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Nghién ciru phan loai hang dong nui Itra Tay Nguyeén

Ping Thi Hai Yén"?', Pham Pinh Sic"2, Nguyén Trung Minh'2

'Hoc vién KH&CN, Vién Han lam KH&CN Viét Nam, 18 Hoang Quéc Viét, phuong Nghia D6, qudn Cau Gié)/, Ha Noi, Viéet Nam
’Bao tang Thién nhién Viét Nam, Vién Han lam KH&CN Viét Nam, 18 Hoang Quoc Viét, phuwong Nghia Do, qudn Cau Gidy, Ha Ngi, Viét Nam

Ngay nhén bai 6/2/2023; ngay chuyén phan bién 9/2/2023; ngay nhén phan bién 28/2/2023; ngay chép nhan dang 3/3/2023
Tom tat:

Hang dong trong da basalt (hay goi 1a hang dong nii Iira) & Tay Nguyén moi dwge xac 1dp nam 2007 [1, 2]. Day la hé thong
hang dong nii lira c6 quy mo, do dai va tinh doc dao bac nhat Poéng Nam A Két qua phat hién nay di mé ra nhiéu hwong
nghién ciru méi (chuyén nganh, lién nganh khoa hgc trai dét va khoa hoc sw song), v6i nhiéu dé tai khoa hoc va cong nghé
6 cac cAp dd khac nhau... Tir khi hé thong hang dong nii lira & TAy Nguyén dwoc xic 1ap cho dén nay chwa cé cong trinh
cdng b nao vé nghién ciru phan loai hoc hang dong nii lira Viét Nam. Trong thue tién nghién ctru hang ddng nii lira, c6
nhiéu cich phén loai hang tity theo muc dich, yéu cau sir dung nhu: phén loai theo ngudn gdc, co ché thanh tao, dic diém
phén bd, hinh thai hodc hdn hop cic phan loai néu trén. Trong nghién ciru nay, cac tic gid phan loai hang dong nii lira
Téy Nguyén theo h5n hop cac phan loai trén va muc dich sir dung khac nhu: hang khoa hoc, hang dai ching, hang nguoi

tién sir, hang mao hiém...

Tir khéa: co ché thanh tao, hang dong niii lira, ngudn gbc, phan b, phan loai, TAy Nguyén.

Chi 56 phén loai: 1.5

1. M6 dau

Hang dong nui lra (hay con duge goi la hang ong dung
nham) la mot trong nhimg tai nguyén di san dia chit (DSPC)
rat ¢6 gia tri di dugc mot sd nude quan tim nghién ciru va bao
ton tir cach day hang tram nam. Trong hon 2 thap nién vira qua,
hang dong nui lia ¢ nhiéu nugce trén thé gi¢i nhu Nhat Ban,
Han Qudc, Hungary, My... lai tiép tuc duwgc kham pha, nghién
ctru, quan ly nhdm bao ton va phat trién du lich dia chat trong
khuon kho hoat dong cia cac cong vién dia chét nai lra hodc
cac khu bao ton thién nhién [3].

Tir nam 2012 dén nay, cac nha dia chét thudc Bao tang Dia
chat Viét Nam va Bao tang Thién nhién Viét Nam da hop tac
voi Hoi Hang dong ndi lira Nhat Ban (VSS) tiép tuc khao sat
nghién ctru h¢ thong hang dong ¢ khu vyc Krong No (Dik
Nong). Két qua hop tac nghién ctru gitta cac nha dia chat Viét
Nam va VSS d xéc nhan hé thong hang dong dung nham ¢ khu
vue Krong N6 ¢6 quy mé va tinh doc ddo bac nhat Dong Nam
A [4], 1a nhitng DSDC tiéu biéu, c6 tim gia tri ndi bat toan cau
vé khoa hoc dia chit va 1a “linh hdn” cua Cong vién dia chat
nui Itra Krong N6 [5-7].

Hién nay, hé thong hang dong nui lira & Krong N6 da duoc
nghién ctru trén co s6 thyc hién 2 dé tai khoa hoc va cong nghé:
“Nghién ctru, diéu tra danh gia DSPC, xay dung cong vién dia
chit khu vyc Krong N6, tinh Dik Nong” ciia tinh Dak Nong
(2016-2018) va dé tai cap qudc gia “Nghién ctru gid tri di san
hang dong, dé xuat xay dung bao tang bao ton tai chd & Tay
Nguyén: Liy thi du hang dong nti lira & Krong No, tinh Dik
Nong” (2017-2020) thudc Chuong trinh Tay Nguyén giai doan
2016-2020, déu do TS La Thé Phuc lam cha nhiém, Bao ting
Thién nhién Viét Nam la co quan chu tri.

“Tac gia lién hé: Email: dangthihaiyen8909@gmail.com
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Hang dong nui ltra va cac DSDC - dia mao lién quan chua
dung nhiéu thong tin khoa hoc c6 gia tri cao, phan anh qua trinh
hoat dong phun trao nai Itra, tinh chat dong dung nham, co ché
hinh thanh hang... Tuy nhién, viéc nghién ctru vé hang dong
ndi lra & nude ta van con kha han ché hodc méi chi dang trong
giai doan budc dau. Rat nhiéu van d&, cau hoi dit ra lién quan
dén hang dong ndi Ira can phai co nhimng 101 giai mot cach
diung dén, khoa hoc nhu: chung dugc hinh thanh nhu thé nao?
diéu kién dia chét, dia hinh thé nao thi méi hinh thanh hang
dong trong cac da nui lra? phan loai hang dong nui lira? tai sao
& nude ta moi chi tim thdy hang dong nai lira & khu vue Tay
Nguyén va Dong Nam B¢? tai sao tim thdy m tang nguoi tién
str trong hang dong nui lra & Pik Nong ma ¢ Pong Nam Bo
khong c6?... Xuat phat tir thuc tidn néu trén, ching t6i nghién
ctru vé cac phan loai hang dong ndi lira & Ty Nguyén véi muc
tidu: Xac dinh duge co ché, nguén géc hinh thanh, qua trinh
phat trién va dac diém phan bd hé thong hang dong trong ving
nui lra & Tay Nguyén.

2. Phugng phap nghién ciu
2.1. Phwong phap ké thira

bay la phuong phap ludn mang tinh truyen thong trong
nghién ctru khoa hoc cling nhu trong cong tic diéu tra dia chat
diéu tra tai nguyén. Muc dich cta phuong phap nay 13 tong
hop, ké thira tai lidu. Nghién ciru da thu thap, ké thira két qua
nghién ctru vé dia chét, dia mao, ddc biét 1a céc tai liéu lién
quan t61 hoat dong nii lra 6 Tay Nguyén, lam co s6 cho viée
nhin nhan rd nét hon vé c4u truc dia chit, dia hinh va cdc dang
tai nguyén tu nhién co tinh dac thu, dac sic cua hang dong nui
lira. Két qua tong hop dugc vi tri phan b ciia hang tram diém
biéu hién dia chét 1y tht nhu cac miéng nui lra, hang dong nui
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Research for the classification

of volcanic caves in the Central Highlands

Thi Hai Yen Dang"?", Dinh Sac Pham"?,
Trung Minh Nguyen'?
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“Vietnam National Museum of Nature, Vietnam Academy of Science and Technology,
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Abstract:

Volcanic caves in Central Highlands have been discovered
since 2007. This is a volcanic cave system with the largest
scale,length and uniquenessin SoutheastAsia. The discovery
has opened up many new research directions (specialised,
interdisciplinary earth science and life science), with many
scientific and technological projects at different levels...
Since the volcanic cave system in the Central Highlands
was discovered, there have not had any publications on the
taxonomy of Vietnamese volcanic caves. In the practice of
studying volcanic caves, there are many methodologies to
classify caves depending on the purpose and requirements
of use, such as origin, formation mechanism, distribution
characteristics, morphology, or a mixture of the above
classifications. In this study, the authors classified the
Central Highlands volcanic caves according to the mixture
of the above classifications and other uses, such as scientific
caves, mass caves, prehistoric caves, adventure cave, etc.

Keywords: Central Highlands, classification, distribution,
formation mechanism, origin, volcanic caves.

Classification number: 1.5

Itra, thac nudc, da basalt cot, basalt bot, hoa thach... phan bd
rai rac trén 5 tinh Tay Nguyén. Pay 1a mot trong cac ngudn tai
liéu dinh hudng didu tra nghién ctru ngoai thuc dia dé xac lap
va dinh danh di san.

2.2. Phwong phdp vién tham

Nghién ctru di thu thap céc tai liéu anh vién thim (anh vé
tinh, anh may bay, anh google map...) trén di¢n phan b da
ndi Iira, ddc biét 1a cac khu vuc c6 cac biéu hién dia chit 1y tha
(theo két qua tong hop ké thira) dé phan tich, giai doan anh.
Két qué giai doan anh vién tham di chi ra dic diém dia hinh,
dia mao, vi tri cac miéng nui Itra, hang dong n1i Itra, thac nude
ciing nhu dién phan b dé nui lira, cau tric - kién tao... Day 1a
nguén tai liéu tdt, phuc vu truc tiép cho cong tac diéu tra khao
sat thyc dia. Phuong phap nay két hop voi phuong phap didu
tra xa hoi hoc (thu thép thong tin phiéu didu tra, phong van
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nguoi dan) da mang lai hi¢u qua cao trong qua trinh khéo sat
thyc dia, xac 1ap di san.

2.3. Phwong phap khdo sdt thuc dia

Khdo sat diéu tra theo dién réng: Sau khi tong hop, ké thira
tai liéu vé cac biéu hién dia chat 1y thi, phiéu dicu tra, luan giai
tai liéu vién tham, nghién ctru da tién hanh khao sat theo dién
rong trén toan ving Tay Nguyén. Cong tac diéu tra khao sat
thuc dia da kiém chiing dugc murc d9 tin cay/chinh xéac cla cac
ngudn tai liéu duoc dinh hudng trude thue dia. Két qua khao
st diéu tra theo dién rong da xac lap dugc cu thé cac DSPC,
cac di san kép/hdn hgp (DSPC va di san vin hoa - DSVH); xac
lap dugc cac kiéu hang (hang thuc thy, hang mai che, hang ham
éch) va do tap trung phan b ciia cac DSPC.

Khao sdt diéu tra nghién ciku chi tiét: Pugc tién hanh sau
khi c6 két qua khao sat theo dién rong. Két qua khao sat thuc
dia theo dién rong da xac dinh dugc hang nui Ita thyc thy &
Tay Nguyén chi phan b tap trung & Krong No (bik Nong); ¢
Krong Ana (Pik Lak) co 1-2 hang nhung di bi ngép nudc do
thuy dién Buén Kudp. Hang ham éch phan b hau hét trén cac
thac nudc chay trén dé basalt & Tay Nguyén. DSVH trong hang
dong nai lira cha yéu 1a di tich tién sir, con hang mai che chu
yéu 1a di tich lich sir. Ching ti da tap trung diéu tra nghién
ctru chi tiét trén ca 3 linh vuc di san (DSBC, da dang sinh hoc
- PDSH va DSVH) trong hang dong nii lira Krong N6 (Pak
Nong).

3. Két qua va ban luan
3.1. Phan logi theo nguon goc thanh tao

Theo ngudn gdc thanh tao, hang dong & Tay Nguyén duoc
chia ra thanh nhém hang nguyén sinh va tht sinh [8].

Nhom hang nguyén sinh: Day 1a nhiing hang dugc thanh
tao dong thdi voi qua trinh hinh thanh da gdc/da me, tiéu biéu
1a hé thong hang dong nii lira & Krong No. C6 thé noi cho
dén nay, nhém hang nguyén sinh chi duoc tim thay trong d4
basalt, khong thy trong cac da ndi lira khac ciing nhu tat ca
cac loai da khac ¢ Tay Nguyén. Pa basalt 6 Tay Nguyén co
nhiéu loai, dugc hinh thanh chu yéu qua hang chyc dot phun
trao trong giai doan Neogen - B¢ tr, nhung hang dong nui ltra
chi dugc tim thay phéan b trong d4 basalt cia hé ting Xuan Loc
(tudi Pleistocen giita 774.000-129.000 nam BP) - loai d4 nui
lira/phun trao basalt tré cua Tay Nguyén, khong tim thay hang
trong cac da basalt c6 hon (nhu Neogen). Viéc khong tim thiy
hang trong céc thanh tao phun trao basalt Neogen c6 2 1y do:

Tht nhét, do tinh chat hoa 1y ciia dong dung nham va moi
truong khong thuan lgi cho viéc thanh tao hang. Muén thanh
tao dugc hang, dung nham basalt phai ¢6 d6 nhét thip, chia
nh1eu chét bdc (cac khi CO,, SO,, H,S, H,0...) nhu basalt cua
hé tang Xuan Loc vai cac pha co tu01 700 000 200.000 nam BP
(tiéu biéu ¢ khu vuc ndi lira Chu B'Luk). V& ly thuyét, cac dung
nham basalt Neogen ciing ¢6 thé hinh thanh hang nguyén sinh,
nhung phai co diéu kién moi truong thich hop, do 1a: dia hinh



phai du doc, dung nham phai dugc chay theo cac khe triing dia
hinh ¢6 d6 ddc 16n va zich zic. Khi dong dung nham phun 1én
mit dat, tudn chay theo dia hinh nay s& tao nén dong chay rbi
va chay xoan, tao nén khoang trong ¢ gitta dé hinh thanh hang
khi nguéi lanh/doéng cimg. Thuc té tim kiém hang dong cua
nghién ctru chua thiy loai hang nay trén cac da basalt Neogen.

Thi hai, hang dong trong d4 basalt Neogen ciing ¢6 thé da
duoc hinh thanh & nhitng pha phun trio basalt ¢6 d6 nhét thip
(twong tu nhu basalt h¢ tﬁng Xuan Loc) [9], nhung da bi sap
16 va phong héa, khong con dugc bao ton. Thuyc té tim kiém
DSDC lién quan t6i phun trao basalt & Tay Nguyén da cho
théy mdt ddu hiéu tuyét voi cho tim kiém hang dong la co sy
hién dién pho bién cta da basalt bot véi d4 basalt pahoehoe
(thyc chit day 1a minh chimg cho dong dung nham ¢6 d6 nhét
rat thap). Cac da basalt dic xit hay it 15 rdng (nghéo chat bic)
khong co dau hiéu thanh tao hang. M6t s0 noi co basalt bot
nhu ¢ thac Pa Si (Kon Tum), Phu Cuong, Thac 50 (Gia Lai),
thac Pren, Pam B’ri, Hang Gié/thac Voi (Lam Dong)... khong
tim thdy hang. Tai thac hang Doi (K’Bang, Gia Lai), chung t6i
thay c6 d4 basalt bot, basalt pahoehoe va thiy ca giéng troi trén
trin cua hang ham éch... giéng nhu mot phin cua hang dong &
Krong No6. Nhung khi mé rong dién khao sat tim kiém ra khu
vue xung quanh thac, két hop véi phong van nguoi dan so tai
(thudng xuyén di bat doi) dé tim kiém hang, két qua déu cho
khong c6 hang nao khac ngoai hang Doi ¢ day.

Theo co ché thanh tao ctra hang, nhoém hang nguyén sinh
c6 thé dugc phén chia thanh 2 kiéu. Kiéu thir nhat, hang c6
ctra nguyén sinh, thuong phan bd & d6 siu 16n (vai chuc
mét), cira hang thuong ddc dimg va co do sau hang chuc
mét, duoc hinh thanh do thoat khi lién tuc trong qué trinh
thanh tao hang nguyén sinh. Pién hinh cho hang kiéu nay
la hang P8 va P20 c6 ctra hang sau duyng dung 25-26 m
(hinh 1). Kiéu thir 2, hang ¢ ctra thir sinh, hang thudng
phan bd ¢ d6 sau khong 16n (<10 m), tai cira hang thuong
xuat hién dong do 16 16n an ngir, gdm cac tang da basalt
xép chéng hon don do hién tuong sap tran hang tai cac vi tri
xung yéu/vom ty khi tao ra.

Hinh 1. Hang P8. (A) Cta hang; (B, C) Miéng hang nguyén sinh sau
25 m [4].
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0 10 zom
Hang nui Itra P8:
- Chiéu dai hang: 344,1m
- Do sau hang: 26 m
- Hoéi Hang dong Nui Itra Nhat Ban do vé nam 2017

Hinh 2. So d6 hang nui Itra P8 & Krong N6, Bak Néng [10].

Cac vi tri xung yéu cta hang nui lira dugc hinh thanh
ngay trong qué trinh thanh tao hang, bao gdm: cic vom tu khi
(hinh 2), giéng troi, noi phan nhanh hang (nga ba hang). Sau
khi hang duoc thanh tao va dung nham déng ctmg hoan toan,
trin hang tai cdc vom khi, giéng troi hay nga ba hang thuong
c6 dién tich rong va mong hon nhing chd khéc, nén ¢6 két cau
yéu va bi sap 16 trong qué trinh ngoai sinh, tao nén cira hang
tht sinh (hinh 3-5). Phan 16n hang dong (>80%) trong tong so
hang nui lra & Krong N6 ¢6 cura hang thir sinh.

Hinh 3. Clra hang Hinh 4. Ctra hang Hinh 5. Giéng tr&i
thtr sinh (C0) nhin tht sinh tai nga 3 trong hang P3.

tir trong ra. hang C6’.

Nhom hang thir sinh: Pay 1a nhiing hang dugc thanh tao
trong qua trinh ngoai sinh. Két qua diéu tra nghién ctru, khao
sat thuc dia nhan thiy, qua trinh hoat dong nui Itra c6 nhiéu pha
phun trao khac nhau véi cac dic diém khac nhau va thoi gian
xay ra khac nhau. Phun trao thuong c6 sy dan xen: c6 nhiing
dot phun trao 1a basalt thyc thy, nhung cling c6 nhiing dot chi
la tro vun nti Ira. Tham chi ngay trong mot dot, lac dau la
phun tro vun nti ltra, sau do6 la phun trao basalt thuc thy, hodc
gilta cac pha phun trao xay ra cach nhau hang triéu nam, khi
ma da cua pha trude da bi phong hoa cho 16p bot sét laterit kha
day, pha sau phii 1én 16p vo phong héa. Vi thé di xay ra hién
tuong cac thyc thé tro vun nti lira hay 16p vo Jphong hoa (co két
cau yéu) ndm xen kep trong d4 basalt (c6 két ciu vimng chac)
Trong qua trinh ngoai sinh, nu6c s€ xam thuc, rira lia cac phén
¢6 két chu yéu, tao nén cac khoang tréng rong va hinh thanh
hang trong da basalt theo co ché bao mon - rira troi. Cac hang
ham éch rat pho bién trén cac thac nude ¢ Tay Nguyén la dién
hinh cho loai hinh thanh tao nay (hinh 6 va 7). Cac hang (nhu
Chua Hang) ¢ dao Ly Son, tinh Quang Ngdi cling dugc hinh
thanh theo phuong thire nay, nude bién xam thuc vao noi ¢6 két
céu yéu cua tap da phun trio tao nén hang.
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Hinh 7. Hang ham éch & thac 50/thac Hang En Khu bao ton
thién nhién Kon Chw Rang, K’Bang, Gia Lai.

3.2. Phén logi theo co' ché thanh tao

Theo co ché thanh tao, hang dong dugc phan chia thanh céc
loai: tu khi va co rut thé tich, chay 161, chdy xoan, bao mon rua llia/
xam thuc, da xeép chong/mai che [8].

Hang dwoc hinh thanh do tu khi va co rit thé tich: Két qua
khéo st, nghién ctru dén nay cho thiy, hang nii ltra thyc thy & Tay
Nguyén chi phan bd trong d4 basalt bot. Day la d4 basalt rat giau
chat bbc (khi/gaz) nén ¢6 do nhét rat thap. Khi dong dung nham
¢6 d6 nht thap, giau chat boc phun trao va tudn chay trén bé mat
dia hinh, bé mat tiép xuc voi khong khi (6 phia trén) va tiép xic
v6i dit (6 phia du6i) s& nguéi lanh, dong clmg trude va tao thanh
vom khuon ctmg dang ng. Trong khi do, lugng khi trong dong
dung nham duogc tach ra va béc 1én phia trén bi ngén boi vom ciing
khong thoat ra dugc khoi 6 ong dung nham va tich tu ¢ phan dudi
vom ctmg bén trong vom 6ng dung nham tao nén trong 6ng dung
nham c6 hai thé riéng biét (thé khi va thé 16ng). Thé khi [udn co
xu hudng gia ting, boc 1én va thoat ra khoi thé dung nham. Thé
16ng/dung nham trong long éng van tudn chay trong khuén ong
dung nham. Sy gia ting cua thé khi chinh 1a sy gia ting ap suat
(tang dp) trong ong dung nham lam cho thé long/dong dung nham
trong ong chay nhanh va manh hon. Luong khi bdc thoat ra tir
dong dung nham luén dugc gia tang boi lugng khi sinh ra do twong
tac nhiét gitta dung nham va méi truong trén mat dat (tham thuc
vit, bin dét...). Minh chimg cho sy ting ap cua thé khi trong dng
dung nham 1a cac vom tu khi, giéng troi/miéng hang nguyén sinh.
Trong truong hop lugng khi tich tu trong vom ng dung nham ¢6
ap suat du 16n thi vom khi mé rong va dang cao, pha v trin hang
dé thoat khi 1én trén/ra ngoai, tao nén nhiing cira hang nguyén sinh
v6i miéng ddc dimg. Khi nui ltra ngtmg phun trao, ngudn cung
cap dung nham va ngudn nhiét s& bi ngat, khi d6 s& xay ra hién
tuong co rut thé tich, can béng trong lyc va ngudi lanh toan bg,
tao thanh hang ong dung nham. Déy ciing chinh 1a nguyén nhan/
nguyén ly tao nén miéng nui lra cua phun trao trung tam c6 hinh
phéu va khe thoat dong. Hang c6 su phan nhanh, phan tang, phu
thudc vao bé mat dia hinh c6. B& mat dia hinh cd cang bing phang
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thi d6 phan nhanh hang cang mo rong. Nguoc lai, dia hinh ¢6 cang
nghiéng, doc thi do phan nhanh ciia hang cang it, thim chi khong
phan nhanh nhu hang C1, C9... Nhiing hang dugc thanh tao theo
co ché nay chinh 1a nhimg hang thudc nhém hang nguyén sinh hay
ndi sinh, duogc thanh tao ngay trong qua trinh phun trdo va ngudi
lanh cta dong dung nham [11].

Hang hinh thanh do dong dung nham chay roi, chdy xodn: Tai
cac khu vuc ¢6 nén dia hinh c6 phén cat phirc tap va dbc, khi dong
dung nham tudn chay theo cac khe ddc va zich zic s& bi chay i,
chay xodn. Chinh hién tuong chay rbi, chay xodn d tao nén cic
khoang khong gitta dong dung nham, khi ngudi lanh/dong cing
ciing tao thanh hang. Vi co ché thanh tao kiéu nay thi hang nui
lira c6 thé duoc hinh thanh trong tat ca cac da phun trao basalt &
Téy Nguyén, nhung thuc té diéu tra nghién ctru loai hang nay chua
dugc phat hién, chua tim théy céc diu hiéu dic trung.

Hang hinh thanh do bao mon xdm thuc: Day chinh Ia loai hang
thudc nhom hang thu sinh dic trung nhu néu trén. Dya vao hudng
xam thyc ngang hay doc so v6i dia hinh, hang c6 nhiing kiéu khac
nhau. Hang ham éch rat phd bién & cac thic nudc chay trén d4
basalt Tay Nguyén, dugc thanh tao do qua trinh xam thyc ngang
tai ranh gioi dia tang hay ranh gidi giita cac dot phun trao basalt
(hinh 6 va 7). Hi¢n twong xam thuc doc theo dia hinh/dong chay
basalt ciing co nhung chua du diéu kién dé hinh thanh hang. Dé
hinh thanh hang thuc thu theo co ché ndy cin phéi co nude chay
- nudc rua lia, bao mon xam thyc cac 16p tro vun nui lra dé tao
nén dﬁy dii ca hai diéu kién “can” va “du”. iéu kién can 14 co su
xen k€ gitra cac tap da basalt vdi cac tap tro vun nui ltra hodc tﬁng
phong hoa, diéu kién du 1a phai c6 nudc ria [ta/xam thyc dé tao
thanh hang. Thuc té khéo sat & Tdy nguyén cho thay chua xac lap
dugc hang thanh tao theo kiéu nay, chi méi thiy mot s biéu hién
(khong dién hinh) cho co ché nay v6i quy mé nho, dugce Quan sat
thay & mot s sudi chay trén da basalt - do 1a cac mach/dng chay
ngiam nho ¢ sudi Dik Tit, Gia Nghia, Dak Nong (hinh 8).

Hinh 8. Bao mon rtra tréi da basalt béi dong chay ngam theo
cac khe nirt & sudi Pék Tit, Gia Nghia, Dak Néng.

Hang dwoc hinh thanh do dé xép chong tw nhién: Tai cc d6i
dut gdy kién tao, cac ranh xam thyc sdu cia dia hinh, cac khe/suon
déc . thudng ¢6 sy truot 10, chdng lap/xép chong tu nhién cua
céc kh01 tang da gbe i tao nén cac khe ho va khoang trdng. Céc
khoang trong lién théng voi nhau tao nén hang, cdc hang nay duoc
chung t6i goi la hang mdi che - do sur che chan/xép chdng cua cac
khdi tang tao thanh hang. Vi co ché nay, hang mai che phan b6 rai
rac & cac khe doc, suon doc clia cac nii ¢4 magma va d4 bién chat
(c6 do bén vimg cao), kha phd bién & Tay Nguyén. Dién hinh cho
loai hang nay 1a cac hang: B Ddi/hang HS (hinh 9) va bik Tua



(hinh 10) & Krong Bong (Dak Lik); hang Doi (hinh 11) ¢ Di Linh
va hang Thoat Y (hinh 12 va 13) & Vuon qudc gia Cat Tién (Lam
Dong)... Quy mé cia hang phu thude vao kich thude cac khéi tang,
d6 doc dia hinh/khe ddc va quy mé xép chong/xép dbng cuia cac
khdi ting. Céu tao clia hang mai che thuong phirc tap, mudn hinh
mubn vé, phan nhanh, phan tang 16n xon, khong 16 rang va khong
6 quy ludt boi sy thanh tao rt ngau nhién tir sy lin, truot 16, xép

chdng cua cac khdi tang d4 gdc.

Hinh 9. Mét khoang Hinh 10. M6t khoang Hinh 11. Ctra hang

trong hang Bo Doi
(H5) & Kréong Bong.

hang Dak Tua.

Doi & Di Linh.

Hinh 12. Cira hang Thoat Y & Hinh 13. Thac nwéc nho trong
Vwon quoc gia Cat Tién, Lam hang Thoat Y dwoc chay qua

Dong do xép chong khéi tang  khe cac khéi tang da basalt.
basalt.

Trén co so két qua dicu tra nghién ctru, két qua phan loai ve

hang nui lta dugc thé hién & bang 1.

Bang 1. Phan loai hang nui Itra & Tay Nguyén.

Dic trung phan bg

Vi dy dién hinh

- Chi 6 trong cc d4 basalt bothasalt I§ hng.

- C6 dU céc loai: hang 16 thién, hang ngam, hang kho,
hang vt véi da dang c4c loai clia hang.

- Mic do phéan nhanh, phén tang phy thugc vao dia
finh ¢4,

- Quy md phan b8 phy thudc vao quy md va s6 lén/
$6 pha phun trao.

Hé thong hang dong ndi It
Chu B'Luk § Krang No, Dak
Nong: hang C (C1-C9), hang
P (i P1-P20) va hang T
(T1-T10)

- €0 thé co trong cac da basalt.

- Phan b trén dia hinh ¢4 déc, phic tap, c6 nhiéu rénh
ddc va zich zc.

Chua tim théy 6 Tay Nguyén

- Phan b6 & cc véch kién tao, 1 ra céc ranh gidi dia
tang hodc pha phun trao va cd tac dong cla nudc.

- C6 2 loai hang chd yéu: hang ham &h (xam thyc
ngang) va cdng ng&m (xam thiic doc so véi hudng déc
dia hinf).

- C4u tao don gidn, khong phan nhanh phén tang.

- Quy md hang phy thudc vao quy md va dc diém cla
6i tiép xc, quy mo va cutng do xam thiic.

Hang ham éch & rét nhiéu
théc: Thac 50, hang Do, Phu
Cudng (Gia Lai); thac Buon
Nui, Pray Nur (Dak Lak); thac
Dray Sép, Luu Ly, Liéng Lung
(D& Nong); thac Dam B,
Pren, Voi (L&m dng)...

Nguén géc C ché thanh tao
Co rit thé tich
Nguyén sinh/
ndi sinh
Chay 1, chay xoan
Bao mon xam thuc
Thit sinh/
ngoai sinh

Xép chong

- Phén b & cac khe sudi, ranh phén ct dia hinh, sutn
ddc dia hinh, ddi dap v6 kién tao... trén &t c4 cc loai
da goc.

- C4u tao rét phic tap, phan nhanh, phan tng khong 1
rang, hiém c6 khoang t6i hoan toan.

- Quy md hang phu thudc vao s6 Iugng, kich thudc va
quy mé lén trugt cac khdi tang da géc.

Hang Doi ¢ Dak Glei (Kon
Tum), B6 Doi (H5), Dk Tua,
Jang Reh (Dak L&K); hang
Doi 6 Di Linh, Thodt Y &
Vutin qudc gia C4t Tién (Lam
Béng)...
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3.3. Phén loi theo diic diém phan bé

Theo dac diém phan bo, hang dugc phan loai mot cach tuong
doi so voi muc nudce ngam hién tai va sy xuat 10 cua ctra hang.

Theo sy phan bo ciia hang so voi myc nwoc ngcfm hién tai:
Hang ¢6 thé duoc chia ra 2 loai: hang kho va hang u6t/hang nudc.
Hang kho 13 hang nam trén myc nudc ngam hién tai. Hang w6t/
hang nudc la hang nam dudi myc nude ng?lm hién tai, luon bi ngap
nude (hinh 14). Hé thong hang dong ndi lira Chw B’Luk & Krong
N6 (Pik Nong) c6 toi trén 50 hang, trong d6 ¢ nhing hang bi
ngdp nudc. Hang nudc la nguon Iuu trit va cung cap nudc trong Vat
quanh nam cho thac Lya va hd Tém Tién ¢ khu vuc dau ngudn subi
nude trong, gop phan tao nén phong canh ngoan muc cho khu du
lich Pray Sap. Nhing hang nudc lién théng véi song Sérépok rat
¢6 thé con 12 noi cu ngu ctia loai ca lang quy hiém, vi thé thi thoang
trén dong song nho nay, ngudi dan lai bat duoc nhitng con c4 ling
ning 30-50 kg. Sau khi co ho thily dién, s6 lugng hang nudc &
Iuu vie hd co thé tang 1én, trong d6 ¢ thé ¢ ca nhimg hang chira
di tich tién sir va cac di san khic da bi ngap nuéc, chua duoc tim
kiém, x4c 1ap. Loai hang nay con 4n chira nhidu diu bi an, nhung
rat tiéc chua duoc diéu tra nghién ctru trong khudn kho dé tai nay.

Hinh 14. Clra hang nguyén sinh va dao dong mwc nwéc ngam
theo mua trong nam cuta hang nwéc & Bray Sap.

Theo s xudt I¢ ciia cira hang: Hang ¢ thé duoc chia ra hang
16 thién va hang ngdm. Hang 16 thién Ia hang c6 cira 16 ra trén mat
dia hinh (cira 16 thién), con ngudi cd thé ra vao dugc dé khao ctru.
Hang ngam 1a hang khong c6 cira, con ngudi khong thé ra vao
dugc. C6 thé trude day, khi thanh tao hang da timg c6 cira, nhung
vi mot 1y do ndo d6, cira hang da bi lap kin nhu sap tran lap kin cira
hang (do ngoai sinh), hodc dung nham pha sau chon lap cira hang
(do noi sinh)... Hang dong nti ltra thuong co do két cdu kém, dé bj
sap trin, mat khac, hoat dong phun trao thuong co nhidu giai doan
va nhiéu pha phi chim 1én nhau. Vi thé, trong hé thong hang dong
nbi lira & Krong N6, cac yéu t ngoai sinh va ndi sinh déu c6 thé
hinh thanh cac hang ngam. Dé tim kiém hang dong ngam can phai
tién hanh mot s6 phuong phap dia vét 1y, khong ndm trong khudn
kho dé tai nay.

3.4. Phdn logi khac

Ngoai 3 cach phan loai néu trén, hang dong con co thé dugc
phan loai theo cac muc dich khac nhau. Pé khai thac bén viing,
hi¢u qua va an toan cac gia tri di san hang dong, hang nui ltra &
Tay Nguyén néi chung va 6 Krong N6 (Pik Nong) noi riéng duge
phan chia theo muc dich sir dung chii yéu nhu: hang khoa hoc, dai
ching, ngudi tién sir, mao hiém...



s Khoa hoc Ty nhién | Khoa hoc trai dat va méi truong

Hang khoa hoc: La nhimg hang con bao ton cac tu lidu quan
trong, ¢6 ¥ nghia 16n cho nghién ciru khoa hoc nhung lai rit nhay
cam, d& bién ddi va bi pha huy boi su hién dién ciia con ngudi.
Nhitng hang nay chi dung cho nghién ctru khoa hoc, phuc vu chu
yéu cho dbi tuong 1a cac nha khoa hoc, nghién ctru, sinh vién
chuyén nganh vé dia chat va sinh hoc - nhimg ngudi di dwoc
trang bi va hiéu biét nhimg kién thirc lién quan dé bao ton. Tai hé
théng hang dong ¢ khu vuc ndi lira Chu B'Luk (Krong No), chi
¢6 2 hang 1a C7 va P20 dugc xép vao loai hang nay.

Hang nguoi tién si: La nhitng hang con bao ton cac tu liéu/
di tich ctia ngudi tién sir (nhw cac di tich: cu tra, cong xudng, md
tang, trai san tam thoi...). Pac biét 1a nhiing hang chua di tich
mo tang da duoc khai quat va trung bay bao ton tai chd. Nhirng
hang nay mang yéu t6 tam linh, di vat trung bay tai chd c6 di cdt
cta nguoi tién st (hop so, xwong chan tay, ma no canh...), vi thé
trong cong chung khong phai ai ciing thich thudng ngoan. Cho
nén, can c6 sy phan loai nay dé c6 phuong thire bao ton phu hop,
canh béo trudc dé cong dong du khach tham quan chuan bj tot
vé mit tim thé. Hé thong hang dong nui lira Chu B'Luk ¢6 t6i
10 hang chira di tich tién sir, nhung hang c6 di c6t nguoi tién sir
moi chi dugce phat hién ¢ hang C6.1.

Hang mao hiém: La nhimg hang nui lra c6 cira vao doc ding
(sdu hang chuc mét), rat nguy hiém, nguoi binh thuong khong
thé vao hay ra mot cach ty nhién ma phai ding thiét bi chuyén
dung nhu: day leo chuyén dung, thang/thang day... Nhiing hang
nay phuc vu cho céc ddi tugng/du khach ua thich cam giac manh
va c6 k¥ ning leo chéo. Thudc loai hang nay, trong hé thong
hang dong nii Itra Kréng N6 ¢6 2 hang la P8 va P20 vdi miéng
siu thing dung 25-26 m.

Hang dai ching: La hang phuc vu moi di tuong du khach,
dai da s6 cong ching wa thich khiam phd, thuong ngoan hang
dong. Phan 16n hé thong hang dong nui lira ¢ Krong N6 déu
phuc vu dai da s cong ching, nhung trude khi mo cira dén
khach tham quan, cic nha dau tu phai xir 1y chong sap 16 tran
hang, dam bao do an toan tuy¢t d6i cho du khach.

4. Két luan

Cho dén nay, két qua tim kiém hang dong nui lia ¢ Tay
Nguyén da xac 18p hang dong nui Ioa néi chung mai chi
dugc tim thdy phan bd trong cic da phun trao bazo (basalt),
khong c6 trong cac d4 phun trao axit va trung tinh; hang dong
ndi Itra thye thy chi phan b trong cac da basalt bot/1o6 hong
thuoc hé ting Xuan Loc (tudi 774.000-129.000 nim BP).

Qua két qua didu tra nghién ctu, hang dong ndi lira Tay
Nguyén dugc phan loai theo ngudn gdc thanh tao, co ché thanh
tao, phan loai theo dac diém phan b6 va theo muc dich su dung
cht yéu, nhu hang khoa hoc, hang dai chung, hang nguoi tién st
va hang mao hiém.
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Hang dong nui lira da tr¢ thanh diém dén du lich cua nhiéu
qudc gia trén thé gioi, song ¢ Viét Nam méi dugce cha y trong
thoi gian gan ddy. Viée nghién ctru vé hang dong ndi lira & nudc
ta van con khd han ché hodc méi chi dang trong giai doan budc
dau. Phan loai dung loai hinh, myc dich st dung c6 y nghia
khoa hoc (dua trén qua trinh hinh thanh, dac diém dia chat, dia
mao...) va lam co so cho hoat dong phat trién kinh té, xa hoi tai
dia phuong.

LO1 CAM ON

Cac tac gia xin chan thanh cam on TS La Thé Phuc - chu
nhiém dé tai TN17/T06, nhiém vu HJ tro nghién ctru vién cao
cap md s6 NCVCC33.01/22-23, nhiém vu KH&CN cép co
s¢ chon loc md s6 CSCL33.01/22-23, Quy Ddi méi Sang tao
Vingroup (VINIF) da hd trg cho nghién ctru nay.
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Bo sung loai Primulina sinovietnamica W.H. Wu & Q. Zhang
cho khu h¢ thue vat Viét Nam
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Tom tit:

Trong pham vi bai bdo nay, cac tic gid bd sung loai thwe vat Primulina sinovietnamica W.H. Wu & Q. Zhang thudc
ho Tai voi (Gesneriaceae) cho khu hé thye vat Viét Nam; mé ta chi tiét dic diém hinh thai, minh hoa dic diém hinh
thai dic trung kém theo cac thong tin vé phan b, dic diém sinh hoc, sinh thai hoc va phan loai. Loai nay truéc diy
dwoc phat hién va mé ta & khu vuc nai da voi tinh Quéang Tay, Trung Qudc. Cac miu vit ciia loai nay thu dwge tir
cac quin thé ghi nhan & Viét Nam it ¢6 sy bién doi vé hinh thai do diéu kién 1ap dia va khi hiu 1a twong ddi déng
nhét ¢ cac khu vwe phian bd. Hon nira, so véi miu chuin thu dwgc ¢ Trung Quoc, cac miu thu dwge & Viét Nam ¢

s6 lwgng hoa xim & mdi ciy va s6 lrgng hoa trén mdi xim it hon, kich thwéc 4 bic dai hon, trang hoa dai hon.

Tir khoa: khu hé thwe vat Viét Nam, loai bo sung, nii da voi, Primulina, Primulina sinovietnamica.

Chi s6 phén loai: 1.6

1. M6 dau

Chi Primulina Hance dugc mo ta 1a mot chi don loai
(Primulina tabacum Hance) trong ho Tai voi [1]. Chi nay
¢6 dac diém hinh thai dac trung nhu bao hoa dang éng véi
céc canh moi déu, trai thanh mat phang dang dia. Nghién
ctru sau do, mot s tac gia da dat loai P tabacum thudc
chi Chirita (Buch.-Ham.) do ching c6 cac dic diém hinh
thai tuong tu nhau nhu: voi nhuy xé, cay gan nhu khong co
than, 14 tap trung & gdc va gan nhu moc dbi. Hinh thai hoa
ctia loai P. tabacum c6 hinh dang bat thuong so véi cac loai
trong chi Chirita c6 thé 1a do két qua cua qua trinh thay dbi
tac nhan thy phan tir ong sang budm [2, 3].

Nghién ctru mbi quan hé phat sinh dwa trén dir lidu
phan tir chi ra ring, loai P tabacum nim trong nhanh
Chirita sect. Gibbosaccus, trong khi chi Chirita 1a da
phéat sinh dong [3-5]. Dua trén két qua nghién ctru mdi
quan hé phat sinh ching loai, A. Weber va cs (2011) [5]
da chuyén cac loai thudc chi Chiritopsis W.T. Wang,
Wentsaiboea D. Fang & H.D. Qin va phén 16n cac loai thugc
Chirita sect. Gibbosaccus sang chi Primulina do nguyén tic
uu tién danh phap trong phan loai hoc. Chi Chirita sau do da
bi loai bd. Chi Primulina hién nay duoc xem l1a mot trong
nhitng chi 16n cta ho Tai voi. Chi nay bao gdm khoang 230
loai va phan b rong khap khu vuc nii da voi cta phia nam
Trung Qudc va phia Bic Viét Nam. Céc loai trong chi nay
dang than thao lau nam, 14 thuong day, 14 va hoa c6 hinh
dang va mau sic dep nén la ngudn tai nguyén ciy canh tiém
nang [3, 5].

“Tac gia lién hé: Email: dovantruong bttn@yahoo.com
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Chi Primulina d3 dugc quan tim nghién ctru kha chi tiét
va day du & Trung Qudc, tuy nhién it dugce quan tim nghién
ctru vé tinh da dang va phan loai ¢ Viét Nam, dac biét 1a
nghién cttu kham pha & cac khu vuc nti da voi héo lanh.
Trong Thuec vt chi Viét Nam, V.X. Phuong (2018) [6] da dé
cap dén 18 loai trong nhom Chirita sect. Gibbosaccus thudc
ho Tai voi, tuy nhién danh phap ctia cac loai nay can dugc
thay ddi dé phu hop véi két qua nghién ctru gin day. Trong
qua trinh diéu tra va nghién ctru tinh da dang ho Tai voi &
Viét Nam, cac tac gia da thu thap duoc mot vai mau cia mot
loai Primulina & khu vuc nti dé voi cua tinh Lang Son. Sau
khi so sanh miu vat v6i cac mau chudn va ban mo ta gbc
ctia cac loai Primulina d3 biét, cac mau trén duoc dinh loai
la loai P, sinovietnamica W.H. Wu & Q. Zhang thudc ho Tai
voi, loai nay trudc ddy mai chi ghi nhan cho khu vyc nui da
voi tinh Quang Tay, Trung Qudc, giap voi khu vuc bién giGi
Viét Nam - Trung Qudc [7]. Nhu vay, nghién ciru nay da bd
sung loai P. sinovietnamica W.H. Wu & Q. Zhang cho khu
hé thuc vat Viét Nam.

2. Déi tuong va phuong phap nghién ciiu
2.1. Péi twong

Mau vat dugc thu thap tir nghién ctru ngoai thuc dia &
khu vuc nti da voi huyén Bac Son va Hiru Liing, tinh Lang
Son trong giai doan 2020-2021. Cac dic diém hinh thai cia
co quan sinh dudng va sinh san (hinh dang va mau sic cua
14, bao hoa, dai, trang...) dugc quan sat, mo ta va chup anh
bang may anh k¥ thuat s Pentax Optio W80 trong sudt qua
trinh nghién ctru ngoai thuc dia.
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Abstract:

Primulina sinovietnamica W.H. Wu & Q. Zhang
(Gesneriaceae), known species from
Guangxi province, southern China, is newly reported
for the flora of Vietnam. Detailed morphological
descriptions together with illustrations,
information on phenology, ecology, distribution, and
taxonomic notes are also provided. In comparison to the
populations found in China, specimens of this species
obtained from populations recorded in Vietnam have
little morphological variation, because the site and
climatic conditions are relatively homogeneous in the

a previously

colour

distribution areas. Furthermore, compared with the
type specimens in China, the specimens newly collected
in Vietnam have less number of cymes and a number of
flowers per each cyme, longer bracts, and longer corolla.

Keywords: flora of Vietnam, limestone, new record,
Primulina, Primulina sinovietnamica.

Classification number: 1.6

2.2. Phwong phdp nghién ciru

Phuong phap hinh théi so sanh duoc st dung dé dinh
loai mau vat thu thap dugc. Cac dic diém hinh thai trén
dugc so sanh véi cic mau chuan va ban md ta gbc cia
cac loai Primulina da biét ciing nhu cac mau nghién ctru
thudc chi Primulina hién dang Iuu gilr tai cac phong ti€u
ban: Vuon Thyc vat nhiét doi Xishuangbana, Trung Qudc
(HITBC), Vién Sinh thai va Tai nguyén Sinh vat, Viét Nam
(HN), Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc
gia Ha Noi, Viét Nam (HNU), Vién Thyc vat Quang Tay,
Trung Quéc (IBK), Vuon Thuc vat Hoa Nam, Trung Quéc
(IBSC), Vién Thyc vat Con Minh, Trung Quéc (KUN), Vién
Thyc vat Bic Kinh, Trung Quédc (PE) va Bao tang Thién
nhién Viét Nam (VNMN).
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3. Két qua va ban luan

Hinh thai cua loai P sinoviethamica W.H. Wu & Q.
Zhang, Phytotaxa 60: 36. 2012 duogc thé hién ¢ hinh 1 va 2.

Type: China. Guangxi: Longzhou County, Longgang
National Nature Reserve. 595 m, 22°30°54.03" N,
106°52°14.29" E, 30 October 2010, Wang-Hui Wu W0321
(holotype IBK!, isotype IBK!).

Hinh 1. Mau tiéu ban cua loai P. sinovietnamica ghi nhan &
Lang Son.

jenal 4T

Hinh 2. Hinh thai cua loai P. sinovietnamica. (A) Dang séng; (B) L&
mat trén; (C) La mat dwdi; (D) Cum hoa xim & nach 1a; (E) Hinh thai
cum hoa; (F) Hoa xim va mat bén hoa; (G) Mat trwéc hoa; (H) CAu tric
bén trong hoa; (I) Hinh thai 4 béc; (J) Hinh thai qua.



