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ABSTRACT The crosstalk phenomenon and its influence in the determination of gross o and 3 radioactivity when
using a low background gas-flow proportional counter as a measuring instrument was examined in this paper. The
crosstalk ratio between o and B channel was measured by using a series of o, § metal planar sources, powder sources,
and thin-layer surface sources. The B -to-a crosstalk ratio of *Sr-"Y metal planar sources and powder sources

containing "“C, "’Cs, *Sr-""Y, or “K is less than 0.1%, which can be negligible. The crosstalk ratios of o metal planar
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source in ascending order are *'°Po, **Po, **Pu, *’Pu-** Am mixed source, and **'Am, which range from 3.49% to
25.4%. The crosstalk ratio of *'Am is significantly higher than those of other sources. Furthermore, *' Am powder
sources' crosstalk ratio increases with mass thickness. The crosstalk of a particles to B channel is obvious and related
to the sample source preparation method. This is mainly due to the difference in self-absorption due to different
source preparation methods. Overall, the crosstalk ratio of a powder sources is larger than thin-layer surface sources
and metal planar sources. The interference of a-to-f crosstalk should be considered. By covering the sample sources
with aluminum foil or paper with a certain thickness, the crosstalk interference of a-to-f3 can be reduced effectively.
Additionally, it is an effective way to directly correct the count rate by the crosstalk ratio. In this case, it is necessary
to consider the consistency of the sample source to be measured and the crosstalk ratio scale source, as any
discrepancies can lead to a significant deviation in the corrected result.

KEYWORDS Low background gas-flow proportional counter, Crosstalk interference, Crosstalk ratio, Metal

planar sources, Powder sources
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Table 1 P -to-a crosstalk ratio for metal planar  sources

ZES G5 WX E AR / mm VR (RIS 3) / (min- 27sr) ™ Hilty, ./ %
Radionuclide Serial No. Dimension of active surface  Surface emission rate in 2w steradian Crosstalk ratio ¥, .,
*Sr-""Y 1 20 9.35x10° 0.040+0.002

2 20 1.15x10° 0.042+0.002

3 20 2.89x10° 0.051+0.002

4% 20 9.24x10° 0.007 1£0.000 4

TE %, 4 B SA S

T TR HL AR U

Note: *, Number 4 is anodized aluminum foil radioactive source, the rest is electroplated sources.

R2 PRREFERBRELNESR

Table 2 B -to-a crosstalk ratio for p powder sources

AR 3N BRLTEIRER / keV TR X EAS / mm By, ., /%
Powder source Radionuclide Average energy of B Dimension of active surface ~ Crosstalk ratio y, .,
CaCoO, “C 49.5 20 0.060+0.002
Cs,Bi,], "Cs 174 20 0.042+0.002
SrCO, Sr(*Y) 195.8(933.6) 20 0.016+0.001

KCl1 YK 560.18 20 0.004 0+0.000 2

TE =% R AR YR B H3 8 B B T AR5 R TR 10~50 mg/em?’ SE L Y ARSI -

Note: *, The crosstalk ratio of powder source is the mean value in the range of 10~50 mg/cm’ mass thickness.
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Fig. 1 Crosstalk ratio of f powder sources with different mass thicknesses
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P2 Am 4@ YR A HR 0 L BE B i T A & R R
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Table 3 o-to-p crosstalk ratio for a planar standard sources

P F TR U7 RS AR R 2 TEPEXIR A /mm YRR GRTI RS 3) HRiELy, ., /%
Planar 43>t Main radiations and Dimension of /(min-2msr)” Surface Crosstalk ratio y,
source decay energy active surface emission rate in 27 steradian

Ppo* <a>4883 keV, 79.24% 23 / 3.77+0.27

<a>4885 keV, 19.71%
<0>4622 keV, 0.55%
<y>260.5 keV, 0.254%

<y>896.28 keV, 0.445%
*Po <o>5304 keV, 100% 35 2.188x10* 3.49+0.11
*Pu <a>5157 keV, 70.77% 20 5.70x10° 7.34+0.38

<a>5144 keV, 17.11%
<0>5105 keV, 11.94%
<y>12.975 keV, 0.034%
<y>51.624 keV, 0.027%

PuAm  / 20

*'Am:19.0 Bq; *Pu:16.1 Bq  17.50+0.89

*'Am <a>5485 keV, 84.8% 20
<o0>5443 keV, 13.1%
<y>59.54 keV, 35.78%
<y>26.34 keV, 2.40%

3.72x10° 25.4+1.3

e, 2Po YN *Po bR HEVA VR LA AE AL EE 99.99% AR P 15 31 F) <52 Ja T U -

Note: *, The **Po source was prepared by electroplating **Po from a standard solution onto silver sheet with purity of 99.99%.

