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Rapid determination of radionuclides by gamma spectrometry in
biological samples using a microwave pretreatment technique
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ABSTRACT In this study, biological ash samples were prepared by establishing a high-capacity microwave

integrated device for carbonizing and ashing. Radioactive nuclides in biologically derived ash samples using high-
purity germanium gamma spectrometry were directly measured for rapid determination of y radionuclide activity
concentration in environmental bio-samples from nuclear power plant surroundings. A comparison with the
traditional ash preparation method was also conducted. The results showed that the microwave-ash preparation

method can improve the preparation efficiency of biological samples by approximately 2 to 5 times, with a relative
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deviation of less than 14.8% for parallel samples and a spike recovery rate ranging from 87.0% to 116%. A paired T-

test revealsed no significant difference between the two methods. The proposed method has the advantages of high

accuracy, high analytical efficiency, simple operation, greater security, and environmental friendliness. It is an ideal

method for quickly determining y radionuclide activity concentration in biological samples.

KEYWORDS Microwave ash preparation method, Biological sample, Gamma spectrometry, Rapid determination
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Table 1 Heating parameters of microwave apparatus

IS H % 7€ Heating parameters

It By TG / °C AT/ % PRI / °C PRIBIIE /% RIEZE / °C PRAUZ 1] / min

Heating period Heating Heating power Holding Holding power Temperature Holding time
temperature temperature deviation

1 80 80 80 60 2 5

2 105 80 105 60 2 15

3 150 80 150 60 2 20

4 180 80 180 60 2 40

5 240 80 240 60 2 40

6 280 80 280 60 2 60

7 300 80 300 65 2 60

8 350 85 350 65 2 360

9 380 85 380 65 2 1 800~4 800

133 #H&EnK
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| Sample collection and pretreatment

Method A

Method B

Traditional ash preparation method

Microvave ash preparation method

Exhausted gas

i

Oven drying

Oil removal purification facilities
(primary treatment, recovery of tar and

Drying carbonization
and ashing using one

large capacity
microwave integrated

device

L organic waste gas)
Carbonization using electric -
frying heating device S ‘
°
% Deodorization using UV deodorant system
3 (secondary treatment, treatment of remaining
E harmful gases and tar)
Ashing in muffle fumace T
l 5 +
Emissions to the S | o
atmospheric environment ’ ample packaging |
Measurement by
HPGe spectrometry
1 ARy TR PR R A M R

Fig.1 Flowchart of analysis of y radionuclides by gamma spectrometry in biological samples
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K2 PIMITEET A EE R
Table 2 Comparison of pre-treatment speed between the two methods
(RSt FEfh ARG 1% TR AR A1) 02
Sample type # /kg Traditional ash sample preparation method Microwave ash sample preparation method
Sample FiALFR IKEELE LA FE B AL KA L St
weight  BAF(A] /d Hgke™ A KL R/ H(g-kg™) RH
Total pretreat- Ash to fresh ~ Batch proce- Total pretreat- Ash to fresh  Batch process-
ment time ratio ssing times ment time ratio ing times
¥ Chicken 8.23 40 6.40 2 12 6.11 2
WK 108 35 10.2 2 10 10.0 2
Freshwater fish
it Sea fish ~ 9.70 40 12.2 2 10 11.7
IR Sea shrimp  10.5 20 17.4 2 8 13.6 2
#H I Mussel 7.55 14 17.4 2 4 16.6 1
#-1 Oysters 13.0 25 6.66 2 5 6.92 1
2% Laver 11.4 20 6.08 2 8 5.38 2
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ARAEDD I, HEAT Db (RIS AR08, AR 8 1 1
FH 5B A P e B e RS AR R . e 1%
IR B 87.0%~116%, 5 L HHibritE (H
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Table 3 Results of recoveries test

F [E B0 Acetes Chinensis

BER EAEEMS  InFRE/(Bakg)  IARIE(E 1 Iz 2 1 2 IAREICER T IERECER 2 AR 2/ %
Nu- /(Bqkgh) Added scalar / (Bq-kg™) / (Bq-kg™) /% /% Relative
clide Original value quantity Measured value 1 Measured value 2 Recovery rate 1 Recovery rate 2 deviation
*Mn ND 430.7 388.4 424.7 90.2 98.6 4.47
“Co ND 82.10 91.26 95.04 111 116 2.03

“Co ND 622.5 644.4 641.8 104 103 0.20

®Zn  ND 1178 1263 1282 107 109 0.76
“Cd ND 1763 1761 1761 100 99.9 0.01
"'Cs  ND 429.0 3733 374.7 87.0 87.3 0.18
*'Am ND 170.6 169.3 168.3 99.2 98.7 0.29
Ce ND 99.94 104.3 91.46 104 91.5 6.54