MG ta: Cay than thao song lau nam, 14 tap trung & phan
géc sat dat. Cuéng 1a det, dai 1-3 cm, rong 1,5-3 mm, co
nhiéu long ndm 4p sat. Phién 14 hinh elip, trimg, hay trimg -
ngon gido, kich thude 2-6x1,2-3 cm, phién 14 day, c6 nhiéu
16ng nam ap sat trén ca 2 mat 1a, mat trén mau xanh tham
mit dudi mau xam tring; gbe 14 hinh ném, dau 14 ti hay gan
nhon, mép 14 nguyén; gan chinh ndi rd, gan bén 2-4 doi, kho
quan sat. Cum hoa hinh xim, mang 2-6 xim & néach 14, truc
cum hoa don hay chia nhanh, mdi xim mang 2-5(-8) hoa;
cuéng cum hoa dai 5-11 c¢m, c6 10ng to thua va it 16ng dinh;
1a bac 2, hinh ngon g1ao thuodn, kich thudc 3-8x1-2 mm, c6
nhiéu long mau xam nam ap sat trén ca 2 mat, mép nguyén.
Cudng hoa dai 1,5-2 cm, rong 1 mm, c6 it 1ong to va long
dinh thua. Dai 5, xé téi gan gbc, thuy dai hinh ngon gido
thudn hay hinh duong, kich thude 1-3x0,5 mm, bén ngoai
¢6 it 16ng nam 4p sat, bén trong nhan, _ mép nguyen, dau ¢
mili nhon. Trang hoa hinh dng, mau tring phét tim hay mau
tim nhat, dai 1,2-2,2 cm, bén ngoai c¢6 16ng min, bén trong
c6 it long thua; 6ng trang dang phéu hep, dai 0,8-1,7 cm,
phan miéng rong 4-6 mm, phan gdc rong 2,5-3 mm; canh
moi gdm 2 phan: 2 thity méi trén hinh thuén, kich thudc
3-4x3 mm, 3 thuy moi dudi hinh thudn, 16n hon 2 thuy moi
trén, kich thu6c 4-5x4 mm. Nhi hitu thy 2, dinh ¢ phia trén
goc ctia ong trang khoang 5 mm; chi nhi dai 5-6 mm, thuong
udn cong & vi tri 3,5 mm, mau tim, c6 it 16ng thua; bao phan
dai 2 mm, nhin. Nhi Iép 3, 2 nhi bén dai khoang 3-4 mm,
dinh o ph1a trén gbc ctia 6ng trang khoang 5 mm, mau tim
nhat, nhan nhj gitra dai khoang 0,4-0,5 mm, dinh ¢ phia
trén gdc cua dng trang khoang 5 mm, mau tim nhat, nhén.
Dia mat cao khoang 1 mm, hinh tron, nhan. B6 nhuy dai
0,8-1,2 cm, bau hinh duong, kich thudc 4-5x1 mm, c6 16ng
min va it 16ng dinh; voi nhuy dai 4-6 mm; num nhyy hinh
tim, phan ddu mé rong, c6 2 thuy. Qua nang, hinh dudng,
kich thudc 16-20%2 mm, c6 it 1ong min (hinh 1 va 2).

Diic diém sinh hoc, sinh thdi: Loai ndy moc rai rac &
cac khu vuc khe, vach nui da voi am, giau mun, hay ¢ khu
vuc miéng hang nui da voi. Cay thuong ra hoa thang 10 dén
thang 11, ra qua thang 12 dén thang 1 nam sau.

Phdn bé: Ghi nhan m('yi, cho Viét Nam (Lang Son: Bic
Son, Hiu Liing); Trung Quoc (Quang Tay).

Miu nghién citu: Lang Son: Bic Son, Vii Son,
9/11/2020, B6 Van Truong DVT398 (VNMN); Hiru Liing,
Hiru Lién, 16/10/2021, D6 Van Truong BDVT519 (VNMN).

Chii Y vé phén logi: Lodi P. sinovietnamica c6 dic diém
hinh thai twong tu vdi 2 loai: P. pungentisepala (W.T. Wang)
Mich. Moller & A. Weber va P. ningmingensis (Yan Liu &
W.H. Wu) W.B. Xu & K.F. Chung, ca 2 loai phan b ¢ phia
nam Trung Qudc, nhung P. sinovietnamica c6 thé d& dang
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phan biét véi 2 loai ké trén béi cac dic diém hinh thai ciia 14,
14 bic, dai, nhi 1ép va nam nhuy [7]. Cac quan thé ghi nhan
& Trung Qudc ¢6 hinh thai 14 bién doi twong ddi nhicu, 14 ¢
thé c6 16p 1ong ngan nam ap sat hay la c6 16p 10ng dai, mau
xam hay mau tim, mat trén la co nhiéu Vet dom mau tim. Sy
bién dbi trén 1 do anh hudng cua cac yéu td ciia moi truong
song. Tuy nhién, cac mau vét cua loai nay thu dugc o cac
quan thé ghi nhan & Viét Nam it c6 sy bién d6i vé hinh thai,
do diéu kién 1ap dia va khi hau 1a tvong ddi dong nhat & cac
khu vure phan b,

So v&i mau chudn thu dugc ¢ Trung Qudc, cac mau thu
duge ¢ Viét Nam co s6 lwong hoa xim & mdi ciy va sb
lugng hoa trén mdi xim it hon, kich thudc 14 béc dai hon va
trang hoa dai hon.

4. Két luan

Nghién ctru ndy di bd sung loai P. sinovietnamica W.H.
Wu & Q. Zhang (Gesneriaceae) cho khu hé thuc vat Viét
Nam kém theo cac thong tin vé& md ta hinh thai, dic diém
sinh hoc, sinh thai hoc. Tuy nhién, can tiép tuc nghién ctru
thém vé gia tri sir dung va bao ton loai nay & nudc ta.

LO1 CAM ON

Nghién ctru nay dugc thyc hién dudi sy hd trg kinh
phi ctia dé tai “Nghién ctru tinh da dang va bao ton ho Tai
voi (Gesneriaceae) trén nii da voi cua Viét Nam” (ma so:
106.03-2019.308) do Quy Phat trién Khoa hoc va Coéng
nghé Qudc gia tai trg. Cac tac gia xin chan thanh cam on.

TAI LIEU THAM KHAO

[1] H.F. Hance (1883), “Primulina tabacum Hance”, Journal of
Botany, 21, DOI: 10.11646/phytotaxa.197.4.6.

[2] W.T. Wang, K.Y. Pan, Z.Y. Li, et al. (1998), Flora of China,
Science Press, 18, pp.244-401.

[3] Z.Y. Li, Y.Z. Wang (2004), Plants of Gesneriaceae in China,
Henan Science and Technology Publishing House, 1, pp.1-721.

[4] Y.Z. Wang, R.B. Mao, Y. Liu, et al. (2011), “Phylogenetic
reconstruction of Chirita and allies (Gesneriaceae) with taxonomic
treatments”, Journal of Systematics and Evolution, 49(1), pp.50-64, DOI:
10.1111/4.1759-6831.2010.00113.x.

[5] A. Weber, D.J. Middleton, A. Forrest, et al. (2011), “Molecular
systematics and remodelling of Chirita and associated genera
(Gesneriaceae)”, Taxon, 60(3), pp.767-790, DOI: 10.1002/tax.603012.

[6] V.X. Phuong (2018), Vietnamese Botanical Journal, Natural
Science and Technology Publishing House, 18, pp.15-21 (in Vietnamese).

[77 WH. Wu, T. Meng, WB. Xu, et al. (2012). “Primulina
sinovietnamica (Gesneriaceae), a new species identified by both
morphological and molecular characters from the limestone area in
Guangxi, China”, Phytotaxa, 60, pp.32-40.



mssssssm Khoa hoc Tu nhién | Khoa hoc su séng DOI: 10.31276/VIST.65(6).10-14

Phan tich sw phtrc tap vé phan loai ciia cac loai tio
thuoc nhanh Chlorella (Chlorellaceae)
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Tom tit:

Trong nghién ciru nay, 253 trinh ty ving gen 18S rDNA, 155 trinh ty vang gen ITS2, 63 trinh tw doan gen rbcL va
23 trinh tw doan gen fufA dwoc thu thip trén GenBank dé danh gia va phan tich mirc dd phirc tap vé phan loai ciia
nhanh Chlorella. Két qua phan tich cic ciy phat sinh loai cho thay, C. vulgaris va C. sorokiniana véi so lugng trinh
tu ma vach DNA trén GenBank 16n ¢é thé dwoc chia thanh 2-3 nhém nhé véi sw khac biét vé mit di truyén. Ngoai
ra, nghién ciru ciing da nhan thiy cac trinh tw ciia cic lodi cling chi hoidc khac chi phan bd trong mét nhém phan loai
trén cay phat sinh loai. Vi du, Actinastrum hantzschii, C. chlorelloides, C. singularis, C. sorokiniana, C. thermophila,
C. volutis, C. vulgaris, Micractinium pusillum va M. reisseri cung thugc mot nhom trén cay phat sinh loai 18S rDNA.
Piéu d6 cho thay su phirc tap trong phan loai nhanh Chlorella khong nhirng dén tir cac loai khé xac dinh ma con
trong moi quan hé di truyen cuia cac loai con lai. Nhw vay, viéc dinh danh va xac dinh moi quan hé cia cac loai thudc
nhanh Chlorella con gip nhiéu khé khin, giy ra béi sw phirc tap vé co sé dir liéu trén GenBank ciing nhw hé thong
phén loai chwa dwoc hoan thién. Viéc 1am ré moi quan hé di truyén 1a cin thiét nham muc dich cai thién hé thong

phan loai va dinh danh cac ching phéan 1ap méi thugc nhanh Chlorella.
Tir khod: Chlorella, ITS2, ma vach DNA, rbcL, vi tdo, 18S rDNA.

Chi s6 phdn logi: 1.6
1. Dat van deé

Nhanh Chlorella (Chlorellaceae) 1a tap hop cac
chi c6 do twong ddng cao vé hinh thai va di truyén, bao
gdm:  Actinastrum,  Closteriopsis,  Dictyosphaerium,
Didymogenes, Hegewald, Meyerella, Micractinium va
Chlorella. Day 1a mot trong nhiing nhanh vi tao da dang
trén thé gioi, dé nudi cdy va co nhiéu tung dung thuc tién
[1-3]. Cu the cac loai vi tao nay dugc coi la ngudn nguyén
lidu san xudt nhién liéu sinh hoc nhu diesel, phat trién ning
luong bén viig do kha nang tich luy 16n cac chat béo cua
chung [4]; c6 gia tri kinh té cao trong san xudt thue pham
chirc ning va thirc an chian nudi [5]. O mot sé qudc gia,
chung dwoc sit dung trong nganh y té boi kha ning didu
hoa mién dich va chéng ung thu [6]. Bén canh do, tao thude
nhanh Chlorella ciing c6 thé ing dung trong xir Iy 6 nhiém
moi truong [7].

Viéc dinh danh céac loai vi tao thudc nhanh Chlorella
gip nhiéu khé khan do su twong dong vé mit hinh théi ciing
nhu di truyén cao giita cac chi v6i nhau va giita cac loai
thudc cung mot chi [3, 8]. Cac nghién ctru trude day tap
chung vao phan tich cac dic diém hinh thai, ciu tric té bao
va cac dic diém sinh 1y, sinh hoa dé xac dinh loai thudc
nhanh Chlorella [3]. Tuy nhién, hinh thai va kich thudc té
bao ciia cac loai tao nay thay ddi trong qua trinh nudi trong,
dan téi sy khac biét vé dic diém sinh 1y, sinh hoa qua timg
giai doan phat trién [6]. Diéu nay gay ra sy nhim lan vé hé
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thdng phén loai ciia cac loai thudc nhanh Chlorella va dan
den sy xuat hién cua céc loai kho x4c dinh (cryptic species).

Ma vach DNA (DNA barcoding) dugc xem la phuong
phéap hiru hi¢u trong viéc phan biét loai dua vao su khac
biét vé trinh ty DNA cta mot sé ving gen [9]. Tuy nhién,
viéc img dung ma vach DNA trong dinh danh cac loai thudc
nhanh Chlorella chua dat hiéu qua cao do su twong dong
vé céc trinh tu ma vach DNA. Do d6, cho dén nay cong cu
nay chi dugc str dung dé phan tich qua trinh phat sinh loai
ctia nhanh Chlorella [10, 11]. Gan ddy, S. Zou va cs (2018)
[12] dd danh gia kha nang két hop cac trinh tu doan gen
rbcL (ribulose-1,5-bisphosphate carboxylase large subunit),
tufA (encoding elongation factor), 18S rDNA va ITS2 trong
dinh danh loai thugc chi Chlorella, day la cac loai chiém s6
lwong 16n trong nhanh Chlorella. Két qua cho thiy, viéc két
hop gilra cac trinh ty ma vach DNA hi¢u qua hon so voi viée
phan tich tirng trinh tu riéng r& trong qua trinh xay dung cay
phat sinh loai.

Hién nay, sd lugng 16n dit liéu ma vach DNA cua nhanh
Chlorella dugc cong bé trén GenBank nhung chua dugc phan
tich rd rang dé xac dinh mbi quan hé cua cac loai vi tao da
dugc phan lap. Vi vay, trong nghién ctu nay ching toi tép
chung phan tich dir liéu ma vach DNA cua cac loai tao thudc
nhanh Chlorella tir 4 viing/doan gen 1a 18S rDNA, ITS2, rbcL.
tufA v6i muc dich 1am rd moi quan hé di truyén va danh gia sy
phtre tap trong phan loai tdo cua nhanh Chlorella.

10
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Abstract:

In this study, 253 of 18S rDNA sequences, 155 of ITS2
sequences, 63 of rbcL sequences, and 23 of 7ufA sequences
were collected on GenBank to evaluate and analyse the
taxonomic complexity of the Chlorella clade. C. vulgaris
and C. sorokiniana had the most collected sequences of
DNA barcoding. Analysis of phylogenetic tree results
showed that the strains of these two species were divided
into 2 to 3 small groups with genetic differences. In
addition, different species belonging to the same clade
in phylogenetic trees were observed. For example,
Actinastrum hantzschii, C. chlorelloides, C. singularis,
C. sorokiniana, C. thermophila, C. volutis, C. vulgaris,
Micractinium pusillum, and M. reisseri belonged to the
same group of the 18S rDNA phylogenetic tree. This
showed the complexity in the taxonomy of the Chlorella
clade came not only from the cryptic species, but also
from the genetic relationships of the remaining species.
Therefore, identifying and determining the relationship
of Chlorella clade species have been still challenging,
because of the complexity of the database on GenBank
as well as the incomplete taxonomic system. Clarification
of the genetic relationship is needed to improve the
taxonomy and identification of new isolates of the
Chlorella clade.

Keywords: Chlorella, DNA barcoding, ITS2, microalgae,
rbcL, 18S rDNA.

Classification number: 1.6

2. Vat liéu va phuong phap nghién ciiu
2.1. Thu thap dir li¢u

Trinh ty vung/doan gen ITS2, 18S rDNA, rbcL va
tufA cua cac loai thuoc nhanh Chlorella dugc thu thap
to GenBank (https://www.ncbi.nlm.nih.gov/). Trong do,
253 trinh ty ving gen 18S rDNA, 155 trinh ty vung gen
ITS2, 63 trinh ty doan gen rbcL va 23 trinh tu doan gen
tufA da duoc thu thap bao gom: 165 ching C. vulgaris, 79
chung C. sorokiniana, 8 ching A. hantzschii, 1 chung C.
chlorelloides, 1 chung C. coloniales, 1 chung C. elongata,
1 ching C. heliozoae, 1 chung C. gloriosa, 5 ching C.
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lewinii, 1 ching C. miniata, 2 chung C. pituita, 3 chung C.
pulchelloides, 2 chung C. regularis var. minima, 1 ching
C. rotunda, 2 chung C. salina, 2 chung C. singularis,
1 chung C. stigmatophora, 2 ching C. thermophila, 19
chung C. variabilis, 1 chung C. volutis, 4 chung C. vulgaris
var. vulgaris, 3 chung Closteriopsis acicularis, 23 ching
Dictyosphaerium ehrenbergianum, 4 ching D. lacustre,
2 ching D. libertatis, 2 chung D. anomala, 2 chung D.
palatina, 2 ching Hegewald parvula, 7 chung Meyerella
planktonica, 1 chung M. conductrix, 3 chung M. inermum,
23 chung M. pusillum, 5 ching M. reisseri va 1 chung M.
simplicissimum.

Hinh thai cua cac loai vi tao thudc nhanh Chlorella duoc
tham khao, so sanh v&i nhau dua trén co so dir liéu Algaebase
(https://www.algaebase.org/) va cic bd suu tdp mau tao
nhu: CCAP (Culture collection of algae and protozoa:
https://www.ccap.ac.uk/), UTEX (Culture collection of
algae at the university of Texas at Austin: https://utex.org/)
va SAG (The culture collection of algae at the University of
Gottingen, Germany: http://sagdb.uni-goettingen.de/).

2.2. Sdp xép va cin chinh trinh tw

Sau khi thu thap dit li€u, cac trinh tu dugc sép xép va can
chinh bang cach sir dung cong cu ClustalW cua phan mém
MEGA 7. Sau khi hoan thanh, 4 tép dit li¢u cia 4 vung/doan
gen dd dugc tai 1én kho luu trir ¢ thé truy cap cong khai
(https://figshare.com/) v&i mé s6 nhan dang (DOI): https://
dx.doi.org/10.6084/m9.figshare.19766854.

2.3. Phén tich cdy phat sinh loai

Céc trinh ty vung/doan gen 18S rDNA, rbcL, ITS2 va
tufA duoc phan tich dua trén khoang cach di truyén, do
d6 cay phat sinh loai Neighbor-Join (NJ) da dugc thiét 1ap
[13]. Khoang cach tién héa duoc tinh bang phuong phap
Tamura-Nei [14]. Céac cdy gbc duge xdy dung theo phuong
phép heuristic. Khoang cach di truyén dugc tinh dya vao
su khac biét gilia cac trinh tu béng thuat toan NJ va BioNJ,
dugc xac dinh khoang céach tién hoa théng qua phuong phap
Maximum Composite Likelihood [14]. Chi s6 Bootstrap
1.000 1an 1ap lai duoc ap dung dé xac dinh d6 tin cay cua
ciu trac lién két [15]. T4t ca cac thuat toan trén dugce tich
hop va phan tich trong MEGA 7 [16]. Sau cung, cdy phat
sinh loai dugc xir Iy va ghi nhan théng qua phin mém iTOL
(https://itol.embl.de/) [17].

< .
3. Ket qua

3.1. Phan tich cdy phat sinh loai voi trinh tw thujc
viung gen 188 rDNA

Su phtre tap ctia cac ching vi tdo thudc nhanh Chlorella
duogc thé hién rd qua cay phat sinh loai ciia ving gen 18S
rDNA (hinh 1). Ba van dé chinh trong phén loai ciia cac loai
thudc nhanh Chlorella da dugc ghi nhan:
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Hinh 1. Cay phat sinh loai NJ v&i 253 trinh tw thudéc vung gen
18S rDNA.

(1) Céc trinh tu thudc vung gen 18S rDNA cuia cung
mdt loai nim & cac nhanh khac nhau trén cay phat sinh loai.
Cu thé, 114 trinh tw C. vulgaris dugc chia thanh 3 nhom
(C. vulgaris 1, C. vulgaris 11, C. vulgaris 1II) nim cach
xa nhau trén cay phat sinh loai. Tuong tu, 45 trinh ty C.
sorokiniana ciing dugc chia thanh 3 nhém (C. sorokiniana
I, C. sorokiniana 11, C. sorokiniana 111). biéu d6 cho théy sur
khac biét vé mbi quan hé va khoang cach di truyén giira cac
chung thudc cung mot loai.

(2) Céc trinh ty thude vung gen 18S rDNA cua céc loai
khéc nhau ndm trong cting mot nhénh ciia cay phét sinh loai.
Sy xuét hién ctia 2 nhom: Complex I (7 trinh tir) va Complex
IT (25 trinh tw) d4 cho thay sy kho hiéu vé phén loai giira
cac loai thudc nhanh Chlorella. Trong d6, Complex I bao
gdm 6 loai: A. hantzschii, C. gloriosa, C. stigmatophora,
C. vulgaris, D. anomala va D. palatina c6 sy khac biét
vé di truyén rd rang so vdi cac nhanh con lai. Complex II
gém 9 loai: A. hantzschii, C. chlorelloides, C. singularis,
C. sorokiniana, C. thermophila, C. volutis, C. vulgaris, M.
pusillum va M. reisseri cd mdi quan hé gan véi nhanh C.
vulgaris 11 va C. vulgaris 111.

(3) Céc trinh tu thudc vung gen 18S rDNA cuia cung mdt
loai thudc cing mdt nhanh bao gdm céc loai sau ddy: D.
ehrenbergianum (19 trinh tu), D. lacustre (4 trinh tu), M.
planktonica (5 trinh tu), M. pusillum (14 trinh ty). Nhu vy,
cac loai nay c6 tinh on dinh vé mat di truyén dugc thé hién
qua cay phat sinh loai.

3.2. Két qud phdn tich cdy phat sinh loai voi trinh tw
viung gen ITS2

Tuong ty v6i vung gen 18S rDNA, sy phirc tap cua cac
chung vi tao thudc nhanh Chlorella cling dugc thé hién 10
qua cay phat sinh loai cua vung gen ITS2 (hinh 2). Cu thé:

(1) Céc trinh t ving gen ITS2 ciia cing mot loai nim
0 céc nhanh khac nhau trén cdy phat sinh loai. Cu thé, 45
trinh tu C. vulgaris dugc chia thanh 2 nhém (C. vulgaris
I, C. vulgaris IT) nim cach xa nhau trén cay phat sinh loai.
Con lai, loai C. sorokiniana dugc chia thanh 3 nhom (C.
sorokiniana 1, C. sorokiniana 11, C. sorokiniana I11). Diéu
d6 cho thay su khéc biét vé mdi quan h¢ va khoang cach di
truyén giita cac chung thudc cting mot loai.
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Hinh 2. Cay phat sinh loai NJ v&i 155 trinh tw thuéc ving gen
ITS2.

(2) Cac trinh ty vung gen ITS2 cua cac loai khac nhau
thudc cung mot nhanh. Sy xuat hién ciia 3 nhom: Complex
I (3 trinh ty), Complex II (8 trinh tu) va Complex III (8
trinh ty) da cho théy su kho hiéu vé phan loai gitta cac loai
thugc nhanh Chlorella. Trong d6, Complex I bao gém 3
loai: C. regularis var. minima, C. salina va C. pulchelloides
¢6 su khac biét vé di truyén rd rang so voi cac nhanh con
lai. Complex IT gdm 4 loai: C. sorokiniana, C. singularis, C.
rotunda va C. heliozoae c6 mdi quan h¢ gan giii véi nhanh
C. variabilis 1 va C. variabilis 11. Con lai, nhém Complex
11T gdbm 5 loai: C. sorokiniana, C. vulgaris, M. pusillum, M.
conductrix va M. reisseri c6 mdi quan hé gan giii v6i nhanh
C. lewinii va M. inermum.

(3) Cac trinh tg vung gen ITS2 cua cung mdt loai
thudc cung mét nhanh bao gém cac loai: A. hantzschii (19
trinh tu), C. acicularis (4 trinh tu), C. lewinii (5 trinh ty),
C. pulchelloides (14 trinh tu), C. pituita (2 trinh tu), D.
anomala (2 trinh ty), D. ehrenbergianum (12 trinh ty), D.
lacustre (3 trinh tu), D. palatina (2 trinh ty), H. parvula (2
trinh tu), M. inermum (3 trinh tw), M. pusillum (10 trinh ty),
M. planktonica (4 trinh ty). Nhan thiy ring, s luong va
thanh phén loai gitt dugc su on dinh vé mat di truyén khi
so sanh gilra cac cay phat sinh loai ITS2 val8S rDNA c6
su khac biét.

3.3. Két qud phdn tich cdy phat sinh loai voi trinh tw
doan gen rbcLL

[1 ¢ vuigaris 1

[ ¢ vuigaris

[ ¢ sorokiniana 1
0 c sorokiniana
[ ¢ variabitis

[ complexgroup
[ b. ehrenpergianum
[ wm. planktonica

Hinh 3. Cay phat sinh loai NJ v&i 63 trinh tw thuéc doan gen
rbcL.

Cay phat sinh loai cua doan gen rbcL cho thdy két qua
twong dong véi 2 vang gen 18S rDNA va ITS2 (hinh 3).
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(1) Céc trinh ty doan gen rbcL clia ciing mot lodi nam &
cac nhanh khac nhau trén cay phét sinh loai. Cu thé, 16 trinh
tu C. vulgaris dugc chia thanh 2 nhom (C. vulgaris 1, C.
vulgaris IT) nam cach xa nhau trén cay phat sinh loai. Tuong
tu, 24 trinh ty C. sorokiniana cling chia thanh 2 nhom (C.
sorokiniana 1, C. sorokiniana IT). Diéu d6 cho thay su khac
biét vé mbi quan hé va khoang cach di truyén giira cac
chung thudc cung mot loai.

(2) Cac trinh ty doan gen rbcL cua cac loai khac nhau
thudc cung mot nhanh. Sy xuét hién ctia 2 nhom: Complex
I (2 trinh ty) va Complex II (6 trinh tw) da cho thay sy khé
hiéu vé phan loai gitta cac loai thudc nhanh Chlorella.
Trong d6, Complex I bao gdm 2 loai: C. vulgaris va C.
salina c6 su khac biét vé di truyén 13 rang so v6i cac nhanh
con lai. Complex II gém 4 loai: A. hantzschii, C. variabilis,
C. sorokiniana va M. pusillum c6 mbi quan hé gan giii v6i
nhanh C. sorokiniana 1 va C. vulgaris 11.

(3) Céc trinh ty doan gen rbcL ctua cung mot loai thudc
cung mot nhanh bao gém cac loai: C. variabilis (6 trinh tu),
D. ehrenbergianum (4 trinh ty) va M. planktonica (4 trinh ty).

3.4. Két qua phan tich cdy phdt sinh lodi véi trinh tw

doan gen tufA

Po6i voi doan gen tufA, sy phan nhanh cua cac loai C.
sorokiniana dugc quan sat thay (hinh 4). Cu thé, 17 trinh ty
C. sorokiniana dugc chia thanh 2 nhanh riéng biét va tach
biét bdi cac loai C. vulgaris. Mac du dir liéu vé trinh tu doan
tufA thu dugc con han ché nhung van cho théy su khac biét
vé di truyén cua cac ching thudc ciing mot loai.

[ ¢ vuigaris
[ < sorokiniana 1

I c sorokiniana 1

Hinh 4. Cay phat sinh loai NJ vé&i 23 trinh tw thuéc doan gen
tufA.

4. Ban luan

Trong nghién ctru nay, ching t6i da phan tich sy phuc tap
vé phan loai cua cac loai vi tao thugc nhanh Chlorella tir dix
liéu thudc 4 vung/doan gen 18S rDNA, ITS2, rbcL va tufA.
S. Zou va cs (2018) [12] da ching minh rang, ving gen 18S
rDNA c¢6 kha ning bao ton va thuong dugc st dung trong
phan tich phat sinh loai cua vi tdo. Ngoai ra, so v&i rbcL, tufA,
ITS va 16S rDNA thi 18S rDNA con c6 kha nang phéan biét
gilta cac loai va da dugc Ung dung trong viéc dinh danh tdo
Chlorella va Scenedesmus [12]. Hon thé nita, cdy phat sinh
loai 18S rDNA trong nghién ctru trén con cho thdy sy phan
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nhom gitra cac chung cta 2 loai C. vulgaris va C. sorokiniana.
Cu thé, mdi loai trén duge chia thanh 2 nhém riéng biét [12].
Két qua nay ciing da duoc quan sat thdy trong nghién ctru nay
(hinh 1). Bén canh do, céc loai C. vulgaris phan 18p tir nghién
ctru cua H.J. Lee va cs (2012) [18] dugc ghi nhan c6 su khac
biét vé di truyén voi 2 nhom C. vulgaris con lai (hinh 1).
Ngoai ra, cac ching C. sorokiniana véi s6 dang ky KJ616754,
KJ616755, KJ616757 thudc cung mot nhom va khac biét vai
2 nhom C. sorokiniana dugc ghi nhén boi S. Zou va cs (2018)
[12]. Nhu vay, nghién ctru ndy da ghi nhan sy xuat hién cta
3 nhom C. vulgaris va 3 nhom C. sorokiniana. Viéc phan tich
toan bo dr liéu trinh tu 18S rDNA cua cac loai thudc nhanh
Chlorella d3 ghi nhan nhitng két qua tuong dong vai cac
nghién ctru trude ddy, dong thoi lam rd mdi quan hé giita cac
dit liéu thu dugc. Viée truy xuit thong tin ctia cac ching vi tao
tur cac b suu tap co thé giai thich mot s6 vi du vé su phtic tap
trong phan loai dya vao dic diém hinh thai. Cy thé, 2 ching
vitdo C. vulgaris CCAP211/11F va C. sorokiniana SAG 211-
40a thuoc nhanh Complex II (hinh 1) d& duoc xac dinh lan
lugc 1a Micractinium sp. va Lewiniosphaera symbiontica dya
vao hinh théi trén co s¢ dir liéu CCAP va SAG. Piéu d6 cho
thay, nhiéu chung vi tio mic du da dwoc dinh danh lai nhung
thong tin luu trir trén GenBank van chua dugc thay doi, gy
ra sy phuc tap vé co so dit liéu.

Ddi voi cay phat sinh loai ciia ving ITS2 va rbcL, cac
chung ctia 2 loai C. vulgaris va C. sorokiniana déu dugc
chia thanh 2 nhom riéng biét twong ddng véi két qua cia cac
nghién cuu trudce day [19, 20]. J N. Rosenberg va cs (2014)
[19] ciing dd dua ra nhan xét vé su phtrc tap trong di truyén
cua cac loai C. vulgaris thong qua viéc phan tich vung gen
ITS2. Cac chung C. vulgaris va C. sorokiniana thudc cac
nhom khac nhau ¢ sy khac biét 16n vé mat di truyén (hinh
2 va 3), diéu d6 cho thay sy khé hiéu vé phan loai cua 2 loai
nay. Ngoai ra, cac chung C. variabilis cling dugc chia thanh
2 nhom trén cay phat sinh loai cua vung gen ITS2 (hinh 2).
Nhém C. variabilis bao gdm céc chung dugc phén lap tai An
D9 (1X839966, JX839967, JX839969, JX839972), nhom con
lai bao gém cac chung C. variabilis & Nhat Ban (AB162912,
AB162913, AB162914, AB162915, AB162916) véi thong tin
dugc ghi nhan trén GenBank thong qua s6 ding ky cua cac
chung. Vi Vay, vigc xac dinh m01 quan h¢ cua cac ching phan
lap ¢ cac qudc gia khac nhau can dugc phén tich va lam rd.

Céc chung vi tdo thuoc nhom Complex III trén cay phat
sinh loai NJ ciia viing gen ITS2 ¢6 sy tuong dong cao vé hinh
thai dugc tham khao tir trang CCAP, bao gdm cac chung:
M. pusillum CCAP 231/1, C. vulgaris CCAP 211/11F va M.
conductrix CCAP 211/83. Trong d6, ching C. vulgaris CCAP
211/11F da duoc thay doi thanh Micractinium sp. cing chi
v6i 2 chuing con lai. Nhu vy, cac ching c6 d6 twong dong cao
vé& trinh tu ving gen ITS2 dan dén sy tuong ddng cao vé hinh
thai. Két qua tuong tu ciing dwoc quan sat thdy & cac ching vi
tao thudc nhoém M. pusillum.
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Mic du S. Zou va cs (2016) [20] dad dé xuét fufA 1a ma
vach DNA ¢6 tiém nang trong viéc phan loai cac loai tdo thudc
nhanh Chlorella, nhung cho tdi nay dit liéu trinh ty doan gen
tufA trén GenBank con han ché. 23 trinh ty doan gen fufA chii
yéu thude 2 loai C. vulgaris va C. sorokiniana da dugc thu
thap va danh gia. C. sorokiniana dugc chia thanh 2 nhom va
tach biét bdi cac ching C. vulgaris (hinh 4).

E.S. Krivina va cs (2020) [3] da chi ra réng, viéc phan
tich cay phat sinh loai dya vao vung gen 18S rDNA, 5,8S
rDNA, ITS1 va ITS2 cho thdy sy phiic tap vé phan loai ctia
nhanh Chlorella. Chinh vi ly do do, céc tac gia da ghi nhén
su khéc biét vé ciu tric bac 2 cua vung gen [TS2 nham phan
biét cac loai khé hiéu d6i véi hau hét cac loai thugc nhanh
Chlorella [10]. Phuong phap nay cho thiy tiém ning trong
viéc dinh danh va lam rd hé théng phan loai cac loai thudc
nhanh Chlorella.

Can ctr vao cac két qua thu dugc, hé théng phéan loai cac
loai tao thudc nhanh Chlorella hién nay van con 1a mot thach
thae. Chinh vi vy, viéc tién hanh dua ra nhiéu nghién ctiu
méi dé cai thién hé théng phan loai ctia nhanh Chlorella 1a
diéu can thiét. Trong d6, diéu quan trong nhat chinh 14 tim ra
phuong phap dinh danh chinh xac cac loai tao.

£ ~
9. Ket luan

Két qua thu dugc tir viéc phan tich cdy phat sinh loai cua
4 ving/doan gen 18S rDNA, ITS2, rbcL va tufA cho thiy
su phuc tap vé dir litu mad vach DNA trén GenBank cling
nhu sy chua 13 rang trong phan loai cua céc loai thudc nhanh
Chlorella. 3 truong hop phan nhom chinh dwoc quan sat thay
trén cac cdy di truyén bao gdm: (1) Cac trinh ty ctia ciing mot
loai nam & cac nhanh khac nhau trén ciy phat sinh loai; (2)
Cac trinh tu ctia cac loai khac nhau thudc cung mét nhanh; (3)
Céc trinh ty cia cung mot loai thudc cung mot nhanh. Viée
phén tich s6 lugng 16n céc trinh tw md vach DNA di chi ra
nhiling bat cap trong viéc nghién ctu dinh danh va phan loai
cta cac loai thudoc nhanh Chlorella tir trudce tdi nay. Do do,
viéc nghién ctru tim ra phuong phap gitp dinh danh chinh xac
céc loai thudc nhanh Chlorella 1a thuc su can thiét va lam tién
dé dé hiéu 6 mbi quan hé di truyén ciia cac loai nay.

Pé tai duoc thuc hién dudi sy tai tro cia Vian phong hop
tac gita HO1 dong vat hoc Frankfurt va Khoa Sinh - Méi
truong, Truong Pai hoc Su pham, Pai hoc Pa Nang. Cac
tac gid tran trong cam on.
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Hoat tinh sinh hoc cua cac flavonoid phan lap tir can chiét ethyl acetate
clia 14 cay Xén mu Garcinia mackeaniana
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Ngay nhan bai 20/9/2022; ngay chuyén phéan bién 23/9/2022; ngay nhan phan bién 17/10/2022; ngay chép nhan ding 20/10/2022
Tom tit:

Bay hop chit flavonoid phén lap tir ciin chiét ethyl acetate (EtOAc) ciia 1a cAy Xén ma Garcinia mackeaniana bao
gﬁm 2”,6”-di-O-acetylvitexin (1), 2”-0-acetylvitexin (2), vitexin (3), amentoflavone (4), apigenin (5), kaempferol (6)
va quercetin (7) di dwge dinh gia cac hoat tinh sinh hoc. Két qua cho thiy, 2 hop chit (6) va (7) déu thé hi¢n hoat
tinh chong dxy hoa manh véi gia tri IC, 1an lugt Ia 9,5+0,38 va 7,4+0,30 pg/ml. Hop chit (6) c6 tac dung fre ché sin
sinh nitric oxit (NO) trén té bao RAW 264.7 ¢ mirc kha (IC, 1a 63,86+2,86 ng/ml) véi ty 1€ song sot 81,84% & ndng
do 128 ug/ml. Hop chit (3) 6 hoat tinh gay dgc trén cac dong té bao ung thue MCF7 va LU-1 véi gia tri IC lan lwgt
la 8,0+0,2 va 9,68+0,5 pg/ml. Hop chét (5) va (7) c6 hoat tinh manh trén KB va HepG2 véi gia tri IC_ lan lwgtla
8,5+0,35 va 6,79+0,2 pg/ml. Cac hop chit (1-7) déu khong giy doc trén dong té bao lanh HEK-293 va khong c6 hoat
tinh trén cac chiing vi sinh vat kiém dinh gram dwong.

Tir khéa: flavonoid, Garcinia mackeaniana, hoat tinh chdng 6xy héa, hoat tinh giy doc té bao, hoat tinh khang viém,

hoat tinh khang vi sinh vat kiém dinh.
Chi s6 phén loai: 1.6
1. Dat van dé

Chi Garcinia 1a mét trong nhiing chi 16n thudc ho
Clusiaceae, gdm 390 loai va phan bd rong rdi ¢ chau A va
chau Phi. Chi Gareinia bao gdbm nhiéu ciy thudc c6 chira cac
hoat chét chita bénh tiém nang va dugc st dung trong y hoc
¢0 truyén cua nhidu nudc trén thé gisi [1, 2]. Cac nghién ctru
vé hoa thuc vat cho th?iy, chi Garcinia bao gém nhiéu loai
hop chit nhu axit hiru co, benzophenones, phloroglucinols,
axit béo va terpenoit, nhung cha yéu 1a nhitng xanthone va
flavonoid. Nhitng loai trong chi ndy cung cip mot ngudn
ty nhién phong phti cac hop chit hoat tinh sinh hoc véi tac
dung chéng viém, kha nang chéng ung thu, chéng Oxy hoa,
khang u, khang nim, khang histaminic, cac dic tinh khang
sinh, khang vi Kkhuén, khang vi rat, bao v€ tim mach... [3].
Cho dén nay, da c6 nhiéu loai trong chi Garcinia dugc tién
hanh nghién ctru, hudng téi viéc kham pha cac cong dung
truyén thong ctia chl'mg, phan lap cac phén tr mai, khuyén
khich nghién ctru tién 1am sang va dé hiéu co ché hoat dong,
tir d6 giup phat trién cac tng cir vién thubc méi vai it tac
dung phu hon [3, 4]. Ngoai ra, cac bién phap phai dugc thuc
hién dé tang cuong bao ton loai Garcinia dic hiru co nguy
co tuyét ching. O Viét Nam, chi Garcinia bao gdbm khoang
31 loai, trong d6 loai G. mackeaniana phan bd & ving nui

“Tac gia lién hé: Email: thuha.vast@gmail.com
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Sa Pa (Lao Cai) va Thuan Chau (Son La) [5]. Trong qua
trinh tim kiém céc hop chét hoat tinh sinh hoc tir loai thue
vat ndy, chung toi di cong bd mot sb bao cdo vé hoa thuc
vét voi nhiéu hoat tinh sinh hoc tha vi [6-12]. Bai bao nay
tap trung vao viéc danh gia cac hoat tinh sinh hoc cua cac
hop chit flavonoid phén 14p dwoc bao gdm hoat tinh khang
viém, gay doc té bao, chéng 6xy hoa va khang vi sinh vat
kiém dinh.

2. Doi tuong va phuong phap nghién ciiu
2.1. Péi twong

L4 ciy Xén mu G. mackeaniana thu hai tai tinh Son La
vao thang 1/2018 va dugc giam dinh béi TS Nguyén Qudc
Binh - Vién Sinh thai va Tai nguyén Sinh vat. Mau tiéu ban
(VN-1641) luu giir tai Phong Hoa sinh Ung dung, Vién
Hoéa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
Tu can EtOAc da phan 1ap va xac dinh cAu trac cua 7 hop
chét flavonoid dua trén dit liéu phé cong hudng tir hat nhan
(NMR), phé khéi lwong (MS) va so sanh véi cac tai liéu
tham khao cong bd trude d6 [6]. 7 hop chit flavonoid bao
gém 2”,6”-di-O-acetylvitexin (1), 2”-O-acetylvitexin (2),
vitexin (3), amentoflavone (4), apigenin (5), kaempferol (6)
va quercetin (7) (hinh 1).
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Abstract:

Seven flavonoid compounds isolated from the EtOAc
extract of Garcinia mackeaniana leaves include 2”,6”-di-
O-acetylvitexin (1), 2”-O-acetylvitexin (2), vitexin (3),
amentoflavone (4), apigenin (5), kaempferol (6), and
quercetin (7) were evaluated for biological activities.
Results showed that both compounds (6) and (7)
exhibited strong antioxidant activity with 1C_ values of
9.5+0.38 and 7.4+0.30 pg/ml, respectively. Compound
(6) had a moderate inhibitory effect on NO production
on RAW 264.7 cells (IC,, of 63.86+2.86 pg/ml) with
a survival rate of 81.84% at 128 pg/ml. Compound
(3) exhibited cytotoxic activity against cancer cell
lines MCF7 and LU-1 with IC,, values of 8.0+0.2 and
9.68+£0.5 pg/ml, respectively. Compounds (5) and (7)
demonstrated strong activity on KB and HepG2 with
IC,, values of 8.5+0.35 and 6.79+0.2 pg/ml. Compounds
(1-7) were non-toxic on normal cell lines HEK-293 and
were inactive against gram-positive test strains.

Keywords: antibacterial, anti-inflammatory, antioxidant,
cytotoxicity, flavonoid, Garcinia mackeaniana.

Classification number: 1.6
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Hinh 1. Cac hop chét flavonoid phan lap tir la cay Xén ma
G. mackeaniana.

Céc hop chit thr nghiém duoc hoa tan bang dimethyl
sulfoxide (DMSO) va nudc deion dé tao thanh mot day cac
ndng do (128, 32, 8,2 va 0,5 pg/ml) trude khi tién hanh cac
phép thir sinh hoc. Nong d6 DMSO & cac miu thir nho hon
1% trong cac thi nghiém.

2.2. Phwong phdp nghién ciru

Hoat tinh trc ché san sinh NO: Té bao RAW 264.7
(ATCC® TIB-71™) dugc nudi trong moi truong Dulbecco’s
modified eagle medium (DMEM), b sung 10% huyét thanh,

1% khang sinh ¢ 37°C, 5% CO,. Trén dia 96 giéng, te bao co
ndng do 3x 104 té bao/giéng, duorc u trong dia 96 giéng qua
dém. Cac nong d0 khac nhau cta cac mau dugc thém vao
cac giéng trude khi bi kich thich v6i Lipopolysaccharide
(LPS) trong 24 gid. Dung dich huyén phu té bao dugc s
dung dé danh gia kha nang tre ché NO béng bo thude thir
Griess [13]. D¢ hap thu duoc xac dinh bang may quang pho
0 bude song 540 nm. S té bao con lai dugc sir dung dé kiém
tra kha ning séng bang thudc thir 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) theo mo ta
cta T. Mosmann (1983) [14]. N6-Methyl-L-arginine acetate
(L-NMMA) duoc sir dung 1am chat tham khao.

Hoat tinh gdy déc té bao: Phép thir MTT [14] dugc sir
dung dé danh gia doc tinh té bao trén cac dong ung thu biéu
md (KB, ATCC CCL-17™), ung thu gan (HepG2, ATCC
HB-8065™), ung thu phéi (SK-LU-1, ATCC HTB-57™),
ung thu vit (MCF7, ATCC HTB-22™) va dong té bao lanh
than phoi nguoi (HEK-293, ATCC CRL-1573™), Trén dia
96 giéng, 190 ul té bao co ndng do 3x10* t& bao/ml dugc u
v6i 10 pl mau thir & cac ndng do khac nhau trong 72 gio.
Sau d6, mdi giéng thir duge bd sung 10 ul dung dich MTT
(5 mg/ml) vau tlep trong 4 gio. 100 ul DMSO duogc thém
vao mdi giéng dé hoa tan cac tinh thé formazan. May quang
pho Biotek Epoch 2 dugc sir dung dé xac dinh do hap thu
ciia mdi giéng thir & bude song 540 nm. Phan trim (¢ ché
su phat trién té bao duogc xac dinh bé’lng sy giam do hép thu
cua giéng thir so voi giéng dbi chung. Ellipticine dwoc st
dung 1a chat tham khao. Gia tri IC,, dugc tinh dua trén s6
lidu phan tram trc ché va phan mem may tinh Rawdata.
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Hoat tinh bdy géc tw do DPPH (I,1-diphenyl-2-
picrylhydrazyl): Kha nang chéng oxy hoa cua cac hop chét
dugc danh gid bang thir nghiém loai bo gbe tw do DPPH
[11]. Dung dich DPPH pha trong methanol (MeOH) c6 nong
d6 1 mM va két hop véi cac ndng do khac nhau ciia mau
thtr. Phan ung dugc thuc hién ¢ nhiét d phong trén dia 96
giéng. Sau 30 phut, d6 hp thu cta phan tmg duoc doc trén
méy quang pho Biotek Epoch 2 ¢ budc song 517 nm. Gia
tri IC,) dugc tinh todn dya trén s6 lidu do do hép thy cua
dung dlCh sau phan tng. Phep thir duoc lap lai 3 lan. Sai sé
thyc nghiém tinh bing phan mém Excel. Resveratrol duoc
sir dung 1am chat tham khao.

Hoat tinh khang vi sinh vdt: Kha nang khang cac ching vi
sinh vat dugc danh gia theo phuong phap pha loang trén moi
truong 1ong [12]. Cac chung vi sinh vét gram duong bao gom
Staphylococcus aureus, Bacillus subtilis va Lactobacillus
fermentum dugc luu gitt & nhiét d6 -80°C. Trude khi thu
nghiém, chung dugc hoat hoa bang méi trudng nudi ciy va
diéu chinh néng do6 dat 5x10° CFU/ml cho thtr nghiém sinh
hoc. Trén dia 96 giéng, 10 ul miu thir & cic nong d6 duoc i
v6i 190 ul dung dich vi khuan & 37°C trong thoi gian 16-20
gio. P6i ching duong 1a giéng ¢ vi khuén sinh truong va
dbi chung am 13 giéng chi c6 méi trudng nudi cay. Ampicillin
duoc st dung 1a chat tham khao. Gi4 tri IC,, duoc tinh todn
dua trén s6 liéu do do dyc té bao bang may quang phd Biotek
Epoch 2 ¢ bude song 595 nm va phan mém Rawdata.

’ s N
3. Ket qua va bhan luan

Géc ty do NO duge san sinh & nhiéu loai té bao khac
nhau. Dang NO c6 mat ¢ cac té bao nhu dai thuc bao,
nguyén bao s¢i hay té bao gan thuong dugc san sinh voi
lwong 16n khi xuat hién cac dap ing viém [15]. Mot phuong
phép duoc st dung dé xac dinh gian tiép NO 1a do mau céc
thanh phan san pham cua no 14 nitrate va nitrite. Can chiét
EtOAc va cic hop chét (1-7) dugc danh gia tac dung khéng
viém dua trén kha niang e ché san sinh NO trén dong té
bao dai thuc bao chudt Raw 264.7 duoc kich thich bai LPS.
L-NMMA duoc sir dung 1a cht d6i chimg trong thi nghiém
nay. IC | cua cac hop chit dugc trinh bay & bang 1. Két qua
nghlen cu’u cho thdy, cac hop chit thir nghiém va chat dbi
ching khong anh huéng nhiéu dén kha ning sng sot cia
té bao RAW 264.7. Ty 1¢ ton tai 1én dén 100% & nong do
thir cao nhat 1a 128 pg/ml. O ndng d6 nay, can chiét EtOAc
¢6 kha ning trc ché san sinh NO dat 48,46% va ty 1¢ té bao
song sot dat 75,21%. Trong sd cac chét thir nghiém, hop chét
(6) cho thay hoat tinh khang viém tot nhat voi giatri IC, 1a
63,86+2,86 ng/ml, trong do ty 1€ ché 1én dén 81 23% va
kha ning té bao song sot 1a 81,84%. Tiép d6 1a hop chét (3)
co gia tri IC, 1a 90, 69i3 5 ug/ml Vi 54,64% e ché NO va
80,03% kha nang song ctia té bao. Hop chit (5) c6 gia tri IC,,
119,81+5,17 pg/ml, véi 51,23% e ché NO va 89,93% kha
ning song cua té bao. Céac hop chit con lai khong thé hién
tac dung & nong d6 nghién ctru véi gia tri IC,>128 pg/ml.