222 o KRR

AN TR 5T 5 J5 B A2 A Ry 2R Y5 AR R T L R
ForTHE2, RS, *AmM ARS8 LK,
5 F1I5 38.2%, Wi LU 4 SR TR OK s il LA [T AR

5 G G oK AE B T AR B R RN T
50 mg/cm’ i, 5 cm ELAE BR AR HE EE K T3 em
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Fig. 2 Crosstalk ratio of *' Am powder sources with different mass thicknesses
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Fig.3 Crosstalk ratio of **Po and **Pu sources made by thin
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B IE (1T A L B3 s MR 75 %8 0.033 4 mm
B4E AN 0.106 mm N, Blo, FUAE BRI R %, 4kt
IERSH AR A B, Plo, LU AN FRE, %
B o RL I A M B P 58 4, AN FE B 4700 25 BT 42 001

), RERITEFETRE. T AmJE, H
TEAIESENANERE T, R AX
S YRS FRE SRR, BMEE SRR
RS, Blo, TiE 3.43%.

®4 BERBE DA EERPR

Table 4 Influence on crosstalk of covering aluminum foil or paper

VTR

Planar source

ANFEEETEIEE T 1) Blo, 18 / %

/o, value at different aluminum foil thicknesses

ARG L R 1) Blo /%

/o, value at different paper thicknesses

0 0.016 7 mm 0.033 4 mm 0.050 1 mm 0.106 mm 0.212 mm
Pu 7.92 8.41 0.58 0.50 0.68 0.50
*'Am-"*Pu 21.2 9.67 2.05 1.75 2.66 2.07
*'Am 34.1 10.9 3.88 343 5.03 3.89
**Po 3.92 10.7 0.60 0.34 0.53 0.44

e o AT R K o B Y BIE B . FRIEIEEE0.016 7 mmy/)2 , TR R E 3.2 mg/em’ s A8 5 0.106 mm/J

JUE JEE 8 mg/em’,

Note: a, is the net count rate of alpha without covering. f is the net count rate of beta. The thickness of aluminum foil is 0.016 7 mm
per layer, with mass thickness of 3.2 mg/cm’. The thickness of paper is 0.106 mm per layer, with mass thickness of 8 mg/cm’.

232 tHEBHEGEL

CVRIFE i R A R TE b, PTHER ok T
BN B BB E 4 AUECE R T E N B o8 TE 14
B, ZANBRAERAD A 1S B B SRR . Y aif
THECE & T BT EOR R, akiFXf paliE Th
B ER R AN T A, U ECSE Y BB T
F A RGO FBR H o B33 5] EE AR 73 T BTk -

_ﬂ.n (3)

n =n
fEIE i o
P 1 _Xu**B

A ny  WESEBETHEER 0 ARG BT
R oy NalRI B n N8 o TR
233 HSRe9NE N AKIE

TARBEN & . R T 56U 3 P4 4 8 25 95 6
BRIE TR AT, N o BURMHEAZ R 2 Po fE T3
THEAT 2 Ph bR BRI, EUUAR S PR R
BFHRHAREEMEGEGERT o pitsh, &5
WS,

RS IRKERERIRZEEERAT)E PR R

Table 5 Measurements of *'’Pb in spiked water samples covering without and with aluminum foil