H: “ND"RRARK

Note: “ND”, not detected.
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25 (H CEIR) £ 0.00%~14.80%, 584 i /&
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EU AR CA/BD FI bR HE (i 22
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Table 4 Comparison of analysis results of two methods

R4a WMITESER L

B R HIREE R (EEE) / (Bakg™)
Sample type Preparation Nuclide (fresh weight)
method Be “Mn  ¥Co “Co ""mAg MCs 'Cs MK Ra "Th U
) A <0.056 <0.008 <0.008 <0.011 <0.007 <0.007 0.014 62.3 0.055 <0.023 <0.307
Chicken B <0.057 <0.009 <0.008 <0.010 <0.007 <0.007 0.016 63.4 0.041 <0.024 <0.309
C/% / / / / / / 6.67 0.88 14.6 / /
DL <0.036 <0.006 <0.005 <0.008 <0.005 <0.004 <0.006 <0.157 <0.013 <0.018 <0.034
WK A <0.088 <0.016 <0.015 <0.023 <0.013 <0.011 0.036 939 <0.029 <0.040 <o0.121
Freshwater fish B <0.092 <0.016 <0.016 <0.024 <0.013 <0.011 0.035 96.2 <0.025 <0.040 <0.125
C/% / / / / / / 1.41 L2t/ / /
DL <0.027 <0.004 <0.004 <0.006 <0.004 <0.003 <0.004 <0.120 <0.010 <0.014 <0.026
g A <0.107 <0.019 <0.019 <0.027 <0.016 <0.014 0.030 120 <0.029 <0.047 <0.145
Sea fish B <0.098 <0.018 <0.018 <0.027 <0.014 <0.013 0.030 117 <0.027 <0.044 <0.138
C/% / / / / / / 0.00 1.27 / / /
DL <0.030 <0.005 <0.004 <0.006 <0.004 <0.004 <0.005 <0.133 <0.011 <0.015 <0.028
TR A <0.126 <0.021 <0.022 <0.031 <0.018 <0.015 0.026 77.8 0.099  0.101 <0.159
Sea shrimp B <0.097 <0.017 <0.016 <0.024 <0.014 <0.012 0.023 63.5 0.089 0.075 <0.122
C/% / / / / / / 6.12 10.1 532 1438 /
DL <0.028 <0.005 <0.004 <0.006 <0.004 <0.003 <0.004 <0.123 <0.010 <0.014 <0.026
B A <0.099 <0.017 <0.017 <0.024 <0.014 <0.012 <0.018 48.9 0.151 0.104 <0.135
Mussel B <0.099 <0.018 <0.016 <0.023 <0.014 <0.013 <0.018 50.0 0.130  0.107 <0.130
C/% / / / / / / / 1.11 7.47 142/
DL <0.039 <0.006 <0.005 <0.008 <0.005 <0.005 <0.006 <0.171 <0.014 <0.020 <0.037
AR A <0.051 <0.008 <0.008 <0.011 <0.007 <0.006 <0.008 19.9 0.055 0.111  0.393
Oysters B <0.047 <0.008 <0.007 <0.011 <0.006 <0.006 <0.008 24.5 0.045  0.109 0.346
C/% / / / / / / / 10.4 10.0 0.91 6.36
DL <0.023 <0.004 <0.003 <0.005 <0.003 <0.003 <0.004 <0.099 <0.008 <0.011 <0.021
- A <0.036 <0.005 <0.005 <0.007 <0.005 <0.004 <0.005 33.1 0.061  0.093 <0.388
Laver B <0.039 <0.006 <0.005 <0.007 <0.005 <0.005 <0.006 38.9 0.059  0.094 <0.454
C/% / / / / / / / 8.06 1.67 053 /
DL <0.026 <0.004 <0.004 <0.005 <0.004 <0.003 <0.004 <0.108 <0.009 <0.013 <0.026
A “DL”ZEHI TR
Note: “DL”, detection limit.
RS TiEASTEBR AR
Table 5 Ratio of #-value for method A and method B
PR JBUR PR 3 Radionuclide
Sample type Be *Mn  *Co “Co mAg ¥Cs “Cs YK Ra  *Th U
¥ Chicken 0.98 0.89 1.00 1.10 1.00 1.00 0.88 0.98 1.34 0.96 0.99
& 7K fi Freshwater fish 1.05 1.00 1.07 1.04 1.00 1.00 0.97 1.02 0.86 1.00 1.03
i§ff1 Sea fish 1.09 1.06 1.06 1.00 1.14 1.08 1.00 1.03 1.07 1.07 1.05
4T Sea shrimp 1.30 1.24 1.38 1.29 1.29 1.25 1.13 1.23 1.11 1.35 1.30
Il Mussel 1.00 1.06 0.94 0.96 1.00 1.08 1.00 1.02 0.86 1.03 0.96
H145 Oysters 1.09 1.00 1.14 1.00 1.17 1.00 1.00 0.81 1.22 1.02 1.14
4% Laver 0.92 0.83 1.00 1.00 1.00 0.80 0.83 0.85 1.03 0.99 0.85
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FE 2T TR A% # Radionuclide

Sample type Be *Mn  *Co “Co mAg *Cs “1Cs YK Ra  *Th U
F-¥J1EH Mean value(X,,) 1.06  1.01 1.08 106  1.09 1.03 097 099 107 106 105
T A 22 0.11 012 013 0.10 0.1 0.12 009 013 016 012  0.13
Standard deviation(S)

{8 t-Value (2, 122 019 140 120 179 054 067 014 099 107 081

24 ESBUAIBENZER

T AN A T8 AL A A B S R
TR, RV L (T RE KT R HE
TRIRAEY (DB 44/27—2001) 55 — W B — bRt F1

% BLY5 e HE bR HE) (GB 14554—1993) 2
PRAEEEsR 1, R T R 6,

Rl & R, S50 = P R S Bt T
AR IR ot T AL B T A I R RAL R A AL
KRBT IMRHAIEDR, FFE A A SRS

®e BURMLER

Table 6 Results of waste gas detection
e T SEMAR R e SV HRBOR B/ Rl 4G a3 B SEHEC HESCREARAE RS
Test items / (mg/m?*) (mg/m?) Maximum Detection  Test items =/(kg/h)  {E/(kg/h) Detection

Measured allowable emission  result Measured Emission stan- result
value concentration emission  dard value

ES <0.004 12 GLi = 0.023 4.9 % Pass
Benzene Pass Ammonia
HIoK 0.273 40 Gl =% <1.0x10” 0.54 % Pass
Toluene Pass Trimethylamine
Xt HIZR <0.009 70 ey it <1.7x10° 0.33 £ Pass
Paraxylene Pass Hydrogen sulfide
JF] — R <0.009 L R <4.3x10° 0.04 % Pass
M-xylene Pass Methyl mercaptan
SR HIZR <0.004 GLi F i, ik <1.7x10* 0.33 % Pass
O-xylene Pass Methyl sulfide
R <0.025 25 Gl —H <3.5%x10° 0.43 % Pass
Formaldehyde Pass Dimethyl disulfide
B B 84.6 120 Gri A <2.6x10* 1.5 % Pass
NMHC Pass Carbon disulfide
RARECRER) 741 2 000 Hi% KL 1.1x10° 6.5 4 1% Pass
Odor concentration Pass Styrene

(dimensionless)

I T AR R AT AL B AR AR DS R £R T
SHBAFMREK 7, TR RS A%
A, RARMRE AT RE LU L,
fegt ik - AL, 5 ZEAME R 2L VIR
A AT 5 A o e e RN SR,
oA FY R AL ERE, ART N R
P& 1, EIRAHSREA A I A K
FINGT, A A (RIS AR S 56 = 3 A7 A

MBS B i o HE ORI GR-37 H 0N 3 £ B
Mk, L =R TR R RS, BT
AL PRI AR A R R A E KE TEYR S, Eid S
OB R AL AL — A2 B I B A e i,
B BRI [l AT A P ok 248 K O3 R T A LR S
IR, 6 38 XA G0 AR S AR 1 5 AN B AR B R 43k &
g8, XK WAHEFE RSN BT g e E,
XA 215 m SR HPBCE SN
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2.5 AINER AR

R BB T I AL A — e B 3
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Fedh b, VRS R e R, R T

ERT, AWk SSRITHE, ST, mik.
A3 T EB, A8 S5 % 58 O B AR VA il )
ATALE. ZE 4G ERlBRSR LR RETS
B, 2 A Y BRI AR 1 BRI 5 A% SR
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KT WAMETIELE

Table 7 Comparison of two pre-treatment methods

Tk T GEIKFEH %1% TR A ] 5025
Methods Traditional ash sample preparation method ~Microwave ash sample preparation method
Iy 5K e T R TURI R S BB IR AN, BN PR AR 20 7 AT S Bl 7 R BRI