%H%-IE 65(6) 6.2023
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Bang 1, Hoat tinh (rc ché san sinh NO trén té bao RAW 264.7
cuia cac mau thir.

- Nongdymiu Tyl echésin  Tylétébao  GidtrilC,
Tén mau . £
(ng/ml) sinh NO (%) song sot (%)  (ug/ml)
128 48,46 75,21
32 34,52 86,36
Cao EtOAc >128
8 29,56 90,58
2 8,46 92,46
128 3527 76,14
32 17,83 81,53
27 6"-di-O-acetylvitexin (1) >128
8 11,88 95,26
2 2,96 96,02
128 44,86 85,90
- 32 3L17 87,29
2”-O-acetylvitexin (2) >128
8 1748 91,95
2 437 94,17
128 54,64 80,03
32 42,7 80,27
Vitexin (3) 90,69+3,5
8 31,82 98,89
2 7,95 99,92
128 2523 72,80
32 20,36 75,09
Amentoflavone (4) >128
8 10,08 83,42
2 2,52 93,97
128 51,23 89,93
32 36,82 91,67
Apigenin (5) 119,8145,17
8 23,67 97,10
2 5,93 98,96
128 81,23 81,84
32 34,49 95,72
Kaempferol (6) 63,86£2,86
8 13,42 97,92
2 3,28 99,30
128 41,37 100
32 32,67 100
Quercetin (7) >128
8 19.86 100
2 5,02 100
100 99,63 89,92
20 75,96 93,14
L-NMMA 9,01£1,17
4 2392 95,25
0,8 10,95 96,79

Polyphenol va cic chit chuyén hoa ciia chung trong
chi Garcinia duge biét 1a ¢6 dic tinh chdng viém [4].
Alpha-mangostin 1a mot xanthone dién hinh trong loai
G. mangostana. Cac tac dung chdng viém di dugc duoc
ching minh bang viéc giam mirc TNF-a va IL-6. N6 ciing
cho théy tac dung chdng ting duong huyét, chong 6xy hoa
va chéng viém nhu céi thién luu luong mau va tinh toan ven
cua vong mac [4]. Kolaviron, mot flavonoid tu nhién tur hat
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G. kola, 1am giam viém do LPS & dai thuc bao bﬁ?mg cach
két hop uc cheé tiet IL-6 va cac yeu to phién ma gay viém,
ERK1/2, NF-kB, p38, Akt, p-c-JUN va JNK [16].

Can chiét EtOAc va cac hop chit flavonoid (1-7) dugc
danh gi4 vé hoat tinh gay doc trén 4 dong té bao ung thu KB
Hep G2, LU-1, MCF-7 va dong té bao lanh HEK-293 (bang
2) bang phuwong phap MTT. Két qua cho thiy, & nong do
nghién cuu can chiét EtOAc co tac dung tc ché manh cac
d(}ng té bao ung thu voi gia tri IC,, trong khoang 5,4Qi0,5
dén 8,76+1,0 pg/ml, nhung c6 tac dung yéu trén dong té bao
lanh véi gia tri IC, 1a 4529513,6 pg/ml. Hop chit (3) c6 hoat
tinh manh trén 2 dong t€ bao ung thu va MCF7 va ung thu
phoi LU-1, véi gid tri IC, 1an lugt 1a 8,0+0,2 va 9,68+0,5
pg/ml. Hop chat (7) c6 tac dung trén ca 4 dong té bao ung
thu, nhung hoat tinh manh nhét trén dong té bao ung thu
gan HepG2 voi gid tr’i IC, 12 6,79+0,2 ng/ml va trén 3 dbr}g
con lai & mirc kha dén trung bin}l voi IC tr 11,240,5 dén
56+1,2 pg/ml. Tuong tu, hop chat (5) cling c6 tac dung trén
ca 4 dong té bao ung thu va thé hién manh nhét trén dong
ung thu biéu mod KB voi gia tri IC 1a 8,5+0,35 pg/ml, gia t,ri
IC,, trén 3 dong t€ bao cbp lai trong khoang 12,57+0,9 dén
86,58+7,3 ug/ml. Hop chat (2) c¢6 tac dung manh trén dong
MCF7 voi gia tri ICSQ 1a 5,9+0,5 pg/ml, tac dung yéu hon
trén dong ung thu phoi LU-1 voi ICSQ la 44,23+2,5 pg/ml.
Cac hop chat 1, 4 va 6 c6 tac dung yéu hoac khong co tac
dung trén cac dong té bao thir nghiém. Diéu dic biét 1a cac
hop chat flavonoid (1-7) khong gay doc trén dong té bao
lanh & ndng do nghién ctru véi gid tri IC>128 pg/ml. Chat
tham khao Ellipticine thé hién hoat tinh manh trén ca 4 dong
ung thu voi gia tri IC tir 0,30+0,02 dén 0,6+0,05 png/ml.
Bang 2. Hoat tinh gay doc té bao cua cin chiét va cac hop
chat 1-7.

Gi tri IC, (ng/ml)

Méu thir

KB HepG2  Lu-1 MCF HEK-293
Can EtOAc 7,54+0,5  540£0,5 6,52+0,5 8,76+1,0  45,95£3,6
2"-6"-di O-acetyl vitexin (1)  50,9£2,85  >128 >128 >128 >128
2"-O-acetyl vitexin (2) >128 >128 4423425 59405  >128
Vitexin (3) >128 >128 9,68+0,5 8,002  >128
Amentoflavone (4) 574525 4018 86,746,9 >128 >128
Apigenine (5) 8,5+0,35 86,58+73 475450 12,5740,9 >128
Kaempferol (6) >128 21,3+0,82 >128 >128 >128
Quercetin (7) 11,2405  6,79£0,2  13940,5 56+1,2 >128
Ellipticine 0,30+0,02  0,35+0,01 045+0,05 0,6+0,05 1,51+0,1

Bén canh céac hop chét flavonoid, cac hop chat xanthone
cling da dugc phan lap va xac dinh ciu trac tir loai Xén mu
G. mackeaniana [7, 8]. Két qua thtr nghiém hoat tinh sinh
hoc cho thay, cic hop chét xanthone c6 kha ning 1a thanh
phan chinh tao nén hoat tinh gdy doc t& bao ung thu cia
loai thyc vat nay. Cac nghién ciru sau vé co ché cho thy,
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hop chét bannaxanthone E c6 hoat tinh chong ting sinh
tiém nang do kha nang bit giir té bao & pha G2/M, ¢6 kha
ning thay d6i hinh thai té bao, hoat héa enzyme caspase
3/7 va lam gia ting qua trinh chét theo chwong trinh trén
té bao ung thu phdi LU-1 [9]. Trong mdt nghién ciru khéc,
3 hop chit xanthone 13 garcinone E, bannaxanthone D va
bannaxanthone E thé hién tic dung chdng ting sinh d6i
v6i té bao trén 2 dong té bao ung thu va 1a MDA-MB-231
va MDA-MB-468 bing cach bt giit chu ky té bao & pha
G2/M, gy ra qua trinh apoptosis va trc ché hoat dong cuia
con duong tin hi€u ndi bao PI3k/Akt/mTOR [10]. Nhiing
két qua nghién ctru nay chimg minh hoat tinh chdng ung thu
day hira hen va cung cap co so khoa hoc cho su phat trién
céc hop chét phan lap tir G. mackeaniana nhu 14 tac nhan
phong ngira va hd trg diéu trj ung thu.

Kha nang bat gitr gdc tu do DPPH ciia cac chit thirnghiém
dugc xac dinh bang cach khtr mau dung dich phan tmg. DPPH
tao ra mau tim trong dung dich metanol va nhat dén thanh
mau vang khi c6 mat chit chdng 6xy hoa. Bang 3 thé hién
hoat tinh thu don géc tu do cua hop chét (1-7) va chét tham
khao Resveratrol. Két qua chi ra rang, cin chiét EtOAc co
hoat tinh chdng 6xy hoa tot véi gid tri IC 1 10,6+0,85 pg/ml,
tuong duong voi ché} tham khao Resv,erat’rol (IC,, la
9,740,4 pg/ml). Mot s6 flavonoid dugc biét dén 1a nhitng
hop chét ¢6 tiém ning trong viée st dung 1am chét chdng
oxy hoa. Trong sd cac hop chat flavonoid phan lap tir cin
nay, quercetin (7) va kaempferol (6) duoc biét dén 1a hop
chét c¢6 kha niang chong 6xy hoa maqh V(")i gia tri IC,| 15p
lugt 1a 7,4+0,30 va 9,5+0,38 pg/ml. Tiép dén la cac hop chat
(2) va (3) thé hién kha ning 6xy héa & mirc kha voi gia tri
IC,, lan lugt 1a 31,8+1,5 va 25,6+1,5 pg/ml. Cac hop chat
con lai khong c6 hoat tinh ¢ ndng do nghién ciru.

Bang 3. Hoat tinh bay géc tw do DPPH va khang cac ching vi
sinh vat kiém dinh.

Gi tri IC,, (ug/ml)

Hop chit

DPPH Staphylococcus Bact.ll.us Lactobacillus
aureus subtilis Sfermentum

Can EtOAc 10,6+0,85 36,26+2,42 51,52435  >128
ARG 92,5445 >128 >128
vitexin (1)
2 Oracety] 31,8415 >128 >128 >128
vitexin (2)
Vitexin (3) 25,6£1,5 >128 >128 >128
Amentoflavon (4) >128 >128 >128 >128
Apigenine (5) >128 >128 >128 >128
Kaempferol (6) 9,5+0,38 >128 >128 >128
Quercetin (7) 7,440,30 >128 >128 >128

. . Resveratrol: Ampicillin: Ampicillin:  Ampicillin:
Chit tham khio 7,4 0,10,05 3216015 11301
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Céc hop chét (1-7) ciing dugc danh gia hoat tinh khéng
vi sinh vét kiém dinh trén cc ching vi sinh vat gram dwong.
Két qua cho théy, chi c6 hop chit (1) ¢6 tac dung trc ché
chung vi khuan S. aureus & muc yéu voi gia tri IC,, 1a
92,5+4,5 pg/ml. Cac chat con lai ciing khong thé hién hoat
tinh & nong d6 nghién ctru voi gia tri IC, >128 ug/ml Céc
hop chit xanthon dugc phan 1ap tir can chlet EtOAc thé hién
hoat tinh kha t6t khi thu nghiém véi cac chung vi khuén
trén, trong d6 cac hop chét allanxanthone C va garcinone E
co6 hoat tinh manh trén chung S. aureus véi gia tri IC lan
luot 14 5,41 va 4,29 pg/ml [12].

4. Két luan

Tir dich chiét EtOAc cua la cdy Xén mu G. mackeaniana
thu dwoc 7 hop chit flavonoid. Két qua danh gia hoat tinh
sinh hoc cho thiy, hop chét (6) va (7) déu thé hién hoat
tinh chong 6xy hoa manh, twong dwong v6i chat tham khao
Resveratrol. Hop chét (6) c¢6 tac dung khang viém & mic
kh4, ty 1¢ trc ché trc ché san sinh NO 1én dén 81,23% va kha
nang té bao sdng sot 1a 81,84%. Vé kha ning gy doc té bao
ung thu, hop chét (3) 6 hoat tinh manh trén 2 dong MCF7 va
LU-1 véi gia tri IC lan luot 1a 8,0+0,2 va 9,68+0,5 ug/ml.
Hop chit (5) va (7) ¢6 hoat tinh gdy doc té bao ung KB va
HepG2 voi gia tri IC, lan luot 1a 8,5+0,35 va 6,79+0,2 pg/
ml. Dang chuy la cac hop chat nay déu khong giy doc véi
té bao lanh HEK-293 va khong co hoat tinh trén cac ching
vi sinh vat kiém dinh gram duong.
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Danh gia hi¢u qua cia RNA silencing o nam soi Aspergillus niger
st dung vector nhi the tich hop cong nghé tai to hgp Gateway
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Ngay nhan bai 20/4/2023; ngay chuyén phan bién 24/4/2023; ngay nhan phan bién 15/5/2023; ngay chip nhan dang 18/5/2023
Tom tiit:

Nim soi Aspergillus niger dugc sir dung rong rai trong san Xuét cong nghiép axit citric ya mot ) enzyme quan trong nhu phytase,
glucoamylase, glucose oxidase. Mot s0 cong cu vé cai bién di truyen da dugc phat trién va ung dung ¢ loai nam nay, tuy nhién,
k§ thuit RNA silencing van con it dwogc sir dung & A. niger. Trong nghién ciru niy, mot vector nhi thé tich hop cong nghé tai to
hgp Gateway dwgc sir dung daé danh gia hi¢u qua cia RNAssilencing 6 A. niger. Viéc tich hgp cong nghe tai to hgp Gateway trong
vector nhi thé giip tao nhanh cu triic RNA kiéu kep toc (RNA halrpm) cho phép danh gia su {rc ché biéu hién gen muc tiéu thong
qua phéin hiy mRNA. Céu tric e ché bleu hién gen theo co che RNA sﬂencmg dugc chuyen thanh cong vao nam A. niger nho
vi kKhuén Agrobacterium tumefaciens. Két qua cho thay, cac cu tric cé hi€u qua trong viéc trc ché su biéu hién ciia gen huynh
quang DsRed va gen diéu hoa stuA. Dic biét, irc ché sy biéu hién ciia gen stud nho RNA silencing di tao ra cac chiing dot bién
suy giam manh vé kha niing hinh thanh bao tir. Nghién ciru nay cho thiy, vector nhi thé RNA silencing tich hop cong nghé tai to

hop Gateway la cong cu tiém ning phuc vu cho nghién ctru chire ning gen & A. niger.

Tir khéa: Agrobacterium tumefaciens, Aspergillus niger, gen DsRed, gen stuA, RNA silencing, tai to hop Gateway.

Chi sé phin loai: 1.6
1. Dat van deé

A. niger la mét trong nhiing loai pho bién va quan trong
nhét thudc chi Aspergillus. Loai nAm nay phan bd rong rai
trong tu nhién, nhu trong dat, thirc an, cic san phdm nong
nghi¢p va ngay cé trong khong khi. 4. niger da dugc Cuc
Quén 1y Thyc phim va Dugc phdm Hoa Ky (FDA) cong
nhan la vi sinh vét an toan va duoc sir dung pho bién trong
cong nghiép thuc pham va d6 udng [1]. A. niger c6 kha
nang tlet nhiéu loai enzyme vao méi truong nudi cay, do
d6 loai ndm nay duogc ing dung rong rii trong san xuat cac
axit hltu co va enzyme ngoai bao, dién hinh 12 axit citric,
axit gluconic, cic enzyme quan trong nhu phytase, amylase,
protease, a-galactosidase va hang loat cac enzyme khéc. A.
niger dwoc str dung lam “nha may té bao” dé san xuat nhiéu
loai enzyme phuc vu cong nghiép ché bién thyc pham. Tuy
nhién, ning lyc sinh tong hop cac san pham trao doi chat nhur
enzyme, axit hiru co cua cac ching A. niger phan lap tu tu
nhién thuong kha thap. Do d6, dé ting cuong kha ning sinh
tong hop san phdm & A. niger, nhiéu ky thuat gay dot bién
hodc cai bién di truyén da duoc phat trién va ap dung [1, 2].

Hién nay, cai bién di truyén nam sgi ndi chung va nam
A. niger noi riéng Van chu y€u dya trén ky thuat nhu xo6a
gen theo co ché tai t hop twong dong, CRISPR/Cas9 va
RNA silencing (hay RNA interference- RNA1) [1 3]. RNA
silencing 14 k¥ thuat cho phép trc ché sy biéu hién cua
mot gen thong qua viée phan huy céc phan tr mRNA cua
gen d6 ma khong anh huong dén trinh ty cua gen trong hé

“Tac gia lién h¢: Email: tuantran@vnu.edu.vn
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gen ndm. Do d6, vai tro cua gen dich c6 thé dugc nghién
ctru nhanh chéng ngay ca khi thong tin vé trinh tu gen bi
han ché. RNAI d3 dugc ching minh 1a c6 hiéu qua trén
nhiéu loai ndm s¢i khic nhau nhu Magnaporthe oryzae,
Colletotrichum lagenarium, Penicillium chrysogenum,
Aspergillus fumigatus, Neurospora crassa... [3, 4]. Mac
du dd c6 mot sb cong trinh bao cao vé hidu qua cia RNA
silencing ¢ nam sgi A. niger thong qua phuong phap chuyén
gen st dung t& bao tran [5, 6]. Tuy nhién, ky thuat RNA
silencing sir dung vector nhi thé va phuong phap chuyén gen
thong qua vi khuan 4. tumefaciens van chua duoc ting dung
& A. niger. Trong nghién ctru nay, vector nhj thé mang cu
trac RNA silencing tich hop cong nghé téi t6 hop Gateway
bude dau duoc sir dung dé danh gia kha ning wre ché su biéu
hién cia gen chi thi huynh quang d6 DsRed va gen stuA lién
quan dén diéu hoa hinh thanh bao tir & A. niger.

2. Vat liéu va phuong phap nghién ciiu

2.1. Vit liéu

Céac chung vi sinh vat gdm A. niger N402, A. niger
N402Red, A. tumefaciens AGL1, E. coli DB3.1 Vérvector
pGSl-nat, pGS2-nat, pDONR/Zeo dugc cung cap bai
Phong Genomic, Phong Thi nghiém Trong diém Cong nghé
Enzyme va ’Protein, Truong Pai hoc Khoa hoc Tu nhién,
Pai hoc Qudc gia Ha Noi.

Céc cip moi sir dung trong nghién ctru nay duoc tong
hop boi Cong ty IDT (Singapore) va dugc liét ké ¢ bang 1.
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Abstract:

The filamentous fungus Aspergillus niger is widely
employed in the production of citric acid and some
industrial enzymes such as phytase, glucoamylase,
and glucose oxidase. Currently, several genetic
modification tools have been developed and applied
to this fungal species. However, the RNA silencing
technique is less used for A. niger. In the present
study, an RNA silencing binary vector integrated with
the Gateway recombination cloning technology was
evaluated in A. niger. The integration of Gateway
recombination cloning technology in binary vectors
for rapid generation of hairpin RNA structure allowed
the assessment of inhibition of target gene expression
through mRNA degradation. The RNA silencing
constructs were successfully transferred into A. niger
via Agrobacterium tumefaciens. Results showed that the
RNA silencing vectors were effective in downregulating
the expression of the DsRed fluorescent reporter gene
and the stuA regulatory gene. Interestingly, the silenced
mutants of sfuA exhibited a significant reduction in
fungal sporulation. This finding revealed that the RNA
silencing technique with the examined Gateway binary
vector represents a potential genetic tool for functional
studies of target genes in A. niger.

Keywords: Agrobacterium tumefaciens, Aspergillus niger,
DsRedfluorescentreporter gene, Gateway recombination
cloning, RNA silencing, stuA regulatory gene.

Classification number: 1.6
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Bang 1. Cac méi stir dung trong nghién ctru.

P q 0y Kich thude
Tén moi Trinh tu (5°-3°) ¢in phflm bp)
DRedayp  GGCGACAAGTTTGTACAAAAAAGCAGGCTTCCGA

VY GGACGTCATCAAGGAG 0
DRedenk  OGGGACCACTTTGTACAAGAAAGTGGGTCCCTCC
¢ CAGCCCATAGTCTT
Anstugnp | OGCGACAAGTTTGTACAAAAAAGCAGGCTTCAGT
T AATGGGCACGTTGGAAG w
Ansupagg  OGGGACCACTTTGTACAAGAAAGCTGGGTCGTCT
S8 TACGGCGCTTGCTATC
NATaogap  AAAGAGCTCACTAGTGACGTCAGCGCTAGATCTT
& GGCATGCGGAGAGACGG 500
NATmdAr  AAATCTAGAAGGCCTCTCGAGGGGCCCGGATCCT
& CAGGGGCAGGGCATGCT

2.2. Phwong phdp nghién ciru

Thu bao tir nam: Céc chiing nam A. niger dugc nudi cay
trén moi truong thach Czapek-Dox (CD) ¢ nhiét do 28°C.
Sau 5 ngay, bao tr nam trén bé mit dia duoc hoa vao nude
cat v tring va loc qua mang Miracloth vo tring. Dich bao
tir dugc xac dinh nong do nhd budng dém Thoma va pha
lodng dén ndng do bao tir thich hop dé st dung cho cac thi
nghiém tiép theo. Dich bao tir dwoc sir dung ngay, hodc gt
& 4°C dé sir dung trong vong 1-2 tuan hodc duoc bao quan
lau dai trong 20% glycerol sau khi dwoc lam dong bang nito
long va gitt ¢ -30°C.

Tich chiét DNA hé gen ndam: Cac ching nim dwoc nudi
trong moi truong PDB (Potato dextrose broth) ¢ diéu kién
28°C va ldc 200 vong/phut. Sau 3 ngay, dich nudi dugce loc
qua mang Miracloth vo tring. Phin hé sgi ndm trén mang
loc dugc loai bo ti da nudc bang gidy tham sach va chuyén
vao 6ng ly tim 2 ml. Quy trinh tach chiét DNA tir hé soi
nidm duoc thyc hién theo V.T. Tran va cs (2017) [7].

Tach chiét RNA téng so: Sau 2 ngay nudi trén moi
truong tdi thiéu CD, s¢i ndm dugc thu va nghién thanh bot
min trong nito 16ng ding cho tach chiét RNA. RNA tong sd
duoc tinh sach nho kit tach chiét RNA cua Hang iNtRON
Biotechnology (Han Qudc). RNA sau tinh sach duge xir 1y
b6 sung véi DNase I trong 20 phit ¢ 37°C nhim loai bo
hoan toan DNA hé gen nam. Sau do, enzyme DNase I duoc
bat hoat & 75°C trong 15 phut. San pham RNA tong s6 dugc
sir dung ngay cho tong hop cDNA.

T(fng hop ¢cDNA: RNA téng s6 sau khi tinh sach duoc
sir dung ngay dé tong hop cDNA. Mot luong 800-1000
ng RNA tong s6 dugc sir dung cho mét phan ung tong
hop ¢cDNA véi mdi oligo dT va enzyme phién mi nguoc
reverse transcriptase. Toan b quy trinh dugc thuc hién véi
ProtoScript® First Strand cDNA Synthesis Kit cua Hang
New England Biolabs theo hudng dan ciia nha san xuét.
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Tao vector nhi thé mang cau triic tre ché su biéu hién cia
gen dich & nam A. niger: Poan DNA khoang 450 nucleotide
cta gen DsRed duge khuéch dai bang PCR véi khudn 1 DNA
tong sd ciia chung A. niger N402Red véi cip moi DsRed-gwF/
DsRed-gwR (bang 1). Phan tmg PCR st dung enzyme Phusion
high-fidelity DNA polymerase ctia Hang Thermo Scientific
(My) véi quy trinh nhu sau: 94°C - 6 phut; 35 chu ky Idp lai
céac budc 94°C - 30 gidy, 60°C - 30 gidy, 72°C - 30 gidy va 72°C
- 10 phit, giit & 4°C. Ciu tric silencing gen DsRed & A. niger
duoc tao bang cach sir dung bo kit gdm 2 phan dung cho 2 phan
ung la Gateway® BP Clonase™ II Enzyme Mix va Gateway®
LR Clonase™ I Enzyme Mix (Invitrogen). Dau tién, doan gen
DsRed khuéch dai voi cap moi DsRed-gwF/DsRed-gwR mang
trinh tu tai to hop dac hi€u attB1 va attB2. San phém PCR duoc
tich hop vao vector trung gian pPDONR/Zeo nho phan ung BP
véi sy ¢ mat cua enzyme BP clonase. Sau d6, thuc hién phan
{ng LR vdi sy ¢6 mit cua enzyme LR clonase dé chuyén doan
gen DsRed tir vector pPDONR/Zeo-DsRed sang vector nhj thé
pGS1-nat. Két qua la doan gen DsRed s& thay thé cic Gateway
cassette trong pGS1 & ca chiéu xudi va chiéu ngugc dé tao ra
cau trac RNA silencing dang soi kep toc. Vector nhj thé pGS1-
DsRed mang cau triic silencing gen DsRed dugc xac nhan bang
cat kiém tra voi enzyme gidi han Psl.

Vector nhi thé pGS2-stuA mang céu triic (rc ché biéu hién
gen stud dwgc thuc hién tuong tw voi cip moi AnstuA-gwF/
AnstuA-gwR (bang 1). San pham PCR ciia doan gen stud dugc
tich hop vao vector nhi thé pGS2-nat theo phuong phap nhu mo
ta & trén. Vector tai to hop dugc xac nhan béng cét kiém tra v6i
enzyme gidi han AvrIl (Xmall).

Chuyén gen va xdc nhin thé chuyén gen: Vector silencing
dugc bién nap vao chung vi khuin A. umefaciens AGL1 nho
h¢ thong chuyén gen bing xung dién Bio-Rad Gene Pulse
Xcell™ Electroporation System. Quy trinh chuyén gen vao A.
niger N402Red nho vi khuan A. tumefaciens véi nhiét o cho
budce dong nudi cdy 1a 22°C. Sau 2,5 ngay dong nudi cdy, mang
chuyén gen dugc chuyén sang méi trudng CD chira khang sinh
nourseothricin (200 pg/ml) va cefotaxime (300 pg/ml). Sau 5
ngay o 28°C, cac khuén lac ndm s& xuét hién trén moi truong
chon loc. Déi v6i gen DsRed, cac thé chuyén gen duoc kiém
tra dudi kinh hién vi huynh quang Ax1op1an (Carl Zeiss, Du:c)
dé danh gia su biéu hién cuia gen nay. P6i v6i gen stud, cic the
chuyén gen duoc nudi trong moi truong CD va RNA tong sd
duoc tach chiét dé phuc vu cho danh gia sy biéu hién cua gen
nhd reverse transcription - PCR (RT-PCR) v6i cip mdi dic hiéu
AnstuA-gwF/AnstuA-gwR (bang 1). Dé xac dinh chinh xac sb
lugng bao ttr hinh thanh & céc ching silencing gen stuA so véi
chiing gbc ban dau, cac chung dwoc nudi trén méi truong CD
trong 5 ngay. Bao tr nim duoc thu tir dia nudi cy bing nudc
cat vo trang va duoc loc qua mang Miracloth vé tring. Dich bao
tir dugc dém dudi kinh hién vi quang hoc sir dung buong dém
Thoma. Thi nghiém duoc 1ap lai 3 lan doc lap.
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3. Két qua va ban luan

3.1. Pdinh gid sw biéu hién ciia gen DsRed & chiing A.
niger N402Red

Chung nim A. niger N402Red duoc tién hanh lam tiéu
ban va quan sat dudi kinh hién vi huynh quang Axioplan.
Két qua cho théy, toan bd hé soi va cdu trac sinh bao tir cua
chung nim A. niger N402Red chira tin hiéu huynh quang do
rat rd nét (hinh 1). Gen chi thi huynh quang d6 DsRed da
duoc biéu hién thanh cong va dugc coi 1a mot gen chi thi
hiéu qua & nhiéu loai nim soi khac nhau [6, 8]. Nghién cuu
nay ciing xac nhan, gen DsRed c6 thé sir dung 1am gen chi thi
cho nghién ciru biéu hién gen & A. niger. Chung ndm A. niger
N402Red c6 thé sir dung dé danh gia kha ning hoat dong
ctia cdu trac RNA silencing wrc ché biéu hién gen DsRed.

Hinh 1. Biéu hién protein huynh quang dé DsRed & chiing A.
niger N402Red. (A) Hinh thai nAm duai kinh hién vi st dung anh sang
thwong; (B) S dung anh sang huynh quang.

3.2. Két qud tao vector nhi thé RNA silencing nham ikc ché
biéu hién ciia gen DsRed va stuA

RNA silencing 1a qué trinh trc ché sy biéu hién cua gen dich
théng qua cac phan tir RNA wre ché voi kich thude nho (siRNA)
khoang 21-22 nucleotide & trong té bao. Co ché phéan tir cua
qua trinh nay dugc chia thanh hai giai doan. Giai doan 1, phan
tir RNA kép (dsRNA) duge phan huy bai enzyme DICER (mét
loai enzyme endoribonuclease) thanh nhitng doan ngén siRNA
c6 chidu dai khodng 21-22 nucleotide. Giai doan 2, siRNA s& két
hop véi phire hé cam g silencing (RISC) dé do tim cac phan
tir mRNA ciia gen dich dé phan huy chung [9]. Dé thuc hién
thanh cong ky thuat RNA silencing, cu tric phan hiy mRNA
theo co ché RNA silencing ddi v6i gen dich can phai duoc tao
ra. Mot trong nhitng cong nghé hd trg hiéu qua cho viéc tao chu
trac RNA silencing 1a cong nghé tai to hop Gateway. Cong nghé
nay hleu qua va co do chinh xac cao, dac biét trong truong hop
can gan doan DNA theo trinh ty chiéu xudi va chiéu nguoc dé
tao cau trac RNA silencing dang kep toc [10].

Pé tao cég triic RNA silencing dbi v6i gen dich DsRed hoic
stuAd, mot phén grinh tu ma hoa cua gen dich dugc khuéph dai
tu DNA tong so nhd PCR. Poan gen nay dugc chuyén vao
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vector trung gian pDONR/Zeo nho enzyme BP clonase. Sau do,
doan gen DsRed (hoic stuA) tir pPDONR/Zeo duoc chuyén sang
vector nhi thé pGS1-nat (d6i v6i gen DsRed) hoic pGS2-nat
(d6i vé6i gen stuA) nho enzyme LR clonase. Hai vector nhi thé
mang cdu triic RNA silencing tao dugc déu chira gen khang
nourseothricin dé phii hgp cho chuyén gen vao nim A. niger
(hinh 2A).

) DNA genome \_>
—{ DsRed hoc stuA I—

(B) M pGS1-DsRed

PG Dsed (s B + —fl atP2
San pham PCR PDONR vector
BP clonase ¢
434bp
PIR] DsRed (stud IR} + —T] coB Lm0 &0o0 [EID

PDONR vector
mang doan DsRed hodc stuA

LR clonase l

Xmadl Pstl PstliXmaJl
v v Y v
A . T ol —
Joereeenenes 1,66 kb - R <L 1T By [ 1 T |
pGS1-DsRed (12,797 kb)

pGS1 gateway silencing vector © M pos2tA

PstllXmaJ| Pstl

| 3,4kb }
pGS2-stuA (13,909 kb)

44 bp -]

Hinh 2. Quy trinh tao va két qua cit kiém tra 2 vector silencing gen
DsRed va stuA bang enzyme giéi han. (A) Quy trinh tao vector nhj
thé mang céu tric RNA silencing cho gen DsRed va stuA theo coéng
nghé tai té hop Gateway; (B) Két qua cét kiém tra vector pGS1-DsRed
bé&ng enzyme gidi han Pstl; (C) Két qua cat kiém tra vector pGS2-stuA
bang enzyme gi¢i han XmaJl; M: 1 kb DNA marker.

Céu truc silencing gen DsRed 1a pGS1-DsRed dugc cit
kiém tra voi enzyme gidi han Ps¢l. Dién di san pham ct trén
gel agrose 0,7% cho thiy 4 bang DNA véi kich thudc 434,
1,66, 1,16 va 9,543 kb (hinh 2B). Két qua nay hoan toan
phu hop véi két qua tinh toan 1y thuyét dya trén trinh t. Do
d6 co thé khang dinh cau triic silencing gen DsRed da dugc
tao thanh cong. Twong tu, cau triic silencing gen stud la
pGS2-stuA dugc cit kiém tra véi enzyme gidi han Xmall.
Két qua phan tich san pham cit trén gel agrose cho thay 3
bang DNA véi kich thude 446, 3,4 va 10,063 kb (hinh 2C),
dung vai tinh toan 1y thuyét dya trén trinh ty. Nhu vay, cau
trac silencing gen stud di duoc tao thanh cong. Cac ciu
tric trén dugc chuyén vao chung nim 4. niger N402Red dé
danh gia kha nang wrc ché sy biéu hién ctia gen dich theo co
ché RNA silencing.

3.3. Chuyén cdu triic silencing gen DsRed vio A. niger
N402Red thong qua vi khudn A. tumefaciens

Dé thyc hién chuyén cau trac silencing gen DsRed vao
A. niger N402Red thong qua vi khuan A. tumefaciens,
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vector nhi thé pGS1-DsRed duoc bién nap vao chung vi
khuén A. tumefaciens AGL1 bang phuong phap xung dién.
Vi khuan 4. tumefaciens AGL1 mang vector dugc str dung
dé chuyén gen vao nim 4. niger N402Red. Sau 3 ngiy u
mang gidy loc cellulose (Hang Sartorius, Ptrc) trén moi
truong CD co b6 sung khang sinh nourseothricin (200 pg/
ml) dé chon loc cac khuén lac nim chuyen gen va bd sung
khang sinh cefotaxime (300 pg/ml) dé diét vi khuan A.

tumefaciens. 7 khuan lac (ky hiéu: R1, R2, R3, R4, RS, R6,

R7) dugc chon ngau nhién tir dia chuyen gen va duoc thuan
khiét theo phuong phap nuéi ciy bao tir don. Két qua phan
tich cho thay, 7 ching silencing gen DsRed c6 hinh thai hé
soi twong dong vaoi chung gdec N402Red. Phan tich PCR véi
cip moi NAT-gpdA-F/NAT-gpdA-F dic higu cho gen khang
nourseothricin xac nhan ca 7 chiung déu mang ciu traic RNA
silencing trong hé gen cua chiing (hinh 3A).

@ N402Red::DsRedi
N402Red R1 R2 R7

M - + R1 R4 R5 R6 R7

6 kb
3 kb

1kb

N402Red::DsRedi
A. niger N4O2Red R1 R2 R3

Hinh 3. Sw biéu hién cia protein DsRed & ching ndm A. niger
N402Red va & cac ching silencing. (A) Sinh trwdng trén moi tredng
CD cua 7 chiing silencing gen DsRed (R1-R7) va chiing gbc N402Red.
PCR str dung c&p mdi dic hiéu cho gen khang nourseothricin (NAT
cassette) xac nhan ca 7 ching déu da mang cAu truc RNA silencing
trong hé gen cta ching. Béi chirng dwong (+) str dung vector pGS1-
DsRed, déi chirng am (-) st dung DNA hé gen tir chiing gbc N402Red.
(B) Hinh thai hé soi va cAu tric cuéng sinh bao t& ctia 3 ching chuyén
gen dai dién. Cac chiing nAm dwoc nudi tryc tiép trén tiéu ban véi moi
trwong CD trong 3 ngay va dwoc quan sat dwéi kinh hién vi huynh
quang. Mii tén mau trdng chi sgi ndm, mii tén dé chi cubng sinh bao tcr.

®)

Anh sang thuong

Anh sang huynh quang

Két qua danh gia sy biéu hién cta gen DsRed dudi kinh
hién vi huynh quang Axioplan (Carl Zeiss, Diic) cho thiy,
tin hiéu huynh quang d6 giam manh & ca 7 chung chuyén
gen va duoc minh hoa thong qua 3 chung doc lap nhu trong
hinh 3B. Két qua nay cling tuong ddng voi nghién clru trude
day vé su trc ché biéu hién gen chi thi DsRed & nim soi
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Acremonium chrysogenum nhd RNA silencing [11]. Nhu
vay, cdu tric silencing gen DsRed (pGS1-DsRed) da hoat
dong & nam A. niger va tao ra cac chung dot bién giam biéu
hién gen DsRed. Piéu nay cho thay tiém ning cua k¥ thuat
RNA silencing trong nghién ctru chirc ning gen ¢ nim 4.
niger.

3.4. Chuyén ciu tric silencing gen stuA vao A. niger
N402 thong qua vi khudn A. tumefaciens

Tuong tu, chu trac silencing gen siud (pGS2-stuA) duge
chuyén vao chung nam A. niger N402 thong qua vi khuén
A. tumefaciens. Két qua thu dugc 2 chung chuyén genla S1
va S2 ¢6 hé soi giam séc to mau den so vdi chung goc ban
dau, co thé do su suy giam vé kha ning hinh thanh bao tir
(hinh 4A).

N402::stuAi

@

A. niger N402 S1 S2

52,11

S

2389

wT $1 S2

Hinh 4. Két qua silencing gen stuA & nam A. niger N402. (A) Hinh
thai hé sgi va kha nang hinh thanh bao t&r ctia 2 ching S1, S2 so véi
chiing gbc N402. Mii tén chi ra hinh dang bao t& ndm duai kinh hién vi.
(B) RT-PCR xac nhan s suy gidm v& biéu hién ctia gen stuA & chiing
silencing S1, S2. (C) Ty Ié bao t& hinh thanh cla 2 chiing silencing S1,
S2 so véi ching N402; M: 1 kb DNA marker; (-): dbi chirng am.

Trén moi truong dia thach CD, h¢ s¢i ctia chung silencing
S1 va S2 giam 10 rét vé sac to den melanin (sac to dién hinh
tich lly ¢ bao ti cia A. niger), dac biét la chung S1 khi
so sanh voi chung ty nhién N402. Dong thoi, khi quan sat
dudi kinh hién vi cho thay, mat d6 bao tir giam di dang ké
6 2 chung silencing gen stuA 1a S1 va S2 so véi chung goc
N402 (hinh 4A). B¢ kiém tra mtc dg biéu hién cua gen stud
0 2 chung silencing S1 va S2, RNA tong so cua 2 chung
nay va chung 4. niger N402 dugc tach chiét va phién ma
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nguoc thanh dang cDNA dé ding cho RT-PCR véi cip mdi
AnstuA-gwF/AnstuA-gwR. Két qua RT-PCR cho thay, gen
stud gin nhu khong duogc biéu hién & chung S1, trong khi &
chung S2 thi sy biéu hién cua gen nay giam di dang ké khi
so v6i ching gbc N402 (hinh 4B). Két qua dém s luong
bao tir dudi kinh hién vi cho théy, ty 1¢ bao tir cua chung
silencing S1 giam t&i 76% va ching S2 giam t&i 48% khi
s0 v6i chiing tu nhién 4. niger N402 (hinh 4C). Viéc trc ché
biéu hién gen bang RNA silencing c¢6 thé tao ra cac ching
d6t bién trc ché biéu hién gen dich ¢ cac mic d§ khac nhau.
Do d6, tinh trang lién quan dén gen bi tc ché ciing s& bién
d6i & murc twong tng [11]. Vai tro quan trong ciia gen stud
trong diéu hoa biét hoa hinh thai va hinh thanh bao tir da
duoc diéu tra & nhiéu loai nAm soi khac nhau. O ndm A.
nidulans, dot bién x6a gen stud dan dén cudng sinh bao
tir bi ngén lai, giam s6 bong bao tir va thiéu thé binh. Tuy
nhién, dot bién xo6a gen stud 6 A. nidulans van hinh thanh
mot s6 bao tir moc tryc tiép tir cdu truc bong [12]. Dot blen
xoa gen stud 6 Fusarium oxysporum lam thay dbi sic t6
va giam hinh thanh bao tir & nim [13]. O nim A. fumigatus
va A. chrysogenum, gen stud git vai tro trung tam trong
diéu hoa hinh thanh bao tir [13, 14]. Két qua ciia nghién ctru
nay cho thay, gen stud & A. niger cb chiic nang twong dong
v6i gen stud & cac loai nAm khac trong diéu hoa qua trinh
hinh thanh bao tir. Uc ché biéu hién gen dich & viée tc ché
biéu hién gen stud & A. niger nhd RNA silencing da lam
suy gidm manh kha ning hinh thanh bao tir 6 chung S1 va
S2 (hinh 4). Két qua thu dugc ciing chi ra vai tro ciia gen
stuAd & A. niger co thé duoc danh gia so bd mot cach nhanh
chong nho ky thuat RNA silencing, déac biét 1a khi str dung
vector nhj thé co tich hop cong nghé tai to hop Gateway. Dé
xac dinh chinh xac vai tro cua gen dich & nim soi, cac ky
thuat nhu x6a gen va phuc hdi gen theo co ché trao ddi chéo
trong dong thuong dugc sir dung [11]. Cac phuong phap
cho phép loai bo hodc phuc hdi 100% hoat tinh cta gen dich
de gitip danh gid mot cach chi tiét chic nang cua gen nay &
nam. Do d6, vai tro chi tiét ctia gen stuA 0 A. niger van can
dugc 1am sang to trong cac nghién ciru tiép theo.

4. Két luan

Nghién ctru di budc dau thanh cong trong viéc danh gia
hidu qua cta k¥ thuat RNA silencing ¢ nim soi 4. niger.
Vector nhi thé tich hop cong nghé tai td hop Gateway hd trg
tao nhanh cau trac RNA silencing dang kep toc dé trc ché su
biéu hién gen chi thi huynh quang DsRed va gen diéu hoa
stuAd 6 A. niger.

Céc tac gia xin chan thanh cam on Quy Phat trién Khoa
hoc va Cong nghé Qudc gia (NAFOSTED) di tai trg kinh
phi cho nghién ctru nay thong qua dé tai ma s6 106.04-
2018.36.
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Mt so dic diém sinh thai va cau tric tham thue vat tai khu viee phan bo
ctia loai Kim ngan 14 to (Lonicera hildebrandiana) thugc day Hoang Lién Son

Tran Vin Tién', Nguyén Hung Manh?', Lai Thi Thu Hing?

!Hoc vién Hanh chinh Quéc gia, 77 Nguyén Chi Thanh, phuong Lang Thiong, qudn Bong Pa, Ha Ngi, Viét Nam
2Vien Sinh thai va Tai nguyén Sinh vat, Vién Han lam KH&CN Viét Nam, 18 Hoang Quéc Viét, phuwong Nghia Pé, qudn Cau Gidy, Ha Ngi, Viét Nam
3Vién Moi truong Nong nghiép, Vién Khoa hoc Nong nghiép Viét Nam, phwong Phii D6, qudn Nam Tir Liém, Ha Noi, Viét Nam

Ngay nhan bai 5/12/2022; ngay chuyén phan bién 8/12/2022; ngay nhan phan bién 29/12/2022; ngay chép nhéan dang 3/1/2023
Tém tit:

Kim ngén 14 to (Lonicera hildebrandiana) 13 ngudn gen quy (thudc nhém réat nguy cap trong Sach dé Viét Nam 2007)
va 12 mot trong sb cic lodi I4 thude tim quan trong ciia dong bao din tdc Dao d6 sinh séng tai thi xa Sa Pa, Lao
Cai - noi phat trién du lich tim 14 thudc dic trung ciia ving giap dem lai thu nhap va loi ich xa hdi 16n cho nguoi
dan sé tai. Tuy nhién, diy ciing 1a nguyén nhéin lam suy giam nghiém trong so lwong ci thé va quin thé loai Kim
ngén 14 to nén cin dwogc nghién ciru, bao ton. Mot sé dic diém sinh hoc, sinh thai va ciu tric tham thye vt tai khu
vwre phan bo ciia loai Kim ngan 4 to di dwoe nghién ctru va xac dinh, trong d6: nhiét 46 mdi trwdng dao dong trong
khoing 4,9-25,5°C, d9 Am 70-92%, lwgng mua 26-780 mm, s6 gio' ning trung binh 92-230 gid, gia tri pH 3,94+0,02,
K tong s6 9411,93+261,25 mg/kg, K dé tidu 88,99+13,76 mg/kg, Ca trao dbi 5,33+0,397 Cmol+/kg, ham lwgng Fe?*
30310,61£1956,122 mg/kg, P tong sb 2,07+1,76%, P dé ticu 0,03:0,003%, Mg trao ddi 1,90+0,122 Cmol+/kg, N tong
50 3,85+0,289%, N dé tiéu 0,27+0,015%, NO, dé tiéu 0,30+0,034 mg/g, ham lwgng mun 4,84+0,27%. Kim ngan 14 to
dwogc phat hién dwéi tan tham thwe vat hon giao ciy 14 réng a nhiét déi ¢ do cao 1200-1600 m, do doc 12-16%, noi
¢6 mat dd cac loai thwe vt khoing 1460 ciy/ha, trong dé bao gdom cac loai c6 chi s6 gia tri quan trong IVI>5% nhu:
Dé sdn (Castanopsis sp.), O dwéc dudi (Lindera caudata), Dé 14 nhé (Lithocarpus fordianus), Chan chim (Schefflera
pauciffora), Voi thube (Schima wallichi) va Xoan dao (Prunus arborea). Py dwoc xem la nhirng dir liéu quan trong
vé sinh hoc, sinh thai va khu vie phin bd dic trung ciia loai Kim ngan 14 to, 13 co s¢ dé nghién ciru, xay dung va dé
Xuit cac giai phap bao ton, khai thic va phat huy nguon gen quy hiém nay ¢ Viét Nam.

Tir khéa: day Hoang Lién Son, dic diém sinh thai, Kim ngén 14 to.

Chi 56 phdn logi: 1.6
1. Dat van de nay ¢ Viét Nam; gop phan ting bude lam chu va phat trién
nguon nguyén liéu dugc pham tir loai nay nham khai thac
hi€u qua gia tri y hoc va kinh té. Hon nira, viéc bao ton loai
Kim ngan 1a to con gop phan giam thiéu tinh trang dbt rimg
lam nuong riy, bio vé va phat trién hé sinh thai nui cao -

Loai Kim ngan 14 to con c6 tén thuong goi khac la Kim
ngan nhén (tén tiéng Anh la Giant burmese honeysuckle)
thuoc ho Kim ngan (Caprifoliaceae). Theo Sdch do Viét
Nam (2007) [1], hién tai mdi phat hién dugc loai nay ¢ 3

dia diém (Lai Chau, Lao Cai, Ha Giang), udc tinh di¢n tich
noi séng khong qua 10 km? véi s ca thé rat it, tham chi con
bi chat pha do moc & chan nui 1a bo nwong rdy (Phé Bang,
Ha Giang). Loai Kim ngén 14 to c6 nguy co tuyét chung cao
neu khong c6 bién phap bao vé kip thoi (phan hang rat nguy
cap CR B1+42b,c, C2a). Hién chua c6 cong bd nao vé nhan
trong loai Kim ngén 14 to, tuy nhién, do cdy c6 hoa vang to
va thom nén loai nay dugc nguoi dan ban gidng trong lam
cay canh.

Thuec té trén cho thy, nghién ciru sinh théi ctia loai Kim
ngan 14 to phan b ty nhién (noi c6 quan thé phat trién t6t
nhat) tai ddy Hoang Lién Son chinh 14 co sé quan trong va
can thiét trong viéc nghién ctru bao ton ngudn gen quy hiém

“Tac gia lién hé: Email: nh.manhiebr@gmail.com
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Hoang Lién Son ¢ nudc ta.

Trong cac diém ghi nhan quan thé Kim ngan 14 to ngoai
ty nhién ¢ Lai Chau, Lao Cai, Ha Giang va can cu vao $6
lugng ca thé, su ra hoa cta ching thi tai Sapa, Lao Cai la
khu vuc c6 didu kién sinh thai cho loai nay phat trién t6t
nhit. Do vay, chiing t6i tién hanh nghién ctru dic diém sinh
thai noi loai Kim ngan 14 to phan bd ty nhién tai Sapa, Lao
Cai.

