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Samples

Pre-treatment
Gamma spectrometry 

(gamma emitters: 137Cs, 
134Cs, 60Co, 152Eu, etc.)

Radiochemcial separation

Liquid scintillation 
counting

3H, 14C, 36Cl, 41Ca, 
55Fe, 63Ni, 89,90Sr, 
93Zr, 94Nb, 93Mo, 

241Pu

Alpha emitters

Mass spectrometry 
ICP-MS: 239Pu, 240Pu, 

237Np, 99Tc, 234, 235, 

238U, 232Th, 
AMS: 129I, 36Cl, 
59Ni,41Ca, 236U

Beta counting
99Tc, 89,90Sr

Beta emitters

Alpha spectrometry
238, 239,240Pu, 237Np, 
226Ra, 234, 235, 238U, 

228, 230, 232Th, 241Am,
243Cm

ICP-OES/ICP-MS
(stable matrix elements: 
Ca, Fe, Al, S, Ni, Hg, Pb, 

As, Zr, Cd, etc.)

Scheme of Radioassay
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Emergency situations
• Nuclear accidents 
• Radiological incidents (dirty bomb)

Post-accident situations 
• Long-term monitoring
• Remediation 

Routine situations
• Environmental monitoring
• Scientific research

Application of rapid & automated radioassay

12-10-20184

Fukushima, 2011

Thule, Greenland
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Nuclear decommissioning
• A large number of samples
• Various matrix types and radionuclides
• Large variation in radioactivity levels
• High radiation exposure from high-level samples
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Application of rapid & automated radioassay
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Chromatography

Source preparation

Centrifugation 
Liquids 

Co-precipitation

Acid dissolution/
alkaline fusion

Dry, ashing
solids Ash 

Interferences

Pre-concentration:

Chemical purification:

Detection:
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Target 
radionuclides

Typical procedure for radiochemical analysis

solvent 
extractionor

12/10/2018

Time-consuming!

Measurement 
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• Vacuum box

• HPLC

• Flow & Sequential Injection

Flow and sequential injection systems

7 12-10-2018

Rapid radiochemical separation

Vacuum box

HPLC system
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Name Address 
O. Egorov, J. 

Grate, M. O’Hara
Pacific Northwest National Laboratory, USA

C. K. Kim Department of Nuclear Science and Applications, IAEA,  Austria
C. S. Kim Korea Institute of Nuclear Safty, Korea
K. J. Lee Korea Advanced Institute of Science and Technioloy, Korea

V. N. Evop Environmental & Ressource Sutdies, Trent University, Canada 
& Vinogradov Istitute of Geochemistry SB RAS, Russia

V. Cedá, M. Miró Department of Chemistry, University of the Balearic Islands, Spain
J. Qiao Center for Nuclear technology, Technique University of Denmark

Research groups using FI/SI for radioassays
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1. Rapid determination of Pu, Np, U and Tc
2. Automation of the analytical procedure

Specific focuses: 
i. Chemical purification
– Protocol simplification and optimization
– Automation 

ii. Detection 
– Mass spectrometry (ICP-MS)

9 10/12/2018

Determination of long-lived radionuclides

Waste

HC

SV

SP

EluateICP-MS

Column

Carrier

S W
E

R2
R1



DTU Nutech, Technical University of Denmark

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

10
Qiao, J. X., Hou, X. L., Roos, P., Miró, M. Analytical Chemistry. 2011, 83, 374-381.
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Automated method for Pu and Np determination

Comparison: 2-13 days using traditional method
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Repeat column separation 

U purification 
Np/Pu 

purification 

①Load sample 
②Rinse with 40 mL 3 mol/L HNO3 

③Rinse with20 mL 6 mol/L HCl 
④Elute U with 10 mL 0.025 mol/L 

HCl 

Add 37% HCl to pH 2; 
Add 2g of FeCl3·6H2O 
and 25% NH3·H2O to 

pH 9, centrifuge 
 

Supernatant (70%) 

Np/Pu/U 
purification 

Add 37% HCl to pH=2, add tracer 242Pu and 99mTc 
Add 4 g FeCl3·6H2O and 150 g K2S2O5, air bubbling for 20 min 

Add 10 mol/L NaOH to pH 11 
Stay still overnight, discard supernatant 

Ca-Mg-Fe(II) hydroxide co-precipitate (90%) 

Fe(II) hydroxide co-precipitate (80%) 

Dissolve with 37% HCl 
Add 10% NH3·H2O to pH 9 

Add KCl to a concentration of 4g/L 
Stay still for 1-2h, discard supernatant 

Dissolve with 37% HCl, add 2 mL of 14% NaClO 
Add 10% NH3·H2O to pH 9, centrifuge 

 

Dissolve with aqua regia 
Digest for 2 h under 200°C 

Add 25% NH3·H2O to pH 9, centrifuge 

Tc purification 

Add 1 g of FeCl3·6H2O  
Adjust pH to 2 with 37% HCl 

Add 1 g K2S2O5, stir for 20 min 
Add 10% NH3·H2O to pH 9, centrifuge 

 

Supernatant 
Fe(III) hydroxide co-precipitate (80%) 

Fe(II) hydroxide co-
  

Fe(III) hydroxide co-precipitate (80%) 

