the supernatant layer on a colorimeter 

after, adjusting the blank solution (without soil) to zero using 660 mmμ red filter. 

 

PREPARATION OF THE STANDARD CURVE 

Take 1 to 25 mg of anhydrous sucrose (AR) in separate 100 ml conical flasks, develop the colour 

and read on a colorimeter as per the procedure outlined for the sample.  Draw a curve by plotting the 

concentrations of carbon as sucrose (after adjusting the blank to zero) on the abscissa and the 

colorimeter reading(%T) on the ordinate in alog scale. 

 

OBSERVATIONS AND CALCULATIONS 

Sample No. Colorimeter 

reading 

Concentration fro

st. curve 

Dilution factor % Organic C 

1     

2     

3     

4     

 

INTERPRETATION 

 

Organic Carbon (%) Comments 

<0.5 % Low 

0.5 - 0.75 Medium 

>0.75 High 
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ALTERNATE METHOD  

Take about 25 g soil / sediment sample in a silica crucible and dry it in hot air oven at 11000 C. Cool 

the crucible and keep in a desicator. Take the constant weight of the contents with the crucible. The 

crucible is then kept in a muffle furnace for sixteen hour at 4500C to destroy the organic matter of 

the sample. Cool the crucible, keep in the desicator and take its constant weight. The difference of 

these two constant weights will give the quantity of organic matter in the given sample. 

 

(H) PH MEASUREMENT  

The pH is a measure of the hydrogen or hydroxyl ion activity of the soil-water system.  It indicates 

whether the soil is acidic, neutral or alkaline in reaction.  Since crop growth suffers much both under 

very low (strongly acidic) as well as very high pH (alkaline) conditions, appropriate reclamation 

measures becomes essential.  The presence of neutral soluble salts as in saline soils is not normally 

reflected in its pH, but when its content is excessively high they tend to reduce H+ activity. 

 

INSTRUMENT 

pH meter 

 

REAGENTS 

• Standard buffer solutions: Prepare buffer solutions of pH 4, 7, and 9.2 in pure water, or of other 

pH values in the acidic and alkaline range.  Alternatively, dissolve one commercially available 

buffer tablet in freshly prepared distilled water and make the volume to 100 ml.  Prepare a 

fresh buffer solution after every few days as these solutions do not keep for long.  A 0.05 M 

solution of AR grade potassium phthalate (KHC8H4O4, mol.wt.204.22) gives a pH of 4 at 25°C 

and this can also be used as a standard buffer.  For this prepare a stock solution of 0.25 M by 

dissolving 51.04 g of the pure dry salt in warm water and making volume to 1000ml.  Three to 

four drops of toluene are added to prevent growth of mould.  A 10 ml portion of this solution 

diluted to 50 ml with distilled water gives 0.05 M solution.  Similarly, a solution containing 

19.45 ml of 0.2M Na2HPO4 and 0.55 ml of 0.1M citric acid gives a buffer of pH 8 
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PROCEDURE FOR PH MEASUREMENT 

 

A) PH IN SATURATED SOIL / SEDIMENT PASTE 

1. For making a saturated soil paste, take 100 g of soil sample in a 500 ml beaker. 

2. Add small amounts of distilled water at 1 -2 min. intervals to the soil while working with 

a spatula 

3. Allow the beaker with a cover on it to stand for about an hour.  At saturation, the soil 

paste glistens, flows slightly when the container is tilted and slides freely and cleanly off 

the spatula.  A perfect paste will neither show collection of free water on the soil surface 

nor lose its glistening characteristic on standing 

4. Adjust pH meter knob for temperature.  Calibrate with two buffers, one in the acidic and 

the other in the alkaline range or neutral pH. 

5. Carefully insert the glass and calomel or combined electrodes in the paste and measure 

pH. 

6. move the electrodes a little to ensure removal of water film around them and take the pH 

reading again when constant. 

 

B) PH IN SOIL-WATER / SEDIMENT –WATER SUSPENSION 

 

The pH may be determined in soil-water suspension of varying ratios but the results 

should be expressed along with the ratio adipted.  Conveniently, the suspension is 

prepared in 1:2 or 1:2.5 ratio. 

 

PROCEDURE 

1. Take 10 g of soil sample in 50 or 100 ml beaker. 

2. Add 20 or 25 ml of distilled water and stir well for about 5 minutes and keep for half    

an hour 

3. Again stir just before immersing the electrodes and take pH reading. 

 

C) PH IN 0.01 M CACL2 SOLUTION PROCEDURE 

1. Take 20 g of soil in a 100 ml beaker. 
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2. Add 40 ml of 0.01 M CaCl2 solution (1.47 g AR grade CaCl2. 2H2O dissolved in 1L). 

3. Stir the suspension well for 30 minutes and record the pH. 

 

In acid soils pH normally ranges from 4 to 5 and in calcareous ones between 6.9 and 7.2.  The 

pH of near neutral soil in CaCl2 solution is usually around 6. 

Note: Before each determination, the electrodes must be washed with a jet of  distilled water and 

dried with the help of a piece of filter or tissue paper. 

 

SELECTION METHOD FOR PH MEASUREMENT 

The saturated paste method is used for identifying specific soil problems like acidity or alkalinity 

and salinity.  For making fertilizer recommendations, the 1:2 soil-water suspension is adopted.  

Besides, it is quite rapid.  The pH in CaCl2 solution is measured to mask the variability in salt 

content of soil.  The results are independent of dilution over a wide range of soil: solution ratio 

and more reproducible than those obtained in water.  For a much more rapid, though not accurate 

pH test, the universal indicator can be used.  In this case the supernatant solution from the soil-

water suspension is used for pH estimation. 

 

(I) ELECTRICAL CONDUCTIVITY MEASUREMENTS 

 

PRINCIPLE 

Ions, like metals, allow the electric current to pass through them.  Hence, the electrical 

conductivity (EC) of the soil-water system rises with increasing content of soluble salts in the 

soil at any particular temperature. 

 

INSTRUMENT 

Conductivity meter 

REAGENT 

0.01N Potassium chloride solution: Dry a small quantity of AR grade potassium chloride 60°C 

for 2 h.  weigh 0.7456 g of it and dissolve in freshly prepared distilled water and make to one 

litre.  This solution gives an electrical conductivity of 1411.8 x 10-3i.e. 1.41 dS m-1 at 25 °C. 
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PROCEDURE 

1. Weigh 20 g of soil sample in a 100 ml beaker. 

2. Add 40 ml of distilled water and shake intermittently for 1 h on a shaker. 

3. Allow to stand until clear supernatant liquid is obtained.  The clear extract after the 

pH measurement can be also used for EC measurement. 

4. Calibrate the conductivity bridge with the help of standard KCl solution and 

determine the cell constant. 

5. Determine the conductivity of the supernatant liquid with the help of the conductivity 

bridge. 

Note: Even if the scale is marked to read directly as in most of the conductivity meters, it is 

necessary to check/ calibrate the instrument with the standard KCl solution. 
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SUMMARY 

This document presents the standard procedures for evaluation of site specific environmental 
transfer factors around NPP sites. The scope of this document is to provide standard protocol to 
be followed for evaluation of environmental transfer factors around NPP sites. The studies on 
transfer factors are being carried out at various NPP sites under DAE-BRNS projects for 
evaluation of site specific transfer factors for radionuclides released from power plants. This 
document contains a common methodology in terms of sampling, processing, measurements and 
analysis of elemental/radionuclides, while keeping the site specific requirements also in place. 