2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

Dbi tuong va dia diém nghién ctru 1a loai Kim ngan 14 to
phan bo tai Sa Pa, Lao Cai (hinh 1 va 2).
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Abstract:

Lonicera hildebrandiana, a precious genetic resource,
belongs to the critically endangered in the Vietnam Red
Data Book 2007. It is one of the significant herbal baths
of the Red Dao ethnic minority group living in the Sa Pa
district, Lao Cai province - where the region’s typical
medicinal leaf bath tourism is developed, bringing high
income and social benefits to local people. However, this
is also the cause of the serious decline in the number
of individuals and populations, so it is necessary for
research and conservation. A number of biological,
ecological characteristics, and vegetation structures in
the distribution area of this species have been studied
and determined. In details, the ambient temperature
ranges from 4.9-25.5°C, humidity about 70-92%, rainfall
26-780 mm, sunshine hours 92-230 hours, soil pH value
3.94+0.02, total K 9411.93+261.25 mg/kg, easily digestible
K 88.99+13.76 mg/kg, Ca** 5.33+0.397 Cmol+/kg, Fe**
30310.61£1956.122 mg/kg, total P 2.07+£1.76%, easily
digestible P 0.03+0.003%, Mg** 1.90+0.11 Cmol+/kg, total
N 3.85+0.289%, easily digestible N 0.27+0.015%, easily
digestible NO, 0.3+0.034%, and total humus content
4.84+0.27%. L. hildebrandiana is found under the canopy
of subtropical broadleaf mixed vegetation from an altitude
of 1200-1600 m, with a slope of 12-16%, where the density
of plant species is about 1460 trees/ha, which includes
species with an importance value index >5% such as
Castanopsis sp., Lindera caudata, Lithocarpus fordianus,
Schefflera pauciffora,Schimawallichi,and Prunus arborea.
These are considered important data on biology, ecology
and specific distribution area of L. hildebrandiana, which
is the basis for researching, developing and proposing
solutions to conserve, exploit and promote this rare genetic
resource in Vietnam.

Keywords: ecological characteristics, Giant burmese
honeysuckle, Hoang Lien Son range.

Classification number: 1.6
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Hinh 1. Canh mang l4 va hoa loai Kim ngan la to (nguén:
Nguyén Hung Manh).

Hinh 2. Khu vwc nghién ctru loai Kim ngan la to.

2.2. Phwong phap nghién ciru

Phwong phap xac dinh cac yeu 16 méi trueong: Cac yéu
to moi truong nhu nhiét do, d6 am, lugng mua va 5O gio
nang trong nim tir nam 2015 dén 2019 cia khu vuc nghién
ctru dugc cung cép boi Tram khi tuong Sa Pa (& d6 cao
1000-1800 m). Ngoai ra, chung t6i dung may do cuong do
anh sang (lux), may do nhiét do khong khi va do am khong
khi cam tay dé xac dinh cac yéu tb méi truong tai khu vuc
phéan bd ty nhién ciia Kim ngéan 14 to (khu vuc ghi nhan phat
trién tt nhat).

Phuong phap thu thdp va phdn tich dac tinh cua tho
nhwdng: Thuc hién thu thap ngau nhién khoang 30 méu dat
& khu vyuc quan thé Kim ngan 14 to phan bd ¢ Vudn qudc gia
Hoang Lién thugc ddy Hoang Lién Son, thi xa Sa Pa, tinh
Lao Cai. Mau phén tich dugc 1y theo phuong phap 6 tiéu
chuan véi kich thude 20x20 m. Trong d6, mbi 6 tiéu chuan
thu thap 3 mau dat voi thé tich 1.000 cm*/méu dugc lay tir
bé mat dat rimg xudng do sau 30 cm (tang A) bang dung cu
chuyen dung cua Ptc. Cac mau trong mdi 6 1ay mau duge
tron déu véi nhau, dung trong tai ni 10ng, sau do chuyén dén
phong thi nghiém dé sang (2 mm) va siy kho (50°C) trude
khi phan tich. Cac phuong phap phan tich cac chi tiéu cua
mau dét duoc tong hop ¢ bang 1.
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Bang 1. Cac phwong phap phan tich dic tinh cua thé nhwéng.

STT Chi tiéu Phuong phap DPon vi tinh
1 K tong TCVN 8660:2011 mg/kg

2 K d@ tiéu TCVN 8662:2011 mg/kg

3 P tong s6 TCVN 8940:2011 % P,0,

4 P dé tiéu TCVN 5256:2009 % P,0,

5 N d@ tiéu TCVN 5255:2009 mg/100 g
6 N téng TCVN 6498:1999 %

7 NO, détitu  TCVN 10682:2015 mg/g

8 pH (KCI) TCVN 5979:2007 s

9 Fe trao dbi TCVN 8246:2009 mg/kg

10  Mgtraoddi TCVN 6646:2000 ISO 11260:1994  Cmol+/kg
11 Catraoddi  TCVN 6646:2000 ISO 11260: 1994  Cmol+/kg
12 %mun TCVN 8941:2011 %

Phurong phdp phdn tich cdu triic va thanh phan tham thie vt:
Do dia hinh bj chia cét va do doc tuong dbi 16n nén kich thude 6
tiéu chuan dugc sir dung 1a 20x20 m, $0 luong 6 tiéu chuén duoc
xéc dinh 1a 30 6. Tham thuc vat duoc xac dinh vé& do phong pht
cua loai, mét d¢ va tinh da dang cta tat ca cac O theo cac phuong
phap tiéu chuan [2, 3], trong d6 mitc do phong phu cua loai la s0
loai trén mot s ca thé cu thé, d6 1a loai da dang lién quan [4]. Dién
tich goc cdy duoc tinh bang cach sir dung chu vi ngang nguc véi
cong thirc nir?, trong do r la ban kinh duge xac dinh ¢ vi tri chiéu
cao 1,3 m. Dién tich gbc cdy cua mdt loai dugc tinh bing cach
nhan mat do voi dién tich goc cdy trung binh, tir d6 tinh dugce tong
dién tich gbc cy cua tit ca céc loai hién c6 trong 6 tiéu chuén. Su
uu thé tuong d6i cia mot loai dugc xdc dinh thong qua dién tich
gdc cay. Tong cdc gid tri tin suét, o phong phu va gia tri uu thé
twong dbi 1a chi s tim quan trong (IVI) [3, 5].

2.3. Phwong phap xir ly 5o liéu

Két qua nghién ctru duoc trinh bay dudi dang trung binh + do
léch chuan (SD). Phan tich thong ké dugc thyc hién bang phan
mém Microsoft Excel 2016 va SPSS 22. Gia tri trung binh dugc
tinh theo cac cong thire sau:

trong d6 @ la trung binh cong; a,
dinh tuong ung lan thir 1, 2,..

Ay 8, la cac gia tri xac
,1; n la s6 cac sb hang.

= Nhiét d6 thap nhat Nhiét d6 cao nhiat —@—Ds am
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3. Két qua va ban luan
3.1. Dic diém thoi tiét, khi hiu ciia khu veee nghién cieu

Su bién dbi ctia cac yéu t6 moi truong nhu nhiét do, do 4m,
luong mura va s6 gio nang cua khu vue nghién ctu tir thang 1 dén
12 cua 5 ndm (2015-2019) tai Tram khi tugng Sa Pa dugc mo ta
& hinh 3. Nhin chung, cac yéu t6 moi truong khac nhau bién doi
khéc nhau trong qua trinh nghién ctru. Nhi¢t do moi truong co xu
hudng gia tang tir 4,9°C (thang 1) dat gia tri cao nhat 25,5°C (thang
5), sau d6 giam dan xubng 5,1°C vao thang 12. Sy chénh Iéch nhiét
6 giita ngay va dém tir thang 1 dén thang 6 va 12 dao dong trong
khoang 7,8-11°C, trong khi do, khoang cach giita nhiét d thap
nhat va cao nhat cta thang 7-11 1a 5,2-6,4°C. Do am khong khi ¢
khu vuc nghién ctru twong déi cao, bién dong trong khoang 70-
92%, day la diéu kién thich hop cho sy phat trién cua cac loai thuc
vét, ddc biét 1a nhitng loai cdy sinh song du6i tan rimg. Dang cha
¥, lwong mua c6 xu hudng gia ting tir 36,7 mm (thang 2) dén 778,5
mm (thang 8), sau do lai giam dan xudng 26,8 mm (thang 11);
riéng thang 1 va 12 ¢6 lugng mua lan luot 1a 251,2 va 50,6 mm.
Doi voi s gio nang trong ndm, c¢6 sy khac nhau vé tong sb gio
ning giira cac thang trong thoi gian nghién ctru. S6 gio ning nhicu
nhit tap trung 6 thang 4 (230 gio), tiép dén 1a thang 2 (204 gio), 8
(176 gid) va 12 (174 gid). Thang 3 va 9 ¢6 sb gid ning tuong dong
nhau, trong tmg 13 162,3 va 166,4 gio; cac thang con lai ¢6 s6 gio
ning dao dong trong khoang 92-125 giv. Vuon quic gia Hoang
Lién dugc coi 1a khu vyc c¢6 khi hau dac trung theo mua, trong do
“can nhiét do1 vao mua hé” va
J. Bennie va cs (2006) [7], céc diéu kién moi truong dong vai tro
quan trong trong sy phan b va da dang ciia thyc vat. Cac nghién

“on doi vao mua dong” [6]. Theo

ctru khéc da chi ra rang, sy thay ddi cua céc yéu té moi truong anh
huong dén sy thay doi ciia thanh phan quan xa thuc vat [8-11].
bay la nhiing thong tin quan trong cho nghién ctru xay dung cic
ving sinh théi tiém ning (nhimg ving c6 khi hau tvong dong) va
két hop v6i nhimg thong tin sinh thai khac dé xdy dung ké hoach
phat trién loai Kim ngan 1 to tai ddy Hoang Lién Son thudc thi xa
Sa Pa, tinh Lao Cai.
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Hinh 3. Pic diém nhiét o, A6 4m, lwong muwa va sé gi® nang ctia khu vwre nghién ciru.
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3.2. Dac diém tho nhwdng cia khu vuwe nghién ciru

Bang 2 biéu thi két qua phén tich cac dac diém va dac tinh ciia
cac mau dét thu thap tai khu vyc phan b6 tu nhién cua loai Kim
ngan la to c6 d9 cao 1200-1600 m tai ddy Hoang Lién Son thudc
dia phan thi x Sa Pa, tinh Lao Cai. Két qua nghién ctru va phan
tich trén phan mém thng ké SPSS 22 cho thay, voi do tin cdy
95% (p<0 05) cac gia tri ham luorng co khoang tin cay nhu sau:
P tong sb va dé tidu, N tong sd va dé tiéu, tong cacbon hitu co o
gid tri lan lugt 1a: 2,07+1,76 va 0,03+0,003%; 3,85+0,289% va
0,27+0,015 mg/100 g va 4,84+0,273%. Thanh phan K tong s6 va
dé tiéu trong mau dat duoc xéac dinh ¢6 gia tri 1a 9411,93£261,25
va 88,99+13,76 (mg/kg), gia tri pH tinh theo KCI ctia mau dat
nghién ctru la 3,94+0,023. Fe**dugc xem la cation trao d6i c6 ham
luong cao nhat duge phat hién trong mau dt thu thap tai khu vuc
nghién cuu véi gia tri 1a 30310,61£1956,122 (mg/kg). Trong khi
d6, ham lugng ctia Mg* va Ca* duoc xac dinh voi cac gia tri co
khoang tin cdy twong ung la 1,90+0,122 va 5,330,397 (Cmol+/
kg). Theo A. Myklestad (2004) [12], c4c dic tinh héa hoc va vat
1 cua dat anh huéng dén ca sy phong phu ciia loai va do dong déu
cua thyc vat. L. Talz va cs (2010) [13], D.C. Laughlin va cs (2007)
[14] cho biét, sw sin co cta cac chat d1nh du(mg trong dat dbi voi
thue vat duoc Xac dinh boi do pH cua dat, diéu nay anh huong
dén thanh phan quan x4 thyc vat va su r phong phu cua loai. Nhiing
thay doi vé da dang loai va su phat trién cta loai bi anh hudng bai
ham luong dinh dudng trong dat va do pH cta dat. Ngoai ra, thanh
phan dinh dudng trong dét c6 thé anh hu’(”mg dén céu trac cua cac
quéan xa thyc vat [15] va do phi nhiéu cua dat ¢6 lién quan tich cuc
dén sy phong phii ctia cac loai thuc vat [16]. Qua day co thé khing
dinh, loai Kim ngan 14 to c6 sy khac biét voi mot so loai thuc vat
khac la sinh truong, phat trién tot trong diéu kién ham lugng dam,
lan do pH (KCI) rat thap gan nhu g01 14 dat chua. Loai nay c6 bd
ré chim phat trién cha yéu ¢ tang dat mat (tang A) nén sy phat
trién cia n6 phu thudc vao d1nh dudng dét cua tang Alachu yeu
do véy trong qué trinh thu mau chiing toi chi tip trung vao tang
dAt mat 1a chinh.

Bang 2. Ham lwong cac thanh phan thé nhwéng ting A cla
khu vwe nghién cieu.

TT Chi tiéu Pon vi tinh Khoang tin cay (p<0,05)
1 K téng s6 mg/kg 9411,93+261,25

2 K dé tiéu mg/kg 88,99+13,76

3 P tong s6 % P,0, 2,07£1,76

4 P dé tieu % PO, 0,03+0,003

5 N téng s6 % 3,8540,289

6 N dé tiéu mg/100 g 0,27+0,015

7 NO, dé tiéu Mg/g 0,300,034

8 pH (KCI) - 3,940,023

9 Fe trao dbi mg/kg 30310,61+1956,122
10 Mg trao ddi Cmol+/kg 1,90+0,122

11 Ca trao dbi Cmol+/kg 5,33+0,397

12 % min % 4,84+0,273
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3.3. Dic diém ciu tric tham va hé thuc vit (ting wu
thé sinh thai)

Téang vu thé sinh thai c6 vai trd quan trong, quyét dinh sy sinh
trudng va phat trién cua cac loai thuc vat dudi tan [9, 17]. Kim
ngén 14 to 1a mot trong nhing loai thyc vat song dudi tan tang wu
thé sinh thai (ting c6 chiéu cao vat ngon >5 m) [9]. Tuy nhién, n6
14 loai thich nghi véi 4nh sang tan xa. Tang wu thé sinh thai co anh
huong dén cac loai vu bong hay wa sang thé hién & do tan che cua
tan hay IVI ciia céc loai tham gia vao cdu trac ting wu thé. Do do,
viéc diéu tra va danh gia tang wu thé sinh thai noi ghi nhan su ¢6
mit ngoai tw nhién ctia loai Kim ngan 14 to dang phat trién tot la
rat can thiét. Boi 18 ddy 1a thoi diém ma céc yéu t6 sinh thai, dic
biét 1a anh sang rit phit hop cho sy quang hop va tong hop cac chat
dinh dudng cta loai nay. Do vdy, diéu tra ghi nhan dic trung ciia
cdu tric tang wu thé sinh thai cua tham thuc vat noi ddy 1a rit co
¥ nghia thyc tién trong viéc bao ton (chuyén vi) va phat trién loai
Kim ngén 14 to trong twong lai. Két qua nghién ciru cho théy, tai
day Hoang L1en Son noi ghi nhan sy c6 mét cua loai Kim ngén la
to c6 mot sd dic diém ting wu thé sinh thai nhu sau:

Bang 3. Dac trwng ting wu thé sinh thai tai khu vwc phan bé
cua loai Kim ngan Ia to.

TT Tén loai RD RBA RF IVI (%)
1 Dé san (Castanopsis sp.) 27,78 1797 6,06 1727
2 0 dude dudi (Lindera caudata) 1440 13,32 9,09 12,27
3 D¢ la nho (Lithocarpus fordianus) 8,00 10,12 12,12 10,08
4 Chan chim (Schefflera pauciffora) 224 520 9,09 551
5 Vi thude (Schima wallichi) 759 584 303 549
6 Xoan dao (Prunus arborea) 6,89 651 3,03 548
7 O dude doi (Lindera nacusua) 7,05 455 3,03 488
8 Khao xanh (Cinnadenia paniculata L.) 372 288 3,03 321
9 Goi (Aglaia sp.) 35 278 303 311
10 Su long liti (Cinamomum tenuipilis) 2,61 335 3,03 3,00
11 Thich la don (4cer brevipes) 321 2,63 3,03 296
12 Khéo vang (Machilus platycarpa) 130 2,69 3,03 234
13 Mat xa lin (Meliosma lepidota) 1,98 201 303 234
14 Si (Lithocarpus sp.) 182 193 303 226
15 Xam canh (Celastrus orbiculata) 095 252 303 216
16 Nhoc tréi khop 14 mac (Enicosanthellum peteloti) 0,66 237 303 2,02
17" Khdo (Machilus ordoratissima) 055 231 303 19
18 Chéip mam (Beilschmiedia robusta) LI3 1,58 303 191
19 Dung (Symplocos sp.) L12 158 303 191
20 Chan (Microdesmis casearifolia) 0,77 140 3,03 1,73
21 De suon tho (Castanopsis pachyrrachis) 0,71 1,38 303 1,71
22 Tram tia (Syzygium zeylanicum L.) 0,70 1,37 3,03 1,70
23 Nong ) (Saurauia tristyla DC.) 0,50 1,27 3,03 1,60
24 Com xanh (Elaeocarpus nitidus) 045 125 303 158
25 Cheé sim (Eurya sp.) 035 L19 303 152

RD la mat do twong déi; RBA Ia tiét dién ngang twong déi tai vi tri duwong
kinh ngang nguc clia than cay; RF 1a tn suét xuét hién twong déi.
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Nhin chung, Kim ngan 14 to chi yéu moc dudi tan tham thuc
vat rimg thir sinh sau canh tac nuong rdy va khai théc kiét hon giao
cay la rong & nhiét doi ¢ do cao 1200-1600 m (ring chua khép tan,
¢6 nhiéu anh sang tan xa), voi do dbec 12-16%, thuong ¢ nhiing
khu vire vach da, leo trim 1én cac cdy bui hodc cdy gd nho trong
rung ty nhién; téng wu thé sinh thai c6 mot sb dic trung chinh nhu:
mat do cac loai cdy gb khoang 1460 cay/ha; chiéu cao vat ngon
trung binh khoang 9,24+3,72 m, chiéu cao dudi canh trung binh
5,86+2,85 m, duong kinh ngang nguc trung binh 14,55+10,31 cm,
d¢ tan che trung binh 33,52+0,833%, gém mot $0 loai chinh sau:
Dé san (Castanopsis sp.), O duéc dudi (Lindera caudata.), Dé 1a
nho (Lithocarpus fordianus), Chan chim (Schefflera pauciffora.),
Vi thube (Schima wallichi), Xoan dao (Prunus arborea), O
dudc doi (Lindera nacusua), Khao xanh (Cinnadenia paniculata
L.), Goi (4glaia sp.), Su long liti (Cinamomum tenuipilis), Thich
1a don (Acer brevipes), Khao vang (Machilus bonii L.), Mat
xa lun (Meliosma lepidota), Soi (Lithocarpus sp.), Com xanh
(Elaeocarpus nitidus), Xam céanh (Celastrus orbiculata), ngoai
ra con mot sO loai thudc ho Dung (Symplocaceae), hoa hong
(Rosaceae)... Vai trd ciia mdi loai thé hién qua chi sb IVI (%),
nhiing loai c6 gia tri [IVI>5% s& tham gia vao cong thirc to thanh,
cu thé nhu sau: Dé san (17,27%) + O dudc dudi (12,27%) + Dé la
nho (10,08%) + Chan chim (5,51%) + Véi thude (5,49%) + Xoan
dao (5,48%) céc loai khac (43,92%) (bang 3).

4. Két luan

Kim ngén 14 to la loai thuc vat phan b6 ¢ khu vue ¢6 diéu kién
nhiét d0 moi truong dao dong 4,9-25,5°C, d 4m khoang 70-92%,
luong mura 26-780 mm va s6 gid ndng 92-230 gio. Tho nhudng cua
khu vire phan b6 ¢6 do pH 1a 3,940,023, K tong va dé tiéu lan luot
13 9411,93+261,25 va 88,99+13,76 (mg/kg), N tong s6 va d& tiéu
1a 3,85+0,289 % va 0,27+0,015 mg/100 g, NO, dé tiéu 0,300,034
mg/g, P tong sb va dé tidu 1a 2,07+1,76% va 0,03+0,003%, Mg?*
va Ca*" dugc xac dinh voi cac gia tri co khoang tin cdy tuong Gmg
la 1,90+0,122 (Cmol+/kg) va 5,33+0,397 (Cmol+/kg), ham lugng
Fe**1a30310,61£1956,122 (mg/kg), cac bon hitu co 4,84+0,273%.

Kim ngén I to 1a loai thuc vat uu nh sang tan xa, thuong moc
& céc vach da, leo trum 1én céc cdy bui hodc cdy gd nho (c6 chiéu
cao vat ngon <3 m) dudi tan tang vu thé sinh thai cta tham thuc
vit rimg tht sinh phuc hdi sau canh tac nwong riy hodc khai thac
kiét (rimg chura khép tén - noi ¢6 nhidu 4nh sang tin xa) hon giao
cdy la rong a nhiét doi ¢ do cao 1200-1600 m, voi do dbe 12-16%;
do tan che trung binh khoang 33,52+0,833%; ting wu thé sinh thai
cd mat do cac loai wu thé sinh thai khoang 1460 cay/ha; chiéu cao
viit ngon trung binh khoang 9,24+3,72 m; chiéu cao dudi canh
(trung binh khoang 5,86+2,85 m; duong kinh ngang ngyc trung
binh 14,55£10,31 cm; céc loai c6 gia tri IVI>5% bao gf”)m: Dé san
(17,27%), O dude dudi (12,27%), Dé 14 nho (10,08%), Chan chim
(5,51%), Véi thube (5,49%) va Xoan dao (5,48%).
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Nghién ctu nay duge hd tro thue hién bai nhiém vu khoa hoc
va cong nghé cip Vién Han 1dm Khoa hoc va Cong nghé Viét Nam
(mé s6 UQSNMTO03.20-22). Céc tic gid xin chan thanh cam on.
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Ché tao khau trang phéan huy sinh hoc tir s¢i 1a chudi
bang phwong phap ép nhiét
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Tém tit:

Khéu trang y té tir cac soi khong dét polypropylene dugc str dung pho bién dé ngan s lay lan cia virus corona va
cac ching virus khac. Tuy nhlen, rac thai tir khau trang lai gay ra van dé 6 nhiém vi nhya, tac dong tiéu cuc dén
moi treong va con nguoi. bé giam lwgng khau trang y té sir dung, khau trang phan huy sinh hoc tir 1a chudi khé la
mot gidi phap tiém nang vi sgi la chudi ¢6 ham lugng cellulose cao va la nguon nguyen liéu ddi dao & DPong Nam A.
Nghién ciru nay dung phwong phap ép nhiét dé ché tao cac mang cellulose tir 1a chudi da xir ly héa hoc véi NaOH
va H,0, (hydro per0x1de) Mang cellulose nay dugc thiét ké thanh san pham Khau trang dé sir dung. Tinh chit ciia
mang s¢i la chuoi bao gom co tinh, kha niang hap thu nwéc, kha ning phan hiy sinh hoc, d§ pH dwoc phan tich va
danh gia. Két qua cho thiy, do bén kéo va modul kéo ciia mang cellulose dat 2,55 va 119,18 MPa; d hap thu nuéc
dat 14,62% va bé mit mang c6 tinh ky nuéc thé hién qua két qua goc tiép xic dat 92,5°. Mang sgi la chubi c6 kha
ning phén hity sinh hoc, khdi lwgng mau giam 93,86% sau 9 tuin thir nghiém va phan hiy hoan toan sau 13 tuin.

Khéu trang s¢i 14 chudi c6 pH 6,96 nim trong khoing pH an toan dé sir dung cho con nguoi.

Tir khéa: khéu trang phan hiy sinh hoc, 14 chudi, mang cellulose, xir Iy hoa hoc.

Chi s6 phén loai: 2.4
1. Dat van deé

Ké tir khi dai dich COVID-19 dién ra nim 2019, khong
chi stic khde con nguoi bi anh hudng ma con gay tac dong
tiéu cuc anh hudng 16n dén phat trién kinh té toan cau [1,
2]. Pé kiém soat sy lay lan cta dich bénh, Kkhéu trang dugc
st dung nhu mot cong cu bao vé ca nhan hiéu qua. Hién nay
¢4 nhiéu loai khau trang duoc st dung rong rai nhu khéu
trang phau thuat, khau trang y té hay con goi la khau trang
sir dung mot 1an, khau trang vai... Trong dé, khau trang st
dung mot 1an duogc lam tir polypropylene 1a ph6 bién nhat
[3]. Udc tinh ¢6 khoang 129 ty khéu trang dugc su dung trén
toan cau mdi thang (3 triéu chiéc/phut) [4]. Rac thai tir khau
trang thudng dwoc xir Iy bang cac phuong phap ddt hoic
chon lép, tuy nhién, lya chon nay khong hiéu qua voi )
lwong 16n khau trang duge st dung va con thai khi CO,lam
0 nhiém moi truong [2, 5]. Khi chén 1ap, khau trang sir dung
mot 1an duge lam tir cac soi vai khong dét polypropylene
phan ra va phan hay thanh cac hat vi nhya, chiung dé dang
xam nhap vao moi truong dat, nudc gay anh huong nghiém
trong dén méi truong, hé sinh thai va con nguoi [6, 7]. Vi
thé, giai phap thay thé bén viing duoc dua ra la khau trang
phan huy sinh hoc tir cac loai soi ty nhién, nham gitp giam
thiéu rac thai nhya tir khau trang su dung mot lan tac dong
dén mai truong va sirc khoe con ngudi [8].

“Tac gia lién h¢: Email: linhnvw@hcmute.edu.vn
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Mot s nghién ctru cho rang, c6 thé sir dung khau trang
phan huy sinh hoc dugc ché tao tir vat liéu co nguon goc
thién nhién nhu sgi bong, soi gai dau, soi than chudi dé thay
thé cho cac loai khau trang dung mot lan tir nhwa [9-12]. Uu
diém ctia cac san pham khau trang nay 1a trong luong nhe,
khong doc hai, hiéu qua loc tot va co kha ning phan huy
sinh hoc cao, nho vay gitip giam 6 nhiém do rac thai nhya
tu khéu trang dung mot lan [9-11]. Béng thoi, qua trinh phat
trién khau trang phan huy sinh hoc sé thiic dy viéc sir dung
cac ngudn tai nguyen thién nhién. Trong do, cay chudi 1a
mdt trong cdc ngudn nguyén liéu d01 dao ¢ Viét Nam vdi
dién tich tréng 16n. L4 chudi kho c6 tiém ning rat 1on dé ché
tao cac mang soi cellulose do ham lugng cellulose trong 14
chudi cao [13], tuy nhién lai chua dugc st dung hiéu qua
ma chi duoc xem nhu phu phim néng nghiép. Tinh dén nay,
khiu trang phan huy sinh hoc tir soi 14 chudi van 1a mot
huéng nghién ctru mdi va chua dugc khai théc.

Vi vay, trong nghién ctru nay, 14 chudi kho duoc xtr ly
héa hoc véi dung dich NaOH va H,O, dé thu duoc cac soi
cellulose, sau d6 su dung phuong phap ép nhiét dé ché tao
mang soi 14 chudi. Khao sat anh huong nhiét do gia cong
dén tinh chét cua mang sgi. Tinh chét co 1y, phan tich nhiét,
kha nang hut am va khang nudc, kha niang phan huy sinh
hoc va d6 pH cua mang soi 14 chudi ciing duoc nghién ctru
danh gia. San phim khéu trang tir mang soi 14 chudi nay rat
than thién v&i moi truong vi st dung hoan toan nguyén liéu
thién nhién va c6 kha nang phan huy sinh hoc.
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Abstract:

Medical face masks based on polypropylene non-woven fi-
bres have been commonly used to prevent coronavirus and
other types of viruses. However, the waste from medical
masks causes pollution problems and negatively impacts
the environment and human health. Biodegradable masks
based on banana leaves are a potential solution for reduc-
ing the amount of disposal of medical face masks because of
their high cellulose content and abundant source in South-
east Asia. This research used the thermal compression
method to fabricate the cellulose film after banana leaves
were treated with NaOH and H,0O,. These cellulose films
were designed into the biodegradable mask product for
use. The properties of the banana-fibre film, such as me-
chanical property, water absorption, biodegradability, and
pH, were analysed and evaluated. The results showed that
the cellulose film obtained a tensile strength and modulus of
2.55 and 119.18 MPa, respectively; a water absorption rate
of 14.62% and the surface of cellulose film was hydropho-
bic as shown by the contact angle of 92.5°. The banana-fi-
bre film was biodegradable; the film’s mass decreased by
93.86% after 9 weeks and completely decomposed after 13
weeks. The banana-fibre mask achieved a pH of 6.96, which
was in the pH range that is safe and suitable for humans.

Keywords: banana leaves, biodegradable mask, cellulose
film, chemical treatment.

Classification number: 2.4

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Nguyén liéu

Hang Xilong, Trung Qudc cung cip NaOH, H,0, 30%.
Lé chudi tuoi dugc thu gom tu tinh Bén Tre, sau do tién
hanh rira sach va phoi khé, thu duoc 14 chubi thé (kho).

2.2. Phwong phap nghién curu

X Iy ld chudi khé bang phwong phéap héa hoc: Trudce
khi xur Iy véi dung dich NaOH 1% & 100°C trong 100 phut
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thi 14 chudi kho duoc ria sach véi nude 100°C dé loai bo
céc tap chat 1a cac thanh phan tan dugc trong nudc nhu sap
va pectin trong 1a chudi. Tiép theo, 14 chudi dugc dem di gia
dé cac soi 1a chudi tach ra va tiép tuc dugc cho vao dung
dich H,0, 10% trong 45 phut, ¢ nhiét d¢ 80°C nham loai bo
mot phan lignin va toan bo hemicellulose trong soi 1a chudi.
Cudi cung, soi la chudi duge rira lai nhiéu 1an véi nuée sach
dén pH 7, truéc khi tién hanh giai doan ép nhiét.

Ché tao mang soi tir I chuéi bang phiong phdp ép
nhiét: Pau tién, 16 g soi 14 chudi sau khi xir 1y hoa hoc
dugc rai déu trong khudn ép nhu hinh 1. Sau dé, cho khuén
ép (gdm mam dudi ¢6 soi 14 chudi va mam trén) vao may
ép nhi¢t Baopin precision instruments Co. Ltd (Trung
Qudc). Tién hanh ép tao mang soi & 100-130°C trong 2 phut
(bang 1). Sau d6, lay khuén ra khoi may ép va lam ngudi
khuén dén 30°C. Mang soi 1a chudi thu duogc nhu & hinh 1
sau khi duogc 13y ra khoi khuén ép.

Dwa miu

Pat khuén
* | vao khuén

vio miy ép

Soi chudi sau khi

S Mang sgi la chudi
xir Iy hoa hoc

My ép nhiét

Hinh 1. Quy trinh ché tao mang sei la chubi.

Bang 1. Cac mau mang soi la chubi ché tao bing phwong
phap ép nhiét.

Ky hiéu miu Nhiét d ép (°C) Théi gian ép (phtit)
M100 100 2
M110 110 2
M120 120 2
M130 130 2

Phdn tich hinh thdi bé mdt: Kinh hién vi dién tr quét
(Scanning electron microscopy - miniSEM, TM400 plus,
Nhat Ban) dugc sir dung dé quan sat hinh thai bé mat cac
mau dang soi nhu: soi chua xir 1y v6i hoa chét, xir 1y voi
NaOH va H,0,. Hinh anh SEM s€ dugc xtr ly va tinh toan
duong kinh s01 dua trén phan mém ImageJ va Minitab.

Phdn tich thanh phan héa hoc: Thanh phan hoa hoc cia
soi 14 chudi thd sau khi xir Iy dugc phan tich trén thiét bi
quang ph6 hong ngoai bién d6i Fourier (FTIR) NICOLET
6700 cua Hang Thermo Fisher (My). Phd FTIR cua cac
mau duoc ghi lai & ché d6 truyén qua trong ving sd song
400-4000 cm™.

Phdn tich nhiét: Mau soi duogc séy kho trude khi tién
hanh phan tich nhiét trén thiét bi Labsys evo TG-DSC
1600°C Setaram (Phap). Phép do duoc thuc hién trong moi
truong khi nito, miu duoc gia nhiét tir nhiét d6 phong dén
800°C v6i toc do gia nhiét 1a 10°C/phut.

Phan tich tinh chat co ly: D bén kéo, bién dang khi dut
va md dun dan hoi cho timg vat liéu duoc do trén thiét bi
do kéo MTC-500 PTA Group (Phap) theo tiéu chuin ASTM
D882-02 [4, 14]. Tbc d6 kéo 12,5 mm/phiit.
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Mau kéo dugce gia cong tao hinh véi kich thude theo tiéu
chuan ASTM D882-02 duoc thé hién ¢ hinh 2. Trong do:
Lo la chiéu dai mau (Lo>100 mm); WO la chiéu rong mau
(WO 20-15 mm); G 1a d6 dai khoang do (G=50 mm); D 1a
khoang cach hai ngam kep (D=80 mm); T la bé day miu
(T<Imm).

| 1
[ — ;

Hinh 2. Hinh anh minh hoa cia mau mang sei la chuéi theo
tiéu chudn ASTM D882-02.

Pdnh gid khd nang hap thy nieée: Mau mang soi 1a chubi
¢6 kich thude 20x20 mm duge sdy kho trong ti sy & 100°C
trong 24 gio, sau d6 cAn mau dé xac dinh khéi luong ban
dau. Ngam mau trong 10 ml nudc cit dé & nhiét do phong.
Sau 24 gid lay mau ra va tién hanh lau nhe bé mit dé loai
bo phén nudce dinh trén bé mat. Cubi cuing, mau duogc can
trén can 4 s6 1& voi do chinh xac 0,1 mg. Ba miu dbi chung
dugc thyc hién mot cach doc 1ap dé xac dinh do hép thu
nuée. Phuong phap nay duge xdy dung dua trén tiéu chuin
ASTM D570-98 [15].

D6 hap thu nude (X) duge xac dinh theo cong thirc sau:

m

X:%m"x 100% (1)

trong dom 1a khéi lugng mau ban dau (g); m la khdi lugng
mau sau khi ngam trong nudc (g).

Phdn tich goc tiép xiic: Tinh ky nudc cia mang soi la
chudi dwoc danh gia thong qua gia tri goc tiép xuc cua giot
nudc trén bé mat mang. Thiét bi dugc st dung 1a may do
goc tiép xtic Phoenix 300Touch, SEO (Han Qudc).

Pdanh gia kha nang phan hiy sinh hoc: Mau mang soi
14 chudi co kich thudc 30x30 mm dugc can trén thiét bi
can 4 s6 1é co do chinh xac 0,1 mg dé xac dinh khéi luong
mau ban ddu. Chon mau vio trong mdi chdu chira 200 g dat
(loai dét sach giau dinh dudng Tribat, thanh phan dat gdm
mun dira, tro trau, phan compost) dé & nhiét do phong. Sau
khoang thoi gian 1, 3, 5, 7 va 9 tuan lay mau ra khoi moi
truong d4t va dem di cAn mau véi do chinh xac dén 0,1 mg.
MBJi gia tri thuc nghiém dugc thuc hién v6i 3 mau mang soi
doc lap.

Do phan hay sinh hoc (D) duge xac dinh theo cong thic
sau:

DMo

L % 100% 2

trong d6 M, la khdi lugng mau ban dau (g); M 1a khdi
lugng mau sau khi chon trong dat (g).
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Pdnh gid pH ciia mau mang soi ld chuéi: DO pH coa
mang soi 14 chudi dugc do ¢ nhiét do phong bang may
Mettler Toledo S220K theo tiéu chuan ISO 3071:2020. Cat
mau c6 kich thude khoang 5x5 mm, khéi lwong 2+0,05 g.
Tiép dén cho mdi miu thir vao binh trung tinh c6 chira 100
ml nudc cit rdi dem di lic co trong vong 2 gid +5 phut &
nhiét d6 phong, roi loc chiét dich. Thuc hién thi nghiém véi
3 méu doc lap dé thu 3 dich chiét khac nhau. Trudc khi tién
hanh do pH dich chiét, thiét bj do dugc hi¢u chuan bang
dung dich dém 4, 7, 10 va nhung dién cyc vao nudc cit cho
pH 6n dinh (pH 5-7,5). Nhing dién cuc lan luot vao cac
binh chira dung dich chiét rdi ghi nhan két qua pH [16]. Sai
s6 cuia gia tri pH 12 £0,2.

3. Két qua va ban luan

3.1. Danh gid hinh théi va tinh chit ciia méu soi ld
chuoi sau khi xir ly hoa hgc

La chudi thé c6 mau nau sam sau khi xt 1y v6i dung dich
NaOH va H,0, thu dugc cac soi cellulose mau vang nhat
(hinh 3A). Su thay d6i mau sic nay 1a do trong qua trinh xur

L4 chudi tho

La chudi thé

Seidaxkly 292 2 I R

Db truyén qua (%)

: 1040
i coc

T E T E T T —— —T
3500 3000 2500 2000 1500 1000
S6 song (cmY)

4000

Hinh 3. Anh chup (A), anh SEM (B), phé FTIR (C) cta la chubi
tho va seoi la chubi da dwoc xtr ly héa hoc.
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ly, mot phan lignin d bi loai khoi soi 14 chudi. Anh SEM
cho théy, 14 chudi tho ban dau la mot mang lién tuc, sau khi
xt 1y thi thu dugc cac sgi cellulose 101 rac, cé kich thudce
xap xi 11 um (hinh 3B). Piéu nay c6 thé duogc gii thich la
do cac thanh phan két dinh trong 14 chudi nhu sap, pectin
va hemicellulose da duoc loai bo sau qua trinh xtr 1y hoa
hoc. Nhén dinh nay s& dugc lam rd qua két qua phan tich
phé FTIR (hinh 3C). Cac dinh hap phu dic trung cho thanh
phan cellulose bao gdm nhém -OH va C-O & vi tri s6 song
lan lugt 14 3320 va 1040 cm van xuét hién & mau l& chudi
tho va mau soi sau khi xir y. Két qua nay ching minh qua
céc qua trinh xir 1y 14 chudi, cdu trac hoa hoc cua cellulose
van duoc giit nguyén. Tuy nhién, cac dinh dic trung cho
nhom C=0 cua hemicellulose tai vi tri 1732 va 1459 ¢m’!
da bién mat trong pho FTIR ciia mau soi [13, 17, 18]. Didu
nay chung t6 hemicellulose dugc loai bd trong qua trinh
xtr 1y hoa hoc. Hinh 3C ciing thé hién cac dinh dic trung
cho thanh phan lignin trong soi sau xtr Iy giam so véi trong
14 chubi tho, dién hinh nhu tai vi tri 1641 cm™ ddc trung
cho lién két C=C trong vong thom va vi tri 1167 cm™ dic
trung cho lién két C-O-C cua lignin [17, 18]. Nhu vay, sau
khi xu 1y v6i dung dich NaOH va Hzoz’ thanh phfm chinh
trong soi 1a chudi con lai 1a cellulose va mot phan lignin.
Lignin s& dong vai tro chat két dinh cac soi cellulose dé tao
thanh mang cellulose ma khong can bat ky mot hop chat hay
polymer nao khac.

L4 chudi thé
So1 da xu Iy

80

60

Khbi lrgng (%)

40

204

T T
450 600

Nhiét d§ (°C)

150 300 750
Hinh 4. Gian dé TGA cua la chudi thé va soi la chudi da dwoc
xt ly héa hoc.

Gian dd TGA (hinh 4) cho thay, tit ca cac mau déu giam
trong Iugng vira phai trong khoang nhiét d6 120-220°C, d6
1a sy giam khdi luong do bay hoi nhiét cua d6 4m trong
mau. Viéc giam khdi luong tiép theo ciia mau dugc bét dau
& khoang 280°C do sy phan hily ban dau cua celullose va
hemicelullose. Mau soi 14 chubi da xir Iy giam khéi luong
dang ké tir 290 dén 400°C, vi thanh phan chinh cua soi 1a
cellulose, hemicellulose va lignin bi phan hiy. Trong khi d6,
mau 14 chubi thd phan hiy nhiét chdm hon va khdi luong
mau giam it hon so véi mau soi da xtr Iy 14 do trong mau 1a
thod con chira nhiéu hemicellulose va lignin (hinh 4). O ving
nhiét d6 490-800°C, ¢ thé duoc xem la sy phéan huy hoan
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toan cua tt ca cac vat liéu dé chay va hinh thanh bui than
[18]. Do d0, c6 thé nhan dinh rang, soi 14 chudi bi phan hiy
O cac vung nhiét khac nhau tuy thudc vao su hién dién cta
cac thanh phan nhu cellulose, hemicellulose va lignin con
trong soi.

3.2. Khdo sdt anh huong cia qud trinh gia cong lén dj
hép thu nwéc va co tinh ciia mang soi ld chuéi

Soi 1a chudi sau qua trinh xtr 1y héa hoc véi NaOH va
H,0, dugc ép nhiét dé tao mang soi voi cac nhiét d6 gia
cong khac nhau. Trong do, do hap thu nudc cua san pham
mang soi 14 chudi phu thugc vao thanh phan lignin trong
mang, vi trong cau tric lignin chu yéu 1a vong thom cua
cac don vi phenylpropane, vi vy ma ching 1a thanh phan
khang nudc trong soi thién nhién. Trong khi d6, cellulose
1a mot polysaccharide ban tinh thé c6 mot lwong 16n nhom
hydroxyl trong cau triic nén 1a thanh phan wa nudc [19].
Nhu vy, mang soi 14 chudi dwoc két dinh boi nhidu lignin
thi 6 khang nudc cang ting hay do hap thu nudc cang giam.

I\i
\

16

14+

12

% hﬁp thu nwéc

10

T T T T
100 110 120 130

Nhiét d9 ép (°C)

Hinh 5. Do hép thu nwéc cia mang soi la chudi & cac nhiét do
gia cong khac nhau.

Nhiét do gia cong ép nhiét dé dinh hinh mang soi 1a
chudi anh hudng dén do hap thu nudc va co tinh ciia mang.
Nhiét do ép tang dan tir 100, 110, 120 dén 130°C thi do
hép thu nudc cua mang giam dan theo tht tu 16,19, 14,62,
13,04 va 10,57% (hinh 5), trong khi d6, d6 bén kéo cua
mang soi ting dan tir 2,39 (mau M100) 1én 3,34 MPa (miu
M130) va modul kéo tang tir 9,38 1én 290,96 MPa (hinh 6).
C6 thé thiy rang, khi nhiét do gia cong tang thi lignin trong
s0i chdy ra cang nhiéu va mang s& dugc két dinh cang tdt,
vi vy ma mang soi giam kha nang hip thu nudc va ting
do bén kéo cling nhu modul kéo. Tuy nhién, mau M120
va M130 ¢6 modul kéo tang cao (224,5 va 290 MPa), the
hién mang ctng, kha ning mém déo kém. Ngoai ra, miu
mang sgi M120 va M130 con bi hién tugng cong vénh.
Hién tugng nay duoc giai thich 1a do khi ép & nhiét d6 cao,
lignin con trong soi 1a chudi di chuyén ra khoi mang nhiéu
hon, 1am tang tinh két dinh va lién két mang. Mau mang soi
cellulose nay khong phu hop v6i tng dung lam khau trang
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do tinh mém déo cua mang kém, gay han ché cho thiét ké
6m sat mat, miii va gay khé chiu cho nguoi sir dung. Dbi
v6éi mau M100 thi nhiét d6 ép 100°C khong du dé 1am chay
phan lignin con trong soi ra ngoai va lam két dinh cac soi
v6i nhau, vi vy mang soi tao thanh hap thy nhiéu nudc va
c6 tinh chét kéo thap nht.

350

300

250

200

Modul kéo (MPa)

- 150

Dé bén kéo (MPa)
~N
;

- 100

50

110 120
Nhiét d9 ép (°C)

Hinh 6. Biéu d6 d6 bén kéo va modul kéo ctia mang sgi la
chuoi & cac nhiét dé gia cong khac nhau.

Diéu kién gia cong ép nhiét & 110°C trong 2 phit duoc
danh gia 1a nhiét d6 phu hop dé ché tao mang soi img dung
lam khau trang, vi lugng lignin chay tir qua trinh ép nhiét
vira dii dé tao két dinh cho mang (mang khong qua cing va
khéng bi cong vénh). Mau mang cellulose & diéu kién gia
cong nay dugc phan tich hinh thai va tinh chat dé danh gia
kha ning tmg dung lam khau trang phan hity sinh hoc.

3.3. Pdnh gid hinh thdi va tinh chét ciia mang soi ld
chudi ché tgo tir phwong phdp ép nhigt

Anh SEM cho thiy, mang soi celullose tir 1a chudi c6
bé mit bang phang, khong gb ghé, mang lién tuc va khong
bi xo do céc soi cellulose duge lién két voi nhau boi lignin
(hinh 7A). Sau khi x@ 1y héa hoc va dugc dem gia cong ép
nhiét, cac soi 14 chudi sap xép dan xen nhau mot cach ngiu
nhién va lugng lingin con lai trong soi sau khi xtr Iy hoa hoc
dong vai tro la chat két dinh, nho vay ma tao dugc mang
cellulose lién tuc, khong bi bong troc.

Hinh 7. Anh SEM (A) va géc tiép xuc (B) cia mang cellulose
tir soi 14 chubi.
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Hinh 7B thé hién goc tiép xuc ciia mang dat 92,5°C va c6
thé xem la bé mit mang c6 tinh ky nudc [20]. Khi ép nhiét
tao mang cellulose thi lugng lignin c6 trong soi chay ra vira
du dé lién két cac vi soi lai voi nhau lam mang c6 tinh lién
két cao. Bén canh do, lignin chay ra trong mang nay dong
vai trd 1a chit khang nudc nén mang soi 1a chudi c6 bé mat
ky nudc [19].

Khau trang phén huy sinh hoc duoc thiét ké tir 2 mang
s¢i 1a chuoi ghép lai ¢6 hinh dang nhu ¢ hinh 8.

@

10 cm
w9

17.cm

(B)

Ul iR
: E%V"'\iLﬂgJ

Miit trwéc

Miit sau

Hinh 8. Ban vé thiét ké khau trang (A) va san pham khau trang
phan hay sinh hoc tir s¢i la chubi (B).

Mang cellulose khau trang tir soi 14 chudi dugc tién hanh
danh gia kha nang phan huay sinh hoc trong méi trudng dét
thong qua gia tri d§ phan hay. Khi dat mitc d6 phan huy
100% thi mang soi phan hity hoan toan va cé thé dugc vi
sinh vat st dung dé sinh ra sinh khdi do dugc lam hoan toan
tor nguyén liu thuc vat.
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Thoi gian thir nghi¢ém phan hay

Hinh 9. D6 phan hiy ctia mang soi la chudi thir nghiém trong
moi trweong dét.

