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Nghién ciru ap dung md hinh trik nwc mwong - liép phuc vu twsi veon buoi
thich img diéu kién han min & Dong bang song Ciru Long

Tran Thai Hung’, Trin Minh Tuén, Ninh Vin Binh, Nguyén Vin Tuong,
Huynh Ngoc Tuyén, Lé Vian Thinh, Nguyén Hoang My Linh, Lé Thi Quynh Anh

Vién Khoa hoc Thuy loi mién Nam, 658 Vé Vin Kiét, phuwong Cho Quan, TP, H6 Chi Minh, Viét Nam
Ngay nhén bai 2/11/2024; ngay chuyén phan bién 5/11/2024; ngay nhén phan bién 30/11/2024; ngay chip nhén dang 6/12/2024

Tom tit:

Bai bao trinh bay két qua nghién ciru 4p dung mé hinh thir nghié¢m trir nwéc trong mwong - li€p cho vwon trong budi
da xanh tai tinh Tién Giang, v6i cac thong tin: bé rong diay muwong 0,5 m, chiéu sdu nwéc trir 1,2 m, 1ong kénh trai
tim HDPE. Lugng nuéc hi¢u dung cia h¢ thong muong trir 1.667,63-1.784,84 m?, ting thém 97,94-108,89% so voi
cach trir nuée truyen thong, dap u’ng di nhu cau twoéi tang thém 2-3 thang aé phong chong han man cho vuon cay
Qua trinh theo dbi sin Xuit trong dleu kién han man cyc doan mua kho 2023-2024 cho thiy, cdy trong phat trlen
tot, ty 1€ ra hoa, ddu qua va ning suit cay trong tang lén. Két qua tinh toan lgi nhuin mé hinh mang lai voi: Ty s0
hi¢u ich trén chi phi B/C=1,54>1,0 va hé s6 ndi hoan IRR=16,59%>15,0%, dam bao l¢i ich vé kinh té, rat thiét thuc
va phit hop véi san xudt, thich ing véi diéu kién han min, 1am co s¢ 4p dung va nhan rong phuc vu sin xuit ciy in
trai hi¢u qua ¢ Pong bang song Ciru Long (PBSCL).

Tir khéa: ciy in qua, Pong bing song Ciru Long, hiéu qua trir nuwérc, tich trir nwée, xAm nhap mén.

Chi s6 phén logi: 1.5,2.1, 4.1

Research on applying water storage ditches and planting beds for pomelo irrigation
under drought and salinity conditions in the Mekong delta

Thai Hung Tran", Minh Tuan Tran, Van Binh Ninh, Van Tuong Nguyen,
Ngoc Tuyen Huynh, Van Thinh Le, Hoang My Linh Nguyen, Thi Quynh Anh Le

Southern Institute of Water Resources Research, 658 Vo Van Kiet Street, Cho Quan Ward, Ho Chi Minh City, Vietnam
Received 2 November 2024; revised 30 November 2024; accepted 6 December 2024

Abstract:

The article presents the research result of applying a pilot model of water storage in ditches for green-skin pomelo
gardens in Tien Giang province, with the following information: ditch’s bottom width is 0.5 m, water storage depth is
1.2 m, ditch’s bed covered with HDPE sheet. The effective water volume of the ditch system is from 1,667.63-1,784.84
m’, increasing from 97.94-108.89% compared to the traditional water storage method, satisfying the irrigation needs
for 2-3 months to prevent drought and salinity for the garden. Based on monitoring production under extreme
drought and salinity conditions in the dry season of 2023-2024, the results show that crops grew well, the rate of
flowering and fruiting and crop yield increased. The results of calculating the model’s profits are: Benefit-cost ratio
B/C=1.54>1.0 and Internal rate of return IRR=16.59%>15.0%, ensuring economic benefits, it is very practical and
suitable for production, adapting to drought and salinity conditions, serving as a basis for application and replication
to serve effective fruit tree production in the Mekong delta.

Keywords: fruit trees, Mekong delta, salinity intrusion, water storage, water storage efficiency.

Classification numbers: 1.5, 2.1, 4.1
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1. Md dau

Pdng bang séng Ciru Long 1a viing trong diém cdy an qua voi
dién tich khoang 408.467 ha (nam 2023) [1 chiém gan 32% dién
tich cay an qua cua ca nuoc, hing nim cung cap cho thi truong
trong nudc va quoc té trén 4 triéu tn trai cdy, gom x0ai, budi,
sau riéng, vu sita, thanh long, chdm chom... Tuy nhién, mua kho
nhitng nim gan ddy, dic biét 1a ndm 2015-2016, 2019-2020, x4m
nhap man xuat hién sém, kéo dai, lién tuc duy tri ¢ muc cao, da
lam thiét hai khoang 17.126 ha (trong do Long An 2.397 ha, Tién
Giang 4.459 ha, Bén Tre 9.250 ha, Vinh Long 740 ha, Tra Vinh 267
ha, Soc Trang 4 ha...) [2]. Vao thoi diém thiéu nuéc cuc doan do,
mot s6 giai phép tich trit nudc bang muong - liép, ao hd, tii nhua,
thiing, bé... da duge nguoi dan thyc hién mot cach ty phat, phﬁn nao
phat huy tac dung duy tri, ctru dugc mot phén vuon cay, mot 0 ho
dan khong dung giai phap trit nudc di phai mua nude duge chuyén
bing ghe thuyén tir cdc khu vuc tinh Dong Thap hay An Giang
thudc dau nguon séng Ciru Long (khong bi nhiém mﬁn) vé tudi
vuon cdy voi gia tir 150.000 dén 180.000 d/m?, nhung van khong
tranh khoi thiét hai vé kinh té va sinh truong, phét trién cay trong.

Hién nay, nhitng khu vyc hay bi han han, xdm nhap man... rt
can c6 nhing giai phap thu trit nu6e dy phong dé dém bao du nude
phuc vu san xuét [3]. Thu trit tai chd tir song sudi két hop chong
x61 mon, hodc tr nudc mua (d01 voi khu vuc khong co song su01)
aé phuc vu sinh hoat va san Xuat nong nghiép, vi du trén dat doi,
dat doc khu vue trung du, mién nai cac tinh Hoa Binh, Dién Bién,
Gia Lai, Kon Tum, bak Lak, Ddk Nong... da dugc thuc hién kha
phit hop v6i diéu kién ty nhién cua timg ving [4, 5]. Mot sb giai
phép trit nudc quy mo nhém ho gia dinh phuc vu san xuat tai cac
vung sa mac hoa thiéu nudce ¢ cc tinh Ninh Thuén va Binh Thuén,
thudc khu vuc Nam Trung B cling da dugc ngudi dan ap dung aé
vugt qua mua khé han, phuc vu t6t cho san xuét [6, 7].

Thyc trang san xuat trf”)ng trot cay an qué & DBSCL cho théy,
nguoi dan thuong tir phat thiét 1ap cac hé thong muong liép trong
vuon hodc ao hd, kénh rach phan tan dé tao ngudn tu6i cho cay,
khong c6 co sd tinh toan vé quy mé kich thudc nén luong nude trix
khong d4p img di nhu cau tudi can thiét dé vugt qua giai doan han
min cyc doan, dong thoi chura xac dinh duoc thoi diém phu hop dé
ldy nude tich trir vao cong trinh, ngoai ra con thiéu cong trinh diéu
tiét kiém sodt ngudn nudc (tich nudc khi tridu 1én, dong trir lai khi
triéu rit, ngan man néu co...) ciing lam cho kha ning lay nudc tai
day suy giam, kho d4p tmg nhu cau san xuat bén viing. Tién Giang
¢ dién tich cdy an tréi 84.192 ha (ndm 2023) 16n nhit PBSCL, v6i
nhiéu loai trai cay ndi tiéng nhu budi da xanh, sau riéng, xoai cat,
v sita, thanh long. .. Hang ndm, vao mua kho luong nudc tich trix
thuong khong du tudi, han ché kha nang ra hoa, dau trai va tao qua.
Trong trudng hop xay ra han man cyc doan, hau hét cdc ho nong
dan da ngit bo qua non & duy tri sy song cho vudn cdy. Vi vdy,
trén co s céc két qua nghién ciru, ching toi dé xudt cac g1a1 phap
cong trinh tnr nudc phan tan: (1) trlt nude bang viéc nang cap ao,
hd nhé c6 sin hodc xay dung mai; (2) trlt nude trén cac doan kénh,
muong cut; (3) trit nudce bing hé théng muong - 1iép ngay trong
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cac vuon cdy; (4) trit nude bang hé thong cong cu chita nhén tao;
(5) giai phap phi cong trinh tuyén truyén, huéng dan gitip can bo
quan ly va nguoi dan dia phuong trong cdy dn qua ning cao nhan
thirc phong tranh han mgn, mg dung cac giai phap trlr nude phu
hop v6i didu kién thue &, sir dung nude tiét kiém dé san xuat hiéu
qua. Bai viét nay trinh bay két qua nghién ctru ap dung mo hinh trix
nude trong muong - liép phuc vu tudi cho cdy an qua thich tmg véi
diéu kién han man, cu thé 1a mo hinh muong trit nudc cho vuon
trong budi tai tinh Tién Giang, 1am co so 4p dung nhan rong mo
hinh phuc vu san xudt cdy an qua ving DBSCL [8].

2. Cach tiép can va phuong phap nghién ciiu
2.1. Céch tiép cin

Nghlen cuu tong hop tir tai nguyén nuéc PBSCL, dén chi tiét
san xuat va nhu cau ding nudc cta cdy an qua, didn bién xdm
nhap man tac dong t(n san xuat; ké thira ¢6 chon loc kinh nghlem
két qua nghién clru vé tich trir nude phuc vu tudi cho cay trong,
tién bo khoa hoc vé vat liéu chong thAm mat nudc, cac phan mém
chuyén nganh tinh toan ngudn nudc, xim nhap man, thiét ké mo
hinh thye nghiém.

2.2. Phuong phdp diéu tra, thu thip, tong hop tai liéu

Su dung sd liéu, tai lidu thir cép tir két qua diéu tra tai cac co
quan quan ly dia phuong va co quan nghién ctru lién quan nhu: dicu
kién ty nhién, kinh té - xa hgi, thyc trang xam nhdp mén, nguon
nudc, cac hinh thirc trlt nude phuc vu san xuat cay an qua PBSCL;
cac tiéu chuan, quy chuan thiét ke, xay dung cong trinh thuy lgi.

2.3. Phwong phdp phdn tich va tinh todn

Ung dung phan mém chuyén nganh nhu sau:

+ MIKEI1 véi cac modul Mike NAM va Mike 11-HD du bao
xam nhdp man voi kich ban nén 2020 [9]. So do tinh duoc thiet
lap cho ca BPBSCL; bién luu lugng st dung qua trinh luu lwgng tai
Tonle Sap, Kratie; bién muc nudc tai cdc nhanh ¢ ca bien Dong
va bién Tay; bién nhdp luu tr mua duogc tinh tai cac 6 ruong bang
Mike NAM,;

+ CROPWATS.0 dé tinh to4n boc thodt hoi nude mt thoang ET,
va lugng mua hi¢u qua P tir dir liéu thu thap tir Pai Khi tuong

Thuy vén tinh Tién Glang (nhlet do, do am khong khi, nang, gio,
mua...) [10]. Tinh toan nhu cau nudc ciia ciy trong:

ET =K_*ET (mm/ngay) (D)

Tinh tong lugng nudce can tudi cho khu vyc trdng ciy:

W =10"*(ET, -P_)* F (m’/ngay) 2)
trong do: K : H¢ s6 cay trong, ET: Bdc thoat hoi nudc mat thoang
(mm/ngay); ET: Nhu cau nude cua cy trong (mm/ngay); P

Luogng mua hleu qua trong chu ky tw6i (mm/ngay); F: Dién tich
khu vire can tudi (m?); 10°: Hé s6 chuyén dbi don vi.

+ AutoCAD 2023 tinh toan thiét ké dua vao luong nudc can
tich va GeoSlope 2020 tinh 6n dinh muong trit nudc.



Khoa hoc Tu nhién | Khoa hoc tréi dét va moi trudng; Khoa hoc Ky thuét va Cng nghé | Ky thuat thily loi; Khoa hoc Néng nghiép | Trong trot nsss—

2.4. Phwong phap thir nghi¢m hién truong

Thiét ké v xdy dung mo hinh thir nghiém trit nudc trong
muong - 1ip cho vuon buoi da xanh tai Tién Giang, dé kiém
nghiém lai két qua nghién ctru vé: (i) Nhu cau nude cho cdy trong;
(i) Luong nudc can trir trong mua kho; (iii) Dung tich trir nudc
phuc vu tu6i thich tmg véi diéu kién han man.

Lura chon vi tri xdy dung mo hinh thir nghi¢m: Lya chon vi tri
xdy dung m6 hinh thyc té hién truong thong qua sy gidi thiéu cua
cdc cap nganh tinh Tién Giang, két hop voi cong tac dleu tra, tham
vin cong dong dan cu. Nhom téc gia da chon vuon trong cdy budi
da xanh cta gia dinh 6ng Huynh Tan Thao thudc ap Binh Thanh,
x4 Tan My Chanh, TP. My Tho, tinh Tién Giang; toa do dia ly:
10°2227,50” vi d¢ Bc, 106°23°37,30” kinh d6 Dong. Vuon buoi
san xuat theo tiéu chuan GAP gan véi du lich sinh thai, mang tinh
dai dién cao dé ap dung va nhan rong cho toan vung, thich ing voi
diéu kién han man xay ra hién nay 6 ving DPBSCL.

Dién tich vuon budi 1,0 ha, cay do tudi 10 nim dang trong giai
doan kinh doanh, khoang cach gitta cac cay 4,0 m. Hién trang vuon
¢6 16 muong trit nude va 18 liép trong cdy. Cac muong bi boi ling
boi bin va canh 1 cdy; bor va mai muong dé 10i 1om ty nhién, nén
mit cit ngang bi thu hep, 1am giam luong nude trir. Chidu dai mdi
muong 100 m, chiéu rong bé mat trung binh 1,5-2,0 m, chiéu sau
nude tbi da co thé trit khoang 1,0 m. Luong nudc trir ti da chi
khoang 1.200-1.300 m*/thang (chwa ké thim va bbc hoi nudc).

Pé xudt dp dung gidi phdp trit niede cho vieon trong bugi: Hinh
thitc muong - liép di c6 sin khi nguoi dan bét dau thyc hién trong
cdy, day la h¢ thong chira trir nude kha pho bién tai hau hét cac vuon
trong cdy an qui PBSCL; néu tinh toan cu thé dé tich day hé thong
trit nude ndy, ¢6 thé dam bao di nude tudi cho vuon cdy tir 1 dén
3 thang mua kho han cuc doan. Vi vay, nghién ctru nay da lya chon
hinh thirc chtra tri¥ trong muong - liép hién c6 dé dua ra giai phap
khoa hoc phu hgp (hinh 1).

Tinh tong lwong nwdc hiéu dung can tich triv trong mwong
w.): Téng luong nude hiéu dung tich trong muong tinh theo
cong thuc sau:

th - Wtr- th - Wth (m3) A3)
+ Xac dinh lugng nudc tri trong muong theo cong thire sau:
W, =nxFxLm) 4)

Hinh 1. Mé hinh va hién trang mwong - liép trong vwén trong bwéi.
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trong d6: n: Tong sb muong trong vuon; L: Chiéu dai muong trir
(m); F: Dién tich mt cat ngang trung binh cia muong trir.

F=(b+m*H) x H (m? %)

trong do: b: Bé rong day muong (m); m: Hé sb mai muong; H:
Chiéu sau khoi nudc trong muong (m).

+ Xac dinh lugng nudc ton that do bic hoi cia cic muong nhu sau:
W,=nxS xZ xt (m) (6)

trong d6: n: Tong s6 muong; S, : Dién tich mét thoing muong trix
(S,=BxL);B: Bé rong trung binh mat nu6ce trong muong (m); L:
Chleu dai muong trir (100 m); Z, : Luong nude bdc hoi mit thoang
(mm/ngay); t: SO ngay trong thang (ngay).

+ Luong nudc ton that do thim W,: voi loai dét vuon cay la
sét pha cat (ty 1¢ hat sét va bui trén 80%), t6i mua kho han, cac
loai dat nay rat d& nit né gay tham mat nudc, bén canh do cac bo
muong thuong bi chudt dao hang tao 19 ciing gdy mat nude. Udc
tinh ton thit do thim twong dwong khoang 5-7% dung tich chira
trlt trong muong.

3. Két qua va ban luan

3.1. Co'so khoa hoc nghién cvru ap dung mo hinh thir nghiém
trit nwoc cho vuwon trong buoi

Khd ndng chiu mn ciia cdy trong: Hau hét cac loai cdy an
qua déu man cam v6i nude tudi bi nhiém min, dbi voi cdy buoi
mirc 1,0-2,0 g/l. Néu sir dung tu6i nude c6 ndng do mudi >1,0 g/l
thuong xuyén trong miia kho, thi ham lwong mudi tich tu trong dét
s€ tang 1én >2,0 g/1 (do khdng c6 nudc ngot thau rira), 1am cho cay
tréng bi suy kiét hoac chét. Vi vay, dé dam bao duy tri sy séng cho
cay tréng vugt qua giai doan han man cuc doan, nén tudi nudce co
d6 mdn <0,5 g/l (nho hon kha nang chiu man cua cy trong) [11].

Bdc diém tai nguyén nuwée va dién bién xam nhdp mdn mia khé
nhitng nam gan day ¢ PBSCL: Ngudn nude trén DBSCL thay doi
theo hai mua 13 rét, dong chay mua kho phu thudc ngudn thuong
luu vé, dong chay mua mua ngoai phy thude chii yéu vao dong
chay thugng luu, con phu thudc vao qua trinh mua - dong chay trén
ddng bang. Do mua trén lwu vie song Mé Kong xuét hién muén,
tong thoi gian mua ngan, lugng mua thap dan dén tong luong dong
chay vé PBSCL ¢ mitc thip. Toan PBSCL chiu anh hudng cua
thily triéu, ngoai trir mot s6 6 bao
kin biét lap (U Minh Thugng, U
Minh Ha). Anh hudng tricu trong
mua kiét manh hon mua 1ii. Tridu
bién bong hoat dong rat manh do
ché d9 ban nhat triéu bién do 16n,
nén dong chay cua bién Dong co
tac dong 16n dén ving cira song
va lan can, dic biét 1a ddy dong
chay vé phia song Tién va song
Hau. Hé théng kénh rach chz"mg
chit da dan nuéc man xam nhap
siu vao trong ndi dong [2].



Xam nhap man mua kho nam 2022-2023 xuét hién sém hon
trung binh nhiéu nim (TBNN) khoang mot thang, mudn hon
khoang ntra thang so voi mua kho ndm 2015-2016 va mudn
hon mdt thang so v§i mua kho ndm 2019-2020, sém hon ntra
thang so v6i mua khé ndm 2021-2022. Chiéu sau xam nhép
mén trén song Ctra Tiéu (gan vi tri xdy dung mo6 hinh) nim
2023 & mic cao hon TBNN va nam 2022, tuy nhién van thip
hon nam 2016 va nam 2020 [2] (bang 1).

Bang 1. Chiéu sau xam nhap man I&n nhat ndm 2023 so véi trung binh nhiéu
ndm, ndm 2016, nam 2020 va nam 2022 trén song Cira Tiéu.

Ranh min cich cira bién (km)

Thoi gian

4 (g/l) 1(g/)
1/2023 39 46
2/2023 44 53
3/2023 41 48
4/2023 39 48
5/2023 43 52
Max nam 2023 44 53
So voi max TBNN 43/+1 54/+1
So voi max nam 2016 48/-4 76/-23
So véi max nam 2020 91/-47 102/-49
So v6i max ndm 2022 41/+3 52/+1

“+”: cao hon, “-: thdp hon.

Dur bdo man thoi gian t6i: Dé dam bao ngudn nude trix
an toan cho cay budi, tién hanh mé phong xAm nhap man véi
P90% tmg voi dd man 0,5 g/1. Két qua mé phong dién bién xdm
nhap man trén séng Ctra Tiéu cho thay: Ranh man 0,5 g/l xuét
hi¢n vao thang 12 1a 50 km, thang 1 13 61 km, thang 2 1a 69 km,
thang 3 1a 81 km, thang 4 1a 60 km, thang 5 1a 56 km.

D¢ min 16n nhat tai khu vyc du kién xdy dyng mé hinh
thir nghiém trit nuéc cho cdy budi trong timg thang 1an luot
la: thang 12 13 0,7 g/1; thang 1 14 0,87 g/1, trong d6 s6 ngay co
d6 man >0,5 g/l duy tri lién tuc khoang 2 ngay; thang 2 1a 2,8
g/1, trong d6 s6 ngay co d6 man >0,5 g/l duy tri lién tyc khoang
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6 ngay; thang 3 1a 4,68g/l v6i sb ngay co do min >0,5 g/l duy
tri lién tuc khodng 14 ngay; thang 4 1a 2,66 g/l véi s6 ngay co
do man >0,5 g/l duy tri lién tuc khoang 5 ngay; thang 51a 1,79
g/l véi s ngay ¢6 d6 man >0,5 g/l duy tri lién tuc khoang 4
ngay (hinh 2). Do man 0,51 g/l duy tri lién tuc trén 2 ngay cay
s¢ khong du nuéce tudi, diéu d6 anh hudng xdu dén dén sinh
truong va phat trién cua cdy buoi. Vi vay, can c6 giai phap trir
nude dé phuc vu tudi cho cy trong diéu kién min xam nhap
cao va kéo dai.

3.2 Ap dung mé hinh thir nghiém triv nuwéc cho vwon
trong bugi

Tinh todn thiét ké mé hinh thir nghiém (theo phan tich la
chon o trén):

Phén tich kha ning lay nu6c cho mé hinh thir nghiém trit
nudc: Nguén nuée cip cho md hinh dugc lay tir song Cuu Tiéu
(song Tien) thong qua kénh Go Cat, nén kha nang liy nudce cho
khu vue san xuét phy thudc vao dién bién ngudn nudc song
Ctra Tiéu. Tinh toan dién bién xAm nhap man va kha nang liy
nude dé trir tng voi tan suit 90% theo timg thang mua kho.
Tai khu vuc md hinh thir nghiém c6 thé tin dung nhiing thoi
diém nudc song co d6 man <0,5 g/l thi tranh thu gan ngot &
giai doan man thuong 1én cao va kéo dai. Thoi gian 6 thé lay
nudc ngot cac thang mua kho: thang 12 va thang 1 ¢6 8 ngay/
thang, thang 2-4 c6 5 ngay/thang, trong thang 3 c6 thoi gian
duy tri man >0,5 g/l cao nhat, kha ning gan ngot dé liy nudc
chira trit 1a it nhat.

Két qua tinh lugng nude can tudi cho cay trong Thoi gian
mua kho tir thing 12 dén thang 4 ndm sau can tudi, nhu cau
nudc ting tir thang 1 (306,46 m/thang) dén thang 3 (530,09
m?/thang), thing 4 gidm xubng (con 223,58 m*/théng) (bang 2).
Thang 5 dén thang 11 lugng mua 16n hon luong bdc thoat hoi
nude cua cdy trong nén khong can tudi.

Luya chon giai phap chdng tham cho muong trir: bé khic
phuc tinh trang thdm mét nudc trong muong, dong thoi che phu
chdng thoat hoi nude mit dat tir mép muong téi goc cdy trén

$=0.5g/1
duy tri
lién tuc
Khoang
6 ngay

0,5 g/l

il

AN R ‘It'.- T ””ill HJI

$=0.5g/1 $>0,5g/1
duy tri duy tri
lién tuc lien tuc
khoang khoang
8 ngay 4 ngay

nml

Hinh 2. Thi gian duy tri dé man >0,5 g/l lién tuc trong cac thang mua khé tai khu vec mé hinh trir nwéc cho cay bwei.
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Béang 2. Lwong nwéc twoi cho cay bwdi trong mo hinh trip nwéc tai Tién Giang
(trwére sap nhap).

S0 ngay Lwong nwdc twéi trong  Tong lwgng nude cin

Théng Tuin

(ngay)  thoi doan tinh todn (m’)  twdi trong thing W, (m®)
1 10 39,82
12
2 10 44,88 142,21
3 11 57,51
1 10 96,95
! 2 10 96,95 306,46
3 11 112,55
1 10 163,33
: 2 10 163,33 455,22
3 8 128,56
1 10 170,27
. 2 10 170,27 530,09
3 11 189,54
1 10 74,53
! 2 10 74,53 223,58
3 10 74,53
Téng 151 1.657,55 1.657,55

liép, chiing t6i d& xudt giai phap chong tham dé nang cao hidu
qua tich trir nudc. TAt ca céc giai phap chéng thim cho muong
trit déu co nhiing uu, nhuge diém khac nhau tiy theo ting loai vat
liéu. Tai m6 hinh trit nude vuon busi ¢ Tién Giang, lya chon giai
phap lat bang tim HDPE, do pht hop vdi nén dia chat mém, yéu;
thi cong nhanh, chi phi thdp hon so véi giai phap khéc. Loai vat
liéu nay duoc sir dung kha rong rdi ¢ tinh Tién Giang néi riéng va
DBSCL noi chung.

Thiét ké cac hang muyc ciia mo hinh: Cac hang myc cua mo
hinh dugc tinh todn va thlet ké gdm: (1) muong trit (gdm bo, mai,
day muong tri, dam neo tam HDPE trén mat liép, thanh neo gir
thm HDPE vao mai muong; (2) cong lay nudc vao va tiéu nudc ra
khoi muong, cao trinh ngudng cong trinh ldy nudc vao trir tai mo
hinh cay buoi 0,2+0,6 m la dam bao kha nang 14y nudc ty chay dé
trit trong muong sir dung trong cac thing mua kho; (3) cu di lai

DAm chan BTCT M200
nea bat, L = 1.0m

B bé 1éng
nea thép

B8 bé tdng

nea thép
Trai bat HOPE 0.30

Hinh 3. Mt cat ngang mwong thiét ké thi cong va triv nwéc sau khi xay dwng.
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n6i vuon dé van chuyén phan bon (khi cham soc) va trai cay (khi
thu hoach); (4) thm 14t di lai ndi vuon dé chuyén phan bon va trai
cdy, dong thoi gilp du khach tham quan vuon di lai thufn tién.
Tinh toan kiém tra on dinh an toan méi va b muong sau khi thi
cong dua vao sir dung. Két qua tinh toan déu cho thay, muong luon
6n dinh va dam bao an toan (hinh 3).

Thi cong xdy dung mé hinh triv nueée: Do muong trit ndm gitra
cac liép trong céy, dé tranh anh huong ciia viée thi cong toi an toan
va su phat trién ctia cdy budi trong mo hinh, chung i d4 ap dung
bién phéap thi cong thu cong va luon chu y dam bao an toan lao
dong, tranh 6 nhiém moi truong.

Cong tac thi cong duogc tién hanh véi cac bude sau: (1) Cit
tia nhling canh gia va cdy co anh hudng téi qua trinh thi cong;
(2) Bom can ki¢t nudc dé nao vét va van chuyén bun, xac 14 cay
trong cac muong 18n ba; (3) D6 bé tong khdi dd thanh neo giit tim
HDPE vio méai muong; (4) Trai tim HDPE doc muong; (5) Gén
dng thép doc méi vao neo & HDPE; (6) D6 bé tong dam neo bat
trén b liép va budc neo giit; (7) Lip dat van khuon, cdt thép, do
bé tong tim dan di lai giita cac liép va tam lat di lai ndi vudn; (8)
Kiém tra va don dep v¢ sinh sach s€. Sau khi hoan thanh, nhém
nghién ctru va chi hg gia dinh tién hanh thao nu6c vao muong dé
tich trir lai phuc vu san xuat, dong thoi theo ddi va danh gia hiéu
qua kinh té - xa hoi ciia m hinh.

Van hanh mé hinh trit nuée: Vao cudi thang 12, tranh thu tich
nude trong muong trit dén cao trinh +1,2 m. Trong cac thang mua
kho (tir thang 12 t6i thang 5 ndm sau), thyc hién tudi tiét kiém
nudc cho cdy theo diéu kién han man (tudi 2 1dn sang - chiéu/ngay,
chu ky tudi tir 3 dén 5 ngay/lan, luong nude tudi khoang 13,3-19,2
m*/ha thang 12, khoang 32,3-37,5 m*/ha thang 1, khoang 42,9-54,4

m’/ha thang 2, khoang 56,8-63,2 m*/ha thang 3, khoang 24,8-37,3

m*/ha thang 4), dong thoi theo doi thoi diém xuét hién nudc ngot
phia ngoai song dé mé cira cdng ldy nude bd sung, duy tri nude
trong muong & cao trinh >1,2 m.

Thanh neo giit tim HDPE vao mai muong la diém khac biét so
voi cdc kénh trdi HDPE thong thuong. Vao mua kho, khi muong
lam nhi¢m vy trlt nude, tam HDPE sé dugc md phang tir trén bo




Bang 3. Hiéu qua trir nwée trwde va sau khi xay dwng mo hinh.
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Sbngay  Trudc khi xdy dl_:’ng mo hinh : m Sau khi xay dl_m% mo hinh : Lurgng

Thing "orﬂg Dign tich Tong lwgng Lu"grng mf’(?c ton L’wgmg' nwde  Tong lwgng  Dién tich Tong L,wgmg' nwoc meng nudc  Tong lwgng nlr(;'c ting
tha{lg mdt muwong  nudc triv that do boc hoi tén, thatdo  nuwdc hiéu  mdt muwong  lwong nuéce tﬁ{l that do tén, thitdo  nudchiéu a0 (%)
(ngay) ) (m’) (m’) tham (m’) dung (m’)  (m?) tri (m’) boc hoi (m’)  thiam (m?) dung (m’)

12 31 2.400 1.280 288,67 89,60 901,73 2.720 2.112 327,16 0 1.784,84 97,94

1 31 2.400 1.280 288,67 89,60 901,73 2.720 2.112 327,16 0 1.784,84 97,94

2 28 2.400 1.280 317,86 89,60 872,54 2.720 2.112 360,24 0 1.751,76 100,77

3 31 2.400 1.280 392,09 89,60 798,31 2.720 2.112 44437 0 1.667,63 108,89

4 30 2.400 1.280 360,00 89,60 830,40 2.720 2.112 408,00 0 1.704,00 105,20
Téng 6.400 1.647,29 448,00 4.304,71 10.560 1.866,93 0 8.693,07

xudng téi day dé trit nudc va chéng tham. Vao mia mua, tha mot
phan tim HDPE tir trén bo xudng toi thanh neo vao trong long
muong, dé nu6e trong liép chay xudng muong chdng thdi ré cay,
tlr 46 m@ cong tidu thodt nudc ra song.

Danh gia hiéu cua mé hinh trit nuoc sau khi hoan thanh dwa
vao sir dung: Sau khi mo hinh duoc xay dung, chidu sau nudc trix
trong muong ting tir 1,0 m Ién 1,2 m, 1am gia ting dang ké dung
tich trit nude, viéc nao vét bun va 1a cay rung kha thuan tién, mua
kho han 2023-2024 da tich du nudce phuc vu tudi cho cay khi nude
min ngoai song Cira Tiéu thuong xuyén duy tri ¢ muc cao 1-2
thang. Tam HDPE di han ché t6i da thim mat nudc, chong boc
thoat hoi nudc trong dat tir liép ra ngoai khong khi, tang dt & khu
vuc ré cam ludn duge dam bao di do 4m. Chi vuon xac nhan sy
thay d6i 1o rang va tich cuc vé su phét trién ciia cdy trong, cdy
budi phat trién xanh tot hon trude, nay chdi va 1a chuyén tir mau
vang sang xanh muot, lugng hoa va trai dau da tang 1eén 40-50%,
qua tron déu va trong luong ting (mong vo khi chin). Pong thoi,
HDPE ciing ¢6 tac dung tranh phén tidm tang ¢ ddy muong tham
thiu vao nudc trir trong muong. Hiéu qua ciia md hinh so sanh
trude va sau khi xdy dung dua vao sir dung thé hién ¢ bang 3.

Trudce khi xdy dyng md hinh (ngudi dan tich nude theo truyén
thdng), tong luong nude bdc hoi trong 5 thang mua kho cua cic
muong 1a 1.647,29 m?, thim 448 m®. Trong do, thang 3 c6 ton thét
nude 16n nhat 1a 481,69 m?, thang 12 va thang 1 c6 tong luong
nudc hi¢u dyng 16n nhat 13 901,73 m?, thang 3 c¢6 lugng nudc hiéu
dung thip nhat 1a 798,31 m’.

Sau khi xdy dyng m hinh, méc di lugng nu6c ton that boc hoi
tang lén (do dién tich mat thoang tang so vdi trudc khi xay dung
mo hinh), nhung luong nude tham lai dwoc han ché & muc thép
nhét. Luong nudc hiéu dung thang 12 va 1 12 16n nhat 1.784,84 m’,
thang 3 c6 luong nudc hiéu dung thip nhat 1a 1.667,63 m’. Luong
nudc duge trit ting thém so véi thoi diém trude khi xdy dyng mo
hinh tir 97,94 dén 108,89%. Nhu vay, sau khi dugc dau tu xay
dyng mo hinh, kha nang trlr nudc cua cac muong trong vuon da
tang 1én dang ké, dap mg du nhu cau tudi 4-5 thang, tirc 1 ting
thém dugc 2-3 thang dé phong chdng han min cho vuon céy.
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Téng hop chi phi (san xuat va nguén nudc tudi) va gia tri thu
duoc sau khi ban san phém thu hoach cua chu vudn dé xéc dinh
loi nhudn va hi¢u qua kinh té - xa hoi ciia mo hinh. Cac chi phi
san xuét bao gém phan bon, thudc bao vé thuc vat, voi khir nim,
sdu bénh va cong cham séc vuon cdy. Chi phi nguon nude tudi
gom: (1) Chi phi nhan cong quan 1y van hanh cong/tram bom lay
nudce tir hé théng thily 1¢1 16n, nao vét kénh rach hang ndm trong
qué trinh lay nu6c; (2) Chi phi lay nu6e dong luc gom daw/dién dé
bom gan ngot trong mua han mén; (3) Chi phi mua nudc do khong
du nudce tudi khi mo hinh chua dugce xay dung (tham khao gié thi
truong miia han man nam 2019-2020). Céc chi phi nay déu dwoc
cht vuon theo ddi va cung cap dé nhom nghién ciru tinh toan va
dénh gia hiéu qud sau khi xay dyng mo hinh.

Bang 4. Loi nhuén trwéc va sau khi xay dwng moé hinh.

) Chi phi (10°d i

— IS::“ Gid thinh G trj A : :;‘:,ﬁn
o  (0dtn) (ea) S Nguon 10°d
(Tén) xudt nuéc Wy

Tubekhixdy 0 35000 511000 133505  69.160  308.326

dyng md hinh

Saukhixdy 7 35000 794500 116375 29316 648.809

dyng m6 hinh

Chénhléch 8,1 0 283500 -17.130 39853 340483

O nam dau tién sau khi xay dung, md hinh da cho lgi nhuan
ting gin 340,483 triéu dong so véi trudc khi xdy dung (bang
4). Két qua tinh toan l¢i nhuan du 4n mang lai sau 25 nam (theo
TCVN 8213:2009) vdi céc chi tiéu: Ty s6 hiéu ich trén chi phi B/
C=1,54>1,0 va hé s6 ndi hoan IRR=16,59%>15,0%, cho thdy mo
hinh trit nudc xdy dung & Tién Giang dam bao loi ich vé kinh té.

Ddi voi cong tac xa hoi, md hinh tao diéu kién cho phat trién
mo hinh du lich sinh thai khi da ¢6 doan khach Viét Nam va nudc
ngoai toi thim quan (hinh 4). M6 hinh cling 1a noi trao d6i kinh
nghiém thuc té va hoc thudt gitta Vién Khoa hoc Thuy lgi mién
Nam, céc truong dai hoc, vién nghién ctu, co quan quan 1y nganh
néng nghiép ciing ngudi dan truc tiép san xuat cta khu vire. Két qua
nghién ciru da duoc Dai truyén hinh Viét Nam (VTV Can Tho) [12],
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Hinh 4. Thic té hién trwdng mé hinh trie nwéc tai tinh Tién Giang. (A) San
pham tréi cay cia md hinh; (B) Doan clia B Nong nghiép va Mai trudng tham quan
va kiém tra mé hinh.

Bao Nong nghiép Viét Nam [13] va Dai Truyén hinh tinh Tién
Giang [14] dua tin v& hoi thao khoa hoc va thue té md hinh, tuyén
truyén van dong nguoi dan st dung nudc tiét kiém, dong thoi nhan
rong giai phap trlf nwdc phan tan phuc vu tudi cdy an qua thich tng
véi diéu kién han man trén toan PBSCL.

4. Két luan

Ddng bang song Ctru Long c6 dién tich cdy an qua rat 1on, mua
khé thuong khong chu dong dugc nude tudi khi man xam nhap
siu vao ndi dong. Vi vay, can co céc giai phap tich trir nu6e dé chi
dong phuc vu tudi trong nhiing thdi diém han man ting cao va duy
tri lau. Nghién ctru giai phap trit nude bang muong liép ngay trong
cac vuon cay da dugce khao sat, tinh toan thiét ké va hoan thanh
viéc thi cong mo hinh thur nghiém tai tinh Tién Giang - noi ¢6 dién
tich cdy an qua bi thi¢t hai kha 16n béi han mén. Sau khi xay dung
mo hinh, lugng nude hi¢u dung tir 1.667,63 dén 1.784,84 (m%),
tang thém 97,94-108,89% so v6i cach trir nudc truyén thong, ting
thoi gian trir tir 2 dén 3 thang dé phong chdng han méan cho vuon
cay. Két qua tinh toan loi nhuan dy an mang lai sau 25 nim (theo
TCVN 8213:2009) vdi cc chi tiéu: ty sb hi¢u ich trén chi phi B/
C=1,54>1,0 va hé s6 ndi hoan IRR=16,59%>15,0%, cho thdy mo
hinh trit nu6c xy dung & Tién Giang dam béo loi ich vé kinh t.
M0 hinh d4 tao ngudn hidu qua phuc vu san xudt gitip nguoi dan
thich nghi voi diéu kién han man mua kho 2023-2024. M6 hinh
duoc danh gia rit thiét thuc va phi hop, dam bao sir dung hiéu qua
ngudn nude duge tich trir, gitp ngudi dan cha dong hon trong quéa
trinh san xudt. Két qua nghién ctru 1am co s& dé cac co quan quan
1y chuyén nganh va nguoi dan tai cac ving san xuat cdy an qua p
dung va nhan rong ¢ PBSCL.
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LGOI CAM ON

No1 dung bai bao sir dung két qua cta Dé tai khoa hoc va cong
nghé cap Bo: “Nghién ctru giai phap, cong nghé tich trir nude phan
tan phuc vy ving cdy dn qua ving Dong bang song Cuu Long”.
Xin tran trong cim on gia dinh ong Huynh Tan Thao, ap Binh
Thanh, xa Tan My Chanh va UBND xa Tan My Chanh, TP. My
Tho, tinh Tién Giang (trudc sap nhap) da cho phép va hd tro dé tai
xay dung md hinh thir nghiém tich trit nudc cho vuon cay buoi da
xanh dé ap dung nhan rong toan ving PBSCL.
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Nghién ctru xit Iy nhu cau oxy héa hoe va chat hoat dong bé it trong nude thi
giat Ui cong cong bang qua trinh keo tu - tao hong

Pinh Thi Thu Ha", Nguyén Thi Thu Hién, Trin Quéc Bio
Khoa M6i truong, Trwong Pai hoc Tai nguyén va Méi triueong TP. H6 Chi Minh, 236B Lé Van Sy, phuong Tan Son Hod, TP. H6 Chi Minh, Viét Nam
Ngay nhan bai 1/10/2024; ngay chuyén phan bién 2/10/2024; ngay nhan phan bién 25/10/2024; ngay chp nhan dang 29/10/2024

Tom tit:

Nudéc thai tir cac co sé dich vu gidt i cong cdng c6 ndng dd nhu cau oxy hoa hoc (COD) va tong chit hoat dong bé
mat cao hon dang ké so véi nwéc thai sinh hoat. Véi su gia ting clia cac co s& nay, lwgng nwée thai phat sinh ngay
cang lén va can dwoc phan loai - xit ly dat tiéu chuin trude khi xa vao hé thong thoat nwéc chung. Thi nghiém
Jartest trong nghién ctru nay cho thay, poly nhém clorua (PAC) & diéu kién tol uu (pH 7; lleu lwgng 60 mg/l) hiéu
qua hon FeSO_.7H,0 trong xir ly nuwé'c thai giat ui. Cu thé, sau xir Iy, cac thong s0 tong chit ran lo limg (TSS), d§ duc
va do mau deu dat yeu cau cot A ciia QCVN 40:2011/BTNMT. Mic du nong ('Io COD sau xir Iy con cao (341 mg/l),
PAC da giam dang ké cac chat hiru co kho phan hity va cai thlen ty 1¢ nhu cau oxy sinh hoc 5 ngay/nhu cau COD
(BOD/COD) lén 0,52, thuén loi cho qua trinh xir ly sinh hoc tiép theo. Pic biét, mdi twong quan chat ché giira viéc
loai bo COD va tong chit hoat dong bé mat cho thay co ché keo tu - tao bong cung qua trinh hap phu cac hat mixen
gitip giam nong dd chit hoat dong bé mit, gin dat chuin cot B ciia QCVN 40:2011/BTNMT.

Tir khod: chit hoat dong bé mit, keo tu - tao bang, nhu ciu oxy héa hgc, nwéc thai dich vu giit i cong cong, poly
nhém clorua.
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Research on the removal of chemical oxygen demand and surfactants from
commercial laundry wastewater by the coagulation-flocculation process
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Abstract:

Wastewater from public commercial laundry facilities has significantly higher concentrations of chemical oxygen
demand (COD) and total surfactant concentration compared to domestic wastewater. As the number of these
facilities increases, the volume of wastewater generated also rises, necessitating classification and treatment to
meet standards before being discharged into the common drainage system. The Jartest experiment in this study
demonstrates that poly aluminium chloride (PAC), under optimal conditions (pH 7; dosage of 60 mg/l), is more
effective than FeSO_-7H,O for treating commercial laundry wastewater. Specifically, after treatment, the parameters
total suspended solids (TSS), turbidity, and color all comply with the requirements of column A of QCVN 40:2011/
BTNMT. Although the COD concentration post-treatment remains elevated (341 mg/l), PAC has significantly
reduced non-biodegradable organic substances and improved the five-day biochemical oxygen demand/chemical
oxygen demand (BOD_/COD) ratio to 0.52, facilitating subsequent biological treatment processes. Notably, the close
correlation between COD removal and total surfactants indicates that the coagulation-flocculation mechanism,
along with the micelle adsorption mechanism, aids in reducing the concentration of surfactants, nearly achieving the
standard of column B of QCVN 40:2011.

Keywords: chemical oxygen demand, coagulation-flocculation, commercial laundry wastewater, poly aluminium
chloride, surfactants.
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1. Dat van de

Hién nay, dich vu giat ui cong cong quy md vira va nho trén dia
ban cac do thi lon ¢ Vit Nam dang phat trién manh mé va da dang,
d4p tmg nhu ciu cia ca cong dong dia phuong va nguoi lao dong
nhdp cu [1]. Nude thi tir qud trinh giat ui chira nhiéu chét 6 nhiém
phirc tap, bao g6m chét hitu co kho phén hity, cac chét hoat dong
b& mit tir xa phong va chat tay rua, cling nhu kim loai ndng va cc
hop chat vo co tir quan 4o ban [2]. Pang chu ¥, lugng 16n nude ticu
thu trong qua trinh gidt i ciing gop phan vao tinh trang khai thac
quéa mirc tai nguyén nude. Mic di mot sd it co sor gidt i di cd ging
ap dung céc bién phap tai ché nudc, da sd van chua dau tu ding
mirc vao hé thong xir Iy nudc thai, dan dén nhiéu han ché trong
viéc dam bao xir 1y triét dé céc chat 6 nhidm [3]. Vi sy phat trién
d0 thi va gia ting dan s, du dodn rang trong twong lai sb lrong cic
co s dich vu giat iii cong cong sé tang 1én dang ké, kéo theo luong
nude thai phat sinh ngdy cang 16n. Do tinh chét phitc tap va lugng
thai ngay cang tang cao, viéc phan loai nudc thai tir cic co so dich
vu gidt ui nhu mot loai nude thai cong nghiép va yéu cau xir Iy dat
chuan trudc khi x4 thai ra méi truong 1 diéu can thiét.

Cong nghé hoa ly, dac biét 1a phuong phép keo tu - tao bong,
dong vai tro then chdt trong xir Iy nude thai cong nghiép. Phuong
phap nay hiéu qua trong viéc loai bo da dang chét 6 nhiém nhu ion
kim loai, hat ran khong tan kich thudc nho va cac chét keo kho
ling tu nhién. Str dung cac chat nhu PAC, phén nhom va phén sit,
qua trinh keo tu - tao bong nay dac biét hi¢u qua voi nude thdi co
ndng d6 6 nhiém cao va pH bién dong 16n tir cic nganh nhw dét
nhudm, in, giéy [4-6]. Keo tu - tao bong thuong duoc 4p dung
& giai doan dau ciia quy trinh xtr 1y, dong vai tro tién xir 1y quan
trong. Bang cach loai bo higu qua cac chat rin lo limg va keo,
phuong phap tao diéu kién thuan lgi cho céc budc tiép theo nhu
loc mang hodc xu 1y sinh hoc, gop phan ning cao hiéu suat tong
thé cua hé thong. Tinh linh hoat va kha ning xr Iy nhanh chong
cua phuong phap nay dap tmg duoc yéu cau van hanh lién tuc cua
cac nha may cong nghiép, dong thoi gitip tudn thi nghiém ngit cac
quy dinh mai trudng.

