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11. Tém tat cac két qua mai cua luan an:

1. Muc tiéu va ddi twong nghién ctru ciia ludn 4n

Muc tiéu: Lam sang t6 sy thoat khi radon trong nha trinh twong nham xéc dinh
nguodn goc va nguyén nhan khi radon (Rn-222 va Rn-220) tich tu ndong do cao trong moi
truong khong khi trong nha trinh tuong, cac yéu to6 anh hudng dén su giai phong cac dong

vi khi radon. Ttr do, danh gia nguy co rui ro stcc khoe cho ngudi dan sinh song trong nha

trinh tuong cling nhu cac bién phap gidm thiéu phoi nhiém.

Doi twgng: cac dong vi khi radon (Rn-222 va Rn-220) trong moi truong khong khi
trong nha trinh tudng.

Pham vi: mo6i truong khong khi ngoai troi va trong nha trinh tuong & xa Bach Dich,
huyén Yén Minh, tinh Ha Giang.

2. Cac phwong phap nghién ciru da sir dung

a. Khao sat thuc dia: br?lng cac thiét bi do SARAD® RTM 2200, RAD7, Thoron Scout.

b. H¢ phuong phap nghién ctru thanh phan vat chat cia dat [am nha trinh tuwong bao gom:
phuong phap nhiéu xa tia X (XRD), Phuong phap huynh quang tia X (XRF), Phuong
phap quang phé gamma phong nén thap (detector HPGe), Phuong phap quang pho khéi
(ICP_MS), Phuong phap phan tich cap hat dat bang laser

c. Phuong phap tinh toan toc do thoat khi, liéu chiéu hiéu dung, danh gia nguy co rii ro
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3. Cac két qua chinh va két luin

3.1. Cdc két quda chinh

- Luén 4n nghién ctru va giai thich dugc ngudn gde va nguyén nhan dan dén ndng do khi
radon (Rn-222 va Rn-220) cao trong moi trrong khong khi trong nha trinh tuong.

- Luan 4n phan tich 1am 1 cac yéu t6 chinh anh hudéng dén su thoat khi radon vao moi
truong khong khi trong nha trinh trdng bao gdm cac thanh tao dia chit, cac yéu t6 khi hau va
thanh phan vat liéu d4t 1am nha.

- Noi dung luan 4n d tinh toan dugc liéu chiéu trung binh nim, déng thoi ude tinh duoc
nguy co rii ro bi bénh va dira ra mot sd bién phap giam thiéu phoi nhiém cho ngudi dan sinh
sdng trong nha trinh tudng tai x3 Bach Dich, huyén Yén Minh, tinh Ha Giang.

3.2. Két lugn

- Ngudn gbe khi radon trong nha trinh tudng: tir cdc thanh tao dia chat dudi sau di
1én theo hé thong cac dut giy va tir dat 1am nha trinh tuong. Khi radon tap trung trong
khong khi ngoai tro1 ¢ khu vue xa Bach Dich cao hon céc khu vuc lan can. Néng do khi
radon trong moi trudng khong khi nha trinh tudng cao hon so véi cac kiéu nha hién dai
trong cung khu vuc.

- Khi radon trong méi truong khong khi trong nha trinh tudng tap trung nong do cao
& khu vuc kin, gan nén va tuong dat, duoc xem nhu ngudn thoat khi chinh trong nha. Cac
ddng vi khi radon c6 tinh tich lily, tip trung ndng do cao & gan ngudn thoat khi, khu vuc
kin gio, it c6 sy luu thong khong khi. Pong vi khi Rn-220 ¢6 xu huéng giam dan & cac vi
tri xa nguon thoat khi.

