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

Luan an da hoan thanh cac muc ti€u va ndi dung dé ra, thu dugc cac két qua nhu
sau:

1. Nang cao chat lwong phan tich hoat @9 phong xa trong miu thue vat: Dé
giam d6 bat dinh trong phan tich hoat d6 cac ddng vi phong xa 22°Ra, 22%Ra va “K trong
mAu rau cu va qua kho, luin an di tién hanh phuong phap than hoéa thuc vat. Két qua cho
thay, khi say khé mau va tiép tuc than hoa trong diéu kién thiéu oxy & 600°C trong 2 gid,
khong co sy méat mat cac déng Vi trén, déng tho1i do giau cia ching tang 1én 4,2 lan, do bat
dinh phép do mau thuc vat giam tir 3 dén 6 lan.

2. Xac dinh hé s dich chuyén ciia ciac dong vi phéng xa va kim loai tir dat 1én
cAy trong: Luan an da phan tich hoat d6 phong xa, ham lugng kim loai trong dat va thuc
vat tai cac khu vuc c6 nén dia chat khac nhau 13 Ha No6i, Phu Tho va Lao Cai. Két qua
cho théy hé s dich chuyén cua cac dff)ng vi phéng xa va kim loai phu thudc vao diéu
kién sinh truong, dia chat cta timg khu vuc va cac thong sé héa 1y cua dat:

e Heé sd dich chuyén trung binh ctia 22°Ra, 228Ra nhé hon 1, trong khi d6 hé sd dich
chuyén trung binh cua +K 16n hon 1. Su khac biét d6i voi TF gitra rau muong
can va rau mudng nudc, ciing nhu TF cia rau mubng & Ha Noi va Pht Tho khang
dinh vai tro ciia diéu kién sinh truéng cua cdy cling nhu phong birc xa tu nhién
d6i voi qua trinh hip thu va tich liiy dong vi phong xa tir dat 1én cay tréng.



e Phén tich thanh phan chinh (PCA) cho théy cac yéu tb hoa ly cua dat co6 anh
huong 16 rét dén qua trinh hép thy céac dong vi phong xa trong cay trong. Cu thé,
pH dét va thanh phan hat min (silt) c6 moi twong quan am, trong khi ham luong
cat lai thé hién mbi twong quan duong voi hé s6 dich chuyén. Nhitng két qua nay
phu hop vdi co so 1y thuyét vé co ché twong tac gitra cac dic tinh dat va su van
chuyén céc dong vi phong xa tir dat vao thuc vat.

e He¢ s6 dich chuyén cua cac nguyén t6 kim loai giam dan theo thir tu K > Na >
Rb > Mn > Fe ¢ ca Ha N1 va Lao Cai, trong d6 K va Na c6 hé s6 16n hon 1, cac
nguyén td con lai nho hon 1. Ngoai trir Fe, cac nguyén td khac c6 hé sd dich
chuyén cao hon ¢ Lao Cai so v6i Ha Noi. Phén tich da bién cling chi ra su canh
tranh trong hip thy cia mot sé nguyén t, dic biét gitta Fe-Mn va Na-K-Rb.

3. Panh gia nguy co phong xa trong dit va trong rau tai cac khu vuc nghién
ctru: Dya trén hoat d§ phong xa trong dét, luan 4an d3 tinh todn cac chi sd nguy hiém do
phéng xa tai Ha No6i, Lao Cai va Phu Tho. Két qua cho théy khu vuc Ha Noi va Lao
Cai an toan dbi véi cu dan, trong khi mot sb dia diém tai Pha Tho, dic biét gﬁn mo sat,
c6 nguy co chiéu xa cao hon. Pong thoi, nghién ctru ciing danh gia liéu twong duong
1én céc co quan khi tiéu thu thuc pham nhiém phéng xa. Két qua cho thay:

e Rau muéng ¢ Phii Tho va rau ctt qua & Lao Cai c6 liéu twong duong cao hon so
voi Ha Noi.

e “K tap trung chi yéu & hé tiéu hoa, trong khi 22Ra va 22°Ra chu yéu tich tu
trong xuong.

4. Danh gia nguy co tir kim loai trong rau: Luén an da tién hanh tinh toan chi s6
nguy hiém muc tiéu (THQ) d6i véi kim loai trong cac mau rau, cu, qua thu thap tai Ha Noi
va Lao Cai. Ket qua cho thay phan 16n mau tai Ha Noi ¢6 gia tri THQ < 1, ngoai trur
ba miu rau mudng (P-HN2, P-HN6, P-HN7) c6 chi s6 THQ ctia Mn vuot ngudng an
toan (THQ > 1). Nguoc lai, tai khu vuc c6 nén phong phong xa cao & Mudng Hum
(Lao Cai), chi s6 THQ trung binh dat 2, 59, trong d6 nhom rau cu dai ngay thé hién
murc nguy co cao hon so v6i nhom rau ngin ngay. bang cha y, Mn la nguyén t co gia
tri THQ cao nhat, phan anh tiém nang gay tac dong bét loi dén suc khoe nguoi tiéu
dung. Nhitng phat hién nay gép phan nhan manh két ludn quan trong cua nghién curu:
trong cac khu vuc c6 phong phong xa ty nhién cao, rui ro sirc khoe khong nhat thlet bt
ngudn tir phong xa, ma c6 thé chi yéu dén tir su tich lity kim loai ning trong cdy trong.