Riéng di véi nude thai nganh cong nghiép giat ti, viéc 4p
dung cong nghé hoa ly, dac biét 1a phuong phap keo tu - tao
bong, 1a can thiét dé cai thién chat luong nudc trude khi xa ra
moi truong. Xu hudng hién dai héa cong nghé xur ly nudce thai
giat ui cong nghiép, dic biét 1a img dung cdc phuong phap hoa
Iy tién tién, dang duoc nhiéu quic gia quan tdm nghién ciru va ap
dung, nhim hudng t6i myc tiéu phét trién bén viing va bao vé moi
truong [7, 8]. Mot nghién ctru tai khu cong nghiép gidt ui ¢ Crete,
Hy Lap, v6i cong suét 130 m¥/ngay, di chimg minh 1o rét hidu qua
cia cong nghé keo tu - tao bong khi sir dung céc chat nhu nhom
sulfat, sit clorua va sit sulfat. Két qua cho thdy hiéu suét xir Iy
tong photpho (T-P) dat 89,7% khi sir dung 75 mg/l Al,(S04) két
hop véi polyme dién ly (polyelectrolyte), va céc thong s 6 nhiém
khac déu dat gi61 han cho phép [9]. Tuong tu, nghién ciru cua E.P.
Melian va cs (2023) [10] tai mot khach san ¢ Gran Canaria, Tay
Ban Nha, 4p dung quy trinh keo tu - tao bong bang sét (IIT) sulfat
két hop phuong phap Fenton va xt ly sinh hoc, da hoan toan loai
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b6 d6 duc va giam thiéu phan 1on COD. Tuy nhién, tai Viét Nam,
cdc co so dich vy giat ui cong cong chu yéu hoat dong voi quy mo
vira va nho, phan bd chii yéu trong cac khu do thi. Hién nay, hau
nhu chua cé hé thong khu cdng nghiép gidt ti riéng biét nao duoc
hinh thanh, dan dén viéc nude thai tir cac co s¢ nay thuong duoc
xtr Iy chung véi nude thai sinh hoat hodc xa truc tiép ra moi truong
ma khong qua cac quy trinh xt Iy chuyén biét. Trong bdi canh do,
nghién ctru va img dung phuong phap keo tu - tao bong dé xir Iy
nude thai dich vu giat Gi cong cong co thé dugc xem 1a mot bude
di tién phong tai Viét Nam.

Trong nghién ctru ndy, cdc thi nghiém Jartest dugc thuc hién
v6i hai loai phén: PAC va FeSO, 7H,0, nham xac dinh cac diéu
kién t6i wu vé pH, loai va liéu lugng chét keo tu. Du6i cac didu
kién t6i wu, hiéu qua xt ly cac thong $6 6 nhiém nhu TSS, do duc,
d6 mau, COD va téng chét hoat dong bé mit s& dwgc danh gia va
so sanh voi céc tidu chudn trong QCVN 40:2011/BTNMT [11].
Thay vi 4p dung quy chuan nudc thai sinh hoat nhu trude day,
nghién ctru nay ap dung quy chudn QCVN 40:2011/BTNMT vé
nude thdi cong nghi¢p, gitp danh gid hiéu qua xir ly mot cach
chinh x4c hon va hd tro dinh huéng quan 1y nude thai dich vu giat
Ui cong cong theo huéng chuyén nghiép va bén viing. Dic biét,
nghien cuu cing khao sat méi quan hé giita kha ning loai bo COD
va tong céc cht hoat dong bé mat, hai trong nhing thanh phan 0
nhiém dic trung trong nudc thai dich vy giat ui cong cong. Két qua
nghién ctru khong chi cung cép dir liéu khoa hoc nén tang dé toi
uu hoa quy trinh xu Iy, ma con mé rong kha nang ung dung thuc
té, gop phan cai thién chat luong nude thai va bao vé méi truong.

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

Nudc giat - xa tho duge thu thdp tr mot co sé dich vu gidt
Ui cong cong v6i quy mo vira va nho (tir 300 dén 500 kg do giat/
ngay) trén dia ban TP. Ho Chi Minh tir thang 3 dén thang 5 nim
2024. Céc co so nay nam trong khu dan cu, phuc vu khach hang
thuwong xuyén 1a sinh vién, cong nhan, h¢ gia dinh va cac khach
san, nha nghi quy md nho. G mdi co s thudng st dung tir 2 dén
3 may giat cong nghiép ¢d vira, dung tich tir 30 dén 50 kg. Quy
trinh gidt bao gom mot lan gidt chinh, hai lan x4 va sau do 1a vat,
sdy, voi tong thoi gian cho mot mé git 1a khoang 80-100 phut.
Luong dién tiéu thy khoang 1,5 kWh/kg do giat, luong nudc su
dung 13 khoang 12 lit/kg d6 gidt. Céc chét tay rira (nudc giat, nude
X4 vai, v.v) thuong chira cac chét hoat dong bé mat gilip tay rua,
lam sach va hoa tan céc chat ban. Trong mau nudc thai tho, cac
chat bé mat anion nhu sulfonat alkylbenzen tuyén tinh (LAS) va
natri dodecyl sulfat (SDS) 14 nhitng thanh phan pho bién. Ca LAS
va SDS, v6i cong thire hoa hoc lin luot 1a C12H26CHZOSO3Na va
C12H26CHZOSO3Na déu c6 tinh chét lam giam stic cang bé mat
ciia chét 16ng, gop phan vao kha nang thy rira hiéu qua [2]. Tuy
nhién, chinh sy hién dién ciia céc chat hoat dong bé mit anion cung
voi mot s6 chét tao phtc (EDTA, NTA...) va cac chat dau - tao
huong liéu khéc tir cc cht tay rira ndy co thé 1am ting nong do 6
nhiém trong nudc thai gidt vi [12].



Khac v6i mot s nghién ctu trude ddy, nude thai tir cac chu
ky gidt (W1), xa lan dau (R1), va xa lan thir hai (R2) s& dugc thu
thap riéng biét dé so sanh cac mirc d 6 nhiém cua mdi chu ky va
cac phuong phap xur Iy twong g [13]. Trong nghién ctru nay, mau
nude thai thd duoc thu thap tir hd thu gom tong hop, noi tich tu
toan by nudc thai tir cac chu ky, thay vi thu thap riéng 1€ tir ting
chu ky. Viéc gom chung nudc thai ciia tat ca chu ky mot mé giat
khong chi gitp toi wu hoa qué trinh xtr Iy céc chét hitu co kho phan
hiy sinh hoc va hat lo limg bang céc cong nghé héa 1y, ma con
mang lai hi¢u qua trong t6i wu hoa chi phi va khong gian. Dong
thoi, quy trinh nay con don gian hoa quy trinh van hanh va phan
anh chinh Xac diéu kién thuc té tai cac co s6 gidt ui. Pac diém cam
quan ciia miu nuée thai thu duge bao gom mau duc, mui hoi nhe,
va sy hién dién cta bot xa phong, phan anh dac tinh cua nude thai
gidt chua qua xu ly.

2.2. Phuwong phap nghién ciru

Héa chat: Trong nghién ctru nay, hai loai chit keo tu chinh
duoc st dung 13 phén PAC va phén sit (II) sulfat FeSO,.7H,0.
PAC ¢6 cong thire [Al;(OH)nCle-n]m, xudt xir tir Trung Quéc, do
tinh khiét >30%. Phén sit (I) sulfat c6 cong thuc FeSO,.7H;0,
XUuAt X0t tir Trung Qudc, do tinh khiét 99%. Ngoai ra, dung dich
H,S0, 10% va NaOH 10% dugc sir dung dé diéu chinh pH cho cac
mau nude thai trong qué trinh thi nghiém.

Thiét bi: Céc thi nghiém trong nghién cuu dugc thuc hi¢n
bang cach sir dung hé thong khudy Jartest gom 6 coc thuy tinh
(hinh 1). M&i cbc chira mot mau nude thai riéng biét (500 ml),
duoc xur 1 voi didu kién pH hodc liéu luong phén khac nhau, tiy
theo timg giai doan thi nghiém. O hinh 1 14 thi nghiém 2 st dung
phén ngidm FeSO, 7H,0, v6i cac liéu lugng phén lan luot 14 20,
40, 60, 80, 100 va 120 mg/I trong céc cbe, nham xac dinh gia tri
t6i wu cho hiéu suat xir Iy. Hé thong nay duoc dit tai phong thi
nghiém moi trudng thudc Khoa Moi truong, Truong Dai hoc Tai
nguyén va Moi truong TP. HO Chi Minh. Cac thong sb van hanh
ctia thi nghiém Jartest trong nghién ctru duoc thiét 1p duya trén s6
tay hudng dan quéc té “Jar Tests for Water Treatment Optimization
- How to Perform Jar Tests”, ddm bao tudn thii quy trinh chudn va
phit hop véi thue tién trong linh vuc xt Iy nude thai [14].

Hinh 1. M6 hinh thi nghiém Jartest. Thi nghiém 2 v&i FeSO,.7H,0.
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Phiong phdp thi nghiém: Nghién ctru nham xéc dinh hiéu suat
xtr ly nude thai co so dich vu giat ui cia PAC va FeSO,4.7H,0
thong qua thi nghi¢m Jartest, bao gom hai buoc chinh: xac dinh pH
01 wu (thi nghiém 1) va xac dinh lugng phen 61 wru (thi nghiém 2).

Thi nghiém 1: Mbi mét cbe thuy tinh ¢o 500 ml mau nude thai
thd va sir dung luong phén cd dinh (20 mg/l). pH ctia cac mau duoc
diéu chinh trong khoang tir 5,5 dén 8,0 bing cach sir dung dung
dich NaOH 10% hodc H,S04 10%. Cac méau sau d6 dwoc khqu
tron nhanh ¢ toc do 100 vong/phit trong 1 phit, tiép theo do giam
toc do khudy xubng 15-20 vong/phut trong 30 phit. Sau 30 phit
ling tinh, nudc trong dugc ldy miu dé phén tich cac thong sé nhu
d6 mau, do duc va TSS.

Thi nghiém 2: Qua trinh khudy tron tai mdi cbe thuy tinh
dién ra tuong ty nhung véi cac véi lugng phén khac nhau, tir 20
mg/l dén 70 mg/l ddi v6i PAC, tir 20 mg/l dén 120 mg/l déi v6i
FeS0,.7H,0. Cac miu duoc diéu chinh dén gi4 tri pH t6i wu di
xéc dinh tir thi nghiém 1. Cac thong s6 duoc phén tich bao gom
TSS, d¢ duc, 6 mau, COD, BOD,, chat hoat dong bé mét va pH.

Phdn tich ldy mau, do mdu va phwong phap xit Iy 56 liéu: Mau
nude thai thd duogc 1y vao sang som tir co s gidt ii va van chuyén
ngay vé phong thi nghiém dé phan tich. Quy trinh ldy mau va bao
quan thyc hién theo céc tiéu chuén Viét Nam TCVN 5999:1995
va TCVN 6663-3:2016 [15, 16]. Mau nudc thai trude va sau xir Iy
dugc phan tich cac thong s0 6 nhi2m chinh, bao gf‘)m pH, COD,
BOD,, TSS, d6 mau, d¢ duc va chat hoat dong bé mit. Mdi thong
566 nhlem dugc phan tich ba lan, sau do 1ay gid tri trung binh de
dam bao d9 tin cdy cua két qua. Doi voi mau nudc thdi tho va mau
sau xir Iy bang chét keo tu va lidu luong t6i wu, BOD; dugc xac
dinh dé tinh toan ty sb BOD,/COD. Viéc so sanh ty so nay trudc
va sau xu 1y gitip danh gia sy cai thién kha nang phan huy sinh hoc
cua nudc thai. Nude thai sau xtr Iy dugc so sanh voi cac gia tri gioi
han quy dinh trong QCVN 40:2011/BTNMT, nhidm danh gia kha
ning dap g yéu cau phap Iy cua nudc thai sau khi xir 1y bang
phuong phép keo tu - tao bong.

Hiéu suat xtr Iy (H%) d6i voi mdi thong s 6 nhidm dugc tinh
theo cong thirc sau:

H% = (Cy - C)/Cy x 100%

trong do: Cy: ndng do dau vao; Cy: ndng d dau ra cua thong sd
dugc phan tich.

Cac thong s 6 nhiém: pH, COD, BOD,, TSS, d6 mau, d¢ duc,
tong chat hoat dong bé mat dugc phan tlch theo cac phuong phap
chuén ciia Viét Nam va qudc té (bang 1).

COD: Pugc xac dinh bang may nung, 6ng nghiém va buret
chuan v01 hoa chat kali cromat (K Cr,0)) 0 I'N,H,SO, (dam dac)
va mudi Mohr. Quy trinh bao gom xUr ly mau, them hoa chat, nung
& 150°C trong 2 gid dé oxy hoa chét hitu co. Sau khi 1am ngudi,
tién hanh chuan do lwong kali cromat du bang mudi Mohr. Gié tri
COD dugc tinh toan dya trén lugng oxy tiéu thy trong qué trinh
phén huy chat hitu co.
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Bang 1. Phwong phap phan tich cac thong sé 6 nhiém.

Théng s Don vi Phwong phap phan tich
pH . TCVN 6492:2011 [17]
Nhu céu oxy hoé hoc mg/l SMEWW 5220C:2023 [18]
Nhu ciu oxy sinh hoc 5 ngay mg/l TCVN 6001-1:2021 [19]
Téng chit ran lo limg mg/l TCVN 6625:2000 [20]

Do duc NTU TCVN 12402-1:2020 [21]
Do mau Pt-Co SMEWW 2120C:2023 [18]
Téng cac chat hoat dong bé mat mg/l SMEWW 5540C:2023 [18]

pH: Pugc do bang may pH dién tir (Hanna HI 2210, M§) voi
dung dich chuan pH 4,0, 7,0 va 10,0. Mau nudc duge dua vao may
do sau khi hiéu chuan, dién cyc duoc lam sach trude va sau moi
lan do dé dam bao d¢ chinh xéc.

BOD.: Bugc xac dinh theo phuong phap pha loang va cdy, bo
sung allylth1ourea (ATU) dé ngan chan nitrat hoa. Mau nude dugc
pha lodng véi dung dich (phosphate magie sulfat, canxi clorua, sat
clorua) nham cung cép dinh dudng cho vi sinh vat. Sau d6, mau
duogc cdy vi sinh vét va i trong tu (VELP - Model FOC 215E) ¢
20°C+1°C trong 5 ngay. Nong do oxy hoa tan (DO) dugc do ban
d4u va sau khi 0, gia tri BOD duogc tinh bang su giam DO trong
qué trinh nay.

TSS: Pugc xac dinh bang cach loc mau qua mang loc co kich
thude 16 0,45 pm. Mang loc dugc rira bang nudc cat, siy kho &
105°C dén khi dat khdi luong 6 6n dinh, sau d6 can chinh xac dé tinh
luong chat ran lo limg trong mau.

Do mau: Puoc thyce hién bing may quang pho (Hach DR 6000,
M) tai bude song 456 nm. Trude khi phan tich, may quang pho
dugc hi¢u chuan voi dung dich chuan mau Pt-Co.

Do duc: Puoc xac dinh b'flng may su dung dung dich chuan
Formazin (FAU), hodc hat tiéu chuan ¢6 do duc da biét. May do
¢6 dai quang pho tir 830 nm dén 890 nm, goc mé tir 10° dén 20°,
gitip do sy tan xa 4nh sang clia mAu va xac dinh do duc so v6i dung
dich chuén.

Chat hoat dong bé mit: Pugc xac dinh theo phuong phap
MBAS. Mau nuéc duoc loc qua mang loc 0,45 pm, phan ing v6i
thudc thir xanh metylen va dung dich chuan natri dodecyl sulfat
(SDS). Phuc xanh metylen - chét hoat dong bé mat dugc chiét
bing chloroform (CHCl3) va do d¢ hép thu quang tai budc song
652 nm bing may quang phd (Hach DR 6000, My).

3. Két qua va ban luan

3.1. Dic diém nudéc thai tho

Nghién ctru phan tich nudc thai tir cac co s giat i cong sudt
100-500 kg/ngay tai TP. Ho Chi Minh, véi mau duoc 1y tir hd thu
gom tir cac chu ky gidt-xa trong 1 mé. Cac thong s6 6 nhiém chinh
duoc dbi chiéu voi QCVN 40:2011/BTNMT vé nude thai cong
nghiép, phan biét hai muc gioi han: cot A (ngudn nude cip cho
muc dich sinh hoat) va cot B (ngudn nudc cap khong ding cho
muc dich sinh hoat). Cac thong s 6 nhidm chinh duoc trinh bay
trong bang 2.
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Bang 2. Thanh phan mau nwéc thai tho thu thap tir hd thu gom. Tap trung tat
ca chu ky giat xa cua 1 mé tw dich vu giat ui cong cong.

A . Trungbinh  QCVN40:2011/BINMT

Théng so DPon vi

(n=3) A B
pH : 7,68+0,3 69 69
Nhu cdu oxy hod hoc mg/l 1150+25 75 150
Nhu cdu oxy sinh hoc 5ngay ~ mg/l 3005 30 50
Téng chit ran lo limg mg/l 2504 50 100
D duc NTU 30045
Dj mau P-Co 45048 50 150
Téng céc chét hoat dong bé mit mg/l 52+1,2

Két qua cho thdy, nudc thai ¢ tinh kiém nhe (pH 7,68) do
twong tic gitra cht tay rira va nudc may trong qué trinh git - xa.
So v6i nu6c thai sinh hoat thong thuong, céc thong s6 do mau,
d6 duc va BOD; déu cao hon dang ké, trong do nong do COD
vuot 15,3 lan so VO’l cOt A va 7,7 1an so véi cot B. Riéng thong sb
tong chét hoat dong bé mat do khong duoc quy dinh trong QCVN
40:2011/BTNMT nén dugc ddi chiéu véi QCVN 13-MT:2015/
BTNMT, két qué cho thiy vuot t6i 104 1an so véi cot A va 26 lan
50 v6i cot B [22]. Nguyén nhén céc chi s nay cao la do su tich
tu cdc chat hiru co kho phan hily sinh hoc tir quan 4o ban (nhu
dau md, dat cat, md hoi) cing v6i luong 16n hoa chit tay rira va
du luong nude xa vai. Ty 1€ BOD,/COD thap (khoang 0,26) cang
khang dinh kha nang phan hay s1nh hoc kém cua nude thai nay,
phan anh sy hién dién cua cac chét 6 nhiém kho xir ly sinh hoc. Két
qua ndy goi ¥ rang, phuong phap xir Iy héa Iy ¢6 thé phu hop hon
50 voi xtt 1y sinh hoc & giai doan nay, nham xi Iy hiéu qua ca COD
va tong cac chat hoat dong bé mit c6 trong mau nudc thai tho.

3.2. Danh gid hi¢u qud ciia cdc chiit keo tu

Poly nhom clorua: Hinh 2 khao sat anh huong cua pH va nong
do chat keo tu doi voi hiéu qua loai bo TSS va do duc khi str dung
phén PAC.

(A) (B)
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Hinh 2. Khao sat anh hwong cua do pH va lidu lwong chat keo tu poly nhém
clorua dbi véi xiv Iy tdng chét ran lo Iing, d6 duc. (A) Theo do pH; (B) Theo lidu
lwong poly nhém clorua.

Trong hinh 2A, anh hudng cia pH dugc khao sét bing cach
st dung 20 mg/l PAC véi sau mirc pH khac nhau tir 5,5 dén 8,0.
Chon pham vi pH tir 5,5 dén 8 gitip bao quéat hon so véi khoang
thong thuong cua PAC, phu hop véi pH dao dong cla nudc thai
thuc €, tir d6 d4nh gia toan dién hi¢u sudt keo tu va tranh b sét
céc gid tri hiéu qua. Budc nhdy 0,5 don vi pH vira dam bdo du chi
tiét aé quan sat su thay d6i hiéu suat, vira dam bao tinh so sanh voi
FCSO4.7H20.
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Két qua cho thay, khi pH ting tir 5,5 1én 7,0, ndng do TSS gidm
tir khoang 100 mg/l xudng con 40 mg/l, dong thoi do duc ciing
giam tir 100 NTU xuéng con khoang 50 NTU. Tuy nhién, khi pH
tiép tuc tang vuot qua 7,0, ca TSS va d6 duc co diu hiéu tang nhe,
chi ra sy suy giam trong hiéu qua keo tu. Két qua thi nghiém cho
thdy, pH 7,0 1a gié tri tdi vu cho qua trinh keo tu bing PAC, phu
hop voi nhiéu nghién ciru trude d6 vé hidu qua xir Iy nude thai
bing chét keo tu PAC 6 ving pH trung tinh [23, 24].

Khi pH duoc giit 6n dinh ¢ mirc tdi wu 7,0, anh hudng cia nong
d6 PAC tiép tuc duoc khao sat va trinh bay trong hinh 2B. Két qua
chi ra rang, hiéu qua xir 1y tang lén dang ké khi nong d6 PAC ting
tir 20 1én 60 mg/l, sau do, su cai thi¢n khong con rd rét. fo)ng do
PAC 60 mg/l dugc xac dinh 1a muc t6i wu, cho thiy kha ning can
bing giira viéc st dung hoa chat va hiéu qua xir ly. Tuong tu cac
nghién ctru trude ddy, lya chon ndng do 60 mg/l PAC gitp tdi wu
héa chi phi va duy tri tinh 6n dinh ctia qua trinh, nho kha ning tao
bong keo ty dit 16n dé loai bo hidu qua cac tap chit ma khong giy
lang phi hoa chat hodc ting chi phi van hanh khong can thiét.

FeSO,7H,0: Tuong ty nhu PAC, hinh 3A m ta anh huong
cua pH den hleu qua xu ly TSS va d duc khi sir dung 20 mg/l
FeSO,.7H,0 ¢ sau mic pH khac nhau, tir 5,5 den 8,0. Két qua cho
thy, pH t01 uu cho FeSO4.7H,0 1a 7,5, tai do ndng do TSS va do
duc sau xu ly dat gia tri thp nhat Trong diéu kién pH t6i wu nay,
anh huong cta ndng do FeS0,.7H,0 tiép tuc dugc khao sat véi
khoang tang 20 mg/l, nhu thé hién trong hinh 3B.

Ban dau, cac néng d9 FeSO4.7H,0 duge khao sat twong tu
nhu voi PAC, voi cac muc tang cach nhau 10 mg/l, tuy nhién sau
muc 60 mg/l, sy giam cua TSS va do duc van tiép tuc dang ké. Do
d6, khoang cach ndng do duoc ting 1én mdi 20 mg/l. Két qua cho
thiy, hiéu qua xur Iy ting dang ké khi ndng d6 FeS0,.7H,0 ting
tir 20 dén 80 mg/l, nhung sau d6 hiéu qua nay tang cham lai. Dua
theo tiéu chuan TCXDVN 33:2006, véi nudce thai co dd mau 450
Pt-Co va ham lugng TSS 250 mg/1, lidu luvong 80 mg/l dugce xac
dinh la phu hop [25]. Lleu luong nay khong chi dam bao hi¢u qua
Xt Iy cao ma con t6i wu vé kinh té, nho giam chi phi hoa chat va xur
1y bun thai, dong thoi dap tmg céc yéu cau v& moi trudng. Vi vy,
nong d6 FeSO4.7H,0 t6i wu duoc xéac dinh 1a 80 mg/l.

Luta chon chdt keo fu 16i wu: Két qua trong bang 3 cho thiy, ca
PAC va FeS04.7H,0 déu 6 kha nang xur ly nude thai, trong do
PAC thé hién hi¢u qua vuot trdi ¢ hau hét cac thong so.
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Bang 3. Cac thong s6 6 nhiém cta nwéc thai sau xiv Iy véi lidu lwong tdi wu
ctia poly nhém clorua va FeSO,.7H,0 tai d6 pH tbi wu ciia méi chat keo tu.

i Truée poly nhom clorua (60 mg/l)  FeSO, 7H,0 (80 mg/l)
Thong so Donvi .. ; : ;
xirly Sauxicly  Hi¢u suat (%) Sauxicly — Higu suat (%)
pH ; 768403 68 ; 45
Nhwcuoy o0 isms 34121810 7033 45045430 60,83
hoa hoc
Ty 18 nhu céu
oxy sinh hoc 5
" % = 0,26+0,01 ~ 0,55+0,01
ngay/nhu cau oxy
hoa hoc
Tongehdtran — on  gs04 12 932 55 R
lo limg
Do duc NTU 30045 6+2 98 5546 81,67
D) mau Pt-Co 45048 2045 95,56 100£10 71,78
Tongchochit — on S0 l0gels 19 16352 68,64
hoat dong bé mat

Theo bang 3, voi liéu luong 60 mg/l & pH 7,0, PAC dat hiéu
suét loai bo: COD (70,33%), TSS (93,2%), d6 duc (98%), d6 mau
(95,56%) va tong chit hoat dong bé mat (79,23%). Thém vao do,
PAC hoat dong t6t & pH gan trung tinh va yéu ciu liéu luong thap
hon, gitp gidm chi phi hoa chit va nhu cau didu chinh pH trong
qua trinh x@ ly. Vi vay, PAC duoc xac dinh 1a chét keo tu tdi wu
trong nghién ctru nay.

Hiéu suat vuot trdi cia PAC ¢6 thé duoc giai thich boi cac dic
diém cau triic va hoat dong ciia n6 [26]. PAC, véi céu tric polyme
phitc tap va nhiéu nhom hydroxide, tao ra kha ning hap phu va
keo tu manh mé& hon so véi FeS0,.7H,0 von ¢6 cdu trac don gian
hon chi yéu dua vao ion Fe**. Cau tric polyme ciia PAC khong
chi cho phép hinh thanh bong can nhanh hon ma con tao ra bong
can bén viing va it d2 v& hon so v6i FeSO,, von can thoi gian
dai hon dé hinh thanh hydroxide va tao bong cin. PAC ciing hiéu
qua hon trong viéc loai bo céc chat 6 nhiém nhu chat hitu co hoa
tan, chit mau va cac hat keo [27]. Nguoc lai, FeSO,4.7H,0 co thé
hiéu qua hon trong viéc loai bo phosphat nhung lai kém hon déi
v6i cac chat 6 nhidm khéc. PAC it 1am thay di pH ciia nudc sau
xu 1y, trong khi FeSO4.7H,0 c6 xu hudng lam giam pH, doi hoi
phai diéu chinh pH sau xir ly [23, 28]. Nudc sau xir Iy bang PAC
thuong trong hon do bong can ling nhanh va it tai hoa tan, trong

khi FeS04.7H,0 c6 thé dé lai mau vang nhat

(A) (B) ¢
_120 160 100 150 do sat du.
\“100 140 % N . , e en [
% 5 Ewtf —o—Téng chit rin lo limg 5 Khi so sanh véi cac tiéu chuan cia QCVN
e & A r 5. A A
£ %0 wE £l —=-Djdyo 0g  40:2011/BTNMT vé nué6c thdi cong nghiép,
5 =7 are r 5. 0 17 1w 1 , A r
2 6 0§ ﬁ F nude thai sau xu 1y bang PAC dap Gng tot cac
R L A A 5 A A 7 A \ \ A
2 wg O 50 &  yeéucau cua cot A doi voi TSS, d6 mau va do
! » 8= TR CRAL A KAIE 40 Sl duc. Nong do tong cac chat hoat dong be mat
e —=-Pjduc 0 17 A A A A
€ i = £ sau xu ly dat 10,8 mg/l gan tiéu chuan cot B
0 . . . . 0 0 L L L . . 0 A 1A 2 ar X . .
55 6 65 7 75 8 % W6 0 1% (10 mg/1), cho thay hi¢u qua dang k& cua qua
i pH Fe$0,.7H;0 (mg/) trinh xtr ly do6i voi thong so ndy. Tuy nhién,

Hinh 3. Khéo sat anh hwéng cia d6 pH va lidu lwong chét keo tu FeS0,.7H,0 déi véi xi Iy tong chat

rén lo lieng, d6 duc (A) Theo do pH; (B) Theo liéu lugng FeSO,.7H,0.
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ndng d6 COD van & mirc cao (341,21 mg/l),
vuot xa gidi han cua cft B. Mac du vy, ty 1€
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BODs/COD da tang tur 0,26 trude xu 1y 1én 0,55 sau xt 1y, chi ra
kha nang phan huy sinh hoc cua nudc thai da duge cai thi¢n dang
ké [4, 29]. Biéu nay goi ¥ rang, viéc bo sung phuong phap xi ly
sinh hoc ¢ giai doan tiép theo c thé gitp giam nong d6 COD con
lai, dam bao nude thai dat tiéu chudn xa thai theo quy dinh.

3.3. Moi twong quan hiéu sudt logi b6 nhu ciu oxy héa hoc
va tong cdc chdt hogt djpng bé mdt

Trong nghién ctru nay, mdi twong quan gitra kha nang loai bo
COD va tong lugng cht hoat dong bé mit c6 trong nude thai tho
da dugc khao sat, vai két qua dugc trinh bay trong hinh 4. Phan
tich két qua gop phan lam sang t6 co ché hoat dong cua hai chat
keo tu FeSO,4.7H,0 va PAC, trong qua trinh xur Iy nudc thai.

(A) FeS04.7H20 (B) Poly nh6ém clorua
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Hinh 4. Méi twong quan gitra hiéu qua loai bé nhu cdu oxy hoa hoc va chat
hoat dong bé mat khi str dung FeS0,.7H,0 (A) va poly nhém clorua (B).

Hinh 4A minh hoa méi twong quan chit ché giira viéc loai bo
COD va tong céc chét hoat dong bé mat khi st dung FeSO4.7H,0,
v6i hé s6 xac dinh R?=0,9876. Két qua nay cho thay sy twong dong
trong co ché loai bo ca hai chat 6 nhiém nay. Viéc sut giam pH
(pH tir 7,5 xudng 4,5) trong qué trinh keo tu c6 anh huéng dang
ké dén hiéu qua qua trinh hip phu cac hat mixen mang dién tich
am (AMF), dac biét khi xir 1y cac chat hoat dong bé mét anion [30,
31]. Nhu vy, FeS0,.7H,0 hoat dong chii yéu qua hai co ché co
ban: keo ty - két tiia va hap phu, trong d6 co ché hap phu c6 thé bao
gbém qua trinh hap phu AMF [28, 31]. That vay, cation Fe?* tuong
tac v6i nudc thai tao ra cac bong cin va két tia, dong thoi gan két
cac hop chét hitu co va hat mixen chira chat hoat dong bé mat, gilp
loai bo chung khoi dung dich. Nghién ctru cua M.A. Aboulhassan
va cs (2006) [32] ciing gh1 nhan moi quan h¢ twong tu khi str dung
phén sit dé loai bo cac chét hoat dong bé mit trong nude thai cong
nghiép. Tuy nhién, dé lam rd hon vai tro cta qué trinh hip phu
AMEF trong viéc loai b chét hoat dong bé mat tr nude thai dich
vu gidt ii cong cong khi sir dung phen sét, can thuc hién thém cac
nghién ctru bd sung.

Dbi voi PAC (hinh 4B), méi twong quan giita viéc loai bo COD
va téng cac chit hoat dong bé mit khong manh mé b?mg S0 vOi
FeS0,4.7H,0. COD la chi sb tong hop phan 4nh sy hién dién cua
nhiéu hop chét hitu co khac nhau trong nudc thai, trong khi tong
chét hoat dong bé mat chi dai dién cho mdt nhém hop chét cu thé.
Su da dang cua céc hop cht hitu co trong nude thai ¢6 thé din dén
sy khong ddng nhat trong hidu qua xir 1y cua PAC [33]. Tuy nhién,
v6i gia tri R=0,93, PAC van cho thdy méi quan hé chit ché gitta
viéc loai bo dong thoi COD va tong chat hoat dong bé mat. Twong
tu FeS0,.7H,0, PAC ciing tham gia qué trinh hfip phu céc hat
mixen thong qua sy lién két giita cic cation va hat nay. Qué trinh

%HB?G%E 67(12) 12.2025

nay khong chi lam giam lyc déy tinh dién giira cac hat ma con thic
day su ket tu cua cac hop chat hiru co va chat hoat dong beé mat, tao
thanh cum bong dé dang tach ra khéi dung dich nuéc thai [34, 35].

4. Két luan

Phuong phép keo tu - tao bong da chimg minh hi¢u qua trong
xtr 1y nude thai dich vu gidt ui cong cong, loai nude thai co nong
d6 COD va chat hoat dong bé mat cao. Thi nghiém Jartest cho
thdy PAC, & pH 7 va liéu lugng 60 mg/l, c6 hiéu suat vuot troi hon
FeS0,.7H,0. Hiéu sudt xur Iy cac thong s nhu do mau, do duc,
TSS va COD lan luot dat 95,56, 96,67, 92,0 va 79,23%. Mic du
COD sau xur Iy van cao, PAC da giam dang ké cac hop chat hitu
co kho phan hiy va cai thién ty 1¢ BODs/COD, tao diéu kién thuan
loi cho qué trinh xt 1y sinh hoc tiép theo. Mdi twong quan R>=0,93
gilta viée loai bo COD va chét hoat dong bé mat cho théy, qua trinh
hép phu hat mixen dong vai trd quan trong trong vidc gidm céc
chat hiru co kh6 phan hiry. Nghién ctru ciing da phan loai nu6e thai
dich vu giat i cong cong vao nhom nudc thai cong nghi€p va xu
Iy theo QCVN 40:2011/BTNMT. Diéu nay gitp ting cuong hiéu
qua quan 1y va kiém sodt chit luong nude thai tir cac co so gidt i
chuyén nghiép va bén viing hon. Tuy nhién, khi chuyen tlr quy mo
phong thi nghiém sang h¢ thong xur 1y thye té, can chi trong dicu
chinh thoi gian lwu nuée (HRT), kiém soat pH va liéu lugng hoa
chat, ciing nhw quan 1y bun thai phat sinh. Vi sy toi wu hoa cac
yéu t6 van hanh, phuong phap keo tu - tao bong st dung PAC 1a
gidi phap kha thi va kinh té cho céc co sd dich vu gidt ii cong cong.
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Sir dung chi s0 khi hu du lich d¢ dénh gi4 tai nguyén khi hau
cho phat trién du lich bién - da0 Nam Trung Bo, Viét Nam
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Tom tit:

Chi sb khi hau du lich (TCI) dwogc Z. Mieczkowski (1985) xdy dwng nham danh gia diéu kién sinh khi hau qua cac
thong s0 khi hau nhw chi so tién nghi nhiét ban ngay, chi so tién nghi nhi¢t hang ngay, lwgng mwa, 50 gio nang va toe
do gié. Dwa vao cac gia tri tinh caa TCI, bai bao da danh gia mirc d§ thich nghi cia tai nguyén khi hau du lich tai 6
tram khi twong & 6 khu vwc thudc viung bién - ddo Nam Trung B§, Viét Nam. Két qua cho thy, chi s6 TCI cé mirc
danh gia tir thuén loi dén rat t6t diic biét mét s6 noi thang 1 hoic 2 con c6 thém TCI ¢ mire tuyet voi. Khoang thoi
gian thuin loi nhit cho phat trién du lich bién & toan vung la cac thang diu nam, tir thang 1 dén thang 4, dac biét
¢ Pa Ning va Phu Quy, thoi gian nay con dén sé'm hon (tir thang 12 nim truéc). Trén toan vang bién - dio Nam
Trung B9, bién - dao Phan Thiét va bién - dio Nha Trang, quanh nam khi hiu thuan lgi cho du lich (khong ¢6 thang
nao TCI & mire Khong thuén loi). Mot 50 thoi diém kém thuén loi hon, chu yeu c6 lién quan dén mwa 16m & mot sO
noi: bién - dao Pa Ning trong thang 8; bién - dido Ly Son, Quy Nhon trong thang 9; bién - dao Phi Quy trong hai
thang 6 va 9.

Tir khod: bién - da0 Nam Trung B9, cac tham s6 khi hau, chi s6 khi hau du lich, sy thoai mai vé khi hiu, Viét Nam.
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Abstract:

Built by Z. Mieczkowski (1985), the bioclimatic index TCI (Tourism Climate Index) assesses climatic resources
through climate parameters such as daytime comfort index, daily comfort index, rainfall, the number of sunny
hours, and wind speed. Based on values of TCI, this article aims to evaluate the adaptability of tourists to the
climate at 6 meteorological stations (in the coastal area and the islands of the Southern central coast). The results
show that TCI values range from good to very good, especially in some places in January or February, which have
TCI at excellent level. The most favourable time for developing sea tourism in the whole region is the first quarter
of the year from January to April, while Da Nang and Phu Quy’s favourable time begins sooner, from December of
the previous year. In the entire South-Central Coastal and Island Region, Phan Thiet and Nha Trang have a very
favourable climate for tourism throughout the year. Due to mainly heavy rain, some places of the South-Central
Coastal and Island Region have less favourable times such as Da Nang in August; Ly Son - Quy Nhon in September;
and Phu Quy island in June and September.

Keywords: climate comfort, climate parameters, South-Central Coastal and Island Region, tourism climate index,
Vietnam.

Classification numbers: 1.5, 2.7

“Tac gia lién hé: Email: ngkhanhvan@gmail.com

‘ JHORHOC _ [Ftpps t



1. it van de

Bién - dao Nam Trung B la ving c6 tai nguyén du lich rat
phong phii va dam da ban sic riéng. Bén canh tai nguyén dia chat,
dia mao da dang lam nén nhiing phong canh dep, bién & day xanh
trong, cét tring, cac hé sinh thai sinh vat bién v6 cling phong phu,
khi hau Nam Trung Bo ciing rat thudn loi cho phat trién nhiéu
loai hinh du lich. Tai nguyén khi hau déi véi sirc khoe con nguoi
trong cac hoat dong du lich ¢6 thé dugc danh gia thong qua cac
yéu to khi hau riéng (doc 1ap) nhw nhiét do, luong mua, d6 4 am,
gi6, sb gio ning... boi ban than mdi yéu t nay vai cic gid tri nhat
dinh Iudn ¢6 nhitmg mitc d¢ tac dong khac nhau dén tam 1y, stc
khoe, cling nhu céc trdi nghiém cua du khach trong hoat dong du
lich. Mét khac, khi hau tac dong dén con nguoi trong hoat dong
song, du lich... mot cach tong hop, do d6 khi danh gia anh huong
ctia khi hau d6i véi con nguoi (s1nh khi hau ung dung), ngu(n ta
khong ngimg nghién ctru, tim kiém, lua chon nhing chi so khi
hau tong hop - lién két cia mot vai yéu t6 khi hau ¢6 anh huong
quyét dinh d6i véi mire d thoai mai cua con nguoi trong céc hoat
dong du lich. Tiéu biéu co cac chi so: chi sb bét tién nghi (DD,
chi tiéu nhiét am (THI) lién két anh huong cua nhiét do, do a am
khong khi; cac chi so khac nhu nhiét do hiéu dung (ET), chi $0
diéu kién Korenkov (ZH), chi tiéu Wild Chill (KO) hay chi 50 khi
hdu du lich (tourism climate index - TCI), chi s6 khi hiu mua du
lich (HCI) con lién ket thém cac yeu t6 gio, nang, mua... nhim
dua viéc danh gia gan hon voi thyuc té thoi tiét, khi hau noi dién
ra cac hoat dong du lich [1]. O mot khia canh khéc, phan 16n cac
hoat dong du lich thuong dién ra vao ban ngay, khi thoi tiét khac
v6i chinh no6 vao ban dém ciing nhu khi hau trung binh mua, hoac
trung binh nim. Khic phuc khiém khuyét d6, ngoai viéc xem xét
dong thoi anh hudng cua cac yéu tb trén (nhiét do, do ém gio,
mua), chi s6 TCI cua Z. Mieczkowski (1985) [2] da 8 xuét tinh
tach riéng anh huong cua thoi tiét, khi hau ban ngay véi trong so
16n gip 4 1an anh huong cua khi hdu trung binh ngdy (ca ngay ldn
dém) voi gia dinh rang, diém cua tit ca cac tham sd trén khong
vugt qua 100. Chi so TCI danh gia do thodi mai cia du khach
trong hoat dong du lich mét cach toan dién hon nén da dugc su
dung rong ri va tré thanh mot cong cu phd bién danh gia mic do
thuan lgi ctia khi hau cho phat trién du lich tai nhiéu khu vuc va
qudc gia trén thé gioi.

Trude do, dd c6 mot s nghién ctru van dung chi s6 TCI dé
danh gia khi hau du lich. Vi du nhu ¢ Ba Lan, I. Derkowska va
cs (2022) [3] da dung chi sé TCI dé xac dinh thoi gian thudn
loi cho hoat dong du lich ¢ Torun la mua xuan va mua thu. 0
Herzegovina, phan tich vé céc gia tri cta chi s6 TCI tai mot dia
diém nhu Herzegovina-Neretva Canton (Bosnia - Herzegovina),
H. Jahié va cs (2014) [4] cho rang, ddc diém khi hdu thuan lgi la
mot trong nhimg yéu t6 quan trong nhat tao nén sy thu hat khach
du lich cta diém dén. Khi hau co gia tri du lich tryc tiép khi dugc
str dung cho li¢u phap anh sang mat troi, cho cdc mon thé thao
muia dong trén tuyét; khi hau ven bién, spa nghi duong va ving
nii c6 tac dung kich thich va an than d6i v6i co thé con nguoi va
chung dugc cong nhan 1a céac liéu phap khi hau co ban giup stc
khoé con ngudi nhanh binh phyc.
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Gan day, Z. Islam (2020) [5] v6i nghién ciru clia minh da dua
ra cac chinh sira cho chi s6 TCI dé phu hop véi didu kién khi hau
cua Etiopia, phan loai khi hau cua 112 tram voi nhiing diéu kién
cu thé. Nhom cac gia tri TCI ¢ day dugc xép thanh 44 hang va két
qua cho thay tiém ning phat trién du lich & muc 1y twong ciia 190
thi trdn & dat nude nay.

Bén canh do, cung véi xu thé bién ddi khi hau (BDKH) ngay
cang rd nét, nhidu noi da tién hanh sir dung TCI danh gia muc do
thich nghi ctia con ngudi véi nhitmg bién doi ngay cang tiéu cuc cla
khi hau, d6 la nhiing du bdo murc d9 tic dong ciia BDKH aoi véi
du lich mua hé ¢ chau Au, véi gia dinh nhiét do toan cau nong 1én
khoang 2°C thong qua phan tich chi s6 TCI cia M.G. Grillakis va cs
(2016) [6]. Lién quan dén BDKH, L.S.P. Nielsen va cs (2010) [7] d&
st dung TCI dy bao bién doi tai nguyén khi hau du lich ¢ chau Au
(tai 8 khu vuc) theo kich ban A2 khi nhiét do gia dinh sé tang 3°C
vao nam 2100 (so voi ndm 1990); TCI hang ngay dugc tinh trong
qué khtr (giai doan 1961-1990) va cho tuong lai (giai doan 2071-
2100). Két qua cho thay, hién tai tai nguyén khi hau tot nhat & Nam
Au va kém hon khi vi d6 va d6 cao tang lén; twong lai dai vi do clia
khi hau thun loi dugc d doan s& dich chuyén vé phia bic, cai thién
tai nguyén khi hau & Bic va Trung Au trong hau hét cac mua. Sw phu
hop ciia khi hau Nam Au déi voi du lich tham quan giam dang ké
trong thang nghi hé, nhung dugc bu ddp mot phan bang nhimg cai
thién dang ké trong thoi gian giira thing 10 va thang 4.

Khong chi gigi han pham vi trén dAt lién, céc chi sb khi hau con
duogc tmg dung dé danh gia cac yéu t khi tuong trén céc ving bién
- ddo, noi khi hau chju anh hudng truc tiép cua yéu t6 dai duong.
Tiéu biéu co nghién ctru cia R. Morgan va cs (2000) [8], céc tic
gia da két hop két qua khao sat cam nhan ciia khach du lich véi chi
s6 TCI dé danh gia mirc d6 thoai mai cuia du khach véi cac yéu td
khi hau va nhiét d6 nudce bién ¢ xir Wales, Manta va Thd Nhi Ky.
Mot nghién ctru khéc tai quan dao Canary (thudc Pai Tay Duong),
noi khi hdu duge xem la dong lyc thic déy du lich, S.A. Pérez va cs
(2021) [9] da tinh chi s6 TCI (giai doan 1950-2018) va thy rang,
TCI hau hét cac thing déu 16n hon 50 - twong (mg véi mot tién
nghi nhiét rét tot cho ca khong gian quan dao; mua xuan c6 TCI tot
nhét véi gi4 tri cao nhat 1a khoang 80, dic biét vao thang 4 dat xuét
sic - excellent theo phan loai TCI; nghién ctru nay ciing cho thay,
khong c6 méi twong quan 13 giita lugng khach dén va chi s TCI,
phai ching nguyén nhan chinh 1a sy thiéu thong tin cho khach du
lich vé khi hau du lich va mua du lich tot nhét tai day?

