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Source of radioactivity in the environment

Nature (U/Th, cosmic ray reactions)

Nuclear power plants and fuel cycle 

facilities operation 

Nuclear weapons testing (atmosphere)

Nuclear accidentsMedical use of radionuclides

Technically enhanced natural 

radioactivity (oil/gas, mining, 

geothermal)
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Nuclear emergency 

prepardness

Environment 

monitoring

Nuclear 

decommissioning

Radioecology and 

tracer studies

Radioactivity 

determination

Radioactivity determination
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• There are three primary types of 

ionizing radiation: alpha, beta and 

gamma radiation. 

• Alpha and beta radiation are particles.

• Gamma rays are electromagnetic 

waves.

Why radiochemical analysis?

Hard-to-measure

radionuclides

most alpha and beta emitters 

Easy-to-measure

radionuclides 

most gamma emitters

Radiochemical analysis
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Radiochemical analysis

Liquid scintillation 

counting
3H, 14C, 36Cl, 41Ca, 

55Fe, 63Ni, 89,90Sr, 93Zr, 
94Nb, 93Mo, 241Pu

ICP-MS: 239Pu, 240Pu, 237Np, 99Tc, 
234, 235, 238U, 232Th, 

AMS: 129I, 36Cl, 41Ca, 236U, 233U

TIMS: 135Cs, 239, 240Pu, 234, 235, 238U 

Beta counting
99Tc, 89,90Sr

Alpha spectrometry
238, 239,240Pu, 237Np, 

226Ra, 234, 235, 238U, 228, 

230, 232Th, 241Am, 243Cm

Samples

Pre-treatment

Radiochemical separation

Purified radionuclides

Radiometric 

measurement 

Mass spectrometric 

measurement 

ICP-MS: Inductively coupled plasma mass spectrometry

AMS: Accelerator mass spectrometry

TIMS: Thermal ionization mass spectrometry

Most time-consuming processes

Chromatography Solvent extraction

or
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Automation for radiochemical separation 

Flow injection (FI)/sequential injection (SI)

Vacuum boxHigh performance liquid chromatography (HPLC)

Pros: Multi-sample processing, 

Easy operation, Low cost, 

Flexible

Cons: Need human attention

Pros: Fully automated, Direct 

connection to MS

Cons: Only handle small 

samples, Single sample 

processing, High cost

Pros: Highly flexible, 

possibilities for sequential 

separation or multi-sample 

handling

Cons: High cost, high 

demands in technical support
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Automated radiochemical separation system
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Sample solution, with Pu (IV) and Np(IV) 

in 8M HNO3 medium

Sequence 2: Wash with 100mL of 

9M HCl, 1.2mL/min

Matrix (Ca, Mg, Fe, 

Pb…) Am, U

Sequence 3: Elute with 40mL of 

0.5M HCl, 1.2 mL/min

Th

ICP-MS

Sequence 1: Wash with 100 mLof
8M HNO3, 1.2 mL/min

2 mL

AGM

P-1M

Pu and Np

Sequence 1 Sequence 2 Sequence 3

Load, 1.2 mL/min
Loading: 0.2hr

Rinsing: 2.8hr

Measurement : 0.5 hr

(including sample preparation)

Total: 3.5 + 0.5 = 4hr

Pu elution: 0.5hr

Qiao, J. X., Hou, X. L., Roos, P., Miró, M. Analytical Chemistry. 2011, 83, 374-381.

