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❖ In the previous lecture…



❖ Environmental samples

➢ *Air

➢ *Water

➢ *Soil

➢ Grass

➢ Sediment

❖ Food

➢ Milk

➢ Grain and rice

➢ Meat

➢ Aquatic organisms

➢ Vegetables

➢ Other foods



❖ Sampling in emergency situation

➢ Important to take representative samples

▪ Soil, water, foodstuffs etc.

➢ Should be consistent between sampling teams

➢ Most accessible sampling sites

▪ Tops of hills rather than along side roads

▪ Flat terrain rather than steep areas or trenches

➢ Collected samples should be placed in receptacles and preserved, 
and labelled.



❖ Monitoring of samples

➢ Can either be assessed in the field

▪ With portable/transportable instrumentation

▪ And in mobile labs

▪ Or returned to a specialist labs

➢ Rapid method can be replaced to cater for larger numbers of 
samples

▪ Screening techniques

▪ With criteria levels for further analysis

▪ Samples above certain screening levels may need to be further 
analyzed for more accurate information.



❖ As a rule, the sampling locations will be chosen from the following;

➢ Along the facility fence line

➢ At the residence with the highest predicted ground level concentration (or deposition)

➢ At the town/community within 15 km with the highest predicted ground level 

concentration (or deposition)

➢ At the off-site locations with the highest predicted ground-level concentration

➢ In general, the locations with highest ground level concentrations are predicted with 

computers performing atmospheric dispersion calculations.



❖ Considerations

➢ Air samples can be assessed in-situ in field.

➢ And re-assessed in the lab to determine

▪ Radionuclide composition and concentrations

➢ Giving the information on;

▪ The radioactivity levels

‐ Low, medium, or high

▪ To estimated inhalation hazards and potential for ground deposition

➢ To detect radioiodine

▪ A special cartridge (charcoal or zeolite) is necessary. 



Portable type Filter holder Radioiodine filter

In-situ measurement Personal type



❖ Air pump leak test

➢ Undetected leaks can be a major source of error.

➢ Installing a bubbler/impinger immediately downstream of the flow 
meter

Calibration impinger



❖ Filter types

➢ Glass fiber filter

▪ Can maintain a low pressure drop even at the high flowrate

▪ Large dust loadings associated with environmental air sampling

▪ Relatively low burial losses for alpha counting

▪ But it has resistance to chemical digestion.

➢ Grade GF A

▪ Highly efficient for general lab filtration

▪ Corresponds to many international standards for air and water pollution monitoring

➢ Grade GF B, GF C, GF D, GF F …



❖ Filter types

➢ Cellulose filters

▪ Rugged and amendable to chemical digestion

▪ Significant burial losses during alpha counting due to the depth of filters

▪ Collections efficiency drops off significantly as the face velocity decreases

➢ Membrane filters

▪ Easy to digest for radiochemical analysis

▪ Surface loading and minimal burial losses for alpha counting

▪ Large dust will greatly increase the pressure drop across membrane filters

‐ To keep the pressure drop at as minimum, use filters with larger pore sizes.

Cellulose filter Membrane filter



❖ Filter sizes and flowrates

➢ To obtain samples of sufficient activity

▪ May be necessary to use high flowrate and large filters.

➢ An advantage of smaller filters

▪ It can be analyzed directly in a typical counter

‐ e.g. gas proportional counter etc.



❖ Noble gases

➢ Xenon, krypton and argon can be collected on charcoal but the low 
efficiency of this process.

➢ More specialized facilities are needed 

▪ e.g. SAUNA

❖ Tritium

➢ Atmospheric tritium in the form of HTO is usually collected by 
adsorption on silica gel















❖ Water sampling

➢ Purpose

▪ The source of drinking water are rather diverse

‐ Wells, surface water, precipitation, cisterns etc.

➢ Precautions

▪ Sampling is to be done after a release has ended and after plume 
passage.



❖ Surface water

➢ Streams, rivers, lakes, ponds, etc.

➢ Sampling locations - general

▪ At the point of use

‐ e.g. recreational areas, public water supply intakes, etc.

▪ At locations where animals used water

‐ e.g. cattle

▪ At locations where water is obtained to irrigate crops. 



❖ Surface water

➢ Sampling locations in rivers, streams, and creeks

▪ Major consideration is whether or not the radionuclides 
concentrations in the water are homogenous at the sampling point.

‐ e.g. Background sample are typically taken upstream.