2Pb bR / Bq *°Pb added value 2.079 2.079 2.079 2.079
*po / Bq 0.0 2.083 4.166 8.333
T B it %1% /(count-min™")  Net count rate ~ 51.010 52.334 58.113 63.600
(0 mm) a{#11 0% /(count-min™") o Net count rate ~ 35.993 72.391 103.502 184.457
Cover with Al foil ~ *Pb Jl| #1E/Bq *"°Pb report value 2.18 2.24 2.49 2.72
(0 mm) S S EM I Z /% Relative deviation 49 7.7 19.8 30.8
i sn i B %t %% /(count-min™") B Net count rate  36.564 37.622 41.934 44.434
(0.033 4 mm) o {$ i Be% /(count-min™') o Net count rate 0.047 0 0.015 0.015
Cover with Al foil ~ *°Pb il & {/Bq *"°Pb report value 1.92 1.98 221 2.34
(0.033 4 mm) SIS E MR Z/% Relative deviation ~ -7.6 -4.8 6.3 12.6
R B 1§+ i1#0 % /(count-min™") B Net count rate  36.481 37.284 41.234 42.921
(0.050 1 mm) o133/ (count-min ™) o Net count rate 0 0 0.019 0.015
Cover with Al foil ~ *°Pb Jll 1/ Bq *'Pb report value 1.95 1.99 221 2.30
(0.050 1 mm) SIS EAX R Z/% Relative deviation  —6.2 -4.3 6.3 10.6

MEERKE, RNEELER, e R 5
VA AN e 22 i KA #1 30.8%, 78 1% 0.033 4 mm.

0.050 1 mm EHERTERITE LT, B4 R 58 E
AH X 22 e RAEL AT R P 21 12.6% 1 10.6%, A .,
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LA A YR SRR o S R B R AT RO o S 2R
X BIEIE R HE T, WNIERZE . Rl a
THECR MR T B THECRI, XM B il o T 2R (105
V2B W] S B B B PR A R 22

IR Pb bR A REAT TF HOR & TE 12 1R
MELER WK 6. BILHT, FEETINS L oiF il £
FIGR, BB MBHTIE K, 2Pb Il EAE 2

M R B R, 24 a4 rh 2% N 35.993 count/min 3 K
1 184.457 count/min, Wl 5 45 S 55 B EAH X i 22
M 4.9% 38 K F30.8%; TMATHEHIEEIEE, *Pb
2 AE 5 B A AH XS R Z B N 2.1%~16.6%. RE
HHAT TiHBUBIE, BEE o iF iR Gk, i
W ATY SR TC v 5E AV B, IX AT AR BT T S AR b
(1) 21 FEVE 5 SRt IR A — B3 80 .

K6 TR BEBIERTE AR AR Pb SR

Table 6 Measurements of *'’Pb in spiked water samples without and with crosstalk corrections

2Ph Hi1brEE/Bq > °Pb added value 2.079 2.079 2.079 2.079
FHLI po / Bq 2.083 4.166 8.333
interference o {F# 4% / min™” o Net count rate 35.993 72.391 103.502 184.457
HFIEMBIER  BIFiHHE /min” B Net count rate 51.010 52.334 58.113 63.600
Crosstalk *Po U EAH / Bq *'°Pb report value 2.24 2.49 2.72
uncorrected SIS EANRZ / % Relative deviation 7.7 19.8 30.8
HIEBIEE P /min B Net count rate 49.654 49.607 54214 56.652
Crosstalk 2'po P EAE / Bq *'°Pb report value 2.12 2.32 2.42
corrected SIS EMIMZ / % Relative deviation 2.1 11.6 16.6

Xt BEIE KR IELy,  H3.63%.
Note: The a-to- crosstalk ratio was 3.63%.

PLEWI A A B, 2 o i BOR & BT
R BE G OUT, TR 7 554 U5 5 I o A
T 77208/ B TE T SR T I

SEBRAE I X R AT IR R
Iy B 2 EV/T 859—1994 (Al Fr B 3T A1 )M Al

D7535—2009 ( & F- 22 #3547 2P 1% & Il &
OB 25 JOR T 3R 7. 4L A 5 P2 Po A BT
T2Pb, [ UTRE B A4S B FE & IR A7 7E 2 Po [ 7 °Pb
TR 2B, o B3 0B () B iHEC & TR AT
B STRFIIRE SR AR A A H 7 =

RT IR AR LA S P P KRS R

Table 7 Measurements of *'’Pb in oyster samples covering without and with coverings

