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Solid sample liquefaction device for natural radionuclide monitoring

In water
Zheng Bei, Wang Xin, Li Hongyan
(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences Beijing 100085 )

Abstract : In this paper, a solid sample liquefaction device was developed to combine a
high-resolution inductively coupled plasma mass spectrometer with a low background o,p
measurement instrument to achieve simultaneous monitoring of the activity and concentration of a
single naturally occurring radionuclide in water. The validation results of the method established
using this device show that the precision of the activity detection of natural radionuclides in water
is within 6% and the authenticity is within 5%; the precision of the concentration detection is
within 5% and the authenticity is within 4%, all of which meet the analytical chemistry
requirements. The method provides technical support for the national drinking water safety
management policy.

Keywords: rural drinking water; natural radionuclide; radioactive level of gross alpha/bete; solid

sample liquefaction device



]

RIRBUPERZ BRI AEAE TR 3 KRS BT, R 2ok B R 7K ik
K, WTREE A RRB MR, g BARERE (Bl g bRl sl T2 Blng”
WO FFRA N Tl AR A 7= 14 3R o HE 29 70% N VIR R 7K, o 95% R A R0,
HTIRE BEMNK R R, BEN AR T K 5 5R7 AE R TR 1 A% 2 1 57 T Rt
e T HAR AR, TR K b RARTBUR % 3R R4 S8 7l v T N L AR e R, B
VB RE . SRR R RN, RS HIodass (o) FIBEESS (B) AIRESIE R
R GIRIT AR SR oI BR R RRART, ORGSR, An SRR B U A
RHK, NARIN S E 2B A EREESS, B85 W] RE- 52 DNA $i47 B8R AR LS AH STt -
BRI, A DLAHL (WHO) BT RS 28 Fa I 2 dil BEAT KRBT 7T 1351,

HAT, KR R AR U PR R R 482 9 23U ()« 22Th (o) , 2Ra () F
WK (B 5 AR, A TR PR HHE B B IR ST —HED, AN T UG Ty A Gedz ] 601,
TR 224758, WHO 5845 [E 78 P #2450 R BRI AR BE B) N AR DOK B AN SR
ARGNEESHOTAG H Ba BEEHPETEFERR SACTPIC2], BT RN TR AT A2 RE,
Y E AR A — 8 32 B, S PARE PR ] — By BRI /K T R AR T P
BB IR B 16 F NS FE 0 B A s, I SRAB T A AR BUbR AN S SRR 5 G e ftr, 32
WA IRAE, (HARZE H AT, R PR3O 7K b 3 — R R 2/ IR 0 R AR T R
TR JEE AN B2 B ot A AR 1R B0 RS VP 9 PRI AF 9 AR 1 R T R 13140 H T A% 300 B 23 T i)
RS R ofp 0 A IR B 20 T 1 4 B i v 00 S TBOS R B, R 0 R RN S A AR
(HR-ICP-MS) X BESLBLRAARRE it vh IAZ R IR EE 7 i, S BET 2 B FEIE V) 75 K

KEHHEUESE, I 2K AR P TBUR PEAZ 2RI T AT 00 & R 1) o 8 A TS P 7K A
HE ARS8 BT, AR UK B R T T RIRIBUR A% 2 4 b ) TR it
B, W ARAS R oI &5 7 5 O T AR Ak, BRI HR-ICP-MSS 34T 4047, 523
I IRAFK B — R VG . IR H Y.
2 MR
2.1 WA 52

RARTEEERZ AR HEY) BTty [ St T e iR i, Ha s ST AU PG B AR 1 o
fil£ 7 28U, 22Th, 2°Ra fl “K PR, EEEVEHTA 0.02 mBg/L 2 1 Bg/L. f3 A KA

