
Comprehensive radiochemical method 

development at DTU Nutech

Jixin Qiao



DTU Nutech, Technical University of Denmark2

Facilities at DTU Nutech  

• 6 x Radiochemistry lab (24 fume hoods) 

• 32 x low-level alpha spectrometers

• 18 x low-level gamma spectrometers

• 35 x low-level gas flow beta counters

• 2 x LSC (Quantulus, Tricap)

• 2 x ICP-MS (ICP-QQQ, Quadrupole) 

• 1 x ICP-OES

Gamma Counting

Beta Counting

Scintillation Counting

ICP-MS

Sample Preparation

Alpha/Beta Equipment
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Radiochemical method development at DTU Nutech  

• These measurement techniques are well established at DTU 
Nutech
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Environmental monitoring and Tracer studies 

Water sampling

Seaweed sampling

Total diet samples

Comprehensive monitoring programme 
for alpha, beta and gamma emitters

• Air, water, soil, plants and foodstuff

• In the vicinity of nuclear installations

Tracer studies

• Oceanographic studies

• Soil erosion

• Geological dating
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Characterization of decommissioning materials  

• Various sample types, e.g. metals, graphite, 
concrete, plastic, soil, sludge, water, ion-
exchange resin, urine…

3H, 14C, 36Cl, 41Ca, 
55Fe, 59Ni, 63Ni, 90Sr, 
93Mo, 93Zr, 94Nb, 99Tc, 
129I, 210Po, 210Pb, 
226Ra, 237Np, 234U, 
235U, 236U, 238U, 238Pu, 
239Pu, 240Pu, 241Pu, 
241Am, 244Cm, 60Co, 
94Nb, 152Eu, 154Eu, 
137Cs, 134Cs 

Distribution

Total inventory of radioactivity 
and its variation with the time

• Most nuclides require complete chemical 
separation
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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, AMS)

6 5/10/2017

Determination of important radionucides for 
environmental monitoring and tracer studies
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10 L filtrated 

seawater

Add 10 ml conc. HNO3, 10 mL 0.1g/mL Fe, 

N2 bubbling 10 min. Add 10% NH3·H2O to pH 9, 

Siphon supernatant and centrifuge remaining slurry 

Supernatant Precipitate 

Add 20 mL conc.HNO3, 

digest under 200˚C for 2h.

Evaporate to near dryness 

Precipitate 

Dissolve with 15 mL 3 M HNO3

Sample solution 

ca. 30 mL

1.Load the sample

2.Wash with 40 mL 3 M HNO3

3.Wash with 20 ml 6 M HCl

4.Elute U with 10 mL 0.025 M 

HCl

U

T

E

V

A

Add 3 mg Fe, 10% 

NH3·H2O to pH9, 

centrifuge U eluate

Discard 

AMS 

measurement 

for 236U/238U
Precipitate 

Wash with 2×10 mL H2O,

Dry, ash, mix with Ag 

powder 

Take 0.5 mL sample, add 5 ng In, 

diluted to 5 mL with 0.5 M HNO3
ICP-MS 

measurement 

for 238U

Determination of 236U in seawater

Qiao, J. X., et al. Analytical Chemistry. 2015, 87, 7411-7417.
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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-

precipitate  
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 

HNO3 

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

t 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 

HNO3 

 U

T

E

V

A 

④U eluate (65%) 

Filtrated 200 L seawater 

Fe(III) hydroxide  

co-precipitate (70%) 

④Pu/Np 

eluate 

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.

Pu, Np, U and Tc simultaneous determination
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Automated Radiochemical Separation System (Auto-Rass)
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Qiao, J. X., Hou, X. L., Roos, P., Miró, M. Analytica Chimic Acta. 2011, 685, 111-119.
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Qiao, J. X., Shi, K. L., Hou, X. L., Nielsen, S., Roos, P. Environmental Science & Technology. 2014, 48, 3935-3942.

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

JQ-1 Model
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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)

WS

C
1

SP1

E1

S1

R

C
4

SP4

E4

S4

C
2

SP2

E2

S2

C
3

SP3

E3

S3

WS WS WS

C
1

E1

S1

R

WS

C
2

E2

S2

R

WS

C
3

E3

S3

R

WS

C
4

E4

S4

R

WS

MP1

MP2

MP3

MP4

Radiochemical Automated Analysis System (RAAS) 

with four milligat pump (MP-4)

Model JQ-2
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
3H and 14C


41Ca


55Fe and 63Ni

Determination of important radionucides for nuclear 
decommissioning 
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• Separation fro matrix 

– Decomposition of heavy concrete by 

alkali fussion

– Leaching Ca by acids

• Separation from active metals such

as 60Co, 152Eu, 55Fe, 63Ni, 65Zn, 54Mn, 
51Cr,etc.

– Precipitation with Fe(OH)3 by 

hydroxides at pH9

• Separation from other alkaline

metals, such as 133Ba, 226Ra and 90Sr.

– Ca(OH)2 precipitation in NaOH

solution

Element Recovery, 

% 

redionuclide Decontamination 

factor 

Ca 97.73.9 137Cs (4.50.3)105

85Sr 97.92.1 60Co (1.20.4)105

133Ba 97.32.8 152Eu (8.50.5)105

59Fe (2.50.1)105

63Ni (2.50.2)105

Hou X.L., Radiochim Acta, 2005

Determination 41Ca in concrete
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Decomposed sample solution

Adjust pH9 using NaOH, 
centrifuge

Fe(OH)3, Ni(OH)2, M(OH)x

Disolved to 9 mol/l HCl, loading to anion exchange column

Effluent, Ni-63

Washing with 4 mol/l HCl

Eluting with 0.5 mol/l HCl

Washes, Cu, 

Co, etc.

Eluate, Fe-55

Evaporate, disolved with 
1M HCl, add NH4Citr, 
NH4OH to pH9, loading

Wash with 0.2 M NH4 citrate

Elute with 3 M HNO3

63Ni

fraction

ICP-AES for Ni

LSC for 63Ni

Evaporate, disolve in 8 M HNO3

55Fe 

fraction

ICP-AES for Fe

LSC for 55Fe

Sample
Stable Ni and Fe carrier/tracer, Cu, Co, Eu, 
Cr, Mn, Zn, Sr hold-back carrier, decompose

A
G

 1
x-4

  
co

lu
m

n
 

N
i co

lu
m

n

Evaporate, disolve in H3PO4

TR
U

 
co

lu
m

n

Wash with 8M HNO3

Elute with 2 M HNO3

Eluate, Fe-55

Determination 41Ca in concrete

Hou et al., Analytica Chimica Acta, 2005
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Outlook and conclusion

DTU Nutech:

• Radiochemical analyses of various 
radionuclides

• Automation development and 
commercialization

• Analytical work performed under 
accreditation (ISO/IEC 17025:2005)

• Trainings and consultancy

• Scientific collaboration 

http://www.nutech.dtu.dk

Phone: +45 21 79 87 24

DTU Nutech

Risø Campus

Building 204, Frederiksborgvej 399

4000 Roskilde, Denmark

Center for Nuclear Technologies

Jixin Qiao
jiqi@dtu.dk

Contact:


