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Development of a new SPE electrolytic enrichment instrument for tritium in water samples

CHEN Wentao ZHOU Ruidong LIN Qing WANG Jiayue DENG Fei LI Qiaoqin

(Guangdong Environmental Radiation Monitoring Center, Guangzhou 510300, China)

Abstract  [Background] The *H activity concentration of most water samples in environment is lower than the
detection limit of commonly used liquid scintillation measurement method. In order to measure the *H activity
concentration accurately, we need to enrich trittum from water sample. [Purpose] This study aims to develop an
electrolytic enrichment instrument to meet the needs of daily environmental tritium analysis work. [Methods] First
of all, influence factors of tritium in electrolytic concentration process were analyzed, then a new solid polymer
electrolyte (SPE) electrolytic enrichment instrument was developed on the basis of the research and design of key
components at Guangdong environmental radiation monitoring center (GERC). Finally, a series of experiments have
been carried out on its comprehensive performance and the patent of the instrument has been obtained by GERC.
[Results] After electrolytic enrichment, the detection limit of tritium in 700 mL water sample can be reduced to
0.09 Bq - L', more than 10 times lower than that before enrichment, hence greatly improves the tritium detection
capability. [Conclusion] This instrument has features of stable performance, long life, good safety, high electrolytic
efficiency, high enrichment multiple, accurate control and good experience, it can be used in environmental

protection, geology, hydrology, ocean, health, nuclear power and other fields.
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Fig.1 Structural diagram of new SPE electrolytic
enrichment instrument

Temperature and
Pressure Detector

SPE Electrolytic Tank

2 TERESCHY

2.1 SCIGEEH

6 5 )5 4 SPE HI i IR ER AV ; Z8 TR AR B, A il 5
1220 Quantulus & 4 J& ¥ 42 A #5185 41X , Ultima Gold
LLT [N FRHE 5 20 mL 28 20 FF i, 33 4 PerkinElmer
AN FV AR CH AR, B B E R R TR
iE 15 4w 5 H3091005; JC /i 7K 5 *H ¥ & ¥ B K T
0.1 Bq-L™'s MR ER AR, /0 #r i, | AL 2R BR A
ik
22 SEEERGERITE

R IAAHT Y SPE 7K A i AL AR VA B A 1) 4% T 1
KAXFR I Fa 58 1, GERC M 2011~2014 5=, % 6 & &
YRR SESGHAT T =AM SE 5, WS BB+
CEN AN BT PR UNANIEER 737 & S e T I e 4D
RS R E M, [ — & AAS [F] S SR &
SEREEN, BENE S IR LR

A S R U B SIS AT AR S L R
PRFRII R 700 mL. A 5 HOIN S A R A 420 75 T
B, R SR KT 5 us-om™, W 28489 75 ik FHEH
BT A 4 R R 2 BRBH BH B 7 5 B 2% S5 B RE o
N SPE 7K Hr i B AR IR SR A, W UF R S 405 T
DA, R E E sl ks B R S IR 48 W)
8.00 mL & T 20 mL Ff & A, I 12.0 mL [ABRHE
TRAY, B TARA R DN R v A3 P I 3 R 12 b il
&, B0 500 min, JEIR IR, AR DN R TSSO *H
RN 22 28%

PRI IR, WG G R IR G B A
i B TE FEL AR A P 2 20 B S B RO AR, HL A 5E
B (BRI BB, F TG MKW e Y 5 S PR UE FE AR A
NI IK A AT o %I BE I e % 0 3R BT v - B
500 mL JCAi K » 77 = UM IREEAL , BRI HLfF S min
Ve JE TR A o P iR i & 5 A T — 3

KRS FE R B C (D5, HE AR AR 15 5
KR 5, iR R A% GO, AN S5 R
8] P | En i 42 X (DT |[En R A— A0 W 2

N, - N,
C= -
6x102-E-M-K

A N AFE TR, cpms N AR T, cpm;;
6x 107 N FAAT e 5 22 H0 s E IR BEASORH i 1 T
L% MR KE, mL; K N HRIRERE, T

=N

(M

K =(N; = N))/(N; = N,) )

