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Figure 1 The relationships between dose and health risk. The doses in
the figure are in addition to the total background exposure to natural
sources of radiation. The data points and confidence intervals marked on
the graph represent observations of increased risk of cancer in
populations exposed to moderate doses. The various lines represent
several dose-health risk models extrapolated in the low and very low
dose ranges: a, supralinear; b, linear non-threshold (LNT); c, linear-
quadratic; d, threshold; e, hermetic [4].
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Figure 2 Schematic diagram of in vivo measurement of Pb-210 in the skull [9]. Copyright©2021, Frontiers in Energy Research.
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Figure 3 Relationship diagram of key issue, research content, and
objective for in vivo measurement of Pb-210 in the skull.
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Table 1 Materials and dimensions of the shielding room for 4 sets of

in vivo measurement devices [19]. Copyright©2022, Nuclear Science
and Techniques
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Figure 4 Contribution of each background source for an in vivo
measurement device [19]. Copyright©2022, Nuclear Science and
Techniques.
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Figure 5 Spherical shell model of environmental y background. The
initial points of characteristic y-rays are uniformly distributed in the
spherical shell made of concrete. The center of the detector’s axis of
symmetry coincides with the center of the spherical shell [20].
Copyright©2024, Radiation Measurements.
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Figure 6 Comparison of observed and reconstructed spectra for the
detector. The reconstructed spectra comprise two categories: one where
the thickness of the source is adjustable (our study), and the other where
the thickness of the source is fixed at 10, 20, 30, 40, and 50 cm,
respectively [20]. Copyright©2024, Radiation Measurements.
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Figure 7 Prototype model of the shielding room has a “steel-lead-
steel” structure, with an HPGe detector placed inside [21].
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Figure 8 Schematic diagram of trace-level radionuclides in vivo
counting experiment at China Jinping Underground Laboratory.
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Figure 9 Internal structure of Phoswich detector [23]. Copy-
right©2021, Nuclear Technology.
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Figure 10 Ability of the Phoswich detector to suppress the back-
ground caused by 1.46 MeV gamma rays from a human body. (a) The
red and blue lines represent the counting with the anticoincidence mode
on and off, respectively. The figure contains three characteristic peaks:
@ the 1.46-MeV full-energy peak, @) the backscattering peak, and @
iodine characteristic X-ray peak. (b) The plot corresponds to the ratio of
the blue line and the red line shown in (a) [23]. Copyright©2021,
Nuclear Technology.
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Figure 11 Ability of the Phoswich detector to suppress the back-
ground caused by 1.31 MeV  rays from the human body. (a) The red
and blue lines represent the counting with the anticoincidence mode on
and off, respectively. (b) The plot corresponds to the ratio of the blue
line to the red line shown in (a) [23]. Copyright©2021, Nuclear
Technology.
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Figure 12 (a) BOMAB head phantom; (b) MIRD head phantom;
(c) MIDA head phantom; (d) internal tissue structure of MIDA
phantom; (e) skeletal structure of MIDA phantom [27]. Copy-
right©2024, Applied Radiation and Isotopes.
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Figure 13 HPGe BES5030 detector model. (a) Structure of the
detector; (b) internal structure of the probe, with gray and green
representing the aluminum casing and the Ge crystal, respectively [27].
Copyright©2024, Applied Radiation and Isotopes.
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Figure 14 Schematic diagram of efficiency calibration using the BOMAB, MIRD, and MIDA phantoms in the simulation. (a) BOMAB-back;
(b) BOMAB-side; (c) BOMAB-top; (d) MIRD-back; (e) MIRD-side; (f) MIRD-top; (g) MIDA-back; (h) MIDA-side; (i) MIDA-top [27].
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Figure 15 Schematic diagram of the whole-body biokinetic model for Pb-210 [31]. Copyright©2024, Health Physics.
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Research progress in the trace-level radionuclides in vivo
counting experiment (TRACE)
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The assessment of health risks from long-term and low-dose radiation exposure is one of the important scientific frontiers
in the field of radiation protection. In contrast to the clear health effects of high doses, assessing health risk of low doses
lacks the support of foundational experimental data. Based on the China Jinping Underground Laboratory, the TRACE
group from Beijing Normal University is committed to providing essential scientific foundational experimental data for
the assessment of potential risks of long-term and low-dose radiation through measurements of trace-level radionuclides
in the human body. The first phase of TRACE group focuses on in vivo measurement of Pb-210 in the skull, with key
issues including: (1) low signal-to-noise ratio; (2) significant efficiency calibration errors, and (3) the widespread sources
of Pb-210 in the human body coupled with complex metabolic patterns. This paper introduces the main research progress
made by the TRACE group on the key issues mentioned above. To address issue (1), the TRACE group conducted
background source analysis in the shielding room of in vivo measurement. The results showed that cosmic rays,
background from shielding materials and measuring instruments, and K-40 in the subject’s body are the main
contributors, accounting for approximately 12%, 24%, and 58%, respectively. To address issue (2), the TRACE group
studied the impact of different phantom types on efficiency calibration of Pb-210 in the skull. The results indicated that
counting efficiency deviations between the lower-fidelity BOMAB and MIRD phantoms and the higher-fidelity MIDA
phantom can exceed 40%. To address issue (3), the TRACE group developed a whole-body Pb-210 biokinetic model and
performed Pb-210 source tracing. The results showed that the specific activity range of Pb-210 in typical intake sources,
such as tea and tobacco, is 8.15-49.67 Bq/kg and 21.74-31.16 Bq/kg, respectively.

low-dose radiation, in vivo measurement, Pb-210
PACS: 87.19.xj, 87.52.-g, 87.53.-j, 87.66.Jj
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