Hinh 9 cho thdy, mau mang soi 14 chudi giam khéi lwong
theo thoi gian thir nghiém phan huy trong dat. Sau mot tudn
khéi lugng mau giam 18,62%, sau 3 tudn giam 43,68%, 5
tudn giam 72,67% va sau 7 tuan giam 81,55%. Sau 9 tuan
hinh thai ban diu ciia mang hoan toan bién mat, thay vao
d6 1a cac mang nhd roi rac, khéi luong da giam téi 93,86%
so v&i khéi lugng miu ban ddu. Mang soi phan huy tot vi
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duoc ché tao hoan toan tir cellulose thién nhién, nhd vay cac
vi sinh vt trong dat tin cong d& dang va tiéu hoa ching dé
tao ra sinh khdi. Vi vy ma mang soi 14 chudi giam nhanh
khéi luong so v&i mau ban dau va sau 13 tuan thi bi phan hity
hoan toan. Két qua nghién ctru thé hién khau trang tir mang
soi 14 chudi c¢6 kha nang phan hay sinh hoc.

Ngoai ra, viéc deo khiu trang thudng xuyén trong nhiéu
gio s€ gay ra nhiing tdc dong ti€u cyc cho lan da cua nguoi
deo nhu dé bi ndi mun, kho da, san, ngta, di ung. Do do, can
xac dinh pH cua khéu trang tir 14 soi 1a chudi c6 phu hop va an
toan ddi v6i nguoi s dung. Két qua do pH theo tiéu chuan ISO
3071:2005 cua dich chiét tir khau trang soi 1a chudi dat gia tri
trung binh 13 6,96 [16]. Gia tri pH nay nam trong khoang pH an
toan cho cac san pham sir dung cho con nguoi [21].

4. Két luan

Soi cellulose tir 14 chubi kho da duoc xir 1y hoa hoc va ting
dung 1am mang soi cellulose v6i phuong phap ché tao don gian
la ép nhiét. Mang tao thanh c6 do bén kéo dat 2,55 MPa, modul
kéo 1a 119,18 MPa va co do hip thu nuéc khoang 14,62%. Bé
mit mang c6 tinh ky nudc thé hién qua két qua goc tiép xtc dat
92,5°. Khau trang tir mang soi la chudi co kha nang phéan hiy
sinh hoc thé hién cic mau mang soi giam 93,86% khdi luong
50 voi miu ban dau sau 9 tuin thir nghiém va tiéu bién sau hon
13 tudn. Khéu trang tir mang cellulose ¢6 pH 6,96 an toan dé
s dung trén nguoi. Nghién clru nay bude bude dau cho thay
tiém ning ing dung ciia mang soi 1a chudi dé ché tao khiu trang
phan huy sinh hoc. Tuy nhién, dé dwa vao thyc tién can tién
hanh thém céac danh gi nhu kich thugc 16 xép, hiéu suét loc va
tro Iyc ho hap cua khau trang.

LO1 CAM ON

Nghién cfru‘néy duoc tai tro boi Trug‘mg DPai hoc Su pham
Ky thuat TP H6 Chi Minh thong qua dé tai nghién ctru khoa
hoc ma s6 SV2022-86. Céc tac gid xin chan thanh cam on.
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Nghién ciru sir phan huy norfloxacin boi qua trinh oxy hoa tién tién
sir dung UV/TiO /H,0, trong thiét bi phan img logi ong
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Tom tit:

Norfloxacin (NFX) thm‘rng dwgc tim thiy trong nuée thai sinh hoat, nha may xir Iy nwére thai, nwéc thai bénh vién va nréc mit. Diéu nay
¢6 thé gay ra sw mit cin bang sinh thai. Hon nira, cac phwong phap xir ly sinh hgc thong thuong (ké ca cong nghé mang loc MBR) khong
kha thi dé loai b NFX. Trong nghién ciru nay, sy phan hity NFX béi qua trinh oxy héa tién tién (AOPs) sir dung céc tac nhan UV/TiO,
va H,0, trong thiét bi phan ing loai dng & quy md phong thi nghiém di dwgc thye hién. Céc phan ing phén hiy NFX c6 thé dwoe bleu
thi b01 mo hinh dong hoc Langmuir - Hinshelwood. Anh hwéng ciia cac yeu to: nong do TiO, va HZOZ, mit d9 chiéu xa UV va ché @9 thiy
dong (tirc chuén sb Reynolds - Re) dén hang s6 thc do phéan tng bleu kién (kapp) da dugc danh gid. Két qua cho thay, qua trinh AOPs sir
dung tac nhan két hop UV/TiO,/H,0, ¢ cac diéu kién phan tng: nong do TiO, va H,0, twong ing 12 0,2 g/l va 0,0492 mol/l; mét dj chiéu

xa UV 1a 225 W/m? va chuén sb Re la 6700 cho hang s6 tbe do phéan tng phan hiy NFX dat 0,052 phit.

Tir khéa: dong hoc, oxy héa tién tién, quang xuc tac, thiét bi phan tng loai 0 ong.

Chi sé phin logi: 2.4

Study of norfloxacin degradation by advanced oxidation process

using UV/TiO/H,0, in an annular reactor

Qui Tra Phan', Thanh Dong Nguyen?, Tuan Linh Pham?,
Thi Lan Huong Dang?, Viet Hoang Nguyen?, Thi Thu Trang Nguyen®*
[University of Technology and Education, The University of Danang,
54 Nguyen Luong Bang Street, Hoa Khanh Bac Ward, Lien Chieu District, Da Nang City, Vietmam
*Institute of Environmental Technology, Viemam Academy of Science and Technology,
18 Hoang Quoc Viet Street, Nghia Do Ward, Cau Giay District, Hanoi, Vietnam
Received 25 February 2022; revised 21 March 2022; accepted 25 March 2022
Abstract:

Norfloxacin (NFX) residual was frequently found in domestic wastewater,
sewage treatment plants, hospital wastewater, and surface water like
lakes and rivers. This threatens the ecological balance of the environment.
Moreover, normal biological treatment methods (including membrane
bioreactor - MBR) are not feasible for the removal of NFX. In this study, the
degradation of NFX through advanced oxidation processes (AOPs) utilising
UV/TiO, and H,0, as reagents in a laboratory-scale tubular reactor system
was conducted. The degradation reactions of NFX could be represented
by the Langmuir-Hinshelwood kinetic model. The influence of factors,
including TiO, and H,O, concentrations, UV irradiation intensity, and
hydrodynamic conditions (specifically, Reynolds number), on the apparent
reaction rate constant (k,,,) was evaluated. The results demonstrated
that the advanced oxidation process employing the combined reagents of
UVITiO/H,0, under the following reaction conditions: TiO, and H,0,
concentrations of 0.2 g/l and 0.0492 mol/l, UV irradiation intensity of 225
W/m?, and Reynolds number of 6700, achieved an apparent degradation
reaction rate constant for NFX of 0.052 min".

Keywords: advanced oxidation process, annular reactor, Kinetic,
photocatalytic.

Classification number: 2.4

“Tac gia lién hé: Email: thutrangnguyen210@gmail.com
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1. Dét van dé

Gén day, mot lugng déng ké cac hop chat 6 nhiém hiru co
duoc phat hi¢n trong nude thai sinh hoat va cdc nganh cong
nghiép dét nhudém, dugc pham [1]. Nhimg hop chat nay kho co
thé xir 1y triét dé bang cac phuong phap hoa hoc va sinh hoc
thong thuong, din dén ton du ciia cac hop chit nay trong moi
truong nudc giy mét can bang sinh thai va de doa stic khoe con
ngudi [2]. Vi vay, viée xtr Iy du luong cac hop chat 6 nhidm
hitu co 12 hét stic can thiét dé dam bao sy phat trién bén viing
va bdo v¢ mdi truong.

Vén dé xir 1y du lugng hop chat 6 nhiém hiru co da thiic day
cac nghién ctru lién quan dén céc qua trinh AOPs. Co ché phan
hity céc hop chat hitu co bang qué trinh AOPs dya trén sy hinh
thanh cua cac gdc hydroxyl, sulfat hodc clo c6 kha ning phan
hiry khong chon loc cac hop chat 6 nhidm hiru co [3]. Mot s6
qua trinh AOPs trén co s¢ UV/TiO, va H,O, trong cac nghién
ctu quy mo phong thi nghiém da nhan dugc sy quan tdm dang
ké vi hiéu qua xu ly cao, than thién véi moi truong [4].

NFX la mét loai khang sinh tiéu biéu thudc nhém
Fluoroquinolone, dugc st dung dé diéu tri mot s6 bénh nhiém
tring dudng tiét niéu, nhidm tring bang quang. NFX di duoc
phat hién trong nudc thai cia cac nganh cong nghi¢p dugc
phém, bénh vién va nganh chan nudi [5]. Méc du, sy phéan
huy NFX da dugc ghi nhan bdi cac qué trinh AOPs su dung
UV/TiO,, Fenton va UV/H,0, [6, 7]. Tuy nhién, tic dung két
hop UV/T1O /H,0, daé phan huy NFX chua dugc cong bd. Mt
khac, hau het cac nghlen ctru phan huy cac hop chét hitu co bén
bang qua trinh AOPs trudc day déu dugce thuc hién trong thiét
bi khudy don gian [6, 7]. Diéu nay rat can thiét trong giai doan
dAu ciia nghién ctru quy mé phong thi nghiém, nhung viéc thiét
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ké va tr1én khai ¢ quy mé cong nghiép yéu cau dir lidu cy thé
hon vé cac dic diém kich thudc cua thiét bi phan g, ché do
thuy dong (dong chay tang hoac dong chay ri, tirc 1a chuan so
Re) va mat d6 chiéu xa tia cuc tim. Bén canh do, trong cac Cau
hinh thiét bi phan (mg quang hoa, thiét bj phan mg dang ong
ngay cang dugc sir dung rong rai boi nhitng wu diém tiém ning
cta ching [8-10].

Do d6, nghién ctru nay s€ khao sat sy phan hiy NFX boi
qua trinh AOPs trén co' s6 UV/TIO, va H,0, trong thiét bi phan
tmg loai dng. Anh hudng ciia cac thong s6 van hanh (nong do

TiO, va H O,, cudng d9 tia cuc tim, ché do thiry dong) dén kapp

272
cua qua trinh UV/TiO, va UV/H,0, don l¢ da duge nghién ctru.

Cudi cung, tac dong h1ep dong cua UV/TIO /H,0, d6i voi hiéu
qua phan huy NFX da dugc danh gia va so sanh véi cac qua
trinh UV don 1¢, UV/TiO, va UV/H,0,.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit liéu

NFX dgtinh khiét99,5%, Merck, buc(CAS70458-96-7);
H,O, nong d6 30%, Xilong, Trung Quoc (CAS 7722-84-1);
TiO,-P25, Jepsen and Jensen, Singapore (CAS 13463-67-7).

2.2. S0 dé hé théng thi nghiém

So db hé thong thi nghiém phan hiy NFX boi qué trinh
AOPs sur dung UV/TiO, va H,0, dugc thé hi¢n ¢ hinh 1.

Pl m
D605 D604
T .
B Pl
- D603
D600

Xw |
* RUV

c1

Hinh 1. So’ db hé théng thi nghiém.

Thiét bi phan tng loai dng hinh khuyén (RUV) duoc 1am
bang thép khong gi (SUS316), ¢6 kich thude 0,5x0,1x0,05
m (chiéu cao x duong kinh trong x chiéu day thiét bi). Bén
trong thiét bi phan tmg c6 chira mot dng thach anh (duong
kinh ngoai 0,04 m). Ngudn chiéu xa 1a dén UV thuy ngan
ap suét thap (UXPM LAB-400) ¢ cong suit cuc dai 400
W, dat bén trong éng thach anh. Hé théng UXPM LAB co6
kha nang theo doi va diéu chinh mat do chiéu dua trén bd
diéu khién (C1) va cam bién mat d6 chiéu UV (I1). Gia tri
ctia cudng do UV ban dau khi khong c¢6 hdn hop huyén phu
trong bé phan ung (I)) twong ng v6i cac mirc diéu khién
cua dén da duoc khdo sat va ghi lai ¢ bang 1.
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Bang 1. Mat d6 chiéu xa UV ban dau (1) twong rng v&i cac
murc diéu khién dén UV.

Ciic mire diéu khién ciia dén UV Mit d§ chiéu xa UV ban diu (I,, W/m?)

Muc I 75

M II 150
Muec I1I 225
Muc IV 300
Muc V 400

2.3. Quy trinh thi nghiém

Doi voi m61 thi nghiém phén huy NFX, lugng chét xtc tac
quang TiO, can thiét dugc phan tan trong dung dich NFX (10
mg/l) bang song si€u am trong 15 phut. Sau do, lugng H,0,
30% can thlet duoc thém vao dé tao thanh hdn hop phan ung
(thé tich tong 1a 8 1).

Ban dau, hon hop dwoc bom tudn hoan trong hé thong & diéu
kién khong co birc xa trong 30 phut dé dat trang thai cin bing
hép phu. Sau d6, dén UV duogc bat dé thyc hién qua trinh phan
huy céc hop chét hitu co giy 6 nhiém. Tt ca cac thi nghiém
dugc thyc hién & 30£1°C. Toc do dong chay duge diéu chinh
boi van V2 va duoc giam sat boi luu luong ké F1602. Cuong do
UV (I, W/m?) dugc thay d6i bang bg diéu khién UV-EL (C1).

Trong qué trinh thi nghiém, mot lugng thé tich bang nhau
cta hdn hop phan tmg dwoc 1dy ra trong khoang thoi gian nhat
dinh va lgc qua mang co leh thudc 16 0,2 pm dé loai bo cac hat
xuc tac TiO, trudce khi tién hanh xac dinh ndng d6 NFX bang
phuong phap do quang UV-VIS & budc song 273 nm [7]. Thé
tich moi lan 1y mau 13 5 ml, tong luong mau lay ra khong vuot
qua 5% tong luong dung dich dwa vao thi nghiém.

2.4. Cdc cong thire tinh toan

Re trong thiét bj phan tmg hinh khuyén dugc tinh theo cong
thirc sau:

Upde (1)

trong d6 p 1a d6 nhét cua hdn hop (Ns/m?) duge xac dinh bang
thiét bi do do nhot Elcometer R2300; p 1 khéi lugng riéng cua
hdn hop phén tmg (kg/m*) dugc xdc dinh boi ty trong ké; @ la
van toc cua chét luu di trong thiét bi phan tmg (m/s) va co thé
dugc xéc dinh thong qua luu luong dong Q (m¥/s) va tiét dién
ngang cua thiét bi phan tmg loai éng hinh khuyén (F, m?); d la
duong kinh twong dwong cta thiét bi phan tmg hinh khuyén (m)

bo chuyen hoéa (hi¢u Suat xur ly NFX) duogc tinh theo cong
thure sau:

CO_

Ht = Ce s 100% )

0

trong d6 C; va C, lan luot 1a nong d6 CIP ban dau va tai thoi
diém t ciia phan ung (ké tir khi bat dau chiéu xa).

Dong hoc phan ung dugc xac dinh theo cong thite sau:

dC  KK,C

T T T+ KC ®)



Khi ndng do chat hitu co ban dau thip, K ,C<<1, phuong
trinh (3) ¢6 thé viét nhu sau:

-r = E = kKadC = kappC (4)

Léy tich phan phuong trinh (4) ta dugc:

Co
ln(c>=kappxt Q)

trong do r 1a tbc do phan tng dugc tinh bang su thay doi cua
ndng d trong khoang thoi gian nhét dinh (dC/dt); k 1a hing s6
toc do phan ing; K, 1a hang s can bang héap phu; k 1a hang
s6 toc do phan mng bleu klen (phat"); C, 1a nong do "chat hiru
co (NFX) ban dau va C 1a ndng d6 NFX ta1 thoi diém t (phit).
k. cua phan img phan huy NFX (k ) c6 thé dugc xac dinh tir
moi quan hé trong phuong trinh (5).

< SN -
3. Ket qua va ban luan

3.1. Kiém tra dong hoc phdan wng phan hiy NFX boi
AOPs swr dung UV/TiO, va H,0,

Mbi quan hé giita In(C,/C) va thoi gian (t) cua mot s thi
nghi¢ém phan huy NFX bang qud trinh AOPs sir dung UV/TiO,
va H,0, trong cac diéu kién khac nhau dugc thé hién & hinh 2
Cac thong s0 van hanh chinh dé kiém tra dong hoc phan g
phéan huy NFX duogc trinh bay ¢ bang 2.

In(C/Cy)

3 0,027'r'x
R*=0,9899

0 10 20 30 ) 50
Théi gian (phit)

OUVTO;  xXUVH0p  oUV/TOy/H0,

Hinh 2. Ddng hoc phan trng phan hiy NFX bé&i AOPs str dung
UVITiO, va H,0,.

Bang 2. M6t sé thi nghiém dién hinh dé kiém tra ddéng hoc
phan trng phan hay NFX.

Ma thi nghiém Céc thong s van hanh chinh

Exp. 1 [Ti0,]=0,2 /I, 1,=225 W/m?, Re=6500
Exp. 2 [H,0,]=0,12 mol/l, 1,225 W/?, Re=6500
Exp. 3 [Ti0,]=0,2 g/l, [H,0,]=0,06 mol/l, 1,=225 W/m2, Re=6500

C,=10 mg/l, t=30£1°C, khong didu chinh pH.

Két qua bang 2 cho thy, cac phan (g phan huy cua NFX
(ndng d6 ban dau C,=10 mg/l) ¢6 thé dugc mo ta bing phuong
trinh dong hoc gia bac nhat Langmuir-Hinshelwood. Hé s6
twong quan gitra mo hinh va gia tri thuc nghiém & mirc chip
nhan dugc (R*>0,98). X. Chen va cs (2020) [11] d4 thuc hién
cac thi nghiém vé xtr Iy NFX bang cach chiéu xa ion héa, két
qua cho thdy véi ndng d6 dung dich NFX ban dau la 5-40 mg/I,
sy phan hiy ciia NFX déu tudn theo dong hoc gia bac nhét.
Déy 1a co so chic chan dé danh gia anh huong cia cac thong
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s6 van hanh dén k,,, cia viéc phan hity NFX bang qua trinh
AOPs str dung UV/TIO, va H,0, Trong mot nghién ctru khac,
G. Shankaraiah va cs (2016) [6 ] da x4c nhén rang, néu ndng do
NFX ban diu vuot qua 150 mg/l thi hiéu qua xu 1y s& bi suy
giam so v6i khi tién hanh & cac ndng d6 NFX thap hon. N.T.T
Trang va cs (2020) [7] ciing tién hanh xir Iy NFX ¢ ndng d6 dau
1a 10 mg/l boi qué trinh UV/TiO,-SBA 15 cho thay hiéu qua
phan huy dat trén 90%.

3.2. Phén hiiy NFX béi qua trinh UV/TiO, don lé

Anh hwong cua nong do Tio,: Ddi véi bat ky tmg dung quang
xlic tic nao, nong dg xuc tac can dwoc toi wu hoa dé tiét kiém
chi phi hoa chat va dam béo phan ung dat hi¢u qua cao. Trong
nghién ctru ndy, dnh huong ciia nong do TiO, dén k phan ung
phan hiy NFX bdi qué trinh UV/TiO, da du’oc khio St.

Két qua hinh 3 cho thdy, gi4 tri k__ting tir 0,029 1én 0,0443
phut! khi nng do TiO, téng tur 0,1 Tén 0,3 g/l Diéu nay dugc
gidi thich 1a do su gia tang dién tich be mit tiép xtc pha gitra
cac hat TiO, va NFX. Trong pham vi nong do nay, cac hat TiO,
van nhan duoc burc xa UV can thiét dé duy tri phan (g quang
xUc tac.
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Hinh 3. Anh hwéng cia néng d6 TiO, dén hing sé téc dd phan
trng phan hay NFX (I,=225 W/m?, Re=6500).

Tuy nhién, k cua phén tng phan huy NFX giam xuong
con 0,025 phut! khi nong do TiO, tang 1én 0,4 g/1. Boi vi, nong
do xuc tdc & muc cao s€ can trd t1a UV truyén qua huyén phu.
Céc hat xuc tac TiO, ¢ xa nguén chiéu xa s& khong nhéan dugc
nang lugng photon, han ché sy hinh thanh cac goc OH', dan
dén giam tdc do phan g, Dq do, nong do TiO, 0,3 g/l dugc
lua chon cho céc thi nghiém tiép theo.

Anh hu"é’ng ciia mdt dg chiéu xa UV: Mot thong sb quan
trong khac ddi voi ing dung quang xtic tac dé phan hity cac
hop chét hitu co bén 1a mét d chiéu xa tia cuc tim. Ban dau,
viéc tang mat do chiéu xa anh huong tich cuc dén viéc loai bo
NFX. Két qua danh gia anh huong cua mat do chiéu xa UV
duoc thé hién & hinh 4. Gid tri k phan ung tang tu 0,0184 1én
0,0443 phit! khi mat do chiéu tang tuong Umg tu 75 1én 225
W/m2. Tuy nhién, khi tiép tuc tang gia tri mat do chiéu tir 225
1én dén 300 W/m?, k », Chi tang nhe tir 0,0443 1én dén 0,0453
phut ! (tang 2,26%). Tai mét do chiéu 400 Wim?, k_ phan ting
phén hity NFX c6 xu hudng giam nhe xudng con 0 0402 phat.



s Khoa hoc Ky thuat va Céng nghé | Ky thuat héa hoc

0,050
0,040

0,030

Kapp (1/phitt)

0,020

0,010

75 150 25 300 400
Ly (Wim?)

Hinh 4. Anh hwéng ciia mat do chiéu ban dau (1,) dén k,,, Phan

trng phan hay NFX (ndng do TiO, 0,3 g/l, Re=6500).

bidu nay la do khi mat d¢ chiéu xa UV & muc d rét cao,
hién tuong tai to hop cac cip electron - 13 tréng s& chiém wu thé
[12]. Do do, toc do sinh ra géc tu do OH"bi giam xuéng, han
ché sy phan hiy NFX boi qué trinh AOPs str dung UV/TiO,.

Bén canh do, viéc Iya chon mat do chiéu pht hop cho phan
{ng phéan hily cac hop chét 6 nhidm hiru co can can nhéc dén
nang lugng dién tiéu thy. Tai mat do chiéu cao, nang lugng
dién tiéu thy 16n va phan 16n birc xa UV s& chuyén thanh ning
lugng nhiét. Do do, mat dg chiéu xa [ ;=225 W/m? s¢ dugc lya
chon dé tién hanh céc nghién ctu tiép theo

Anh huong cia ché dg thiy déng: Hinh 5 biéu dién mdi
quan hé giira ché d¢ thity dong (tirc chuan sé Re) va k cla
qua trinh phén huy NFX. Gid trik 13 0,019 phat' da duoc ghi
nhén tuong ng vo6i chuan s6 Re 13 1700 va tang 1én 0,0443
phut ! tai chuan s6 Re 14 6500. Cac nghién ctru ctia S. Corbel va
cs (2014) [10], J. Kumar va cs (2012) [13] cho thy, sy gia ting
chuin s6 Re 14 & mirc hop 1y sé& thuc day toc do khuech tan cua
cht hitu co 1én bé mit cua cac hat xuc tac, do d6 toc do phan
ng phan huy cac hop chit 6 nhiém htru co dugc cai thién. Sy
gia tang chuan s6 Re dan dén tang toc do phan hiy cac hop
chét hiru co cling dugc giai thich 1a do khi h¢ dugc van hanh
trong diéu kién hon loan (Re>2300), cac phan tir chuyén dong
hén loan theo cac hudng khac nhau. Diéu nay tao ra sy phan bd
déu cac gbc OH® bén trong thiét bi phan g, do d6 lam ting
toc d phan tmg.
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Hinh 5. Anh hwéng ctia ché dé thiy dong dén phan rng phan
hay NFX (1,=225 W/m?, néng dé TiO, 0,3 gl).

Anh huong bt loi cua viée tang chuan s6 Re dén k . ctng
duoc dé cp, viée tang toc do dong s& lam giam thoi glan luu
ctia hdn hop huyén phu TiO, va dung dich chat phan ung trong
thiét bi phan tmg. Do thiét b1 phan (g dang 6ng hinh khuyén
nén khi thoi gian luu khong du dai, cac hat xac tac TiO, khong
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nhan duge birc xa UV dé tao ra cac géc tu do OH’, vi vay toc do
phan (g s& giam; xu huong giam k, ciia phan tmg phan huy

NEX tir 0,1445 xudng 0,0829 (phut") khi chudn sé Re tang tir
6500 1én 9700 (hinh 5).

3.3. Phén huy NFX boi qud trinh UV/H 0, don lé

Trong qua trinh phan huy cac hop chit 6 nhidm hiru co boi
qua trinh UV/H,0,, néng d6 H,0, dong vai trd quan trong nhat,
lién quan dén toc do phéan u‘ng Va chi phi van hanh. Ban du,
tang lidu luong H,0, s& lam tang toc d6 phan (mg. Tuy nhién,
khi H,0, du s& tao thanh gbc HO, , g0c nay c6 thé oxy hoa yéu
hon gdc OH do do lam giam toc do phan tng [13].

Bang 3. Anh hwéng ctia néng dd H,0, dén kaPp
phén hay NFX str dung UV/H,0,.

clia qua trinh

Nong do H,0, (mol/l) K. (phut')
0,062 0,028

0,123 0,051

0,246 0,029

0,369 0,00059

C,=10 mg/l, 1,=225 W/m?, Re=6500.

Két qua ¢ bang 3 cho thay, khi nong do cua H,0, tang tir
0,062 dén 0,123 mol/l k' tang tuong {mg tir 0, 028 den 0,051
phut” va giam xudng con 0,029 phut! khi tiép tuc tang nong do
cua H,O, 1én 0,246 mol/l. Tuy nhién can luu y rang, H,0, c6
gia thanh cao va muc tiéu thu ty 1€ thuan véi lugng nudc thai
can xtr 1y Trong khi do, mc du quy trinh UV/TIO, ¢6 toc do
phan ing thap hon va doi hdi chi phi héa chat ban dau cao hon,
nhung TiO, ¢6 thé duoc thu hoi va tai sir dung nhiéu 1an. Do
do, qua trlnh chon UV/TiO,, UV/H,0, hodc sy két hop cua uv/
TiO,vaH,0, can dwgc xem xét cu the trén ca khia canh kinh té
va ky thuat Nghlen ctru ndy bude dau xem xét anh huong dong
thoi cua UV/TiO, va H,0, dé xtr 1y khang sinh NFX.

3.4. Phin huy NFX béi qua trinh UV/TiO,/H 0,

Trong nghién clu nay, mot s6 két hop dién hinh cua
UV/TiO, va H,0, d€ phén huy NFX dugc trinh bay ¢ bang 4.

Bang 4. Sy két hgp UVITIO,/H,0, dé xi Iy NFX.

Exp. EC1 EC2 EC3 EC4 EC5
TiO, (¢/1) 0,4 03 0.2 0,1 0,05
HO,(moll) 00123 00246 00490 0,730  0,0984
k, (phut") 00312 00492 00520 00395 0,034
R? 09987 0,98 0,998 0,995 0,992

Re=6500, 1,=225 W/m?, khoéng diéu chinh pH.

Déu tién co thé théy rang, su két hop ciia UV/TiO ,/H,0, daé
phan hay NFX cho thiy hiéu qua so voi quy trinh UV (0 cung
cuong do UV) va UV/TIO, don I¢ (véi cing ndng do TiO )
Trong truong hgp phan huy NFX v6i cung nong do TiO, 0,1 g/l
k cua qua trinh UV/H,0, 12 0,029 phit!. Trong khi d6, véi qua

40



trinh UV/TiO,/H,0, (ndng do cua H,0, 14 0,0730 mol/l) thi k,
la 0,0395 phut‘ Ngoal ra, 0 cung mat do chiéu I ;=225 Wim?,

Ky, ca phan tmg phan huy NFX bang tia UV la 0 ,0025 phut!,
thap hon 20,8 1an so v6i qua trinh UV/TiO ,/H,0, (hinh 6).

2.5
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Hinh 6. Pong hoc qua trinh phan huy NFX bé&i AOPs str dung
UV, UVITiO,, UV/H,0, va UVITiO,/H,0,.

Trong nghién ctru ndy, qua trinh két hop UV/TiO /H,0
trong phan tmg phan huy NFX thu dwgc k  twong duong Vcn
qué trinh UV/H,O, (trong diéu kién hoat dong ti uu), nhung
luong TiO, va H202 duoc st dung thip hon so v6i cac quy trinh
riéng lé. Su’ két hop ciia UV/TiO,/H,0 de xur Iy NFX cho phép
tlet kiém 33,3% TiO, va 60% H O S0 VO’l UV/TIO, (tai diéu kién
t61 wu) va UV/H,0, (ta1 diéu klen nong do H,0, t01 uu), sau 45
phut xur ly nong do NFX giam xuong con khoang 1,3 mg/l, hiéu
suat xir Iy dat 87%, k ap 18 0,0520 phut'. Khi c6 mit dong thoi
TiO, va H,0, thi phte chat TIOOH s¢ dugce tao thanh va diéu
nay se tang cuong sy hinh thanh cac gbc OH’, do d6 tdc do phan
{mg phén hity cac hop chét hitu co doc hai duoc cai thién so véi
cac qua trinh UV, UV/TiO, va UV/H,0, [14, 15]. N.T.T. Trang
va cs (2020) [7] da bao cao hleu suat xu ly NFX dat khoang 85%
sau 45 phut boi qua trinh UV/TiO,-SBA 15 trong thiét bi khudy.
G. Shankaraiah va cs (2016) [6] bao c4o hiéu sut xir 1y du lugng
NEX trong thiét bi khudy lan luot dat 50% boi qué trinh chiéu
xa UV-C; 68-70% boi qua trinh UV/H,0,; 90% boi qué trinh
UV/TiO, sau 210 phut xu ly. Qua trinh ket hop UV/TiO,/H,0
cho phep tiét kiém ca H,0, va TiO, so v6i cac quy trinh don 1e
ma van dam bao tbc do phan Lrng tuong duong voi quy trinh
UV/H,0,, diéu nay rat c6 ¥ nghia vé mit kinh te va k¥ thuat.
Viée tiet kiém H,0, va TiO, trude hét cho phép tiét kiém chi phi
héa chét, ngoai ra viée glam ndng do TiO, cho phép néng cao
hiéu qué sir dung tia UV va giam thiéu tac dong tiéu cuc dén qua
trinh tach va thu xuc tic bang mang vi loc/siéu loc (MF/UF). Két
qua thu dugc trong nghién ctru nay 1a co sé cho nghién ctru tich
hop AOPs st dung UV/TiO,/H,0, va mang vi loc dé xur ly du
lugng céc hop chét 6 nhidm huu cor trong nudc thai cong nghiép.

4. Két luan

Nghién ctru nay da danh gia dugc anh hudng cua cac thong
s6 van hanh gf")m nong do TiO,, liéu luong HZOZ, mét do chiéu
xa UV va ché d¢ thay luc dén k,,, cua phan tng phén huy
NFX. Du6i ché d6 van hanh: ndng do TiO,1a0,2g/1vaH,0, la

0,0492 mol/l; mat do chiéu xa UV la 225 W/m2 va chuan $6 Re
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126700,k phan g phan hity NFX 13 0,0520 phat'. Két qua
thu dugc trong nghién ctru nay la co sé cho nghién ctru tich hgp
AOPs st dung UV/TiO,/H,0, va vi loc/siéu loc dé xur ly nudc
thai & quy mo cong nghiép.
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Tap thé tac gia trén trong cam on su hd trg kinh phi ctia Bo
Khoa hoc va Cong ngh¢ thong qua dé tai Nghi dinh thu gitta
Viét Nam - CHLB buc, ma so NDT.59.GER/19.
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Ung dung hé thong phan tich hinh &nh Vision Pro® trong phan loai
thanh phan bach ciu mau ngoai vi trén bénh nhan lo-xé-mi cap
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Tom tit:

Muc tiéu nghién ciru: Panh gia kha ning phén loai thanh phan bach ciu ciia hé thong phén tich hinh anh Vision Pro® trén
tiéu ban huyét dd ciia nh6ém bénh nhéan mic lo-xé-mi cz'lp tai Trung tim Huyét hoc va Truyén mau, Bénh vién Bach Mai tur
thang 1/2023 dén thang 3/2023. Poi twong va phuong phap nghién ciru: Mo ta cat ngang, hoi ciru trén 43 tiéu ban huyet do
ctia bénh nhan lo-xé-mi cap co blast tai Trung tam Huyet hoc va Truyen mau, Bénh vién Bach Mai. Két qua va két luan
Hé thong phén tich hinh anh té bao Vision Pro® nhin di¢n dwoc 81,4% so tiéu ban c6 blast. Phan trim twong dong vé ty 1¢
blast giita ngudi doc va hé thong nay 1a 69,8%. Trong khi d6, sw twong df)ng vty le bach ciu doan trung tinh va lympho
lan It 12 76,7 va 58,1%. Them vao do, khong cé sw khac blet ¢0 y nghia thong ké vé ty 18 blast, bach cau doan trung tinh
va lympho trong cic phin ting bénh nhan theo thé bénh, tién sir diéu tri va s6 lwong bach cau.

Tir khéa: bach cau, hé thong phan tich hinh dnh té bao Vision Pro®, lo-xé-mi cap.

Chi sé phdn loai: 2.6

1. Dét van dé

Lo-xé-mi cap 1a mot nhom bénh méau 4c tinh thuong gap.
Pic trung cua bénh nay Ia sy tang sinh mdt loai té bao non
chua biét hoa hodc biét hoa rat it (té bao blast), nguén géc
tai tay xwong [1-3]. Té bao blast c6 thé vuot qua hang rao
mau - tuy xuong va xuét hién tai mau ngoai vi. Viéc phat
hién sém té bao blast & mau rit co y nghia trong chan doan
va diéu tri sém cho bénh nhan [4, 5]. Trude day, su co mat
ctia blast trong mau dugc xac dinh boi két qua xét nghiém
huyét d6 do nhén vién y té danh gia. Hién nay, v6i su phat
trién cua khoa hoc va cong nghé, dac biét trong linh vuc
tri tué nhan tao, nhan dién va phan tich hinh anh, nhiéu xét
nghiém c6 thé duge nhan dinh boi hé théng may tinh.

H¢ thong phén tich hinh anh t& bao Vision Pro® la hé
théng moi va da dugce su dung tai mot sb quéc gia dé thuc
hién xét nghiém huyét tiy do. Day 1a mot hé quang hoc bao
gdm mot kinh hién vi quét két ndi camera va may tinh c6
cac phan mém tmg dung cho phan tich tu dong céc tiéu ban
mau, tiy [6]. Khi dua tiéu ban nhudm Giemsa, may s€ tu
dong phan tich va cho két qua vé sb luong, ty 18 té bao, mot
s6 nhan dinh vé phan bd va dua ra hinh anh tryc quan kém
theo. May ciing c6 thu vién riéng cho phép nhan vién y té
cap nhat hinh anh nham tang d6 chinh xac cho két qua [6].
Hién nay, Trung tam huyét hoc va Truyén mau, Bénh vién
Bach Mai la mét trong nhiing noi dugc trang bi hé théng
nay. Pay la mot hé théng dau tién tai Viét Nam va chua
¢6 nhiéu nghién ctru danh gia vé kha nang phan tich té bao
blast trong mau ¢ bénh nhan lo-xé-mi cip. Vi vdy, chiing toi

“Tac gia lién hé: Email: tunghhbm@gmail.com
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tién hanh nghién ctru nay nhim muyc tiéu danh gia kha ning
phan loai thanh phan bach cu cta hé thong phan tich hinh
anh Vision Pro® trén tiéu ban huyét d6 & bénh nhan mic
lo-xé-mi cip tai Trung tim Huyét hoc va Truyén mau, Bénh
vién Bach Mai tir thang 1/2023 dén thang 3/2023.

2. Déi tuong va phuong phap nghién ciiu
2.1. Péi twong

43 tiéu ban huyét do cia bénh nhan dugc chan doan lo-
x&-mi cap dap ung cac ti€u chuan sau day:

- Bénh nhan duoc chan doan 1o-xé-mi cép 6 té bao blast
trong mau ngoai vi theo tiéu chuan ctia To chure Y té thé gisi
(WHO) [5].

- Tiéu ban hqyét dd dugc kéo dan giéu, khong qua mong,
qué day, cach dau lam kinh 1 cm, phan dudi tao hinh “ludi
meo” [7, 8].

2.2. Phwong phap nghién ciu
- Thiét ké nghién ctru: M6 ta cét ngang, hoi ctru.

- Thoi gian nghién ctu: Tir thang 1/2023 dén thang
3/2023 tai Trung tdm Huyét hoc va Truyén mau, Bénh vién
Bach Mai.

- Phuong phap chon mau va c& mau:
+ Phuong phép chon mau: Lay mau thuén tién.

+ Tinh ¢& miu: C& mau duogc tinh toan trén phan mém
HSS 1.0 véi gia tri z=1,96 v6i sai sO chap nhan 1a 5%. Gia
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Abstract:

Objective: This study aimed to investigate the ability of
the Vision Pro® system on white blood cell differentials
in acute leukemia patients at the Hematology and Blood
Transfusion Center - Bach Mai Hospital from January
2023 to March 2023. Subjects and methods: Cross -
sectional and retrospective research on 43 blood samples
with blasts in acute leukemia patients at the Hematology
and Blood Transfusion Center - Bach Mai Hospital.
Results and conclusion: The blast detection ability of
the Vision Pro® system was 81.4%. The percentage of
similarity in the blasts ratio between the reader and the
Vision Pro® system was 69.8%. Meanwhile, the similarity
in segmented neutrophils and lymphocyte ratios were
76.7 and 58.1%, respectively. In addition, no statistically
significant differences were observed in the similarity
of the blasts ratio, the segmented neutrophil and
lymphocyte ratios among patient subgroups according
to types of disease, treatment history and white blood
cell count.

Keywords: acute leukemia, cell imaging analyser Vision
Pro® system, white blood cell.

tri d6 1éch chuan cuia sy khac biét vé ty 1¢ giita 2 nhom 1a 16
(tham khao thong s0 da cong bo cuia nha san xuat).
Z? <04
— 2 —
n= 9z = 40

trong d6 n 1a ¢& méu tdi thiéu trong nghién ciru; Z, la gia tri
tu phan bo chuan va dugc tinh dya trén mic y nghia thong ké,
trong nghién ctru str dung Z =1,96; o, 1a d¢ Iéch chuan cua sy
khac bi¢t vé so trung binh gilta 2 nhoém; d 1a mirc sai s6 chap
nhan trong nghién ctu 1a 5%; a la muc y nghia thong ké.

- Cac chi tiéu nghién ctru:
+ Dac diém chung cua nhom nghién ctru: tudi, gidi tinh,
the bénh, tién st dicu tri, sO lugng bach cau trong mau.
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+ Chi tiéu vé su twong dong giira két qua ty 1¢ blast, bach
cau doan trung tinh, bach ciu lympho trén tiéu ban huyét do
cua bénh nhan gitta nguoi doc (bac sy, c6 chiing chi hanh
nghé, béng sau dai hoc va c6 it nhit 5 nam kinh nghiém) va
hé théng phan tich hinh anh té bao Vision Pro®.

+ Kha nang nhan dién blast trén tiéu ban cua h¢ théng.
2.3. Cac buoc nghién cvru

- Tiéu ban huyét d6 dugc kéo dan déu, khong qua mong,
qua day, cach dau lam kinh 1 cm, phan dudi tao hinh “ludi
méo” [7, 8].

- Nhan vién y t& doc két qua huyét dd: do 3 bac sy doc,
¢6 chimg chi hanh nghé, bang sau dai hoc va it nhat 5 nim
kinh nghi¢m. Két qua xét nghiém 1a tri sd trung binh ciia 3
nhan vién y té.

- Tiéu ban duoc doc theo duong zich Zac, phan loai it
nhat 200 t€ bao bach cau, sau do tinh phan tram ty 1€ cac
loai bach cau.

- Tiéu ban huyét dd duoc dua vao van hanh boi hé théng
phan tich hinh anh té bao Vision Pro® ¢ cap nhat thém dir
lidu. Céu tric thanh phan hé thong Vision Pro® 8 tiéu ban
bao gém kinh hién vi quang hoc (Olympus BX43), camera
gan kinh hién vi, bo chuyén lam kinh tu dong gin kinh hién
vi, diu doc ma vach, may tinh c6 cai dat phén mém Vision
Pro®va man hinh.

- So sanh két qua giita nguoi doc va hé thong phén tich
hinh anh té bao Vision Pro®. Sy twong dong giira cac ty 18
thanh phan bach cau duoc danh gia boi mot chuyén gia doc
1ap.

2.4. Xir Iy 56 ligu

Xt 1y s6 liéu bang phan mém SPSS 22; cac bién sb
dinh lugng dugc trinh bay theo gia tri trung binh va d6 1éch
chuén (SD). Cac bién sb dinh tinh dugc trinh bay dudi dang
ty 1¢ phan trim v6i mot chit sé thap phan. St dung Fisher
exact test dé kiém tra sy khac nhau gilia cac ty 1€. Su khac
biét c6 ¥ nghia thong ké khi p<0,05.

2.5. Dao dvrc nghién ciru

Céc thong tin c4 nhan cua bénh nhan dugc dam bao bi
mat. Két qua nghién ciru nham muc dich phuc vy cong tac
diéu tri, cham soc strc khoe nhan dan.

3. Két qua
3.1. Dac diém nhom nguwoi bénh nghién ciru

Nghién ctru dugc tién hanh trén 43 bénh nhan c6 do tudi
trung binh 51£21, bénh nhén nho tudi nhat 1a 16 va cao nhat
1a 89 tudi (bang 1).
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Bang 1. Mot s6 dac diém chung cta bénh nhan nghién ciru
(n=43).

Bang 3. Sw twong déng vé phan loai bach cau gitra ngwei doc
va hé théng Vision Pro®.

Pic diém S6 bénh nhan (n) Ty 1¢ phén trim (%)
Gidi tinh

Nam 20 46,5
Nit 23 53,5
Thé bénh

Lo-xé-mi cip dong tiry 33 76,8
Lo-xé-mi cAp dong lympho 5 11,6
Lo-xé-mi cip chua rd thé 5 11,6
Tién sir diéu tri

Pa diéu tri 15 34,9
Chua diéu trj 28 65,1
86 lwong bach ciu trong mdu

Bach cau ting (>10 g/l) 19 442
oo g
Bach cau giam (< 4 g/l) 11 25,6

Nhan xét: Ty 1& lo-xé-mi cip dong tiry chiém da s véi
76,8%, ty 1& bénh nhan chua diéu tri chiém 65,1%. Ty 1¢
bénh nhén ¢ bach cau ting (>10 g/1) 1a 44,2%; bénh nhan
¢6 s6 lwong bach cau binh thudng (tir 4 dén 10 g/1) 13 30,2%;
bénh nhan c6 s6 lwgng bach cau giam (<4 g/1) chiém 25,6%.

3.2. Pdnh gid khd ning nhdn di¢n té bao blast ciia hé
thong Vision Pro®

Két qua bang 2 cho thay, kha ning nhan dién dugc blast
ctia hé théng phan tich hinh anh té bao Vision Pro®1a 81,4%.

Bang 2. Kha nang nhan dién té bao blast cia hé théng Vision
Pro®.

Kha ning nhan dién blast S6 miu (n) Ty I¢ phén trim (%)
Nhan dién blast 35 81,4

Khong nhan dién blast 8 18,6

Téng sb 43 100,0

3.3. Pdnh gid sw twong dong vé két qua huyét dé giira
ngwoi doc va hé théng Vision Pro®

Su twong dong vé két qua huyét do giita nguoi doc va hé
thong Vision Pro® dwoc danh gia thong qua su tuong dong
vé ty 1€ blast, ty 1& bach cau doan trung tinh va bach cau
lympho trén mau huyét d6 ciia bénh nhan lo-xé-mi cép. Két
qua bang 3 cho thdy, phan trim twong dong vé ty 1é blast,
bach cdu doan trung tinh va bach cau lympho giita ngudi
doc va hé théng Vision Pro® 1an luot 12 69,8, 76,7 va 58,1%.
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Thanh phén bach ciu S6 mAu ¢6 s twong dong/tong s6 mau Ty I¢ phan trim (%)
Ty 1¢ blast 30/43 69,8
Ty 1¢ bach cdu doan trung tinh ~ 33/43 76,7
Ty 16 bach ciu lympho 25/43 58,1

Két qua bang 4 cho thdy, su twong dong vé ty 1é blast
giita nguoi doc va hé thdng Vision Pro® trén bénh nhan lo-
xé-mi dong tity, dong lympho va chua 16 thé lan lugt 14 75,8,
60,0 va 40,0%. Trén bénh nhan da diéu trj va chua diéu tri 1a
73,3 va 67,9%. Trén bénh nhan co sb luong bach ciu tang,
binh thuong va giam la 78,9, 61,5 va 63,6%.

Bang 4. Sw twong déng vé ty lé blast theo phan tang vé thé
bénh, tién str diéu tri va s6 lwong bach cau.

Phan ting $6 mAu co sy twong dong/tong s6 mAu Ty I¢ phan trim (%) p
: Tuy 25/33 75,8
Phén tang
theo thé bénh Lympho " 3/5 60,0 >0,05
Chua 13 the 2/5 40,0
in th Da diéu tri 11/15 733
E!}an Fan% thef) ‘ 50,05
tinstrdieutri  Chua diéu trj 19/28 67,9
Phén ting theo Bach cau tang 15/19 789
s0 lugngbach  Bach cu binh thuong ~ 8/13 61,5 >0,05
ca Bach cdu giam 711 63,6

Két qua bang 5 cho thiy, sy twong dong vé ty 1& bach cau
trung tinh giita ngudi doc va hé thong Vision Pro® trén bénh
nhéan lo-xé-mi dong tuy, lympho va chua r thé lan luot 1a
78,8, 60,0 va 80,0%. Trén bénh nhan chua diéu tri 1a 71,4%.
Trén bénh nhan co sb luong bach cau tang, binh thuong,
giam lan luogt 14 78,9, 84,6 va 63,6%.

Bang 5. Sw twong dong vé ty 1é bach cau doan trung tinh theo
phan tang vé thé bénh, tién sir diéu tri va s6 lwong bach cau.