A NN AR G PR UE K S TR s NN LR
HIAR K ST HR 57!
N, + NV,
N,

N, A R AT RE S TR s 1, N BB R AE
AR mL s N, A R S RE B, s 1,
R R AR R CAN S BEAR R, mL s N, NP GV b
AR s VO BRERBA R mL.
|En|=|MELSERA - WELREB|/ VU + U 4)
A Uy Uy 50 3 0 45 8 A R 45 R B I
JEAHAE BE s MR 45 RS S H LB, Horp—A
B 45 RS A E B NS 5% S B E MY
JEANHH T JE

23 SEER

2301 HREITRE T

B — 55 SPE 7K 7 7 L TR £ A3 1) FEL e ) K
AT BRI AR A A DL R Rl SRR A [ 1), 75
B2k 2 BERf o , F LR A AR E 1 .

5 [R] — & R AR A AT S50, M4k 1 4 S Ok
SRS H AR E M, A AR A S A5 EOR i [ U R A
20124F 1 H . 20124F 11 A LA 20145 1 H 4 At 47
T8 YR T YRS 5 FEL A I K R R L 700 mL FE
Z20 mLORE AR A Fr it il g5 k1,
FLARIT K I N 51.9 h, BHFIEZ A 7.6 h/ 100 mL;
Fol 4 R AU B 4 20.8 mL (A AEAAFD , 5 %14
TF 5 PR VR A A5 B N 1145 A IRl UG R 34 18
68.2%. FITH &5 FANXS bR Z 35/ N T 2.2%.

x 100% A3)

020403-



% 1%

IS

2019, 42: 020403

A — & IR EEA AT 5256, MR = Fh A [F] %)
44 HEL AR (500 mL 600 mL+700 mL) T HL ik £

38, 4
PL R S5 E I 7 1.60 £5/100

mL A A . K24

354 8.05.9.61.11.22, = Fh A B F i 84
AHT

AN TR LI BE T AN TR AR S A FL g A S
e R, 5 SRR e KA A HE D 22 04 3.1% » i B
AN F) G LR LR i, BRSO e P R A

®1 FBISPE EARRE(UESHMRE M LWER

Table 1 Stability experimental results of key parameters of new SPE electrolytic enrichment instrument

ST R SRR JEREME SEIME AR bR 2 wHE
Items Number Range Average  Relative standard Remarks

value value deviation / %
CEN RIS 10 51.0~53.1 519 1.2 #5700 mL B R AT 22 20 mL
Electrolytic time / h 700 mL sample is enriched to 20 mL
PPN 34 20.4~21.2 208 1.2
Remaining volume / mL
LIRS 15 2 8 11.2~11.7 114 2.2 201241 A% 201441 H
Enrichment multiple From Jan. 2012 to Jan. 2014
L& 7 66.8~69.6  68.2 2.0

Recovery rate of tritium / %
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Table 2 Enrichment multiple at different activity concentrations for several SPE electrolytic enrichment instruments
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Fig.2 Analysis results of the electrolytic enrichment of same sample by same instrument (a) and different instruments (b)
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Table 3 Results of compared direct measurement with electrolytic enrichment measurement

GERE TR B R AR FRR i 22
Sample ID Direct measurement / Bq-L™  Electrolytic enrichment measurement / Bq-L™' Relative deviation / %
1 1.31£0.60 1.34+0.07 -1.1

2 2.49+0.68 2.27+0.08 4.6

3 4.22+0.66 4.08+0.10 1.7

4 1.58+0.57 1.66+0.09 -2.5

5 1.20+0.56 1.15+0.07 2.1

6 3.58+0.61 3.12+0.10 6.9

7 1.41£0.56 1.36+0.09 1.8

8 1.17+0.56 1.53+0.06 -133

9 1.34+0.56 1.39+0.08 -1.8
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Table 4 Comparison results of tritium in water samples for GERC and CNNC-ALBRIUG
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value value from reference measured value from reference value deviation
/Bq-L™" /Bq-L" value / % /Bq-L" /% /%

1# 1.26+0.06  1.34+0.07 6.3 1.36+0.12 7.9 0.7

2% 2.2440.08  2.27+0.08 1.3 2.37+0.14 5.8 2.2
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