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Abstract: Ra is a highly toxic radionuclide, and according to the Chinese national standard
GB 5749—2022, its activity in drinking water must not exceed 1 Bq/L. Additionally, *°Ra serves as a
geochemical tracer in oceanographic studies. To meet the monitoring requirements for 2?°Ra, this paper

systematically summarize the pre-concentration and radiochemical separation methods for °Ra in water
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samples, with a focus on discussing the advantages and disadvantages of radiation measurement techniques
and mass spectrometry(MS) techniques for analyzing 2*Ra. Pre-concentration methods include co-
precipitation, evaporation, and adsorption. Co-precipitation, with its simplicity and cost-effectiveness, is
well-suited for treating environmental water samples of up to 10 L in volume. For large volume water such
as oceans and lakes, manganese polymer adsorption enables in-situ enrichment of Ra isotopes.
Radiochemical separation methods include co-precipitation, solvent extraction, ion-exchange
chromatography, and extraction chromatography, with the choice of method depending on subsequent
analytical techniques. Radiometric methods such as radon emanation, alpha counting, and liquid
scintillation counting(LSC) only require simple separation using coprecipitation and solvent extraction.
However, alpha spectrometry and MS analysis demand more rigorous Ba removal using chromatographic
techniques. Ion exchange chromatography is cost-efficient and widely used in laboratories, while novel
extraction chromatographic columns(e.g., TK100 and AnalLig®Ra-01) enable selective Ra adsorption,
simplifying separation workflows. Radiometric methods are widely applied for **Ra monitoring due to
their high sensitivity and low cost. LSC, combined with extraction chromatography, can enable automated
226Ra monitoring. Alpha spectrometry offers detection limits below 1 mBg/L, meeting the requirements for
routine environmental monitoring. MS techniques, such as ICP-MS, provide rapid analysis, with each
sample taking approximately five minutes, making them suitable for emergency assessments, though their
high-cost limits routine use. Future research should focus on developing low-cost, high-selectivity
extraction materials to streamline separation processes. Integrating radiometric methods with MS
techniques could further enhance analytical efficiency and accuracy, supporting both environmental
monitoring and emergency response efforts.
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Table 2 Principle and characteristics of chemical separation process of Ra
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Fig. 1 Decay chain and radiation measurement

analysis methods for ??°Ra
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Table 3 Radiation measurement techniques for analysis of 2*°Ra in environmental samples
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A 5T 1% (Q-ICP-MS) X ik F 7K 1 22Ra #4773 #r , #8
MBR M 1 pg/L (#1124 F 37 mBq/L) . Q-ICP-MS #%
ATz MR T b AOK BT A AR YRR
26Ra Y 5 , A 2 J5F T4 (*5Sr'3Ba’ | 20%Pb'*0",
208Pb1701H+\ 209Bi170+\ 209Bi1601H+\ 40Ar146Nd+$n
WA WA ) 23 B IR 2R A5 IUAE JEE 1560811 SR T B
R 4“Ar ¥ B £ I F T4, Weersted 5552 {f F T LA
N,O fE 2 #lf 15 2 B A& ok 43 B 22°Ra, K K
26Ra IR B K 0.42 pg/L. 1 20 B3R A5 B 11K i
A (HR-ICP-MS) AJ #F 47 #f 7T 5 (R & £ o
FE R, REUE & T Q-ICP-MS., Park 551531
FH HR-ICP-MS 43 BT )% 7K rf1226Ra, #R FRH 10 fg/L.

Z e A5 B TR BT X (MC-ICP-MS) it %5 1
Z A BT BCE B, R T8 A AR AT LAk ST
HAE KM HE . Sharabi 254 {fi | MC-
ICP-MS Xf 8 S 7K H122°Ra 43 #7, ZRIM B A 0.05 pg/L.
I AN, n B AT B8 3 55 B F R i { (SF-ICP-
MS) 851 = FE U FF 45 2 44 5 3% { ( Triple quad
ICP-MS) 153 861 lf 48 Jz 7 b 55 25 44 52 33 X ( CC-
ICP-MS) H81 Fl iCAP HAT 2l fE 4 7 45 825+ 1k it 1%
L (ICAP-Q-MS) U7 1 £ Ji F F-22Ra A&, 3 UL
4. Wt R 4 A LIS, AN A 28 ICP-MS 1Yk
I BR 985 B 7E 0.01~ 1 mBq = [a], AT LA 2 x4k
JK (R T R

K4 S HTERELAE 2 Ra Y BTG H R

Table 4 Mass-spectrometric techniques for analysis of *°Ra in environmental samples

i EE- 951 B AT ALY B 4 Ra#lift AREER S HTEE EICR/%  MDA/mBq 2% ik
Q-ICP-MS KT L AG 50W-X8 Poly-Prep#f /I 36h 2995 37 [80]
Q-ICP-MS Ik L Pb(Ra)SOJLTE & 5 AG 50W-X12 133Ba 0.1 [81]

Triple quad ICP-MS  BBZKITEZK TK100 29100 0.4 [53]
Triple quad ICP-MS ~ 2*RalllbRIRIKO0.5 mL T HNOHfif 1~2h =93 0.13 [86]
SF-ICP-MS J[7K0.5 L AG 50W-X8F % AG 50W-X8 Ba =72 0.01 [33]
SF-ICP-MS HFAKFIFLBIKOS L MnO, iR & 4 24h 0.4 [54]
iCAP-Q-ICP-MS  TRJTI/K. #7k25 mL Ak i g AnaLig®Ra-01 =70 0.01 [59]
MC-ICP-MS SRK2~4 L MnOJIERHE  AG SOW-X8+Stiffig 37 [84]
TIMS K Sr(Ra)SO,ITLVE & 4 AG 50W-X12 2Ra 0.037 [87]

AMS RITI7K25 mL BaBeF, JLiE & % 1~2h 29100 £50.1 [88]
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i HEAT A HT, 2ORa H ARSI R S # 1~10 fg 2. Bifi
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