B oot A (YH, EEFREFT T, CHN) J&E S, 1 LB-6 A

ik



Pl EAY CFPEJEE S e RHE R AR AT WS 8. 18 HR-ICP-MS (Element
2 with Apex IR, Thermo Fisher Scientific, GER) I H J&HE £ 45 B 714 J7 7 K 5 6 i X
ICP-OES (ICPE-9820, SHIMADZU, JPN) 5 Hbri% & iR o
2.2 [EAEREMBURE

B IR IR ] - A R G PT DA R il BEAT W -, R LI 1. 122 E AR NN 4
BERETEST A8 AU WA RIS RSNEAL . R RE AR . A il
B, HBERRE S SRS, BE NG SR B =, OGP BEREIEGT Y, R S E .
T EAC IR IR, A Bl P RSl , AU AARAL . EBSHIERN, R ARE
I Y SO I R AR AR A AT I

Wi B

B

1 EfHEmRLEE

2.3 JiENAE

PREVA VB BEAT IR A - Eh A - IR AL AL 3, T 4S5 B 01K B PR M UK T 0.1A mg (A 2
T A R AT I AR TR, mm2) o AR TR R R R RS, KR
0.13A mg MR F5[19-22] 1 ] HR-ICP-MS Wl 5 JHCSR 14 A% 3R 58 I S ST JUSRT 1 o FEE v v T 28
BT AT, HR-ICPMS Toidk EEI & 40K ¥ . %6 HR-ICP-MS il & 39K I
41K K count per second(CPS), #RJ5 F ICP-OES il 5E K 7 5 K JF Bk » R [ PRk 5 5
MG 2 (IUPAC) SRR R TR, AR 1 THE K Bk 2027, 4T B
BT 25 A T PR B R B M R, S B AN, S50 R R I BB A A A R
128,

M41N39)

(D
Maq

Cap = Cg (1 — N3g —



Ref, Cy K HIFREIREE, Cpeh K SRR MR RAKIE, Nagy IUPAC t ¥K (IR %+

%, 93.258%, M3g. My12h ¥K, 4K [f] CPS,
R1 RRAHEHMERITEIRER

RIRTBUH R GreRRR EX (B/g)
238y o 124
232Th o 40.6
26R, a 300
0K B 84.4

TIERAE KSR . SRR tH PR . A3 LI IE IR B B &4 0UKEE 10L, &6 4
FRIRTBUMVERZ R, AT AREE 595 S Ak i e S id 72 — 2, A AR R B RUE 2 s Al
BINEME K. B8U. 252Th f1 26Ra HIE FEMIIRSE, DNEIRE 7 I, HSEPEMRYE A0 2
ATIHSR, RS AR AR 22 (RSDD #EAT VR4

Cx—Co

T(%) = x 100 (2)

U G Co 73 AR R A HE A ok F52 RN B34 2
HR-ICPMS F1 ICP-OES %} 23U, 22Th, 22°Ra #l “K ¥ tHFR (Limit of detection LOD)
F1 (Limit of Quantitation LOQ) AR A 7 3-4R4U3EAT 118, o fNBAE LA TE & 4RI T PRAK 5
K I R Y br £ S [ International Organization for Standardization ffil] &8 ) bR vEHE4T 1
B-22]
LOD=3SD/m (3
LOQ=10SD/m  (4)
m AARAERTZR IR, SD—I BN R L DU E R vHE O 22

B asxmx1.02 R_o( tx
Ld - (Kﬂ + Kﬁ) (Rs—Rg./ x1000xV X tx 1+ tU) )

La= (KatKe) oies*(nl¥s)  ©

La R i o A5 ajZB{WJE%{WJTBE Ko 495 Tt R i TR P A7 E R KU T L (o
FRLFIARHEIE RSB 5 F IR 20 8UE, Ko SRNEUR HEAATE BUE BAEE (1-p) AHBLALE,
asBs ABRHETR ) L ok BRSO VI RV, Ba/g, m ARERZET . KBS ISR SR, mg,
1.02 AKIE R %, BN 1020ml FRALFE T 250 T 1000ml JFAEFE M, Ro NAJR H) S ask BiTHE
ST, t SRR S B EET A s, Rs AFREIR 1 S oBiBTH 4R S, V AREREURHAT L, o A