Heating mode

BERYIED

Heat is transferred from the outside to the
inside through three ways: heat conduction,

convection, and radiation (Temperature gra-

dient leads to uneven heating)
VR IS [ AN 253
Sample preparation

SREER

time and efficiency ~ Sample preparation time is long, 2 ~ 6

weeks for a single sampling process, higher

labour intensity
R G P 22) A e e B il

Electric furnace (including electric wire)

e A% 1
Temperature control

cannot control temperature quantitatively

R RedE R CHB 0 JEE 8- R 1) 7 Ui 2 2 T (M1 3R

Nuclide loss proba-  WUEHFE AT e 425D Large (the bottom

bility of the frying pan is prone to convex and
concave deformation. Loss could be hap-
pen during collection and transfer)

TF it Ak 2 LON

Sample handling ca- The larger

pacity

WS A RETE /IN Gl B 5 225 395 31 17 e BE RO

Contamination possi- Small (ventilation cabinet is easy to scale

bility oil, cleaning is difficult)

X I T N GEFFELE D Bk )

Corrosivity to equip- Small (marine biological corrosion of iron
ment products)

TEFH RCEZE KO

Safety factor Low (easy to catch fire)

RS E L R o] PR T A

Health hazard degree High, irritating to the respiratory tract

YRR CFEAEIR EERL L , UM IR 4

RIS TR, BN Ah 2 2~6 [, 57 3))

TEH A A1 TS N FAOMI il O B2 B L2 59D

Material is heated by 'internal friction heat', caused by high
frequency reciprocating motion of dipole molecules inside the
heated body. Material internal and external heating and heat-

ing-up at the same time (heating speed is fast and uniform)

IRERS AL, R 20 12 L R
Sample preparation time is shortened, 1 ~ 2 weeks for a single

sample preparation, high sample preparation efficiency

DR O A A A S AT ) 8 B AR AN AR A 25 B i
JEE, {4545 5 AN 400 °C

Thermocouple used for temperature measuring element. Able
to control temperature in various stages of the drying, carbon-
ization and ashing, temperature does not exceed 400 °C

ANCR BRI R, HRE ] 4 i)

Small (quartz glass crucible, ash samples can be fully collect-
ed)

KRG IRIEFE SRS

Large (except for oil samples)

o Chigedt b i e, HAA i el := 40

No (quartz crucible is easy to be cleaned, and oily smoke re-
covery system is integrated)

x

No

e CRRAL I BOAN B A AN 54 KO

High (no oxygen in the carbonization stage, not easy to catch
fire)

To (a0 B3 ED

No (fully enclosed, with purification device)
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Tl TR GEIKFEH %1% TR A ] 5725

Methods Traditional ash sample preparation method ~Microwave ash sample preparation method

B RAE BAE TP BB % 3 M s TR BRI SRAB I8, B3 THR%, — 85 3h, R TE 5 A\ UE Y

Equipment operation AL AT AL T 7

Operation process is complicated, and three

kinds of equipment are needed to complete

the pretreatment process such as drying,

carbonization and ashing

BB ot iE AR

Equipment cost More expensive, larger power consumption
N8 B B (R A% 2O
Measurement High (long half-life radionuclides)
accuracy

b3 S E(EA KRR

Scope of application Long half-life nuclides

The equipment is easy to be operated, automatic lifting, one

key start, Unattended throughout the entire process

B, HAERAR

Cheaper, lower power consumption

ey CRRL P RO A% 5O

High (long and short half-life radionuclides)

KRR
Short and long half-life nuclides

I BN T, A AR ] R B T R
e A YIRE AR AT AL PR AR I AE R — I A SR
—RPETE R, R TAERE . RPNACRE . 5
IR EEERERE M, AR LU AR G RE ) 41
IR TR BRI RS “ oy —4p7, e
BEMNMET, Bed. Wk @F, XRELdiAs
[ SRTE A A i ) PR N5

3 g

SO FCRE L T B A 1) 4%y g 2 sl
SE ISR AR S Ay TBOR A R R T, %
FERCR T HE 2 2~5 6%, MIASAS [ 2R B AR YR P
17 BE K X R 22 35/ T 14.8%, i A 8] Ui o
87.0%~116%, R & LA WHF it 11 PR 23 A
AL — B 5 4L G KR AR AT A T EE B, Tl
BeKFESEAEMA 2 005, BE 9% S 2R 555 e I
PO A PR A AT SRR SCHE . B AT A B R 1
FH 58 UE T A P i oy TEO PR A 25 R IR R 257
M BB RRE X, NG SET B FARUE > T 71
et T ZHERAE L

HETRAN HEATERLNF ERIEFE
EXE; REREFARRE, BRUHEXRATE, &
ELHERAE; eRBEAXNTHENFRRE
AR, 25LBHELST. 2KEEHTHE
BB RAZ W% U A UK,
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