Add 6 mol/L NaOH, centrifuge, repeat twice 

Fe(III) hydroxide co-precipitate 

Dissolve with 37% HCl 
Add 1 g K2S2O5, stir for 20 min 

Add 10% NH3·H2O to pH 9, centrifuge 

Fe(II) hydroxide co-precipitate 

①Load sample 
②Rinse with 100 mL 8 mol/L HNO3 

③Rinse with100 mL 9 mol/L HCl 
④Elute Pu/Np with 100 mL 0.5 mol/L 

HCl 

Dissolve with 2-5 mL of 37% HCl 
Add concentrated HNO3 to 8 mol/L 

 
A
G
M
P
-
1
M 

Dissolve with 8 mol/L HNO3 
Add 4 mL 30% H2O2 

Add 6 mol/L NaOH to pH 10, centrifuge 

Supernatan
 Add 3 mL 30% H2O2, 

Heat at 100 °C for 30 min 
Add 8 mol/L HNO3 to pH 0.5-1 

T
E
V
A 

Add 6 mol/L NaOH to pH 7 
Add 3 mL 30% H2O2  

Heat at 100 °C for 30 min 
Adjust to pH 0.5-1 

③Tc eluate 

①Load sample 
②Rinse with 40 mL 1 mol/L HNO3 

③Elute Tc with 10 mL 8 mol/L 
HNO3 

Dissolve with 65% HNO3 to 
a concentration of 3 mol/L 

 
 U

T
E
V
A 

④U eluate (65%) 

Filtrated 200 L seawater 

Fe(III) hydroxide  
co-precipitate (70%) 

④Pu/Np 
 

Treatment with 30% H2O2  
 

Repeat column separation 

Qiao, J. X., Shi, K. L., Hou, X. L., Nielsen, S., Roos, P. Environmental Science & Technology. 2014, 48, 3935-3942.

Sequential determination of Pu, Np, U and Tc
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Automation unit-1

5 
SV-3

4 

6 
7 

3 

1 10
9 

8 

2 

5 

SV-4

4 

6 
7 

3 

1 10
9 

8 

2 

1 2 3 4 5 6 7 8 9

HC

SV-1

SP

Carrier
(H2O)

R2
R1

R3
R4

R5
R6
AIR

WS
5 

SV-2
4 

6 
7 

3 

1 2 10
9 

8 

S1

S3
S2

S4
S5

S6
S7

S8
S9

5 

SV-5

4 

6 
7 

3 

1 2 10
9 

8 

EF1

EF3
EF2

EF4

EF5

EF6
EF7

EF8
EF9

WS

Chromatographic
columns

• Automatically handle 9 samples!
• Work overnight !
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Qiao, J. X., Hou, X. L., Roos, P., Miró, M. Analytica Chimic Acta. 2011, 685, 111-119.

10/12/2018

Presenter
Presentation Notes
Settle down the strategy, we start to build our analytical system. This picture is showing the whole system we used in this study. These are extraction or anion exchange chromatographic column for chemical separation, this is sequential injection system. This picture is showing the front of the sequential injection system.The syring pump is used to drive the flow through the separation column. These are selection valves used to select samples, reagents and collect eluate.In this system, nine column is assembled and therefore the system can continuously process 9 nine samples without any human’s attention. 
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Automation unit-2

Simultaneously handle 4 samples!

13

Qiao, J. X., Shi, K. L., Hou, X. L., Nielsen, S., Roos, P. Environmental Science & Technology. 2014, 48, 3935-3942.
10/12/2018
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Automation unit-3

Qiao, J. X., Hou, X. L., Steier, P., Golser, R. Analytical Chemistry. 2013, 85, 11026-11030.
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SV-2

Waste

SV-3

Flexible control the connection of two columns!

10/12/2018
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• Automated renew the column
• Large column size: 5 mm i. d. x 42 mm long (ca. 0.82 mL)

15

Automation unit-4

HCl

HNO3

Waste

LOV

Sample

PV
Waste

Air

WasteEluent

SP1 SP2

HC

H2O Waste

Pu/Np Eluate

In(III)

ICP-MS

PP

Column

Qiao, J. X., Hou, X. L., Roos, P., Miró, M. Analytical Chemistry. 2013, 85, 2853-2859.

10/12/2018
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Automated Radiochemical Separation System (Auto-Rass)

• Research

• Routine analysis 

• Commercialization

• Collaboration 

Lists
Steps in a list

Step information

Radiochemical Automated Analysis System (RAAS) 
with four syringe pump (SP-4)
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Radiochemical Automated Analysis System (RAAS) 
with four milligat pump (MP-4)

Presenter
Presentation Notes
DTU Nutech:Gamma spectrometry is the most commonly used technique for characterization of waste materials in decommissioning.However, most gamma emitters from nuclear decommissioning are short-lived radionuclides which only impact the initial phase of decommissioning activities. Therefore, a comprehensive characterization of nuclear waste requires radiochemical analyses.These analyses will help to improve waste management strategies and increase the potential for waste that can be assessed to lower waste categories.In the recent years, we expanded our efforts to develop rapid methods for non-professionals, automated separation systems and ultra-low level gamma spectrometry.In the picture you can see our new automated ion exchange system for the detection of difficult-to-measure radionuclides, which allows a high throughput of samples and ensured the reproducibility of the analytical work.Upcoming projects:Barsebåck NPP- We will get the first time samples from the reactor tank and surrounding components. - The samples are mainly small parts, grains or machinery debris from cutting of the components  (3H, 14C, 55Fe, 63Ni, 93Mo, 94Nb, 60Co and 36Cl ).- The second type of samples has a layer of radioactive oxide and is going to be analysed for 55Fe, 63Ni, 93Mo, 238Pu, 239/240Pu, 241Pu (option), 241Am, 244Cm, 94Nb, and 60Co.Karolinska NPPWe are not only involved in NPP projects, we also do decommissioning analyses for other institutions like the Karolinska University Hospital in Sweden.Here, we will analyse a broad range of radionuclides used for medical applications.
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Jixin Qiao

jiqi@dtu.dk
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