‐ The concentration across a stream/river become more uniform as 
we proceed downstream.



❖ Surface water

➢ Sampling locations in lakes and ponds

▪ Less mixing and tendency to stratify than streams and rivers.

‐ Required to take a larger number of samples for homogeneously mixing

‐ The stratification is primarily due to temperature.

• It might be helpful to determine the water's temperature profile and 
sample the different layers independently.



❖ Groundwater

➢ Groundwater is the source for all perennial stream, 90% of the globe's 
fresh water and 50% of its drinking water. 

➢ The source for groundwater is rainfall.

➢ Vadose & phreatic zone

▪ The upper streams (vadose)

▪ Beneath the unsaturated zone (phreatic)

▪ The saturated zone (phreatic) can produce a 'substantial' amount of water.

‐ e.g. enough to support a spring or a well.



❖ Sample collection

➢ The collection equipment should be pre-cleaned and bagged or wrapped.

➢ Sampling is usually performed from a boat.

▪ The next best locations would be from a bridge or a pier.

▪ Avoid shore and wading due to the mixing of sediments.

➢ Sampling method

▪ Dipping

‐ Sample container is submerged with the opening.

▪ Peristaltic pump















❖ Purpose

➢ Evaluation of levels of ground contamination and total deposition per unit 
area

➢ Prediction of dose rates and time dependence of dose at the location

➢ A rough estimation for the future contamination of vegetables

❖ Precautions

➢ Ground contamination may vary significantly from place to place (hot-spot).

➢ Local dose rate averages are helpful in choosing a representative sampling 
location.

➢ Sampling is to be done after a release has ended and after plume passage.



❖ Sampling designs

➢ Judgment sampling

▪ Selection of sampling sites based upon 

‐ Experience

‐ Potential contamination

➢ Simple random sampling

▪ Random selection of sampling sites over the area to be surveyed.

▪ Statistically valid method that is convenient for small sites



❖ Sampling designs

➢ Systematic sampling

▪ A grid is laid out over the survey site and samples are collected at regularly 
spaced intervals.

‐ Adequate sampling over the entire site

‐ Statistically valid for the randomly distributed sites of radioactivity.

‐ It would normally be adequate for a preliminary survey of a site, as the more 
detailed follow-up study would discover any unusual patterns or distributions.

➢ Stratified sampling

▪ Consists of dividing the survey site into areas (or strata) of roughly similar 
contamination levels based upon a preliminary survey.

▪ Obtaining complete site coverage and detecting patterns of contamination



❖ Sampling location

➢ At locations with the highest predicted deposition/concentration.

▪ Using airborne concentrations, exposure rate, etc.

▪ Recreational areas, schools, daycare centers, nearby residences, 
etc.

▪ Crop land, vegetable gardens.

➢ The chosen sampling locations should first be cleaned of any 
sticks, stones, pebbles of  other loose debris.



❖ Surface sampling methods

➢ Features

▪ Best to use equipment that requires little or no cleaning in the field

‐ Pre-cleaned and bagged trowel for each sampling location

▪ Consider the type of soil

‐ A method that works well in soft organic soils, will not necessarily work 
well in loose sandy soils, or clay.

▪ When a sampler is being driven into the ground, and resistance is 
experienced, it might be best to move to a nearby location to sample.



Auger Probe

Core sampler Shovels and Scoops



❖ Surface sampling method

➢ Ring sampling method

▪ Five separate samples, 30 cm apart, are taken along a straight line and 
composited. 

‐ Two steps

• A metal ring is driven into the soil

• The soil inside the ring is transferred into a bag.

▪ The samples are obtained to a total depth of 5 cm.

‐ Well suited to sandy soils.













❖ Sample preparation for gamma spectrometry

➢ To transform the field samples into lab samples for quantitative 
analysis

➢ In emergency, simple and straightforward physical methods are 
preferred

▪ To facilitate rapid hazard assessment and aid decisions on 
intervention



❖ Procedure

➢ Separation of different components

▪ e.g. soil, stones, roots, grass, etc.

➢ Diminishing the grain size of solid material

➢ Increasing the concentration by drying, ashing, etc.

➢ Homogenization of the sample

➢ Separating a representative amount of the original sample (aliquot)

➢ Putting it into a container (geometry) for which efficiency calibration data exist.

❖ The changes of the sample quantity during sample preparation must be carefully 

followed and documented to trace the original environmental radionuclide 

concentration back to the measured laboratory sample activity.




