Tai Nam Phi, phan loai TCI vung phia dong Cao nguyén
Lesotho (Cong hoa Nam Phi - Nam Ban Cau) [10] cho thdy, ¢ day
diéu kién khi hau “Tot” voi tong diém TCI 1a 64 ¢6 trong giai doan
2012-2017. Bién trinh ndm ctia TCI & mién dong Lesotho cho thay
mot su bt cdp con ton tai 1a: diéu kién khi hau tot nhat, tuong
duong v6i dinh cta TCI trong bién trinh nam 1a vao nhiing thang
hé (thang 12 dén thang 2); trong khi cao diém cta mua du lich lai
¢ 2 dinh - vao mua hé va mila dong. Didu d6 xay ra boi vao nhiing
ngay nghi dong cua hoc sinh & Nam Phi (cdc thang 6, 7 va 8) hoat
dong du lich (truot tuyét) mang lai nhiéu loi nhuan nhat cho nganh
du lich. Trong khi do, tai khu vyc phia nam Nam Phi, nhitng phan
tich TCI véi diém s6 1a 80-89 cho thy, didu kién khi hau tai khu
vuc nay pht hop dé phat trién du lich hon Lesotho.
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O Tay Nam A, M. Masoudi (2021) [11] d tinh TCI cho 24
tram thudc tinh Fars, Iran (giai doan 2006-2026); sau d6 su dung
phép ndi suy trong sb khoang cach nghich dio (IDW - Inverse
Distance Weighting) dé tao ra mo hinh khong gian tdi wu ciia phan
b6 TCI. Két qua cho thay, trong bon thang 5, 4, 10, 11, c6 t6i 70-
83% dia dlem & Fars ¢6 khi hau thoai méi va co didu kién Iy tuong
dé phat trién du lich; bon thang 7, 12, 1 va 3, ¢ khoang 45-54%
dia diém cung cap nhitng didu kién tét va rét tét cho hoat dong du
lich. Su phan b6 khéng gian ctia TCI ciing cho thay, cac thanh phd
phia béc tinh Fars nhin chung c6 diéu kién thuan loi nhat trong
muia nong, trong khi cac thanh phd phia nam lai thich hgp hon cho
du lich trong mua lanh.

Doi véi Bic A, danh gia tai nguyén khi hau cho mua du lich
& Trung Qudc tp trung vao vai tro ciia khi hau déi véi tinh thoi
vu cua du lich trong nghién ciru, Y. Fang va cs (2015) [12] da xay
dyng ban 6 phan bo diém TCI theo muia, két qua khi hau cta hau
hét cac khu vuc ¢ Trung Quédc thoai mai cho khach du lich trong
mila xuin va mia thu, trong khi diéu kién khi hau khac nhau rat
nhidu vao mua hé va mua dong, vdi cac muc “Xuét sic”, “Tot”,
“Chép nhan dugc” va “Khong thuan loi” ton tai gén nhu theo su
tang dan ctia vi do. S6 thang t6t trén khap Trung Quéc thay doi tir
0 (khu vuc cao nguyén Tay Tang) dén 10 (tinh Van Nam) va hau
hét cac dia phuong déu c6 5 dén 8 thang tdt lanh. Hon nira, tat ca
cac dia diém ¢ Trung Qudc co thé duoc phan loai 1a ¢6 dinh mua
dong, dinh mua hé va c6 hai dinh. Két qua nay di cung cap nhimg
thong tin hitu ich cho céc diém du lich, cac cong ty li hanh, co
quan quan 1y du lich Trung Qudc ciing nhu khach du lich trong
va ngoai nudc.

O khu vuc Déng Nam A ciing c6 mot so téc gia sir dung TCI
danh gi4 tai nguyén khi hau du lich; tiéu biéu co A. Haryadi va
¢s (2019) [13] di sir dung chi s6 TCI dé nghién ctru sy thoai mai
cta du khach vé6i diéu kién khi hau vung ven bién Samosir - Bic
Sumatra, noi c6 nhiéu diéu kién thuan loi dé phat trién du lich
v6i TCI dat mic cao 67-85 diém. Gan ddy vao nam 2021, N.M.
Hidayat (2022) [14] d4 nghién ctru didu kién sinh khi hau ving
bién dao Pong Nusa Tenggara (Indonesia - Nam bén cau) - noi ¢6
bii bién tuyét dep, tac gia ap dung chi s6 TCI dé xac dinh thoi gian
du lich thich hop cho du khach 1a mua khé, tir thang 6 dén thang
8, va thoi gian t0i t& nhét cho du lich 1a mua mua, tir thang 11 dén
thang 2 ndm sau.

Tai Viét Nam, di co mot s6 nghién ctu ddnh gia tai nguyén
khi hau cho phat trién du lich dua trén céc chi s6 khi hau tong
hop ciing nhu chi s6 khi hau du lich TCIL T.V. Lien (2009) [15]
khi danh gia tai nguyén khi hau tinh Dién Bién phyc vu phat trién
kinh té - x hoi trong d6 c6 phat trién du lich d sir dung cac chi
s6 nhu: Khi hau du lich TCI ciia Mieczkowski, Nhiét do hiéu dung
ET (Effective Temperature) cia Hentochell (1986), Can can nhiét
HBI (Heat Balance Index), Cam giac nhi¢t PVMI (Predicted Mean
Voted Index) dé nghién ctru phan chia cac dai sinh khi hau, xay
dyng ban db phan bd TCI dé danh gia tiém ning khi hau du lich
va xa hon 14 d& xuit mua thuan loi cho phat trién du lich tai tinh
bién Bién.
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Dbanh gia tai nguyén khi hau cho phat trién du lich bién - dao,
N.K. Van va cs (2018) [16] da str dung cac yeu t6 khi hau chinh:
nhiét do, nang, mua, gid, do a am . danh gia riéng; cling nhu céac
chi s6 khi hau tong hop: chi s bét tién nghi DI, nhiét 46 hi¢u dung
7, chi s6 TCI dé danh gi4 tong hop khi hau du lich (theo thang va
nim) & hai quan dao Hoang Sa va Truong Sa cua Viét Nam. Két
qué & Hoang Sa cho thay, khi hau du lich & muc tir Tuyét voi dén
T6t (TCI dat 62-85) 13 5 thang - céc thang tir 12 t6i 4 ndm sau;
Tuong ddi tot (TCI: 50-54) 1a 2 thang chuyén muiia 5 va 11; & mirc
Chap nhan duoc (TCI: 42) 1a thang 10; Khong tot (TCI: 31-37) 1a
4 thang tir 6 dén 9. Con & Truong Sa, khi hau du lich & mirc Tot
(TCI: 75) chi ¢ trong thang 3; Tuong ddi tot (TCI: 52-55) 1a 2
thang ké bén - thang 2 va 4, & mic Chap nhan dugc (TCIL: 40-47)
14 céc thang 1, 8-11; va & mirc Khong t6t (TCI: 34-39) la c4c thang
5-7va12.

Do6i v6i ving bién ¢6 khi hau nhiét doi gié mia, véi mot mua
dong lanh nhu bién - ddo ving dong bic Viét Nam, ciing sir dung
chi s6 khi hau du lich TCL Nghién ctru cua N.K. Van va cs (2019)
[17] cho théy, mua vu thun loi nhét cho du lich ¢ khu vuc bién ven
bo (C6 To) a céc thang 2-4 va 10-12 (v6i TCIL: 62-78 & mire Tot
dén Rét t6t), trong khi d6 ¢ khu vuc ngoai khoi (Bach Long Vi)
thuan loi nhat 1a cac thang tir 2-5 va 11-12 (TCI dat 63-79). Ngoai
trir cac thang 7-8 khi hau du lich Khong thuén loi (do TCI chi dat
35-38) & khu vuc bién ven bd, nhimg thang con lai cta nim trén
ca hai khu vyc khi hau du lich déu ¢ mtc tir Chap nhan dugc dén
Tuong ddi tot (TCI dat 40-47).

Nghién ctiru vé anh hudng cua BDKH dén hoat dong du lich
ngoai troi & Pong bang song Ctru Long thong qua cac chi sé TCI
va HCI (Holiday Climate Index) [18, 19] ciing cho thdy, néu nhur
thoi ky 2001-2020 diéu kién khi hau du lich ¢ day c6 TCI dat mirc
d6 Thuén lgi trung binh dén Tuong dbi tét; hodc c6 HCI phé bién
& muc Thuan loi dén Tét, thi dén giira thé ky XXI (nim 2050)
theo ca hai kich ban RCP 4.5 va RCP 8.5, céc chi s6 trén déu thay
d6i theo chiéu huéng kém thuan loi hon. Cu thé, TCI da giam
xuéng rat nhiéu, xuét hién nhiing thang véi mic d6 thuan loi &
muc Khong tot, chi con nhimg thang mua kho, tir thang 12 dén
thang 4 1a van con phu hop cho du lich. Tuong ty theo HCI, s6
thang ¢6 diéu kién khi hau ¢ mitc bat dau anh huong xau dén st
khoe con ngudi khi tham gia hoat dong du lich ngoai troi di xuat
hién, pho bién dao dong tir thang 4 dén thang 11.

Nhu vay c6 thé thdy, st dung chi s6 TCI khong nhimg cho
phép danh gid dugc muac do thuan loi cua khi hau d6i voi hoat
dong du lich, dac biét 1a du lich ngoai troi, ma xét bién trinh nam
ctia chi s6 nay con cho phép xac dinh 16 thoi ky ¢6 khi hau du lich
thuan lgi (mua vy du lich) ¢ cac vung 1anh thd khac nhau; xa hon
nita khi tinh toan chi s6 TCI cho tuong lai dya vao cac mo hinh du
bao khi hau vai cac kich ban BDKH khac nhau, con cho phép du
bao su thay d6i cia TCI duéi tac dong cua BDKH nhu da thuc hién
trong [18, 19]. Trong nghién ctru nay, chi s6 khi hau du lich TCI s&
dugc tinh toan cho toan bg ving bién - do ven b Nam Trung B9,
nham xéc dinh & nhiing khoang thoi gian thuén lgi cho du lich ¢
timg khu vuc cia viing, dong thoi chi o nhimg yéu t6 khi hau han
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ché d6i voi diéu kién khi hau du lich trong nam; két qua nay s€ 1a
co s¢ khoa hoc tin cdy dé dé xuat to chirc khu vuc du lich ving
bién - dao Nam Trung Bo.

2. Khu vue nghién ciiu, dif liéu va phuong phap nghién ciiu
2.1. Viing bién - dio Nam Trung By

Ving bién - dao Nam Trung Bo ¢6 chiéu dai trai rong trén dét
lién ven bo, tir ranh gidi phia bic cia TP Pa Néng dén ranh gioi
phia nam cua tinh Binh Thuan (trudc sap nhap), trén bién chiéu
rong ving (bao gom ca ddo Phii Quy - toa do dia 1y108°56’D,
10°31°B) vuon ra Bién Dong, t6i bién gii qudc gia trén bién cua
Viét Nam (ranh gioi ngoai cua lanh hai tinh tir duong co s6 ra bién
12 hai 1y) dugc xéac dinh theo cdc van ban Nha nudc c6 lién quan
(theo diéu 5 Bién gidi quc gia trén bién, Nghi dinh sd 140/2004/
ND-CP [20]. Bi trén bién dia hinh luon bang phang, khi hau thoi
tiét tai cac tram khi tuong cd tinh dai dién cho khu vyc xung quanh
cao, xa hon so voi dat lién, nén ranh gioi vung nghién ctru - bién -
dao Nam Trung B¢ trong hinh 1 mang nhiéu tinh wdc 1¢.

160N
160N

120N

cHOGIAI
. Wi tef tram
o - "\\ 1% = === Ranh gidi viing nghién ciru =
Sl s wsa s e e J"'—-— Dia gidi tinh 3
4 o ) | TRRTS
- i Ranh gidi ving
e SR ml i Bién gidi quic gia
10802 110%°E

Hinh 1. Vi tri cac tram khi twong viing bién - dao ven b Nam Trung B9.

Ving bién - dao Nam Trung B¢ c6 khi hau bién nhiét doi gio
miia. Céc nghién ctru vé khi hau, tai nguyén khi hau Viét Nam,
khi hau dai ven bién Trung Bo Viét Nam (trong d6 c6 ving Nam
Trung B [21, 22] cap nhét s liéu khi hau dén ndm 2020 [23] cho
thay, birc xa tong cong cta ving dat khoang 150-160 kcal/cm?, véi
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tong sd gid néng trong nam thudc loai cao nhét cac ving bién - dao
Viét Nam, dat khoang 2100-2700 gid/ndm, thoi ky nhiéu nang (tir
>200 gio/thang) ¢ phia bic vung la cac thang tir 3 dén 8; phia nam
nhiéu nang hon va nang nhiéu sém hon - tir thang 1, thang 2 dén
hét thang 8. La ving bién - dao ven ba, ché do gio & day phu hop
v6i hoan lwu gi6 mua trong khu vuc: mia dong - huéng dong bic
va bic 1a chinh; mua heé cac gi6 nam, tdy nam va déng nam giit
vai tro chu dao; van toc gi6 trung binh ndm dat khoang 1,5-3 m/s
& ven bo va c6 thé dat t6i 4,5-5,5 m/s ¢ ngoai khoi trén céc ddo.
Nhiét d¢ trung binh ndm trén toan ving bién - ddo Nam Trung Bo
la khoang 25,5-27°C; thoi ky nong trong nam (voi nhiét do trung
binh thang trén 27°C) 1a céc thang tir 5-9 & phia bc va sém hon
¢ phia nam tur thang 4-9; trén cac dao thoi ky nong con dai thém 1
thang - téi thang 10. Ché do mua ving bién - dao Nam Trung Bo
khé phtrc tap: phia bac (bién dao Pa Nang - Ninh Thuan) mua thu
dong, phia cuc nam vung (bién dao Binh Thu4n) - mua mua he;
bén canh d6 mot sb noi trong ving con xuét hién mua Tiéu Man
- mua som trong thang 5 [24, 25]. Tong lugng mua nim & ving
bién - dao Nam Trung B9 dao dong trong pham vi 16n: tir ven bién
Phu Yén trd ra bic tong luong mua ndm kha 16n, dat khoang 1900-
2100 mm/nam véi khoang 130-150 ngay mua/ndm; tir Khanh Hoa
tr6 vao nam tong lugng mua nam thp hon dang ké, chi dat khoang
1100-1300 mm/nidm véi sb ngdy mua it hon 13 rét, chi dat khoang
100-120 ngay mua/nam. Phia bic viing mila mua ngén, chi khoang
4-5 thang bat du vao thang 8, thang 9 va két thic vao thang 12;
mot s6 noi nhu Tam Ky, Ly Son, Quang Ngi miia mua con két
thiic mugn hon - t6i tan thang 1 ndm sau; Khu vuc phia nam ving
(bién - dao Binh Thugn) - mua mua hé tir thang 5 dén hét thang
10, trén bién mua mua con dai hon, téi thang 12 mai chim dit
(Phit Quy). D 4m twong dbi trung binh nim ¢ ving bién - dao
Nam Trung B¢ kha cao, dat khoang 80-84%. Ving bién - dio Nam
Trung B6 chiu anh hudng manh ciia bio, hoi tu nhiét d6i lac cudi
he (cdc thang 8-10) nén thuong c6 mua 16n; mua he khu vye ven
bién va cac dao gan bd chiu anh huong sau sic ciia gio phon kho
nong (con duge goi vdi tén dia phuong 1a gié Lao) [21].

Nhin chung, so v6i mét s6 ving bién - dao phia Bic cua Viét
Nam, bién - dao Nam Trung Bo ¢6 khi hau du lich thuan lgi hon
rat nhidu; boi noi ddy quanh ndm dm 4p, hoi nong nhung rat nhiéu
néing, thich hop véi nhiéu loai hinh du lich bién (tham quan bién
- d4o, du lich sinh thai bién - dao, tim bién, nghi dudng bién, thé
thao du lugn, lu6t van...) thuong dién ra vao cc gid ban ngay
ngoai thién nhién. Miia du lich ¢6 thé dién ra quanh nim, khong
bi han ché boi sy x4m nhap sdu cia khong khi lanh, mua lanh, am
w6t trong mita dong, do gi6 mua cyc doi nhu bién - ddo ¢ phia béc;
han ché chinh vé thoi tiét, khi hau dbi v6i du lich ¢ day 1a nhiing
khoang thoi gian c¢6 hoat dong cua bao, hdi tu nhiét ddi..., hoat
dong cua gi6 phon kho néng ¢ khu vyc ven bo thuong dién ra
thanh timg dot ngan, tir mot vai ngay dén ca tuin.

2.2. Dir ligu va phwong phdp nghién ciru

S6 liéu khi hau duge su dung trong tinh TCI bao gém: trung
binh thing nhiéu nim cta nhiét do t6i cao  trung binh, do am tuong
d6i thap nhat trung binh, nhiét do va do am tuong dbi trung binh,
luong mura, s6 gio nang va van toc gio trung binh - dugc thong ké

18



Khoa hoc Ty nhién | Khoa hoc trai dat va méi truong; Khoa hoc K thuét va Cong nghé | Kyj thuat moi truong s

tlr 6 tram khi tuong (bang 1, hinh 1) tai viing bién - dao Nam Trung
B0 voi do dai chudi so liéu pho bién 1a khoang 40 nam (tir 1980
dén 2020) [22, 23]. Vi ngudn s6 liéu va do dai chudi quan tric
nhu trén, cac ddc trung khi hau dugc théng ké dé tinh toan TCI co
thé duoc xem 1a cac s6 liéu chuan khi hau Viét Nam. Ciing boi trén
bién dia hinh b?mg phéng, cac dac trung khi hau tai cac tram khi
tugng ludn c6 tinh dai dién cao, nén 6 tram khi tugng trén s¢ dai
dién cho cac khu vyc bién - dao ven bd quanh ching.

Bang 1. Vi tri dia ly va déc diém dia hinh cac tram khi tweng viing bién - dao
Nam Trung Bé.

L A o S
1 DaNing  108°1° 16°02° 5 1980-2020  Trén dat lién ven bo

2 LySom  109°08" 1523 10 1984-2020  Trén dao ven bo

3 QuyNhon 109°13° 13°%46 3 1980-2020  Trén dat lién ven bo

4  NhaTrang 109°12° 12°15° 4 1980-2020  Trén dat lién ven bo

5 PhanThiét 108°06" 10°56" 9 19802020  Trén dat lién ven bo

6 PhuQuy  108°56" 10°31" 5 1980-2020  Trén dao ven bd

Chi s6 khi hau du lich (TCI) cta Z. Mieczkowski (1985) [2] 1
phuong phap dugc Iya chon dé tinh toan didu kién khi hau khién
du khéch thoai mai khi tham gia hoat dong du lich (dac biét 1a du
lich ngoai trdi). Phuong phap nay dugc xdy dung trén co s¢ thong
ké s6 lidu khi hau thu thap tir 453 tram khi tugng (theo 12 thang
cta nim) ¢ khap noi trén thé gioi, giai doan 1951-1980. Chi s6
nay két hop tir 7 tham s, trong d6 ¢6 2 tham sb két hop 1a CID
(Daytime Comfort Index) va CIA (Daily Comfort Index), 3 tham
s doc lap: R (Rainfall - lrgng mua), S (Sunny day -SO gio nang),
W (Wind - Téc d6 gi6) theo cong thirc:

TCI = (8*CID) + (2*CIA) + (4*R) + (4*S) + 2*W) (1)

trong d6: CID: Chi s tién nghi nhiét ban ngay duoc xac dinh theo
biéu dd thuc nghiém (hinh 2) dua vao hai dic trung khi hau 14 nhiét
d6 tdi cao trung binh, va do 4m tuong dbi thp nhat trung binh.
CIA: Chi s6 tién nghi nhiét hang ngdy duoc xac dinh ciing theo
biéu dd (hinh 2), dya trén hai dac trung khi hau khéc 1a nhiét d6
khong khi trung binh va do 4m trung binh. Cac tham s6 R: Luong
mua trung binh trong thang (mm), S: S6 gio ndng trung binh ngay
trong thang (gi®) va W: Van tc gio trung binh (m/s) déu dugce xéc
dinh theo bang 2.

]
DRY BULB TEMPERATURE I‘O

Hinh 2. Twong quan chi sé tién nghi nhiét ban ngay (CID) va chi sé tién nghi
nhiét hang ngay (CIA) theo nhiét do va do am [2].
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Trén biéu d6 mdi tuong quan giira hai tham s6 két hop CID va
CIA (hinh 2), xdy dung theo s liéu thuc nghiém Z. Mieczkowski
[2], truc tung biéu thi gia tri cua do 4m, truc hoanh biéu thi gia tri
nhiét do khong khi. Giao diém giita cac cap bién s6 nay 1a cac tham
s0 két hop.

Bang 2. Xac dinh gia tri xép loai clia lwong mwa, sb gi& nang va téc do gio
cho tinh TCI [2].

Lwong mua trung Sb gio néng Gj:i tri Tée d9 gio Gjé tri
binh thang (mm) hang ngay (gio) xeploai  (m/s) xep loai
0-14,9 >10h 5 <0,80 50
15-29.9 9h-9h59 45 0,80-1,60 45
30-44,9 8h-8h59 4 1,60-2,51 4,0
45-59.9 7h-7h59 35 2,51-3,40 35
60-74,9 6h-6h59 3 3,40-5,50 3,0
75-89,9 5h-5h59 2,5 5,50-6,75 2,5
90-104,9 4h-4h59 2 6,75-7,80 2,0
105-114,9 3h-3h59 1,5 7,80-10,70 1,0
120-134,9 2h-2h59 1

135-149.9 1h-1h59 0,5 >10,70 0,0
>150 <lh 0

Tong hop tir 2 tham so ClAva CID, 3 yéu td doc lap la lu’(mg
mua trung binh, s6 gios néng, van toc gio, ap dung tinh toan chi sb
TClI theo cong thirc tinh TCI (1), két qua danh gid mirc do thudn lgi
cta khi hau cho du lich dugc phan cap nhu bang 3.

Bang 3. Phan cap mirc do thuan lgi ciia khi hau cho du lich dwa theo TCI[2].

Chi s6 khi hiu Phén Phén hang theo cim nhin Mikc d9 thuan loi

du lich ciip clia con nguoi cho du lich
100-90 9 Ly tuong (ideal)
Tuyét voi
89-80 8 Tuyét voi (excellent)
79-70 1 Rit ot (very good) L,
- Rat tot - Tot

69-60 6 Tot (good)
59-50 5 Tuong ddi t6t (acceptable) Thuan loi kh4 -Thuan
49-40 4 Thuan loi (marginal) loi
39-30 3 Khong t6t (unfavorable)
29-20 2 Rt khong tdt (very unfavorable)

Cuc ky khong tot (extremely Khong thudn loi
19-10 1

unfavorable)
<10 0 Khdng phu hop (impossible)

Phuong phap tinh chi s6 TCI (cong thirc 1), bidu db tuong quan
CID v6i CID (hinh 2), cac gia tri xép hang lugng mua, s6 gio nang,
toc do 2i6 (bang 2) va phan cap mure do thuan loi khi hau du lich
(bang 3) déu dugc xay dung trén co s¢ thong ké s6 lidu nhiéu ndm
(1951-1980) ciia 453 tram khi tugng ¢ khap moi noi trén thé gidi,
do d6 ap dung dugc trén cac chau luc khac nhau (chau Au [3, 4,
6, 7], chau Phi [5, 9, 10], chau A [8, 11]), trén cac khu vyuc khac
nhau ctia Chau A nhu Pong A - Trung Qudc [12], Dong Nam chau
A - Indonesia (¢ ca bic va nam ban cau [13, 14]) va ca ¢ Viét Nam
[15-19].
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3. Két qua va ban luan

Xét cac gia tri TCI trung binh ndm tai 6 tram khi tuong ving
bién - dao Nam Trung Bo (bang 4 va hinh 3) cho thdy, céc giatri
TCI trung binh nam tai 6 khu vire bién - dao Nam Trung Bo déu nim
trong muc danh gia t Thuan loi kha dén Thuan loi (TCI: 46-57). Cu
thé, Nha Trang, Phan Thiét, Phu Quy c6 mitc danh gi4 TCI Thuan
loi kha, Pa Nang, Quy Nhon, Ly Son & mic Thuan lgi. Nhin chung,
x6t TCI trung binh ndm ving bién - ddo Nam Trung Bo c6 didu kién
sinh khi hau pht hop cho phét trién du lich.

Bang 4. Chi sb TCI viing bién - dao Nam Trung Bo (giai doan 1980-2020).

Thang/mim  DaNing LySon QuyNhon Nha Trang Phan Thiét  Phii Quy
1 71 67 77 71 80 77
2 83 8 79 79 80 80
3 75 70 71 75 73 70
4 62 61 63 64 64 60
5 49 50 49 52 42 40
6 45 47 48 55 41 35
7 43 50 53 58 43 40
8 37 40 46 55 40 43
9 41 36 38 42 41 37
10 48 42 45 46 44 41
11 57 47 51 49 63 47
12 65 56 57 57 73 61
Nim 49 47 46 55 57 50
L -

TUYET VN

TUONG 96I TOT

CHAP NHAN BUQC

KHONG TOT

——Da Ning

-+ Ly Son -—-Quy Nhon

e--NhaTrang  —& -Phan Thiét  —e -Phi Quy

1 2 3 a s 6 7 8 9 10 1 12
Thang

Hinh 3. Chi sb TCI & viing bién - dao Nam Trung Bé theo cac thang trong nam.

Tuy nhién, tai cac khu vuc bién - da0 Nam Trung B9 gia tri TCI
tinh theo thang lai dao dong ¢ cac muc do khac nhau va két qua
nhu sau:

Thoi ky ¢6 khi hau du lich tir Tuyét voi dén Rét tot va TSt (TCI:
60-83) trén tt ca cac khu vuc ciia ving Nam Trung B 1a cac thang
dau ndm, tir thang 1 dén thang 4; riéng Phan Thiét thém 2 thang
cubi nam trude - thang 11 va 12; con Da Ning va Phi Quy - thém
thang 12.

Thoi ky ¢ khi hdu du lich ¢ muc tir Thuan loi kha dén Thuan loi
(TCI: 40-57) ¢ tumg khu vue bién - ddo c6 nhing phan hoa sau: Nha
Trang 1a 8 thang con lai ciia ndm (cac thang 5-12); Phan Thiét - 6
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thang con lai cua nam (cdc thang tr 5-10); cung c6 7 thang TCI &
murc Thuan loi kha dén Thuén loi 1 Ly Son (céac thang tu 5 dén 8)
va Quy Nhon (céc thang 5-8 va 10-12); Nhiing noi c¢6 5 thang TCI
& tir Thuan loi kha dén Thuén loi 13 Da Nng (c4c thang 5, 7, 9-12)
va Phu Quy (cac thang 5,7-8 va 10-11).

Thoi ky c6 khi hdu Khong thuan lgi cho du lich (TCI: 35-38)
khong dai - chi khoang 1-2 thang & mot s6 khu vuc, cu thé ¢ Pa
Ning la trong thang 8, Ly Son, Quy Nhon la trong thang 9; con Phti
Quy la trong 2 thang 6 va 9.

Dé hiéu 16 hon vé két qua danh gia TCI trung binh nim va TCI
trung binh thang di sdu hon vao phén tich vai tro ciia céc tham s6 thanh
phén tai céc hinh 4, 5 va d6i chiéu v6i phuong trinh (1) ta thiy:

Ta
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Hinh 4. Bién trinh ndm TCI va céc thanh phan & viing bién - dao Nam Trung B
(giai doan 1980-2020).
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Hinh 5. Bién trinh ndm TCI va cac thanh phan clia né tai cac tram khi twong trén
dao (giai doan 1980-2020).

Déi voi hai chi s6 két hop CID va CIA - thé hién mdi quan hé
giita yéu t6 nhiét do va do Am; c6 anh huong toi cam giac, tam Iy
va tinh trang sirc khoé cua du khach khi tham gia du lich. O ving
bién - ddo Nam Trung B9, gia tri cla diéu kién khi hau ban ngay
(CID) tai cac tram ven bién (hinh 4) ciing nhu cac tram trén bién
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(hinh 5) ludn 16n hon (c6 nghia 1a dong gop cua nd vao TCI tong s&
“nang ky” hon) so v6i gia trj cta diéu kién khi hau ca ngay (CIA).
Noi cach khac, didu d6 cho thay, phuong trinh (1) di coi trong diéu
kién khi hau thoi tiét cia nhing gio ban ngay - gio dién ra cac hoat
dong du lich ngoai troi, quan trong hon rit nhiéu (gap 4 1an) so voi
khi hau thoi tiét ciia ca ngay.

Déi vai cac bién doc lap: gia trj cta bién doc lap s6 gio ning
(S) va toc do gi6 (W) khac biét khong nhicu giita cac thang trong
nam, ciing nhu tai cac khu vuc bién - dao khéc nhau - boi 18 & ving
bién - dao Nam Trung BO moi luc, moi noi diéu kién khi hau thoi
tiét luon thoang gio va nhidu ning. SO gid nang (S) clia ving bién
- dao Nam Trung Bé dat mtc diém danh gia twong ddi cao, vé6i s
gi® ning trung binh tir 6 dén 9 gid, tao diéu kién cho hoat dong du
lich dién ra ca ngay. V& toc do gio (W), mic dii céc khu vye dét lién
van tdc gi6 nho hon so v6i ngoai dao, nhung van nam trong ngudng
thuan loi cho cac hoat dong du lich, tao cam giac mat me, dé chiu
cho du khach, toc do gio >1,5 m/s s& tao cam giac nhu nhiét do thap
hon 2,8-3,9°C [26].

Su khac nhau cin ban, rd nét nhét la gia tri cua bién doc lap
luong mua (R): Trong mua mua, khi luong mua vuot 100 mm/thang
trd 1&n, gia tri xép loai cua bién doc lap - R nay chilat2 dén 0; va
khi tinh theo cong thirc (1) 4R lac nay s& c6 diém sd tir 8 dén 0. Do
chinh 1a Iy do phan 16n céc noi trong mila mua gia tri diém s6 cua
bién nay o nhiéu dia diém chi 14 0. Cu thé, ddi voi cac tram trén dat
lién ven bién (hinh 4), gi4 tri dong gop ciia bién lugng mua ¢ Phan
Thiét trong cac thang tir 7 dén 10 1a 0; tvong ty & Pa Ning, Quang
Ngii, Nha Trang trong cac thing tir 8 dén 12 gi tri clia bién 4R
ciing luon bang 0. D6i véi cac tram trén cac dao ven b (hinh 5) gia
tri dong gop cuia bién luong mua ciing bang 0 & Ly Son trong céc
thang tir 9 dén 12; & Phu Quy trong thang 6 va tir thang 9 dén thang
11. Trong nhitng truong hop nhu vy, gid tri cua TCI tong sé& chi con
phu thudc vao 4 bién con lai CID, CIA, S va W.

Nhin mot cach khai quat, trong tong sb 72 thang c6 tinh TCI
trung binh trén toan ving bién - dao Nam Trung B9 (12 thang cua
6 khu vuc) chi ¢o 5 thang c6 TCI thang 6 mic Khong thuan loi. Co
thé thiy, ving bién - ddo Nam Trung B6 1a mot trong nhing ving co
tai nguyén khi hau du lich rat thuan loi, gin nhu thudc loai tt dimg
dau so voi cac ving bién - dao khac ¢ Viét Nam.

Muia du lich ¢ ving bién - dao Nam Trung B¢: Thoi gian gid tri
TCI thang tir mtrc Thuan loi tré 1én dén  Tuyét voi cho phat trién du
lich 6 ving bién - dao Nam Trung Bo rat dai va kha lién tuc.

Tir phia bac Xuf;ng phia nam ving Nam Trung By mua du lich
thuan loi ¢6 dac diém nhu sau:

. Khu vuc bién - dao Pa Nang: Thoi gian thuan loi, t6t cho du lich
gan nhu [a ca nam, ngoai trur thang § - Khong thuan loi.

th vuc bién - déo Ly Son: Thoi gian thuan loi, t6t cho du lich
cling gan nhu 1a cd ndm, ngoai trir thang 9 - Khong thuan lgi.

Khu vye bién - dao Quy Nhon: Thoi gian thugn lgi, 0t cho du
lich cling gan nhu la cd nam, ngoai trir thang 9 - Khong thuén loi.

Cac khu vyc bién - ddo Nha Trang va bién - dao Phan Thiét:
quanh nam khi hau du lich thuén lgi, tot cho hoat dong du lich.
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Khu vuc bién - dao Pha Quy thoi gian thuan loi, t6t cho hoat
dong du lich 1a cac thang tir 1 dén 5; céc thang 7 va 8 va cac thing
tir 10 dén 12; khi hau du lich ¢6 2 thang khong thuan loi 1a thang 6
va thang 9.

Thoi gian TCI ¢ mitc danh gia thuan 1¢i cho du lich phfin 16n 1a
tlr thang 10 nam trudc dén hét thang 4 nam sau, tao mua du lich dai
cho du khach trai nghiém va tring véi nhiéu thoi diém nghi dong
cua du khach nude ngoai Lién bang Nga, Tay Au..., tét Nguyén
dan cua cac nudc chau A. Thoi gian TCI danh gia & mic Tuyét voi
thuong la cac thang mua kho, khong ¢6 mua, CID va CIA thuén loi,
dg am va nhiét d¢ khong khi phu hop voi stre khoé con nguoi, 56
gio nang nhiéu.

Xét vé mua du lich, trén toan vung bién - dao Nam Trung B9,
mua du lich ¢¢ diéu kién khi hau du lich thuan loi nhét 13 c4c thang
tir 1 dén 4; riéng Pa Néng, Phti Quy thém thang 12, Phan Thiét thém
ca thang 11 va 12. So v6i nhitng noi khéc, khu vue bién - ddo ven
bo Nha Trang, Phan Thiét 1 nhitng noi quanh nim thoi tiét khi hau
thudn loi cho du lich, chi s6 TCI & nhiing noi nay quanh nam ludn ¢
mirc tr Thuan loi khd - Thuan loi to1 Tuyét voi, trong d6 Phan Thiét
khi hau du lich con t6t hon Nha Trang, boi ca hai noi déu c6 4 thang
khi hau du lich Rat t6t - Tét; riéng Phan Thiét con ¢6 thém 2 thang
TCI ¢ murc Tuyét voi (bang 4).

Panh gia chung, trén toan ving bién - ddo Nam Trung B0, khi
hau du lich thuan loi 1a chinh, rat it khi khong thuan lgi; Khong
thuan loi 1a trong thang 8 & Pa Néng, thang 9 ¢ Ly Son va Quy
Nhon, va trong hai thang 6 va 9 ¢ Phu Quy. Nguyén nhan cua nhiing
thang ¢6 thoi tiét khi hdu & mirc Khong thuan loi nay chi yéu co
lién quan dén nhimg cao diém ctia miia mua, khi lugng mua qud 16n
bai hoat dong cua bao, hoi tu nhiét doi hodc cua to hop thoi tlet gy
mua cua cac hinh thé thoi tiét nay, khién diém s6 cia bién s6 luong
mua luon thép.

4. Két luan

Vé phuong phap ludn: chi sé TCI - chi s udc tinh anh huéng
téng hop, déng thoi cua nhiét dg, luong mua, do am, s6 gio néng,
toc do gi6 doi voi cam nhan ciia con ngudi khi tham gia cac hoat
dong du lich ngoai troi. Ban than cong thire tinh TCI (1) cac luan
giai vé ty trong tham gia vao TCI tong sd cua cac tham so (ket hop
va doc 1ap) ciing cho thdy, ddy 1a mot cong cu dinh luong t6t ¢ khia
canh xét anh huong mot cach khd rd ciia timg yéu t6 khi hau dbi voi
du lich ngoai troi, cling nhu viée str dung né nhu mét “thude do”
mure dg thuan loi cua khi hau du lich, tir khu vyc nay sang khu vuc
khac. Bién trinh cta TCI qua céc thang trong nim ciing cho phép
xac dinh 10 tinh mua vy cua khi hdu du lich ¢ ting khu vyc cua
vung nghién ciu.

Két qua sir dung chi s6 tong hop TCI trung binh nim, trung
binh thang dé danh gia didu kién khi hau du lich cho thiy: D6i v6i
viing bién - ddo Nam Trung B trong céc tham so thanh phan cua
TCI, tham s6 két hop CID - tién nghi nhiét ban ngay, n6i cich khac
chinh 14 diéu kién khi hau ban ngay luon c6 gia trj 16n hon déng ké
50 voi CIA - tién nghi nhiét ngay - didu kién khi hau ca ngay. Céc
tham sb doc 1ap s6 gio ndng (S) va toc do gié (W) ludn ndm ¢ mire
danh gia tot - dong gop twong ximg vai gié tri ctia nd trong phuong
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trinh tinh TCI (1); Sy khac nhau 13 rét trong viéc dong gop phin
minh vao TCI chinh 1a blen doc lap Luong mua (R), dbi chiéu voi
ddc diém mua mua, trj s6 luong mua ¢ ving blen ddo Nam Trung
Bo co thé khong dong gop gi (bang 0) hodc rat thap cho TCI, trong
mot s thang cao dinh cua mua mua tai day (khi luong mua 16n vuot
150 mm/thang) gia tri xep loai cua bién nay bang 0 - - khong dong
g0p gi cho TCI tong sb. Xét bién trinh nam cta chi sé TCI ¢ ving
bién - dao Nam Trung Bo con cho phép xac dinh mia du lich ¢ day
thuan loi nhat 1a khi nio; lic nao khong thuan lgi va nguyén nhan
cua sy khong thuén loi do.

Két qua tinh toan cu thé TCI cho thay, viing bién - dao ven by
Nam Trung B¢ c6 diéu kién khi hau thoi tiét rat thuan loi cho phat
trién du lich véi vu thé 13 céc loai hinh du lich bién, dién ra ngoai
troi vao cac gid ban ngay. Phin 16n cac thang trong nim tai cac noi
trong vung c¢6 TCI dat mirc danh gia tr Thuan loi - Thudn loi kha
dén Tot - Rét tdt; ddc biét hon & mot s6 khu vuc trong cac thang 1
hodc 2 con c¢6 TCI & mic Tuyét voi (Pa Ning va Phu Quy trong
thang 2; Phan Thiét trong ca 2 thang 1 va 2). Khoang thdi gian
thuan loi nhét cho phat trién du lich bién déng loat trén toan ving
14 cc thang dau nam, tir thang 1 dén thang 4; Da Nang va Phii Quy
thoi gian thudn 1¢i nay con bat dau tir thang 12 ctia ndm trudc; dac
biét Phan Thiét con som hon nita - tir thang 11, 12 cia nam trude.
Trén toan ving Nam Trung B, bién - ddo Phan Thiét va Nha Trang
quanh nam khi hau du lich déu rét thuén loi - khong co thang nao
TCI 6 mirc Khong thuan loi. Mot vai thoi diém kém thuén loi hon -
chi yéu c6 lién quan dén mua 16n & mot s6 noi, d6 13 bién - dao Da
Nang trong thang §; bién - dao Ly Son, Quy Nhon trong thang 9; va
bién - dao Phu Quy trong hai thang 6 va 9.
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Tom tit:

Nghién ctru sir dung dir liéu tir vong A6/YTCS B9 Y té (nim 2018) két hop quan tric 29 diém do bang thiét bi gia ré
AirBeam, nhim xiy dung ban d6 phan b6 ndng dd bui min bing phwong phap ndi suy theo khoéng cach nghich dio
(IDW), tir d6 danh gia tac dong ciia bui min do giao thong 1én s ca tir vong chung tai TP. H Chi Minh trong nim
2018, bang Chwong trinh phén tich va 1ap ban do lgi ich méi truong (md hinh BenMAP). O tit ca cic quin/huyén,
néng do PM2.5 va PM10 trung binh cd nim cao hon tiéu chuin chit lwgng khong khi ciia T chire Y té Thé giéi
(WHO) (PM2.5<5 pg/m?, PM10<15 pg/m?). Hang nim, ndng do PM2.5 va PM10 c6 thé giy ra lan lwot dén 7,37%
va 3,41% so ca tir vong chung (2.151/29.173 va 995/29.173). Nghién ciru néu ra nhirng tic hai ciia bui min va sy cin
thiét phai tang cwdng cac bién phap giam thiéu tinh trang 6 nhiém bui min do giao thong.

Tir khéa: bui min, danh gia tac dong strc khée, 6 nhiém khong khi, tir vong.

Chi sé phén loai: 1.5,3.3

Impact of traffic-related fine particulate matter on mortality in Ho Chi Minh city

Ngoc Dang Tran', Ngoc Nhat Thanh Nguyen', Anh Tuan Vu*

!Faculty of Public Health, University of Medicine and Pharmacy at Ho Chi Minh City, 217 Hong Bang Street, Cho Lon Ward, Ho Chi Minh City, Vietnam
*Vietnamese-German Transport Research Centre, Vietnamese-German University, Thoi Hoa Ward, Ho Chi Minh City, Vietnam

Received 18 March 2024; revised 1 April 2024; accepted 6 April 2024
Abstract:

This research used mortality data from the A6/YTCS Ministry of Health (dated 2018) and monitored 29 measurement
points in Ho Chi Minh city using the low-cost AirBeam device to build the particulate matter concentration distribution
map by inverse distance weighting (IDW) interpolation algorithm, then evaluated the impact of the traffic-related
particulate matter on overall deaths in Ho Chi Minh city in 2018 using the Environmental Benefits Mapping and
Analysis Program (BenMAP). In all districts, the annual average concentrations of PM2.5 and PM10 are higher than
WHO air quality standards (PM2.5<5 pg/m3, PM10<15 pg/m3). Annually, PM2.5 and PM10 may cause 7.37% and
3.41% of deaths from all causes (2,151/29,173 and 995/29,173), respectively. This research highlighted the harmful
effects of particulate matter and the need to strengthen measures to reduce the traffic-related air pollution levels.

Keywords: air pollution, health impact assessment, mortality, particulate matter.

Classification numbers: 1.5, 3.3
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1. Dt van de

O nhiém khong khi (ONKK) luén giir ¢ mtrc cao va ngay cang
trd nén nguy hiém (101 vdi ste khoe con ngudi. Theo WHO, gén
nhur toan bo dan s6 toan cau (99%) hit tho khong khi chira ham
luong chat 6 nhidm cao vuot qua gidi han khuyén céo, nhat 1a cc
qudc gia ¢o thu nhap thap va trung binh, phan 16n 1a khu v chau
A va chau Phi vdi hon 90% s ca tir vong do ONKK. Hon 7 tridu
ca tir vong som hang nim do tic dong két hop ciia ONKK ngoai
troi va trong nha [1].

Hau hét cac tac nhan gdy ONKK xam nhdp vao co thé qua
dudng ho hip. Tuy thude vao kich thude va lidu lugng ma ching
gay ra nhiu mic do tac hai khac nhau. Tai Viét Nam, bui min
(particulate matter - PM) nhu PM2.5 va PM10 1a méi lo ngai 16n
nhit trong s6 cac chat gdy ONKK. PM10 duoc biét 1a gay ra stress
oxy hoa [2], trong khi PM2.5 xam nhdp sau vao sttc khoe con
nguoi, gay ton hai dic biét cho hé ho hap va tuan hoan, dan dén
ton thuong cuc b va hé thong [3, 4]. Viéc tiép xtic voi nhimg tic
nhan ¢ nhiém trong thoi gian dai ciing c6 kha nang gay ra nhiéu
loai ung thu [5] thong qua viée tac dong dén vat chat di truyén [6].
Mot s6 nghién ctru c6 hé thong da ching minh anh huong cua PM
v cac chat gy ONKK dén ty 18 tir vong 1a do tat ca nguyén nhan
néu trén va nhiéu nguyén nhan khac [7, 8].

Theo xép hang cua Air Visual giai doan 2018-2023, Viét Nam
dtmg thir 22 trong nhom céc nude ONKK nhét, véi nong do vuot
qua muc tiéu chudn v6i nong dd PM2.5 trung binh 13 29,6 png/m?
[9]. Theo béo cao cua S¢ Tai nguyén va Mbi truong TP. Ho Chi
Minh, ndng d6 trung binh gio ciia bui PM10 trong nim tir ndm
2020 dén nam 2021 tai 10 vi tri quan tric tai TP. HO Chi Minh
dao dong kha 16n, trong khoang 11,0-100,0 wg/m? [10]. Luu lugng
xe ¢ ting cao do do thi hoa va phat trién kinh té din dén tinh
trang ONKK ngay cang nghiém trong. Nguon phat sinh ONKK
tai TP. HO Chi Minh chi yéu dén tir hoat dong giao thong van tai,
nhit 13 giao thong duong bo [11]. TP. H6 Chi Minh 14 noi ¢6 s6
lugng phuong tién giao thong cao nhat ca nuge voi khoang 8,7
tricu phuong ti¢n co giéi cd nhan, trong do gan 90% la xe may,
trong khi hé thong giao thong cong cong con rat han ché va co so
ha tang duong bo chua theo kip toc do phat trién phuong tién co
gidi ca nhan [12]. La trung tam kinh té cta ving bong Nam B
va ca nudc, TP. Hb Chi Minh thu hat ngay cang nh1eu nguoi dan
dén sinh song va lam viéc. Diéu nay lam gia ting mdi lo ngai vé
anh huong sirc khoé ciia chét lugng khong khi kém dén nguoi dan
va ap luc 1én hé thong y té khi cac bénh ve ho hip ngay cang ting.