JEEFA U B I ) s



3 ZRE®
3.1 -T2 B Ok AR i 2R %

KA R TR IR TR A 3R 005 52 2 R R )RR T 30, 5 0 B AN [ 1 2 2 T AR AL T
B REAS I TN PEAZAE AL IR ) P R S A8 2, SR B2 5 9k P A A i 2 R AE — IR T BR B
KA, WA CLE SR -G — e AT T2 i . fESERR TR, AP NEE
() FEAE AR 2 R R, B 1 I B BN, X I AR AT LIRS — 2k RIH E 4L, (HIX 5%
PIHELRGA RS, FTHMERRE (o) Riak. AWM RFRR, 25 & E X
FCBASIE, A H R AR OC R B TR I8 AH OC R B I S R BI AR EUE, TR P&
R A . BRI rooow, $=0.925. HIE 2 FTRAF H, /K K., 28U, 2Th, Ra
VU b R SR TBCS P 2 VR 5 475 55 ) T VA L o0t 2 ) LY L 7E 0.9990-0.9999 2 [a], £ 6
IR AR S0 TE AR IR SR 3T, ek A ot VR A ST ) 2 B B BOR T T
PEAZ 3R AR BE R P 1) S B 40 AT o

“0g.p 120

T y=3.8398x - 0.0052 PRaw =27 174x + 0.0031
r=0.9999
:]?_ 60
§
X X l,‘(i "l).(l l)..S l,‘l) ljS 2,‘0 2;5 3;0 3,‘5 4;0 45
Wi Bq/L WY Bg/L
ol Pa y=81.637x-0.0595 Fha v —0.2186x+0.0015 *

r=10.9999

WKL pg/L

0 L L 1 1 L N
0.0 0.1 02 03 04 05 0 5 10 15 20 25
W Bg/L Wi mBg/L

B2 ki RIAEGE R RE - U MR B X Rtk
3.2 FRERE. Atk RERMERR
R LR IR I S5 R, R PRIETT A E ) Sa e ok A, HLSEME (Trueness)
A ARG AR S I 52 AB S AR HE W PR AR IR AR BE R DA i vk T AT 1 11 2 AR R 141
M2 2 AT DA Y, J8IE A R B L AR R B U 2 B 5 VRN K SRR T 1k



AT IS T AT I RS B8 FELE 2.7-5.9% 2 8], BSEMEAE-3.8-4.9% 2 1] X 7K A R AR TBUH 1 4%
RIREEHAT WIS RS 2 BEAE 1.7-4.9% 2 0], ESEMEAE-2.6-3.9% 2 [8] o K% B AN B 52 M SE G AIE
SET IR A M E R . IR R/ IR N W R A T VR AR A R

i) Ld Ca) 4 0.00023 Bg/L, Ld (B) A 0.015 Bq/L; % Z ¥ LOD A 0.000008-0.000128pg/L,

LOQ 4 0.000025-0.000426pg/L 25 J5 &/ IR = BT 712K .
F®2-1 BREEEIEER

BRRE HE e fE RSD R M4 La(Bq/L)
(Bq/L) (Bq/L, n=7) (%) (%) pLib
Mean + SD (n=7)
0.05 0.052+0.003 5.9 3.6
238y 0.1 0.098+0.003 2.7 -1.5
0.5 0.506+0.016 3.1 1.2
0.001 0.0010 £0.00004 3.4 49
22Th 0.002 0.0021+0.00007 3.3 4.7 o 0.00023
0.005 0.0052+0.00022 4.3 3.6
0.05 0.052+0.002 4.4 4.0
226Rg 0.10 0.104+0.004 4.1 4.5
0.20 0.207+0.2489 3.9 3.6
0.05 0.049+0.002 4.0 -2.0
40K 0.1 0.096+0.005 4.8 -3.8 B 0.015
0.2 0.196+0.008 4.3 2.2