AR SR/ AES
FF it Self deposition method

RS 0P PN TT I BRUAR R s 22

Ion exchange method Relative deviation of two methods

Oyster FEiG/(Bqke") EEY 7 %5/(Bq-kg™) 29ph / (Bq-kg™) T % i %
samples  No covering *’Pb  Covering With covering *'°Pb No covering With covering
JY1 0.67+0.18 I 0.24+0.15 0.17+0.03 59.5 17.1
IY2 3.12+0.45 (0.0334mm)  2.94+0.36 2.73+0.55 6.7 3.7
Z1 0.50+0.12 Al foil 0.50+0.12 0.47+0.09 3.1 3.1
732 1.17£0.22 (0.0334mm)  0.33+0.23 0.38+0.08 51.0 -7.0
MMI1  0.38+0.15 0.4240.15 0.75+0.15 -32.7 -28.2
MM2  1.56+0.28 0.84+0.31 0.56+0.11 472 20.0
YI1 0.29+0.13 0.37+0.13 0.39+0.08 -14.7 -2.6
Y12 0.39+0.13 0.28+0.18 0.48+0.09 -10.3 -26.3
SW1 1.15+0.31 0212 mm4LH 0.64+0.30 0.59+0.12 322 4.1
SW2  0.33+0.15 0.212 mm paper 0.31+0.20 0.45+0.09 -15.4 -18.4

MR TR, HUTREREIRLE S &
B 99 o 7 925 1) RH X i 22 1) 46 55 4 3.1%~59.5%

I 78 S BE R a kTS, PR O VAR O 22 1
A5 H AN 3.1%~28.2%. S G, PiFh 8T
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JHEN RS R 2

£ 38 TPt T DLE Rl Bt AT T R 2 IR
RANER. R8N BIHECRB LA vHHA5 (4L W5
FEAR TP 45 2R, AZ 1L P R 5 i A X 22

(R 28 555 B 20 0 6.7%~47 2% F11 4.0%~29.7%. H-tt
FE S A 1E J5 R0 7 AR S e Z AT K, — 7 ]
BE A2 FE SV R THEOR 2K, A — T Al fg e
DRI A 3 38 L P 2 B R S A S AT R — B E 5.

RS THCR BB AT ALY o P BB SR

Table 8 Measurement results of ’Pb in oyster samples without and with crosstalk corrections

it Samples H TR Self deposition method AT E WML IR Z Relative
/ (Bq-kg™) deviation of two methods
BIERT / (Bq-kg™") 1EIEJG / (Bq-kg') lon exchange FEIERT / % BIERE /%
Crosstalk uncor- Crosstalk correct- method *°Pb Crosstalk Crosstalk
rected *'Pb ed *Pb uncorrected corrected
6 B4 Oysters in Jieyang  3.12 2.96 2.73 6.7 4.0
7% 4405 Oysters in Maoming  1.56 0.31 0.56 472 -28.7
FHYT %LU Oysters in Yangjiang  0.39 0.26 0.48 -10.3 -29.7
3 &g FEA F e 2 Lo I B O AT B IR, I R

WH T — R o BEEPHIE. FRIE. #
AR B i TR AR AR TR ofB DU B A1) ER
M, SREW: LRWFEAR IR, BRF X
o S TE K R TE S AR /N, IE0.1% LT, A
AT LAZBEAS T “CL7Cs AT Sr-Y KKy AR I Hf
B H R AR EEEEAHENEE LR,
KA A Re b 1 o &R IR B H B L 22 R K o
& J& ST TR A3 T8 bR/ NI R A 2 Po<*Po<*Pu
<FPu-Am<*'Am, J8HH 3.49%~25.4%, 1XFE
72 FHAZ 2= B U P S AR e R E 1) o M Am AR
FEF A N R L 7 ARER T DL X RS TE B
e A R, R, 2 Am 4 e VR I R E HE R
THAR S JEIR . * Amoky AR 5 1 5 18 LU BE S A T AR
JoT B JELEESE I A R o o kL0t BB Y R TE IR
B, —BA ok RIERE L > EEFEA G o
P> o @I, X557 AN E S 20N B R
WA, NEEEE ok T 0 AU M E 1)
HETH.