Automated method for Pu and Np determination

Comparison: 2-13 days using traditional method
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Conclusions:

NKS Rapid-tech project
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Radiochemical analysis

Liquid scintillation 

counting
3H, 14C, 36Cl, 41Ca, 

55Fe, 63Ni, 89,90Sr, 93Zr, 
94Nb, 93Mo, 241Pu

ICP-MS: 239Pu, 240Pu, 237Np, 99Tc, 
234, 235, 238U, 232Th, 

AMS: 129I, 36Cl, 41Ca, 236U, 233U

TIMS: 135Cs, 239, 240Pu, 234, 235, 238U 

Beta counting
99Tc, 89,90Sr

Alpha spectrometry
238, 239,240Pu, 237Np, 

226Ra, 234, 235, 238U, 228, 

230, 232Th, 241Am, 243Cm

Samples

Pre-treatment

Radiochemical separation

Purified radionuclides

Radiometric 

measurement 

Mass spectrometric 

measurement 

ICP-MS: Inductively coupled plasma mass spectrometry

AMS: Accelerator mass spectrometry

TIMS: Thermal ionization mass spectrometry
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Measurement of radionuclides by ICP-MS/MS

Agilent 8800/8900 ICP-Q3-MS/MS

Q1: Control ions 

entering cell

Q2: Select target 

ion for measure

CRC: 4 inlets of collision 

or reaction gas (He, NH3, 

O2, CO2, N2O, H2, etc.)

Radionuclides: 99Tc,135Cs, 234, 235, 236, 238U,  

239,240,241Pu, 237Np, 241Am

Measurement time: 5-10 min.

Detection limit: 10-15 - 10-12 g/g

J. Anal. At. Spectrom., 2017, 32, 1660
Xu et al. Talanta, 2022, 24, 123152. 
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Lab A Lab B Lab C Lab D Lab E Lab F

Instrument 

model 

Agilent 8800 

ICP-QQQ

Element XR ICP-SFMS Element XR ICP-SFMS Nu Plasma 

MC-ICP-MS

AttoM double-

focusing ICP-

SFMS

Element 2 ICP-

SFMS

Agilent 8800 ICP-

QQQ

Radionuclides 

measured

234U, 235U, 

238U, 239Pu, 

240Pu, 242Pu

234U, 235U, 

238U

238U, 239Pu, 

240Pu, 42Pu

234U, 235U, 

238U

239Pu, 240Pu, 

242Pu

234U, 235U, 

238U

239Pu, 240Pu, 

242Pu, 238U

234U, 235U, 238U, 

239Pu, 240Pu, 

242Pu

234U, 235U, 238U, 

239Pu, 240Pu, 242Pu

Auto-sampler AS X-520 

(CETAC))

No No ASX110 ASX260 SC2 DX AS X-520 

(CETAC))

Nebulizer MicroMist 

(Borosilicate 

glass)

Conikal 

nebulizer

Conikal 

nebulizer

MicroMist 

nebulizer

PFA 

nebulizer

Meinhard 

and 

Desolvating 

nebulizer 

(DSN) 

Meinhard 

nebulizer

PFA-ST MicroMist quartz

Spray chamber Quartz, , 

Scott-type 

double-pass

Twister 

spray 

chamber

Twister 

spray 

chamber

Cyclonic 

spray 

chamber

Cyclonic 

spray 

chamber

Cyclonic 

spray 

chamber

Cyclonic 

double pass 

spray chamber

Quartz baffled 

micro cyclonic 

with dual gas 

inlet 

Quartz, Scott-type 

double-pass

Typical 

sensitivity, 

cps/ppq 238U

0.7 2 1.8 1.2 6 2 2 0.8 1.5 with s-lens (s-

lens for Pu and x-

lens for U)

238UH+/U+ 1/14892 1/104000 1/104000 1/100000 3/100000 None

NKS Nordic-ICP and ICP-Biodec projects

Table 1 Instrumentation conditions used in each laboratory for the inter-comparison exercise
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Measurement of radionuclides by AMS and TIMS

AMS at "VERA" (Vienna Environmental Research Accelerator)

Walter Kutschera (2016), Advances in Physics: X, 1:4, 570-595.

The ingrowth of the number of AMS facilities since 1978.
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Conclusions 

• Up-to-date  methods development for effective radiochemical 

analyses is necessary.

• Automation techniques and modern mass spectrometric instruments 

could be helpful to improve the efficiency. 

• This work highlights the need of a continuous cooperation among 

radiochemists within the Nordic and international communities. 

Method Development Modern Instruments Continuous Cooperation
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