Phén tin S6 lrgng miu c6 sw Ty 1€
g twong dong/téng s6 miu phin trim (%) P
. Tay 26/33 78,8
Phan tang
theo thé bénh Lympho : 3/5 60,0 >0,05
Chua 10 thé 4/5 80,0
Phén ting theo DA diéu tri 13/15 86,7 005
A 9 <A . N > bl
tién s dicu tri  Chua diéu tri 2028 714
. Bach cdu ting 15/19 78,9
Phan tang PO
Pooiigy o Dl /13 846 >0,05
\ thuong
bach cau g
Bach cau giam 7/11 63,6

Két qua bang 6 cho thiy, khong co sy khac biét co y
nghia thong ké vé& sy twong dong vé ty 1& bach cau lym-
pho trén miu huyét do ciia bénh nhan giita nguoi doc va hé
thong Vision Pro® khi theo phan tang vé thé bénh, tién sur
diéu tri va s6 lugng bach cau trong méau ngoai vi (p>0,05).

a4



Bang 6. Sy twong dong vé ty 1é bach cau lympho theo phan
ting vé thé bénh, tién st diéu tri va sé lwong bach cau.

Phén tin S6 lwgng miu c6 sw Ty 1é
g twong dong/téng s6 miu phin trim (%) ?
. Tuy 21/33 63,6
Phan tang
theo thé bénh Lympho 5 3/5 60,0 >0,05
Chua ro thé 1/5 20,0
an A Di diéu tri 715 46,7
P.}:an fang then ‘ 0,05
tien s dieu tri  Chua diéu trj 1828 64,3
. Bach cau ting 10/19 52,6
Phan tang A og
o i 713 538 >0,05
5 thuong
bach cau :
Bach cau giam 8/11 72,7
4. Ban luan

Hé thdng phan tich hinh anh té bao Vision Pro® 1a k¥
thudt mai dugc ap dung tai Trung tdm Huyét hoc va Truyén
méu, Bénh vién Bach Mai. Véi uu diém ing dung nhleu
cong ngh¢ mai, kho dir liéu phong ph, c6 thé nang cap va
kha nang phén tich s6 luong té bao c6 nhan nhiéu hon, phan
mém c6 thé hd tro nhan vién y té trong qua trinh tra két qua
huyét do. Tuy nhién, day 1a mot hé thong méi tai Viét Nam
va trén thé giot. Dén nay tai Viét Nam chua c¢6 nghién ctru
danh gia vé& kha ning phén tich té bao blast trong mau ciia
bénh nhan lo-xé-mi cép. Vi vay, nghién ctru dugc tién hanh
v6i muc tiéu nham danh gia kha nang phan tich ctia hé thong
nay trén tiéu ban huyét 6 ciia nhom bénh nhan mic lo-xé-mi
cap dugc thu thap tir thang 1/2023 dén thang 3/2023 tai
Trung tdm Huyét hoc va Truyén mau, Bénh vién Bach Mai.

D6i twong nghién ctru bao gdm cac bénh nhan di dugc
chan doan lo-xé-mi cip theo tiéu chudn chan doan cia WHO
[5]. Theo do, cac tiéu ban huyét dd déu co xuit hién té bao
blast. M&i tiéu ban déu dwoc tién hanh phén loai it nhat 200
té bao trén hau hét cic mau ngay ca nhitng mau giam bach
cau. Vé dic diém chung, ty 1¢ nam va nir trong dwong nhau
trong nhom nghién ciru, ty 1¢ lo-x&é-mi cap dong tuy gap cao
hon lo-x&-mi cap dong lympho va chua rd thé. Piéu nay phu
hop v6i thuc tién 1am sang.

Két qua nghién ctru cho thay, dé danh gia kha nang phan
loai bach cau, phan trim tuong dong vé ty 1¢ blast giita gitra
ngudi doc va hé théng phén tich hinh anh té bao Vision Pro®
12 69,8%. Trong khi do, su tuong df”)ng vé ty 1€ bach cAu doan
trung tinh va lympho 1an lugt 1a 76,7 va 58,1%. Két qua nay
cho théy ty 1€ nhan dién cac loai bach cau trong mau ngoai
vi ctia bénh nhan lo-xé-mi cap 1 twong dwong nhau. Ngoai
ra, trong chan doan lo-xé-mi cép, viéc phat hién té bao blast
trong huyét dd dong vai trong quan trong [1, 5, 9]. Vi vay,
nghién ctru d3 tién hanh danh gi4 thém kha ning phat hién
blast ctia hé thong Vision Pro®. Két qua nghién ciru cho thiy
ty 1¢ nhan dién dugc blast ciia hé théng la 81,4%. Chlng t6i
ghi nhan mot truong hop két qua ngudi doc 6 ty 18 blast 1a
60% trong khi hé thong khong nhan dién dugc blast. Truong
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hop nay gip ¢ trén dbi tugng bénh nhan bi lo-xé-mi cp
dong lympho va di duoc diéu tri. Viéc hé théng khong nhan
dién dugce blast co thé do céc té bao nay c6 kich thudc nhd,
bao tuong hep va bién d6i hinh thai qua qua trinh diéu tri.
Tuy nhién, vi trong tiéu chuén lya chon cua nghién clru cac
mau déu c6 blast, vi vay dé danh gia toan dién hon kha ning
phat hién té bao blast cua hé thong can tién hanh nghién ctru
thém trén s luong mau 16n hon, bao gdm ci nhimg miu
khong c6 blast theo két qua cua nguoi doc.

Moi day, S. Yoon va cs (2021) [10] 1a nhém nghién ctru
dau tién danh kha niang phan loai thanh phan bach cau giita
nguoi doc va hé théng Vision Pro® trén nhom bénh nhan
chung. Nghién ctru duoc thuc hién trén cac mau huyét db
binh thudng va bit thuong cho thay hé thong Vision Pro®
phan tich miu binh thudng c6 dd chinh xac trén 80% khi so
sanh v&i ngudi doc. Vi cac mau huyét d6 co blast, su tuong
ddng giita ngudi doc va hé thdng vao khoang 76%. Ty 1é
nay ciing tuong dong vdi ty 1& trong nghién ctru ciia chiing
toi. Trong nghién ctru cua S. Yoon va cs (2021) [10], cac
tiéu ban huyét dd duoc nhudém bang phuong phap Wright.
Trong khi d6, cdc mau trong nghién ctru ciia chung t6i duoc
nhudém bang phuong phap Giemsa. Cac cach nhuém khac
nhau ciing c6 thé anh huong dén kha nang nhan dién té bao
ctia hé thong. Ngoai ra, nhom tac gia ndy nhan thay rang,
v6i mau huyét dd bat thuong céac té bao kich thich va blast
6 thé bi hé théng bo qua hoac xac dinh sai. Vi vy, trong
nghién clru nay, chung t61 tap trung danh gia kha nang phan
tich cua hé théng Vision Pro® trén mau huyét dd c6 blast.
Nghién cuu khong khao sat lai ¢ nhay va do dac hiéu do
nha san xuét cong bb. Hai nghién ctru déu thong nhét réng,
ty 1€ twong dong gilta nguoi doc va hé thong Vision Pro®
thé dugc cai thién bang qua trinh chay mau va cép nhat thu’
vién cac hinh anh té bao blast thuc té.

Trong nhom bénh nhan lo-xé-mi cép thu thap dugc, kha
nang phan tich hinh anh té bao ctia hé thong may c6 thé bi
anh hudng boi thé bénh, sd luong bach cAu va su bién ddi
hinh thai té bao sau diéu tri [3, 4, 11]. Vi vdy, nghién ciru
da tién hanh phan ting bénh nhan theo thé bénh, tién st
diéu tri va s6 luong bach cau. Trong do, thé bénh dugc phan
loai thanh 3 nhom gdm lo-xé-mi cép dong tiy, dong lympho
va chua 16 thé theo phan loai FAB 1984. Tién sir diéu tri
duoc chia thanh trude va sau diéu tri. SO luong bach cau
duogc chia thanh 3 nhom gdém bach ciu ting (>10 g/l), bach
cau binh thuong (4-10 g/l) va bach cau giam (<4 g/l). Két
qua nghién ctru cho thay khong c6 su khac biét co y nghia
thong ké vé ty 1¢ blast, bach cau doan trung tinh va bach cﬁu
lympho trong cac phan tang bénh nhén theo thé bénh, tién
sur diéu tri va s6 lugng bach cau. Diéu nay cho thay véi cac
té bao dién hinh thi hé thong nhén di¢n tuong dbi 6n dinh.
Tuy véy, ching toi van ghi nhan mot s truong hop hé thong
Vision Pro® xép té bao blast nham sang cdc nhom bach cau
doan ua base, bach cau mono hay lympho kich thich, dic
biét & mot s6 bénh nhan lo-xé-mi cép chua 13 thé va co sb
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luong bach cau giam. Nhuoc diém nay duoc cai thién bé“mg
viée cap nhat dir liéu lién tuc trén hé théng. Ngoai ra, ket
qua cua hé thdng Vision Pro® c6 thé bi anh boi mot s6 yeu
t6 nhu do day mong ctia lam kéo hodc déc tinh cua 16 thube
nhudm; thoi gian phan tich cho mot mau huyét do c6 thé 1én
t6i 20 phit ciing c6 thé anh huong dén thoi gian tra két qua.
Téc do phan tich tiéu ban ctia may s& cham hon & cac mau
c6 giam bach cAu. V&i bénh vién c6 sb lugng mau 16n, co
bénh 1y huyét hoc nhu ung thu méau va rdi loan sinh tiy sé
cho cac hiéu suét van hanh khac nhau.

Tom lai, sy twong dong két qua phan loai thanh phan
bach ciu trén tiéu ban huyét d clia nhom bénh nhan méc
lo-xé-mi cép giita ngudi doc va hé théng phén tich hinh anh
Vision Pro® 1a khoang 70% nén hé thong nay chua thé thay
thé hoan toan nguoi doc. Theo khuyén cdo cia Hoi dong
quéc té vé tiéu chudn hoa huyét hoc (ICSH - International
Council for Standardization in Haematology) viéc phan
loai lai té bao va danh gia hinh thai, dac biét d6i voi cac mau
huyét d6 bat thuong can thiét dugc danh gia boi cac chuyén
gia huyét hoc c¢6 kinh nghiém [12]. Tuy nhién v6i cong nghé
cao, hé théng phén tich hinh anh té bao Vision Pro® ¢é nhiéu
wu diém duoc ké dén bao gém viéc hd trg trong sang loc ban
dau; kha nang phan tich hinh anh 6n dinh; phén tich trén s6
luong té bao 16n ¢6 thé téi hang nghin té bao; ddng thoi cac
dir liéu dugc ghi lai dudi dang hinh anh véi do phan giai cao
6 thé ung dung trong hoi chuén lién khoa, lién vién khi can
thiét. Vi vay, voi nhling uu diém trén, Vision Pro®1a mot hé
thong tiém ning dé phdi hop voi nhan vién y té trong qua
trinh tra két qua huyét do.

5. Két luan

Nghién ctru kha ning phan loai bach cau ciia hé thong
Vision Pro® trén 43 tiéu ban huyét d6 ¢ bénh nhéan lo-xé-mi
cap, chung t6i rut ra mot s6 két luan sau:

- Ty 1¢ nhan dién duoc té bao blast 1a 81,4%.

- Ty 1€ tuong dong vé ty 1¢ blast giita ngudi doc va hé
thong 1a 69,8%.

_ -Tylétuong ddng vé ty 1& bach cau trung tinh va lympho
lan luot 1a 76,7 va 58,1%.
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Nghién ciru docking phan tir da mue tiéu twong tac voi cac thy thé ERa, PR,
EGFR va CK2 ciia mt s0 hop chat N-hydroxycinnamamide
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Tém tiit:

Hoéa tri liéu ung thw vii dwoe thwe hién bang cach nhim muc tiéu vao cac thu thé nhu ERa (estrogen alpha), PR (progesterone),
EGFR (yéu tb ting truwong biéu bi) va CK2 (protein kinase). Trong nghién ctru nay, cac cau tric ciia ERo, PR, EGFR va CK2 dugc
ldy tir ngén hang dir li¢u protein va dwoc docking véi cac hop chit twong tu belinostat bing cach sir dung phin mém GOLD 5.3.
K#ét hop ca hai tiéu chi phén tich diém s gan két va kha ning lién két, mot s6 chat twong tw belinostat dwgc cho 13 ting cir vién tiém
ning dé trc ché ung thw vii. Cac hop chit tiém niing lién két chit ché voi tw thé rang budc twong tng trong tirng thu thé hormone,
chii yéu bﬁng cac llen két hydro giira cac hop chit dwgc nghién ciru va cac amino acid trong vi tri hoat dong Ba hop chit (C3, C5
va C8) cho két qua tot nhit. Trong s do, hgp chit C5 1a {ing cir vién tt nhat cho nhim muc tiéu vao thy thé CK2. Nghién ciru nay
goiy rang, cac hop chit N-hydroxycinnamamide c6 thé dwgc nghién ctru va danh gia thém cho diéu trj ung thu va.

Tir khéa: belinostat, docking, GOLD 5.3, N-hydroxycinnamamide, ung thw vii.

Chi 56 phin logi: 2.6
1. Dat van de

Ung thu vii 1a nguyén nhan hang dau gay tir vong trong céc loai
ung thu ¢ phy nir. Ung thu vl anh hudng dén chirc nang cua cac té
bao biéu mé tuyén va khoe manh, xdm l4n, di cin va thuong lay
lan vao cac co quan khac. Sy san sinh qua mirc cua estrogen la mot
trong nhimg nguyén nhan hang dau cho sy phat trién cua ung thu
vii. Trong té bao tuyén vii ¢6 cac thy thé hormone estrogen (ER)
va PR ¢ chtic nang nhu “cong tic”, kich hoat hodc vo hidu hoa
mét sd chire ning cu thé trong té bao tuyén vii, tao ra cac yéu t6 ¢o
nguy co tiém 4n cho sw phét trién cua ung thu vii [1]. Hién nay, hoa
tri liéu ung thu va bang cach nhdm muc tiéu vao cac thy thé nhu
ERa, PR, thy thé yéu t6 ting truong biéu bi EGFR... di cho thiy
hi¢u qua trong viéc diéu tri cac loai ung thu va. Nam 2015, thy thé
ER-036 dugc nhém nghién cau cua Z.Y. Wang va cs (2015) [2] bao
c4o la mot nhan t6 moi trong liéu phap diéu tri ung thu vi & nguoi.
Su biéu hién qua mirc ctia PR thuong dugc quan sat thy trong ung
thw va va diéu nay ciing lién quan tryc tiép dén sy biéu hién qua mirc
ctia ER do PR 1a san pham cudi tir sy kich thich estrogen trong céc
mo muc tiéu. EGFR da dugc bao cao la dong mét vai tro quan trong
trong ung thu vit am tinh cap d6 ba (TNBC) [3]. Mét s6 dong t bao
TNBC (MDA-MB-231 va MDA-MB-468) da dugc phat hién co
muc ting EGFR cao [4]. CK2 dong vai tr0 quan trong trong su phat
trién té bao, biét hoa té bao, qua trinh apoptosis va bién déi gay ung
thu [5]. Chirc néng chong apoptotic cua CK2 cho phép té bao ung
thur thoat khoi té bao chét va tiép tuc ting sinh, vi vay khi dugc bo
sung véi cac lidu phap chdng ung thw manh khac, chat irc ché CK2
¢6 thé 1am tang hiéu qua cua liéu phap khac bang cach cho phép
qué trinh chét rung do thube xay ra véi toe do binh thuong khong bi
han ché [6]. Hién nay, cac loai thudc diéu tri trén thi truong da duoc
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phé duyét sir dung cho bénh ung thw vii nhdm muc tiéu vao cac dich
phan t trén rit da dang nhu la Tamoxifen, Trastuzumab, Paclitaxel,
Capecitabine, Docetaxel..., tuy nhién lai co nhiéu tac dung phu khac
nhau [7]. Gan day, lwa chon hiép ddng v6i cac hop chat c6 yéu td tre
ché enzyme histone deacetylase (HDAC) da duoc chimg minh I co
tac dung chdng ung thu v manh mé [8, 9]. Hoat chét belinostat da
nhan dugc sy quan tam va dat két qua kha quan trong viéc diéu tri
ung thu via khi hiép dong véi mot sb loai thude khac trén thi truong.
P. Lu va cs (2019) [10] di cong bd belinostat ngin chan su tang sinh
té bao bang cach bat hoat con duong Wnt/p-catenin va thiic day qua
trinh chét rung thong qua viéc diéu chinh con duong PKC trong ung
thu vi. Ndm 2020, belinostat dugc phdi hop véi 17-AAG dé thé
hién tac dong ti€u cuc dén su tdng sinh va xam lin cua céc té bao
ung thu vit MDA-MB-231, két qué cho thiy, su di chuyén cia cac
té bao nay da bi ngin chan dang ké khi két hop ¢ cac nhom duogc
diéu tri so véi viée sir dung don 16 [11]. Vi vy, vai tro quan trong
clia cac chét trc ché HDAC dan tré thanh nhw 13 tic nhan chong ung
thu vii méi. Nghién ctru nay da lwa chon 8 hop chat 14 dan xuét cia
N-hydroxycinnamamide c6 cu triic trong tu hoat chét belinostat dé
tién hanh thyc hién gin két vio 4 dich phan tir enzyme. Phan mém
GOLD 5.3 da dugc su dung trong nghién ctiru nay. Day 1a mdt trong
cac phan mém cho thdy kha nang du doan cc tu thé rang budc chinh
xéc gan 60% trong cac nghién ciru in silico hién nay va hiéu qua hon
cac phan mém docking théng dung phd bién khac nhur Autodock4,
MOE, Vina, FlexX [12, 13]. Muc tiéu cua nghién ctru thye hién cac
khao sat vé tic dong chong ung thu vi tiém nang cuia cic hop chat
tic ché enzyme HDAC va dinh hudng cho céc nghién ctru khéc vé
tong hop cac hop chit co yéu td rc ché HDAC, vdi tidu chi tim ra
cac hop chat phan tir nho, dich tac dong da muc tiéu va mang lai
hoat tinh da dang.

a1
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Abstract:

Breast cancer chemotherapy is marked by targeting the
function of receptors such as ERa (estrogen receptor alpha),
PR (progesterone receptor), EGFR (epidermal growth factor
receptor), and CK2 (protein kinase receptor). In this study, the
structures of ERo, PR, EGFR and CK2 were obtained from
the protein data bank and docked with belinostat analogues
using GOLD Suite 5.3 software. Combining both docking score
and binding mode analysis criteria, some belinostat analogues
exhibited as potential candidates to inhibit the function of
breast cancer. The potential compounds are well-bound in
their respective binding pose of the hormone receptors. This
is mainly based on hydrogen bond interactions between the
studied compounds and in-pose amino acids. Three compounds
(C3, C5 and C8) gave the best results. Among them, compound
CS stood out as the best candidate for target CK2. This
study suggested that N-hydroxycinnamamide can be further
investigated and evaluated for breast cancer treatment.

Keywords: belinostat, breast cancer, docking, GOLD 5.3,
N-hydroxycinnamamide.

Classification number: 2.6

2. Doi tuong va phuong phap nghién ciiu

2.1. Xay dung céu triic va chudn bi thong sé diu vio ciia
ligand va enzyme

Céc ligand dugc v& bang GaussView va toi uu hoa nang luong
trong Gaussian bang ham DFT (B3LYP/6-31g (d, p)) [14]. Céu
tric 3D cua cac enzyme ERa, PR, EGFR va CK2 duoc tai vé tir
ngan hang co s& dit liu protein RCSB (https://www.rcsb.org/) voi
cac ID lan luot 1a 3ERT [15], 1SQN [16], 2J6M [17] va 30W]J
[18]. Tét ca cac phan tir nho, nude va cac phdi tir dong két tinh
¢ trong cac enzyme dugc xoa bing Discovery Studio Visualizer,
riéng cac phan tir nuGe nam trong trung tim hoat dong ciia céc
enzyme dugc xem xét, phan tich va giit lai. Sau do, cac enzyme
duoc ti thiéu héa ning luong bing Swiss PdbViewer [19].
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2.2. Docking phén tir

Qua trinh docking dugc thyc hién biang phin mém GOLD 5.3
[20, 21]. Viéc docking phén tir dwgc st dung dé xac dinh huéng cia
chc chit trc ché khi lién két v6i protein, nham dy doan méi lién két
va hoat dong ctia cac hop chat khi lién két véi protein. Ving khong
gian docking dugc chon nim trong khoang 10 A tinh tir tim cta
chét tre ché déng két tinh tai trung tam hoat dong. Str dung thuat
toan di truyén (GA) dé gin céc phdi tir linh hoat vao céc vi trf lién
két voi protein dugc cai dat voi 100 lan chay doc lap. Gia tri gidi
han ctia khoang cach dugc cai dat 13 2,5 A cho lién két hydro va
4,0 A cho twong tac Van Der Waals. Ham tinh diém va xép hang
st dung 1a ChemPLP. Cac tham s6 con lai dugc giir nguyén giong
vdi cac tham s mic dinh. Sau khi docking két thuc, cdu hinh lién
két ctia timg phdi tir dugc xép hang theo diém ChemPLP. Cau triic
xép hang cao nhat ciia mdi phdi tir duoc chon va phan tich bang
Discovery Studio va PlayMolecule vi cong cu KDEEP [22] dé tim
hiéu phuong thirc lién két protein - chét Gic ché. Cac gia tri hing s6
phan ly (pK) va hang s trc ché dugc tinh bang cong thirc sau:

pK =-log, K
3. Két qua va ban luan
3.1. Danh gida mé hinh docking

Cac hop chat dong két tinh trong céc enzyme ERa, PR, EGFR,
CK2 lan luot la 4-hydroxytamoxifen, norethindrone, AEE788 va
pyrido-carbazole. Cac hop chat cho hoat tinh manh trong viéc trc
ché timg loai enzyme nay va chdng lai sy phat trién ciia cac té
bao ung thu va hiéu qua. Nghién ctru tién hanh re-docking céc
hop chét dong két tinh 6 trong cac enzyme trén tré nguoc lai vio
timg enzyme nham so sanh lai v6i cdu trac phirc hop X-ray ban
dau chua qua xur ly. Ddy la qua trinh cho phép khéng dinh phuong
phdp cho két qua nghién ciru dinh huéng dat do tin cdy cao. Cu thé,
két qua re-docking cho thiy céc hop chit déu cho do 1éch RMSD
(Root mean square deviation) nhé hon 2 A. RMSD c6 vai trd nhu
14 phép do chét luong céc két qua docking, nhitng cau trac docking
duoc xem 14 6t khi gia trj RMSD khong vurgt qua 2.0 A so véi cdu
triic thue nghiém (cau triic dong két tinh trong enzyme) [23]. Hinh
1 cho thiy, két qua re-docking tir phin mém GOLD 5.3, c4u hinh
lién két duoc dy doan twong dong so voi két qua tir cau tric thyc
nghiém tir cac enzyme trén ngan hang co s¢ dit liéu protein RCSB.

N\/\O/O%

4-Hydroxytamoxifen

SR 5 ;

ChemPLP=64,1336
RMSD=0,7620 A

ChemPLP=98,8947
RMSD=1,1400 A

i

ChemPLP=87,9368
RMSD=1,3290 A

Norethindrone ChemPLP=63,5467
RMSD=1,5425 A

Hinh 1. Piém s6 ChemPLP va dd léch RMSD clia qua trinh
re-docking cac phéi tir tré lai cac enzyme (ligand mau vang la
phdi tir déng két tinh cé trong enzyme, ligand mau xam la két
qua re-docking).
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3.2. Tiéu chi chon lya phé'i it (ligand)

Hoat chét belinostat di dugc sit dung hiép d@)ng voi cac
loai thudc nhim muc tiéu khac cho viée diéu tri ung thu vi nén
belinostat dugc chon lam hoat chét géc dé dinh hudng nghién ciu
va phat trién. Nghién ctru tién hanh chon lya 8 hop chit ¢6 cau
tric tuong ty belinostat bang cach thay doi trén nhom khoa hoat
dong (vong phenyl B) ciia cdu triic belinostat va giit nguyén phan
N-hydroxycinnamamide (vong phenyl A, phan cau ndi ~-C=C- va
nhom lién két kim loai -CONHOH) (hinh 2). Cy thé, mang mot
nhom thé tang hoat trén nhom khoa hoat dong (hop chit C1), nhom
khoa hoat dong la mot di vong (hop chét C2), tang kich thudc cua
nhom khoa hoat dong bang cach mang thém mot nhom phenyl
(vong phenyl B) hodc mot di vong 6 canh (di vong C, hop chat
C3, C4 va C5), kéo dai nhém khoa hoat dong va mang di vong
(hop chét C6), thay doi don vi lién két sulfolnamide (hop chat C7
va C8). Cac hop chét dugc Iya chon déu c6 thé d& dang diéu ché
thong qua céc phuong phap va quy trinh tong hop gom nhiéu budce
trong phong thi nghiém da dwgc nghién ciru va cong bd gan day
boi nhom nghién ctru cua chung toi tai Viét Nam [24-26].

o
H o o
N:/ G A on ® AN -OH
[e] H H

Belinostat Dén xuat twong tw

= R0 // Ho
? @ c1d 7 ‘,/ o J \’!
\) ca
H
(\N/‘/ \“f O(\N/\/N £

Hinh 2. C4u tric cac hop chéat twong tw belinostat.
Dinh gid két qua docking vio cdc thu thé

Két qua docking céc hop chit dugc thé hién ¢ hinh 3. Cac hop
chat belinostat, C3, C5 va C8 cho thay kha ning tuong tac tot lin
luogt twong tmg voi timg thy thé EGFR, ERa, CK2 va PR. Bon hop
chit tiép tuc dugc phén tich dy doan 4i lyc lién két ligand-thy thé,
hang 56 tic ché va hang sb phan ly (bang 1). Mot hop chat c6 hang
s0 phan ly cang nho thi ligand cang lién két chat ché hodc i luc
gifta ph01 tlr va protein cang cao.
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3 5 . A EGFR
v CK2

Belinostat C1 c2 c3 C4 C5 cé c7 C8

Hinh 3. Piém s6 ChemPLP tir két qua docking st dung phan
mem GOLD 5.3 (C1 den C8 rng vé&i tirng hop chat dwoc Iwa
chon trong hinh 2).
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Bang 1. Két qua dw doan ai lwc lién két ctia cac hop chat trc
ché cac loai thu thé.

Thuthé  Hop chit AG (keal/mol)  pK, pKi
T Belinostat -6,61+0,36 4,90+0,27 4,96+0,46
AEET78 -8,62+0,76 6,39+0,56 6,47+0,41
C3 -8,29+0,38 6,14+0,28 6,19+0,32
ERa 4-hydroxytamoxifen ~ -9,57+0,58 7,09+0,43 7,36+0,55
C5 -8,29+0,45 6,14+0,33 6,22+0,50
ck2 pyrido-carbazole -8,32+0,25 6,16+0,19 6,25+0,42
C8 -7,36+0,93 5.45+0,69 5.72+0,77
PR norethindrone -8,93+0,98 6,02+0,73 6,29+0,38

pK, 1a gia tri hang s6 phan ly (pK =- log, K,; pK; & gia tri hing sé tc ché
(PK=-log, ,K). AG: nang lwgng ty do Gibbs.

Thu thé EGFR: Dugc chét géc belinostat cho th?iy co kha
ning tuong tac manh voi thy thé EGFR, tuy nhién lai thé hién
twong tac yéu doi voi cac thy thé con lai va 3 din xudt tuong tu
cho thiy tiém ning vé hoat tinh trén timg loai thu thé khac nhau.
Trong EGFR trung tim hoat dong gom céc acid amine Alad7,
Thr94, GIn95, Met97, Pro98, Gly100, Glul08, Leul47 va phan
tir nugc HOH344. M6 hinh 2D-pharmacophore cho thay cau tric
belinostat c¢6 hai vi tri ky nudc 1a cac vong thom tham gia twong
tac voi cac acid amine nhu leucine, alanine va lysine (hinh 4). Céac
nhom nhan dién t tham gia hinh thanh cac twong tac hydro voi
chc phan tir nude, trong d6 ¢6 ca HOH344 nim trong trung tim
hoat dong. Nhom khoa hoat dong va don vi lién két sulfonamide
trong cu triic belinostat tham gia dinh hudng tuong tu so véi vi
tri 1-phenylethylamine trén céu tric cia AEE788. Tuy nhién, phan
N-hydroxycinnamamide ngén nén chi tap trung hinh thanh lién két
v6i mot so it céc acid amine khac xung quanh trung tam hoat dong
nhu Asp104, Cys101, Leul48 nén khong thé hién hoat tinh riéng
biét hon so vai AEE788 ¢6 cdu triic dai va cong kénh gitp tuong
thc tt voi nhiéu acid amine xung quanh gitp boc 16 nhiéu hoat
tinh tiém ning. Két qua dy doan cho thy, AEE788 c6 hing sb
phén ly thip hon khoang 30 lan so voi belinostat nén lién két chat
ché hon vao thu thé yéu t6 ting trudng biéu bi.

(A) 1 (C)

Hinh 4. Dinh hwéng twong tac cla belinostat trong thu thé EGFR. (A) Cau
triic 3D-pharmacophore (cau mau trng: nhém cho dién t&; cAu mau vang:
nhém nhan dién t&; cAu mau dé: ion 4m; cAu mau xanh: nhém ky nuéc; cau
mau tim: nhém vong thom); (B) Cac twong tac véi cac acid amine xung quanh
trung tdm hoat dong EGFR; (C) C4u hinh lién két ctia belinostat (mau xam) so
véi hop chat AEE788 (mau vang).
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Thy thé ERa: Hop chat C3 c6 nhiéu hon mot vi tri ky nudc
- vong thom trong cdu tric md hinh pharmacophore so véi
belinostat, két qua docking cho thay, hop chit dinh hudng tot vao
thu thé ERa tdt hon so vai cac hop cht con lai (hinh 5). Trong
ERa trung tim hoat dong bao gom Gly207, Leud1, Ala45, Asp46,
Glu48, Leu82, Arg89, Met116, HOH249, HOH305. Vong phenyl
B, C trén hop chat C3 dinh hudng tring so voi sy dinh hudng cua
4-hydroxytamoxifen trong tui hoat dong ctia ERa, thé hién tuong
tac tot voi C3 acid amine hién dién trong trung tdm hoat dong la
Leu41, Alad5, Met116. Tuy nhién, 4i lyc cho thdy hing s6 phan ly
cua hop chat C3 cao hon khoang 8 lan so véi 4-hydroxytamoxifen
nén li@n két khong chit ché hon so v6i 4-hydroxytamoxifen trén
thu the.

(A)

Hinh 5. Pinh hwéng twong tac clia hop chat C3 trong thu thé ERa. (A)
CAu triic 2D-pharmacophore (cu mau trdng: nhém cho dién ttr; cdu mau vang:
nhém nhan dién t&; cAu mau dé: ion am; cAu mau xanh: nhém ky nuwéc; cau
mau tim: nhém vong thom); (B) Cac twong tac véi cac acid amine xung quanh
trung tam hoat déng ERa; (C) CAu hinh lién két ctia hop chat C3 (mau xam) so
véi hop chét 4-hydroxytamoxifen (mau vang).

Thu thé CK2: Hop chat C5 duge xem 1a hop chét thé hién su
dinh hudng tot trong thu thé hormone casein kinase-2 tdt hon so
voi hop chat dong két tinh 1a din xudt dan xuét pyrido-carbazole
(hinh 6). Sy dinh hudng ciua nhom khoa hoat dong la di vong
C va phenyl B cho thay kha song song so véi cau tric di vong
pyrido-carbazole trén phdi tir dong két tinh. Trung tim hoat dong
ctia CK2 bao gom Leu43, Val51, Val64, Glull11, Vall14, His158,
Met161 va Ile171. Nho cdu triic gap cta nhom sulfonamide gitip
cho N-hydroxycinnamamide dinh huéng vao tai phu ké bén trung
tam hoat dong ctia CK2 nén hinh thanh nén bon lién két giita
nhém carbonyl, vong phenyl A, sulfonyl va vong phenyl B véi
acid amine His158, ma trén hop chat dong két tinh khong thé hién
duoc. Sw dinh hudng vao tai phu gitp lién két voi cac acid amine
khac, day co thé duge xem 1a mot yéu t tiém nang thé hién hoat
tinh trién vong. Ai luc lién két, hang sé phan ly va hing s e
ché cuia hop chét C5 cho thdy kha trong dong so voi hop chét ddi
chtmg 1 din xuat cta di vong pyrido-carbazole. Dy dugc xem la
hop chét co yéu t6 tiém ning e ché ung thu vii ¢6 lidn quan dén
hoat dong bt thuong vé thu thé CK2.

JHOAHOC -

Hinh 6. Dinh hwéng twong tac cta hop chat C5 trong thu thé CK2. (A)
CAu tric 2D-pharmacophore (ciu mau tréng: nhém cho dién tt; cAu mau vang:
nhém nhan dién t&; cdu mau dd: ion am; cau mau xanh: nhém ky nuéc; cau
mau tim: nhém vong thom); (B) Cac twong tac véi cac acid amine xung quanh
trung tam hoat dong CK2; (C) C4u hinh lién két clia hop chat C5 (mau xam) so
voi dan xuét pyrido-carbazole (mau vang).

Thu thé PR: Thu thé PR c6 trung tdm hoat dong la Leu3s,
Leu38, Asn36, Gln42, Met76, Arg83, Metl18 va Cys207. Hop
chat C8 mang don vi lién két alkyl-amine gitp cho cau tric dé
dang dwoc udn cong va chui d& dang vao tii lién két hep cia thu
thé tuong tur so véi cau tric norethindrone dong két tinh (hinh 7).

Hinh 7. Dinh hwéng twong tac clia hgp chét 8 trong thu thé PR. (A) Cau
triic 2D-pharmacophore (cau mau trang: nhém cho dién t&; cAu mau vang:
nhém nhan dién t&; cAu mau dé: ion am; cAu mau xanh: nhém ky nuéc; cau
mau tim: nhém vong thom); (B) Cac twong tac véi cac acid amine xung quanh
trung tam hoat dong PR; (C) CAu hinh lién két cta hop chét C8 (mau xam) so
voi norethindrone (mau vang).

Hop chét thé hién lién két v6i céc acid amine thiét yéu c¢6 trong
vung hoat dong cua thy the, tuy nhién do cau tao da phan la céac
lién két don nén dé dang bi xoay va dich chuyén so véi cau triic
dat khit cua norethindrone, chinh vi thé 1am anh huong dén do on
dinh trong thy thé. Phan tich ai luc lién két cho thay méc du sy
dinh hudng va tuong tac cua hgp chat gan nhu twong dong so vai
norethindrone, tuy nhién hang s6 phan ly lai 16n hon 14 1an so voi
norethindrone thé hién lién két kém chat ché trong protein.



Nhan xét, tir cac két qua nghién ctru docking cho thay sy dinh
hudng ciia cdc dan xuat N-hydroxycinnamamide vao cac muc tiéu
ung thu vi. Viée thay dbi cac nhom thé trén ving khoa hoat dong
cho thay sy dinh hudng t6t vao cac thu thé CK2 va ERa. Thay doi
don vi lién két sulfonamide dan dén sy dinh hudng tdt vao thu
thé PR. Hop chit C5 duoc du doan 1a émg cir vién tiém ning nhat
nhdm muc tiéu vao thu thé CK2. Hop chat thé hién tw thé twong
tac, nang lugng tu do, d§ phan ly va h?mg $0 trc ché tuong déng voi
hop chét pyrido-carbazole dong két tinh trong CK2. Mit khéc, céu
tric mach dai ciia N-hydroxycinnamamide gitip cho hop chat C5
dinh huéng vao ti lién két phu gan trung tm hoat dong va hinh
thanh nén nhiéu tuong tac voi céc acid amine xung quanh hira hen
mang lai hoat tinh manh mé trén thy thé CK2 ma hop chét pyrido-
carbazole khong mang lai. Két qua tir nghién ciru nay 1a co so khoi
dau, dinh hudng cho cac nghién ciru sau hon vé céc chét tre ché cac
thu thé hormone bé'lng cac mo hinh thuc nghiém in vitro va in vivo,
g6p phan hd trg cho sy phét trién cua cac hop chit phan tir diéu tri
¢6 hoat tinh chon loc.

4. Két luan

Céc nghién clru gan két phan tir da 1am séng to sy twong tac
cua cac hop chit tuong tu belinostat d6i véi cac thy thé ERa, PR,
EGFR va CK2. Ai lyc lién két ctia céc hop chét dwgc danh gia co
mdi trong quan cao voi diém s6 docking va sy dinh huéng vao
thu thé cua cac hop chét. Ngoai ra, cAu hinh lién két duoc dé xuét
bdi m6 phong docking c6 thé dua ra 161 giai thich hop 1y vé tac
dong cua cac thanh phn nhom thé khac nhau dén hoat tinh sinh
hoc cta cac dan xut. bay dugc xem 1a mot nghién ctru khdi dau
cho viéc thiét ké céc hop chat dinh hudng tic ché da muc tiéu trong
ung thu vi.
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Nghién ciru sire chiu tai cua mot so song noi tinh Bac Ninh

Tran Sy Hai", Nguyén Minh Hung, Nguyén Vin Ga, Nguyén Pirc Trung, Nguyén B Trung
Vién Tho nhuong Nong héa, 10 Pirc Thing, phirong Pirc Thdng, qudn Bdc Tir Liém, Ha Néi, Viét Nam
Ngay nhén bai 1/9/2022; ngay chuyén phan bién 5/9/2022; ngay nhén phan bién 20/9/2022; ngay chip nhan dang 23/9/2022

Tom tit:

Bal bao trinh bay két qua nghlen ciru vé sirc chju tdi ciia mjt 56 song noi tinh Bic Ninh, sir dung phuwong phap danh gia glan
tlep aé danh gia kha ning tlep nhin nwdc thai, sirc chiu tai ciia song. Két qua cda nghlen ctru 13 co sé dé tinh Bac Ninh cong bé
thong tin vé méi truong cac dong song, doan song khong con kha nang chiu tai. Két qua cho thay, déi véi song Ngii Huyén Khé:

cd dong song déu ¢ tinh trang bi 6 nhiém, khong con kha niang tlep nhin thém tai lrong chit 6 nhiém ciia cic nguon thai. Poi voi
song Tao Khé: doan 1 ciia song con kha nang tlep nhin thém tai lwong, tir doan 2 dén 6, cac chi tiéu chit lwgng nwée hoan toan
khong con kha ning tlép nhin thém tai lwong chit 6 nhiém ciia cic nguon thai. Dbi véi song Ngu: doan 1 va 2 chét lwgng nuwdéc
suy giam nghiém trong, tuy nhién tir doan 3 dén 6, chat lwgng nwéc co phan dwgec cai thién. Poi voi song Déu: cd dong song déu
c6 chit lwgng nwérc suy giam, khong con kha nang tlep nhin thém tai lwgng chit 6 nhiém ciia cic nguon thai. Pbi voi song Bul

chét lwgng nwde song Bii co thé danh gia bi 6 nhiém nhe. Poi voi song Dong Khéi: cd dong song déu cé chat lwong nwdce kha tot.

So sanh mitc d9 & nhiém giira cic song cho thiy, mirc dd 6 nhiém ciia song Ngii Huyén Khé, song Dau va Tao Khé Ia cao nhit,
khé ning tiép nhéin nuéc thai gin nhw khong con. Céc song bi 6 nhiém ¢ mirc dd nhe hon I3 song Ngu va song Bui, séng c6 chat

lwgng nwée tot nhit 1a song Pong Khoi.

Tir khoa: kha nang tiép nhin nudc thai, song ndi tinh, sirc chiu tai, tinh Bic Ninh.

Chi 56 phén loai: 2.7

1. Dét van dé

Mang ludi song ngoi thudc tinh Bic Ninh kha day dic, mat do
kha cao (1,0-1,2 km/km?, theo s6 liéu cua bai Khi tuong thuy van
Bic B0) voi 3 hé thong song 16n chay qua gdm song Pudng, song
Céu va Thai Binh. Ngoai ra, trén dia ban tinh con c6 song Ca Lo
ndm 6 phia tay ctia tinh, mot phan ctia song c6 chiéu dai 6,5 km la
dudng ranh gi6i tinh gitta Bac Ninh véi Ha Noi va hé thng song
ngoi noi tinh nhur séng Ngit Huyén Khé, song Dau, séng Bui, song
Tao Khé, song Ngu, song Dong Khoi. Theo bao céo ciia S Tai
nguyén va Moi truong Bic Ninh, céc song da trd thanh noi chira
nudc thai khi ty 1€ nude thai dugc xtr Iy chi chiém 10-12%, con lai
1a thai tryc t1ep ra song, ho ma chua qua xu 1y [1]. O Viét Nam da
6 mdt s nghién ctru vé kha ning tiép nhan nudc thai, sirc chiu tai
cua cac dong song, thuy vuc nhu: T.V. An (2014) [2], L.T. Hai va
cs (2013) [3], N.T. Hang va cs (2018) [4], N.M. Lam (2013) [5].
Viéc nghién ciru stc chiu tai moi truong ciia hé thong song ndi
tinh Béc Ninh 1a rat can thiét dé 1am co s¢ kiém soat nguon thai,
cap phép xa thai ddi voi cac doanh nghiép san xuét, dong thoi co
nhig giai phdp thich hop cho viéc img xr v6i moi truong nhim
on dinh vé moi truong nhung kinh té van tang truong theo dinh
huéng cua tinh Bic Ninh ndi riéng va dong gop vao su phat trién
bén viing ciia dat nude ndi chung.

2. Déi tuong va phuong phap nghién ciiu
2.1. Péi twong

Céc ngudn thai 6 nhim, yéu t6 thuy dong luc, chit luong méi
truong nudc mat cac song ndi tinh bao gom song: Ngii Huyén Khé,
song Dau, song Ngu, song Bui, song Tao Khé va Bong Khoi.

“Tac gia lién h¢: Email: transyhai@gmail.com
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2.2. Phuwong phdp nghién ciru

Luya chon phuong phap gian tiép dé danh gia kha nang tiép
nhdn nudc thai, stre chju tai cua song vi phuong phap danh gid trye
tiép chi pht hop véi cac song khong co ngudn thai xa vao (Diéu 8
Thoéng tu 76/2017/TT-BTNMT) [6].

Pdnh gid kha ndng tiép nhdn nuée thai, sk chiu tai cua song
dugc thiee hién theo phuong phap danh gid gian tiép: Trén co so
gi6i han t6i da cua timg thong sb danh gid theo quy chuén ky thuét
vé chat luong nude mat, luu lugng, két qua phan tich chat luong
nguon nude séng, luu luong va két qua phan tich cia céc nguon
nude thai xa vao doan song.

L =(,-L_-L)xF,

trong d0 L, : khd nang tiép nhan nude thai, st chiu tai ddi v6i timg
thong. s6 0 nhiém (kg/ngay); L, Fg: duoc xac dinh theo quy dinh
tai diém b va d khoan 1 Dleu 9 Thong tu 76/2017/TT-BTNMT;
L_: tai lugng cua thong s chat luong nude hién co trong nguon
nuée cta doan song va dugc xac dinh theo quy dinh tai Piéu 11
Thong tu s6 76/2017/TT-BTNMT (kg/ngay); L. tai luong thong s6
6 nhiém c6 trong nguon nudce thai va duge xdc dmh theo quy dinh
tai Diéu 12 Thong tu s 76/2017/TT-BTNMT (kg/ngay).

Xéc dinh tai luong t6i da cua thong sb chit lwong nude mat
nhu sau:

L, :C . xQ x 86,4

trong d6 C_: gid tri gidi han cua thong s chat lugng nude mit
theo quy chuan ki thuat vé chat luvong nuéc mit tmg v6i muc dich
str dung nude cua doan song (mg/l); Qg: luu lwong dong chay cua
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Abstract:

The article presented the research results on the carrying capacity
of some intra-provincial rivers in Bac Ninh province, using indirect
assessment methods to assess the capacity of receiving wastewater
and the carrying capacity of the river. The results of this study
were the basis for Bac Ninh province to publish information on
the environment of rivers and river sections that are no longer
capable of carrying loads. The results showed that the whole Ngu
Huyen Khe river was polluted, and no longer capable of receiving
more pollutant loads of waste sources. For the Tao Khe river,
section 1 of the river was still capable of receiving additional
loads; from section 2 to section 6, the water quality indicators were
completely unable to receive additional pollutant loads from waste
sources. For Ngu river, section 1 and section 2, water quality was
severely degraded, however, from section 3 to section 6, the water
quality was somewhat improved. For Dau river, the whole river
has reduced water quality and was no longer able to accept the
pollutant load from the discharge sources. For Bui river, the water
quality can be assessed as slightly polluted. For Dong Khoi river,
the whole river had quite good water quality. Comparing pollution
levels among rivers showed that the pollution level of Ngu Huyen
Khe river, Dau river and Tao Khe river was the highest, and the
ability to receive wastewater was almost no longer available. The
rivers with less pollution were the Ngu and Bui rivers, the river
with the best water quality is the Dong Khoi river.

Keywords: Bac Ninh province, capacity to receive wastewater,
carrying capacity, intra-provincial river.

Classification number: 2.7

doan song danh gia va dugc xac dinh theo quy dinh tai khoan 2
Piéu 10 Thong tu s6 76/2017/TT-BTNMT (m¥/s); 86,4 13 hé s6
chuyén doi thir nguyén (dugc chuyén doi tir don vi 1a mg/l, m¥s
thanh don vi kg/ngay).

Tinh tai lugng chit 6 nhidm c6 trong nudc séng nhw sau:
L =C xQ,x864

trong do C_: két qua phan tich thong sb chit luong nuwéc mat
va dugc xac dinh theo quy dinh tai khoan 2 Diéu 11 Thong tu
76/2017/TT-BTNMT (mg/l); Qg: luu lugng dong chay cua doan
song danh gia va duoc xac dinh theo quy dinh tai Khoan 2 Diéu 10
(m’/s); 86,4 1a hé s chuyén doi thir nguyén.

%H%-IE 65(6) 6.2023

Khoa hoc Ky thuat va Céng nghé | Ky thuat méi trudong

Tinh tai lugng chat 6 nhidm c6 trong nude thai nhu sau:
L=CxQ x864

trong do C;: két qua phan tich thong s6 6 nhidm c trong ngudn
nude thdi xa vao doan song va duge xac dinh theo quy dinh tai
khoén 2 Diél} 12 Théqg tu 76/2017/TT-BTNMT (mg/l); Q;: luu
luong 16n nhat cua nguon nudce thai xa vao doan song va duge xac
dinh theo quy dinh tai Khoan 3 Diéu 12 Thong tu 76/2017/TT-
BTNMT (m’/s); 86,4 1a hé s chuyén doi thir nguyén.

Phirong phdp ké thira: Ké thira cac két qua quan tric 6 nhiém
moi truong nude ciia SO Tai nguyén va Moi truong Béc Ninh.
Téc gia st dung céc két qua nay dé tinh toan, danh gia cht luong
nuée dya trén QCVN 08-MT:2015/BTNMT [7] va céc chi s chat
lugng nude.

Phuong phap phan doan song dé danh gia kha ning tiép nhan
nudce thai, suc chiu tai cia song dugc thuc hi¢n trén co s¢ cén clr
duoc quy dinh tai Diéu 5 Thong tw 76/2017/TT-BTNMT [6]. Céc doan
song dugc danh gia theo QCVN 08-MT:2015/BTNMT (cot A2) [7].