Hién nay, c6 kha it nghién ctru danh gia tac dong tir vong cta
bui min do giao thong 1én strc khoe tai TP. H) Chi Minh. V.H.N.
Khue va cs (2020) [13] da nghién ctru xay dung ban dd PM2.5
bing phuong phap kiém ké phat thai két hop v6i mé hinh ONKK
- van chuyén hoa chét, sau d6 u6c tinh ganh nang strc khoe (bénh
tim phdi, tim thiéu mau cuc bd va ung thu phdi) ciia céc chat 6
nhiém. Piém manh cta nghién ciru 1a st dung phuwong phap kiém
ké phat thai két hop md hinh du béo dé tinh toan nong do PM2.5.
Phuong phdp nay gitp danh gia toan dién ONKK do giao thong.
Tuy nhién, viéc thiéu udc tinh vé s6 ca tir vong tranh dugc do moi
nguyén nhan co thé 1a mot han ché. Chat lugng co so dit lidu vé
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tir vong tir hé thong béo cdo tir vong A6 ciia Viét Nam twong ddi
khiém ton, voi mot ty 18 dang ké cac trudng hop tir vong dugce
phén loai vao nhom khong rd nguyén nhan, dan dén ty 18 tir vong
do cc nguyén nhan cy thé c thé bi danh gia thap. Mot nghién ciru
khac tai TP. Ho Chi Minh st dung s6 liéu tir vong chung trong hé
théng béo céo tir vong A6 cta Viét Nam, nhdm udc tinh sb ca tir
vong tranh duge do ONKK [14]. Tuy nhién, nghién ctu nay st
dung dir liéu quan tréc tir hai tram do quan tric tu dong ¢b dinh dé
ude tinh cho toan khu vuc, didu nay lam han ché vé khong gian dia
ly. Nghién ctru cua T.N. Dang va cs (2021) [15] udc tinh tir vong
chung do bui min bang cach sir dung thiét bi gia ré quan tric toan
TP. H Chi Minh va s6 liéu tir vong chung tir hé thng béo céo tir
vong A6. Nghién clru nay cai thién dugc d phan bo khong gian tir
nghién ctru trude, tuy nhién, cac diém quan tric duoc lya chon véi
nhiéu muc dich, khong tap trung vao cac diém co luu lugng giao
thong cao. Do d6, nghién ctru nay duoc thuc hién nham danh gia
tac dong cta bui min tur giao thong 1én ty 1¢ tir vong chung tai TP.
Hd Chi Minh. Diém khac biét cua nghién ctru ndy v6i cac nghién
ciru trude 1a st dung thiét bi quan tric gia ré, ¢o do tin cdy cao,
nhim quan tric bui min tir cac diém giao thong c6 luu luong cao,
gitp thu thép dir liéu c6 do phan bo khong gian 16n hon V('Ji mirc
chi phi thap Bén canh dir liéu tir vong trong nhimg ndm gan day
rat kho tiép can do duoc bao mat, Viét Nam bt dau bung phat dich
bénh COVID-19 vao nam 2020. Vi li do do, nghién ciru sir dung
co s6 dir liéu cua nam 2018 dé tranh nhing yéu t6 gay nhidu co
thé xay ra. Két qua nghién ciru s€ cung cap thém bing chimg cho
cac nha chuc trach ve tdc dong cia ONKK Ién tinh trang strc khoe
ctia nguoi dan, thé hién qua s6 ca tir vong, 1am co so xdy dung céc
chinh sch can thiégp nham giam thiéu mrc do ONKK va bdo v¢
suc khoe nguoi dan.
2. Phuong phap nghién ciu va xif 1 o liéu

2.1. Phwong phdp nghién ciiu

Nghién ctru danh gia tic dong ste khoe dua trén dit lidu hoi
ciru tir vong, dir liéu dia ly, dan s6 va quan tric thuc dia moi truong
str dung thiét bi cam bién chi phi thap (low-cost sensor) thyc hién

trén pham vi 24 quan, huyén (truéc khi sap nhap) thudc TP. Ho
Chi Minh.

[ Thu thap dit liéu quan tric ]

bui min do giao thong
P
Thu thap dir
liéu dia ly L

Ban dd n(“)ng do
bui min vugt
mic tiéu chuin
chit luong

khong khi WHO =
-

Thu thap dir liéu
tr vong AQ cua
BoY t&

BenMAP

Uéc tinh tir vong quy

Phéan bb ndng d6 bui
min do giao thong

trach do bui min do
giao thong

Hinh 1. S’ d6 phwong phép nghién ctru danh gia tac dong ctia bui min giao
thong lén tir vong.
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So db phuong phap nghién ctru danh gia tic dong ciia bui min
giao thdng 1én tir vong duogc thyc hién theo hinh 1. Pau tién, dit
liéu bui min dugc thu thap tai cac diém quan triic noi co luu lugng
giao thong cao trén dia ban TP. Ho Chi Minh. Sau d6, nhém nghién
ctru sir dung hé thong thong tin dia 1y (GIS) do Co quan Béo vé
moi truong Hoa Ky (USEPA) phat trién dé xdy dyng mo hinh byi
min. Pong thoi, sb liéu tir vong ciing duoc thu thap theo mau A6
tai TP. Ho Chi Minh tir Bo Y té. Cudi ciing, Chuong trinh phén tich
va lap ban d6 loi ich moi truong (Environmental Benefits Mapping
and Analysis Program - BenMAP) dugc 4p dung nhim wéc tinh tir
vong do bui min tir giao thong gy ra tai TP. HO Chi Minh.

2.2. Dit liéu va phwong phdp thu thip dii liéu

Trong nghién ctru nay, dit liéu dugc thu thap bao gom: dit lidu
tir vong, dir liu quan trdc mdi truong, dit liéu dan so va dir liéu
dialy.

- Dit lidu tir vong: Tét ca cac ca tir vong ¢6 noi ¢ tai TP. Ho Chi
Minh nam 2018 dugc thu thap tir di liéu A6/YTCS ctiia Bo Y té khi
¢d it nhat mot trong s6 céc dit kién sau: tudi, gidi, ngay tir vong,
nguyén nhan tir vong, dia chi (xa/phuong).

- Dit liéu quan tric: Co 29 diém quan tric duoc chon nam
ngoai troi, ¢ cac truc duong chinh c6 luu lugng giao thong cao
(céac vi tri cd mat do phuong tién 16n, bao gém céac giao 19 chinh,
tuyén duong truc) va cach 1& duong 5 m. Mdi diém quan tric s&
dugc do vao hai dot mia mua va khd, mdi dot hai lan vao mot
ngay trong tudn va mot ngay cudi tuan. Moi mot lan do trong ba
khoang thoi gian: 1) cao diém sang (7:30-10:00); 2) thip diém trua
(11:00-13:00); 3) cao diém chiéu (16:30-19:00). Thoi gian khao
sat la trong nam 2023.

- Dit liéu dan s6 ciia mdi quan/huyén trén toan TP. Ho Chi
Minh nam 2018 thu thap tir Cuc Thong ké TP. Ho Chi Minh.

- Dit liéu ban d6 hanh chinh duoc thu thap tir Trung tim Ung
dung hé thong thong tin dia Iy TP. H6 Chi Minh.

2.3. Xir Iy 56 liéu

- Xay dyng ban d6 phan bd nong do PM2.5 va PM10: Thuit
toan ndi suy nghich ddo c6 trong sd (inverse distance weighting -
IDW) dugc thyc hién trén phé“m mém ArcGIS, sir dung $0 liéu quan
tric thuc té, toa do diém do, va 16p ban dd dia gioi quan/huyén.
Ban d6 xay dung tir thudt toan c6 thé xac dinh ndng do cac loai bui
min du doén tai bt cir toa do nao tai TP. Hd Chi Minh [16]. Thuat
toan ndi suy IDW tir 29 dia diém do PM2.5 dé udc tinh nong do
cho toan dia ban TP. H5 Chi Minh theo cong thirc nhu sau:

Ziv 124"

ZO_ ZN dn

trong do: Z 1a gid tri diém can udc tinh; z 1a gid tri z mau tai dlem 1
d la khoang céch tir diém mau dén diém woc tmh N1a hé sb xac
dmh trong so dua trén khoang cach; n 1a tong s6 diém dy doan.
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- Chuong trinh BenMAP do Co quan Bao vé Moi truong Hoa
Ky phét trién dugc st dung dé danh gid tic dong cua 6 nhidm
PM2.5 dén ty 16 tir vong do moi nguyén nhan, véi dit liéu dau
vao 1a 16p ban d6 ndng do PM2.5, ranh gidi quén, ty 18 tir vong,
tong dan so. Udc tinh anh huong stic khoe tir mo hinh BenMAP
dya trén cong thirc: S ca tir vong do tac dong cua bui min = Mirc
6 thay doi cta chét lugng khong khi * Uéc tinh sy anh hudng
dén ste khoe * Ty sudt tir vong nén * Dén s6 phoi nhidm. Trong
d6: muc d9 thay doi ciia chét lugng khong khi duge tinh bang
su chénh 1¢ch gilra néng do bui min trung binh da dugc udce tinh
biang IDW so vi huéng din vé phoi nhiém dai han cia WHO
2021 v&i PM2.5<=5 pug/m? va PM10<=15 pg/m* [17].

Udc tinh sy anh huong dén stic khoe: Cac nghién ciru dich
t& hoc vé ONKK trudc dy 1a ngudn tot nhit dé cung cp thong
tin nay. Ty 1¢ tir vong tang lan lugt 0,62% va 0,37% khi nong
d6 PM2.5 va PM10 ting 1 pg/m* (B=0,0062 cho 24 quan/huyén
d6i voi PM2.5, va B=0,0037 cho 24 quan/huyén dbi véi PM10)
[16, 18].

2.4. Dao dirc nghién ciru

Dé tai s6 66/2019/HD-PHYD ngay 10/01/2020 da dugc Hoi
dong dao dtic Dai hoc Y Dugc TP. H6 Chi Minh chap thuan theo
Chtng nhan s6 01/HDDD, ngay 06/01/2020.

3. Két qua va ban luan

3.1. Két qua ngi suy IDW nong dp bui min tai TP. Ho Chi
Minh

Sau khi st dung thudt toan ndi suy IDW thé hién trén hinh
2, néng do PM2.5 va PM10 do giao thong tai cic quan/huyén
TP. H6 Chi Minh wéc tinh dao dong 1an luot tir 15,74 dén 40,54
ng/m’® va 18,26 dén 62,4 pg/m’. Nong do bui PM2.5 va PM10
trung binh ndm 2023 tai TP. H5 Chi Minh lan luot 13 16,17 va
22,71 pg/m?, vuot qua mic tiéu chuan hang nam cia WHO 2021
(PM2.5<10 pg/m® va PM10<15 pg/m?). Diéu nay cho thiy, 6
nhiém bui min 12 méi de doa déi véi stic khoe cua nguoi dan tai
TP. Ho Chi Minh. Nong do PM2.5 va PM10 cao thé hién phan
16n & khu vye phia Tay Béac TP. HO Chi Minh. Cac bang chimg
trude ddy cling néu Ién tinh trang 6 nhiém bui min cao & khu vire
nay [14, 19]. Xay dung ban d06 phan bd bui min tir giao thong
1a bude nén tang dé c6 thé danh gia tac dong stc khoe cua bui
min; nho do, cac nha hoach dinh c6 nhiing canh bao va bién phap
phong ngira va giam thiéu tac dong sirc khoe ¢ cac khu vuc ¢6
néng d6 bui min cao.

3.2. Tir vong do tiit cd cic nguyén nhén quy trach do dnh
hwong ciia bui min tir giao thong

Trong ndm 2018, ¢6 tat cd 29.173 ca tir vong tai TP. Ho Chi
Minh. Ty I¢ tir vong ¢ nam nhiéu hon nit (55,86 so véi 44,14%).
Nhom tudi trén 60 c6 ty 18 tir vong cao nhét (71,34%). Vé khu
vuc phan b, huyén Cu Chi la khu vyc ¢6 ty 1€ tir vong cao nhét
v6i7,27% (2.121 ca), thap nhat 1a huyén Can Gid véi 1,09% (317
ca) (bang 1).
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Nbng dé PM10 (ug/m3)

N 1826 -23.27
23.28-28.28
28.29-33.3
33.31-38.32
38.33-43.33
4334-48.35

T 48.36 - 53.37
53.38 - 56.38
5839 - 63.4

© Diém do
NBNg A6 P25 (ug/m3)
W 1574 - 18.48
1849 -21.24
2125-24
2401 - 2675
2676 - 2951
29.52-32.27
N 3228 -35.03
35.04-3778
3779 - 40.54
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Hinh 2. Ban dd két qua ndi suy ndng do PM2.5 va PM10 trén dia ban TP. Ho Chi Minh béng thuat toan néi suy

nghich dao c6 trong sb.

Bang 1. Két qua tir vong do tat ca cac nguyén nhan quy trach do anh
hwéng cua bui min sau khi ap dung mé hinh BenMAP.

TR R Ti vorfg chung Ti vol}g chung
Quén/huyén* quy trach do PM2.5 quy trach do PM10

n % n % n %
Quéan 2 i1 1,75 9 0,031 0 0
Quén9 898 3,08 10 0,034 0 0
Cén Gio 317 1,09 16 0,055 2 0,007
Quan7 709 243 26 0,089 0 0
Nha Be 561 1,92 35 0,120 11 0,038
Thu Bac 1218 418 54 0,185 0 0
Quén 1 1225 42 56 0,192 12 0,041
Quan 4 1255 43 68 0,233 12 0,041
Quan 5 985 3,38 70 0,240 28 0,096
Binh Thanh 1897 65 70 0,240 0 0
Phi Nhugn Lot 347 72 0,247 19 0,065
Quan 3 1275 437 90 0,309 24 0,082
Tan Phu 913 3,13 96 0,329 60 0,206
Quéan 11 1251 429 99 0,339 35 0,120
Quén 12 1.358 4,65 99 0,339 82 0,281
Quén 10 1306 448 104 0,356 55 0,189
Binh Chanh 1137 39 104 0,356 57 0,195
Binh Tan L1338 117 0,401 85 0,291
Go Vip 1494 512 128 0,439 62 0213
Tan Binh 1.604 548 133 0,456 65 0,223
Quéan 6 1.600 55 141 0,483 60 0,206
Quan8 1965 6,74 156 0,535 55 0,189
Hoc Mon 1449 497 157 0,538 112 0,384
Cu Chi 2121 727 241 0,826 159 0,545
Téng cong 29.173 100 2.151 7373 995 3411

‘Trwéc sap nhap.
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O nhiém khong khi ¢6 anh huong
x4u dén st khoe, bao gdm ca ty 16 méc
bénh va tir vong. Véi két qua nghién
cuu theo mo hinh BenMAP tai bang 1,
tir vong do tit ca cac nguyén nhan khi
bi PM2.5 va PM10 tic dong lan luot 1a
2.151 va 995 ca, tuong g voi dan sb
phoi nhiém ghi nhan ¢ ndm 2018. S6 ca
tir vong do anh huong ciia PM2.5 thép
nhit 13 9 ca (quan 2), cao nhét lén dén
241 ca (huyén Cu Chi). Trong khi do, s6
ca tir vong do anh hudng ctia PM10 thip
nhat1a 0 ca (quan 2, quan 7, quan 9, Binh
Thanh, Thu Pirc), cao nhat lén dén 159
ca (huyén Cu Chi) (hinh 3).

Két qua nay kha twong dong véi cac
nghién ctru trude day, ude tinh tr vong
chung do PM2.5 cao nhat & khu vuc
phia tdy nhu huyén Cu Chi, Hoc Mén
va thdp & khu vue quan 2 [14, 15, 20].
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Hinh 3. S6 ca tir vong do tt ca cac nguyén nhan quy trach do bui min sau khi
ap dung mo hinh BenMAP tai cac quan, huyén trén dia ban TP. Hd Chi Minh.

Tuong tng voi néng d6 byi min tai cac huyén Cu Chi, Hoc Mon
cao nhit trong cac quan/huyén, s ca tir vong do bui min tai day
ciing cao nhat, ddy c6 thé Ia bang chimg phin nio d6 Iy giai vé tic
dong cua bui min dén ste khoe. Theo nghién cuu tai TP. HO Chi
Minh nam 2023, khi dnh gi4 PM2.5 theo quy chuan WHO 2021,
v6i ndng do PM2.5 trung binh ndm 1a 28,9 pg/m® gy ra 3.785 ca
tir vong chung [14]. Theo nghién ctru khac tai TP. Ho Chi Minh
nim 2023, tong sd ton thit do tir vong sém wdc tinh 1a 174 truong
hop (KTC 95%: 16; 340), dya trén nong ¢ PM2.5 trung binh hang
ngay vuot qua ngudng NAAQS (trung binh 24 gig; 50 pg/m?)
[21]. Theo nghién ctru cua M. Salehi va cs (2023) [22], PM2.5
14 nguyén nhan gy ra 9,84% (729 trong sb 7.411) truong hop tir
vong ¢ nguoi trudng thanh ¢ Arak, Iran vao ndm 2017 cho moi
nguyén nhén, véi ndng do bui trung binh 14 27,77 pg/m® theo quy
chuan WHO 2005. Tai Yangon, Myanmar nam 2019, S.L. Nandar
va cs (2022) [23] udc tinh dugc PM2.5 anh huong dén 3.936 ca
tir vong do moi nguyén nhan [23]. Nong ¢ PM2.5 trung binh giai
doan 2012-2018 1a 27.9 pg/m® & Bangkok, gop phan gdy ra 4.240
ca tir vong chung khong do tai nan [24]. Pac diém chung ¢ cic
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nghién ctru nay déu thuc hién & qudc gia co lugng giao thong cao
va déu u6c tinh tac dong tir vong do byi min theo m6 hinh BenMAP.
Tuy nhién, wéc tinh tic dong tir vong duoc tinh toan gitta cac qudc
gia & céc nghién ctru ¢6 thé kho so sanh vi cac tham sb dau vao cia
mo hinh khac nhau. Sw khéc biét ¢6 thé 1a ndng d6 bui min (kich ban
co & va kich ban kiém soat), hé $0 tac dong strc khoe va ty 1€ tir vong
ctia cac diém cudi vé sirc khoe.

Nghién ctru ndy ghi nhin mdt s6 han ché c6 thé anh huong dén
cac phat hién. Pau tién, nghién ctru str dung udc tinh sy anh huong
dén stre khoe tir qudc gia khéc, c6 thé khong du dai dién cho TP. Ho
Chi Minh. Thiét bi AirBeam cho phép thu thap dir liéu c6 phan b6
khong gian 16n hon voi mirc chi phi thap. Trong tuong lai, cac nghién
ctru uoc lugng ganh nang tir vong do bui min can tiép tuc mo rong
dong thoi két hop céc thiét bi gia ré va ¢b dinh dé dat duoc do phan
b6 khong gian cao hon ciing nhu do chinh xéc cao, tir d6 ¢6 thé danh
gia cip d6 ca nhan hodc cap hanh chinh thap hon nhu x&/phudng.

4. Két luan va khuyén nghi

Nghién ctru nay st dung dir lidu két hop tir dir lidu tr vong A6
va dit liéu quan tric thuc té nham tinh toan tac dong ciia 6 nhiém
bui min dén ganh ndng tir vong chung tai TP. Hd Chi Minh. Két qua
nghién ctru cho thay, nong do bui min do g1ao thong tai TP. Ho Chi
Minh vuot trén mic tiéu chudn cua WHO. Ddng thoi, bui min anh
hudng xau dén strc khoe nguoi dan, tac dong tiéu cuc dén sb ca to
vong tai TP. Ho Chi Minh. Két qua nghién ctru da dong gop thém
bing chimg cho sy tac dong cuia bui min anh hudng 1én tir vong &
TP. H6 Chi Minh.

Dua trén két qua nghién ctru, mot so kién nghi c6 the dé xuat
nhu sau:

Déu tién, cn co cac nghién ctru trong twong lai cap nhat sb liéu
bui min do giao théng theo khong gian va thoi gian méi nhat, dé ¢6
thé danh gia xu huéng va dong lau dai cua bui PM2.5 va PM10. Dong
thor, két hop véi cac tram quan tric ¢d dinh va cac thiét bi quan tric
di dong theo ca khong gian va thoi gian dé co thém dit liéu xdy dung
ban d0 6 nhiém mot cach toan dién hon. Bén canh d6, cin co céc
nghién ciru tiép theo d4nh gia chi tiét hon nhirmg ganh néng bénh tat
khac hen quan dén ONKK do giao thong, bao gdm: nhap vién do cac
bénh vé tim - phdi, bénh phdi, ung thu phoi.

Cudi cung, can co cac bién phap nhim gidm ndng do PM2.5 va
PM10, nhat 1a nhimg khu v ¢6 ndng do cao nhw huyén Cii Chi va
Hoc Mon. Dong thoi, nang cao kién thirc cua ngudi dan vé tac hai
ctia ONKK ciing nhur céc bién phap giam thiéu tac dong ciia bui min,
str dung cac tmg dung theo ddi chat lwgng khong khi dé c6 thé dua ra
cac hanh dong kip thoi.

L01 CAM ON

Nghién ctru dwgc thuc hién trong khudn khd dé tai nghién
ctru “Quy hoach giao thong van tai va do thi bén ving hudng t6i
st khoé¢ cong dong (SHOTUP)”, ma sb NDT/DE/21/29, dugc tai
trg boi Bo Khoa hoc va Cong nghé. P& tai da hd trg xdy dung y
tuong, cung cap kinh phi thu thap s6 liéu va huy dong chuyén gia
thuc hién nghién ctru.
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Vién Cong nghé Sinh hoc va Méi truong, Truong Pai hoc Nha Trang, 2 Nguyén Dinh Chiéu, phuong Bic Nha Trang, tinh Khanh Hoa, Viét Nam
Ngay nhén bai 28/8/2024; ngay chuyén phan bién 30/8/2024; ngay nhan phén bién 15/9/2024; ngay chép nhan dang 20/9/2024
Tom tiit:

Téay Nguyén gdm 5 tinh (trwéc sap nhép), c6 song Sé San va Srépok thude hé thong song 3S (Sé San - Sé Kong - Srépok)
xuyén qudc gia, trong dé song Srépok c6 240 loai c4, song Sé San ¢6 133 loai. Nghién ctru khao sat sw da dang va moi quan hé
phat sinh loai ciia ca nwée ngot & TAy Nguyén. Miu ca dugc thu tai song Srépok va Sé San thugc tinh Pik Lik, Pik Nong,
Gia Lai va Kon Tum (trwéc sap nhap). Dua trén dic diém hinh thai, 68 loai dwoc ghi nhan: b ca chép Cypriniformes (37
loai, 28 gidng, 7 ho), bd c4 da tron Siluriformes (17 loi, 10 giong, 6 ho), bd c4 ro dong Anabantiformes (8 loai, 5 giong, 4 ho),
b ca that lat Osteoglossiformes va ca bong Gobiiformes (déu 2 loai, 2 giéng, 1 ho); bd ca hoang dé Cichliformes va series
Ovalentaria (déu 1 loai). CAy phat sinh loai dwgc xiy dung dua trén 4 tip dir liéu gen Cytochrome b (cytb) cia mtDNA bang
thuat toan neighbor-joining va Maximum Likelihood, véi Batrachomoeus trispinosus (b9 ca céc Batrachoidiformes) dwoc sir
dung 1am nhém ngoai. Ciy phat sinh ciia toan b loai chia thanh hai nhanh, nhanh 1 gom 4 b (Cypriniformes, Siluriformes,
Osteoglossiformes, Gobiiformes); nhanh 2 gom Anabantiformes, Cichliformes va series Ovalentaria. Tinh trang don nganh
va da nganh & cac cip d phan loai (b9, ho va giong) dwoc thiao ludn va so sanh. Phat hién nay cung cp dir liéu di truyén vé
sir da dang ciia ¢ song Mé Kong, 1am co s¢ khoa hoc cho bao ton va quén Iy ngudn loi thity san.

Tir khéa: bao ton, ca nwée ngot, chi thi phan tir, cytb mtDNA, da dang sinh hoc, ngudn lgi thiy san, phat sinh loai, TAy Nguyén.
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Abstract:

The Central Highlands, encompassing five provinces before the administrative reorganisation, is traversed by the Se San and
Srepok rivers, known as two main branches of the transboundary 3S river system (Se San - Se Kong - Srepok). There are 240 and
133 fish species recorded in the Srepok and Sesan rivers, respectively. This study aims to investigate the diversity and phylogenetic
relationships of freshwater fish in the Central Highlands. The samples were collected at Se San and Srepok rivers in Dak Lak, Dak
Nong, Gia Lai and Kon Tum provinces. Based on morphological characteristics, 68 species have been identified, including: Order
Cypriniformes (7 families, 28 genera, 37 species); Order Siluriformes (6 families, 10 genera, 17 species); Order Osteoglossiformes
(1 family, 2 genera, 2 species); Order Anabantiformes (4 families, 5 genera, 8 species); Order Gobiiformes (1 family, 2 genera, 2
species); Order Cichliformes (both of 1 species) and Ovalentaria series (1 species). The phylogenetic tree was constructed based
on four different Cytochrome b (cyth) gene mitochondrial DNA datasets using the Neighbor-Joining and Maximum Likelihood
approaches, with Batrachomoeus trispinosus used as the outgroup. The phylogram was divided into two main lineages, lineages
1 included Cypriniformes, Siluriformes, Osteoglossiformes, and Gobiiformes; while lineages 2 included Anabantiformes,
Cichliformes, and series Ovalentaria (all previously belong to the order Perciformes). The monophyletic and polyphyletic status at
different taxonomic levels (order, family, and genus) were discussed and compared. These findings provide genetic data on fish diversity
in the Mekong river, serving as a scientific basis for conservation and management of freshwater fishery resources.

Keywords: aquatic resources, biodiversity, Central Highlands, conservation, cyth mtDNA, freshwater fish, molecular markers,
phylogenetic tree.
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1. Dt van de

Luu vuc song Mé Kong chay qua dia phan 6 nuéc chau A
(Trung Quéc, Myanmar, Thai Lan, Lao, Campuchia va Vi¢t Nam),
dac trung bdi sy da dang sinh hoc cac loai ca, ding thit hai sau
song Amazon, véi hon 1000 loai dugc ghi nhan [1]. Song Mé
Kong & Viét Nam phan bé & Dong bing séng Ciru Long - PBSCL
(song Tién va song Hau), Bic Trung B¢ (song Sé Kong) va Tay
Nguyén (song Sé San va Srépdk). Luu vuc song S€ San va Srépok
bét ngudn tir ddy nui cao phtc tap, dugc hop thanh tir nhiéu nhanh
s6ng noi ¢6 céc thac ghénh va sudi nho, trai dai 5 tinh gom Kon
Tum, Gia Lai, Dak Lak, Dak Néng va Lam Ddng (trude sap nhap)
v6i tong dién tich khoang 29500 km? [2]. Hién nay, nhiéu dap thay
dién da, dang va s¢ dugc xay dung tai khu vuc phia trén thugng
nguon, phuc vu nhu cau cudc séng cia con ngudi, diéu ndy tic
dong khong nho dén moi truong va da dang sinh hoc khu vye Tay
Nguyén noi riéng va luu vuc song Mé Kong noéi chung [2].

Da dang loai ca ghi nhan tai song Sé San la 133 loai va Srépok
1a 204 loai [2]. Mt s6 nghién ctru cong bd da dang thanh phan
loai c4 nudc ngot & lwu vuc cac nhanh song, sudi 6 Ty Nguyén
dya trén ddc diém hinh thai. T.T.H. Nguyen (2000) [3] ghi nhan
160 loai thugc 84 gidng, 28 ho va 10 by. H.A. Le va cs (2013) [4]
xac dinh dugc 179 loai thude 93 giéng, 32 ho va 11 by, trong do, bd
ca chép Cypriniformes chiém uu thé voi 98 loai. Ngoai ra, da dang
thanh phan loai ca & mot s6 hd chira thude lru vie song Mé Kong
& Tay Nguyén ciing dugc ghi nhan, nhw ho Yaly (17 loai), Easoup
(40 loai), Eakao (14 loai), Eakar (7 loai), Budn Triép (23 loai), Yang
Reh (10 loai) [5].

Bén canh phuong phap dinh loai hinh thai, dinh loai phéan tir
dua trén di truyén ma vach (DNA barcoding) dang dugc img dung
rong rai. Di truyén ma vach la ky thudt su dung mot hodc mot vai
trinh tw DNA ngén nam trong hé gen cia sinh vt dé khuéch dai
doan gen muyc tiéu, roi dua trén dir lidu di truyén thu dugc dé kiém
chung dinh loai va khao sat mbi quan h¢ phat sinh loai mot cach
nhanh chéng va chinh xac [6]. Trong nhitng thap nién gan day,
DNA ma vach dugc g dung rong rdi nhu mot cong cu hd trg
trong cac nghién ctru vé phan loai ca nude ngot & Viét Nam nhur bo
cé chép Cypriniformes [7, 8], cd nudc ngot 6 DPBSCL [9], c4 da tron
Siluriformes [10], ca ban dia ¢ cac phu luu song Mé Kong [11], gop
phén b sung dit liéu phén tir cho khu hé ca Viét Nam.

Nghién ctru hién tai khio sat da dang thanh phan loai ca nudc
ngot phd bién tai song Sé San va Srépok dya trén dic diém hinh
thai va di truyén, xdy dung cdy phat sinh chung loai va khao sat
mdi quan hé tién hoa, gop phan bd sung va hoan thién co so di liéu
di truyén (g dung trong bao ton va quan ly ngudn loi thay san.

2. Viat liéu va phuong phap nghién ciiu
2.1. Dia diém, thoi gian va phwong phdp thu méu

Mau ¢4 dugc thu tir nguoi dan dia phuong ¢ cac cho va bén cé
doc 2 nhanh song chinh: song S€ San - tinh Gia Lai va Kon Tum va
song Srépok (song Krong Ana va song Krong No) - tinh Dik Lk,
bik Nong va Gia Lai (hinh 1). Cac mau ca dwgc thu thap trong
3-5 ngay tir nam 2016-2019, véi 1 lan/ndm va riéng 2016, nghién
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cru thyce hién 2 chuyén thu mau. S6 luong ca thé trén mot loai thu
thap tai mdi dia diém dao dong tir 2 dén 8. Mau ca dugc ma hoa va
co ca duoc cat va giit trong dng eppendorf chira ethanol 95%, bao
quan lanh ¢ -20°C d tién hanh céc phan tich di truyén tiép theo.

69,1%
Auapeu Kon.mm
cinet

41,1%
Gia Lai

Hinh 1. So d6 cac dia diém thu mau va thong tin vé sw phan bd loai ca (%) tai
cac khu vwe dia ly & Tay Nguyén. Hinh anh céc loai ca phd bién tai cac dia
diém nghién ctru dwoc hién thi.

2.2. Khdo st thanh phin lodi dya vio dic diém hinh thdi
va di truyén

Mau ca duoc chup anh v dinh loai dwa trén céc dic diém hinh
thai nhu mau sic co thé va véy, so luong tia climg va tia mém ¢
vay lung, vay hdu mon, vay bung, vay nguc va vay dudi va cac dac
diém dic trung theo cac khoa phan loai [12, 13]. Méu ca duoc bao
quén trong con 96% va lru gitr 6 Phong Thi nghiém Sinh hoc phan
tlr, Trung tdm Thi nghiém Thyc hanh, Truong Dai hoc Nha Trang.

Téng s6 DNA duoc tich chiét tir 20 mg mau co cia timg ca thé sir
dung b kit GeneJET Genomic DNA Purification (Thermo Scientific,
M) theo hudng dan ciia nha san xuat. Phan img PCR khuéch dai
doan gen Cytochrome b ciia DNA ty thé (Cytb mtDNA) sir dung cip
mdi CytbF 5'-GGCTGATTCGGAATATGCAYGCANAYGG-3'
va CytbR 5'-GGGAGGATCGTAGAATTGCRTANGCRAA-3'
[14] duoc tién hanh theo quy trinh cia Q.D.H. Vu va cs (2018)
[10] véi nhiét d¢ lai 1a 52°C. San pham PCR dugc tién hanh phan
{ing giai trinh tu theo nguyén tic Dye-labelles dideoxy terminator
(Big Dye Terminator v.3.1, Applied Biosystems), voi cac doan moi
twong ty nhu phan ung PCR theo chwong trinh luan nhiét nhu sau:
96°C trong 30 gidy, 50°C trong 30 gidy, cudi cing la 60°C trong
4 phut. San phim sau d6 dwgc phan tich bing thiét b ABI Prism
3.700 DNA Analyser (Applied Biosystems).

Trinh ty doan gen Cyth mtDNA cac mau di dinh loai hinh
thai dugc két ndi bang tinh ning ContigExpress ciia phan mém
Vector NTI 11.5 (Invitrogen, My). Sau do, cac trinh ty dugc so
sanh véi co so dir liéu cia Ngan hang Gen (GenBank) bang tinh
nang BLAST Nucleotide (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
dé kiém chung. Két hop gitra dac diém hinh thai va di truyén,
cac loai ca duoc dinh danh theo hé théng phan loai cap nhat cla
R. Betancur v ¢s (2017) [15]. Thanh phan loai dugc xéc dinh va
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khao sat theo cac khu vue thu mu. Céc trinh tw duge dong hang
bing phan mém BioEdit 7.2.5 sir dung tinh ning Clustal X, kiém
tra va chinh sira bang mit thuong. Cac trinh tw dugc ding ky trén
GenBank voi ma s6 tir MN541305 dén MN541372 [16].

2.3. Khdo sdt moi quan hé tién hod cdc loai ca nwdéc ngot

Moi quan hé phét sinh loai ciia céc loai ca nudc ngot dugc phan
tich dua trén 4 tap dir ligu. Péu tién, cdy phat sinh loai dugc xay dung
tlr 68 trinh ty trong nghién ctru hién tai va 44 trinh tu tr GenBank
& khao sat mdi quan hé tién hoa. Loai Batrachomoeus trispinosus
(Batrachoidiformes: Batrachoididae) ma s AP006738 dugc st dung
lam nhom ngoai. Sau do, mbi quan h¢ phat sinh pha h¢ cua cac bo/
tap hop b lan luot duge xem xét, bao gém: 59 trinh ty thude bd ca
chép Cypriniformes (37 cua nghién ctu nay va 22 tir GenBank); 25
trinh tu thudc bg ca da tron Siluriformes (17 ciia nghién ctru nay va §
tir GenBank); 19 trinh tu thudc cac bd Anabantiformes, Cichliformes
va series Ovalentaria (10 cia nghién ctru nay va 9 tor GenBank).
Céc cay phat sinh loai dugc xay dung su dung thuat toan Neighbor
Joining (NJ) va Maximum Likelihood (ML) véi d9 lap lai 1000 lan
trén phan mém MEGA X [17]. Trudc khi tién hanh thut toan ML,
md hinh tién hoa phu hop cua céc tap dit liéu dugc xac dinh st dung
tinh nang Find best model trong phan mém MEGA X. M6 hinh ¢6
gia tri Akaike Information Criterion - AIC thép nhét duoc lua chon
[18].

3. Két qua va ban luan
3.1. Thanh phén loai ca nwéc ngot ¢ Tdy Nguyén

T nam 2016 dén 2019, qua cac dot thu mau tai cac tinh Tay
Nguyén, nghién ctru ghi nhan 68 loai c4 nudc ngot pho bién dya
vao dac diém hinh thai (7 bo/series, 21 ho va 49 giong). Sir dung
chi thi Cytb cia DNA ty thé, cac loai c4 dugce kiém ching dinh loai
bing tinh ning BLAST. Theo d6, mirc do twong dong voi trinh
tu cung loai trén GenBank dao dong 98,9-100% (d¢ bao phu 99-
100%).

Xét vé thanh phan loai, bo ca chép Cypriniformes duoc ghi
nhan 1a da dang nhat voi 37 loai, 28 giéng, 7 ho; tiép theo 1a bo
¢ da tron Siluriformes (17 loai, 10 gidng, 6 ho), bd ca o dong
Anabantiformes (8 loai, 5 gidng, 4 ho); bd c4 bong Gobiiformes (2
loai, 2 gibng, 2 ho); b cé that lat Osteoglossiformes (2 loai 2 gidng,
1 ho,); b ca hoang dé Cichliformes (1 loai, 1 giéng, 1 ho); va series
Ovalentaria (1 loi, 1 giong, 1 ho) (hinh 2).

40
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Hinh 2. S6 Iweng ho, giéng, loai cta cac bd ca nwéc ngot ghi nhan dwoc &
Tay Nguyén.
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Su phan b6 cua cac loai theo khu vue thu mau cling thé hién
su khac nhau 10 rét, vdi 65/68 loai (chiém 95,6%) tép trung o
cac tinh Dak Lik, thap nhat 13 28/68 loai (41,1%) thu dugc &
Gia Lai; trong khi d6, tinh Dak Nong va Kon Tum lan lugt ¢6
s6 loai thu duoc 13 55 (80,1%) va 47 (69,1%). Mot s6 loai ca nhu
Cyprinus carpio, Oreochromis niloticus, Hypsibarbus gonionotus,
Clarias macrocephalus, Clarias batrachus, Anabas testudineus,
Oxyeleotris marmorata, Channa striata... xuat hién & tit ca cac tinh
thu mau (hinh 1). Day la nhimg loai duoc san xuat nhan tao thinh
cong va trd thanh déi twong nudi phd bién. Pidu nay ciing phu hop
voi nhan xét cia T.T.H. Nguyen (2000) [3], day la nhiing loai c6
gi4 tri kinh té ¢ khu vire séng sudi Tay Nguyén. Mot sd loai nhu ¢4
bong d4 Acantopsis dialuzona, ca bong tron Schristura fasciolata
va ca chanh duc Channa gachua chi thu duge 6 Kon Tum; ca ro da
Pristolepis fasciata & Dak Lak ma khong ghi nhan & cac tinh khac.

Trong téng sb 68 loai trong nghién ciru hién tai, c4 muong
Toxabramis sp. thu mau tai Dik Lik chi dinh loai duoc dén giéng.
V& mat hinh thai, Toxabramis sp. twong tu voi loai T. houdemeri,
tuy nhién, loai Toxabramis sp. ¢c6 mot s ddc diém khac nhu hinh
dang co thé thudn dai hon, vién lung phia trude vy lung c6 mau
xanh xam, vién cuéng duo6i mau xanh dam. So sanh voi co so dit liéu
GenBank, trinh ty Toxabramis sp. thé hién su tuong déng 98,9% voi
trinh ty cua lodi T. houdemeri & Trung Qudc (mé s6 KT959236).

3.2. Méi quan hé tién hod cdc lodi cd nwdc ngot duwa trén chi
thi Cytb mtDNA

Trinh tu Cytb mtDNA ctla 68 loai cd nudc ngot sau khi dong
hang va hi¢u chinh 6 chiéu dai 1a 577 bp, trong d6 255 nucleotide
khong doi (constant character), 25 nucleotide khong mang thong
tin (parsimony-uninformative character) va 297 nucleotide mang
thong tin (parsimony-informative character). M hinh tién hoa toi
uu dugce lya chon cho céac tap dir liéu 1a GTR+GHL

Cay phat sinh loai cta 68 loai ca nudc ngot trong NCHT va
44 trinh ty trén GenBank xay dyng bing thudt toan ML (hinh 3A)
thé hién sy trong dong cao vdi thudt toan NJ (dir liéu khong trinh
bay), ngoai trir vi tri ctia b ca bong Gobiiformes. Ddi voi thudt toan
NJ, bo ca bong Gobiiformes duogc sip xép clng nhém véi cac bo
caro déng Anabantiformes, b ca hoang @& Cichliformes va series
Ovalentaria (tét ca trude day déu thude bd ca vuoce Perciformes),
trong khi do, bo nay phan tach thanh nhanh riéng biét trén cay phat
sinh loai khi su dung thuat toan ML. Trong khi NJ suy ludn cay
phat sinh loai dya trén ma tran khodng céch, thuat toan ML su dung
mot mo hinh tién héa cu thé (GTR+G+I). Mo hinh tién hoa trong
ML c6 thé da phét hién ra nhimg ddc diém tién hoa dic trung cia
bo ca béng Gobiiformes, dan dén viéc phan loai n6 vao mot nhanh
riéng biét. O hinh 3A, hai nhanh chinh dugc thé hién trén cay phat
sinh loai. Nhanh I gdm 37 loai thudc b c4 chép Cypriniformes,
17 loai thudc bo ca da tron Siluriformes, 2 loai thugc bg ca that
lat Osteoglossiformes (ho Notopteridae), 2 loai ciia bd c4 bong
Gobiiforme (ho Eleotridae va Gobiidae); trong khi Nhanh II gom 8
loai thudc bo ca ro déng Anabantiformes, 1 loai thudc bo ca hoang
dé Cichliformes va 1 loai thudc series Ovalentaria (ctng 16p ca vy
tia Actinopterygii).
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Khi xét cac bé/tép hO'p bé, b6 ca (A) s, 3 (B) Mystacoleucus lepturus KC696543
r ] A [N ; N 1 Mystacoleucus atridorsalis
chép Cypriniformes thé hién muc do Foopurivs 98196 i s ABBZ2534
\ A ,. \ A Hypsibarbus Mystacoleucus marginatus
da nganh cao nhat Vo1 3 hO val glong [— el Cyclocheilich: Poropuntius normani
\ N . . * Barbonymus Poropuntius solitus KY319842
(hinh 3B). O ho Danionidae, Rasbora =mm i i
A r ) N Cyprinus = 100/100- ¢ apog
spp. dugc x€p chung véi cac loai Ecmm:sm " " e
N L . ihinus )/ Barbonymus schwanenfeldii
thugc ho Cyprinidae. Tuong ty, hai e e @mfﬁﬁi‘mﬂm
loai (Paramisgurnus dabryanus va rawn |21 O oisisnel e
. . . , " unis =3 98/98 Hampala macrolepidota
Misgurnus mizolepis) & ho Cobitidae suame | £ |B i g
A , ye , N A Barbodes g E Punmli :ri::: "
Xep chung phanh voi cac loai thugg ho e B | 5 P icesy o L
Nemacheilidae. Xét & muac do giong, Ecm: 2 LS aidea Crpinidae
. . . \ , Osteochilus o Barbodes banksi KP659422
Cirrhinus cirrhosus tao thanh nhanh B 4 Rasor sumatana 2459 ]
. L. .. 3 5 B Rasbora paviana Danionidae
chi em véi loai Carassius auratus. O o I
A . . . Gyrinocheilidae A
bo cé da tron Siluriformes, ho Bagridae Botise i i
N . . 2 A N Cobitidae Cirhinus cirhosus
va Sisoridae thé hién sy da nganh Nemacheiidae 000y opmsane
\ , N A . Cobitidae yprinus multitaeniata
(hinh 3C). Céc loai thudc Bagridae e - (oo oo e
dugc xép chung vao 1 nhém, trong khi e - o conaabo AR
. . N 5 . , = Cinthinus molitorella
P seudomystus Siamensis nam O V1 tr1 Clariidae E: Osteoi;u/r[;::,r'lllalus ,
A , . A A , . N ] Bagridae =5 steochilus waandersii
khong xac dinh trén cay phat sinh loai. ogices | P —— L
a : . . 1 v Sisoridae Sk
O ho Sisoridae, Bagarius yarrelli1a loai Nhanh I siorce E Conmpenmoodn s
. e .. . . 1 @ ] Toxabramis sp.
Bagridae ‘oxabramis houdemeri en rididae
Chl em Vo1 C?.C 1031 trong.h(.) Sllurld?e' Osteoglossiformes ¢ i /He:fnu/rere:genmanmKF750461 e ey
B0 ¢4 ro6 dong Anabantiformes (gom ‘———;m::””“ - e ]
. N leotridae . rinocheilus pustulosa Gyrinocheilidae
4 ho Osphronemldae, Chanmdae, :Gnhiidae | Gobiiformes o Arhnblast:al{ng/mhni;fﬂza ]Bndl s
. . . . g ~ Osphronemidae > Ambas[alasmﬂllmunk:};Yj]Bmﬂ
Anabantidae va Pr1stol§p1d1dae) cling Nhanh II o £ P O T comr
ChO thay Su da nganh khl du'Q'C Sap Xep Cichliformes Channidse ; Sscixrssl;lea’:::olfat:zHA4010555} Hemachelicae
N s . . A s \ Pristolepididae = Misgumus mizolepis Gobilis
cung v6i ho Cichlidae (b9 ca hoang Ovalentaria sovwicss | 3 97196 i o g
A Cichli 3 ; e 7
de Cichliformes) va ho Ambassidae o L W s ez | Do
(series Ovalentaria) (hinh 3D). —
AN R e g D
Diéu nay co thé giai thich sy chua © — st ) ’ Trchopodus choposs
X X n z . . 1 T nf:i:i;ﬁ:;":h N Clariidae 90190, Trichopodus microlepis
thong nhat trong hé thong dinh loai 1 s oo P15 Thtpodn ks K611 Osphronemidae
. - . | Plerygoplichthys disjunctivus )/ Tichopsis vittata
dua vao hinh thai cling nhu moi quan o P‘mqusmme;ufl;‘r}z:;{;g;glny}srm/mmdmn/s)(mmw }me o,m,#',i'ﬁfjif,l"mmm
A , . Ve A , N . ——— Pangasius macronema Pangasiidae 100/100 variabil
h¢ phat sinh loai dya trén cac chi thi r——— i T
A 9 i~ r A 4 agarius yarreli 9 Pristolepis fasci
phan tir gilta cdc phan ho trong ho ca i by 99199 " Pneto ot 131451 ]me.pmm.
, .. N \ ., , 90/89 = Momapsdpog D01 8409 E 3o }wnm, Pristolepis rubripinnis KC858291
chép Cyprinidae. Pdy 1a ho ca nudc 0100 £ Grpotmosom oro0s ——— L0100, Parmtessisamenss aray | Ambessioe
ngot da dang nhat phan b6 gﬁn nhu’ 1 crmm:m;z;m:mwoazzw 1"""‘“‘ Channa micropeltes
> X o ” L A iy — Hemibagrus sp. HO257285 Channa striata Channidae
trén toan the gidi véi it nhat 367 giong e Ml \_ﬂaiﬁljﬁlﬁ’ erros
va hon 3006 loai. Theo h¢ thong phan - e sy | Anabantcnn
c 1A , I A /86! 99/99; Mystus singaringan
loai hién nay, ho ca chép bao gom 12 R H——— —

phan ho [13]. C4c mdi quan hé phat
sinh va h¢ thong ctia cac phan ho trong
ho ca chép hién van con nhiéu tranh
cdi [7, 8]. Sy da nganh cua cac ho
Cyprinidae, Cobitidae va Danionidae
ghi nhan ¢ nghién ctru hién tai cling phu hop véi cac nghién ciu
khac khi st dung chi thi don [19], hay két hop céc chi thi [7, 8, 20].