FESZPRIAEERE S a0 BB TE &, —
FERCE DL T o JBUR PRI AT B IS, B y, , H TE
FEAOR, o R B R B R K A D
(1), SR AT 2200 o 5B TE 0 B RO PRI R R . Y
o T ECR B R T BB, R EH R R
o TN B R PR I B SR RS . I 2 Po AR
T B W A5 it 8 TBOA 0 e 1) s ) P AR 95 3 1 %
R FE VR AT — B B AR e i a5, »
CLA 08N o KT B I IE 1) B E T AT BLE

JE A DN R b PSR B T L2 PR — 2, B
SEUEEL TR ZERAR . M e B BT
HORBAE IR OUR PR BB ) 78 o 5 i o b
TR R IET I BOR E R .

ETBMAHR FEWMHOAREIRON. HELE
g X EE; BEBAREERTRRIT. LR
FHELZR; BR. BIABRSELRFT. K
FEUhERLE; RRMNATHEXE. IAEEES
B R 5 A P Z 8 SO B TR A 2

Sk

1 International Organization for Standardization. Water
quality—Gross alpha and gorss beta activity—test
method using thin deposit: ISO 10704—2019[S].
London: BSI Standards Limited 2019, 2019.

2 International Organization for Standardization. Water

quality—Gross beta activity—Test method using thick
source: ISO 9697—2018[S]. London: BSI Standards
Limited 2019, 2019.

30 AR NREATE AL R4 8 . KB o JBURE RO E

JE g HI 898—2017[S]. AL a{: o B PR RL 2% th Rttt
2017.
Ministry of Environmental Protection. Water quality —
determination of gross alpha activity — thick source
method: HJ898—2017[S]. Beijing: China Environment
Press, 2017.

4 PR NIRICAE IR ORI HE . /K BT B TS 1k Bl

JEIRTE: HY 899—2017[S]. db5T: i E R R 24 H R AL,

020701-8



MRS ES LY %M 2024,42:020701

2017.

Ministry of Environmental Protection. Water quality -
determination of gross beta activity - thick source
method : HJ899—2017[S]. Beijing: China Environment
Press, 2017

REBE, 2/, Fli /N, & ARTKF o BIBCH 1 B4
TR MR MR BT[], R TEINL, 2019, 46(2):
8-10. DOI: 10.3969/j.issn.1673-2235.2019.02.003.

SONG Jiaban, LI Xiaoshuang, LU Xiaojun, et al. Testing
and analysis of low-level alpha and beta radioactivity
measuring  instruments'
Shanghai Measurement and Testing, 2019, 46(2): 8-10.
DOI: 10.3969/j.issn.1673-2235.2019.02.003.

B 55T B A R AR o pINE A TIG
853—2013[S]. dbxt: v [E bR H kAt 2013.

General Administration of Quality Supervision,Inspection

metering  performance[J].

and Quarantine of the People's Republic of China. Low
background alpha/beta measuring instruments: JJG 853-
2013[S]. Beijing: China Quality Inspection Press, 2013.
0 B B A A B R ARE LT AR S ol B
B ARG 7E R JIG 1100—2014[S]. ALt Hh
it 2014,

General Administration of Quality  Supervision,
Inspection and Quarantine of the People's Republic of
China. Gas-flow proportional counter gross alpha and
gross beta measuring instruments: JJG 1100—2014[S].
Beijing: China Quality Inspection Press, 2014.

W K, RAERR, TR . JRIE AR AE KA Sl BB
S 73 AT 7 3% 0 FH R A A FD ) R R %o . e e 9 9
8, 2019, 39(3): 33-36. DOL: 10.3969/j. issn. 1004-
6356.2019.03.007.

JIANG Lan, WU Guibiao, ZHANG Jiajun. Problems and
countermeasures in the application of water sample gross
o and gross P radioactivity analysis methods in China’s
relevant stardards[J]. Radiation Protection Bulletin, 2019,
39(3): 33-36. DOI: 10.3969/j. issn. 1004-6356.2019.
03.007.

T, R 6 AL, A ORI AR R Ee
i LAF R BB L)), i T2 SR EOR, 2014,
34(9): 1123-1127. DOI: 10.3969/j. issn. 0258-0934.2014.
09.021.
LYU Ning, GUO Huiping, BAO Weihong, et al.
Research on the working voltage setting method for a
thin-window large areas flow gas proportional counter[J].
Nuclear Electronics & Detection Technology, 2014, 34

(9): 1123-1127. DOIL: 10.3969/j. issn. 0258-0934.2014.