- Cac yéu to thoi tiét va tinh chat ciia dat 1am nha anh huong dén sy thoat khi radon
vao moi truong khong khi trong nha. Néng do khi radon trong nha ty 1¢ thuan véi nhiét dog,
d6 am moi truong tu nhién. Cap hat cta dat lam nha trinh tudng (87% cap hat bot sét) phu
hop dé cac dong vi khi radon luu tra va khuéch tan. Pac diém thanh phan gom oxit sat (>
4%) va to hop cac khoang vat c6 cau tric 10p (> 50 %) 1a diéu kién dé nguyén t6 phong xa
me urani va thori duoc hép phu tdi da trén bé mat khoéang vat sét, va thuan loi dé dién ra
qua trinh phan rd phong xa hinh thanh cac ddng vi khi radon.

12. Cac huong nghién ciu tiép theo: )

Tiép tuc nghién ciru cac giai phap ngan chan va han ché su thoat khi radon trong
nha trinh trong ma van gitr duoc gia tri van hoa di san va phat trién bén virng.
13. Cac cong trinh cong bo lién quan dén lugn an: N
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11.  Summary of the new findings of the thesis:

1. Thesis Objectives and Research Scope

Objective: To clarify radon outgassing indoor air of earthen dwellings. This involves
identifying the origin and causes of high radon concentration (Rn-222 and Rn-220)
accumulating in indoor air environment of earthen dwellings, as well as the factors
affecting the release of radon isotopes. From this, the study aims to assess the health risks
for people living earthen dwellings and propose mitigation measures for exposure.
Subject: Radon isotopes (Rn-222 and Rn-220) in indoor air environment of earthen
dwellings.

Scope: Outdoor and indoor air environments of earthen dwellings in Bach Dich commune,
Yen Minh district, Ha Giang province.

2. Research Methods Used

a. Field Survey: by some equipments including SARAD® RTM 2200, RAD7, Thoron Scout.
b. Methods for analyzing material composition of soil used for houses: X-ray Diffraction (XRD),
X-ray Fluorescence (XRF), High-Purity Germanium (HPGe) detector, Inductively coupled
plasma mass spectrometry (ICP-MS), Laser grain size analysis.

c¢. Methods for Exhalation rate, Effective Dose, and Risk Assessment



3. Main Results and Conclusions

3.1. Main Results

The doctoral thesis investigates and explains the origin and causes of high radon (Rn-
222 and Rn-220) concentrations in the indoor air environment of earthen dwellings.
The doctoral thesis analyzes and clarifies the main factors influencing radon exhalation
into the indoor air of earthen dwellings, including geological, climatic, and the
composition of the soil used for the houses.

The content of the thesis calculates the effective dose, estimates the risk assessment,
and proposes mitigation ideas to reduce exposure for residents living in earthen

dwellings in Bach Dich commune, Yen Minh district, Ha Giang province.

3.2. Conclusion

Origin of radon outgassing in earthen dwellings: from deep geological formations
rising along fault systems and from the soil used to build the houses. Radon
concentration in the outdoor air of Bach Dich commune is higher than in neighboring
areas. Radon concentration in indoor air of earthen dwellings is higher compared to
modern house types in the same area.

Radon concentration in the indoor air environment of earthen dwellings accumulates
at high in confined areas, near floor and walls, which are considered the main sources
of gas outgassing within the house. Radon isotopes have an accumulative nature,
concentrating at high levels near the source outgassing, in sealed areas with poor air
circulation. The Rn-220 isotope tends to decrease gradually at locations further from
the source outgassing.

Weather factors and the properties of the soil used for construction affect radon
outgassing into the indoor air environment. Indoor radon concentration is directly
proportional to natural environmental temperature and humidity. The grain size
distribution of the soil used for earthen dwellings (87% silt-clay fraction) is suitable
for radon isotopes to reside and diffuse. The compositional characteristics, including
iron oxide (> 4%) and a combination of layered minerals (> 50%), provide conditions
for the maximum adsorption of parent radioactive elements uranium and thorium on
the surface of clay minerals, and are favorable for the radioactive decay process that

forms radon isotopes.



12.  Futher research directions

Continue researching solutions to prevent and limit radon gas escape in rammed earth
houses while preserving their cultural heritage value and ensuring sustainable
development.
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