Bo ca da tron Siluriformes la mgt trong nhitng bo ca quan
trong nhét vé mat sinh thai va kinh té ¢ luu vuc song Mé Kong.
Bagridae 12 mgt trong s céc ho voi da dang loai cao thudc b
Siluriformes, trong d6 c6 210 loai dugc ghi nhan. Mot sd nghién
cuu cling ghi nhan sy da nganh cua ho Bagridae [10, 21]. Hon nita,
phirc hop loai (cryptic species) cta giong Hermibagrus da dugc
phét hién sir dung cac chi thi phan tir cia DNA ty thé [22], ciing
nhu céac chi thi SNPs [23].
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Hinh 3. Méi quan hé tién hoa cac loai ca nwéc ngot tai Tay Nguyén sir dung thuat toan Maximum Likelihood
dwa trén trinh tw gen Cytb thuéc DNA ty thé. Gia trj do tin cay (>70%) cta thuat toan ML/NJ dwoc hién thi trén
cac nhanh. (A) Cay phat sinh loai cla cac loai ca trong nghién ctru hién tai; (B) B ca chép Cypriniformes; (C) Bo
ca da tron Siluriformes; (D) Céac bé/tap hgp bd Anabantiformes, Cichliformes va series Ovalentaria.

Bo card df")ng Anabantiformes dugc phan tach tir bd ca vuge
Perciformes - von bao gdm ca b c4 hoang dé Cichliformes va
series Ovalentaria - bdi R. Betancur va cs (2017) [15]. D.H. Hoang
va ¢s (2022) [11] sir dung da chi thi (3 gen ty thé va 2 gen nhan)
phat hién bo c4 6 ddng Anabantiformes xép cting nhanh véi bé c4
mang lién Synbranchiformes, trong khi do series Ovalentaria nam
cung nhanh vdi bg ca kim Beloniformes. Nghién cuu hién tai ciing
cho thiy sw khong don nganh ciia bd c4 6 dong khi sir dung riéng
1¢ mot chi thi, do d6, cac phan tich da chi thi cling nhu hé gen can
duoc ap dung dé 1am 1o cac mdi quan hé phat sinh nay.
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Nghién ctru ing dung giai trinh ty doan gen Cytb thugc DNA
ty thé két hop vdi cac dic diém hinh thai dé khao sat thanh phan
loai va xay dung cdy phat sinh chung loai cua cac loai ca nudc
ngot phd bién & Tay Nguyén. Hau hét cac nghién ciu trude do chi
dya vao hinh thai dé dinh loai c4 ¢ khu vyc nay. Tuy nhién, dé co
co so chinh xdc cho viéc phan loai can khao sat thém mot sb chi
thi phan tir khac dé so sanh sy tién hoa ciing nhw mdi quan hé phat
sinh chung loai, ddng thoi xdy dung co s¢ dit liéu di truyén phuc
vu bao ton da dang sinh hoc va nguon lgi thity san.

4. Két luan

Dua vio dic diém hinh thai va di truyén, nghién ctru ghi nhan
68 loai ca nude ngot phd bién tai Ty Nguyén, Viét Nam, trong
6, 1 loai (Toxabramis sp.) chi xéc dinh dwoc dén giong. Cay
phat sinh loai dugc chia thanh 2 nhanh chinh, cho théy su don
nganh ¢& mot s bo ca. Trong bo Cypriniformes, ho Cyprinidae,
Cobitidae, Datnionidae va giéng Cirrhinus thé hién su da nganh.
Trong b¢ Siluriformes, su da nganh dugc ghi nhan ¢ ho Bagridae
va Sisoridae. Bd Anabantiformes thé hién sy da nganh khi duogc
sép xép cung nhanh voi bg Cichliformes va series Ovalentaria.
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Ci thién tinh chat sat dién va sat tir ciia vt lidu multiferroic to hop
trong ing dung phan hiy thuoc nhuom tong hop
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Tom tit:

Vit liéu multiferroic to hop xNi, Zn, Fe, O /(1-x) (0,5Ba(Zr ,Ti, )0,-0,5(Ba ,Ca, )TiO,) (ky hi¢u la NZF O/BZT-BCT) voi
kich thwéc hat trung binh khoang 100 nm da duoc ché tao bang phu’(rng phap nghlen co' niing lwgng cao két hop Xt ly
nhiét. Két qua nhiéu xa tia X (XRD) cho thay sw ton tai dong th(n caa 2 pha Ni| Zn  Fe O, (NZFO) va (0,5BaZr , 08 0,
-0 S(Ba 12 110,) (BZT-BCT) trong vat lleu multiferroic tb hop. (4] nhiét do phong, Vat liéu nay con thé hlen cac ‘tinh
chit tir tlnh dang chu y v6i dj tir dw (M) x4p xi 0,6 emu/g va d tir hoa bio hoa (M,) dat khodng 29,2 emu/g. Dic bigt, vat
liéu nay con cho thay hoat tinh quang xic tac vuot troi trong qua trinh phan hay Rhodamine B (RhB). Sau khi chiéu Xa
bang tia UV trong 180 phut, hi¢u suit phin hiy RhB dat téi 99%. Ngoai ra, thoi gian phin hiy RhB ciing dugc dinh g1a
v6i toe dd phan hity kp ciia NZFO/BZT-BCT 14 0,019 phut™. Véi nhitng wu diém nhu quy trinh ché tao don gién, hi¢u suat
quang xuc tac cao va kha niang thu hoi dé dang bang truong tir bén ngoai, vat li¢u to hop da pha NZFO/BZT-BCT la irng
vién ddy trién vong cho cic g dung xir Iy mdi truwong bang phwong phap quang xiic tic.

Tir khéa: @ phan cuc dw, d9 tir héa bio hoa, multiferroic, nano to hop, quang xiic tac.

Chi s6 phén loai: 2.4, 2.7

Improving the ferroelectric and ferromagnetic properties of multiferroic composite

materials for the decomposition of synthetic dyes
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Abstract:

Amultiferroic composite of xNi, Zn  ,Fe,O /(1-x) (0.5Ba(Zr ,Ti, )O,-0.5(Ba Ca ,)TiO,) (denoted asNZFO/BZT-BCT) with
an average particle size of 100 nm was prepared by high-energy mechanical milling combined with the thermal annealing
methods. The X-ray diffraction pattern indicates the presence of both Ni Zn  Fe O, (NZFO) and (0.5BaZr,Ti O,) -
0.5(Ba,,Ca ,TiO,) (BZT-BCT) phases in the multiferroic composite. At room temperature, the multiferroic composite
exhibits a remanent magnetisation (M) of approximately 0.6 emu/g and a saturation magnetisation (M) of about 29.2
emu/g. It is worth noting that this nanocomposite displayed exceptional photocatalytic activity in degrading Rhodamine B
(RhB). After irradiation with UV radiation for 180 minutes, the degradation efficiency of RhB reached 99%. The kinetic
reaction of the RhB degradation was also assessed, revealing that the apparent first-order rate constant of NZFO/BZT-
BCT is kp=0,019 min~'. With benefits such as easy fabrication and simple recovery using an external magnetic field, the
NZFO/BZT-BCT multiferroic composite could be a potential candidate for photocatalytic environmental treatment.

Keywords: multiferroic, nanocomposites, photocatalysis, remanent polarisation, saturation magnetisation.

Classification numbers: 2.4, 2.7
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1. it van de

Cac loai thudc nhudm va san pham cong nghiép duoc thai ra
ngoai moi nam d lam ting mirc do 6 nhiém ctia moi trudng, dic
biét 1a moi trudng nudce. Trong s6 cac loai thude nhudm téng hop,
Rhodamine B (RhB) duoc coi 14 thudc nhuém cong nghiép dién
hinh va dugc st dung rdng rai trong nganh dét in [1]. N6 c¢6 doc
tinh cao, dédc tinh gay ung thu, gay hai cho suc khoe con nguoi nhu
kich tmg ¢6 hong, nguc va da [1-2]. Vi vdy, nghién ciru tim giai
phap phan hay thude nhudm tong hop néi chung va thudc nhuom
RhB noi riéng duoc coi 1a van dé cip bach. Cac nghién ctru gan
day cho thy, vat ligu multiferroic dugc coi la vat lidu tiém nang dé
giai quyét vin dé nay [3]. Vit liéu multiferroic gdm c6 nhom vat
liéu don pha va nhom vat liéu t6 hop. Co ché tuong tac di¢n - tur
trong nhom vat liéu multiferroic t hop cao hon nhiéu lan so véi
nhom vat liéu don pha nén duoc tap trung nghién ctru va ché tao
nhidu hon. Vit liéu t6 hop thuong duoc cu tao tir cac vat liéu sat
dién c6 h¢ s6 4p dién tot nhu BaTi03 va cée vat lidu st tir c6 do tir
giao cao nhu cac oxit ferit MFe,O, (M 1a Co, Zn, Ni... ).

Vit ligu sit dién BaTiO, (BTO) c6 hé s ap dién 16n, hang
56 dién moi cao... Khi pha tap thém Ca va Zr vao phan mang cua
BTO da lam thay doi dang ké tinh chat cua vat liéu nay. Nhiing
nim gan day da c6 nhiéu nghién ctru vé vat lidu 0. SBa(Zr02 08)
0,-0,5(Ba.C )TIO (BZT-BCT) [4]. Vat li¢u nay c6 hé so ap
dlen d33, dat gla tri 620 pC/N. Pic bidt, vat liéu tinh thé BZT-
BCT c6 thé dat duoc gia tri 4p dién 1én t6i 1500 pC/N. Su ton tai
cua ranh gidi pha hoa hoc (morphotropic phase boundary - MPB)
trong BZT-BCT gdp phan céi thién cac tinh chit dién moi va ap
dién cta né giup tang cudng twong tac tur dién. Rao can nang lugng
bi lam phang cho su quay phan cyc gan ving MPB gitip phan tmg
ap dién 16n hon dudi tac dong cua tir truong thong qua pha tir.
Hé s ap dién cao (d,,) cua no, tuong duong hodc thm chi vuot
troi so voi cac hé thong khong chira chi khac va gin voi PZT, la
1y do chinh [4]. Diéu nay chimg minh BZT-BCT ¢6 hé s6 ap dién
16n hon nhiéu so véi vét liéu BTO va céc loai gém ap dién khéc.
Chinh vi thé, khi pha tap Ca va Zr vao phan mang BTO da lam
tang hé s6 ap dién va thay doi tinh chat ciia vat liéu BTO ban dau.
Vit liéu BZT-BCT ngoai hé s6 ap dién va hang s6 dién moi cao,
vat liu nay con ton tai 2 phala sit dién va sit tir. NO ciing on dinh
trong pham vi nhiét do rong va cac bd phan c6 thé diéu chinh dic
tinh cua chung [4]. Dac biét, vat lieu BZT-BCT 1a vat li¢u sit dién
khong chi nén rat pht hop voi muc dich tng dung ban dau. Céc
hat nano vat liéu sat tir (MFe,0,) (M 1a Co, Zn, Ni...) da thu hat
dugc sy quan tam ddng ké nho tmg dung rdng rai clia ching trong
cac linh vuc cong nghé khac nhau [5]. Nhiing ing dung nay bao
gdm phuong tién ghi tir tinh mat do cao, cong nghiép y sinh, cam
bién co do nhay cao, thiét bi vi song va hoat dong xic tac quang
[6]. Nij Zn, Fe,0, (NZFO) ¢4 cau trac spinel nghich dao v6i tinh
di hu’()’ng thap Ngoal ra, vat liu NZFO co cic wu diém nhu do
tir tham cao, dién tro suat 1on cing dic tinh ap dién cao. Vi dai
tin rong (<2eV), NZFO thé hién hiéu sudt hap thy anh sang cao
trong pham vi tir 380 dén 760 nm, phu hop lam vét li¢u xuc tac
quang trong vung anh sang kha kién. Hop chat nay 1a mot chat
ban dan c6 do rong ving cam hep véi cac vi tri ving dan (CB) va
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ving hoa tri (VB) lan lugt ¢ khoang -0,6 va 1,28 eV [7]. NZFO
cing chimg minh kha ning phan tach tir tinh, d6 6n dinh héa hoc
va tinh chét xc tic quang [6-7]. Tuy nhién, nd cho thay phan tmg
kém véi qud trinh quang xtc tac, do sy tai hgp nhanh chong cta
cac cap 16 quang dién tir. Nho nhing dac diém ké trén, chung toi
nhan thdy NZFO 1a vt liéu ghép ndi tiém ning dé tao hé vét liéu
multierroic t6 hgp. Chinh vi véy, két hop NZFO véi BZT-BCT dé
tao ra vat liéu to hop NZFO/BZT-BCT c6 kha ning quang xuc tic
manh dugc coi 1a mot y tuong sang tao. Nhitng phat hién nay co
¥ nghia di voi céc tng dung vé vét lidu multiferroic t6 hop, nhu
dinh huéng nghién ciru trong viée xir 1y nude bi 6 nhidm thude
nhudm va cac hop chét hitu co thong qua qua trinh quang xuc tic.
Dic biét, co thé tién hanh thu hoi, tai sir dung vat liéu multiferroic
nay bang tlr trudng ngodi, gitp tiét kiém vat liéu va nang cao higu
quéa phan huy thue nhuém tong hop, nhidm giam thiéu 6 nhiém va
han ché thai kim loai nang ra moi truong.

2. Thuc nghiém
2.1. Héa chit va dung cu

Dung cu va hoa chat duoc sir dung trong qud trinh ché tao bao
gom cdi, chay ma ndo, khuén ép, thuyén nung méu, hop chia
. Vit liéu multiferroic t6 hop NZFO/BZT-BCT dugc diéu

che tu cac hoa chit bot NiO, ZnO, Fe,0 BaCO,, CaCO0,, ZrO, va
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TiO déu c6 d¢ tinh khiét cao (>99,9%).
2.2. Phurong phdp ché tao

Vit ligu multiferroic t6 hgp NZFO/BZT-BCT dugc ché tao
bing phuong phap nghién co ning lugng cao trén méiy Spex-
8000D két hop xtr ly nhiét. Pau tién, khéi lwong tién chat duoc
tinh va can theo cong thirc dé tao ra hai hop chat NZFO va BZT-
BCT riéng biét thong qua phuong phap nghién co nang luong cao
trong 1 gid. Tiép theo, hdn hop bot ciia mdi hop chit dugc nén
thanh dang vién & 4p suét 7.000 kg/cm? va nung trong 5 gios & nhiét
do trén 1000°C.

Pé tao mau NZFO/BZT-BCT, khéi luong cua cac thanh phﬁn
NZFO va BZT-BCT da dugc tinh toan va can theo xNZFO/(1-x)
BZT-BCT véi x=0; 0,1; 0,3; 0,5. Bot NZFO va BZT-BCT dugc
nghién tron k¥ theo ty 1¢ quy dinh cho vét lidu t6 hop. Sau do, hdn
hop bot thu duge dugce ép thanh dang vién ¢ ap suét 7.000 kg/cm?
va U trong 5 gio 6 700°C.

2.3. Phwong phadp phdn tich va danh gia

Céu tric tinh thé va kich thudc hat cua vat liéu téng hop duoc
khao sat thong qua gian do nhidu xa tia X (XRD) bang thiét bi
Equinox 5000 (Thermo Scientific, bitc xa Cu-K véi=1,54056 A)
va hinh anh kinh hién vi dién tir quét (SEM) thong qua thiét bi
Fe-SEM 54800 (Hitachi) twong (mg. Ngoai ra, thanh phan cua cac
nguyén t6 hoa hoc va sy phan b cac chat trong cac mau da dugce
phén tich bang thiét bi quang pho tin xa Aztec Energy (EDS) tir
Oxford Instruments (Anh). Cac dac tinh dién va tir dugc nghién
ctru thong qua dudng cong tir tré duge do trong img trén Precision
LC II Model 609 va tir ké mau rung. Tinh cht quang hoc cua vat
lidu tong hop ciing da dugc nghién ctru thong qua phd UV-Vis do
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duoc trén may quang phd UV-Vis-NIR Cary 5000. Su phan huy
quang cua dung dich RhB da danh gia hoat tinh quang xtic tac cua
vét liéu tong hop. Nghién ctru da thir nghiém 0,5 g chat to hop xtc
tac quang duoc phén tan trong 1000 ml dung dich RhB (0,5 mg/l).
Tru6e khi chiéu xa, hdn hop dung dich dugc khuay trong bong toi
trong 60 phiit dé dam bao trang thai can bang. Dé kich thich phan
ung quang xuc tdc, nghién ctru st dung den cuc tim c6 cuong do
quang thong 22 mJ/cm?, bude song 254 nm, model 30E, OAI, My.
Tét ca cac phép do dé danh gia tinh chét cia vt liéu tong hop dugc
thuc hién ¢ nhiét do phong.

3. Két qua va ban luan

Hinh 1 14 gian d6 nhiéu xa tia X cﬁa h¢ vatli€uxNi) Zn  Fe O/
(I-x) (0,5Ba(Zr,,Ti )0,-0,5(Ba Ca,,)TiO,) voi gla tr1 x khac
nhau 12 0; 0,1; 0, 3 va 0, 5 dugc ky hleu tuong tng CO, C1, C3, C5.

L kico —cCo
L ()NzZF0 —Cl
—C3

Cs

110

——NZFO

Cudng do tuong déi

20 30 40 50 60 70
2.thetha (d3)

Hinh 1. Gian dd quang phd nhiéu xa tia X ctia cac mau NZFO/BZT-BCT dwoc
do & nhiét do phong.

Két qua trén chi ra ring, miu BZT-BCT don pha duogc biéu
thi bang cac chi s6 Miller (k7). Khi ham lugng NZFO ting Ién,
cac dinh cua NZFO cang hién rd, dugc biéu thi bﬁng diu sao *)
va céc dinh lién quan dén pha BZT-BCT cho thdy xu huéng giam.
Chung toi két luan réng, ¢d sy ton tai cua ca 2 pha BZT-BCT va
NZFO trong vat liéu tong hop NZFO/BZT-BCT. Qua trinh thiéu
két cudi cing khong din dén bat ky phan tmg hoa hoc nao gitra
cdc pha. Chimg t6 qud trinh ché tao mau da thanh cong va dat yéu
cau ban dau.

Hinh thé{i va kich thudc hat ctia mau dugc phan tich bé’mg anh
SEM véi mau CO (x=0) va C5 (x=0,5) dugc do ¢ nhiét d§ phong
trong hinh 2.

(A) (B)

Hinh 2. Anh kinh hién vi dién ti quét clia mau. (A) C0; (B) C5 dwoc do & nhiét
do phong.
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Céc hat ¢ dang gia cau, kich thudc khoang 100 nm va ranh
gid1 hat c6 vé mo. Nhiéu hat nh6 két tu lai voi nhau tao thanh céc
cum 16n hon nh¢ lyc hut Van Der Waals. Ngoai ra, cac nguyén t6
hoa hoc nhu Ba, Ca, Zr Ti, O, Ni, Zn, Fe ciing dugc phan bd tuong
d6i dong déu nhu mong muon trong cac mau. Diéu nay dugc thé
hién trong 4nh xa EDX ctia mau C5 trong hinh 3.

[T
25um

Zn La1,2

e

25um 25um

Hinh 3. Hinh anh phé tia X phan tan ning lwgng ciia cac mau NZFO/BZT-BCT.

Puong cong tir tré M(H) cta cdc mau duge do ¢ nhiét do phong
dugc thé hién ¢ hinh 4. Ro rang nhan théy, tat ca cac dudng co sy
g6p mit cia NZFO déu thé hién dic tinh sit tir. Khi ham luvong pha
st tir tang dan, d6 bio hoa va do tir du cua vat lidu co xu hudng
tang dan (hinh nho chén trong hinh 4). Piéu nay dugc cho 14 do su
déng gop ciia moémen tir ciia pha sét tir NZFO, dﬁn dén cang tiang
thanh phan manh hon cta vat lidu [3, 8]. Viée b6 sung pha NZFO
khong chi gitp tang cuong céc dac tinh st tir ma con cai thién cac
dic tinh sét dién trong vat liéu tong hop.

ol — C0
— C1
20f == C3
— C5
T 10f
2
s 0
2 Or——=
Bl \ 7 S
20 S 7T o
ol Le———1
-30 01 03 05
X
T T T T
-10000 -5000 0 5000 10000
H (Oe)

Hinh 4. Bwéng cong M(H) clia cac mau NZFO/BZT-BCT dwoc do & nhiét do phong.

D6 sét dién cua hé théng vat litu NZFO/BZT-BCT duoc xac
dinh bang cach do duong cong tré sat dién (hinh 5). Tat ca cac mau
cua h¢ vat liéu multiferroic t6 hgp déu thé hién tinh chat sat dién.



GiatriP_vaP ctng tang dan duorl tac dung cua dién trudng ngoai
5 kV/em. Cu the gid tri P_tang gan 3 lan tir 0,07 1én 0,2 uC/em?
vagiatri P tang tir 0,006 1én 0,013 uC/em?, twong tng véi x=0-0,5
(dugc the hlen 10 nét trong hinh nhd chén trong hinh 5).
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Hinh 5. Bwong cong P(E) dworc do & nhiét do phong véi dién ap bén ngoai
ti da 5 kV/cm va tan s6 50 Hz cho tat ca cac mau.

Dua trén két quéa tir tt ca cic miu, 1o rang 13 mAu c6 ham
luong x=0,5 thé hi¢n tinh chat sat di¢n va sat tir tot nhat.

40
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=30
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Hinh 6. Niing lwgng viing cém ctia cac mau C0-C5.

Hon nira, sy hi¢n dién ciia NZFO trong thanh phﬁn vat liéu
lam thay doi dang ké ning luong ving cdm cua vat liéu. Cac gia
tri nang luong ving cdm (Eg) ¢ thé dugc ude tinh, nhu minh hoa
trong hinh 6. Gid tri E giam tir 3,12 xudng 2,65 eV khi x ting tir
0 dén 0,5 (dugc thé hlen 10 nét trong hinh nho chén trong hinh 6).

Cac electron trong phan 16p d ctia Ni*', Zn** va Fe** dugc phan
bd trén cac quy dao t, va e [5]. Khi co anh sang cyc tim, nang
luong can thiét de truyen dlen tir s& giam va kha nang hip thy toi
da ctia vat lidu to hgp NZFO/BZT-BCT s& chuyén sang budc song
dai hon so v6i bude song ciia BZT-BCT. Nhiing két qua nay hoan
toan phu hop v6i cac nghién ciru trude ddy vé ho vat liéu to hop
nay [4, 7, 8]. pé nghién ctru dac tinh xuc tac quang cua vat licu
nano to hgp NZFO/BZT-BCT ¢ cac nong do NZFO khac nhau,
chung t6i da thyc hién mdt thi nghiém, trong d6 chiing t6i quan
sét sy phan hily cia RhB trong nudc cting su gop mit cia hon hop
nano t6 hop dudi birc xa UV. Hinh 7 trinh bay phd hap thy cia
thudc nhuom RhB theo thoi gian chiéu tia UV khac nhau, d6i véi
tt ca mau C5 6 nhiét do phong.
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Hinh 7. Phé hép thu tia UV clia thuc nhudm RhB sau chiéu xa mau C5 & nhiét
do phong.

Sau 180 phut chiéu tia UV, nong do thudc nhuém RhB tong
hop da giam hon 99%, dan dén sy d6i mau gan nhu hoan toan
ciia dung dich. Bang cach nghién ciru kha ning phan huy xtc tic
quang, ching toi s& danh gia va so sanh hiéu suat xic tic quang
ctia cac mau hon hgp NZFO/BZT-BCT mét cach chi tiét. Qua trinh
quang xuc tac s¢ dugc danh gia dua trén toc do quang xiic tic bang
phuong trinh gia bac nhét nhu sau [8]:

—ln(i)zk xt

trong do: k la hang s toc o phan hay, t 1a thoi gian phan hiy.
Bing cach vé db thi -In (£ ) theo thoi gian phan hiy, k& dugc dinh
nghia la gid tri do dbc ciia du’cmg thang nhu trong hinh's.

/ :

0,020

0,018

min

3 0,016 o
0,014
— 01 03 05
-;-i 2r Ham luong (x) ¥
= = C0
1k + Cl
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v G5
ok
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Hinh 8. Sy phu thugc cta -In(C/C ) vao thoi gian chiéu tia UV; hinh nho thé
hién sw phu thuéc k vao ndng do NZFO (x).

Gié tri do dbc dugc trich xut cua k =0,015 phut™ (R*=0,99),
0,016 phat" (R*=0,98), 0,016 phut (R2—0 989), 0,019 phut!
(R*=0,991), twong mg véi cac mau C0, C1, C3, C5. Piéu nay chi
ra rang, sy ¢6 mat cia NZFO di lam ting cuong hoat tinh quang
xtic tac cua cac vat lidu tong hop.

Hinh 9 hién thi phd FTIR cia NZFO/BZT-BCT va RhB.
Dinh rung dong dac trung ciia RhB dugc quan sat thay ¢ 1081
va 1181 em™,
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Hinh 9. Phé héng ngoai bién déi Fourier cia NZFO/BZT-BCT, Rhodamine B
NZFO/BZT-BCT/Rhodamine B.
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Phé FTIR cho thay kha ning quang xtc tac ctia vat liéu NZFO/
BZT-BCT, 2 dudng dic trung nhét trong phd FTIR ctia RhB va cac
duong 1an can déu bi triét tiéu. Két qua suy thoai thu duoc déi voi
RhB hoan toan ¢6 thé so sanh véi két qua nghién ciru gan day. Vao
nam 2021, Y.X. Song va cs (2021) [9] da thanh cong trong viéc
phéan hity thudc nhugm tong hop RhB bang cach sir dung StTiO,.
Dung dich RhB c6 tinh xuc tc quang hoc va bi phan huy & nong
d¢ 5 mg/l. Dung dich c6 nong do cht xtc tac quang 1a 0,25 gL
Str dyng anh sang nhin thdy c6 budc séng trong anh sang bing
dén xenon, toc do phan huy cua RhB dat dugc khoang 98% sau
khi chiéu xa trong 200 phut, hang 56 k, 15 rang 1a 0,0038 phat ",
Nghién ctru nay ciing chi ra rang, viéc " thém Nd vao thanh phin
mau dan dén gia tri ciia hing s6 toc do phan hiy ting manh vao
khoang 0,0072 phut!, trong 200 phut chi ¢6 hon 87% dung dich
RhB c6 thé b phan huy [9]. Nam 2018, D.T.M. Hue va cs (2018)
[3] d4 nghién ctru kha nang phan hiy thude nhugm tong hop xanh
metylen sir dung hon hop CoFe,0, - BaTiO,. Ho phat hi¢n ra rang,
voinong do chat xtc tac 12 0,4 g/l va céc thi nghlem dugc thuc hién
dudi dén UV, toc do phan hiy cta xanh metylen dat khoang 72%
sau 180 phut chiéu xa, hang s toc do phan huy 1a khoang 0,0071
phat'. Su hién dién cia NZFO trong hon hgp NZFO/BZT-BCT
dong mot vai trd quan trong trong viéc cai thién hoat dong quang
xc tac. Sy phan huy RhB cua chat quang xtc tic dudi birc xa UV
¢6 thé tom tat nhu sau: Khi tlep x1ic vdi tia cyc tim, cdc electron bi
kich thich véi dii nang luvong dé chuyén tir ving hoa trj sang ving
dan. Qua trinh nay tao ra cac cdp electron- 16 trong. Céc electron va
16 trong sau do di chuyen 16n bé mit, ngin can chung tai hop. Trén
bé mit chat ban dan, phan tng giita electron va 16 trong voi oxy
va nudc trong khong khi tao thanh cac ge superoxide anion (-0%)
va gbe hydroxyl (-OH). Nhiing loai phan (g nay c6 thé phan hiry
cac chat 6 nhiém hitu co trong méi truong thanh cac vét liéu an
toan, ching han nhu nu6c va carbon dioxide.

4. Két luan

Vit liéu multiferroic composit Nij Zn, Fe,0,/0,5Ba(Zr,Ti, )O,
-0,5(Bag,Ca, ,)TiO, dugc tao ra bing phuong phap nghién co nang
luong cao ket hop xur Iy nhiét. Cac phép do XRD da cho thay sur
ton tai doc 1ap giita cac pha NZFO va BZT-BCT trong vét liéu tong
hgp NZFO/BZT-BCT. Do phan cyc dién va tir hoa cta vét liu to
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hop dugc nhan thiy 1a cai thién khi ting ham lwong NZFO. Hon
nira, hoat tinh xic tac cua vat liéu téng hop NZFO/BZT-BCT dudi
anh sang cuc tim cao hon dang ké so v6i BZT-BCT nguyén chat.
Su phan hity thuc nhuém RhB ciia vét ligu tong hop NZFO/BZT-
BCT dat khoang 99% sau khi tiép xiic vi birc xa UV trong 180
phut. Nhig vét lidu t6 hop nay ¢6 thé dugc thu hdi dé dang bang
cach st dung tir truong bén ngoai, cung cap phuong phap thu hoi
dO'n gian. Hon nira, vige giém dang ké nang lugng do rong ving
cAm va ting cuong hiing s6 toc d phan huy (k) da chimg minh vai
tr ctia pha sit tir NZFO trong vét lidu t6 hop nay. Nhu’ng két qua
ndy cho thay vat liéu t6 hop NZFO/BZT-BCT ¢6 tiém ning 16n
trong viéc phan hiy thudc nhudm hiru co tong hop va xir 1y nude
bi 6 nhiém duéi tia cuc tim.

L1 CAM ON
Nghién ciru nay duoc tai tro boi Quy Phat trién Khoa hoc va

Cong nghé Qudc gia (NAFOSTED) trong dé tai ma s 103.02-
2021.145. Nhom tac gid xin tran trong cam on.
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Tién xit f mwde thai so ché cao su thién nhién tach protein va danh gia kha ning
xit Iy sinh hoc ky khi mrGc thdi sau tién xir ly

Tran Minh Pirc, Tran Phuwong Thao, Pam Thuy Hz"lng, Nguyén Lan Huwong"
Truong Hoa va Khoa hoc Su séng, Pai hoc Bach khoa Ha Ngi, sé 1 Dai Co Viét, phuwong Bach Mai, Ha N¢i, Viét Nam
Ngay nhan bai 8/1/2025; ngay chuyén phan bién 9/1/2025; ngay nhan phan bién 26/1/2025; ngay chép nhan dang 30/1/2025

Tom tit:

Nuwdée thai tir qua trinh so ché cao su thién nhién tach protein (DPNR) cé tinh kiém, ham lwgng 6 nhiém hiru co cao,
dac biét c6 chira cac hop chit khé phén huy nhu sodium dodecyl sulfate (SDS), aceton, cao su dw dang huyén phu.
Cac hgp chit trén khién nuwéc thal so' ché DPNR khé c6 thé xir ly sinh hoc theo cac cong nghé hién tai. Do do, nghién
ctru nay dé xuat phuong an tién xir ly nwée thai so ché DPNR bang cac chit keo tu nhw CaCl va Poly Aluminium
Chloride (PAC) truéc khi xir ly sinh hoc. Két qua cho thay, khi sir dung CaCl, hodc PAC o nong do lan lwgt 1a 4 va
10 g/l c6 kha nang loai bo chat ran lo lirng va SDS trong nuwéc thai so che DPNR Trong dé, & nong do CaCl, 4 g/l co
kha nang thu hdi cao su dur tot nhat. Hiéu qua loai b6 COD, SDS, chat rin lo lirng (TS), nito tong (TN) va N- NH lan
lwgt dat 92,0; 98,8; 90,1; 58,8 va 64,1%. Nudc thii sau qua trinh tién xir ly dugce pha loing khodang 15 lin, va du’o’c
danh gia kha ning xir Iy sinh hoc biang bun ky khi ¢é hi¢u qua loai b6 COD dat 48,4% sau 7 ngay tai COD ban dau
la 99444 mg/l, v6i lwgng CH, sinh ra 125,4 ml/l.

Tir khéa: natri dodecyl sulfat, nwée thai so ché cao su thién nhién tach protein (DPNR), tién xir Iy, xir Iy sinh hoc ky
khi.

Chi s6 phén logi: 2.4,2.7,2.8

Pretreatment of deproteinised natural rubber wastewater and evaluation of
its anaerobic treatment performance

Minh Duc Tran, Phuong Thao Tran, Thuy Hang Dam, Lan Huong Nguyen®
School of Chemistry and Life Sciences, Hanoi University of Science and Technology, 1 Dai Co Viet Street, Bach Mai Ward, Hanoi, Vietnam
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Abstract:

Deproteinised natural rubber (DPNR) wastewater has a high pH and contains high concentrations of organic
compounds, particularly biodegradation-resistant compounds such as sodium dodecyl sulfate (SDS), acetone,
and suspended residual rubber particles. These compounds hinder the biological treatment of DPNR wastewater
using conventional methods. Therefore, this study proposes a pre-treatment method for DPNR wastewater using
coagulants such as CaCl, and Poly Aluminium Chloride (PAC), prior to biological treatment. The results indicate
that using CaCl, or PAC at concentrations of 4 and 10 g/, respectively, effectively removes suspended solids and
SDS from the DPNR wastewater. Among these, CaCl, at a concentration of 4 g/l achieved the best residual rubber
recovery. The removal efficiencies for COD, SDS, total suspended solids (TS), total nitrogen (TN), and N-NH,* were
92.0, 98.8, 90.1, 58.8, and 64.1%, respectively. After pre-treatment, the wastewater was diluted approximately 15
times and evaluated for its anaerobic biodegradation potential, showing a COD removal efficiency of 48.4% after 7
days at an initial COD of 994+4 mg/l, with a methane production of 125.4 ml/l.

Keywords: anaerobic treatment, deproteinised natural rubber wastewater, pre-treatment, sodium dodecyl sulfate.

Classification numbers: 2.4,2.7, 2.8
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1. Dat van de

Cao su thién nhién ¢6 cc wu diém néi trdi vé do dan hoi, do
bén co hoc cao, va than thién véi moi truong nén du co gid cao
hon cao su nhan tao van dugc sir dung nhiéu trong cc nganh
cong nghiép va doi song [1]. Tuy nhién, protein trong cao su
thién nhién c6 thé gy di tmg cho ngudi sir dung, dic biét 1 trong
cac san phim y té nhu ging tay, hay cac dung cu phiu thuat.
Nhiam dam bao an toan cho nguoi st dung, cic nghién ciru so
ché DPNR bing phuong phap hoa hoc hoic enzyme da dugc thuce
hién [2]. Viéc tach protein ciing gilp cao su thién nhién mém
hon, tao mang t6t hon, phi hop dé img dung trong y dugc [3, 4].
Mot trong céc phuong phap hiéu qua dé loai protein khoi cao su
thién nhién 1a st dung ure, aceton va chit hoat dong bé mat ion
am SDS két hop v6i qua trinh @ va ly tam [5]. Tuy nhién, cac hop
chét trén cling v6i protein va cao su con sot lai trong nudc thai
tir qua trinh so ché DPNR s& gdy 6 nhiém moi truong néu khong
dugc xu ly.

Hién nay da c6 rat nhiéu nghién ctru vé xur Iy nude thai so
ché cao su bang phuong phap sinh hoc, dac biét 1a xt 1y ky khi,
vira han ché mui hoi, vira thu hdi dugce nang luong dudi dang
khi metan [6], tuy nhién véi nudc thai so ché DPNR thi con kha
han ché do thanh phan nu6c thai kho phan huy. Do c6 chét hoat
dong bé mat nhu SDS, céc hat cao su duge phan tan on dinh va
khong thé danh dong hiéu qua. Hon nita, SDS ciing gy trc ché
sinh truong cua vi sinh vat [7, 8], do do, viéc loai bo SDS khoi
nudc thai so ché DPNR 1a can thiét dé tiép tuc xir 1y sinh hoc ky
khi. Phuong phap keo tu bing cac chét keo tu cation 1a mt trong
cac phuong phap hiéu qua dé loai bo chat hoat dong bé mit ion
am nay. M. Hatamoto va cs (2012) [9] da sir dung CaCl, lam chat
keo tu dé tién xur 1y nudc thai so ché DPNR sau khi trung hoa
pH vé 7. Phan cao su du va SDS dugc loai bo bang cach bo sung
CaCl, véi ty 1¢ Ca**/SDS va Ca?*/khéi lugng cao su twong mg 1a
0, 070 va 0,055. Sau d6, cac chat hitu co trong nudc thai so ché
DPNR duoc chuyén héa ky khi thanh khi metan trong hé théng
xur 1y ky khi véi dong chay nguge qua 1ép bun hoat tinh (Upflow
Anaerobic Slugde Blanket - UASB), v6i hiéu qua loai COD cao
nhat dat 92,2+1,7% véi tai trong hitu co 1a 6,8+1,8 kgCOD/m’/d
va thoi gian lwu nude 13 12 gio. Ngoai ra, viée bo sung Ca?*, hod
chét chira ion A, nhu PAC ((TAL(OH) CI ] ) ciing dugc st
dung phd bién trong xtr Iy nudc thal PAC chua jon AI* ¢6 thé
trung hoa cac hat lo I[tng mang dién tich am, gitip chung tao bong
va két tia, dé dang loai bo khoi dung dich. Uu diém ciia céc hop
chét chtra nhom 1a kha ning két keo tu cao, it doc, chi phi thap, d&
dang kiém soat trong qua trinh keo tu [10, 11]. PAC da dugc tng
dung trong xir Iy nudc thai cong nghiép cao su dé lam chat keo
tu, v6i cac ndng do tir 200 toi 1250 mg/l két hop véi didu chinh
tang pH bang NaOH t6i 7,0 hoic Ca(OH), t6i 6,5 trong nghién
ctu cua I.P. Wimalaweera va cs (2024) [12], hi¢u qua loai COD
10-55% va TSS 30-60%. Tuy nhién, do quy trinh so ché DPNR
¢6 b sung cac hod chat nham loai bo protein, nén nudc thii so
ché DPNR c6 pH kiém va c6 chita SDS ciing nhu ham lugng 6
nhiém nito cao hon so v6i nu6e thai cong nghiép cao su thong
thuong, vi vAy can co thém nghién ciru vé tmg dung ctia PAC
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voi nuée thai so ché DPNR. Bén canh do, nham ting hiéu qua
loai protein, O. Chaikumpollert va cs (2012) [5] da st dung thém
aceton lam dung moi dé tang kha ning két tia protein, ngoai SDS
va ure. Nghién ctru ciia N.P.H. Dao va cs (2023) [13] da danh gia
kha nang phan huy aceton ky khi & ngudng 0,05; 0,1; 0,15 va
0,25% trong nudc thai cao su nhan tao khi tron cung acetate va
proplonate dong thoi nhan thay aceton kho phan huy nhat trong
ba ngudn hitu co, va chi c6 thé phan huy lugng nho sau khi bo
sung thém Fe,O,. Nhung nghién ciru ndy chura danh gia duoc kha
nang phan huy trong nuée thai so ché DPNR thyc té khi ¢6 1dn
hoa chat khac nhur SDS va ure.

Hién nay, ngoai nghién ctru cua M. Hatamoto va cs (2012) [9]
vé& tién xtr Iy va xtt Iy sinh hoc nudc thai so ché DPNR chira SDS
vanghién ctiru cia N.P.H. Dao va cs (2023) [13] vé xir ly sinh hoc
nuée thai so ché cao su thién nhién chira aceton, chura c6 nghién
ciru ndo vé tién xir Iy va xir 1y sinh hoc v6i nude thai so ché
DPNR chira ca SDS va aceton. Chinh vi vy, nghién ciru nay tap
trung tim ra phuong 4n tién xtr 1y hidu qua cho nudc thai so ché
DPNR chira céc chat 6 nhidm khé phan huy 1a SDS va aceton tir
d6 danh gia kha nang xir 1y sinh hoc cia nudc thai sau tién xir y.

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

Mii cao su thién nhién c6 ham luong chat kho 60% la san phim
thwong mai ciia Cong ty CO phin cao su Merufa, dugc st dung
1am nguyén lidu thd dé so ché, tao cao su DPNR theo quy trinh cia
T.T. Nghiem va cs (2022) [3] va nudc thai tir qua trinh nay dugc
thu hdi ding trong nghién ctru nay. Thi nghiém duoc tién hanh tai
Phong Thi nghi¢m thu¢c Trung tdm Khoa hoc va Cong nghé¢ Cao
su, Truong Hoa va Khoa hoc sy séng, Dai hoc Bach khoa Ha Noi.
Nudc thai so ché DPNR dung trong nghién ctru nay dugc thu hoi
sau cac lan ly tm va chira trong binh 5 1, bio quan & tu 4°C. Céc
thong s6 ddc tinh nude thai so ché DPNR duge md ta ¢ bang 1.

Bang 1. Dic tinh nwéc thai so ché cao su thién nhién héa thach.

Nudre thii so ché DPNR QCVN 01 - MT:2015/BTNMT [16]

Thong sb M. Hatamoto

Nghién ciru nay vi ¢s (2012) [9] Logi A Logi B
pH (mg/l) 10,240,1 10,30,1 6-9 6-9
COD (mg/l) ~ 190300+39300 131700431700 75 (a) 100 (b) 200 (a) 250 (b)
TS (mg/l) 52700+1300 499008880 50 100
TN (mg/l) 6700+700 3620+840 40 (a) 50 (b) 60 (a) 80 (b)
N-NH,"(mg/l) 1121+298 1710410 10 (a) 15 (b) 40 (a) 60 (b)
SDS (mg/l)  3517+104 6570+3280

(-) khdng ép dung, (a) danh cho co' s& mai, (b) danh cho co s& dang
hoat déng, cét A: quy dinh gia tri cda cac thong s 6 nhiém trong nwéc
thai so' ché cao su thién nhién khi xa ra ngudn nwéc dwoc ding cho
muc dich c&p nuwéc sinh hoat; Cot B: quy dinh gi tri clia cac thong sb &
nhiém trong nwéc thai so ché cao su thién nhién khi xa ra nguén nwéc
khong diing cho muc dich cap nwéc sinh hoat.



Bun ky khi cho danh gia kha nang phan huy sinh hoc cua nuée
thai so ché DPNR sau tién xtr 1y dugc lay tir h¢ thong UASB tai
phong thi nghiém ¢ Trung tdm Khoa hoc va Cong ngh¢ Cao su,
Truong Hoéa va Khoa hoc su séng, bai hoc Bach khoa Ha Noi.
Nong do chit rin lo limg (MLSS) va ndng do chat ran lo limg bay
hoi (MLVSS) ctia bun lan lugt 1a 27770 va 17460 mg/l. Hon hop
bun sau dong hoa mang di ly tam vai toc do 6000 vong/phut, 10
phiit & 4°C. Bun duoc rira bang dém phosphate ba lan, bo phan
dich trong co chat hiru co sin trong bun, thu hdi bun. Bun sau rira
duoc pha lodng bang dém phosphaste dén MLSS 1000 mg/l.

2.2. Nghién civu diéu kién tién xit Iy nwéc théi so ché DPNR

Lua chon hoa chat tién xir 1y: Nudc thai so ché DPNR duoc tién
xtt Iy bude dau bing hod chét keo tu CaCl, hoac PAC ([AL,(OH)
Cl(, 5 26-30% ALO,), theo cac ham luorng lan luot 14 5; 10; 15
va 20 g/l. Lan luot bo sung chat keo tu vao 50ml nudc thai so ché
DPNR, khudy trong 5 phiit va dé yén trong 12 gio. Bu6c dau, chat
keo tu voi ham lugng cho hi¢u qua loai bo chét rén cao nhit dugc
Iya chon dé thyc hién thi nghiém tiép theo. Sau d6, tién hanh thi
nghi¢ém gidm ham luong chat keo tu PAC 6 5; 7; 9; 10 mg/l va
CaCl, ¢ 3; 4; 5 mg/l va rat ngan thoi gian i hod chat xudng 3 gio
va 1 gio dé tim dugc diéu kién tién xir 1y toi wu nhét.

Sau tién xu Iy, cac miu duogc loc bing gidy loc, phan nudc
sau loc véi thé tich nhat dinh dem siy kho trong cbe say dén khoi
lugng khong d6i. Cac mau duogc 1ap lai ba lan. Céc mau thi nghiém
duoc danh gia hiéu qua loai bo chét ran theo céng the (1).

Hiéu qua loai bo chét rin (%) = ——= x 100

(1)

trong do: m: Ham lugng chat ran trong nuée thai so ché DPNR
(mg/l); m;: Ham lugng chat ran trong nudc thai so ché DPNR sau
tién xir ly va loc (mg/l), nudc thai thu duoc sau qué trinh tién xir Iy
voi diéu kién da t6i wu (chat keo tu voi ham lugng it nhat va thoi
gian i ngén nhét) duogc dem di phan tich céc thong s pH, COD,
BOD, SDS, TS, TN, va N-NH,".

2.3. Danh gia khd ndng xi ly sinh hoc ky khi nwoc thdi so
ché DPNR sau tién xir ly

Kha ning xir ly sinh hoc bing bun hoat tinh dbi v6i nudc thai
so ché DPNR sau tién xir I duoc xac dinh théng qua hiéu qua loai
COD va lugng khi CH, sinh ra khi nuoi trong binh ky khi dyra theo
phuong phdp cua H. Harada va cs (1994) [14]. Tong thé tich ciia
moi binh ky khi Ia 120 ml, chita 25 ml nudc thai so ché DPNR sau
qué trinh tién xtr 1y duoc pha loang 15 1an t6i COD khoang 1000
mg/l va 25 ml bun giéng (MLSS 1000 mg/l). Nudc thii so ché
DPNR dugc pha lodng nham giam ham lwong 6 nhiém, phu hop
khi khoi dong hé thong xir 1y ky khi. Mau kiém chimg chi chira
50 ml nudc thai so ché DPNR sau tién xtr 1y. Cac binh nay duoc
day kin bang niit nhom va nut cao su, diéu chinh pH dén 7,0 bang
NaOH 0,5 M hogc HCI 0,5 M va loai oxy bang suc khi nito trong
2 phut. Cac mau dugc lap ba lan, nuéi lic 120 vong/phit ¢ nhiét
d6 35°C. Thé tich khi sinh ra va thanh phan khi dugc xac dinh 24
gio/lan t6i khi khong thay khi sinh thém thi xéc dinh COD con lai
trong binh.
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2.4. Phwong phdp phén tich

pH dugc xac dinh bang may do pH meter (Sartorius, Nhat
Ban). COD, TN va N-NH," dugc phén tich bing cach st dung bo
kit (Hach, M¥) lan luogt theo phuong phap chhromate Persulfate
Digestion va Nessler sir dung may pha mdu DRB200 va méy so
mau DR2800. Ham lugng SDS dugc xac dinh bang cach st dung
kit PONAL KIT-ABS (Dojindo, Nhat Ban). TS dugc xac dinh
bang ham luong chit rin con trong cdc sdy sau khi sdy mot lugng
thé tich nudc thai nhat dinh & 105°C t6i khéi luong khong ddi [15].
MLSS dugc xéc dinh bang ndng d bin co trong mot thé tich nhat
dinh sau khi sdy ¢ 105°C t6i khéi lugng khong doi, MLVSS dugc
x4c dinh bang ndng do cht bay hoi c6 trong bin trong mot thé tich
nhét sau khi nung 6 600°C t6i khdi luong khong dbi. Cac budc xac
dinh MLSS va MLVSS 1a dugc thyc hién theo quy trinh [15]. Thé
tich khi sinh ra duoc do bang xi lanh thuy tinh va thanh phan khi
duoc xac dinh bing may séc ki khi GC-8A (Shimazu, Nhat Ban).