Can cir phdn doan song dua trén nhitng y do chinh nhw sau.: Vi tri
nhap huu, phan huu trén song; chirc ning ngudn nude, myc dich sir dung
nudc cia song; vi tri cac cong trinh khai thac, st dung nudc, xa nudce thai;
vi tri cong trinh hd chira, cng trinh diéu tiét nudc trén song (bang 1).

Bang 1. Phan doan song trong nghién ctru strc chiu tai.

Song Doan 1 Doan2 Doan3 Doan4 Doan§  Doan6  Dom7
SoneBi Tirthon Huong ~ TurLai Té dén tram
" TidénLaiTe  bom Ngoe Quan
SongBong  Tir Duong Duyén  Tirthon Giang dén
Kh dénthonGing ~ cdng Lai Té
I L B P
SongDau den thon i thon Ciu Yoo Yeéndénxd

Vin Quan Song Licu

. . Tuthon — TiTom
o Tilmbm  Tilmbmpn  mom TEmbm e oy D0
Song Nei . L HuongMae  DongTho2 . TrimKhé
> > DaHoidenTram  Khé denTrambom L denTram  Lamden .
Huyén Khé o dénTrambom ~ dén thon . .o, denthon
! bomPhuKhé  Huong Mac R . bomPhi  thonTrim ..
DongTho2 ~ BaiChu X K Xudn Vién
Lim Khé

Trbmbon . . TebhNg TN o b
, T T thon Thi Phap Y oo CimXd CaoTho
SongNgu ~ Bai dén thon (.o Thondenthon  Hiwdenthon L

ThiPhi den thon Ngd Thon Nbin i Cin i denthon  den thon

LD CaoTho  TituThan
C Tybtlgh  TebNadk  Toave 00 Tl Ttk
Song Téo TV A ;. ThiThon ViiDuong ~ Gudt den
Khé Nguyen dén thon ~ dén thon Van Chung dén thon e dinthén thin Hidn

N Dit Chung Thi Thn

ViDuong  Gugt Luong

Phutong phap do dém thye dia: St dung may ADCP-600Khz
(M¥) duoc két ndi véi may tinh dé do luu lugng v6i do chinh xéc
d dugc kiém dinh tai mat cat tuyén do khao st thiy vin. Méay nay
do luu lugng song va dong chay theo nguyén ly hi¢u tng Doppler
cho phép cung mot luc co thé do dong chay tai nhiéu tang khac
nhau trén mot thuy vuc.
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2.3. Thoi gian va dia diém nghién ciru
Nghién ctru dugc thuc hién tir thang 6 dén thang 11/2020.

' bia diém nghién ctru: diép tra, khdo sat trén dia ban toan tinh
Béac Ninh gom thanh pho Bac Ninh va Tur Son, cac huyén Gia
Binh, Tién Du, Lwong Tai, Thuan Thanh, Qué Vo va Yén Phong.
3. Két qua va ban luan

pé phuc vu déanh gia suc chiu tai cua cac nguén nudc, chiing
toi tién hanh tinh toan déac trung thuy van, ché d¢ dong chay cho 6
song ndi tinh (bang 2).
Bang 2. Lwu lwong trung binh thang, nam trén cac thay vwec
tinh Bac Ninh.

Bang 4. Téng hop ngudn thai trén song Bui doan 1.

AT\ e AP TR £ y o, Liulwong xa thai
T Loai nguon thai Loai hinh phat thdi S0 wrgng nguon thai (oigiy dém)
Nguon théi phan tin  Sinh hoat 12 95
(nguon thii dign) — Chan nudi 3 105
Doan | . ,A . o
A g Khu cong nghiép, cum cong nghiép
(Bul)  Nouon thii tip trung %
3t Lang nghé, san xuat dich vy .
(nguon tha diém) :
Nong nghiép 2 0,036

Doan 2 (Bu-2): Trén doan song nay tap trung chu yéu loai hinh
phat thai phan tan dang dién, tap trung chu yéu 2 loai hinh phat
thdi chinh la sinh hoat dan cu va chan nu6i voi 16 nguén thai, luu
lugng xa thai tong cong 13 122 m¥/ngay dém. Nguon thai diém 1a
ndng nghiép voi mot ngudn thai, lwu lwong x4 thai 1a 4,8 m¥/ngay
dém (bang 5).

Liru hrgng trung binh théng (mls) 0t x N
7 Luuvge ] Bang 5. Tong hop nguon thai trén séng Bui doan 2.
)03 45 6 7 % 9 0 u np @

o Noi . 61 Luru lwgng xd thai
SN g 0 05 4 9 8B N1 8 S5 30 160 35 T0 Losingubnthii  Lopihinh phit thii Solumg - Lim lung i thi
Huyén Khe nguon thii (m*/ngay dém)

) SngTioKl 123 08 039 075 227 615 108 132 17 68 4% 225 5D Nguon hiiphintin~~ Sinh hont 14 1116
O thi dié an o )
3o SigNm 0% 052 038 047 200 470 803 916 880 546 345 L7 3B o R Gt 1040
e (Bli-Z) B Khu cong nghigp, cum cdng nghiép
4 SingDongKhii 020 017 012 036 259 328 65 646 507 g6 070 037 23 (ngu%r:lt[hzlit;%;:ng Ling g s ot digh vy
5 SongBii 021 017 009 01 08 L6 197 245 2% 141 087 043 098 gu Nong nghiép | 48

6 SongDiu 023 017 009 012 049 Ll6 198 226 219 134 085 042 09

Ngudn: S& Tai nguyén va Méi trwéng Bac Ninh.

Dong chay trén céc song thude ddi twong khao st ciing ndm
trong xu thé chung trong phan phdi dong chay trong nam tai cic
tram thuy van trong ving nghién cru (bang 3). Mua 1d thuong bét
dau tir thang 5, 6 va két thiic vao thang 9, thoi gian tap trung ngin
khoang 4-5 thang nhung lai chiém ty 18 16n tong lugng dong chay
trén mot con song, thong thuong ty 1€ nay tur 64,1-76,8%. Mua can
thuong chiém 7-8 thang nhung lwong dong chay lai chiém phan
nho 23,2-35,9%.

Bang 3. Phan mua dong chay trén cac thay vwe tinh Bac Ninh.

T Tosig '[:h('ri ks: Mua li Mua can
{inh toin ms Thing Y% sovdinim — ms % 50 véi nim

1 Ngi Huyén Khe ~ 1990-2020 8 69 093 1,7 30,7
2 Song TaoKhe ~ 1990-2020 105 69 68,5 24 315
3 Song Ngu 1990-2020 Nl 69 673 19 07
4 Song Dong Khoi ~ 1990-2020 54 69 770 08 pAX
5 Song Bui 1990-2020 20 69 67,9 05 A
6 Song Dau 1990-2020 19 6-9 67,1 05 329

Ngudn: S& Tai nguyén va Méi trwéng Bac Ninh.
3.1. Song Bui

Poan 1 (Bu-1): Trén doan séng nay tap trung chu yéu loai hinh
phét thai phan tan dang dién, tap trung chi yéu 2 loai hinh phat
thai chinh la sinh hoat dan cu va chan nuoi véi 15 nguén thai, luu
luong x4 thai tong cong 1a 104 m¥/ngay dém. Ngudn thai diém la
nong nghiép vi hai nguon thai, luu luong xa thai 1a 0,036 m*/ngay
dém (bang 4).
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Tong hop danh gia kha ning tiép nhan nudc thai, strc chiu tai
cua song Bui duoc thé hién ¢ bang 6.
Bang 6. Kha ning tiép nhan nwéc thai, stre chiu tai cia song
Bui.
BVT: kg/ngay.

TT Doansong  BOD, COD TSS NH/ Pb Fe
1 Doanl 11,39 36,77 1188 0,34 0,15 42
2 Doan2 60206  -10.0433 -LISL9 <018 0,08 30

Gia tri trwdrc c6 dau (-) co y ‘nghia nguon nwéc & doan sdng nay khéng
con kha nang tlep nhan chat 6 nhiém, dong chay hién dang tai mét tai
lwong chét 6 nhiém vuwot qua kha nang tiép nhan vOi gia tri bang gia tri
sau dau (-); gia tri khong co6 dau (-) co y nghia nguon nwéc & cac doan
s6ng nay con kha nang tiép nhan thém chat 6 nhiém mat gia tri bang
v0i gia tri trinh bay trong bang.

C6 thé nhan thay, doan 1 song Bui hoan toan con kha ning
tiép nhan thém tai lugng 6 nhiém: BOD, con tiép nhan thém duoe
11,39 kg/ngay, COD 36,77 kg/ngay, TSS 118,8 kg/ngay, NH," 0,34
kg/ngay, Fe 4,2 kg/ngay, Pb 0,15 kg/ngay. Tuy nhién, & doan 2 hau
hét cac chi tiéu khong con kha nang tiép nhan thém tai luong 6
nhiém. Céc chi tiéu kim loai ning chi con Fe con tiép nhéan thém
dugc 3 kg/ngay, Pb 0,08 kg/ngay do luu lugng xd thai ¢ doan 2 lon
hon doan 1 nhiéu lan.

3.2. Song Pong Khéi

Dogn 1 (PK-1): Trén doan song nay tap trung cha yéu loai
hinh phét thai phan tan dang dién, tap trung chi yéu 2 loai hinh
phat thai chinh 13 sinh hoat dan cu va chin nudi v6i 12 ngudn thai,
Iuu lugng xa thai tong cong 13 107,5 m¥/ngay dém. Ngudn thai
diém 1a cum cong nghiép va y t& voi 4 ngudn thai, luu luong xa
thai 1a 130 m*/ngay dém (bang 7).

o4



Bang 7. Téng hop ngudn thai trén song Pong Khéi doan 1.

T Logi ngudn thii Loai hinh phat thai % llkrgng" Lu;u llr‘(,mg x At
nguon thai (m*/ngay dém)
Nguon théi phéntin ~ Sinh hoat 9 9,5
(nguonthai dién) g 3 90
ot Khu cong nghi¢ ong nghi¢ 2 36
. u cdng nghiép, cum cong nghi¢
(BK-1) Nguon thai tip trung - g; gA 'p; . il
U Lang nghe, san xuat dich vu -
(nguon thai diem) !
Ve 2 100

Pogn 2 (PK-2): Trén doan song nay tap trung chu yéu loai
hinh phat thai phan tdn dang di¢n tap trung chu yéu 2 loai hinh phat
thai chinh la sinh hoat dan cu va chan nu6i véi 17 nguon thai, luu
luong x4 thai tong cong la 170,3 m¥/ngay dém. Nguon thai diém
1 lang nghé, san xuét dich vu, ndng nghiép v6i 3 nguon thai, luu
lugng xa thai la 2,517 m*/ngay dém (bang 8).

Bang 8. Téng hop ngudn thai trén séng Déng Khéi doan 2.

L I $6 lugng Liru hngng xé thii
T Loai nguon thai Loai hinh phat thdi ngui"m hii (utnghy dun)
Neudn thii phin tén Sinh hogt 16 1623
bguntiiidin) e 1 80
Doan2 e p—
. u cdng nghiép, cum cong nghif
O] gy e
L Lang nghe, san xuat dich vu 1 15
(nguon thai dicm) it
Nong nghiép 2 0,017

Tong hop danh gia kha nang tiép nhan nudc thai, sitc chiu tai
cua song Bong Khai dugce the hién ¢ bang 9.

Bang 9. Kha ning tiép nhan nwéc thai, strc chiju tai cua séng
Poéng Khoi.

Don vi: kg/ngay.

T Doansong ~ BOD, COD TSS NH, Pb Fe
1 Doan | 19,65 56,46 114,06 0,6 0,17 1,53
2 Doan2 3734 84,89 20543 045 0,19 1,01

S6 lidu cho thay, doc song Pong Khoi chat luong nudc kha
tot. Céc chi tiéu hoan toan con kha nang tiép nhan thém tai lwong
cua chung.

3.3. Song Dau

Doan 1 (Da-1): Trén doan song nay c6 mot ngudn thai diém
phat sinh tir san xuat dich vy, lang ngh€ véi luu lugng 1a 20 m®/ngay
dém va 22 nguon thai phan tan dang dién tr sinh hoat dan cu va
chan nu6i voi luu luong xa thai 236,7 m*/ngay dém (bang 10).

Bang 10. Téng hop ngudn thai trén séng Dau doan 1.

T'  Losingubothii  Logibioh phit i Solug - Lurbeong i
nguon thii (m'/ngay dém)
Neuon thai phéntin ~ Sinh hoat 15 1382
bgpmbiidien) o 7 %5
Doan | N —
Dal) ot e u cng nghip,cum cong nghip -
Rl iy Lang nghe, san xuat dich vu 1 20

(ngudn thai diém)

Nong nghiép

Doan 2 (Da-2): Trén doan song nay ¢6 téng s 13 ngudn thai
diém phat sinh tir san xuét dich vy, lang nghé, cum cong nghiép
v6i luu lugng tong cong 2.175,2 m¥/ngay dém va 10 ngudn thai
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phén tan dang dién tlr sinh hoat dan cu véi luu lugng 96,2 m*/ngay
dém (bang 11).

Bang 11. Téng hop ngudn thai trén song Dau doan 2.

L I $6 lugng Liru lngng xé thai

T Loai nguon thai Loai hinh phét thdi . in thi (wnghy dim)

Neudn thi phn tén Sinh hoat 10 96,2

(nguon thai di¢n) Clin ; )
o Khu cong nghig ongnghigp 2 40
(Da-2) A T (T LT

NpmGiltpteg S dtdchog i 2352

(nguon thai diém) R

Nong nghiép

Poan 3 (Da-3): Trén doan séng nay co tong sb 15 ngudn thai
phat sinh phan tan dang dién tur sinh hoat dan cu voi luu lugng
128,6 m*/ngay dém va 8 ngudn thai tir san xudt dich vy, lang nghé,
v6i luu luong tong cong 2.044,9 m¥/ngay dém (bang 12).

Bang 12. Tédng ho'p ngudn thai trén séng Dau doan 3.

e amg e X A oo L lwgng xd thai
T Loai nguon thai Loai hinh phét thdi S0 lwong nguon thdi (i dém)
Neudn thai phntin ~ Sinh hoat 12 1086
(g il 3 0
Doan3 i i
(Da-3) i U cOng ngficp, cym cong nghiep
Nown i inog, =y, bl g 8 2049

nguon thi diém
ae ) Nong nghiép

Tong hop kha ning tiép nhan nu6e thai, strc chiu tai ciia song
Dau dugc the hién ¢ bang 13.

Bang 13. Kha nang tiép nhan nwéc thai, stee chiu tai cia séng
Dau.

Bon vi: kg/ngay.

TT  Doansing  BOD, COD TSS NH, Pb Fe

| Doan | T64,18 -868,01 421,69 -530,24 -1 66,0
2 Doan2 21235 2931 -11.83 -192,08 -5.99 -13.93
3 Doan 3 -1447 -178,57 -106,9 -50,01 458 LIS

Nhu vy, doc song Dau chit luong nudc bi suy giam. Céc
thong s 6 nhiém hoan toan khong con kha ning tiép nhan tai
lugng thong s6 6 nhiém.

3.4. Song Ngii Huyén Khé

Tong hop kha ning tiép nhan nu6e thai, strc chiu tai ciia song
Ngii Huyén Khé duoc thé hi¢n ¢ bang 14.

Bang 14. Kha nang tiép nhan nwéc thai, stee chiu tai cia séng
Ngi Huyén Khé.

Bon vi: kg/ngay.

TT  Doansing BOD,  COD NHS  Pb Cd Cu Fe In

1 Doan | L4349 29710 4105 (100 4l 48 LT 3889
2 Dbom2 2500 348 507 63 54 -622 14,1 30,7

3 Don3 2851 3787 2023 46 49 325 -849 -1326
4 Dond 77572 12889 95T 04 I3 79601 3382 -585

5 Do 8449 15884 81 -5 52 W74 -T168 -1.085
6 Doan6 70026 11640 2880 852 63 1956 -5358 -265,5
7 Doan7  SL602 86204 7834 -02 53 557 30 -0.057
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Doc song Ngii Huyén Khé tir khi vao tinh Bac Ninh dén trudc
khi d6 vao song Cu tai Tram bom tiéu Van An, huyén Yén Phong
chat lugng nudc suy giam nghiém trong. Tai lugng hién co trong
song tinh todn tir két qua quan trac dinh ky cuia tinh va két qua phan
tich chit lugng nudc mit song Ngiit Huyén Khé cua dé tai 1on hon
tai luong t6i da cho phép trong QCVN 08-MT:2015/BTNMT (cot
A2), ngoai ra con chua xét dén tai luong cac nguon thai d6 vao
song. Cac chi tiéu chat lrong nudc hoan toan khong con kha ning

BTNMT (cot A2). Riéng doan 1 con kha ning tiép nhan thém tai
lugng nhom céc chat hiru co gom BOD; ¢6 thé tiep nhén thém

duoc 107,1 kg/ngay, COD 378,8 kg/ngay; NH," 2,4 kg/ngay.

Kha nang tiép nhan nudc thai gilta cac song dugc thé hién &

bang 17.

Bang 17. So sanh kha ning tiép nhan nwéc thai gitvka cac séng.

t é p nhan thém tai lon g Chét 6 nhidm Sng Dogn 1 Doan Dogn3 Doan 4 Dogn 5 Dogn 6 Dogn7
. ~ . T Con kha ning
3.5. Song Ngu Song Bi ggs;‘hh:nm“g téy i
2 s A A ; iy s oA ' Pb, F
Tong hop kha ndng tiép nhan nudc thai, s chiu tai cia song . '
Ngu duoc thé hién & bang 15. ;‘j;g Cinkhining  Conkhining
. s s ik - o eai S e o S tigphd tép b
Bang 15. Kha nang tiep nhan nwéc thai, stre chiju tai cua séng Khoi o i
Ngu. fng 00
o g, VG Khongsinkbi ﬁ:gfnw“
Don vi: kg/ngay. s wngtigpnhin  ningticpnhin ., | °
tiép nhdn
T Doan song BOD5 COoD TSS NH‘* Fe X o o o o Khong
Song Ni Khinecinki  Conkhinin Khongeon ~ Khongeon ~ Khongeon  Khongcon cénkﬁé
1 Doan | -1.84 -1362 -369.9 -900,6 933 Huyén y g N b d kha ning kha ning kha ning kha ning o
i ningtiépnhgn  vdiFe i - kol oo ning tiép
2 Pogn 2 9638 508 249 35026 937 ¢ fpuin - lpnin - fepnhn - fepmhn
9 Poan3 90 4385 38819 1835 820 Kiinzcinkid  Khonzcin ki Conkhining Conkhindng  Conkhindng  Conkhdning
R g con khd ongoonkhi .
4 Boan 4 S0426 3679 40986 1852 474 L wingépkin  ning ip b L G L g S
: 042 36, 0%, : : N, NH; N NH,
5 Pogn § 50594 2634 49562 1778 624 GineTig  CUnkhining oo Kingeon  Kbingeon  Khongeon  Khngcon
ongTao ¢ b BOD Khong con kha Wi i i i Wi
6 Do 6 29668 3889 24816 1266 £0 ke IO g e Kamng Koy Kaning
6 e e o ’ ’ COD,NH," " tiépnhdn fiép nhgn fiép nhn tiép nhgn

Doc song Ngu chét lugng nude ¢é 6 nhiém hiru co nhe, doan
song dau tién chay qua xa Pai Béi chat luong nudc suy giam
nghiém trong, cac chi tidu hitu co va kim loai déu khong con kha
ning tiép nhan thém tai lugng. Tuy nhién, tir doan 3 tro di chét
lugng nudce ¢6 phan cai thién, cc thong sb chit luong nude hoan
toan co thé tiép nhan thém tai luong cua chung trén song.

3.6. Song Tao Khé

Tong hop kha ning tiép nhan nu6e thai, sirc chiu tai ciia song
Tao Khé dugc thé hién & bang 16.

Bang 16. Kha nang tiép nhan nwéc thai, strc chiu tai ctia séng
Tao Khé.

Do vi: kg/ngay.

TT  Doansong  BOD, COD NH, Pb Cd Cu Fe In

5 4

I Doml 107,1 3788 24 -5,45 1089 -1409 846 5791
2 Dom? 38095 dodd 157 218 -1028 0 -I3337 930 -1029
3 Dom3 51200 -L1006 70,6 931 2100 396 0 003 1433
4 Domd4 13292 2010 Ml 209 1029 1344 5418 -1051
5 Dom$ L0033 (15336 3146 1028 -1028 2613 1724 526

6 Domo6 1054 <1030 766 1028 363 0925 152 -1336

C6 thé thy, doc song Tao Khé dén trude khi dd vao song Théi
Binh tai Tram bom tiéu Hién Luong, huyén Qué Vb, tinh Bic
Ninh, cang vé ha nguén chat luong nudc cang gidm nghiém trong.
Tai lugng hién c6 trong song tinh toan tir két qua quan tric dinh ky
cua tinh va két qua phan tich chat luong nudc mat Ngoi Tao Khé
déu 16n hon tai lugng t6i da cho phép theo QCVN 08-MT:2015/
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Két qua bang 17 cho thiy, mic do 6 nhidm cua song Ngi
Huyén Khé, song Dau va song Tao Khé 14 cao nhat, kha ning tiép
nhan nudc thai gan nhu khong con. Cac séng bi 6 nhiém ¢ mirc do
nhe hon la song Ngu va song B, song ¢6 chat lwong nudc tot nhat
14 song Pdng Khoi, cac thong s6 6 nhidém déu con kha nang tiép
nhan. Nguyén nhan dan dén tinh trang nay 1a do luu lugng xa thai
vio cac song khac nhau. Néu tai lrong ngudn thai vuot qua kha
ning tu lam sach ctia song s& din dén song bi 6 nhiém. Két qua cua
nghién ctru ndy 1a co s& dé tinh Bic Ninh cong bd thong tin vé moi
truong cac dong song, doan song khong con kha nang chiu tai theo
quy dinh diém d, khoan 3, diéu 8 ctia Luat Bao vé moi truong nam
2020 [8]. Bdng thoi, tinh Bic Ninh cin ban hanh nhiing quy dinh
v& cap phép xa thai qua do co thé kiém soat ngudn thai dé bao vé
chét luong nudc cua hé théng song ndi tinh phuc vu cho sinh hoat
va san xudt nong nghiép.

4. Két luan

Poi véi song Ngii Huyén Khé: Ca dong song déu & tinh trang
bi 6 nhiém do phai tiép nhan mét lugng 16n nude thai sinh hoat,
san xuét cua cac ho dan khu vuce bong Tho, Phong Khé, dac biét
13 nude thai clia céc co so san xudt, tai ché gidy. Cac chi tiéu chat
luong nude hoan toan khong con kha nang tiép nhan thém tai
lugng chat 6 nhidm.

Dai voi séng Tao Khé: Poan 1 clia song con kha ning tiép
nhan thém tai lugng nhom cac chét hiru co gom: BOD; ¢6 the tiép



nhén thém dugc 107,1 kg/ngay, COD 378,8 kg/ngay; NH," 2,4 kg/
ngay. Tu doan 2 dén doan 6, cac chi tiéu chat lugng nudc hoan
toan khong con kha nang tiép nhan thém tai lugng chat 6 nhiém
cta cac ngudn thai.

Doi véi séng Ngu: Poan 1 va 2 chat lugng nudc suy giam
nghiém trong, c4c chi tiéu hitu co va kim loai ning déu khong con
kha nang tiép nhan thém tai lugng chat 6 nhiém. Tuy nhién, tir
doan 3 dén 6, chét luong nude co phé‘m dugce cai thién, cac thong
s chat lugng nudce hoan toan cé thé tiép nhan thém tai luong ciia
song.

Poi véi song Ddu: Ca 3 doan cua song Dau déu c6 chat luong
nudc suy giam. Cac chi tiéu thong s0 hitu co, kim loai ngng hoan
toan khong con kha nang tiép nhan thém tai lugng chat 6 nhiém
cua céc ngudn thai,

Dai véi song Bui: Chat lugng nude song Bui co thé danh gia
bi 6 nhiém nhe, doan 1 song Bui hoan toan con kha ning tiép nhan
thém tai lurong chat 6 nhidm, nhung dén doan 2, nhém hiru co gom
BOD,, COD, NH ', chi ti€u Fe va Pb con kha nang tiép nhan thém
tai lugng nhung & gia tri khiém ton.

Dai véi song Pong Khai: Ca dong song déu co chat luong
nuée kha tot, cac thong $6 chét lwgng nu6e nhu: BOD,, COD,
NH,’, Pb va Fe hoan toan con khd nang tiép nhan thém tai lugng
cua chiing.

So sanh murc do 6 nhiém giita cac song cho thiy muc do 6
nhiém ctia song Ngii Huyén Khé, song Dau va song Tao Khé 1a cao
nhét, kha nang tiép nhan nudc thai gan nhu khong con. Cac song
bi 6 nhiém & mirc d6 nhe hon d6 14 song Ngu va song B, song 6
chat lugng nude tot nhét la Dong Khoi.

LGOI CAM ON

Nghién ctru nay 1a mot phan ctia Dé tai: “Nghién ctru stre chiu
tdi 6 nhiém moi truong nude thai tir cic khu cong nghiép, cum
cong nghiép, lang nghé anh huong dén dit san xuat nong nghiép;
& xuét giai phap bao vé moi truong dat san xudt nong nghiép tinh
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Bic Ninh” dugc thyc hién trong thoi gian tir thang 6/2020 dén
thang 9/2022. Pé thyc hién va hoan thanh cong trinh khoa hoc
nay, nhom nghién ctru di nhan duoc sy hd trg, gitp do tir nhiéu
€O quan, t6 chirc va ca nhan, dac biét [a UBND tinh Béc Ninh, S&
Khoa hoc va Cong nghé Bic Ninh d cap kinh phi dé thuc hién.
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Phan tich dac trung luu vue phat sinh i bun da - lii quét
va co ché tic dong ciia Il ¢ Iwu vwre suoi Nam Pim

Vii B4 Thao’, Nguyén Thi Thu Hwong
Phong Nghién ciru Dia ky thudt, Vién Thiy Cong, Vién Khoa hoc Thuy loi Viét Nam, 3/95 Chua Boc, phuong Trung Liét, qudn B(fng DPa, Ha Ngi, Viét Nam
Ngay nhan bai 18/4/2023; ngay chuyén phan bi¢n 21/4/2023; ngay nhan phan bién 19/5/2023; ngay chap nhan dang 23/5/2023

Tom tit:

Co ché tac dong 1a co sé co ban dé dé xuit cac gidi phap phong tranh li bun da - li quét (LBD-LQ). Nghién ciru nay
thong qua khio sat thue dja va phan tich dac trung hinh thai luu vue cua trin LBD-LQ xdy ra dém ngay 2/8/2017
va rang sang 3/8/2017 tai xa Nam Pim, huyén Muong La, tinh Son La nhim lam sing t6 co ché tic dong va dic
trung hinh thai cac chi lvu vue thudce lvu vire sudi Nam Piam. Dic trung hinh thai lwu vue dwge phan tich theo hwéng
lwgng héa quan hé giira cac tham sé dién tich, d9 doc, cao dd, chiéu dai, h¢ s6 Melton... nhim gép phan bé sung co
s& dir liéu nhan dién cac lvu vuce nguy co cao phat sinh LBD. Tran LQ tai luu vwe suéi Nam Pam nim 2017 1a loai
hinh da thién tai chuyén hoa tir tai bién dia chit phat sinh do mwa chuyén héa thanh LQ. Qua trinh chuyén hoéa bit
diu tir cao xudng thép, tir “trwet 16” dién rong trén cic swon nii do mwa thanh “LBDP” tip trung & khe sudi lvu vire

cAp mdt, roi chuyén thanh “LBD-LQ” trong sudi lvu vue cip 2, sau dé thanh “LQ-LBD”

chuyén héa thanh “LQ” ¢ Iwu vue cép 4.

P

6 suoi lwu vue cap 3 va

Tir khéa: co ché tac dong, hinh thai lru vure, 1d bun da, 1d quét.

Chi sé phén logi: 2.7

1. Dt van dé

L, LQ, LBD 1a mot sé trong hang loat thién tai c6
anh hudng nghiém trong tai Viét Nam. Theo Quyét dinh
s6 18/2021/QD-TTg [1]: La 1a hién twong muc nudc song
dang cao trong khoang thoi gian nhét dinh sau d6 xudng;
LQ 14 lii xay ra bat ngd trén suon ddc va trén cac song subi
nho mién nui, dong chay xiét, thuong kém theo bun da, 1i
1én nhanh, xuéng nhanh, c6 stic tan pha 16n. V& khai niém
LBD, theo V.C. Minh (1996) [2]: Lt ¢ khu vuc mién nui
kém theo bun, dat, da, hoac gS troi, xay ra trong thoi gian rat
nhanh, c6 stic tan pha 16n duoc goi la LBD”; theo V.B. Thao
va cs (2021) [3]: LBD la hién tugng do mua lon tao thanh
dong 1ii cudn theo dat sat 16 trén suon ndi va dat da trong
1ong séng, sudi tao ra LBD chay rat nhanh va manh xudng
ha Iwu. Trong qua trinh chay xudng ha luu, dong LBD nay
gdy x0i 16 1ong dan va cudn theo cac tang da, khic gb 16n
trén duong di cua no, sau do lan rong tai ctra ra cua song,
subi va gay thiét hai cho khu vuc dan cu xung quanh.

Trén thé gi¢i nhidu qubc gia dd nghién ciru vé dic trung
luu vue LBD. D.J. Wilford va cs (2004) [4] phan chia Iii mién
nii thanh 3 loai 14 1ii lut v6i chidu dai luu vyc 16n hon 9 km;
LQ kém theo mot phan bun da véi chidu dai luu vyc trong
khoang 2,7-9 km va LBD ¢o chiéu dai luu vuc 0,5-2,7 km.

“Tac gia lién h¢: Email: vubathao@gmail.com
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L. Marchi va cs (2004) [5] phan tich LBD tai phia dong day
An-Po nuéc Y phét hién 72% luu vuc c6 dién tich nhé hon
5 km? va 91% luu vuc cé dién tich nho hon 10 km?; 92%
luu vue LBD ¢6 chiéu dai ngén hon 6 km; 71% luu vuc co
d6 ddc long dan trong khoang 20-50% va d6 ddc sudi trung
binh 1a 38,5%.

K.K. Suk (2008) [6] cho biét, LBD xay ra & luu vuc rat
nho vai dién tich trong khoang 0,01-0,65 km?, 1 phat sinh
chu yéu tir nguyén nhén truot 16 cac mai dée c6 do doc 29-
55°. Tiéu chudn quy hoach va thiét ké cong trinh dap chin
LBD ctia Nhét Ban chi ra dién tich luu vuc LBD tir 0,1 dén
5,0 km?2[7]. Lii xay ra tai subi c6 do doc long dan 16n hon 2°
goi la LBD va nho hon 2° thi goi 1a LQ. Luu vuc LBD chia
thanh 3 khu vuc: khu phat sinh v6i d6 déc 1ong dan >15°,
khu dich chuyén ¢6 dd dbc 10-20° va khu léng dong c6 do
dbc 2-15°. Theo tiéu chuin DZ 0220-2006 cia Trung Qudc
phan loai mdt s6 dac trung luu vue LBD: Do dbe trung binh
1ong dan thudng 16n hon 3° va xay ra phd bién & sudi co do
déc trung binh long dan 16n hon 6°. Chénh cao luu vuc 16n
hon 300 m. Dién tich luu vuc chia [am 4 nhém gém: 0,2-5
km?, 5-10 km?, 10-100 km? va >100 km?, trong d6 LBD phat
sinh nhiéu nhét tai Iuu vue ¢o dién tich khoang 0,2-5 km?
va 5-10 km? [8].
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Abstract:

Understanding the mechanisms and damages caused
by debris flows and flash floods is crucial for proposing
effective mitigation conterneasures. This study aims
to clarify the impact mechanisms and morphological
characteristics of a debris flow and flash flood event
that occurred from the night of August 2, 2017 to the
early morning of August 3,2017, in Nam Pam commune,
Muong La district, Son La province. The study involved
field surveys and analysis of the morphological
characteristics ofthe sub-catchments within the Nam Pam
stream catchment. The morphological characteristics of
the catchment area were analysed by quantifying the
relationships between parameters such as area, slope,
elevation, length, Melton coefficient... contributing to
supplementing the database for identifying high-risk
catchment areas prone to debris flows. The 2017 flash
flood event in the Nam Pam stream catchment was
a multi-hazard phenomenon resulting from rainfall-
induced geological transformations. The transformation
process started from higher elevations, with widespread
landslides caused by rainfall transforming into
concentrated "debris flows" in the primary sub-
catchment channels, then transitioning into 'debris
flow-flash floods" in the secondary sub-catchments,
followed by "flash floods-debris flows" in the tertiary
sub-catchments, and ultimately transforming into "flash
floods" in the fourth-order catchment area.

Keywords: debris flows, flash flood, impact mechanisms,
morphological characteristics of the catchment.

Classification number: 2.7
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Tai Viét Nam, C.D. Du va cs (2003) [9] da phan chia
nhitng mién hoat dong chinh ctua LQ gém: khu vuec sinh 14,
khu vyc tap trung dong LQ va khu vuce chiu lii. Céc tac gia
da dua ra déc trung cua 22 lvu vuc song da xay ra LQ. Theo
do, gia tri trung binh cia mat s6 dic trung dugc tinh toan lai
nhu sau: dién tich luu vuc song trung binh 1a 584 km?; chidu
dai luu vyc song trung binh 1a 40 km; chiéu rong luu vuc
song trung binh 1a 12,4 km; cac song bat ngudn tir cao do
trung binh 1a 1232 m; d6 ddc luu vuc trung binh 1a 26,2%;
hé sb hinh dang luu vuc trung binh 1a 0,41. Nhu vay, c6 thé
nhan thiy cac théng s vé dic trung hinh thai cua luu vuc
da timg xay ra LQ nhu dién tich, chiéu dai, chiéu rong la
kha 16n, phu hop voi mot s6 tran LQ xay ra trén cac luu vuc
rong 16n nhu séng Kién Giang, Gianh, Pa Ring, Ca Ty va
Long Song. Tuy nhién, véi mot so tran 1 co tinh chét dic
biét nhu da tung xay ra ngay 27/6/1990 va 27/7/1991 trén
lwu vie Nam Lay [10], cac thong sé nay dudng nhu chua
pht hop. S& di ton tai han ché trén 1a do & Viét Nam, cac
nha nghién ctru trude day da danh dong hai khai niém LQ
va LBD trong khi thyc té, hai loai lii nay ¢6 nhiéu khac biét.
Nghién ciru nay can cir trin LBD-LQ Nam Pam d¢é luan giai
sang t6 hon su khac biét nay.

Sau nay, mot s6 nghién ctru da di sau hon vé dic tinh
va dac trung luu vye LQ, LBD. D.D. Bac va cs (2008) [11]
thong ké LBD-LQ thudng phat sinh ¢ Iuu vuc subi hodc
thung liing nho, chiéu dai khoang 4-10 km. P.D. Pha va cs
(2014) [12] chia c4u triic dong LQ-LBD thanh 3 déi 1a sinh
18, van chuyén va tich tu. D.M. Ngoc (2014) [13] nghién
ctrtu LBD tai cac thon thude xa8 Tan Nam, huyén Quang
Binh, tinh Ha Giang xay ra nim 2002 ciing thdy ring dién
tich luu vue LBD tir 0,78 dén 3,1 km?. Nhu vay, cac nghién
ctru ¢6 chung phat hién 1a LBD xay ra & luu vuc sudi nho,
d6 dbc 16n, dong chay siét, ham lwong bun da 16n, c6 stc tan
phé ning né, tuy vay, cic nghién ctru nay chua di sau thong
ké va phan tich lugng hoa cac dic trung luu vuc LBD. V.B.
Thao va cs (2022) [14] da dua ra dac trung chung ctia mdt
s6 luu vue LBD khu vuc mién nti phia Bic: Dién tich luu
vuc LBD thudng nho hon 20 km?, phd bién nhat 13 0,6-5,0
km?, trung binh khoang 8 km?; chiéu dai luu vuc LBD ngan
hon 6 km, it xay ra voi chiéu dai trén 8 km; cao do cua ra
luu viue LBP thuong thip hon 600 m, phd bién tir 200 dén
600 m; d6 chénh cao lvu vuc LBD 16n hon 500 m, phé bién
trong khoang 500-1200 m; d¢ ddc trung binh 1ong sudi 16n
hon 10% (6°), phd bién 1a 10-30% (6-18°); d6 dbc luu vuc
LBD 16n hon 15% (9°), da s6 20-40% (11,5-23,0°). Nghién
clru trén da thong ké tap trung loai LBD, tuy nhién mot
s6 tran LQ-LBD hdén hop nhu Hat Liu, Ngoi Thia.... chwa
tach riéng timg luu vuc nho LBD thudc luu vuce 16n LQ.
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Trong nghién ctru nay, thong qua thu thdp, phong van,
diéu tra, do dac thuc dia, st dung anh v¢ tinh va ban dd dia
hinh, dé 1ap so d6 phan tich co ché tac dong va dic trung luu
vuc LBD phan bd tai xa Nam Pam, huyén Muong La, tinh
Son La, tir d6 gop phan lam sang t6 nhiing dic trung cua
LBD-LQ tai Nam Pam ndi riéng va LBD noi chung.

2. Co cheé tac dony ciia LBD-LO tai Nam Pam
2.1. Tinh hinh chung vé LBP-LQ Nim Péim

Tran 1d tai luu vuc sudi Nam Pam xdy ra dém ngay
2/8/2017 va rang sang 3/8/2017 co6 déc tinh da thién tai, 1a
su chuyén hoa tir truot 10, sat 10, két hop voi nude mua
thanh LBD trén cac luu vuc cdp 1; tiép theo chuyén hoa
thanh LBD-LQ trén luu vuc cip 2; chuyén hoa thanh LQ-
LBD trén luu vuc cip 3; va dén khi chay vao luu vuc cép 4
chuyén hoa thanh LQ. Do d6, dé dam bao tinh thong nhat
va phu hop véi déc tinh cua tran i, tic gia goi tran lii nay 1a
LBD-LQ Nam Pam 2017.

Khoang mét tudn trudc ngdy xay ra LBD-LQ trén dia
ban x4 Nam Pam lién tuc c6 mua nho, dén ngay 2/8/2017
xdy ra mua lon. Lugng mua lity tich trong vong 24 gio (tinh
tir 13 gid ngay 2/8/2017 dén 13 gid ngay 3/8/2017) dat
khoang 100 mm. Mua I6n t& hop ciing v6i nhimg yéu t6 bat
loi vé dia hinh dbc, dia mao luu vuc 1ong chao thuan loi tap
trung nuoc, dia chét c6 nhiéu dat da roi rac d3 hinh thanh
nén tran LBD-LQ 16n nhét trong lich st 70 nam trén toan b
céc luu vuc sudi Nam Pam chay qua dia ban x3 Nam Pam
va mot phfin thi tran ft Ong. Nguoi dan ban dia xac nhan
chua tirng xay ra tran 18 c6 quy mo tuong tu. Tran 1 da gay
ra nhiing thi¢t hai nng né vé nguodi va tai san, dé lai thach
thirc vo ciing 16n d6i voi ngudi dan va chinh quyén trong tai
thiét, phuc hdi sinh ké.

2.2. Co ché tic dpng ciia LBP-LQ

Nghién ciru tién hanh diéu tra 24 luu vuc subi cap 1 da
xay ra LBD vao ngay 2-3/8/2017 thudc luu vue sudi Nam
Pam, x4 Nam Pam, huyén Muong La, tinh Son La. Nhom
nghién ctru d tién hanh phong van ngudi dan va can bo dia
phuong vé tinh hinh thién tai, mic do thiét hai do LBD;
khao sat xac dinh pham vi luu vuc LBD va tinh toan mot )
dic trung luu vuc LBD. So d6 céac luu vuc da xay ra LBD-
LQ tai Nam Pam duoc trinh bay ¢ hinh 1.
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Chu giai

Cao d§

Value
High : 1934

—
Low : 142

Hinh 1. So’ hoa cac lwu vuc xay ra LBD-LQ Nam Pam 3/8/2017. Cac
ky hiéu tir 1.1 dén 1.29 thé hién cac lwu vuc subi LBD cap 1: cac sudi
c6 clra ra db truc tiép vao sudi Pieng, Nam Chién ho&c Nam Pam; ky
hiéu 2.1, 2.2 thé hién cac luu vuc subi LBD cap 2: subi Piéng (2.1) va
Nam Chién (2.2); ky hiéu 3.0 thé hién luu viec LBD-LQ cép 3: sudi Nam
Pam doan tlr diém hop Iwu cla subi Piéng va Chién dén doan subi
Nam P&m bi udn cong, thu hep; ky hiéu 4.0 thé hién lvu vec LQ cép 4:
subi Nam Pam doan tir vi tri bi uén cong, thu hep dén ciu Nam Pam va
moét phan thi trén it Ong.

Céc luu vuce nay dugc phan chia thanh cac cap khac nhau.
Phan chia cip luu vue, co ché phét sinh va tac dong cta cac
sudi thudc hé théng sudi Nam Pam dugc trinh bay ¢ bang 1.
Mot s6 hinh anh diéu tra thuc dia duoc thé hién ¢ hinh 2.

LBD-LQ d3 gay nhiing thiét hai ning né cho xa Nam
Pam va mot phan thi trin ft Ong. V& nguoi, tai san, co s¢
ha tang khu vuc: 13 ngudi chét, 2 ngudi mat tich, 15 nguoi
bi thuong, 279 nha & bi sap do, cudn troi, 159 nha bi sat 1,
hu hong nhe, 140 nha phai di chuyén, 15 diém trudng bi
thiét hai, anh hudng. Vé nong nghiép: 1i da lam sat 16, vui
1ap, x6i mon, cudn troi khoang 282 ha lua, 304 ha cay mau
trén nuong, 2.500 con gia stic, 15.790 con gia cam va 56 ha
ao nudi ca. V& thay lgi: 9 phai dap, 10.500 m kénh muong,
2.000 m ke bi vui 1ap, cudn troi. Vé giao thong: 6,83 km
duong bi sat 10, hu hong, 0,44 km bi ngép, 49 cau, cong bi
cudn troi, hu hong, trong d6 ciu Nam Pam bi 1ii cudn tréi ca
hai dau cau. Vé duong dién ludi: 170 cot dién cao thé, trung
thé bi sat 15, nghiéng, gay do, 1 tram bién 4p bi Iii cudn troi,
hu hai.

Thong ké thiét hai cho thdy, phan 1én nhimg ban ndm
trong pham vi giao thoa cira ra ciia cac dong LBP-LQ d6
ra tir cac sudi cip 1 va clp 2 hodc subi cip 1 va cép 3 déu
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Bang 1. Co’ ché tac dong cuia LBD-LQ tai cac lwu vee subéi Nam Pam.

Chp subi/logi i Khu vire Co ché tic djng Dii twgng thigt hai
- X6 mon 16p bé mat, tao ranh x6i, muong xoi trén suon dé. L
. N PRl . - Tham pha.
- Trugt 16 dang truot nong hang loat v6i do day khoang 0,5-1,5 m trén suon . b
B8 a2 - Rimg tir nhién, rimg trong.
o doi, sudn nii. TN
Khu vye hinh thanh T U PR - Rugng lta, ngo.
- Sat 10, da lan, da roi tlr suon doi, suon ni, vach ndi. - Nhi ctta. rudne vion txén suom ndi
- Dia hinh khu vyre hinh thanh thwong co dang phéu, thuin loi cho tap trung I '
nude mura, DY dbe suon dbi ni thuong trén 25°,
- Trugt 16 bo sudi va thém sudi do dong i b vé tir khu vurc phat sinh,
o ) ) - X0i va dich chuyen dat da tram tich tai long suoi hoa cling véi LBD. - Nha cita, chudng trai trén thém sudi, ven subi bj do, sip,
Sudi cip 1: (LBD): Gom cde sudi ) ; - Da tang, cui tang, cy trdi va dap, x6 diy co s ha ting, nha cira, rung vuon.  cun troi.
hinh duoe k¢ higu 1.1 dén 1.29 Khu vye dich chuyén vl R ok . SN U e , Y I TP
nhanh Quge ky hicu tir 1. - Mat cat ngang long dan: Suoi & khu vue dich chuyen hinh chir V, thuong co Rugng canh téc doc theo b va long suoi bj vui lap, cuon
6 hinh 1. Céc sudi cdp 1 6 Nam doan mjt cit bi co hep, gy nghén, 1dp dong. B dbc long dn thuong tir 10 troi.

Pim ¢6 do ddc long sudi trung binh
khoang 15°

dén2se.

Khu vire ling dong

- Khu vire ling dong bao gom doc
n6n phong vt.

- D tang, cudi tang, cdy tri va ddp, x0 déy, vii lﬁp co'soha t?mg, nha cira,

ruong vuon.
- Mot phan d4 tang, cugi tang, cy

- Mit cit ngang long dén: Sudi & khu vue ling dong thuong c6 hinh chir U, mit
cit md rong, do doc long dan giam xudng con tir 10 xuong 2°.

- Nha cira, truong hoc, duémg giao thong, cong bi vii lip,
X0 b, cudn troi.

- Rugng, vudn, chudng, trai bi phd hy.

- Khu vure cita sudi 13 no bi thiét hai ndng né nhét trong luu
we cip 1. Dy 13 noi ¢6 dia hinh thodi, bing phang, rong
nén thudng dugc ngudi dan chon lam noi xay nha ¢ dinh cu
v chinh quyén chon lam noi xy truong hoe. Cac noi chiu
anh huong nding né cia LBD do sudi cap 1 gom: ban Piéng,
Héc, Hudi Liéng va Hua Nam.

long suoi va tai cira ra luu vue, con goi la

tr0i chay xudng lru vire cip 2.

Sudi cip 2: (LBD-LQ): Gom sudi
Piéng va Chién. Sudi Piéng 13 hop
hru ciia céc subi cdp 1 (tir 1.1 dén
1.10). Sui Chién I hop hru cia céc
subi cip 1 gbm: 111, 1.13, 115,
D déc long dén sudi cép 2 trung
binh khoang 6°.

Nhiéu dong LBB tir lru vire sudi
clp 1 d6 vao sudi cdp 2 tao thanh
LBD-LQ. Ham lwgng bun dd va kich
thude da giam so v6i LBD ¢ luu vue
sudi cdp 1.

- Mot phan vat ligu dét d4 tir LBD

ke, duong giao thong, dét da, cay kho tiép tuc dich chuyén trong long sui cip 2.
- Trugt 16 dét da hai bor sudi va thém sudi. Ham luong vat chét dét d4 trong dong
I it hon va kich thude da tang, cudi tang nho hon LBD ¢ lru vire cép 1.

- D4, cugi dang li tich tai long sui bi x6i va cudn trdi bd sung thém nguén vat

chat cho dong 1.

- Vit chét dét d4 ling dong mdt phén & lu vire cAp 2 va mot phan 4 nho, cudi,
cit, i, cay, tiép tuc cudn theo dong 1 d vé sudi cdp 3.