10

11

12

13

14

15

020701-9

09.021.

DEHE, I, T paE, A BT YR BE AR AR o Bl AR
B BF 1) [J]. AZ HL 7 2 5 R R, 2015, 35(10): 998-
1001. DOI: 10.3969/j.issn.0258-0934.2015.10.012.

XING Yan, WU Binglin, LONG Chengzhi, et al. A new
intelligent low background o, B counting measurement
system[J]. Nuclear Electronics & Detection Technology,
2015, 35(10): 998-1001. DOI: 10.3969/j.issn.0258-0934.
2015.10.012.

WMEN, BRI, B5, & HRCAR op I RG %
T #ZHEF SR, 2019, 39(2): 228-234. DOI:
10.3969/j.issn.0258-0934.2019.02.021.

YANG Zhijie, LIANG Juncheng, YANG Hao, ef al. The
new design of a low background o/f measurement system
[J]. Nuclear Electronics & Detection Technology, 2019,
39(2): 228-234. DOI: 10.3969/j. issn. 0258-0934.2019.
02.021.

Semkow T M, Parekh P P. Principles of gross alpha and
beta radioactivity detection in water[J]. Health Physics,
2001, 81(5): 567-574. DOIL  10.1097/00004032-
200111000-00011.

% H Bk e, we H AL, YRR, 55 R S E BN IR
FH 7K A B S TS A2 0 5 SR S e [, b AR U B o
5B, 2014, 34(10): 780-782. DOI: 10.3760/cma.j.
issn.0254-5098.2014.10.016.

Gerilemandahu, Haribala, XU Xiao, et al. Influence of
crosstalk phenomenon on the measurement of gross alpha
and gross beta radioactivity in drinking water[J]. Chinese
Journal of Radiological Medicine and Protection, 2014,
34(10): 780-782. DOI: 10.3760/cma. j. issn. 0254-
5098.2014.10.016.

R, WA, okise, 5 85 TE B GO IR A5 R R
0. &7 B8 R £ R, 2017, 51(7): 1286-1289. DOL:
10.7538/yzk.2017.51.07.1286.

LI Zhou, LI Pengxiang, ZHANG lJing, et al. Influence of
crosstalk phenomenon on measurement result[J]. Atomic
Energy Science and Technology, 2017, 51(7): 1286-1289.
DOI: 10.7538/yzk.2017.51.07.1286.

R, 45 0, VEAECH, 45 . TN R AR AR I o/ U AR AE
ORI A o 5 5 B I SE I (1) R B A2 IE[D]. B4R, 2021,
44(9): 090202. DOI: 10.11889/j. 0253-3219.2021.
hjs.44.090202.

OU Pin, ZHENG Xueting, TAN Minyu, et al. Crosstalk
correction for determination of gross alpha and beta
radioactivities in drinking water using a low background

scintillation counter[J]. Nuclear Techniques, 2021, 44(9):



FRANEE: U UARAE o/ IR A R AR AE S T B IE

16

17

090202. DOI: 10.11889/j.0253-3219.2021.hjs.44.090202.
JEME, SRER s, DR, &L KR o BB U T S5
A5 K] 28 B & 5 iR 0], 5B 3 B 3, 2022, 42(4):
301-306.

TANG Huaming, ZHANG Weiliang, LUO Haien, et al.
Discussion on influential factors and measuring methods
of total o and total B radioactivity in water[J]. Radiation
Protection, 2022, 42(4): 301-306.

o [ % Tk S A R KA EE-210 (90 #7074 BT 859

18

020701-10

—1994[S]. bt Hh FEbRE it 1994.

China Corporation.
Determination of lead-210 in water: EJ/T 859—1994[S].
Beijing, Standards Press of China, 1994.

American Society for Testing and Materials (ASTM).
Standard test method for lead-210 in water: D7535—2009
[S/OL]. (2024-01-04)[2024-01-16]. https://www.astm.org/
d7535-09r15.html.

National ~ Nuclear  Industry