R2-2 BERERIEZER



BRRA HE WrelE RSD Htk  LOD LOQ

(ng/L) (ng/L, n=7) (%) (%) (ng/L) (ng/L)
Mean + SD n=

4.0 4.04+0.07 1.8 1.4

2387 8.0 8.17+0.16 1.9 0.04 0.000014  0.000045
41.0 40.80+0.70 1.7 -0.2
0.02 0.026+0.001 4.9 3.4

22Th 0.05 0.050+0.002 4.9 1.4 0.000063  0.000210
0.12 0.121+0.005 4.5 -2.6
0.0001 0.00014+0.000007 4.7 3.5

226Ra 0.0003 0.00027+0.000008 3.0 2.6 0.000008  0.000025
0.0006 0.00056+0.000025 4.4 2.1
0.2 0.190.006 3.1 -1.8

wg 0.4 0.39+0.010 2.5 3.9 0000128 0.000426
0.8 0.78+0.016 2.0 1.2

S [ R YR 2R S S ) R AR TBUN A ORI B RUR 2 e & i 5 o TR T
PARP AR R 7K rp B — A 3 (R0 P RN P AERf 8 B VARS8 B2 . LSRRG H RS TR &5 SR 1)
PSR EBRE S ITEOR, G T RABUSTERZZR 2o, AT DAE K AT M A e

7% 3CHR:
[1] MR, o E A H T KA A PGS B R B K ey A (D). K& RIEHL TR
2% 2017:3-20

[2] Forte M, Bertolo A, Alberti F, et al. Standardized methods for measuring radionuclides in
drinking water[J]. Journal of Radioanalytical and Nuclear Chemistry, 2006, 269(2) : 397-401.
[3] Kurttio P, Salonen L, Ilus T, et al. Well water radioactivity and risk of cancers of the urinary

organs[J]. Environmental Research, 2006, 102(3): 333-338.



[4] Auvinen A, Kurttio P, Pekkanen J, ef al. Uranium and other natural radionuclides in drinking
water and risk of leukemia: a case—cohort study in Finland[J]. Cancer Causes & Control,
2002, 13(9): 825-829.

[5] Auvinen A, Salonen L, Pekkanen J, et al. Radon and other natural radionuclides in drinking
water and risk of stomach cancer: A case-cohort study in Finland[J]. International Journal of
Cancer, 2005, 114(1): 109-113.

[6] Ajayi O S,Owolabi T P. Determination of natural radioactivity in drinking water in private
dug wells in  Akure, Southwestern Nigeria[J]. Radiation protection
dosimetry,2008,128(4):477-484.

[7] Liu Y. Discussion on the preliminary screening significance of total alpha and total beta
radioactive indicators in national sanitary standards for drinking water[J]. Chinese Journal of
Radiological Medicine and Protection, 2005, 25(2): 171-172.

[8] Davila Rangel J I; Lopez del Rio H; Mireles Garcla, ef al. Radioactivity in bottled waters
sold in Mexico. Applied Radiation and Isotopes, 2002, 56(6): 931-936.

[9] 5K,k ar &, 2=, WA AWK oy BRHBUS KT o E 4R 4 2
£,2002,11(2):93.

[10] WHO. Guidelines for Drinking-water Quality, Fourth Edition[S]. Geneva: World Health
Organization, 2011.

[11] o N R ILANE A AR TR K bR ERL 38 7732 : - GB/T 5750-2006[S). Jb 5 E Fx
i, 2006.

[12] EPA. Drinking Water Standards and Health Advisories Tables[S]. Washington: Office of
Water U.S. Environmental Protection Agency, 2018.

[13] Lerebours A, Robson S, Sharpe C,et al. Transcriptional changes in the ovaries of perch from
Chernobyl[J]. Environmental Science & Technology, 2020, 54(16): 10078-10087.