3. Két qua va ban luan
3.1. Dic tinh nwdc théi so ché DPNR

Pic tinh nude thai so ché DPNR duoc danh gia va so sanh
voi nghién ctru cua H. Hatamoto va cs (2012) [9] cling nhu quy
chuin xa thai cua nudc thai so ché cao su thién nhién (QCVN 01-
MT:2015/BTNMT) dugc thé hién ¢ bang 1. SO lidu trong bang
1 cho théy, nude thai so ché DPNR c¢6 mirc do 6 nhiém cao, pH
trong nudc thai dat 10,2+0,1. COD, TS va TN trong mau phan
tich lan lugt dat 190300+£39300; 52700+1300 va 6700£700 mg/l
cao hon so voi nghién ctru cia M. Hatamoto va cs (2012) [9]. Ly
do c6 thé gii thich 14 ¢6 thé do su khac nhau vé quy trinh so ché
DPNR ciing nhu loai cao su thién nhién st dung trong hai nghién
ciru. Trong nghién clru nay, aceton dugc b sung vao DPNR dé
tang kha ning loai protein trong qua trinh xuat DPNR dan dén su
gia ting COD va TN, ¢6 thé 1a aceton du va protein tach tir cao su
thién nhién. Trong khi do, ham lugng SDS 1 3517104 mg/l thip
bang nura so voi nghién ctu cia M. Hatamoto va cs (2012) [9].
Nhin chung, ca hai miu nudc thai déu c6 muc do 6 nhiém 16n vi
vay nude thai so ché DPNR can duoc xir Iy trude khi di vao ngudn
tiép nhan dé c6 thé dat cac thong s quy dinh xa thai theo QCVN
01-MT:2015/BTNMT [16].

3.2. Nghién ciru diéu ki¢n tién xik Iy nwéc thii so ché DPNR

Nghién ctru nay sir dung céc chét keo tu dé loai bo phan chat
ran. Két qua tién xir Iy nude thai so ché DPNR sir dung PAC hodc
CaCl, ¢ cac ham luorng khac nhau dugc thé hién trong hinh 1. O
ham hmng hoa cht tién xir Iy 1a 5 g/l hiéu qué loai bo chét rin
& mau sir dung CaCl, thu dugce 1a 16n nhat dat 97,7% va hiéu qua
khong tang 1én du tang ham luong CaCl,. Trong khi do khi bo
sung 5 g/l PAC, hidu qué loai chat ran chi dat 16,1%. Khi taing ham
lugng PAC 1én 10 g/I, hiéu qué chét rin dugc loai bo dugc ting
1én 10 rét té1 96,8%. Nhin chung, ham lugng PAC 10 g/l va CaCl,
5 g/l tr6 1én 1a hiéu qua trong tién xir Iy nudc thai so ché DPNR
Tuy nhién, muc ti€u ctia nghién ctu la lya chon hoa chit c6 kha
ning loai b chat rin cao trong khi ham luong hod chit sir dung
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thap. Vi vdy, 6 thi nghiém tiép theo, tién hanh danh gia kha ning
tién xtr ly nude thai so ché DPNR cua PAC ¢ ham lugng thap
hon 10 g/l hoac CaCl, ¢ ham lugng thap hon 5 g/l
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40 r

2

Higu qui loai chit rin (%)

Ham hrong (g/L)
OPAC @ CaCl,

Hinh 1. Hiéu qua loai chét ran (%) ctia cac mau nwérc thai sau khi tién xi Iy véi
PAC va CaCl, & cac ham lwong 5; 10; 15 va 20 g/l sau 12 gié.

Hiéu qua loai bo chét rén cta cac miu nude thai sau khi tién
xu 1y voi PAC<10 g/l va CaCl<5 g/l sau 12 gi¢ dugc chi ra trong
hinh 2.
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Hinh 2. Hiéu qua loai chét ran (%) ctia cac mau nwérc thai sau khi tién x Iy véi
PAC < 10 g/l (A) va CaCl, < 5 g/l (B) sau 12 gié.

Khi ting ham lugng PAC tir 5 dén 7 g/l hiéu qua loai bo chat
ran dugc cai thién ting tir 16,1 dén 30,8% va tang t6i 60,2% ¢ ham
luong PAC sir dung 1a 9 g/I. Tuy nhién, hiéu qua loai bo chat rin
ciia miu nudc thai so ché DPNR tién xtr 1y v6i PAC van dat cao
nhit 6 ham luong PAC su dung 1a 10 g/I. Trong khi do, voi mau
nude thai so ché DPNR tlen xu ly v6i CaCl, ¢ ham lugng 3; 4 va
5 g/l hiéu qua loai bo chat ran dat 86,8; 98 7 va 97,7%. Nhu vay,
véi mau CaCl, ¢ ham luong 4 g/l trong duong ham lugng Ca* la
1441 mg/l cho hiéu qua loai chat ran trong nudc thai so ché DPNR
tot nhat. Ty 1& Ca/SDS, . . trong nghién ctru nay 1a 0,42 (g/g),
trong khi ty 1€ nay ¢ nghién ciru ciia M. Hatamoto va cs (2012) [9]
12 0,36 (g/g) (tinh tir 2380 mgCa?"/1 loai dugc 6570 mgSDS/1). Vi
aceton 1a dung modi ky nu6c, nén sy ton tai ciia aceton trong nudc
thai ¢6 thé dan dén nhimg thay doi vé tinh ky nudc cia cac chat
ran lo limg trong nudc thai so ché DPNR. Tinh ky nudc ting c6 thé
dan dén giam twong tic véi cac chit keo tu dang ion nhu PAC va
CaCl,. Ngoai ra, trong qua trinh thi nghiém, nhén thiy cao su thu
hdi sau loc cua khi bo sung CaCl, van mau tring va giit duoc do
dan hoi, trong khi b6 sung PAC cao su ¢6 mau vang va cimg (hinh
3). Trong san xuét cao su, CaCl ,ngoai dong vai tro 1a cht keo tu,
con la chat on dinh, chat lam dac chat dleu chinh pH va chét hut
am [17]. Vi véy lua chon CaCl, 4g/l dé tién xu Iy nude thai so ché
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DPNR. B¢ t6i uu phuong an tién xir ly, thoi gian 0 mau tiép tuc
duoc rit ngan tir 12 gio xudng con 3 gio va 1 gio. Két qua cho thay,
thoi gian 0 mau 1 gio 1a du dé phan 16p cao su trong dung dich va
¢6 thé loc loai bo chat ran.

(A) (B)

Hinh 3. Chat ran thu héi sau tién xi Iy véi PAC (A) va CaCl, (B).

biéc tinh nuéc thai so ché DPNR sau qué trinh tién xu 1 véi
CaCl, 4 g/l dugc thé hi¢n ¢ bang 2.

Bang 2. Dic tinh nwoc thai so ché DPNR sau tién xi ly.

Nude thii so'ché DPNR M. Hatamoto va cs (2012) [9]

Thong  sau tién xir I trong nghién ciru ndy

% g:;,’l’t’r",:ﬁ M) g;’; Is’j‘”’g M, o qui (%)*
pH 8,8+0,1 6,5+0,1

COD 152104761 92,0+2,5 9690380 92,6

SDS 566 98,8+0,1 0 100,0

TS 52001800 90,1434 33200+5340 335

N 27584358 58,8453 26004250 282

N-NH,” 252849 64,1£0,3 17504340 2,3

_ Tinh toan dya trén ham luong cua cac thong s0 trudc va sau
tien xur ly trong nghién cuu cua M. Hatamoto va cs (2012) [9].

Bang 2 chi ra rang, cac thong s6 pH, COD, SDS, TS, TN
va N-NH," trong nudc thdi sau tién xur ly da giam di dang ké
50 v6i nudce thai ban dau, tuy nhién van vuot qua QCVN 01-
MT:2015/BTNMT. Hi¢u qua loai bo TS, TN va N-NH,* 1an luot
dat 90,1; 58,8 va 64,1%, cao hon nghién ctru cia M. Hatamoto
va cs (2012) [9] véi hi¢u qud loai bo TS, TN va N-NH,* lan
luot 1a 33,5; 28,2 va -2,3%. Tuy nhién, hiéu qua xtit Iy COD
(92,0£2,5%) va SDS (98,8+0,1%) chua cao bang nghién ctru
trude cia M. Hatamoto va cs (2012) [9], COD - 92,6%, SDS -
100%. Céc thong s ctia nude thai so ché DPNR sau tién xir Iy
van con vuot qua QCVN 01-MT:2015/BTNMT [16], ham luong
0 nhlem hitu co va nito trong nude thai con kha cao, can dugce
tiép tuc xur 1y trude khi thai ra méi truong. Phuong phap xu ly
sinh hoc béng h¢ vi sinh vat ky khi da duogc st dung rong rai
d6i voi nudc thai cao su thién nhién [6, 18], nén nghién ciru nay
s& tiép tuc danh gia kha ning xir 1y ky khi ctia nudc thai so ché
DPNR sau tién xir Iy.

3.3. Danh gia hiéu qua xi ly ky khi nwoc thdi so ché DPNR

Nuéc thai so ché DPNR sau khi tién xir Iy voi CaCl, 6 ham
lugng 4 g/l trong 1 gid duoc danh gid kha nang xtr 1y ky, khl Két
qua dugc chi ra ¢ hinh 4.

M
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Hinh 4. Thé tich khi CH, sinh ra (A) va hi¢u qua chuyén héa COD (B) sau 7 ngay
x ly ky khi nwéee thai sau tien xcv ly.

The tich khi CH, sinh ra khi 1 ky khi nu¢c thai so ché DPNR
sau tién xir 1y ting dan theo thoi gian khao sat. Sau 24 gio dau
tién, thé tich CH, do duoc 1a 58,4 ml, roi tiép tuc ting dan cho den
ngay thir 4 va khong sinh thém khi nhiéu. Trong khi do, vdi miu
kiém ching khong phat hién CH, duoc sinh ra (hinh 4A). COD
trong mau kiém ching, tir ngay 0 den ngdy 7, giam nhe chi 7,7%.
Trong khi do, voi miu nudc thai so ché DPNR sau tién xir Iy COD
giam tir 994+4 mg/1 con 502,5+22,5 mg/l, dat hi¢u qua 48,4% sau
7 ngay khao sat. Nu6c thai so ché DPNR sau tién xtr 1y co COD
khé xtr Iy ¢6 thé bao gdm aceton, SDS du va céc hop chat hitu co
khéc trong cao su thién nhién. Trong d6 aceton rit kho phan huy
sinh hoc, N.P.H. Dao va cs (2023) [13] ciing quan sat thiy trong
cac chat hitu co co thé c¢o trong DPNR, chi aceton 1a khong thé
chuyén ho thanh CH, sau 5 ngay nuoi ky khi tai 35°C. Do do,
lugng COD con lai chua thé chuyen hoé thanh khi CH, sau 7 ngay
nudi trong nghién ctru nay ¢6 thé la aceton con du trong nudc thai.
N.P.H. Dao va cs (2023) [13] dé xuat bo sung thém cht dan dién
nhu Fe,O, giup d4y manh qua trinh metan hoa.

4. Két luan

Nghién ciru ndy da sir dung phuong phap két tiia hoa hoc dé
tién xir Iy nudc tha1 so ché DPNR bang CaCl, va PAC. Két qua chi
ra phuong 4n tién xir Iy bang cach bo sung CaCl 1a kha thi nhét
¢ ham lugng 4 g/l CaCl,, hi¢u qua loai SDS va chat ran lan lugt
1a 98,8% va 90,1%. Ben canh d6, chat hiru co c6 trong nudc thai
so ché DPNR sau tién xir Iy di dugc pha loang 15 lan, duoc phan
huy ky khi loai bo 48,4% COD chuyén thanh khi metan sau 7 ngay
kho sat. COD con du nhung khong thé thu hi dudi dang khi CH,
¢ thé 14 aceton khé phan huy. Céc nghién clru vé anh huong cua
aceton va SDS c¢o trong nu6c thai so ché DPNR véi hé thong xir
1y sinh hoc can duoc tiép tuc danh gia toan dién trong cac nghién
ciru tiép theo, v6i hé thong xir 1y lién tuc va ting dan tai trong xir
1y, toi khi dat duoc ham luong 6 nhiém cao nhu nu6c thai khong
pha loang.

Nghién ctru nay dugc tai trg boi Quy Phat trién Khoa hoc va
Cong nghé Qudc gia (NAFOSTED) trong dé tai ma s6 106.04-
2021.58. Bén canh do, c4c tic gia cam on sy hd trg miu nude thai
va céc thiét bi phan tich cua du an INBERBON dugc tai trg boi
JICA va JST, Nhat Ban.
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Toi wu héa diéu kién chiét xufit polyphenol toan phan ti rau cang cua
(Peperomia pellucida) bang phuwong phap dap img be mat

Nguyén Thi Bach Tuyét’, Hoang Thi Phuong Lién
Trieong Pai hoc Nguyén Tat Thanh, 3004 Nguyén Tt Thanh, phwong Xém Chiéu, TP. Ho Chi Minh, Viét Nam
Ngay nhén bai 10/7/2024; ngay chuyén phan bién 12/7/2024; ngay nhan phan bién 5/8/2024; ngay chip nhan ding 9/8/2024

Tém tit:

Rau cang cua (Peperomia pellucida) 12 mdt dwoc liéu tiém ning véi thanh phan ndi bat 13 hop chét polyphenol.
Thanh phin nay c6 kha ning chong oxy hod, diéu tri cic bénh viém, chong loét da day, ung thw. Nghién ciru dwgc
thwe hién nham t6i wu héa diéu kién chiét xuit hop chét polyphenol tir rau cang cua (RCC) va danh gia hoat tinh
chdéng oxy héa in vitro, sir dung phwong phap dap tng bé mit véi sw hd tro ciia phan mém Design Expert. Nghién
ciru tién hanh t6i wu ho4 4 yéu t6: ndng dd ethanol, ty 1& dwoc liéu/dung méi, thoi gian siéu 4m, s6 1in siéu Am. Bing
phwong phap quy hoach thuce nghiém, nghién ciru da xdy dung dwgc phwong trinh hdi quy mé ta moi quan hé giira
ham luwong hop chit polyphenol va cic bién tdi wu, véi hé s6 hoi quy R? 1a 0,8414 va gia tri p<0,0001. Pong thoi
du doin ham lugng hop chit polyphenol tdi da dat dwoc 1a 9,765 mg GAE/g chit khd & cac gia tri yéu t6: nong d
ethanol 36%, ty 1¢ dworc li¢u/dung méi 1a 1/12,93 g/ml, thoi gian siéu 4m la 26,53 phit, s6 1in chiét 13 3 1in. Hoat tinh
chdng oxy hoa véi gia tri IC,, trung binh la 382,91 pg/ml.

Tir khod: dap ing bé mit, polyphenol, rau cang cua, téi wu hoa.

Chi 56 phin loai: 2.4,2.8, 3.4

Optimisation of the extraction conditions of polyphenol compounds from
Peperomia pellucida and evaluation of in vitro antioxidant activity

Thi Bach Tuyet Nguyen®, Thi Phuong Lien Hoang
Nguyen Tat Thanh University, 3004 Nguyen Tat Thanh Street, Xom Chieu Ward, Ho Chi Minh City, Vietnam
Received 10 July 2024; revised 5 August 2024; accepted 9 August 2024

Abstract:

Peperomia pellucida is a potential medicinal herb, with polyphenol compounds being its prominent ingredient. This
ingredient has been shown to possess antioxidant properties, and to exhibit inflammatory, anti-ulcers, and anti-cancer
activities. To obtain the extract with the highest polyphenol content, this study was conducted to optimise extraction
parameters affecting polyphenol compounds from Peperomia pellucida and evaluate its antioxidant activity. Based
on the response surface methodology according to Design Expert 11.0 software, this research was conducted to
optimise the four independent variables, such as ethanol concentration, material-solvent ratio, ultrasonic time, and
number of ultrasonics. The response surface methodology model described the relationship between the reasonable
polyphenol content and the priority level of variables, with a recovery coefficient R? of 0.8414 and p<0.0001. The
model predicted the maximum polyphenol content achieved was 9.765 mg GAE/g dry matter at the factor values:
ethanol concentration of 36%, material-solvent ratio of 1/12.93 g/ml, time of 26.53 mins, and number of ultrasound
extractions of 3. Antioxidant activity with an average IC, value of 382.91 pg/ml.

Keywords: optimisation, Peperomia pellucida, polyphenol, response surface methodology.
Classification numbers: 2.4, 2.8, 3.4

“Tac gia lién hé: Email: ntbtuyet@ntt.edu.vn
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1. it van de

Trong nhiing ndm gan day, vi¢c st dung thudc va cac san pham
tir duge li¢u dé bao vé stic khoé ngay cang gia tang. Boi vi duge
liéu thuong kha an toan va chira nhiéu thanh phan c6 hoat tinh sinh
hoc cao.

Rau cang cua (Peperomia pellucida) 1a mot loai rau thugc ho
Hb tiéu (Piperaceae), dugc sir dung rong rai trong din gian trong
chéng oxy hoa, khang khuan, khang nim [1], khang viém [2], ha
duong huyét [3]... Mot sb nghién ciru trén RCC cho thdy, ching
chua steroid, terpenoid, alkaloid, saponin, phenol [4]. Trong do,
thanh phan polyphenol duoc cho 14 dong gop quan trong vao céc
tic dong dugc 1y ciia RCC. Mot s6 hop chat duge phan 1ap bao
gdbm apiole, methyl 10-octadecenoate, phytol, dihydroxi-3-5-
dimethoxi flavone7-O-B-rhamnose [5, 6].

Véi mong mudn thu cao thir 6 ham lugng polyphenol cao
nhét, nghién ciru can phai toi uu hoa cac didu kién chiét Xuit.
Thong thuong, cac nha nghién ciru str dung phuong phap cd dién
két hop v6i song siéu am dé tdi uu hop chat polyphenol trong dugc
li¢u. Tuy nhién, phuong phap truyen thong khong thé hlen duoc rd
rang sy twong quan gitra cac yeu t6 voi nhau va tong so thi nghiém
tang nhiéu khi sb luvong bién gia ting. Dé giai quyét vén dé néu
trén, phuong phap dép tmg bé mat di ra doi dé danh gia sy twong
tc giita cac yéu to .anh huong dén higu qua qua trinh, dong thoi
dua ra sy dy dodn vé gia tri t6i wu cua cac yeu 0 [7]. Tt nhiing Van
dé néu trén, nghién cuu thyc hién t6i wu hoa diéu kién chiét xuit
hop chét polyphenol tir RCC bﬁng phuong phap dap ung bé mit.
2. Doi twgng va phuong phap nghién ciiu

2.1. éi twong

2.1.1. Nguyén vit liéu

Cay RCC (bao gdm ca than, 14, ré va hoa) duoc thu hai tai Ap
3, x4 Qui DPuc, huyén Binh Chéanh, TP. H6 Chi Minh (trudc sap
nhdp) vao thang 6/2023 (hinh 1A). Dugc liéu sau khi thu hai duge
rira sach, cat nho va sdy ¢ nhiét do 60-70°C bang tii siy Binder
(Puc) dén kho (hinh 1B). Sau d6, duge liéu kho dugc nghlen va
rdy qua rdy s6 32 dé thu dugc bot min dong nhat (hinh 1C) va bao
quén trong tui kin.

(©)

Hinh 1. Hinh anh rau cang cua dwgc str dung trong nghién ctru.
2.1.2. Thiét bj, hod chit

Hoa chat: DPPH (Sigma Aldrich), Quercetin (Sigma Aldrich),
Folin-Ciocalteu (Sigma Aldrich), Gallic acid monohydrate
(Himedia), Methanol (Sigma Aldrich) DMSO (Sigma Aldrich).
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Thiét bi: Bé siéu am Elmasonic S180H, May Elisa - BioTek,
can phan tich, can ky thuat, falcon 15 ml, falcon 50 ml, eppendorf
2 ml, micropipet 1.000 pl, micropipet 100 ul, micropipet 10 pl.

2.2. Phuwong phdp nghién ciiu

2.2.1. Toi wu héa diéu kién chiét xudt rau cang cua gidu
polyphenol

Su dung phuong phap d4p tng bé mat voi mo hinh kiéu truc
quay tdm trong phan mém Design Expert 11.0, thi nghiém tién
hanh cai dat 4 thong s doc lap, bao gom: ty 1¢ dugc li¢u/dung moi
(A (g/ml): 1/5; 1/10; 1/15), do con (B: 30, 60, 90%), thoi gian siéu
am (C: 10, 20, 30 phut), s 1an siéu 4m (D: 1, 2, 3 lan). Nghién
ciru sir dung ham muc tiéu 13 ham luong polyphenol toan phan
TPP (mg GAE/g duoc lidu khd). Cac mitc bién doc 1ap dwgc cai
dat ¢ bang 1.

Bang 1. Ma tran bd tri thi nghiém ma héa cac bién doc lap.

. Muc d
Bién doc lap Ponvi Ky hiéu
-1 0 1
Ty 1¢ duoc li¢u/dung méi  g/ml A 1/5 1/10 1/15
D con % B 30 60 90
Thoi gian siéu am Phut C 10 20 30
S4 1an chiét Sélan D 1 2 3

Dua vao phuong trinh h01 quy da bién trong phan mém Design
Expert, tuong tac cua 4 yeu t6 anh huong voi ham ‘muyc ticu la
polyphenol w6c tinh cao nhét dé xéc dinh cac thong s ti wu. Sau
d6, nghién ctru tiép tuc chiét cao RCC véi cac thong sd tdi wu dé
xéc dinh ham luong polyphenol toan phan va danh gia hoat tinh
chéng oxy hoa.

Qud trinh chiét xudt cao RCC: Mau 5 g bot tho RCC duoc
1am 4m bang mot lugng vira du dung moéi, dugc chiét xut bang
phuong phap chiét hd trg béng siéu am trén bé siéu 4m Elmasonic
S180H cong sudt 200 W. Cac thong s6 nong do ethanol, ty 18 dung
moi/dugc liéu, thoi gian siéu am va s0 1an chiét dugc thay d6i nhu
trong phﬁn mém. Toan bd dich chiét duge g0p chung, loc, cd cach
thuy va ¢ dic dén khi khoi luong khong ddi va tinh hidu suat
chiét (H).

Hiéu sudt (H) = (khdi lwong cao)/[khdi luong duoc liéu da
dung x (100 - do am)%] x 100%

Pinh hrong polyphenol tong toan phdn: Tién hanh pha lodng
cac mau ethanol RCC véi nong do 1000 pg/ml. Sau d6, hut lan
lugt 50 pl cao thir RCC, 250 pl thude thir Folin-Ciocalteu 10%,
vortex déng nhit va dé yén phan ung trong 5 phut. Tiép tuc, hdn
hop duoc thém vao 200 ul Na,CO, 7,5% r6i u trong bong t6i 60
phit. D hp thu cua hon hop phan ung duge do ¢ budc song
765 nm trén may doc dia 96 giéng. Gallic acid dugc su dung nhu
chat chuan. Ham luong polyphenol dugc biéu dién theo microgam
duong lugng acid gallic trong 1 g dugc liéu kho (mg GAE/g duge
li¢u kho) [8].
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Phuong trinh duong chuan acid gallic y=0,0398x-0,0028;
R?=0,9991 (hinh 2). trong d6 x 1a nong do cta acid gallic (ug/ml),
y 1a d6 hap thu do & budc song 765 nm.

0,50
=0,0398x - 0,0028
0,40 y=u ; .
2 * R*=10,9991 Y °
= 0
5 030 e
< e
w020 .
=} R
0,10 e
p
0,00
0 2 4 6 8 10

Ning dd ciia acid gallic (ug/ml)
Hinh 2. Phwong trinh dweng chuan acid gallic.

2.2.2. Hoat tinh khdng oxy hod ciia cao rau cang cua bing
phiwrong phap DPPH

Mau RCC giau polyphenol dugc pha trong dung méi thich hop
dat ndng d6 1.000 pg/ml. Tiép tuc pha lodng thanh cic mau cao
RCC c6 ndng d6 100-500 pg/ml. Hut 100 pl cao thir RCC & nong
do khac nhau va 100 pul DPPH 0,2 mM cho vao bang nhya 96
giéng. U 30 phut trong bong t6i va do do hip thu ¢ bude song
517 nm. Thuc hién 3 lan va léy gia tri trung binh. Thyc hién song
song v6i mau chimg (DPPH), mau tréng (nude cat, MeOH), miu
so mau (cao thir, khong c6 DPPH). St dung mau ddi chiéu la
quercetin pha trong methanol.

Hoat tinh chong oxy hod duoc tinh theo cong thirc:

OD¢hir —=ODmau

HTCO (%) = (1- ) x 100%

ODchitng=ODtring

Thong qua két qua thu dugc, xdy dung mdi twong quan giira
hoat tinh chdng oxy hoa va nong do cia miu cao thir va tir d6 xéc
dinh gia tri IC,  [9].

2.2.3. Phurong phdp tinh todn thong ké

Két qua dugc xir 1y thong ké theo phép kiém ANOVA bing
phin mém SPSS 20.0. Sir dung phan mém Design Expert 11.0 dé
st dung phan tich phuong sai, tinh toan hé s hoi quy twong quan
va dé xuét giai phap t6i uu. Dung tric nghiém T- student dé so sanh
két qua thuc nghiém voi két qua du doan. Su khéc biét c6 y nghia
thong ké dugc xir 1y & mitc 0=0,05.
3. Két qua va ban luan

3.1. Thiét ké va xdy dwng phwong trinh hoi quy da bién

Ké thira cac két qua khao sat don yéu t6, dé xac dinh duoc
mién bién thién cia cac yéu t6 thyc nghiém twong tmg céc bién s&
str dung trong toi wu hoa bang phuong phap dap ing bé mit.

Dir lidu ham luong polyphenol toan phan (mg GAE/g duoc
li¢u kho) cua 29 nghiém thuc dugce trinh bay ¢ bang 2.
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Bang 2. Ham lwgng polyphenol ctia 29 nghiém thirc tir rau cang cua.

Nghiém A B C ' DR E;;G ATl Ng'hiém A B C ' Dx E::G ATl
thie  (g/ml) (%) (phit) (lan) iy kb thie  (gml) (%) (phit) (lan) iy kb
1 5 0020 2 52 16 0 9% 30 2 437

2 1530 20 2 68 17 5 60 10 2 30

3 5 0 20 2 16l 18 5 60 10 2 7160

4 15 9% 20 2 200 19 5 60 3 2 21

5 0 6 10 1 29 2 5 60 30 2 18

6 060 30 1 3% 2 0 30 20 1 42

7 0 60 10 3 94 0 0 % 20 1 29

§ 06 30 3 878 A 03 20 3 83

9 5 60 20 124 bz 0 9% 20 3 44

10 IS5 60 20 1 37 %5 060 20 2 657

11 5 60 20 3 764 26 06 20 2 357

12 1560 2 3 86 i 0 60 20 2 53

13 030 10 2 668 P 060 20 2 65

14 0 9% 10 2 23 29 060 20 2 666

15 030 30 2 82

Tur s6 lidu thuc nghiém vartur phan mém Design expert, phuong
trinh hoi quy dang bac 2 thé hi¢n ham luong polyphenol duoc thict
lap nhu sau:

Y polyphenol=-6,14097+0,998540xA+0,091442xB+0,03626
9xC+2,31658%D-0,038631xA-0,001266xB?

Bang 3. Phan tich cac hé s6 twong quan cla cac yéu té dén ham lwong
polyphenol.

Ngudn Tong binh phwong  HEs6df  Trung binh binh phwong ~ GiatriF G trj P
Mo hinh 13446 § 1681 1326 <0000l
A 1531 | 1531 1208 0004
B 304 | 394 I <0001
¢ 138 1 138 125 0.2776
D 6440 | 6440 081 <0001
A 562 I 58 444 0,0480
B 791 | 791 64 0,0213
@ 0,1833 | 0,1833 01446 07078
D 0,0168 1 0,0168 0033 0909
Phén dr 255 20 127

;ﬁ;sfg‘:]‘)(i“ig:?ﬁkt};é“g B0 614 43 0y
Sai 56 thun 145 4 03616

Tong hiéu chinh 15981 2 R=0,8414

Bing 3 cho thdy, gi4 tri F-value bing 13,26 va gia trj p<0,0001
chimg to mé hinh phuong trinh dang béc 2 c6 tinh twong quan
kha tot v6i phan tich phuong sai ANOVA, c6 ¥ nghia thong ké.
Ngoai ra, gia tri Lack of fit cia mo6 hinh b?mg 0,0897>0,05, khac
biét khong ¢6 y nghia théng ké. Diéu nay cho thdy, md hinh nay
pht hop va ¢6 thé du doan chinh xéc ham muc tiéu (ham lugng
polyphenol). Phuong trinh da bién béc 2 duoc dé xuat co gia tri R?
bing 0,8414. Xét vé tinh twong quan R2, theo X. Guan va cs (2008)
[10], mot mo hinh hoi quy da bién theo phuong phap RSM dugc
xem 12 tot khi hé s6 R? t6i thiéu 13 0,8. Hon nira, gié tri cia hé s6
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Hinh 3. D6 thj 3D biéu dién sw anh hwéng cua 2 yéu té dén ham lwgng polyphenol. (A) Twong tac gita ty 18 dung
méi - duoc liéu va do cdn; (B) Twong tac gitka ty 1& dung moi - dwoc ligu va thoi gian chiét; (C) Twong tac gitka ty & dung
mai - duoc liéu va sb Ian chiét; (D) Twong tac gitva d6 con va thoi gian chiét; (E) Twong tac giva d6 con va sb Ian chiét;

(F) Twong tac gitra thoi gian chiét va s Ian chiét.

bién thién cua polyphenol CV=0,6493% ciing cho thiy, md hinh
¢6 d6 chinh xac va do tin cay cao (dudi 10%). Mot s6 nghién ctru
da ching minh gia tri Lack of fit voi p>0,05, R2>0,8 va CV<10%
thi md hinh du doan ¢6 tinh 4p dung va thyc nghiém rit cao [11-
13]. Céc h¢ sb trong phuong trinh hoi quy déu c6 khac biét ¢6 y
nghia thong ké (p<0,05), ngoai trir hé s6 C, C2, D2. Nhu vy, nong
d¢ ethanol, ty 1¢ dung moi, s6 1an chiét c6 anh hudng 16n td1 ham
lugng polyphenol.

Dua vio phuong trinh da bién bac 2 ta thay, khi sir dung hop
1y ty 1& dung mdi (A), do con (B), thoi gian siéu 4m (C), sb lan
chiét (D) thi s& mang lai tdc dong tich cuc, c6 nghia la lam tang
ham lugng polyphenol. Nguoc lai, néu qua lam dung céc yéu to
nhur ty 1¢ dung méi (A2), d6 con (B2) thi sw twong tac mang lai sy
tiéu cuc, nghia la lam suy giam ham lugng polyphenol chiét tach
tir rau cang cua. Céc biéu d6 bé mat dap tng 3D duoc tao ra bing
cach ¢b dinh mot yéu t6 & mirc 0, dong thoi thay doi 2 yéu td khac
trong pham vi thim do. Céc biéu do 3D md ta sy thay doi cic yéu
t6 duoc thé hién ¢ hinh 3.

10 30

5 15 30 %0

C: Théi gian chiét: 26,5208

A: Ty 1€ dung méi - dwge liéu = 12,9229 B: P cdn =36,0192

1 3

1,61489 9,83795

D: $6 lin chiét = 2,00449

polyphenol = 9,86262

Hinh 4. Ham ky vong va diéu kién t6i wu ham lwong polyphenol.
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3.2. Pdnh gid hiéu qud toi wu
hod diéu kign chiét xudt

Sir dung phan mém Design
expert 11.0, nghién ciru da xac
dinh dugc céc thong $6 t6i vu nhu
sau (hinh 4): Ty 1¢ dugc liéu/dung
mbi=1/12,9229; Do cdn: 36,019%;
thoi gian siéu am: 26,5298 phut; sb
lan chiét: 2,99499 1in; ham luong
polyphenol du doan: 9,863 mg/g.

Pé kiém tra tinh twong thich
cua két qua phuong trinh hdi quy
tur phﬁn mém ddi véi thue nghi¢m,
nghién ctru tién hanh thuc hién lai
qué trinh chiét xuit voi didu kién t6i
wu di lya chon, bao gdm: 1/12,93 g/
ml; néng do ethanol 36%; thoi gian
siéu 4m 26,53 phit; s6 1an chiét 1a 3.
Thi nghiém dugc thyc hién 3 lan va
két qua trinh bay ¢ bang 4.

Bang 4. Két qua thwe nghiém va gia tri dw doan.

Ham lrgng polyphenol/g % sai léch so v6i

LER L durgc liéu kho (mg/g) fetistivicedy gia tri dw doan
RCC, 9,765 9,363 0,997
RCC, 9,642 9,363 2,236
RCC, 9,755 9,363 1,092
Trung binh 9,721 9,363 1,439

RCC: rau cang cua.

Ham luong polyphenol toan phin trong 3 miu RCC thyc
nghiém dat trung binh 12 9,721 mg GAE/g duoc liéu kho so voi gia
tri du doan 9,863 mg GAE/g dugc liéu kho (bang 5). Su khac biét
giita ham luong polyphenol thuc nghiém va dyu doan bang phan
mém khong c6 ¥ nghia théng ké (phép kiém T-student). Hon nita,
phén trdm sai l€ch cua gia tri thuc so vdi gia tri du doan thép dudi
5% va md hinh t6i wu c6 do lap lai tot. Do d6, md hinh tdi wu trong
nghién ctru ndy dugc chap nhan.

Bang 5. Hiéu qua chéng oxy hoa clia cao rau cang cua téi wu va quercetin.

Nongdy  HTCO (%) Nong 0§ HTCO ciia
(ngm)  Rec, RCC,  RCC, (ng/ml) (M)
100 1607 1875 1830 I 16,70
200 21,06 R} NHU 2 32,0
300 31,65 031 431 3 48,97
400 4137 221 5201 4 6561
500 61,37 6062 6100 S 7801

HTCO: hoat tinh chéng oxy héa; RCC: rau cang cua.
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Cao RCC cua nghién ctru thu duge ¢6 ham lwong polyphenol
toan phan cao hon vuot trdi so voi nghién ciru cua I. Ahmad va cs
(2017) [4]. Nghién ctru nay d tdi wu hod cao RCC véi cac dung moi
khac nhau va thu dugc ham lugng lan luot 16,147 (ethyl acetate),
33,577 (1-buthyl-3-methylimidazolium tetrafluoroborate), 15,734
(1-ethyl-3-methylimidazolium bromide) va 13,750 pg GAE/g
(1-buthyl-3 methylimidazolium bromide).

3.3. Dinh gid hoat tinh chdng oxy hod ciia rau cang cua t6i wu

Ba miu RCC,,RCC,, RCC, 61 wu tiép tuc duoc danh gid hoat
tinh chong OXy hoa thong qua thu nghiém khur gbc ty do DPPH so
v6i mau doi chiéu quercetin va dugc thé hién & bang 5. Két qua
cho thiy, hoat tinh chong oxy héa cta cao RCC ty 1& thuan véi
nong dg. Nong do cao cang cao, hoat tinh chéng oxy hoa cang cao
va nguoc lai. Khi ndng d6 cao RCC ting tir 100 pg/ml t6i 500 pg/
ml thi hiéu qué loai bo gbc tw do ciing tang dan lan luot 1 RCC,
tr 16,07 t61 61,37%; RCC, tir 18,75 t6i 60,62%; RCC, tur 18,50
t61 61,00%.

Tur d0 thi biéu dién sy trong quan giira hoat tinh chdng oxy
ho4 va ndng do cua cic miu thi, sir dung phan mém Excel suy
ra dugc phuong trinh tuyén tinh dang y=ax+b. Thay y=0% vao
phuong trinh tinh duoc két qua IC,, 6 bang 6.

Béng 6. Gia tri IC, cta cac cao thu.

MAu Phuong trinh hoi quy tuyén tinh R? IC, (ng/ml)
Quercetin y=15,62x+1,4019 09975 3,11

Cao RCC, y=0,1014x+11,153 09991 383,11

Cao RCC, y=0,1038x+10,293 0,9898 382,53

Cao RCC, y=0,1049x+9,8131 09924 383,10

Gia tri trung binh mau RCC 382,91

RCC: rau cang cua.

Tir cic phuong trinh hoi quy tuyén tinh dugc thiét lap, dé
tai xdc dinh gid tri IC | trung binh cua 3 mau RCC 1a 382,91 pg/
ml. Cao t0i wu RCC cung thé hién hoat tinh chong oxy hoa manh
hon rét nhiéu so véi cac nghién ctru trude day. N.S. Zaharin va cs
(2020) [14] ciing danh gia hoat tinh chong oxy hoé ctia cao RCC
voi gia tri IC, 14 5,57 mg/ml. M.T. Tran va cs (2022) [15] da danh
gia hoat tinh chong oxy hoa cuia dich chiét P, pellucida vdi gid tri

EC,, 1a 730,34 pg/ml. Didu nay c6 thé gidi thich do nguon duge
heu thu héi khéc nhau, qua trinh chiét xuat khac nhau ciing nhu
nghién ciru ¢ sir dung thém bién phap ho trg siéu am dé co thé
chiét xuat dugc nhiéu hop cht polyphenol.

4. Két luan

Nghién ctu da xay dung dugc mo hinh toan hoc mo ta anh hudng
ctia 4 nhan t6 chiét (ndng do ethanol, ty 1¢ duoc liéw/dung moéi, thoi
gian siéu am, s6 lan siéu am) den ham lugng polyphenol toan phén.
Céc thong s6 dugc lya chon t6i wu bao gom: ndng do ethanol 36%,
ty 18 dung méi 1/12,93 g/ml, thoi gian siéu Am 26,53 phat, 3 lan siéu
am. Vi céc thong s6 nay, him lugng polyphenol toan phan cao nhét
dat dugc 13 9,765 mg GAE/g dugc ligu khd va thé hién hoat tinh
chong oxy hoa véi gia trj IC,, trung binh 382,91 pg/ml.
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Tinh ché bién thé alpha-toxin bt hoat Hla biéu hién

; H35LH48L
0 Escherichia coli va tao khang huyét thanh trén chugt
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Tém tiit:

Alpha-toxin (Hla) 12 yéu t6 dc luc gay ly giai té bao dwoc tao ra tir vi khuin Staphylococcus aureus, c6 vai tro quan
trong trong viéc phat sinh cac bénh nhiém trung khic nhau va dwgc xem 13 mét nhén té tiém niing dé phat trién
vic-xin. Nghién ctru nhiam biéu hién tai to hop Hla ..., duwge dung hop véi His-tag & Escherichia coli BL21(DE3),
tinh sach protein bién thé bat hoat nay va tao khang huyet thanh (serum) ¢ chuét. Két qua khao sat cho thay, diéu
kién phu hop dé biéu hlen protein HlaH3SLH 4, 12 6 30°C, nong d§ IPTG 0,05 mM va thu nhan & 8‘ gi0’ sau cam wng.
Dua trén phwong phap sic ky ai lye gitra dudi 6xHis va Ni-NTA, protein Hla,_, . ... thu dugc véi nong do 1,17 mg/ml
va do tinh sach dat 96%. Két qua thw nghlem hoat tinh doi véi protein dugc tinh sach cho thay, bién thé HlaH35LH4SL
bi mat kha nang gay ly gidi té bao hong ciu thé. Sau bén lan tiém chudt voi lidu 0,05 mg protein HlaH35LH 481 mbi con,
huyet thanh thu nhan c6 khé ning nhén di¢én khang nguyén ¢ do pha loéng 1/320.000. Ket qua cua nghién ciru nay
1a tién dé quan trong cho cac nghién ctru tlep theo, nhim trung hoa Hla in vivo va phat trién vac-xin phong 8. aureus.

T khoa: alpha-toxin, Escherichia coli, Hla Staphylococcus aureus, vic-xin.
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Purification of an inactive variant alpha-toxin Hla . .. expressed in
Escherichia coli and generation of antiserum in mice
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Abstract:

Alpha-toxin (Hla) is a major cytotoxic agent produced by Staphylococcus aureus, which plays a significant role in
the pathogenesis of various infections and is regarded as a promising antigen for vaccine development. This study
aims to express Hla . . fused with His-tag in Escherichia coli BL21(DE3), purification of the inactive form, and
generation of antiserum in mice. The survey results indicated that the appropriate conditions for expressing the
Hla . ... protein were at 30°C with an IPTG concentration of 0.05 mM, and harvesting 8 hours post-induction.
Based on affinity chromatography between the 6xHis tag and Ni-NTA, the Hla , . . protein was purified, obtaining
a concentration of 1.17 mg/ml with a purity of 96%. Activity assays for the purified protein revealed that the
Hla . ... variant lost its ability to lyse rabbit red blood cells. After four injections in mice with a dose of 0.05 mg
of Hla .. protein per mouse, the resulting antiserum was able to recognise the antigen with an antibody titer of
1:320,000. The results of this study serve as an important premise for further studies to neutralise Hla in vivo and

develop a vaccine against S. aureus.

Keywords: alpha-toxin, Escherichia coli, Hla Staphylococcus aureus, vaccine.
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1. Dét van dé

Staphylococcus aureus, vi khuan tu cdu vang, 14 vi khun Gram
duong mang nhiéu yéu td doc lyc, da va dang tro thanh mot trong
nhitng tac nhan gdy bénh phd bién va nguy hiém & nguoi. S. aureus
1a nguyén nhan hang dau gy ra cac bénh nhu nhiém tring huyét,
viém ndi tAm mac nhiém khuan, viém mang phdi va cac bénh lién
quan dén xuong khép, da, mé mém [1]. Theo nghién ctru thong ké
nam 2015, udce tinh ¢6 30% dan 56 toan cau nhidm S. aureus [2].
Trong do, héu hét cdc qudc gia ¢6 ty 18 nhidm S. aureus da vuot qua
con 50 25% va mot s6 it nude 1én toi 50%. Tai Viét Nam, ty 1¢ nhiém
S. aureus chiém khoang 33,8% dan sd, cao hon so véi cic nudc
Malaysia (28,7%), Hoa Ky (28,6%), Moldova (25,1%) va Algeria
(25,8%) [3]. Diéu dang lo ngai 13 ty 1é tir vong ctia nhimg bénh nhan
nhiém S. aureus 1a khoang 10-30%, cao hon nhiéu so véi ty 16 tir
vong do cac bénh AIDS, lao hay viém gan do virus [4].

pé chéng lai S. aureus, viéc diéu tri 1am sang dugc thyc hién
chi yéu dya trén cac thé hé khang sinh nhu penicillin, amoxicillin,
oxacillin, methicillin, vancomycin... Tuy nhién, do vi¢c lam dung
khang sinh qua murc da din dén tinh trang céc chung S. aureus khang
khang sinh (Methicillin-resistant S. aureus, MRSA) lan rdng trén
toan thé gidi, trong d6 ty 1é nhidm MRSA trén tong sd bénh nhan
nhiém S. aureus & chau Au 1a 24% [5], & Hoa Ky 1a 53% [6]. Tai Viét
Nam, cong trinh nghién ctru cia N.T. Son va cs (2019) [7] cho thay,
ty 1¢ nhiém MRSA ciia tré em trong bénh vién & Mién Bac Viét Nam
1a 73% va Mién Nam 1a 39%.

Chinh vi vdy, bén canh viéc tim kiém thé hé khang sinh diéu tri
tiép theo, cac nghién ctru phat trién vic-xin khang . aureus di va dang
dugc quan tim nhu mot chién lugc 1au dai dé phong chong vi khuin
nay [8]. Trong cac nghién ctru trude day, alpha-toxin (Hla) da 1a mot
trong nhitng yéu t6 doc lyc chinh gip S. aureus xam nhiém vio té
bao chu va dugc biéu hién ¢ hau hét cac ching S. aureus. Py con 1a
yéu t6 hd trg sy hinh thanh mang biofilm gitip S. aureus cu tri thanh
cong trong té bao chii [9]. Bén canh do, bang viéc dot bién protein Hla
thay thé Histidine biing Leucine tai vi tri His® va His*, alpha-toxin bi
mat hoat tinh tao 15 mang tai vi tri thy thé ADAM-10 va khong thé ly
giai té bao [10]. Do d6, viéc nghién ctru biéu hién, tinh sach va danh
gia cac dc tinh cua protein la can thiét. Nghién ctru ndy nham tinh
ché bién thé alpha-toxin bt hoat Hla sy, QUOC biéu hién trong vi
khuén Escherichia coliva tao khing the trén chudt lam tién d& cho viéc
nghién ciru phat trién vic-xin phong bénh do S. aureus.

2. Vat liéu va phuong phap nghién ciiu
2.1. Chiing chii va plasmid

Ching chu E. coli OmniMAX (Invitrogen™) dugc st dung
dé dong hoa tao plasmid. Chung chi E. coli BL21(DE3) (Thermo
Scientific™) duoc dung dé biéu hién cac dang alpha-toxin dudi sy
diéu hoa cua T7 promoter. Plasmid khuon pET28a(+) (Novagen)
chua trinh ty 77 promoter va trinh ty gen ma hoa dudi 6xHis. Plasmid
pHT2328 mang gen Hla dugc tong hop.