- Xo déy, va dap, boi ling, vui Iép.
- Mit cit ngang long dén mo rong

subi cap 1 chly viosudi cap 2, phAhiY DY o0, o e o by g thém subib b iy, s

diém truong tiéu hoc Nam Pam.

- Dudng giao thong, cAu, céng, ke bi vui lz‘ip, X6 0, cudn
troi.

- Rugng, vuon, chuSng, trai bi pha huy.

- Ban ling xdy dyng doc thém sudi bi phd hity. Chiéu cao
dong lii pha huy trung binh 12 7 m tinh tir mit nude dong
sudi vao mia can. Céc ban lang bi thiét hai boi dong ce'ip 2

Hinh chit U. 1a: Hua Piéng, Hudi Soi, Piéng, It.

Sudi cip 3: (LO-LBB): La sudi Nam
Pim i doan ngi ba sudi Pigng - Nam
Chién dén khe hep trude chu Nam
Pim. D§ doc long dén trung binh
khoang 2,5°.

Nhiéu dong LB tir sui cap 1 va
dong LBD-LQ & sudi cp 2 d6 vé sudi
clp 3 tao thanh LQ-LBD. Ham hrgng
bun da va kich thudc da giam so véi
LBD-LQ & hru vige subi cép 2.

- Dong LQ-LBD mang it ham lugng vt chat dét d4 va kich thucc d4 nho, cha
yeu tac dong lam xoi long dan va x61 bo sudi, by song, pha huy rugng, ke, kénh
muong, duong va nha dan doc ven sudi.

- Xo déy, va dap, boi ling, vii ldp.
- it cit ngang long din m rong

- Xoi, pha hiy bor ke, mo rong long dan, lam sut d6 nha doc
ven sudi, phd huy 9 km dwong tinh 1 109,

- Vi lﬁp, cudn trdi ruong vuon, chuéng trai, a0 nudi.

- Cudn trdi céc phuong tién giao thong.

- Cac ban bj thiét hai nang né gf’)m: Béu, Hoc, Hubi Liéng,

hinh chir U. Hua Nim.

Sudi cip 4: (L): La sudi Nam Pam
khe hep truée cdu Nam Pam chay
qua thi trén ft Ong. B déc long dén
trung binh khoang 1,5°.

LQ-LBD & sudi cdp 3 db vé sudi cdp
4 thanh LQ. Ham lugng bun cat, da
it nho, chiém duoi 10% so voi tong
rgng dong . Thanh phén vat chit
khong co da tang, cugi tang.

- LQ, lwru lwgng lon, gdy xoi long,
try cu,

- Mit cit ngang long dén it rong,
nude cia nhan dan.

x01 1o'manh bo ke, duong giao thong, mo 361, gy i s @ung i b6
- X01 16/ cau, gay sap hai ddu ciu Ngm Pam,

thuong duge cai tao thanh rugng canh tac lia A
- Vi lap rugng.

chiu thiét hai ning né vé ngudi va tai san. D6 1a cac ban:
Hua Nam, Hubi Liéng, Hbc, Pi¢ng. Céac ban chiu anh hudng
chi boi mot sudi thude céac cép 2, 3 hoac 4 ¢6 muac do thiét
hai nhé hon. D4i véi thi tran it Ong, vi khu vuc c6 dan cu
tap trung dong dtic, nhidu cong trinh co so ha tang dugc
xay dung nén bi anh hudng boi dong LQ Nam Pam & cép
4 nhung muc do thiét hai van rat nghiém trong. Mot ph?m
nguyén nhan cé thé nhan thiy 1a do cau it Ong va ke doc

hai bd ha luu cau duoc xdy dung da thu hep trén 50% chiéu
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rong 10ng sudi so véi long sudi phia thugng luu cau (hinh
21). Do do, van d& can dugc nhan manh va rat kinh nghiém
trong quy hoach dan cu, xdy dung cau giao thong dbi véi
khu vuc nay la khi xay dung tranh gy thu hep dong chay tu

nhién cua song, sudi.
3. Dac trung hinh thai cac luu vuc LBD-L0

Nghién ctru da 1ap so do hinh thai ctia 24 luu vuc LBD
dua trén ban dd Google Earth, ban vé dia hinh va hi€u chinh
theo két qua diéu tra khao sat thuc dia trong hai dot (dot
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Hinh 2. Mét sé hinh anh diéu tra thwc dia vé co’ ché tac déng va thiét hai do LBD nidm 2017 va 2018. C4c vi tri danh s6 tir 1 dén 11 twong
(rng v&i vi tri 11 ban bj thiét hai clia xa Nam Pam (1: Hua N&m; 2: Hudi Liéng; 3: Nong Bau; 4: Hudi C6; 5: Héc; 6: Hudi Héc; 7: Bau; 8: it; 9: Piéng;
10: Hudi Séi; 11: Hua Piéng); (A) X4i I& bé mat tao ranh x6i & khu phét sinh sudi cap 1 tai Nam Pam; (B) Khu v dich chuyén cltia LBD & subi cap
1 tai Hudi Lat va Nam Pam; (C) LBD mang theo nhiéu da vui Iap toan bd rudng va cudn trdi nha ven sudi Piéng (chup anh UAV tai vi tri Hudi Lat
x& Nam P&m sau I 6 thang); (D) Ban Piéng sau LBD (anh chup sau li 6 thang); (E) Truwdng Tiéu hoc Nam P&m nam & phia b cong 16m bi It pha
huy con tro lai 4 phong hoc (&nh chup ngay sau Id); (F.a) Trudng hoc tai ban Héc bj tan pha tro cd méng nha (&nh chup ngay sau Id); (F.b) Toan
canh tlr vi tri UBND xa Nam P&m xudi v& ha lwu sau | 6 thang; (G.a) Nha tai ban Hudi Liéng bi It pha huy (anh chup ngay sau Ii); (G.b) Nha ctra
clia 16 hd dan tai khu trdm tich ban Hudi Liéng bi cudn troi hoan toan; (H.a) Nhitng ngudi dan vé gia cw sau I (dnh chup ngay sau Id); (H.b) Toan
canh ban Hua N&m tan hoang sau I (anh chup ngay sau Ii); (1) LBD xdi long, ber sudi va cau giao théng tai thi tran it Ong (&nh chup ngay sau Id).
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mot vao thang 8/2018, dot hai vao 10/2020). T cac so dd  thanh, khu dich chuyén va khu trdm tich. B6i tuong chiu
hinh thai ¢6 thé nhan thdy ring, luu vyc LBD thuong ¢  thiét hai phan bd chu yéu ¢ khu dich chuyén doc ven sui va
hinh long chéao thuan lgi cho tap trung nudce, ba mit lvu  khu tram tich, vi ngudi dan thuong chon dia hinh kha bang
vuc 1a d6i nai c6 d6 dbc 1on, mit con lai 1a cira ra luu vuc phéng tai khu vuc cira ra cia subi dé xdy dung nha cra.
0 dang ctra sudi ndi vé6i sudi chinh. Hinh thai luu vuc LBD  Hinh thai cac luu vuc LBD thudc cac sudi cép 1 cua khu vuc
co ban déu c6 thé phan chia thanh 3 khu vuc gém: khu hinh  Nam Pam duoc thé hién & hinh 3.

\
4

e

\

1.23 1.25

: duong bao luu vuc; «2%%s, : khu phat sinh : khu van chuyén; o, khu trim tich

Hinh 3. So d6 hinh thai cac Iwu vwec LBD cap 1 Nam Pam.
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4. Phan tich dac trung hinh thai cac luu vuc LBD-10

Dua vao céac so dd hinh thai luu vue LBD va sb liéu do
dac thuc dia, tién hanh tinh toan céac thong s6 dic trung luu
vuc LB gém: dién tich, chiéu dai luu vuc, chiu dai sudi
chinh, cao do diém cao nht luu vuc, cao do diém cao nhét
sudi, cao do diém ctra ra sudi (cao do diém ctra ra luu vuc),
chénh cao luu vuc, chénh cao long subi, do déc luu vuc
trung binh, do déc long subi trung binh, hé s6 hinh dang luu
vue, hé sd Melton. Két qua tinh toan thong sb cua 24 sudi
LBb cép 1 dugc thé hién trén cac biéu do tir hinh 4 dén 11.
MJi biéu dd thé hién mot thong s6 dac trung luu vuc voi )
tran LBD va phan trim liy tich s6 trin LBD.

4.1. Pic trung lwu vwee LBD thujc luu vwe cip 1

Két qua hinh 4 cho théy 96% luu vuc c6 dién tich tir 0,25
dén 5 km2. Hinh 5 cho thiy khoang 90% cac luu vuc di xay
ra LBD c6 chiéu dai tir 1 dén 5 km. Hinh 6 cho thay khoang
83% luu vuc co cao do diém cta ra sudi (ctra ra luu vuc
LBD) thap hon 900 m. Céc luu vuc c6 cao d6 diém cira ra
khoang 500 m c6 ty 1& xudt hién LBP nhiéu nhét. Pay la sb
liéu co thé tham khao dé xem xét quy hoach xay dung nha
ctra tai cao d0 khu vuc ctra luu vue.

Két qua hinh 7 cho thdy khoang 92% luu vuc c6 do chénh

12 100 _
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92 0 <
g 8 75 2
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Z 6 E
8 4 40 £
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0,25-1 1-2 23 34 4-757
Dlgn tich luu vwe (km?)
mmmm S6 Jwu vye === Phan trim luy tich

Hinh 4. Biéu dé quan hé giira sé Iwvu vwec LBD va dién tich lwu
vure.
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Hinh 6. Biéu dd quan hé gitra s lwu vwec LBD va cao do cira
ra subi.
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cao luu vue nho hon 1500 m. Trong do, chi c6 khoang 4%
s6 tran 1t xay ra ¢ luu vuc ¢6 do chénh cao nhé hon 400 m
va 8% s6 tran 1d xdy ra ¢ luu vue ¢6 do chénh cao 16n hon
1500 m; céac luu vuc ¢6 dd chénh cao tir 400 dén 1500 m ¢
ty 1& xay ra LBD cao nhét, chiém khoang 90% tong s6 luu
vuc. Két qua hinh 8 cho thay, LBD xay ra & d6 doc long sudi
nho nhat 13 17,6% (10°), 88% s luu vuc da xay ra LBD ¢o
do dbc long subdi trung binh 16n hon 20% (12°). Trong do,
cac luu vuc ¢6 do dbc long sudi trung binh tir 20 dén 45%
(12 dén 24°) co ty 1é xay ra LBD cao nhét, chiém khoang
75% tong s6 luu vuc LBD.

Két qua hinh 9 cho thay khoang 88% céc luu vuc da xay
ra LBD ¢6 d6 déc luu vuce 16n hon 30% (18°). Cac luu vuc
LBD c¢6 d doc luu vye trung binh tir 30 (18°) dén khodng
50% (30°) co ty 1¢ xay ra LBD cao nhat (chiém khoang 80%
téng sb luu vuc LBD). Két qua hinh 10 cho thiy 88% céc
luu vuce da xay ra 1 bun c¢6 hé s6 hinh dang Iuu vue nhd hon
0,30. Cac luu vuc ¢ hé sb hinh dang luu vuc tir 0,15 dén
0,30 c6 ty 1& xay ra LBD cao nhét (chiém khoang 80% tong
s tran LBD). Két qua hinh 11 cho thiy khoang 90% céc luu
vuc da xay ra LBD c6 hé s6 Melton nho hon 1,05. Cac luu
vuc ¢6 hé sb Melton tir 0,6 dén 1,05 c6 ty 16 xay ra LBD cao
nhét (chiém trén 85% tong sb tran LBD).

14 100 ~
12 g
” 10 80 !
> 8 60
E F
“o 40 o
I 5 5
) . 1| 20 E
=9

0 1

0,78-1 1-3 3-4,5 45-7 7-743
Chiéu dai lru vy (km)
mmm S§ lyu vyge ==©==Phan trim luy tich

Hinh 5. Biéu dé quan hé giira sé Ivu vwec LBD va chiéu dai
lwu vwre.
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Hinh 7. Biéu dé quan hé giira s Iwu v LBD va do chénh cao
lwu vuc.
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Hinh 8. Biéu d6 quan hé giira s6 lwu vwec LBD va dé déc long
sudi trung binh.
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Hinh 10. Bidu dd quan hé giira sé tran LBD va hé s6 hinh dang
lwu vuc.

_4.2. Bac trung luu viee LBD-LQ thugc lwu viee cd'p 2va
cap 3

Luu vye LBD-LQ Ném Pam la luu vye cép 3. Luu vue
6 dién tich 16n khodng 63,5 km?, gap khoang 30 lan dién
tich trung binh luu vuc LBD cap 1; chiéu dai luu vye la 15,8
km, gap khoang 5 lan chiéu dai hru vue LBD cép 1; do doc
luu vuc trung binh khoang 6°, bang khoang 1/3 so voi do déc
trung binh tai cac luu viuc LBP cap 1; d6 dbc long sudi trung
binh khoang 4°, bang khodng 1/4 so v6i do déc long sudi trung
binh tai cac luu vuc LBD cap 1, riéng doan cudi cua luu vuc
LBD-LQ, do déc 1ong sudi trung binh giam con khoang 2,59
luu vue ¢6 hé s6 hinh dang Iuu vuc 0,25, hé s6 Melton 0,20.

4.3. Pic trung e viee LQ thuéc e viee cdp 4

Luu vye LQ Nam Pam 1a luu vye cap 4. Luu vyc co dién
tich 16n khoang 116,9 km’, gap khoang gan 60 lan dién tich
cac luu vuc LBD cép 1; chleu dai luu vye 1a 21,7 km, gip
khoang 7 lan chiéu dai cac luu vuc LBD cap 1;d0 doc Tuu vuc
trung binh khodng 5°, bang khoang 1/4 d6 déc luu viuc LBD
cap 1; do doc long suoi trung binh khoang 3°, bang khoang
1/5 do doc long subi trung binh luu vyc LBD cép 1, rleng
doan cudi cta lvu vuc LQ, do déc long sudi trung b1nh giam
con khoang 1,5°, luu vue c6 hé $6 hinh dang luu vuc 0,25, hé
sb Melton 12 0,16.
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Hinh 9. Biéu db quan hé giira s6 lwu vwec LBD va do déc lwu
viee trung binh.
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Hinh 11. Bidu dé quan hé giira s6 tran LBD va hé sé Melton.

Thong qua nghién ctru dac trung cua luu vuc LBD-LQ
Nam Pam duogc trinh bay chi tiét o trén, ching t6i nhan
thay: ¢ lvu vue LQ Nam Pam (luu vuc cip 4), cac thong sd
dac trung vé hinh théi luu vue nhu dién tich khoang 116,9
km?, chiu dai Ivu vyc 21,7 km, d6 déc luu vyc trung binh
khoang 5°, h¢ s0 hinh dang luu vuc 0,25 1a twong doi phu
hop voi nhitng nghién ciu vé LQ tai Viét Nam dugc trinh
bay & phan dat van dé. O luu vuc LBD Nam Pam (luu vuc
cap 1), nhitng thong s6 vé dic trung hinh thai luu vuc c6
nhiéu khéc biét so véi luu vue cap 4, su khac biét nay chinh
1a dac diém nhan dang gop phan phan biét LBD va LQ, day
cling chinh Ia tinh méi trong nghién ctru nay.

£ ~
9. Ket luan

Tran 10 lich st xay ra dém 2/8/2017 va rang sang 3/8/2017
tai luu vyc sudi Nam Pdm mang dac trung dién hinh da thién
tai chuyén hoa tur tai bién dia chat thanh LQ, tur “truot 16”
thanh “LBD” thanh “LBD-LQ” thanh “LQ-LBD” chuyén hoa
thanh LQ. Truot 16 dang truot nong tir 0,5 dén 1,5 m xay ra
trén cac suon nui, két hop voi nude mua chuyén hoa thanh
LBD trén cac luu vuce cip 1; tiép theo chuyén hoa thanh LBD-
LQ trén luu vuc cap 2; ham lugng bin da tiép tuc giam dan
thanh LQ-LBD trén luu vuc cdp 3; va dén khi chay vao luu
vuc cap 4 chuyén hoa thanh LQ.
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Dbic trung hinh thai luvu vuc LBD cép 1 tai Nam Pam
gém: dia hinh, dia mao Iuu vuc dang long chéo voi ba mat
la ddi nai va mot mat 1a cwra ra luu vue, dién tich luu vue
0,25-5,0 km?, chiéu dai luu vuc 1,0-5,0 km, do chénh cao
lru vue phd bién 800-1500 m, d6 dbc luu vuc 18-30°, do
dbc long subi 12-24°, hé sb hinh dang luu vyc tir 0,15 dén
0,30, hé sb Melton tir 0,6 dén 1,05. Cac dic trung hinh thai
luong héa nay dung can cir danh gia so bd cac Iuu vuc cod
nguy co cao phat sinh LBD.

Do doc luu vuc va do doc 1ong sudi giam dan theo cap
luu vue, 1am giam dong niang va thé ning dong chay khién
vat chit dit da dan ling dong lai va chuyén hoa tir LBD
thanh LQ. Tai luu vuc sudi cép 2 la dang LBD-LQ véi do
ddc Tuu vuc trung binh 12°, ¢ dbc long subi trung binh
khoang 6°. Tai luu vuc subi cép 3 1a loai LQ-LBD véi do
dbc long sudi trung binh khoang 2,5°. Tai luu vuc sudi cép
4 1a loai LQ v&i d6 ddc 1ong sudi trung binh khoang 1,5°.

Co ché tac dong cuia mdi loai hinh thién tai LBD, LBD-
LQ, LQ-LBP va LQ duoc phan tich chi tiét ¢ bang 1. Co
ché tac dong giy ra loai hinh va dbi tuong thiét hai khac
nhau, ddy 14 co s& quan trong dé dé xuat cac giai phap
phong tranh phu hop.

LO1 CAM ON

Nghién ctru nay thudc dé tai cp qudc gia “Nghién ciru
co ché phét sinh, quy luat tic dong va xac dinh cac thong s6
1&i bun da phuc vu thiét ké cong trinh dap chin bun d4 khu
vuc mién nai phia Bic” (ma s6 79/2021. PTDL.CN-CNN,
2021-2024). Céc tac gia xin chan thanh cam on.
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Nghién ctru ché tao vat liéu nano to hop cau tric 1i vé Fe,0,@Si0,
nhim vmg dung xit Iy nhanh chat mau methylen xanh trong nuée

Pham Thi Lan Huong!, Nguyén Vin Quang?
'Khoa Céng nghé Sinh hoc, Héa hoc va Ky thudt Méi trieong, Trong Pai hoc Phenikaa, dwong Té Hitu, phwong Yén Nghia, quin Ha Pong, Ha Ngi, Viét Nam
2Khoa Héa hoc, Truong Pai hoc Su pham Ha Néi 2, dwong Nguyén Van Linh, phirong Xudn Hoa, TP Phiic Yén, tinh Vinh Phiic, Viét Nam

Ngay nhén bai 17/2/2022; ngay chuyén phan bién 21/2/2022; ngay nhén phan bién 16/3/2022; ngay chép nhan dang 21/3/2022

Tom tiit:

Trong l‘lghién ctru nay, vat ‘liéu nano to hop cau tric 16 ‘V6 Fe, O,@SiO, (vat li¢u Fe,O,@SiO,) dwgc ché tao thér}h
cf)ng bang phwong phap dong két tia don gian. ’Gién do nhiéu xa tia X (XRD) cﬁfl vat li¢u Fe,O,@SiO, cho thay
ton tai Eha Fe O, ro r:‘lng‘bén canh 16p SiO, véi cau trac vo dinh hinh. Al’lh kinh hién vi dién tir quét (SEM) va anh
kinh hién Yi d‘ién tr truyél’l qua (TEM) chi ra vat li¢u l*:esq L,@Si0, ¢6 cau t’rl'lc 16i v6 véi kich thwée dang hat 10-
20 nm. Pho hﬁng ngoai bién doi Fourier (FTIR) cho thay ton tai cac lién két Fe-O, Si-O-Si dic trung cho vit li¢u
Fe 0,@Sio0,. Két qua phan tich bé mat rleng (BET) chirng té dién tich bé miit ciia mau Fe,O,@SiO, ting lén khoing
4 lan so voi Fe,O,. Ket qua do tir miu ké rung (VSM) cho thiy, tir 49 bio hoa ciia vat lleu Fe O,@SiO, (23 1 emu/g)
giam manh so véi miu Fe O, (58,1 emu/g) dwgc gidi thich la do su che c’han ciia l()”p p’hl tur SlO2 trong ’mau Nghién
ciru kha niyg xtir ly xanh methylen (MB) c,ﬁa Vf«.:l‘t li¢u Fe,O 4@Si02 cho thay hi¢u suat hap phu MB 1én dén 88,8% sau
tho’l gian hap phu bao hoa 60 phit, cao giap 3 lan s0 V(i’i’ mz’iu, Fe,O,. M6 hinh giai thich co ghé tang cwong hi¢u suat
hap phu MB cua vat li¢u Fe,O,@SiO, ciing dwgc dé xuat. Két qua thu dwgc chirng minh rang, vét li¢u Fe,O,@SiO,

¢6 tiém nang lon trong xir ly chat mau trong méi trwong nworc.

Tir khda: hat nano Fe,O,, hip phu, vét liéu nano t6 hop céu tric 16i vo Fe O,@Si0,, xanh methylen.

Chi sé phén loai: 2.9

1. Dt van de

Ngay nay, c6 rat nhiéu chat nhudom mau dwoc sir dung trong
cac nganh cong nghiép khac nhau va udc tinh 15% chat nhuém
mau trong khoang 1,6 tri¢u tAn san xuat mdi nam duoc thai ra
mbi truong dudi dang nude thai [1]. Day khong chi 1a mbi de
doa 16n di v6i con nguoi ma con anh huong tac dong manh
mé dén sinh vt bién dii chi ton tai vi mot lugng nho trong
nude [1-5]. Cho dén nay, nhiéu cong nghé khac nhau di dugc
str dung dé loai bo chit mau trong nudc, tuy nhién, phuong
phap hép phu dugc danh gia 1a trién vong, hiéu qua va co chi
phi thap so vdi cac loai khac [2-5]. Vi vay, nghlen clu tim ra
mot loai vat liéu méi nhdm nang cao hiéu suat hip phu cac cht
nhuém mau dang 13 thach thire déi véi cac nha khoa hoc.

Trong nhig loai vét liéu hip phu, cac hat nano Fe,O, da
thu hut nhiéu sy quan tam boi vi no dé phan tach va c6 doc tmh
thap [3]. Nhuoc diém 16n nhét ciia cac hat nano tir tinh 1a d& bi
két tu do luc hut ludng cye di hudng [1]. Piéu nay dan dén lam
giam dién tich bé mat riéng va giam tinh chét hap phu cua cac
hat nano Fe,O,. Vi vay, dé khac phuc nhuoc diém nay, ¢6 thé
thay doi trang tha1 bé mat cua cac hat nano Fe 0, hodc két hop
voi mot loai vat liéu phu hop dudi dang cau truc 101 Vo, t6 hop
lai hoa [5, 6]. Trong s do, SiO, dugc xem 1a vét liéu t6 hop t6t
nhat voi Fe O, vind c6 tinh 6 6n dlnh cao, doc tinh thap, dic biét
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1a c6 thé bao vé cac hat tir tinh khoi tac dong nhiét [7]. Do do,
loai vat li¢u nay dang dugc quan tdm sau rong trong linh vuc
xu ly chat nhu¢m mau trong moi truong nudc.

Cho dén nay di c6 nhiéu phuong phap tong hop vat liéu
nano tb hop Fe,O 4/SiO2 nhu Stober, thuy nhiét, vi nhil, sol-gel
[1, 8-11]. Bac diém chung cua cac phuong phap nay la quy
trinh ché tao phtc tap, chi phi cao, thoi gian tong hop mau dai
va can st dung nhiéu chat hoat dong bé mat nén kha ning tng
dung bi han ché. Cac nghién ctru chi ra réng, cu tric 161 vo ¢6
thé ton tai dudi 2 dang: thir nhat, 15i 1a mot hat duge bao boc
boi 16p vo bén ngoai [1, 6]; thir hai, 161 bao gdm nhiéu hat dugc
bao boc 16p vo bén ngoai [4]. Tinh chéat hap phu cia hai ciu
triic ndy ciing c6 dic diém khac nhau.

Trong nghién ctru nay, chiing toi phét trién quy trinh ché
tao vat liéu Fe3Q 4@S’iO2 ¢6 cdu tric 181 vo dang thtr hai bz"mg
phuong phap dong ket tia. Quy trinh c6 tinh don gian, do 1dp
lai cao, than thién voi moi truong va chi phi thap. Hinh thai bé
mit, cau trac tinh thé, cac lién két, tinh chét tir s& duge nghién
ctru chi tiét. Su ting cudng kha nang hdp phu MB trong moi
truong nudc béng vat liéu ,Fe30 ,@Si0, cling du’gc t!u"r nghié¢m.
Mo hinh gidi thich co ché ting cuong hi¢u suat hap phu MB
cta vat lieu Fe,0,@SiO, dugc dua ra va ban luén chi tiét.
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Abstract:

In this work, Fe,O,@SiO, core-shell nanocomposites were
successfully synthesised via a simple co-precipitation method.
X-ray diffraction pattern of Fe,O,@SiO, clearly shows the
existence of a main phase of Fe,O,, beside an amorphous
structure of SiO,. The core-shell Fe,0,@SiO, with an average
particle size in the range of 10-20 nm is observed by SEM and
TEM images. FTIR spectrum illustrates the Fe-O and Si-O-Si
bonds in the sample, indicating the formed nanocomposite of
Fe,0,@Si0,. The brunauer, emmett and teller surface area
analysis of the Fe,O,@SiO, sample is 4 times higher than that
of Fe,0,. The vibrating sample magnetometer data indicated
that the saturation of Fe,0,@SiO, (23.1 emu/g) is strongly
decreased in comparison with Fe,O, nanoparticles (58.1
emu/g), explained by the shielding of the SiO, nonmagnetic
materials. The methylene blue adsorption efficiency in
the saturation adsorption time of 60 min for Fe,O,@SiO,
nanocomposite is 88.8%, which is 3 times higher than that
of Fe,O, nanoparticles. A model explaining the enhanced
mechanism in methylene blue adsorption efficiency of Fe,O,@
SiO, nanocomposite is proposed. The obtained results show
that the synthesised Fe,O,@SiO, nanocomposite has great
potential in dye removal applications from water.

Keywords: adsorption, Fe O, nanoparticles, Fe O,@SiO,
nanocomposites, methylene blue.
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2. Viat liéu va phuong phap nghién ciiu
2.1. Hod chit

Mudi sat 11 clorua (FeCl,.4H,0, 99%), mudi sat III clorua
(FeCL.6H,0, 99%), natri hydroxide (NaOH, 97%), tetraethyl
orthosilicate (TEOS, 99%) va MB (C H CIN,S, >82%) dugc
cung cép boi Hang Sigma-Adrich.

2.2. Téng hop céc hat nano Fe,0,va Fe 0 @Si0,

Quy trinh ché tao céc hat nano Fe,O0, nhu sau: 0,995 g
FeCl,.4H,0 va 2,705 g FeCl.6H,O dugc hoa tan trong 100 ml
nude cat hai lan [6]. Nho tir tir dung dich NaOH 1 M va khudy
nhe dén khi pHI1 ta thu dugc dung dich chét két tua. Loc rira két
tiia nhidu lan bang nudc cit dén khi pH7 ta thu dugc chat két tua
mau den. Cudi cling, sdy chét két tia ¢ trén tai 60°C thoi gian 5
gid trong moi trudng chan khong dé thu dugc cac hat nano tir tinh
Fe,O,.

Quy trinh ché tao Fe,0,@Si0, ciing duge tién hanh cac budc
twong ty nhu ché tao cac hat nano tir tinh Fe,O,. Tuy nhién, lugng
TEOS duoc tinh todn sao cho ty 18 khoi lugng chét tao thanh gitra
Fe,0, va SiO, bang 1:0,5.

2.3. Phén tich céu triic, hinh thdi va tinh chit ciia vt liéu

Céu tric tinh thé cua vat liéu dugc phan tich bang XRD sir
dung thiét bi D8 Advance, Bruker. Hinh thai bé mit cua cdc mau
duoc quan sat bing SEM (Hitachi S4800) vi TEM (JEOL JEM-
1010). Cac lién két va tinh chat tir ciia vét liéu dugc nghién ciru
bang FTIR (Nicolet 6700) va VSM (MicroSense EV9). Nghién ctru
khé nang hap phu chat mau MB dya trén phd hap thy UV-Vis do trén
thiét bi SHIMADZU 2450.

2.4. Nghién cieu hdp phu MB ciia cdc hat nano Fe 0, va
Fe 0 @sSi0,

Pudng chuan x4c dinh ndng 6 MB duoc xdy dyng bang cach
pha cac dung dich MB véi néng d6 5,7, 10, 13, 20 va 25 (x10°
mol/l), sau d6 do phd UV-Vis (hinh 1A). Puong chuin 1a db thi
biéu dién su phu thudgc cuong do dinh hép thy tai budc song 664
nm vao néng do MB (hinh 1B) theo phuong trinh béac nhit c6 dang
y=0,06357X+0,00132 (R*=0,9978).

Hép phu MB trén vét lidu nano Fe,0, va Fe,0,@SiO, tién
hanh nhu sau: ldy 100 ml dung dich MB ndng d6 25x10° mol/l
vao cbe 250 ml, khudy trén may khudy tir voi toc do khoang 200
vong/phut. Cho 0,03 g vat li¢u Fe,0, hodc Fe,0,/SiO, thém vao
dung dich va dé trong phong toi, bit dau tinh thoi gian hap phy.
Sau cac khoang thoi gian 10, 20, 30, 60, 90 va 120 phut, 1éy S ml
dung dich miu bang pipet, ly tim dé tich vat liéu con lai trong
mau. Tién hanh do pho hap thy UV-Vis va xac dinh cuong do hip
thy quang tai budc song cuc dai 664 nm.
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Hinh 1. Phé héap thu UV-Vis ctia dung dich MB vé&i cac néng dé khac nhau (A) va dwong chuan biéu dién sw phu thudc cua cwong

dd hap thu dinh 664 nm vao ndng dé MB (B).

3. Két qua va ban luan
3.1. Xdc dinh ciu triic va tinh chit vt liéu

XRD ciia mau Fe 0, (hinh 2A) cho théy ton tai cac dinh nhiéu
xa tai goc 20=30,2, 35,6, 43,3, 45,3, 57,2 va 62,9, twong g voi
chc mat tinh thé (111), (311), (400), (422), (511) va (440) dac trung
cho céu truc 1ap phuong tdm mét cua vét li¢u Fe,O, (theo the chuin
JCPDS#11- 0614) ma khong c6 pha la nao khac [12, 13]. Bén canh
cac dinh nhiéu xa dic trung cho Fe,0,, XRD cua Fe,0,@SiO,
(hinh 2B) cho thiy, ¢6 thém mot dmh pho rong tai goc 29~22 7°.
Ngudn gbe cia dai phd rong nay duoc 1y giai 1a do cdu trac vo
dinh hinh cua SiO, gdy ra [3]. So sanh hinh 2A va 2B cho thiy, vi
tri cac dinh nhleu Xa cla gian do Fe,0,@Si0, va Fe,0, gan nhu
khong thay doi, chimg to viéc t hop SlO voi Fe,O da khong lam
thay doi cu tric cua cac hat Fe,O, ban dau Tuy nhlen gian d6
co cuong df nhiéu yéu hon va ban do rong 1n hon so véi Fe,O,.
Diéu nay duoc giai thich 1a do sw che chan cua 16p Si0, bén ngoal
céc hat Fe,O, cua Fe,0,@Si0,. Két qua nay kha phu hop VOi cac
bao cao truoc day [1- 3 6] T XRD, kich thudc tinh thé cia Fe,O,
va Fe,0,@Si0, c6 thé dugc xé4c dinh boi cong thire Scherrer sau

(1)

. Kxi
- B x cosf

trong d6 D 1a kich thuéc tinh thé (nm); A 1a budc song dugce st
dung (A, =1,54 A); B 1,2‘1 ban d¢ rong; 0 1a goc nhicu xa; K 1a hé so
c6 gia tri theo thong so may.

Tinh toan trén dinh nhiu xa tai goc 26=35,6° g v6i mat tinh
thé (311), kich thudc cua Fe,O, va Fe,0,@SiO, lan luot 13 7,7
va 5,4 nm. Ro rang kich thuorc tmh the cua Fe,0,16n hon so voi
Fe,0,@Si0,, gidn tiép cho thay kich thudc hat thu duoc cua Fe 0,
co thé 16n hon Fe,0,@Si0,.

Hlnh 3 trinh bay anh SEM va anh TEM clia mau hat Fe,O, (A,
B) va miu nano t6 hop Fe,0,@SiO, (C, D). Anh SEM (h1nh 3A)
cho thy cac hat Fe,O, voi leh thude ¢o 20-30 nm c6 xu hudng
co cum lai dé tao thanh cac hat co kich thude 1on hon. Kich thude
cua cac hat Fe,0, co thé dugc quan sat 10 rang hon trén anh TEM
(hinh 3B). Trong khi do, cac hat nano t6 hop Fe,0O 4@SlO (hinh
3C) biéu 16 tinh x0p va kich thudc hat bé hon so vé6i céc hat Fe,O,.
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Hinh 2. XRD cua Fe,O, (A) va Fe,0O,@SiO, (B).
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Hinh 3. Anh SEM va TEM cia miu hat Fe,0, (A, B) va Fe,0,@
Sio, (C, D).

Anh TEM trén hinh 3D cho théy, hinh thai cac hat Fe,0,@SiO,
chia lam hai phan rd rét, gom cdc hat mau den Fe O, bén trong
dugc bao bai 16p vo SiO, bén ngoai dé hinh thanh cau trac 16i vo
Fe,0,@Si0, voi kich thude khoang 10-20 nm. Ket qua nay cling
kha phu hop véi cong bo cua N.K. Yetim va cs (2020) [3]



memmmmmmmm Khoa hoc Ky thuat va Céng nghé | Céng nghé nano

()

.....

Fe,0,@Si0,

[
1
1
1
1
1
1
1
1
1

3300 - 4000

D6 truyén qua (%)

548

—r —r . —
4000 3500 3000 2500 2000 1500 1000 500
S6 séng (cm™)

®)
E 601 —=— Hép phu (Fe,0,@si0,)
o 504 —o— Giai hép (Fe,0,@Si0,)
E 40 —*— Happhu (Fe,0,)
_;: 30_' —y— Giai hap (Fe,0,)
& 204
= 4
2 10
5 ]
3 04 T T T T T T T T
0,0 02 04 06 0,8 1,0

Ap suét twong déi (PIP,)

Hinh 4. FTIR (A) va dwé&ng cong hép phu, gidi hap phu N, &
77K (B) cia mau hat Fe,O,va Fe,0,@SiO,.

Hinh 4A 1a FTIR cua maflu hatFe O, va mﬁu nano t6 hop F }O @
Si’02. Quan sat FTIR Cﬁ’a mau F‘e3O , cho thay xuat hi¢n mét so dinh
hap thu manh tai cac so song lan luot la 548, 800, 897 cm™ va hai
ving hap thu véi cuong do yéu hon tai sd song 1637 va 3400-3500
cm’!, Céc dinh hép thu tai 548, 800 va 897 cm! dac trung cho lién
két Fe-O cua vat lidu Fe,0, [14, 15]. Dinh 1637 cm” ¢6 ngudn gbe
tir lién ket C=0 cua CO, trong moi truong [14]. Vung héap thu rong
xung quanh budc séng 3400-3500 cm! lién quan dén lién két O-H
cua cac phan tr H,0 hép thy trén bé mat cia {nﬁu [15]. So sanh
voi mau lj"e30 » FTIR cua F,eSO ,@Si0, co l}ai diém can chu y dé la
(i) Sy xuat hién hai dinh hap thy méi tai so song 897 va 1074 cm!
dic trung cho lién két Si-O-Si va Si-O;, (ii) Sw giam cuong do cua
dinh hip thu lién két Fe-O c6 thé do sy che chin cua 16p Si0, trén
bé mdt cua cdc hat Fe,0, [14]. Két qua thu dugc ching t0 16p SiC’)2
da dugc phu lf:n cac hat Fe,O,. Hinh ilB trinh bay duong cong hap
ph}l vé} gié}i hap phu N, f’ 77K cua méu Fe,O,va Fes,O ,@Si0,. Co
the thay rang, duong dang nhiét‘hép phu va %iéi hap phu N, cua
hai mau Fe,O, va Fe,0,@Si0, déu c6 vong tre loai IV (theo phén
loai cua IUPAC) va dién tich bé mat ¢ gia tri 1an lugt 1a 8,6252 va
32,2432 m*/g. Diéu nay chiing t6 16p vo SiO, ¢6 thé lam tang dién
tich bé mt riéng ciia Fe,O,. Két qua nay ciing kha pht hop véi béo
cdo cua A. Farmany va cs (2016) [16].

Nghién ciru tinh chat tir dé biét kha nang thu hoi, tai sir dung
ctia vat ligu hp phu bang cach sir dung tir truong ngoai. Pudng
tir d6 bio hoa clia mau hat Fe,0,va Fe,0,@Si0, dugc trinh b?ay‘ 0
hinh 5. Ttr 9 bdo hoa (M) cua Fe O, va Fe,0,@SiO, c6 gia tri lan
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lgm 1a 58,1 va 23,1 emu/g. R rang M _ctia Fe,O 4@SiO2 giam gin 2
lan so v6i mau Fe 0,. Cac nghién ctru gidi thich rang, su gjém tir do
bdo hoa cua mau Fe,0,@Si0, 1a do higu tng che chian bé mat ctia
céc 16p vo phi tir SiO, bao boc bén ngoai cac hat nano Fe,0, [17].
Thém vao do, hinh 5 (hinh chen) cho thay rd rang vét ligu Fe,0,@
Si0, d¢ dang thu hoi bang tir truong ngoai. Day la dac diém quan
trong trong ché tao vat liéu xtr Iy chat mau trong moi truong nude.

60

'.,.—I-I-I-I-I-I'I‘I
=" Fe:iOs

40 Fe;0,4: 58,1 emu/g
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Hinh 5. K&t qua VSM caa mau hat Fe 0, va vat liéu Fe,0,@SiO,.
3.2. Ddnh gid khd néing hép phu ciia vt ligu

Khé nang hip phu MB trong nudc bang phuong phap do phd
hép thu UV-Vis. Hiéu suét hép phu MB duoc xac dinh bdi cong
thirc sau:

C
H= °C x100% (2)

o

trong d6 C va C lan luot 12 néng d6 MB tai thoi diém ban dau va
thoi diém t (mol/1).

Hinh 6 biéu dién phd UV-Vis thu duoc sau qué trinh hép phu
trén bé mat cla Fe,0, (A) va Fe,0,@SiO, (B) trong khodng thoi
gian 120 phut. Sy thay doi cua hi¢u suat hap phu MB theo thoi gian
duoc biéu dién nhu trén hinh 6C. Két qua cho thiy, sau 20 phit hap
phu, nong d6 MB giam khoang 29% ddi v6i mau Fe,0, va 74%
v6i Fe,0,@Si0,. Trong khoang thoi gian 30-120 phut hap phu tiep
theo, chiing t61 nhan thay sy thay doi hi¢u suat hap phu MB clia
mau Fe,0, a khong dang ké, chimg t6 qua trinh hip phu MB cua
cac hat Fe 0, da dat duoc trang thai bdo hoa tai thoi diém 20 phat.
Tuy nhién, hi¢u suat hap phu cua Fe,0,@SiO, ticp tyc tang va dat
gia tri 16n nhat tai thoi diém 60 phut. Sy mat mau rd nét cuia MB
sau 60 phut hip phu cua Fe,0,@Si0, dugc chi ra trén hinh chen
nho cua hinh 6B. Chiing t61 udc lugng hi¢u suat hap phu 16n nhat
cua Fe,0,@Si0, co gia tri ¢ 88,8%. Co thé thay rang, hidu suat
hap phy chat mau MB cua Fe,0,@SiO, cao hon ¢& 3 lan so véi
Fe,0,, diéu nay chimg t(:) Vaj tro quan trong cua 16p vo SiO, trong
vigc tang cuong hi¢u suat hap phu MB cua céc hat Fe,O, [13, 18].
Dé hiéu bict vé co ché hap phu cta vat li¢u véi MB, chung t6i ticn
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hanh nghién ciru dong hoc hap phu ciia 2 mau Fe,0, va Fe,0,@
Si0, bang mé hinh dong hoc hip phu bac 1 (cong thlrc 3)va dong
hoc hap phu béc 2 (cong thuc 4).

Kt 3)

L _
Me 32303

Ln(ge — qo) =

t _ 1 + t
a  krq¢ qe
trong do q,, q, trong ung la dung lugng hép phu tai thoi diém can

bing va tai thoi diém t; k,, k, twong tmg 1a hing s6 hap phu bac
1 va bac 2.

Két qua nghién ctru voi 2 md hinh cho thay, s6 liéu thyc nghiém
cua chung toi phu hop hon véi mo hinh dong hoc bac 2 so voi mo
hinh dong hoc bac 1 (duong dong hoc bac 1 khong trinh bay ¢
day). Theo mé hinh dong hoc béc 2, két qua khop ham t/q, theo
thoi gian t dugc trinh bay trén hinh 6D. Vi hé s6 trong quan cao
~99,7% (Fe,0,) va ~99,9% (Fe,0,@SiO,) chimg t6 s6 liéu thuc
nghiém phu hop v6i 56 liéu tinh toan theo md hinh dong hoc bac 2.
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Hinh 6. Phé hép thu UV-Vis thu dwoc sau qua trinh hap phu MB trén
bé mat cua cac hat Fe,O, va Fe,0,@SiO,.

Hinh dnh mat mau rd nét cua dung dich MB sau 60 phut hép
phu cua Fe,0,@S10, chén trén hinh chén nho cua hinh 6B. Db thi
biéu din hleu suét hap phu MB theo thoi gian (C) va cac duong
dong hoc hap phu bac 2 (D) ciia hai mau Fe,0, va Fe,0,@Si0,.

Trong mdi trudng nude, MB 14 cation tich dién tich duong, bé
mdt cua Fe,0,@SiO, tich di¢n tich am. Co ché hip phu MB cua
Fe,O @SIO thong qua tuong tic tinh dién gitra cation va anion
(h1nh 7). Qué trinh hap phu MB ciia Fe,0,@Si0, 1a tong hop su
hép phu cua ca céc hat Fe,O, va lop vo SIO do d6 hiéu suét hip
phu dugc tang cuong. Them vao do, 16p vo SiO, con co vai tro
16n trong viéc ngan chan su két tu ctia cac hat Fe, O va tu do lam
tang dién tich bé mat riéng nhu dugc bao cao boi A Farmany vacs
(2016) [16]. Su tang cudng dién tich bé mat riéng cia Fe,0,@Si0,
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ciing 13 nguyén nhan chinh din dén ting hiéu suat hap phy MB
trong nghién ctru nay [1]. So sanh vé hiéu suat hip phu MB cua
cac cong bd gan day voi nghién ctru ndy dugc trinh bay ¢ bang 1.
Dé dang thay ring, hiéu sudt hip phy trong nghién ctru ctia ching
t01 tuong dwong voi cac két qua cong bd gén day. Tuy nhién, mot
sd yéu t6 khac nhu pH dung dich, nhiét dg, nong do SiO, ciing anh
huong dang ké den hiéu suat hip phu MB ciia Fe,0 @SIO [1-3,5,

6, 16]. Vi vay, can ¢6 su nghién clru mot cach he thong va chi tiét
hon trong thoi gian sép toi.

Fe,0,@Si0, I6i vé .

OH—  SIO;

Xanh Methylen (MB) —OH

% S
OH | OH
OH

Hinh 7. M hinh mé ta co' ché hap phu MB cua vt liéu Fe,0,@Si0,.

Bang 1. Hiéu suét hdp phu MB cua vt liéu Fe,0
nhém nghién ctru.

,@Si0, cia mét so

Rl Phuongphdp a1« Hiu sudt T liéu
Chit hip phy ché tao Diéukién hip phy hipphu (%)  tham khio
pH=6,5
Fe,0,@8i0, Dongkéttia  Nong do dau 50 g, 90, [19]
m=20 mg/20m!
pH>8
Fe,0,@8i0, Thiynhiét  Nongdo dau 10 M, 93,0 20]
m=5 mg/20 ml
pH=10
Fe,0,@Si0, Thiynhigt ~ Nong d9 du 50 mg/l 90,0 1
m=0,03 ¢/10 ml
pH=74
. o Nongdd dau 25 mgll/s0
Fe,0,@Si0, Dong ket tua nlHQ, 913 [21]
m=0,25 g/75 ml
pH=11
f;;g:f‘g;“gg;igl”lm Déngkéttia  Nong do diu 50 mgl 850 1]
PN m=0,03 ¢/10 ml
. o Nongdg diu25x10¢ mol, o
Fe 0,@Si0, Dong ket tua m=0%03' 250l 88,0 Nghién ctru nay
4. Két luan

Ching t6i da phat trién thanh cong quy trinh ché tao vét liéu
Fe,0,@SiO, bing phuong phap dong két tiia don gian. Két qné
phén tich anh SEM, TEM, XRD, FITR, BET va VSM cho thay,
da phu thanh cong 16p vat li€u v dinh hinh SiO, 1én bé mit cic
hat Fe O, d¢ tao thanh vat li¢u Fe,0,@SiO,. Kich thudc cua cac
hat Fe,O, va Fe,0,@SiO, lan Iuot 1a 20-30 nm va 10-20 nm. Thur
nghlem Xu ly chat mau MB cho thy hiéu sut hap phu cua Fe,0,@
Si0, (88,8%) cao hon gép 3 lan so véi Fe,0, (29,1%). Mot co che

n
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hap phu MB ciia vat liéu Fe,0,@Si0, da duge dé xuét. Trong do,
twong tac tinh di¢n giira catlon (MB*) va anion (Fe,0,@Si0,)
dong vai tro chinh. Sy tang cuong hiéu suat hip phy MB frong mau
Fe,0,@Si0, dugc Iy gidi la do SiO, vira dong gop true tiép vao qud
trmh hap phu va vira lam ting dlen tich bé mit riéng ctia mau. Céc
két qua thu dugc chimg to vat lidu Fe,0,@Si0, c6 thé dugc tmg
dung lam chat hip phu chit mau trong m01 truong nude. Tuy nhién,
nghién ctru anh huong cua céc diéu kién nhu do day cua 1op vo
Si0,, pH dung dich, nhiét d¢ 1én hiéu sudt hip phu MB cua vét liéu
Fe, O ,@Si0, can phai dugc thyc hién trong thoi gian t6i.

L01 CAM ON

Nghién ctru nay dugc tai trg boi Quy Phat trién Khoa hoc va
Cong nghé Quoc gia (NAFOSTED) trong dé tai ma s6 103.02-
2019.32. Cac tac gia xin chan thanh cam on.
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