[14] Frederica radiation database; https://www.frederica-online.org.

[15] 7K i 4, IR o . /KRR IR B 5 8 T8O PR K 2 T8 i 28 & 20 A (0], P AR A 2
,2008(02):155-156.

[16] Rangel, J.I.D.; del Rio, H. L.; Garcia, F.M, ef al. Radioactivity in bottled waters sold in
Mexicol[J]. Applied Radiation and Isotopes, 2002, 56(6): 931-936.

[17] Tan, H.Y. Low background measurement system to measure radioactivity in water[J].
Chinese Journal of Radiological Health. 2005, 14(1), 45-46.

[18] Jiménez A, Rufo M D. Effect of water purification on its radioactive content[J]. Water
Research, 2002, 36(7): 1715 -1724.

[19] e N R AN B A58 ORI 7. K oA oSS 12 0 5 725 HT 898-2017[S]. Ab&t: +h
[ PR B R ARAE,2017.

[20] A N R FL AN E PR EE OR300, 7K 5 e B S e (R e JEE Vs HY 899-2017[S]. dbxt:
[ PR B R ARAE,2017.


https://scholar.cnki.net/home/search?sw=6&sw-input=J.I. D%C3%A1vila Rangel
https://scholar.cnki.net/home/search?sw=6&sw-input=H. L%C3%B3pez del R%C4%B1%CC%81o

[21] ISO. Measurement of radioactivity-Determination of beta emitters activities - Test method
using liquid scintillation counting: ISO 19361:2017[S]. Geneva: International Organization
for Standardizatio, 2017.

[22] ISO. Water quality - Gross alpha activity- Test method using thick source: ISO 9696:2017[S].
Geneva: International Organization for Standardization, 2017.

[23] 245 % 95 A4, Tk Sh A4, %5 ICP-MS 1 ICP-AES Bt & 40 0T ONi i IR FE[D]. &3 T
F£,2020,41(01):159-162.

[24] T B, 258, 25 4 Fa AR R AL W U308 0] Hh ¥ 7T 2%,2020,27(03):104-122.

[25] Meija J, Coplen T B, Berglund M, et al. Isotopic compositions of the elements 2013 (IUPAC
Technical Report)[J]. Pure and Applied Chemistry, 2016, 88(3): 293-306.

[26] Hu Y, Chen X Y, Xu YK,et al. High-precision analysis of potassium isotopes by
HR-MC-ICPMS[J]. Chemical Geology, 2018, 493: 100-108.

[27] Amelin Y, Merle R. Isotopic analysis of potassium by total evaporation and incipient
emission thermal ionisation mass spectrometry[J]. Chemical Geology, 2020, 559:119976.

[28] 2255 %, 5K AR T, fo] S5 M0H . 3 388 9 B ek e A A8 UK 22 3 AE P I R T [0]. 7 RE R 2 4
A.,1988(03):271-276.

[29] Li H Y, Zheng B, Li C F,et al. Trace element determination in high-salinity water using an
online ion imprinted helical tube demineralizer combined with ICP-MS. Journal of
Analytical[J]. Atomic Spectrometry. 2020, 35(7): 1306-1315.

[30] ISO.Water quality — Determination of the genotoxicity of water and waste water using the
umu-test: ISO 13829:2000[S]. Geneva, International Organization for Standardization, 2000.

[31] & B, 25000, XA, 5. A et /9 SOS/umu J7 326 7K Ab B 5 A% rh 5 e 1 a8t 4% 25 1
BARL[T]. AR A EEI 2EH,2013,8(6):909-916.

[32] 2R Ak U &, 25,5 BT umu 38 4% 351 28082 R R /K B0 U VAN I 52 0], AR
FH224K,2008(04):363-369.

[33] RBUREE. M bA[M]6 iR AERT: S5 #0H HAkE, 2016:66-69.