H35LH48L

2.2. Tao dong plasmid mang gen Hla

H35LH48L
Gen HlaH35LH48L dugc thu nhén tr plasmid pHT2328
(duge lwu trr ¢ phong thi nghiém thong qua tong hop)

bing phan tmg PCR thu gen voi cip modi dac hidu ON2367
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(3’- TCTGACATCAACATCAAAAC-5") va ON2368 (3’-GGTGG
TGGTGCTCGAGTTAGACGTCGTTTGTCATTTCTTC-5’). San
pham PCR thu dugc va plasmid khung pET28a+ lan lugt dugc xir Iy
v6i hai enzyme cat gi6i han Xhol va Ndel. Gen Hlay,g 1\, 48 dugc ndi
v6i plasmid khung suon pET28a+ bing enzyme T4 DNA ligase. San
pham ndi dugc bién nap vao ching E. coli OmniMAX, sang loc trén
moi truong LB-Agar co b6 sung Kanamycin (50 pg/ml). Cac khuan
lac tiép tuc dugc sang loc bing k§ thuat PCR khuén lac véi cap mdi dic
hiéu ON1461 (5’-GGTGATGTCGGCGATATAGGC-3’) va ON2368.
Khuan lac c6 san pham PCR tuong g véi kich thudc Iy thuyét (1175
bp) dugc nudi ciy, tach plasmid bang bo kit QIAprep Miniprep va giai
trinh tu theo phuong phap Sanger boi Cong ty Macrogen Inc. (Han Quéc)
v6i mdi dic hiéu ON1462 (5-CCGTTTAGAGGCCCCAAGG-3’) va
ON1659 (3’CCCGCGAAATTAATACGACTCACTATAGG-5"). Két
qué giai trinh tw duoc so sanh, ddi chiéu véi trinh ty da duogc thiét ké.

2.3. Biéu hi¢n protein 6xHis-Hla trong E. coli BL21(DE3)/

pHT2361

Plasmid pHT2361 mang gen Hla, ., duoc bién nap vao chiing
chu E. coli BL21(DE3) bang phuong phap sdc nhiét va sang loc
trén moi truong LB-Agar co bd sung Kanamycin (50 pg/ml). Cac
khudn lac tiép tuc dugc sang loc bang PCR khuén lac vi cip mdi
ON1461/ ON2368. Khuan lac c6 két qua PCR twong tmg véi kich
thude 1y thuyét (1175 bp) da duoc sir dung dé khao sat sy biéu hién
protein 6xHis-Hla, ;... trong E. coli BL21(DE3)/pHT2361 O cac
diéu kién nhiét o (23°C, 30°C, 37°C), nong do IPTG cam tng (0;
0,01; 0,05; 0,1; 0,5; 1 mM) va thoi gian thu mau sau cam ung (t 0
h dén 12 h). Cac mau khao sat duoc thu nhan véi cing lugng té bao
twong (mg voi 1 ml dich nudi cdy co oD, =6 bing phuong phap
ly tm (v6i toc do 6000xg trong 5 phut, loai bo dich ni). Cac mau
khao sat nhiét do dugc bo sung 500 pl lysis buffer (Tris-HCI pH 7,2;
15% sucrose), dugc tién hanh pha té bao bang séng siéu am (Q700,
Qsonica) trong diéu kién u lanh va thu nhan 100 pl miu tong. Mau tia
va miu tan dugc phan tach bang phwong phép ly tim 100 pl dich pha
té bao, véi toc do 13000xg trong 10 phut. Phan tiia dugc bo sung 100
ul lysis buffer va ca 3 miu tong, tua, tan dugc bd sung 25 ul Sample
5X (250 mM Tris-HCI pH 6,8; 10% SDS; 10% (v/v) Glycerol; 10
mM DTT; 0,05% (w/v) Bromophenol Blue) va bién tinh & nhiét o
95°C trong 5 phit trude khi tién hanh chay SDS-PAGE. Su biéu hién
cua protein 6xHis-Hla, . ... duoc dinh lugng twong b1 bang d6 dam
nhat, kich thudc cua vach protein trén gel SDS-PAGE va phan tich
bing phan mém AlphaEase FC.

2.4. Tinh sach protein 6xHis-Hla,,, . bang sic ky di luc (IMAC)

Sinh khéi cta ching E. coli BL21(DE3)/pHT2361 thu nhan sau
nudi cdy cam tmg bang IPTG dugc huyén phi trong Binding buffer
(30 mM Tris-HCI pH 8,0; 500 mM NaCl; 5% glycerol) c¢6 bd sung 20
ug/ml DNase I, 1 mM PMSF va pha té bao bang séng siéu 4m trong
diéu kién lanh. Dich pha té bao duoc ly tam 19.000xg trong 20 phut &
4°C va loc qua mang loc 0,22 pm. Dich protein (mau trudc cot) duge
di qua cot HisTrap™ HP. Cac protein c6 duoi 6xHis s€ bam 1én cot va
dung ly ra khoi cot bang imidazole v6i ndng do tang dan tir 10 dén 500
mM. Céc phan doan dung ly protein dugc kiém tra bang phwong phap
SDS - PAGE. Nong d¢ protein tinh sach duoc x4c dinh bang phuong
phép do d hap thu ciia mAu protein tai budc song 280 nm dua trén hé
s6 Extinction coefficient ctia protein 6xHis-Hla

H35LH48L
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2.5. Kiém tra hoat tinh ly gidi té bao hong cdu thé ciia protein
6xHis-Hla

H35LH48L

Protein 6xHis-Hla, ., .., duoc kiém tra hoat tinh tin huyét béng
cach i 100 ul nong do 1 mg/ml trong 13 trén dia thach méau ¢ dicu
kién 4°C, qua dém. Thi nghiém dugc thyc hién dong thoi trén cac 16
thach khac trén cting mot dia thach, voi ddi chimg 1a protein 6xHis-

Hla wt va chirg am la Binding buffer.

2.6. Gay ddp iing mién dich trén chuét va thu nhin khing
huyeét thanh

Protein 6xHis- HlaH35LH 4. tinh sach duoc pha lodng vé nong do 1
mg/ml va tron voi ta chat Freund theo ty 1¢ vé trong lugng 1:1. Quy
trinh gdy dap tng mlen dich bing phuong phdp tiém dudi da cia
chudt Swiss tim tudn tudi gdm: hai 1an tiém mau protein voi ta chat
FCA (Freund’s Complete adjuvant) va hai lan tiém méau protein véi
ta chat FIA (Freund’s Incomplete adjuvant); thé tich tiém 1a 100 pl
v céc 1an tiém cach nhau hai tun. Lo thi nghi¢m thyc hi¢n trén bon
con chudt, trong d6 c¢6 mot con chudt dugce sir dung lam doi ching
chi tiém ta chat va ba con tiém véi protein khang nguyén Hlay, ;o
Mau mau dugce thu trude khi tiém gy dap img mien dich va sau khi
tiém nhic 1an cubi. Cac mau mau nay duoc ly tim lanh 6000xg trong
10 phut dé tach 1iy huyét thanh.

2.7. Western Blot dé kiém tra kha ning nhdn dién khdng
nguyén ciia huyet thanh

Huyét thanh chudt duoc gdy dap tmg mién dich chu dong bang
protein Hla . .. duoc kiém tra kha nang dap tng mién dich v6i hai
khang nguyén 1 hai protein dung hop 6xHis-Hla wt (wild type- dang
nguyén ban, khong bi dot bién) va 6xHis-Hla,, ..o bing phuong
phap Western blot. Cac mau khang nguyén dugc chay SDS-PAGE
va chuyén qua mang lai nitrocellulose. Mang lai lan luot dugc @ véi
khang thé so cip 1a huyét thanh tir chudt, khang thé thir cap 1a Anti-
mouse IgG peroxidase (pha lodng trong PBS-T chira 5% sita gay) va
st dung co chat TMB dé phan tmg tao mau.

2.8. ELISA

Cac protein khang nguyén 6xHis-Hla wt va 6xHis-Hla, ¢ ..o
duoc pha lodng vé cac nong do 20 pg/ml; 10 pg/ml; 5 pg/ml; 2 pg/
ml; 1 pg/ml va ¢ dinh trong cac giéng ELISA trén dia Nunc. Céc
gleng ELISA dugc u qua dém voi 100 pl huyet thanh duoc gay dap
{mg mién dich chu dong bang protein 6xHis-Hla,,. ... (ty 1€ pha
loang 1/5.000; 1/10.000; 1/20.000; 1/40.000; 1/80.000; 1/160.000 va
1/320.000). Sau khi rira sach bang PBS-T, cac giéng ELISA tiép tuc
duoc 0 voi 100 pl khang thé thir cip Anti-mouse IgG peroxidase
(ndng do pha long 1/10.000) & nhiét do phong trong 1 gio. Co chét
TMB dugc sir dung dé phan tmg mau va do hip thu mau (6 bude
song 450 nm) cua timg mau ELISA duoc xac dinh bé“mg may doc dia
CLARIOStar (BMG Labtech). Gia tri ngudng duong tinh (cut-off)
duoc xac dinh bing cong thirc (1) theo nghién ciru cia F. Lardeux
vacs (2016) [11]:

Cut-off = X + 3*SD (1)

trong d6: X 1a gia tri trung binh ctia mau ddi chimg dm, SD 1a d6 léch
chuan cua gia tri chitng &m & cac lan 1ap lai.
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3. Két qua

3.1. Tao plasmid pHT2361 va khdo sdt sw biéu hién protein
6xHis-Hla

H35LH48L

Viéc tao dong plasmid pHT2361 dugc thuc hién dya trén plasmid
khung la pET28a+ va gen ma hoa protein HlaHmH48L tir plasmid
khuén pHT2328. Két qua giai trinh tw DNA véi khuan lac ¢6 két qua
PCR duong tinh c6 do twong dong véi trinh tu thiét ké in silico 1a
100%. Diéu nay chimg to dé tai da thu nhan dugc plasmid pHT2361
mang gen ma hoa protein 6xHis-Hla Thong tin cta plasmid
pHT2361 dugc thé hién ¢ hinh 1A.

H35LH48L"

(A) ()

(*) () M Téng Tua Tan Téng Tua Tan Téng Tua Tan
oa

2 8 B3 B35

- : - - -

(C) Néng dé IPTG (mM) (D) Thé&i gian cam (rng (gi®)
M () 0 0,010,050,1 05 1 kDa L 2 4 S 2 1012

kDR 100
100 85
85

70
70 ~ 60
0 -4 -
e B = —
40 -_ . .- - 40

6xHis-
T . — o — .- 6xHis- - - .-y
—— Hila
w - - W 0 (33 kDa)
(33 kDa)
25

Hinh 1. Két qua khao sat biéu hién protein Hla,, ..., trong E. coli BL21(DE3)/
pHT2361: (A) So' db plasmid pHT2361; (B) Két qua khao sat nhiét do biéu hién;
(C) Két qua khao sat ndng dd IPTG cam (ng; (D) Ké&t qua khao sat thoi gian thu
mau sau cam (ng. M: thang protein; (-) E. coli BL21(DE3)/ pET28a+ .

Plasmid pHT2361 dugc bién nap vio ching E. coli BL21(DE3)
dé tao chung E. coli BL21(DE3)/pHT2361 ¢6 kha ning biéu hién
protein 6xH1s-HlalH3 spag, QUOT SU kiém soat ciia T7 promoter. Kha
ning biéu hién protein 6xHis-Hla, .., cua chung chu ndy dugc
khao sat v6i cac didu kién nhiét do (23°C, 30°C, 37°C), nong do
IPTG cam tng (0; 0,01; 0,05; 0,1; 0,5; 1 mM) va thoi gian thu mau
sau cam tmg (tir 0 dén 12 gid). Két qua khao sat diéu kién nhiét do
(hinh 1B) cho thdy, so véi chimg 4m, ca ba diéu kién nhiét do déu
xudt hién thém vach protein khoang 33 kDa tuong tmg voi kich
thudc 1y thuyét ciia protein 6xHis- HlaH35LH 4 Tuy nhién, ¢ 23°C,
hon 70% protein 6xHis-Hla,,, ... ton tai ¢ pha tua. O hai diéu kién
nhiét d6 con lai, phan 16n protein 6xHis- -Hlag e tOn tai ¢ pha tan,
trong d6 diéu kién 30°C ¢6 sy biéu hién proteln 6xHis-Hla, . , "
tan nhiéu hon. Do d6, 30°C dugc xé4c dinh 1a diéu kién phu hop dé
thu nhan protem 6xHis-Hla,, . tan. Doi véi cac két qua khao sat
nong do chat cam ung IPTG (hinh 1C) va thoi gian thu sau cdm tng
(hmh 1D), cac mau tuong tmg v6i didu kién 0,05 mM IPTG va thoi
diém 8 gi0 sau cam (g ¢o6 gia tri Area (gia tri dinh luong protein
twong doi dua trén do dam nhat, kich thudc vach bang phan mém
AlphaEaseFC) cao nhat. Két qua phan tich trén gel cho thay dbi voi
mau thu nhan & didu kién nhiét do 30°C, nong d6 0,05 mM IPTG
va 8 gio sau cam (g, protein 6xHis-Hla, ;. ... chiém khoang 25%
tong s6 protein ndi bao. Do do, cac didu kién nay duoc sir dung dé
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thu nhan nhiéu sinh khi ching E. coli BL21(DE3)/pHT2361 nhim
thu nhan lugng 16n protein 6xHis-Hla

3.2. Thu nhdn protein 6xHis-Hla

H35LH48L

Khéi lwgng sinh khdi thu dugce sau nuéi chung E. coli BL21(DE3)/
pHT2361 14 26,29 g tir 4,5 1 méi truong LB-Kan. Sinh khéi duoc
huyén phu trong dém (buffer) va pha t& bao bang séng siéu am.
Protein 6xHis-Hla, ..., duoc tinh sach bang cot HisTrapTM HP dya
trén ai luc cua dudi 6xHis va hat Ni-NTA trong cot. Két qua dién
di SDS-PAGE (hinh 2) cho thiy, trong qué trinh dung ly timg budc
mot vdi cac néng do Imdazole tang dan, cac phén doan co6 néng do
Imidazole tir 10 mM dén 80 mM xuét hién cac vach dam c6 kich
thude khoang 33 kDa, twong ung vdi kich thude cua protein 6xHis-
Hla, g e Pong thoi, cac phan df)an nay ciing ton tg}i rdt it cac
vach protein ¢ kich thudc khac. Diéu nay chirng minh rang, protein
dung hop 6xHis-Hla,, . " thu duoc c6 dd tinh sach cao va dat do
tinh sach trén 95% vé&i nong do 1,17 mg/ml. B9 tinh sach nay phu
hop dé st dung giy dap img mién dich trén chudt. Ngoai ra, san
lwong thu nhan protein 6xHis-Hla, .. tinh sach tr ching E. coli
BL21(DE3)/pHT2361 dat mac 19,5 mg/l moi truong LB-Kan hay

2,85 mg/g sinh khdi u6t.

H35LH48L"

Nong d6 Imidazole (mM)

(+) (» M BC AC10 20 40 60 80 100 120 160 250 500
kDa

55
70

‘- . i
__ 6xHis-
- Hiausssa
. * (33 kDa)

-
3
2% B

20

Hinh 2. Két qua tinh ché thu nhan protein Hla,, ., bang cét HisTrapTM HP.
M: thang protein; (-) E. coli BL21(DE3)/ pET28a+; (+) E. coli BL21(DE3)/pHT2361;
BC (before column): dich pha té bao clia E. coli BL21(DE3)/pHT2361 d4 dwoc cam
tng trwde khi qua cot HisTrapTM HP; AC (after column): dich protein thu nhan sau

khi di qua c6t HisTrapTM HP.
3.3. Két qud thir nghiém hoat tinh tinh ly gidi té bao hong ciu

Prrotein 6§His—HlaH35LH 4 tinh sach duge kiém tra hqoat tinh ly
gidi t€ bao hong cau tho trén dia thach mau. Két qua kiém tra hoat
tinh cho thay: khac véi phan g 0 v6i 6xHis-Hla wt (hinh 3B) co
vong tron tan huyét rd rét, phan tmg & voi protein 6xHis- -Hla . 4oL
(hlnh 3C) hau nhu khong co sy hién dién ciia vong tron tan huyét.
Két qua nay tuong tw véi mau chimg am khi u v6i Binding Buffer
(hinh 3A). Piéu nay ching t6 hai dot bién H35L va H48L da lam
mat gdn nhu hoan toan kha ning ly giai t& bao hong cau tho ciia
alpha-toxin. Dong thoi, két qua nay ciing cho thiy protein 6xHis-
Hla,, . €0 tinh an toan, phu hop dé g dung nghién ctru vic-xin
hon dang alpha-toxin nguyén ban.
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Hinh 3. Hoat tinh ly giai hdng cau thé clia cac dang alpha-toxin trén dia thach méu
khi G v&i Binding Buffer (A), 6xHis-Hla wt (B), 6xHis-Hla (C).

H35LH48L

3.4. Khi ning nhén dién ciia huyét thanh chuét thu nhégn
tir khang nguyén 6xHis-Hla voi 6xHis-Hla wt va 6xHis-
Hla

H35LH48L

Huyét thanh cta ba con chudt thu nhan duoc sau qué trinh gy
d4p tng mién dich dwoc tron lai voi nhau thanh mot mau déng nhat,
sau d6 kiém tra kha nang dap mién dich vdi hai khang nguyén 6xHis-
Hla wt va 6xHis-Hla, ., ... bang phuong phap Western blot. Két qua
Western blot (hinh 4) cho thay, xudt hién tin hiéu mau & cac vach
¢6 kich thuéc khoang 33 kDa tuong tmg véi kich thudc Iy thuyét
cua protem dung hop 6xHis-Hla va 6xHis- HlaH35LH4gL Céc vach nay
nho dan khi nong do khang nguyén giam dan. Didu nay chimg to,
huyét thanh chudt thu nhan tir khang nguyén 6xHis-Hla, ., ... cd kha
nang tuong tac voi khang nguyén dot bién va ca dang khang nguyén
nguyén ban (wt).

H35LH48L

i 6xHis-Hla wt 6xHis-Hla, _ ..

IPTGM (+) 0,4 0,2 0,1 0,05 0,025 (+) 0,4 0,2 0,1 0,05 0,025 (mg/ml)
(kDa)

[
w
(=]

s

35

15

Hinh 4. Két qua Western blot ctia hai khang nguyén Hla wt va Hia véi

Y H35LH48L
khéang huyét thanh thu dwoc tir chuét dwoc tiém Hla,,, ... . M: thang protein;

(-): mau biéu hién khdng cadm &ng IPTG; (+): mau biéu hién cé cam tng IPTG.

Dé phan tich ki hon, dé tai tién hanh nghién ctru sy tuong tac clia
cua huyét thanh chugt thu nhan tir khang nguyén 6xHis-Hlay;ss yse. vOi hai
khang nguyén 6xHis-Hla wt va 6les-HlaH35LH4gL ¢ dang ty nhién (chua
bi bién tinh nhu phuong phap Western Blot) béng phuong phap ELISA
Vi céc ndng do khang nguyén va khang thé khac nhau. Két qua ELISA
(hinh 5A va 5B) cho thy, & d9 pha loang cao nht 1/320.000, huyét thanh
duogc thu nhan tir chudt gdy dap tmg mién dich bang khang nguyén 6xHis-
Hlamsm 5L déu c6 kha ning twong tac voi hai khing nguyén 6xHis-Hla
wt va 6xHis- HlaH35LH 45 (814 tri OD o ,,16n hon ngudng duong tinh) ngay
ca khi nong do cua hai khang nguyén “chi la 1 ug/ml. Hai dot bién H35L
va H48L hau nhu khong anh huong dén sy tuong tac cua huyét thanh véi
Apha-toxin. Do trong thuc té, S. aureus chi biéu hién dang nguyén ban nén

o1



ket qua nay con cho thy tiém nang (mg dung protein Hla,,; .o dé phat
trién vic-xin khang S. aureus 1a rat lon.
(A) (B)
Hla-WT Hla, e Céc néng d¢ khéng nguyén
“ s

5 pg/ mi

——2pg/ ml

1,00 ——1pg/ mi

20 pg/ ml v6i huyét
thanh chudt chi tié
ta chat

—e— Nguéng duwong tin
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B0 pha loang ctia huyét thanh

Hinh 5. D thi biéu dién kha nang phan (rng ctia khang huyét thanh chudt dwoc tiém
Hia v6i khang nguyén Hla wt (A) va Hla,,. .. (B) bang phwong phap ELISA.

H35LH48L

Céc két qua thu nhan dwoc tir nghién clru ndy chimg to tiém ning
ung dung protein 6xHis-Hlayss g tai t6 hop ¢ E. coli dé phat trién
véc-xin khang S. aureus. Tuy nhién, do ddy méi chi la nghién ctru so
b9 nén van con nhiing van dé co thé tdi wu. Thar nht, néu so sanh véi
nhimg san luong thu nhan protein tii to hop & E. coli trong nhing
nghién ctru khac trén thé gidi (cao nhat dat mirc 946 mg protein/l
moi truong) [12], san luong thu nhan protein 6xHis-Hlayss; g trong
nghién clru nay chi bing 1/48. Van dé nay hoan toan c6 thé khic
phuc béng viéc tién hanh t6i vu cac didu kién nudi céy (nhiét do, pH,
thoi gian, ndng do oxi hoa tan, ndng do cic nguyén to da luong, vi
luong...) bang céc phuong phap thong ké nhu Plackett-Burman, RSM
(response surface methodology) [13], cling nhu vi¢e 1én men theo mé
¢6 bo sung dinh dudng (fed-batch fermentation) [14]. Thir hai, d6i véi
két qua Western Blot (hinh 3), cic mau té bao E. coli biéu hién 6xHis-
Hla wt va 6xHis-Hla,,,; .. xuat hién mot s6 vach khdc véi kich thuée
Iy thuyét. Diéu nay c6 thé giai thich 1a do do tinh sach cua protein
6xHis- HlaH35LH 5L ch1 dat muc trén 95% nen cdc protein tap con sot lai
trong mau tinh ché van gay ra dap Gmg mlen dich va tao khang thé trén
chuét. Dit vay, dé ¢6 thé img dung lam vic-xin cho ngudi, cac protein
tap nay phai dugc loai bo gan nhw hoan toan (>99%) dé ngin ngira
Xy ra hién tuong dap img mién dich qu mic nhw con bdo cytokine.
Do tinh sach cta protein myc tiéu hoan toan c¢6 thé gia ting bing cac
phuong phép tinh ché khac nhu sic ky ion, sac ky loc gel. Cudi clng,
do hau hét cc nghién clru vic-xin khang S. aureus gan ddy déu dugc
dinh huéng phét trién da khang nguyén (ttrc 1a mot loai vac-xin mang
nhiéu yéu t doc luc khic nhau) dé dap tmg su thay doi va da dang
chc yéu to doc luc cta S. aureus [15]. Trong cac nghién ciru tiép theo,
protein 6xHis-Hlay;s; yast can dugc phéi tron voi cac nhan tb doc luc
khéc ctia S. aureus dé tiép tuc nghién ciru phat trién vic-xin phong cac
bénh do vi khuan nay gay ra.

£ a
9. Ket luan

Protein 6xHis-Hlayss s dd duge biéu hién va thu nhan véi do
tinh sach cao ¢ dang bat hoat tir ching E. coli BL21(DE3)/pHT2361.
Dong thoi, huyét thanh ctia chudt dugc gy dap tmg mién dich 6xHis-
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Hlayssp g 0 kha nang twong tac véi ca hai dang khang nguyén la
6xHis-Hla wt va 6xHis-Hlay;s; s .- Két qua s€ 1a co s& quan trong
cho céc nghién ciru vé trung hoa alpha-toxin in vivo va nghién ctru
phat trién vic-xin phong S. aureus trong cic nghién ctru tiép theo.

LO1 CAM ON

Nghién clru nay duoc tai trg boi Quy Phat trién Khoa hoc va
Cong ngh¢ Quoc gia (NAFOSTED) trong dé tai ma so 108.06-
2019.11. Céac tac gia xin chan thanh cam on.
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Nghién ctru bdo quan di cit twoi biing mang alginate in dwo
bo sung cao chiét rong nau Sargassum polycystum

Tran Thi Ngoc Mai*, Huynh Phuwong Quyén
Vién Khoa hoc Ung dung, Truong Pai hoc Cong nghé TP Ho Chi Minh, 4754 Pién Bién Phii, phuong Thanh My Tay, TP. Ho Chi Minh, Viét Nam
Ngay nhan bai 17/6/2024; ngay chuyén phan bién 18/6/2024; ngay nhan phan bién 25/6/2024; ngay chip nhan dang 12/7/2024

Tém tit:

Rong nau la nguon nguyén liéu chu’a nhiéu cac thanh phan khang oxy hoa quan trong nhw cac polyphenol, carotenoid,
sulphate polysaccharlde, vala nguon tal nguyén phong phu, da dang vé chiing loai & khu vuc bién mién Trung Viét
Nam. Nghién ciru nham muc tiéu tim nong d¢ cao chiét rong nau Sargassum polycystum b6 sung vao dlch tao mang
alginate cho hiéu qua khang oxy héa cao ap dung Ién sdn pham oi cat twoi. Poi tuwong ap dung la qua oi Pszdtum
gua]ava Str dung phwong phap nhiing daé phi mang qua 6i cit mleng sau xw ly. Nghién ctru nay dwoc trién khai
nham danh gia hiéu qua cia lop phu natri alginate dn dwoc aé duy tri chit lwgng dinh dudng sau thu hoach va ting
kha niing ban ra thi trudng ciia sain pham 6i cit twoi trong qua trinh biao quéan & 5+2°C. Két qua cho thiy xir ly
bang cach bd sung cao chiét xuit rong nau Sargassum polycystum 2,0% vao dung dich alginate 1,5% trong 12 ngay
bdo quin, ty 1¢ hao hut khoi lwgng gizm 5,55%, ham lwong vitamin C ting 50,0 mg/100 g, ham lwgng TPC ting
20,0 mg/100 g, ty 1¢ chap nhan thwong mai (CAR) ting 15,97%, va chi so6 d9 chin (TSS/TA) giam 14,4 lan so véi dbi
chirng.
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Abstract:

Brown seaweeds are an abundant and diverse natural marine resource in Central Vietnam coastal waters, rich in
antioxidant compounds such as polyphenols, carotenoids, and sulphated polysaccharides. This study aims to find
the high concentration of brown seaweed extract Sargassum polycystum added to alginate-based edible coatings for
high antioxidant efficiency applied to fresh-cut guava. The subject of the application is guava Psidium guajava. The
alginate film-dipping method was used to coat fresh-cut guava after processing. This study evaluated the effectiveness
of an edible coating sodium alginate to maintain postharvest nutritional quality and increase the marketability of
fresh-cut guava during storage at 5+2°C. Results revealed that treatment with 1.5% alginate supplementing extract
Sargassum polycystum 2.0% during 12 days of storage, the weight loss significantly reduced by 5.55%, vitamin C
content increased by 50.0 mg/100 g, TPC content increased by 20.0 mg/100 g, the rate of commercially acceptable
fruit (CAR) rose 15.97%, and the ripening index (TSS/TA) decreased 14.4 times as compared with the control.
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1. it van de

Mang phu an dugc 1a mot 16p vat liéu mong duoc ap truc
tiép trén bé mit qua bang cach nhung, phun hay quét [1, 2].
Chung hoat dong nhu mdt rao can chon loc chéng lai sy trao
d6i am, oxy va carbon dioxide; két qua la giam mat nudc, giam
tdc 6 phan tmg oxy héa va tée do ho hap, cai thién chat luong
san phém va ngén chin su phat trién cta vi sinh vat, do do, co
thé bao ton chit luong tréi cay va rau qua [1, 3, 4]. Lop pha
an duoc lam bang vat lidu thuc pham nén c6 thé dugc tiéu thu
mot cach an toan nhu 1a mot phan cua san pham [2]. Hién nay,
viéc str dung mang polymer tong hop dang duoc quan tim thay
thé dan bang c4c loai mang than thién véi moi truong, didu nay
gbp phin 1am giam tac dong va chi phi xir Iy moi truong, nén
16p phu sinh hoc 4n dwoc duge xem 14 cong nghé dong gbi day
hira hen do tinh chét khong gay 6 nhidm méi truong.

Alginate 1a polysaccharide tu nhién, ua nudc, thu tir tao
nau; nganh cong nghiép thuc pham sir dung alginate cho cac
ung dung tao gel, [am day va on dinh. Hon nira, alginate dac
trung v6i tinh chit va chirc ning tao mang tot, di mang nay
hoa tan trong nudc, nhung ching ¢ thé chuyén thanh khong
hoa tan thong qua lién két chéo véi cac cation nhw magié, natri,
canxi, strontium va barium. Cac loai mang alginate rit dan hoi,
rat bén, chiu dau va khong dinh bét [5, 6]. Cac nghién ctru cho
thdy mang phu alginate giit dugc chat lugng sau thu hoach cta
qua viét quét, ca chua, dao, anh dao ngot, dita, mén va trong
mot s loai qua khac [4, 5, 7].

Rong ndu la ngudn nguyén lidu chira nhiéu cac thanh phan
khang oxy hoa quan trong nhu Céc polyphenol, carotenoid,
sulphate polysaccharide va la nguon ta1 nguyén phong ph,
da dang vé chiing loai ¢ khu vuc bién mién trung Viét Nam [8,
9]. Viée bo sung cac hop chat khang oxy hoa vao mang bao an
dwoc nham lam gia tang gid tri chirc ning cua mang dang 14 xu
huéng hién nay, cao chiét rong nau da dugc chirng minh vé tinh
chét khang oxy hoa nay [10-12].

Qua 6i (Psidium guajava) 1a mot loai trai cdy nhiét doi va
can nhiét doi, dugc tr(‘Bng dai tra va ti€u thu rong rai o nhiéu
qudc gia, c6 nguon gdc tir Trung va Nam My [13, 14]. Oi dugc
biét dén voi huong vi, mui thom va cac hop chét hoat tinh sinh
hoc nhu acid ascorbic, flavonoid, carotenoid va anthocyanin.
Viéce tiéu thu 6i ¢ thé dong gop mot lugng dang ké chét dinh
dudng va hop chat hoat tinh sinh hoc vao ché do an udng cia
con ngum [15]. Tuy nhién, mot trong nhing nhugc diém 16n
cua 6i tuoi 1a nhanh hong do hoat dong hd hip va tde do san
xuét ethylene ting cao sau thu hoach, didu nay din dén qua
trinh 130 hoa nhanh ngay ca trong didu kién lam lanh dugc
kiém soat. Nhiéu phuong phap bao quan sau thu hoach khac
nhau da dugc thir nghiém trén bi tuoi [13], tuy nhién, diéu quan
trong 1a phat trién cac ky thuat dwoc nganh cong nghiép cat
twoi st dung dé ngan chan sy hu hong cua trai cay [16].
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Nghién ctru tao 16p phii 1én qua 6i cat twoi bang dich
tao mang alginate bd sung cao chiét rong ndu Sargassum
polycystum c6 kha nang khang oxy hoa, la mot giai phap giup
kéo dai thoi gian bdo qudn va cai thi¢n gia tri cdm quan cho san
phim 6i cit tuoi.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit ligu

Qua 6i Nir Hoang (Psidium guajava) thu tir cac nha vuon
& khu vuc Dong bang séng Ctru Long, dat do chin thwong mai.
Qua dugc chon phai tuoi, déng déu vé kich ¢&, mau sic, do
chin va hinh dang; rira sach béng nudce ct. Cit theo chidu doc
chia qua 1am 6-8 miéng bo 15i hat.

Sodium alginate (HiMedia - An D) dang bot, mau tring
nga. Glycerol (Merck, Dirc) dang long, khong mau. Acid
ascorbic (DSM, Trung Qudc) dang bot tinh thé mau tring.

Rong nau thu tir ving bién Ninh Thuén vao khoang thang
4 dén thang 8 hang nam, dugc dinh danh tai Phong thi nghiém
Thuc vat, Khoa Sinh hoc, Truong Pai hoc Khoa hoc Ty nhién
TP H) Chi Minh boi TS. Luu Thi Thanh Nhan, mau rong co
tén khoa hoc 1a Sargassum polycystum. Rong dugc ngam, ria
sach, phoi/sdy & 45-50°C dén kho, xay nho, ngdm chiét trong
ethanol. Dich chiét ¢ quay chan khong dé thu cao kho kiét (d6
am 15+2%).

2.2. Phuwong phdp nghién ciru
Phuong phap tao mang:

Dung dich alginate 0,5; 1,0; 1,5; 2,0; 2,5% (w/v) dugc chuin
bi bang cach hoa bot alginate vao nudc cit nong khoang 70°C,
khudy déu cho dén khi hdn hop trong sudt. Sau do, dé nguéi
vé nhiét o phong, bo sung glycerol ty 1& 20% (v/v) va khudy
déu cho dén khi hdn hop dong nhat [4, 5]. Nong do alginate
dugc chon duge bé sung cao chiét Sargassum polycystum véi
cac ty 1€ 0,5; 1,0; 1,5; 2,0; 2,5 (w/w). Acid ascorbic dung lam
chét tham chiéu.

Tao mang bang phuong phap nhing véi sb luong 30 miéng
cho mét lan nhing, mdi thi nghiém dwoc 1ap lai 3 lan. Thoi
gian nhung gitt trong dung dich alginate 1a 5 phat d& dam bao
16p phu dong nhét trén toan bd bé mat cta miéng 6i [4]. Sau
d6, dé kho tu nhién ¢ nhiét do phong, 10i cho vao hop nhya day
kin va bao quan ¢ nhiét do 5+2°C. Cac miéng 6i nay duoc danh
gi4 cac chi tiéu hoa 1y va cam quan sau mdi 3 ngay, trong thoi
gian 18 ngay bao quan.

Céc phirong phap danh gid chat lrong:

- Ty 1¢ hao hut khdi luwong (WL, %) dugc xac dinh b?mg
phuong phap ce”m vé duoc tinh theo cong thirc:

WL (%) = % x 100%

trong do: W, 1a kh01 lugng ban dau cia miu (g); W, la khi
lwong mau ta1 mdi thoi diém khao sat (g).
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- Toéng ham luong chat rin hoa tan (TSS, %) dugc xac
dinh bang Khuc xa ké (Atago Master-T 0-32% Atc Brix
Refractometer, My) (AOAC 932.12).

- Ham luong acid tong sé (TA, %) dugc xac dinh bing
phuong phéap chuin d6 véi dung dich NaOH 0,1N véi chat chi
thi phenolphthalein 1% (AOAC 942.15).

- Ham lugng vitamin C (Vit.C, mg/100 g) dugc xac dinh
bang phuong phap chuan do véi iode theo TCVN 11168:2015.

- Ham luogng polyphenol téng (TPC, mg/g) dugc x4c dinh
bang phuong phap Folin-Ciocalteu theo TCVN 9745-1:2013.
Ham lugng polyphenol tong ¢6 trong 1 g miu duoc tinh theo
cong thure sau:

TPC (mg/g) = Cuv

m
trong do6: C,, - ham lugng polyphenol tong c6 trong mau dugc
tinh dua trén duong chuan acid gallic (mg/g); v - thé tich dinh
murc sau khi xtr Iy mau (ml); m - khoi luong mau (g).

- Ty 18 qua dugc chdp nhan thwong mai (CAR, %) duoc xéc
dinh dua theo Tiéu chuan qudc gia TCVN 10747:2015 vé qua
6i tuoi. Ty 18 qua dugc chip nhan thuong mai duoc tinh theo
cong thtc:

CAR (%) = % x 100%

trong do: W, - kh?)i lugng ban ddu cia mau (g); W, - khi
lugng qua dat chat lugng theo TCVN 10747:2015 tai moi
thoi diém khao sat (g). St dung phép thir phan biét “A-notA”
trong phuong phép danh gia cam quan dé chon mau dat TCVN
10747:2015.

- Pénh gia cam quan vé mirc d¢ ua thich giita cac mau
nghién ctru bang Phép thir cho diém thi hiéu, thang diém 0-7 chi
mirc d6 ua thich ting dan, s lugng ngudi thir 1a 30 (theo TCVN
11183:2015).

Phuong phdp xir Iy 56 liéu: S6 liéu duoc xtr Iy bang phan
mém Statgraphics Centurion XV. Tt ca s6 liéu dugc biéu dién
dudi dang Trung binh+SD, cac chénh 1éch khac biét thé hién
bang **4 & mic y nghia p<0,05.

£ 2 < < "
3. Ket gua va ban lun

3.1. Anh huwéng ciia néng do alginate, ty 1¢ vitamin C va ty
I¢ cao chiét bo sung vao dich tao mang alginate dén chit lwong
0i cat twoi

Khi cit miéng trai cdy s& lam tang dién tich bé mat tiép xuc
vOi moi truong ngoai, do d6 lam gia tdng cac hoat dong cua qué
trinh trao doi cht nhu ho hdp, oxy hoa va thoat hoi nude. Lop phu
an dugc dong vai tro nhu mot rao can giap bao vé cac té bao, 1am
giam ho hap, giam thoat hoi nudc va cudi ciing dan dén giam mat
d6 am va trao d6i khi, do d6 c6 thé cai thién dugc chét luong miéng
0i cit twoi [16]. Két qua & cac hinh 1-3 cho thdy 1 diéu nay.
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Hinh 2. Anh hwéng cia mang A-G-As dén chat lwong 6i cat twoi.
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Hinh 3. Anh hwéng mang A-G-Sp dén chét lwong 6i cat twoi.

Céc két qua nghién ciru cho thay, ¢ hinh 1 ndng do alginate
1,5% c6 ty 18 WL thip nhét, su thay d6i TSS/TA nho nhat, ham
luong vitamin C va ham luong TPC gitt duoc cao nhét; diéu nay
chimg to & nong do 1,5% su bién dong trong miéng 6i xay ra nho
nhit nén tinh chat dinh dudng giir duoc nhidu nhit. Do dé, ty 1&
nay ding cho khao st ty 1¢ vitamin C va ty 1& cao chiét rong nau
b6 sung vao voi muc dich lam giam phan img oxy héa trén bé
mit miéng 6i sau khi cat. O hinh 2, 3, céc ty 1& vitamin C va ty
18 cao chiét b sung tang ty 1¢ thuan v6i ham lugng vitamin C va
ham lugng TPC; ¢ ty 1€ vitamin C 1,0, 1,5 va 2,0%; cao chiét 2,0
va 2,5% thi ham lugng cua vitamin C va TPC khong c6 sy khac
biét & mitc y nghia 95%. Véy nén, dung dich tao mang ¢6 nong do
alginate 1,5% va ty 1& cao chiét rong nau S. polycystum bd sung
la 2,0%; mang alginate 1,5% va ty 1¢ vitamin C b sung 1,0% st
dung 1am méu tham chiéu.

3.2. Sw thay déi chit lwong éi cit twoi theo thoi gian bio
quan cua cdc logi mang khac nhau

Cac thong s6 tao mang A-G, A-G-As va A-G-Sp néu trén cho
thay hiéu qua ciia mang bo sung chat khang oxy hoa tu nhién (cao
chiét rong ndu S. polycystum) - mang A-G-Sp so véi mang bd sung
chat khang oxy hoa hoa hoc (acid ascorbic) - mang A-G-As. Du6i
day 1a cac két qua thu duoc theo thoi gian bao quén 6i cat tuoi phu
cac loai mang khac nhau:
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Hinh 4. Sy thay ddi khéi lwgng theo thoi gian bao quan di cét twoi cua cac
loai mang khac nhau.
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Hinh 5. S thay ddi do chin/acid téng sé theo thei gian bao quan di cit twoi
ctia cac loai mang khac nhau.
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Hinh 6. Sy thay dbi Vitamin C theo thoi gian bao quan i cat twoi cua céc loai
mang khac nhau.
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Hinh 7. Sw thay déi ham Iwgng polyphenol tong theo thei gian bao quan éi cat
twoi cta cac loai mang khac nhau.

Sy thay d6i WL ¢6 thé do mat nude, do hoat dong cua cac
qua trinh trao ddi chat nhu ho hép va duoc xac dinh boi su
chénh léch cua ap suat hoi nudc giira qua va moi truong khong
khi xung quanh [2]. Hinh 4 cho thiy, tt ca cac miu WL déu
¢6 xu hudng tang theo thoi gian bao quan, co sy khac biét rd
vé sy ting ctia mau ddi chimg so véi mau co phii mang A-G,
sau 18 ngay bio quan thi WL ciia dbi ching 13 19,23+1,05% va
16,04+1,46%. Bén canh d6, mau phii mang A-G-As va mang
A-G-Sp c6 WL tang it hon va khong c6 su khac biét & muc
y nghia 95%, gia tri WL sau 18 ngay bao quan tuong ung la
14,22+0,64% va 14,25+0,17%. Két qua nay cho thiy tac dung
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tich cuc ciia mang alginate trong vi¢c ngan nglra giam WL
cling da dugc bdo cdo ¢ tao cat twoi [17], man [18], dira cat
tuoi [19], xoai [4], xoai cat tuoi [20] va qua viét quat [5].

Cac gia tri TSS, TA ctia thit qué 1a cac thanh phin tao huong
vi chinh va ciing 14 céc thanh phan dinh dudng trong 6i. TSS/
TA thuong duoc sir dung dé chi do chin va chat lugng sau thu
hoach cta qua [15]. Theo hinh 5, TSS/TA ciia tat ca cic mau
déu ting cham theo thoi gian bao quan va c6 su khac biét dbi
ching. Diéu nay mat phan do 16p phu ngdn chan trao d6i khi
do d6 lam giam toc do ho hap va hoat dong trao doi chét, tir
d6 tri hodn qua trinh chin va han ché mit do am. Gia tri TA
giam trong sudt qua trinh luu trit sau thu hoach, 1a do viéc sir
dung chung 1am chit nén cho sy ho hap va chuyén ddi thanh
duong [14, 15]. Két qua cia nghién ctru nay phu hop voi két
qua nghién ciru mang phu alginate trén qua man [18], qua xoai
[4], qua viét quét [5] sau thu hoach.

Ham luong vitamin C va TPC cua tit ca cic mau ¢ hinh
6 va 7 giam dan theo thoi gian bao quan, khac biét rd rét so
voi mau dbi chimg. Di véi mau pha mang A-G-As va A-G-
Sp thi sy gidam khong khac biét ¢ mitc y nghia 95% theo thoi
gian bao quan. Ham luong vitamin C cta 6i boc mang A-G-Sp
giam so voi nguyén liéu ban du 1a 17,37; 19,49 va 18,40%;
mang A-G-As la 17,42; 27,15 va 28,23% tuong Gng sau 12,
15, 18 ngay bao quan. Ham lugng TPC cia i boc mang A-G-
Sp giam tuong Gng la 27,90; 30,07 va 30,58%; mang A-G-As
giam tuong tmg 1a 28,62; 30,14 va 31,52%. Két qua nay cho
thay hiéu qua ciia viéc phii mang va quan trong hon 13 mang
¢6 bo sung nhitng hop chat chirc nang trén cac san pham trai
cdy cat twoi. Him lugng vitamin C va TPC ctia miu phii mang
A-G-As v6i acid ascorbic 1,0% va mang A-G-Sp véi cao chiét
rong nau S. polycystum 2,0% khong khac bi¢t & mirc y nghia
95%. Két qua nay cho thay hiéu qua cua chat khang oxy hoa
tw nhién, diéu nay c6 y nghia trong viéc dinh huéng sir dung
nhitng hop chat ¢ hoat tinh sinh hoc ¢6 ngudn gdc ty nhién bo
sung vao thuc pham thay thé viéc st dung phu gia.

3.3. Ty l¢ ché'p nhdn thwong mai va gid tri cdm quan ciia oi
cat twoi theo thoi gian bdo qudn cia cdc logi mang khdc nhau

Ty 1& qua dwoc chip nhan thwong mai (CAR) 1a mét chi sb
quan trong dé danh gia gia tri kinh té cta trai cay twoi dat chat
lugng hodc dat dugc su chap nhan ctuia nguoi tiéu dung.
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Hinh 8. Gia tri chdp nhan thwong mai theo thoi gian bao quan i cét twoi cua
cac loai mang khac nhau.
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Téngthé
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Hinh 9. Gia tri cam quan i cét ctia cac loai mang khac nhau sau 12 ngay bao
quan.

Hinh 8 cho thiy CAR cta 6i cat tuoi ¢ boc mang so voi dbi
chimg ¢6 sw khac biét, gia tri CAR ciia cac mau déu cao hon so véi
d6i chimg. Sau 12 ngay bao quan thi cic mau 6i cat tuoi co boc
mang dat gid tri CAR cao hon 50% (mang A-G 51,2+5,66%, mang
A-G-As 58,9+6,23%, mang A-G-Sp 59,6+5,45% trong khi d6 ddi
chimg dat 43,6+3,67%. Diéu nay cho thiy hiéu qua cta mang co
b6 sung cao chiét rong ndu S. polycystum so v6i dbi chimg. Pong
thoi gid tri cadm quan vé mau, mui, Vi, chu trac va téng thé cua
miéng Oi cat tuoi phii mang A-G-Sp cho gi tri cam quan tot nhét
sau 12 ngay bdo quan (hinh 9). Do do, thoi gian khuyén nghi cho
san pham 6i cit twoi phit mang A-G-Sp 14 12 ngay.