12. Cac huéng nghién ctru tiép theo:
e Tién hanh khao sat hé s dich chuyén cac dong vi phong xa va kim loai ¢ cac khu

vuc khac nhau trén dién tich rdng hon.
e Xay dung cac bo s6 liéu vé hé sb dich chuyén cac déng vi phong xa va kim loai doi
v6i timg loai rau cu thé & cac khu vire khac nhau.
e Phan tich cac tinh chit hoa ly cua dat va danh gia thém cac yéu t6 nhu bon phan,
lwong mua, thoi diém 1y mau dé co cai nhin tong quan vé co ché su van chuyén
clia cac dong vi phong xa va kim loai tir dat 1én cay trong.



e Phén tich ham luong kim loai dya trén nhiéu phuong phap khac nhu phuong phap
TXRF, PIXE, ICP-OES dé dua ra dugc phuong phap t6i wu nhat trong nhan dién va
phan tich ham luong cac kim loai ning trong dét ciing nhu cac miu thyc vt
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11. Summary of New Findings of the Dissertation:
The dissertation has achieved the set objectives and produced the following results:

1.

Improvement in the analysis of radioactivity in plant samples:
To reduce uncertainty in the activity analysis of radioactive isotopes ?2°Ra, ***Ra
and %K in dried vegetable and fruit samples, the study applied a carbonization
method. Results showed that after drying and carbonizing the samples under low-
oxygen conditions at 600°C for 2 hours, there was no loss of the isotopes.
Meanwhile, their concentration increased by 4.2 times, and measurement
uncertainty decreased by 3 to 6 times.
Determination of transfer factors (TF) of radioactive isotopes and metals from soil
to plants: The activity and content of radionuclides and metals in soil and plant
samples were analyzed at locations with different geological backgrounds: Hanoi,
Phu Tho, and Lao Cai. Key findings include:
e The average transfer factors of 2*’Ra, 2?*Ra were less than 1, while that of
40K was greater than 1. Differences in TF between water spinach grown in
flooded and unflooded conditions and between regions (Hanoi vs. Phu Tho)



emphasize the influence of plant growing conditions and natural radiation
background on radionuclide uptake.

Principal Component Analysis (PCA) indicated that soil physicochemical
parameters significantly affect plant uptake of radioactive isotopes.
Specifically, soil pH and silt content had negative correlations, while sand
content had a positive correlation with transfer factors. These findings align
with theoretical frameworks on soil—plant radionuclide interactions.

The transfer factors of metal elements decreased in the order K > Na > Rb >
Mn > Fe in both Hanoi and Lao Cai. K and Na had TF > 1; others had TF <
1. Except for Fe, metals generally had higher TF values in Lao Cai than in
Hanoi. Multivariate analysis revealed competitive absorption behaviors,
particularly between Fe—Mn and Na—K—Rb.

3. Radiation risk assessment in soil and vegetables in study areas:
Based on measured radioactivity levels in soil, radiation hazard indices were
calculated for Hanoi, Lao Cai, and Phu Tho. Results showed:

Hanoi and Lao Cai areas were safe for residents, whereas some locations in
Phu Tho, especially near iron mines, posed higher radiation risks.

Internal dose assessments showed higher equivalent doses in water spinach
from Phu Tho and vegetables from Lao Cai compared to Hanoi.

40K mainly accumulated in the digestive system, while 226Ra and 228Ra
concentrated in bones.

4. Metal contamination risk assessment in vegetables:
Target Hazard Quotients (THQ) for metals were calculated for vegetable samples
from Hanoi and Lao Cai. Findings include:

Most Hanoi samples had THQ < 1, except three water spinach samples (P-
HN2, P-HN6, P-HN7) where Mn exceeded safe levels (THQ > 1).

In Muong Hum (Lao Cai), a high natural radiation background area, the
average THQ reached 2.59, with long-growth-period vegetables showing
higher risk than short-term ones.

Mn had the highest THQ, highlighting its potential adverse health effects.
These results emphasize a critical conclusion: in areas with high natural
radiation backgrounds, health risks may arise more from heavy metal
accumulation in plants than from radioactivity itself.

12. Future Research Directions:

Investigate transfer factors of radionuclides and metals across a wider range
of locations.

Establish datasets of transfer factors for specific vegetable types across
various regions.

Analyze soil physicochemical properties and evaluate additional factors
(e.g., fertilizer use, rainfall, sampling time) to gain a comprehensive
understanding of radionuclide and metal transfer mechanisms from soil to
plants.



e Apply various analytical techniques such as TXRF, PIXE, and ICP-OES to
identify the most effective method for quantifying heavy metals in soils and
plant samples.
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