4. Két luan

Nghién ctru tao 16p phi A-G-Sp 1én qua 6i cit twoi bing
dich tao mang alginate bd sung cao chiét rong ndu S. polycystum
cho thdy cac nong do alginate, ndng do cao chiét rong nau S,
polycystum khac nhau déu c6 anh huong dén WL, TSS/TA, Vit.C,
TPC va CAR. Nong d¢ alginate 1,5% va ty 1¢ cao chiét rong nau
S. polycystum 1a 2,0% dugc chon dé tao mang A-G-Sp phu 1én bi
cat tuoi thu dugc két qua: Thoi gian khuyén nghi cho san pham
la 12 ngay 6 nhiét do 5+2°C vai gia tri CAR 1a 59,6+5,45%; cac
gia tri WL, TSS/TA, Vit.C va TPC tuong ung 1a 11,23+0,52%;
4591; 159,4+3,34 mg/100 g va 99,5+£3,37 mg/100 g. Nghién ctru
nay ciing cho thdy hiéu qua ciia chit khang oxy héa tw nhién - cao
chiét rong nau S. polycystum so véi phu gia - acid ascorbic khong
khac biét & murc y nghia 95%.
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Nghién ctru duogc tai trg boi Vién Cong nghé cao HUTECH,
Truong Dai hoc Cong ngh¢ TP. HO Chi Minh (ma so 2025.11.
KHUD).
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Két qua diéu trj viém phoi thity theo dinh hudng cin nguyén vi khudn tir dich ty hau
tai Bénh vién Nhi Trung wong (3/2023-2/2024)
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Tém tit:

Viém phdéi thuy Ia bénh 1y ton thwong phoi ning ¢ tré em, bénh dién bién thwong cAp tinh. Tuy nhién viéc chéin
doan nguyén nhan cua viém ph61 thuy rit khé khin khi léy mau bénh phém tai vi tri ton thwong. Muc tiéu va
phuong phap nghién ciru: Panh gia két qua diéu tri viém ph01 thuy theo dinh hwéng can nguyén vi khuin tai dich
ty hiu dugce xac dinh béi phuong phap real-time polymerase chaln reaction (PCR), cay dich ty hiu va khang thé
déc hiéu IgM Mycoplasma. Két qua: Nghién ciru trén 777/835 tré mic viém ph01 thuy dugce diéu tri theo dinh hwéng
nguyén nhan 13 vi khuin tim dwgc tai dich ty hiu bing real-time PCR va nudi ciy dich ty hau. Cin nguyén xac
dinh dwoc bang PCR: Mycoplasma pneumoniae (MP) hay gip nhit (32,1%), sau d6 1a Haemophilus influenzae
(28,1%), Streptococcus pneumoniae (21,9%). Cin nguyén xic dinh dwge bang ciy dich ty hiu: H. influenzae 17,5%,
S. pneumoniae 7,4% va Moraxella catarrhalis 7,9%. Tong cong 100% bénh nhin c¢é két qua real-time PCR MP (+) diéu
tri khéi biang phac d6 Macrolide hoic Quinolon, 159/211 (75,4%) bénh nhan viém phoi thity dwge diéu tri khoi theo
khang sinh d6, 52/211 (24,6%) khéi khong theo khang sinh do. Két luan: Diéu tri viém phoi thuy theo dinh hwéng cin
nguyén vi khuén trong dich ty hau dat hi¢u qui cao cho thiy dich ty hau cé gia tri dinh hwéng cin nguyén trong viém
phéi thity. Khuyén cdo: Sir dung két qua nguyén nhéan dich ty hiu cho diéu tri viém phdi thity dang tin ciy.

Tir khéa: cin nguyén dich ty hiu, diéu tri, viém phdi thuy.

Chi so phén logi: 3.2, 3.3

Results of treatment for lobar pneumonia based on bacterial etiology from nasopharyngeal samples at the
Vietnam National Children’s Hospital (March 2023 - February 2024)

Thanh Tu Tran, Thi Mai Nguyen®, Thi Hoa Dinh, Hoang Linh Tran, Thi Hai Yen Vu, Duc Anh Vu, Van Truong Pham
Vietnam National Children's Hospital, 18/879 La Thanh Street, Lang Ward, Hanoi, Vietnam
Received 21 January 2024; revised 15 February 2024; accepted 19 February 2024

Abstract:

Lobar pneumonia is a disease of severe lung damage in children that often progresses acutely. However, diagnosing the
cause of lobar pneumonia is challenging when collecting specimens at the lesion site. Aims and methods: Evaluate the
results of treatment of lobar pneumonia based on the bacterial etiology in nasopharyngeal samples determined by real-time
PCR, NPS culture and specific Mycoplasma IgM antibodies. Results: The study involved 777 out of 835 children with lobar
pneumonia treated according to the bacteria found in nasopharyngeal samples by real-time polymerase chain reaction (PCR)
and nasopharyngeal samples culture. The cause determined by PCR: Mycoplasma pneumoniae (MP) was the most common
32.1%, followed by Haemophilus influenzae 28.1%, Streptococcus pneumoniae at 21.9%. The etiology was determined by
nasopharyngeal culture: H. influenzae at 17.5%, S. pneumoniae at 7.4% and Moraxella catarrhalis at 7.9%. 100% of patients
with real-time PCR MP (+) were successfully treated with Macrolide or Quinolone regimen, 159/211 (75.4%) patients
with lobar pneumonia were cured according to the antibiogram, while 52/211 (24, 6%) recovered without following the
antibiogram. Conclusion: Treatment of lobar pneumonia by targeting the bacterial etiology in nasopharyngeal samples is
highly effective, showing the value of nasopharyngeal samples in identifying the cause of lobar pneumonia. Recommendation:
Use nasopharyngeal samples etiology results for reliable treatment of lobar pneumonia.

Keywords: etiology of nasopharynx epidemic, lobar pneumonia, treatment.

Classification numbers: 3.2, 3.3
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1. Dat van de

Viém phéi 1a bénh truyén nhlem gy tur vong cao nhét cho
hon 700.000 tré em dudi 5 tudi trén toan the gioi nam 2015,
hay khoang 2.000 tre m01 ngay, chiém 14% tong s6 ca tir vong
& tré dudi 5 tudi chii yéu ¢ chau Phi va bong Nam ATl 2].
Trong do, viém phoi thity ding dé chi nhimg ton thuong phoi
tap trung lai thanh dam trén phim chup X-quang. Viém phdi
thuy hay gap ¢ nhom nguoi truong thanh 20-50 tudi, dbi voi
nhom tré nho va nguoi gia ton thuong chu yéu la viém ph01 lan
toa. Tuy nhién, xu huéng nhimg nam gin day tudi mic viem
phéi thily ngay cang nho, ton thwong ngay cang ning va cin
nguyén gy bénh thay d6i. Nghién ciru cia D.M. Tuan (2010)
[3] thuc hién tai Bénh vién Nhi Trung wong nam 2010 ghi nhan
¢6 8,6% tré mic viém phdi thiy trong do nguyén nhan ty cau
chiém 30,09% va phé cau 1a 28,57%. Nghién ctru cia T.Q. Khai
va cs (2020) [4] chi ra can nguyén hay gap 1a M. pneumoniae
(69,7%). Trong nhiéu truong hop tré mic viém phdi thuy rat
kho xac dinh cin nguyén gay bénh do kho lay dugc bénh phim
tai vi tri ton thwong, phan 16n chan dodn nguyén nhan s& duoc
dinh danh qua dich ty hiu, trong mot s6 truong hop nguyén
nhan s& dugc chan doan qua dich noi khi quan (day 1a mot thu
thudt xam lan, ¢6 chi dinh chat ch&), vi vay phan 16n cac tac gia
nghién ciru vé nguyén nhén viém ph01 thuy thudng lay bénh
pham tir dich ty hau. Mac du vdy, van con nhiéu ¥ kién chua
tin tuong thuc sy vao két qua tir bénh pham dich ty hau, ciing
nhu lo lang vé viéc vi khuan tim duoc 1a vi khuan cu tra hay
vi khuan gdy bénh. Nhing nam gan day, nganh vi sinh hoc c6
nhiéu tién bo: v6i ky thuat cay dém, chiing ta c6 thé xac dinh
duoc vi khuan nao 1a vi khuan gay bénh, vi khuan nao chi 14 vi
khuan cu tra. Tuy nhién, liéu vi khuan gay bénh dwoc tim thy
tai dich ty hdu c6 phai 1a vi khudn gy bénh viém phdi thiy
khéng van con 1a mot cdu hoi. Ching toi tién hanh nghién ctru
“Két qua diéu tri viém phdi thiy theo dinh hudng vi khudn dich
ty hau tai Trung tim Qudc té - Bénh vién Nhi Trung uong tir
thang 3/2023 dén thang 2/2024” véi muc tiéu:

- Phat hién tic nhan vi khuan trong dich ty hau bang phuong
phap real-time PCR, cay dich ty hau va huyét thanh hoc.

- Két qua diéu tri viém phdi thuy theo nguyén nhéan va khéng
sinh d6 dich ty hau.
2. Déi tuong va phuong phap nghién ciiu
2.1. Poi twong

Tré tir 1 thang tudi dugc chan doan viém phdi thuy va duoc
diéu tri tai Trung tdm Quoc té - Bénh vién Nhi Trung wong tur
thang 3/2023 dén thang 2/2024.

Tiéu chudn lea chon: Viém phéi duoc chén doan theo tiéu
chuan cua BO Y té [5].

- Hinh anh X-quang c6 gid tri chan dodn xac dinh viém phoi
thuy khi ¢6 hinh mo cua ton thuong tap trung khu tri ¢ 1 thuy
hay 1 ving cta 1 bén hay céa 2 bén phdi.
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- Bénh nhén dugc ldy mau xét nghiém nguyén nhan vi
khuan dich ty hau (PCR va cay).

Tiéu chudn logi trir: Nhitng bénh nhan viém phdi thuy
khong xac dinh dugc can nguyén trong dich ty hau:

- Cay dich ty hau am tinh.

-Real-time PCR 7 vikhuén : Bordetella parapertussis (BPP),
Bordetella pertussis (BP), Chlamydophila pneumoniae (CP),
Haemophilus influenzae (H1), Legionella pneumophila (LP),
Mycoplasma pneumoniae (MP), Streptococcus
pneumoniae (SP) am tinh.

- IgM Mycoplasma huyét thanh (-).
2.2. Phwong phap nghién ciru

Thiét ké nghién ciru: Nghién ctru mo ta tién ctu loat ca
bénh.

Chon mau nghién cieu: Léy toan bo bénh nhi du tiéu chuén,
trong 1 nam tur: 3/2023-2/2024.

Chan dodn viém phoz do MP /6] Bénh nhan duoc chian doan
14 viém phdi va tim thay dau an ctia M. pneumoniae trong bénh
pham dich ho hip va miu huyét thanh: PCR M. pneumoniae
duong tinh + IgM M. pneumoniae duong tinh hodc hi€u gia
khang thé IgM M. pneumoniae chuyén tir (-) sang (+).

Phuong phdp xdc dinh can nguyén vi khuan cdy dich ty
hau: Nudi ciy vi khuan tir dich ty hau béng phuong phap
cay dinh luong. Bénh pham dugc nudi cdy va phan lap theo
quy trinh xét nghiém tai Bénh vién Nhi Trung wong (QTKT.
bD.001.V1.0 va QTKT.PD.001.V2.0, QTXN.VS.007.V3.0,
dinh danh vi khuén bang hé théng tw dong VITEK MS theo
quy trinh QTXN.VS.16).

Diéu tri viém phoi thiy: Theo “Huéng dan xir tri Viém
phdi cong ddng & tré em” cta B Y té (2014) [5].

Tiéu chudn khoi bénh: Lam sang: hét cac tridu chiing ho,
sot, kho thd; nghe phéi: hét ran. Can 1am sang: s lugng bach
cau, bach cau trung tinh, CRP tr¢ vé binh thuong, X-quang
phéi thuyén giam hodc tr¢ vé binh thuong.

Tiéu chudn tht bai: Trong vong 72 gid sau diéu tri cac déu
hiéu lam sang tang nang, xét nghiém mau chi s6 nhiém tring
tang, ton thuong trén X-quang x4u di.

Phuong phdp thu nhdp va phan tich sé liéu: Thu thap thong
tin bénh nhan theo mau bénh 4n nghién ctru chung. Phan tich
s0 li¢u bang phan mém SPSS 20.0.

2.3. Dao dirc nghién ciru

Thong tin bénh nhan nghién ciru dugc bao dam gitr bi mat,
nghién ctru khong can thi¢p vao qué trinh di€u tri ctia bénh
nhan. Tré va nguoi cham soc tré ty nguyén tham gia nghién
ctu. Be tai nghién ctru dugc Hoi dong Dao diic, Bénh vién Nhi
Trung wong thong qua so 3949/QD-BVNTW ngay 16/8/2023.
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3. Két qua

Trong thoi gian nghién ctru, ¢6 835 bénh nhi dugc thu thap,
trong d6 58 bénh nhi khong xac dinh dugc can nguyén trong
dich ty hau va IgM Mycoplasma huyét thanh am tinh; 777 bénh
nhi xac dinh dugc can nguyén, bao gém 555 bénh nhan xac
dinh duoc can nguyén trong dich ty hau bang real-time PCR,
272 bénh nhén c6 két qua nudi cdy dich ty hau duong tinh, 569
bénh nhi IgM Mycoplasma (+).

3.1. Cin nguyén vi khudin trong dich ty hau ¢ b¢nh nhin
viém phoi thity

(A) (B)

1.91% 0.10%

d

1.0%
= Am tinh =Am tinh
M. pneumoniae = M. catarrhalis

H. influenzae H. influenzae

= S. pneumoniae = S. pneumoniae

N
|

= C. pneumoniae = S. aureus

32,1%

» L. pneumophila

Hinh 1. Cén nguyén vi khuan dwoc xac dinh bing phwong phap real-time PCR
(A) va nudi cay dich ty hiu (B).

Trong 835 bénh nhan viém phdi thiy, s ca c6 cin nguyén
duoc xac dinh bang k¥ thuat real-time PCR 1a 555 (chiém
66,5%); can nguyén hay gip nhat 13 M. pneumoniae 268/835
bénh nhan (32,1%), sau d6 1a H. influenzae 235/835 bénh nhan
(28,1%), S. pneumoniae 183/835 bénh nhan (21,9%) (hinh 1).
Vi ki thudt real-time PCR phat hién 7 loai vi khuan hé hap
hién tai, chiing t6i khong phat hién dugc M. catarrhalis. Két
qua nudi cdy dich ty hau cho thy c6 272/835 (32,6%) ca duong
tinh. Tac nhan hay gip nhat 1a H. influenzae 146/835 (17,5%),
sau do 1a S. pneumoniae 1a 62/835 (7,4%) va M. catarrhalis
14 66/835 (7,9%). Phuong phap nudi cdy thong thuong khong
phan 18p dugc M. pneumoniae.

3.2. Viéem phéi thuy do M. pneumoniae

Bang 1. Két qua diéu tri bénh nhan viém phdi thily do M. pneumoniae va nhiém
MP.

Phéc do Viém phéi thily ~ PCR MP (+) PCR MP (-) G tri
diéu tri doMPn (%)  IgMMP(-)n(%) IgMMP (+n (%) P
Macrolide 166 (74,4%) 70 (81,4%) 276 (79,8%)

Quinolon tirddu 10 (4,5%) 1(1,2%) 3(09%) .
Macrolide chuyén ) ) N ﬂ
Quinolon 47 21,1%) 15 (17,4%) 67(19,3%)

Téng 223 86 346

Bénh nhan viém phéi thuy do MP diéu tri khoi 1la 100%,
trong d6 co6 47 bénh nhan (21,1%) that bai véi phac do
Macrolide phai chuyén Quinolon (bang 1). Bénh nhan nhiém
MP (xé4c dinh bang PCR MP trong dich ty hau hodc IgM MP
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huyét thanh) diéu tri bang phac do diéu tri MP c6 ty 1¢ khoi
1a 100%, ty 1& thit bai voi phac d6 Macrolide phai chuyén
Quinolon 1a 17,4% va&i nhom real-time PCR dich ty hau va
19,3% véi nhém IgM huyét thanh. Sy khac biét khong c¢6 y
nghia thong ké vai p>0,05.

3.3. Viém phoi thiry cdy dich ty hiu dwong tinh vi khudn
Bang 2. Két qua diéu tri viém phdi thlly cay dich ty hau dwong tinh vi khuan,

Ciin nguyén vi khuin

Khang sinh

H. influenzae S pneumoniae M. catarrhalis  Tong

n (%) n (%) n (%) n (%)
Phi hop khing 88(752%)  32(69,6%) 39812%) 159 (75.4%)
sinh do
Khong phu hop 0 q 0 0
Wng st db 29 (24,8%) 14(30,4%) 9(18,8%) 52 (24,6%)
Téng 17(100%) 46 (100%) 48(100%) 211 (100%)

Bénh nhan viém phdi thuy sir dung khang sinh phu hop
v6i két qua khang sinh db cdy dich ty hdu c6 ty 18 cao 159/211
(75,4%), cu thé véi H. influenzae 13 75,2%, S. pneumoniae 1a
69,6%, M. catarrhalis 1a 81,2% (bang 2). Ty 1¢ bénh nhan
viém phoi thiy st dung khang sinh khong phu hop voi két
qua khang sinh d0 1a 24,6%. 100% bénh nhan viém phoi thuy
khoi bénh.

4. Ban luan

4.1. Can nguyén vi khuin trong dich ty hiu 0 bénh nhén
viém phéi thity

Két qua nghién ctru cua chung t6i khi khao sat 835 bénh
nhén viém phdi thily cho thiy, can nguyén trong dich ty hau
duogc phat hién bang ky thuat real-time PCR gdm 7 loai vi khuan
dién hinh va khong dién hinh 1a 555 ca duong tinh (66,5%),
tuy nhién khong phat hién thay ca nao nhidm M. catarrhalis.
Nguyén nhan hay gap nhét 1a M. pneumoniae (32,1%), tiép theo
1a H. influenzae (28,1%) va S. pneumoniae (21,9%). Két qua
ndy c6 su khac biét véi mot sd nghién ctru trude diy trén thé
giGi va trong y van, cin nguyén hay gap nhat 1a S. pneumoniae
[7, 8]. Tuy nhién, két qua lai twong dong vé&i nghién ciru cua
tac gia T.Q. Khai va cs (2020) [4] voi can nguyén hay gap la
M. pneumoniae (69,7%), sau d6 la S. pneumoniae (53%) va
Staphylococcus aureus (27,2%) [4]. Co thé giai thich do gﬁn
day cac ki thuat dé phat hién MP (PCR hoic IgM, IgG huyét
thanh) ngay cang phat trién va sy phat trién ciia vac-xin phé cau
ciing gop phan lam thay ddi dich & ctia viém phdi thuy.

Déi v6i phuong phap nudi cdy dich ty hau khong bao gdom
M. pneumoniae ddi héi méi trudng nudi cdy dic biét, két qua
c0 272/835 (32,6%) truong hop duong tinh, trong d6 nguyén
nhan hay gip nhat 1a H. influenzae (17,5%) tiép theo 1a M.
catarrhalis (7,9%) va S. pneumoniae (7,4%) véi ty 1& gan nhu



nhau. So véi nghién ctru cua N.T.T. Binh va cs (2022) thi ty
1€ H. influenzae (15,5%) va S. pneumoniae (13,8%) gﬁn bé‘mg
nhau [9].

Tir hai két qua xét nghiém béng hai phuong phap néu trén,
¢6 thé thdy rang can két hop ca phuong phap real-time PCR va
nudi cay dich ty hau dé xac dinh chinh xac hon, tranh bo s6t cin
nguyén viém phdi thity 14 M. pneumoniae hoiac M. catarrhalis.

4.2. Két qua diéu tri viém phoi thity theo dinh hwéng cin
nguyén vi khudn tai dich 1y hiu

Bénh nhan viém phdi thity do MP 1a 223/777 bénh nhan
duoc didu tri bang Macrolide hodc Quinolon khoi 100%, trong
d6 s6 bénh nhan diéu tri Macrolide khéi xut vién 1a 166 bénh
nhan (74,4%), 47 bénh nhan (21,1%) thét bai véi Macrolide phai
chuyén Quinolon. Bénh nhan nhiém MP (real-time PCR dich
ty hau hodc IgM huyét thanh) diéu tri bang phac d6 Macrolide
hodc Quinolon ciing dat ty 1¢ khoi bénh 100%. Nhitng bénh
nhan xac djnh MP trong dich ty hiu bang real-time PCR c6 ty
1¢ d4p g phac do Macrolide 13 81,4%, ty 1¢ d6i Quinolon 1a
17,4%, nhitng bénh nhan c6 IgM MP (+) trong huyét thanh c6
ty 1¢ dap tmg phac d6 Macrolide 1a 79,8%, ty 1¢ d6i Quinolon
14 19,3%. Su khéc biét khong co ¥ nghia thong ké p>0,05. Két
qua nay tuong tu véi nghién ctru cua N.T.T.Phuc va cs (2023)
¢6 81% bénh nhan nhiém MP dap tng Macrolide, 19% phai
d6i Quinolon [10]. Nhitng bénh nhan viém phoi thuy do MP va
nhiém MP déu khoi bénh khi sir dung phac d6 Macrolide hodc
Quinolon, ty 1& d6i thudc nhu nhau. Nhu vy déi v6i viém phoi
thiy, real-time PCR MP dich ty hau hodc IgM MP huyét thanh
¢6 gia tri dinh huéng cao trong diéu tri.

Trong 777 bénh nhan tham gia nghién ctru, c6 272 bénh
nhén c6 két qua ciy dich ty hdu duong tinh, chung t6i tién hanh
phan tich két qua diéu trj theo dinh hudng vi khuén tai dich ty
hiu cta nhitng bénh nhan khong déng nhiém MP ¢6 211 bénh
nhan. Bénh nhan viém phoi thuy str dung khang sinh phu hop
v6i két qua khang sinh d6 cdy dich ty hiu c6 ty 16 cao 159/211
(75,4%). 117 bénh nhan nuéi cay dich ty hau H. influenzae
duong tinh: 88/117 (75,2%) bénh khi st dung khang sinh phu
hop véi khang sinh do. 46 bénh nhan nuéi cay dich ty hau co
S. pneumoniae duong tinh: 32/46 (69,6%) bénh khi st dung
khang sinh phii hop vé6i khang sinh d6. 48 bénh nhan nuoéi cay
dich ty hau co M. catarrhalis duong tinh: 39/48 (81,2%) bénh
khi sir dung khang sinh phtt hop vdi khang sinh d6. 100% bénh
nhén viém phéi thity & ca 2 nhom sir dung khang sinh phit hop
voi két qua khang sinh d6 va nhom khong pht hop khéng sinh
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d6 déu khoi bénh hoan toan. Nhu vay, st dung két qua dinh
huéng vi khuan tir dich ty hau cho két qua tot déi véi ca vi
khuan dién hinh va khong dién hinh.

Can nguyén vi khuan trong dich ty hiu hay gip nhit ¢
bénh nhan viém phdi thiy 12 M. pneumoniae, tiép theo 1a H.
influenzae, S. pneumoniae, M. catarrhalis.

Piéu trj viém phéi thuy dua trén can nguyén vi khuin phat
hién trong dich ty hau dat hiéu qua cao, cho thay dich ty hdu co
gi tri dinh hudng can nguyén trong viém phdi thuy.

Khi chua ¢6 phuong phép chan doan nguyén nhan chinh
Xéc tlr vi tri ton thuong tai thity phoi, thi diéu tri viém phoi thity
theo nguyén nhén vi khuan trong dich ty hdu Ia diéu can thiét.
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Nghién ctru cdi tao va phuc hoi d9 phi nhiéu dat trong cam
bi suy thoai & Ngh¢ An

Luwong Pirc Toan*, Lé Xuin Anh, Tran Sy Hai, Nguyén Thi Van, Nguyén Ba Trung
Vién Thé nhwdng Nong hoa, 10 Pirc Thing, phirong Pong Ngac, Ha Noi, Viét Nam
Ngay nhan bai 21/10/2024; ngay giri phan bién 23/10/2024; ngay nhan phéan bién 12/11/2024; ngay chép nhan dang 18/11/2024

Tom tit:

Huyén Quy Hop (trwéc sap nhap) la ving trong cam 16m nhit cia tinh Nghé An véi thwong hiéu “Cam Vinh”. Qua
nhiéu nim canh tic thim canh cao va sir dung phin bén héa hoc, hoa chit bio vé thyue vat khong hop ly da tac
dong tiéu cwe dén do phi nhiéu cia dit, trong dé gia ting dd chua, mit cu tric cia dit, mat cin bing dinh dudng
trong dat, giam ham lwgng hiru co, suy giam vi sinh vt ¢6 ich va ting cac loai vi sinh vat giy hai trong ving ré ciy.
Nghién ctru nay danh gia két qua mot so bién phap nhim cai tao, phuc hdi do phi nhiéu dat dé phat trién bén virng
cAy cam tai ving nghién ciru. Két qua nghién ctru cho thiy, thuc hién cic bién phap tong hop trong quan ly va sir
dung phén bén nhw thay doi loai va liéu lrgng phan boén, két hop véi cic bién phap quan 1y giir Am cho dit da cai
thién tinh chat héa Iy ciia dit o rét, giam chi phi diu tw, ting hiéu qua kinh té trong canh tic cam. Sir dung cic ché
phim sinh hoc di lam ting mét dd vi sinh vat c6 loi ving ré&, phuc hdi cin bing sinh hoc dit, ting kha ning sinh
trweéng va phat trién cia ciy cam.

Tir khéa: cai tao dat, cam Vinh, do phi dit, suy thoai dat.

Chi s6 phén loai: 4.1, 4.6, 4.7

Research on the restoration of soil fertility in degraded orange-growing
areas of Nghe An province

Duc Toan Luong’, Xuan Anh Le, Sy Hai Tran, Thi Van Nguyen, Ba Trung Nguyen
Soil and Fertilizers Institute, 10 Duc Thang Street, Dong Ngac Ward, Hanoi, Vietnam
Received 21 October 2024; revised 12 November 2024; accepted 18 November 2024

Abstract:

Quy Hop district (before the administrative merger), the largest orange-growing region in Nghe An province, is
known for the “Cam Vinh” brand. Years of intensive cultivation and the indiscriminate use of chemical fertilizers and
pesticides have negatively impacted soil fertility, leading to increased soil acidity, soil structure degradation, nutrient
imbalance, reduced organic matter content, a decline in beneficial microorganisms, and an increase in harmful
microorganisms in the root zone. This study evaluates the results of several measures to rehabilitate and restore
soil fertility for the sustainable development of orange trees in the study area. The results showed that integrated
management practices, including adjusting fertilizer types and rates and implementing moisture management,
significantly improved soil physicochemical properties, reduced production costs, and increased economic efficiency
in orange cultivation. Additionally, the application of bio-products increased the density of beneficial microorganisms
in the rhizosphere, restored soil biological balance, and promoted the growth and development of orange trees.

Keywords: soil degradation, soil fertility, soil restoration, Vinh orange.
Classification numbers: 4.1, 4.6, 4.7

“Tac gia lién h¢: Email: ldtoan76@gmail.com
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1. Dat van de

Tinh Nghé An timg dugc biét dén 1a tha pha vé cam
v6i thuong hiéu “Cam Vinh”, dién tich cdy cam thoi ky cao
diém nam 2018 13 6.156 ha, ting gin gép doi so v4i nim
2015, trong d6 huyén Quy Hop chiém gin 50% dién tich
cam toan tinh [1]. C6 thé théy, vi€c tang nhanh dién tich
dat trong cam trong mot thoi gian ngin 1a mdi quan tim
cho nganh ndng nghiép tinh. Véi dién tich trong cam kha
16n, duge phat trién ¢ nhitng ving dat khong phu hop, thiéu
ngudn nudc tudi, chua dp dung dang cac tién bo k¥ thuat,
dan dén viéc suy thoai chat luong dt; san luong cam ting
nhanh dan dén khé khan vé tiéu thu dau ra.

Sy gia tang nhanh dién tich, véi mtc dau tu tham canh
cam quéa cao & Nghé An noi chung, huyén Quy Hop noi
riéng da dién ra lién tuc trong sudt 1-2 thap ky qua. Mic du
thuong hiéu “Cam Vinh” duoc coi trong dau tu phat trién
mé rong san xudt, tuy nhién ngay cang c6 nhiéu vudn cam,
dién tich cam bi suy thoai, cdy cam bi chat bo ¢ thoi ky con
rat tré (8, 10, 12 tubi). Nguyén nhan chinh dugc xac dinh
la do viéc sur dung nhiéu phan bon hoéa hoc va thube bao
v¢ thuc vat hdéa hoc gay suy thoai dét. Hon 50% dién tich
cam tai Quy Hop da bi giam trong giai doan 2019-2021 [2].
Chinh vi vay, trong 4 nam (2021-2024), d¢ tai da duva trén
co s6 ing dung cac tién bo ki thuat dé két hop vaoi nghién
ctru chuyén sau mét cach hé théng vé thuc trang suy thoai
d6 phi nhiéu dat va giai phap cai tao phuc hdi dit trong cam
bi thoai hoa tai Quy Hop nhdm gitp cac co quan quan 1y nha
nude va ngudi san xuit cam co thém co so dé cai tao vuon
cam, phuc hdi vung tréng cam, gop phan phat trién cam trén
dia ban huyén moét cach bén ving.

2. \Iat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Cay cam Xa Doai thoi ky kinh doanh (12 tudi); dit trong
cam la dat do vang.

Nghién ctru duoc thye hién tai xdm Chau Thanh, xa Tam
Hop, huyén Quy Hop, tinh Nghé An (trudc sap nhép) tu
thang 10/2022 dén thang 11/2024.

2.2. Phwong phap nghién ciru

Ldy mdu phan tich cdc chi tiéu 1y, héa hoc dat: Mau dat
dugc 14y 6 tang 0-30 cm, tai 4 diém xung quanh tan cia cay
da dugc chon trong vuon léy mau, tron déu cac mau va léy 1
kg cho vao thi riéng biét, 1dy theo phuong phéap ludi 6 vuong
(theo TCVN 5297:1995 va TCVN 7538-2:2005).
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Ldy mau phén tich céc chi tiéu vi sinh vdt, tuyén tring:
M3di cdy ldy 4 mau nho, theo 4 hudng dia ly (dong - bic - tay
- nam), 4 mau nh6 nay tron déu dé 1ay ra 1 mau 16n co khéi
luong 2 kg. Ky thuat xac dinh ving ldy mau theo TCVN
7538-4 (ISO 10381-4).

Phan tich chi tiéu 1y, héa hoc ddt: Puge thuc hién theo
bang 1.
Bang 1. Phan tich chi tiéu ly, héa hoc dét.

Thanh phén

chp hat TCVN 8567:2010 N téng s6 TCVN 8557:2010
PH,(, TCVN 5979:2007 CEC TCVN 8568:2010
OC tongsd ~ TCVN 8941:2011 Al TCVN 4403:2011
K,0détiéu  TCVN8662:2011  Ca*' trao ddi TCVN 8569:2010

P,0, d¢ tiéu TCVN 8661:2011 Mg?"trao dbi TCVN 8569:2010

KOténgsd  TCVN8660:2011  CuvaZndétitu TCVN 6496 :2009

PO, tongsd ~ TCVN8940:2011

Xac dinh mdt do tuyén trung: Thuc hién theo TCVN
12194-1:2019 - Quy trinh giam dinh tuyén tring gy bénh
thuc vat.

Xac dinh t(fng 56 bao tir ndm ré noi cong sinh: Thyuc hién
theo TCVN 12560-1:2018. Phan bén vi sinh vat - Xac dinh
mét d6 nim ré noi cong sinh - Phan 1: Dém sb luong bao tir
nam ndi cong sinh bang ky thuat sang udt, ly tim noi.

Xdc dinh sinh khéi carbon vi sinh vat: Thuc hién theo
TCVN 6856-1:2001 (ISO 14240-1:1997). Chét lugng dit -
Xac dinh sinh khi vi sinh vat dat - Phan 1: Phuong phép do
h6 hap cam tng chit nén.

Phdn tich chat lwong qua cam: D9 Brix (%): xac dinh
bang cach ép liy nudc va do trén may chiét quang ké
chuyén dung; chat kho (%): xac dinh theo phuong phap siy
dén khéi lugng khong doi; vitamin C: ap dung theo TCVN
6427-2:1998.

Bé tri thi nghiém: Gdm 7 cong thic theo TCVN
12720:2019 vé khao nghiém phan bon cho cay trong lau
nam [3]. Thi nghiém dugc bd tri theo khdi ngdu nhién hoan
chinh, dién tich 200 m¥6 (16 cdy) x 7 CT x 3 lan lap lai
=4.200 m? (bang 2).

Bang 2. So d6 bé tri thi nghiém.

R1 CT1(de) CT4 CT7 CTS CT3 CT6 CT2

R2 CT7 CT6 CT2 CT1(dlc) CT4 CT5 C13

R3 CTS CT3 CT4 CT6 CT2 CT7  CT1(Pk)
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+ Céng thirc phdn bén/ha: CT1: Dbi ching: phan
chudng + NPK theo quy trinh thim canh cdy cam: 350
kg N + 250 kg PO, + 450 kg K,O/ha; CT2: phan chudng
+ NP1K; CT3: phan chuong + NPK hoa tan; CT4: phan
chudng + NP1K + Bo + kém; CT5: phan chudng + NP1K
+ Mycorhiza + vi sinh vét cai tao dat; CT6: phan chudng +
NPIK + Mycorhiza + vi sinh vt cai tao dat + Bo + kém;
CT7: phan chudng + NP1K + Mycorhiza + vi sinh vét cai
tao dat + Bo + k&m + phu dat.

Loai phan don: dam uré (46%N), lan nung chay (16%
P,0,), kali clorua (56% K,0).

NPK hoa tan: NPK 15:30:15; NPK 27:7:7; NPK 15:5:40.
NP1K: Giam 25% lugng lan theo quy trinh tham canh.

Luong bon (kg/cdy): phan chudng da u compost: 120 kg;
Mycorhiza: 0,6 kg; vi sinh vat cai tao dat: 1,2 kg; Bo: 0,04
kg axit boric; Zn: 0,04 kg ZnSO,.

Phéan chudng: U yém khi bang compost maker sau 2
thang, hoai muc hoan toan.

Tt ca cong thirc déu bon voi: 0,5 kg/cay.
Cdc dot bon phan:

- Dot 1: Ngay sau khi thu hoach qua (tir thang 12 - thang
1 nam sau), 100% phan hitu co + 100% phéan lan + 100 voi
bot + 100% ché phém Mycorhiza, cai tao dat (bon sau khi
bon voi 10 ngay).

- Dot 2: Bon thuc canh 19c va don hoa (thang 1-2), 40%
uré + 40% phan kali clorua.

- Dot 3: Thang 5-6 (bon thic qua): 30% Uré + 20% phan
kali clorua.

- Dot 4: Thang 8-9 (bon thuc 19c thu, nuodi qua): 30% uré
+40% phan kali clorua.

Cdach bon: Sau khi thu hoach qua, dao ranh theo hinh
chiéu cua tan xung quanh gbc cay voi do sau 15-20 cm, rong
20-30 cm rai déu phan, roi lép kin béng dét + ta rom, ra, xac
thuc vat dé gitr am. Cac dot bon tiép sau biang cach hoa tan
phan rdi tudi déu xung quanh tan cay, sau do tudi nude giir
4m thuong xuyén. Hodc sau céac tran mua, ric déu phén 1én
trén mat dat roi twéi nhe cho phan tan ra. Néu co hé thng
tudi phun mua, tudi khoang 20 phut, sau d6 rac phan rdi lai
tudi khoang 20 phut nira. D6i voi NPK hoa tan: tudi gbe
mdi thang 1 lan, dot 1 tir thang 1-3 st dung NPK 15:30:15
(0,1 kg/gbe); dot 2 thang 4-8 sir dung NPK 27:7:7 (0,1 kg/gbc):;
dot 3 thang 9-11 sir dung NPK 15:5:40 (0,1 kg/gdc).
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Phirong phdp theo doi va thu thap so liéu:

Phan tich dt trudc va sau thi nghiém: Do am, pH, Nts, P,
K dé tiéu, OC, CEC, Ca, Mg trao ddi: tuyén trung, nam gay
bénh ving ré (Fusarium, Phythophthora), sinh khdi carbon
vi sinh vat, téng s6 bao tir ndm ré nodi cong sinh.

Céc chi tiéu theo ddi vé cay: Yéu td cAu thanh nang sue"it,
nang suét ly thuyét va thue thu.

Chi tiéu danh gia chét luwong qué sau thu hoach: Phan
tich céc chi tiéu Brix, vitamin C, ham lugng chit kho cua
phan dn dugc, kich thude qua.

Hi¢u qua kinh té: Vat tu dau vao, dau ra, hé s6 dau tu,
1i thuan...

Phuong phap danh gia tinh hinh sau bénh: Theo QCVN
01-38:2010/BNNPTNT vé Phuong phap diéu tra phat hién
dich hai cay tréng va khao sat thuc té df”)ng rudng, nhan xét
chung tinh hinh sau bénh chinh trén timg loai cdy trong va
cac bién phap phong trur [4].

" 2o -
3. Ket qua va ban luan

3.1. Mirc d§ suy thodi dit trong cam

Bang 3. Két qua phan tich dat vwon cam trwéc thi nghiém.

TT Chi tiéu phan tich nog::;ém Péi chimg* So sénh**
1 DPoém 32,70 34,60 o
2 pH, 4,82 5,22 !
3 0C (%) 1,26 2,35 !
4 Ntdng sd (%) 0,12 0,21 !
5 P,0, d2tiéu (mg/100 gddt) 37,62 22,34 1
6 K0, d¢tieu (mg/100 g dit) 28,31 35,08 !
7 CEC (meq/100 g dat) 13,62 15,38 !
8 Ca’* (1d1/100 g dat) 2,46 5,19 !
9 Mg (1d1/100 g dat) 0,57 0,74 !
10 Tuyén tring TS (TT/50 g dit) 86 54 1
11 Fusarium spp. (CFU/g) 4.8x10° 2,2x10° T
12 Phytophthora spp. (CFU/g) 4,7x10° 2,1x103 1
. Ss;n(}; lg(ilgf;i C vi sinh vt tong o - .
14 Bao tundm CS (BT/100g) 375 362 o

*: két qua phan tich d4t rirng cung loai gan khu vuc thi nghiém; **: mii
tén chi xuéng: chi tiéu danh gia thap hon dbi chirng; mii tén chi 1én:
chi tiéu danh gia cao hon so v&i déi chirng; vong tron: chi tiéu danh gia
nam trong khoang tbi wu.

64



Khoa hoc Néng nghiép | Trong trot; Cong nghé sinh hoc trong néng nghiép, thiy sén; Céc linh viic khéc cta khoa hoc néng nghiép nm—

Két qua phan tich tinh chat dit ciia vuon cam trudc thi
nghiém tai bang 3 cho théy, mot s6 chi tiéu c6 biéu hién
suy giam so v6i dbi chimg (dét rimg cing loai tai khu vuc
nghién ctru) do 1a pH, , suy giam 7,7%; carbon hiru co téng
s0 (OC%) suy giam 46,38%; N tong so suy giam 42,86%;
K.,O, dé tidu suy giam 19,3%, Ca>*, Mg?* lan luot suy giam
52 6 va 22 9%, sinh khéi vi sinh vat tong s6 suy giam
48,66%. Mot sb chi tiéu c6 biéu hién tang so voi ddi chung,
do1a PO, dé tiéu tang 68,4%; tuyén tring tong so trong dat
tang 95,26%; Fusarium spp. tang 119,9%; Phytophthom
spp. tang 123,8%. Nhu Vay, dat vuon cam dang co bleu hlen
mat can déi mot sé yeu t6 dinh duong trong dat, mot s6 nAm
bénh dang c6 xu thé ting 1én 1am mat can bang sinh hoc dat.

Két qua nay twong ty voi nghién ciru ciia T.T.T. Thu va
cs (2016) [5], N.T. Trang va cs (2017) [6] khi nghién cu’u
mot sd tinh chat dét, cling nhu sy phan bd cia bao tir nAm
Arbuscular mycorrhiza fungi (AMF) trong dat trong cam
Cao Phong, Hoa Binh (trude sap nhap).

Theo yéu ciu st dung dat trong cam cia TS chirc Luong
thuc va Nong nghiép Lién hop qudc (1998) [7], Bo Nong
nghiép va Méi trudng (2009) [8], néu so sanh v&i ham luong
carbon hitu co trong dat t6i wu d6i véi cay cam la >1,5%,
thich hgp trung binh 0,8-1,5% va it thich hop <0,8% thi
ham luong carbon hitu co tong s trong dat & 6 thi nghiém
chi dat & muc trung binh. Theo D. Anh (2002) [9], ham
lwong dam trong dét trung binh 0,1-0,2%, mic giau >0,2%
va <0,1% la 6 mtic nghéo, nhu vay dat tréng cam c6 dam
o muc can nghéo. Theo D. Anh (2002) [9] va D. Achim va
¢s (2000) [10] d6i v6i lan dé tiéu trong dat trung binh 3,46-
4,46 mg/100 g dat, muc giau >4,46 mg/100 g dat va nghéo
<3,46 mg/100 g dat, thi vuon cam c6 ham lugng lan dé tiéu
trong dat & muc giau.

3.2. Anh hwéng ciia phéan bén, kj thugt canh tic dén
ndng sudt cam

Két qua & bang 4 cho thdy, sau 2 nam thi nghiém, giam
25% luwgng phan lan (CT2) so véi quy trinh cua dia phuong
(CT1) da khong lam giam céc yéu t6 ciu thanh ning suat
cam, trong d6 s6 qua trén cdy, khéi lugng qua khong cé su
sai khac. Thay doi loai phan bon NPK thong thudng bang
sir dung NPK hoa tan (CT3) da c6 tac dong dén sb qua trén
cdy ting so v&i dbi ching 1,2-11,5%, khéi lwong qua khong
¢6 nhiéu thay ddi so v6i ddi chimg. B6 sung vi luong (CT4)
da tang sb luong qua trén cay 4,3-13,4% va khdi luong qua
tang trén 3%. BO sung ché phdm vi sinh vét cai tao dat va
ché pham Mycorhiza (CT5) ciing lam tdng s6 luwgng qua trén
cdy 5,5-14,8%. St dung két hop giira phan bon da lugng, vi
luong, ché phim cai tao dat (CT6) lam ting sb qua trén
cdy 9,13-19,62%. Str dung két hop gitra phan bon da luong,
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Bang 4. Cac yéu té ciu thanh ning suat cam.

Céng thire/ S0 qui/cay Khoi lwong qui (g) ~ Chiéu cao qua (cm) Purdng kinh (cm)
ndm 2023 2024 2023 2024 2023 2024 2023 204
CTl 209 22 219,0 2313 118 7,08 7,39 751
CT2 21 232 2250 2,7 117 7,18 733 7,56
CT3 233 255 2247 mo 741 7,34 7,80 7,65
CT4 237 263 2270 2260 725 731 7,63 771
CTS 240 266 2213 210 727 735 7,67 7,67
CT6 250 275 225,71 2257 719 7,24 751 7,85
C17 201 285 2283 2397 714 741 7,56 7.86

(647 398 218 1,94 273 4,93 381 336 347

LSD 1675 1025 777 1083 0,63 0,49 045 0,47

0,05

CT1: dbi chivng: phan chudng + NPK theo quy trinh tham canh cay
cam: 350 kg N + 250 kg P,O, + 450 kg K,O/ha; CT2: phan chuéng +
NP1K; CT3: phan chudng + NPK hoa tan; CT4: phan chudng + NP1K +
Bo + kém; CT5: phan chuéng + NP1K + Mycorhiza + vi sinh vat cai tao
dét; CT6: phan chudng + NP1K + Mycorhiza + vi sinh vat cai tao dat +
Bo + kém; CT7: phan chuéng + NP1K + Mycorhiza + vi sinh vat cai tao
dat + Bo + kém + Phu dét.

vi lugng, ché pham cai tao dat (CT6) va két hop giita phan
bon da lugng, vi lwong, ché pham cai tao dat va phu dét giir
am (CT7) da cho hiéu qua rd rang hon so véi ddi chimg,
nhu ting s6 luong qua trén cdy 13,1-24,8% va khdi lugng
qua 3,6-4,2%.

Bang 5. Nang suat va bdi thu nang suat cam.

. Niing sudt thwe  Niing suét Ting/giam ning sudt Ty I¢ ning suft
Cong thu (kg/200 m?)  thwe thu (kg/ha)  so doi chimg (kg/ha)  ting (%)
thire/ndm

2023 2024 2023 2024 2023 2024 2023 2024
CTl 4908 5012 24540 25.060
CT2 4911 5022 24555 25110 15 50 0,06 0,20
CT3 5029 5067 25.145 25335 605 275 247 1,10
CT4 5205 5217 26025 26085 1485 1.025 6,05 4,09
CTS 5333 5403 26.665 27015 2.125 1.955 8,60 7,80
CT6 5574 5798 27870 28990 3330 3.930 1357 15,68
C17 5796 6237 28980 31185 4.440 6.125 18,09 2444

CV(%) 4,06 3,02

LSD 37,77

0,05

30,37

CT1: dbi chivng: phan chudng + NPK theo quy trinh tham canh cay
cam: 350 kg N + 250 kg P,O, + 450 kg K,O/ha; CT2: phan chuéng +
NP1K; CT3: phan chuong + NPK hoa tan; CT4: phan chuong + NP1K +
Bo + kém; CT5: phan chudng + NP1K + Mycorhiza + vi sinh vat cai tao
d4t; CT6: phan chudng + NP1K + Mycorhiza + vi sinh vat cai tao dat +
Bo + kém; CT7: phan chuéng + NP1K + Mycorhiza + vi sinh vat cai tao
dét + Bo + k&m + phu dét.



Két qua bang 5 cho thay, khi giam 25% ham luong lan
bon cho cam (CT2) khong 1am giam ning suit so véi cach
bon thong thuong cua nguoi dan, thay doi loai phan bon
NPK thong thub’ng bang NPK hoa tan (CT3) da tang nang
suat cam so v&i doi chimg 1,10-2,47%. Két hop giira phan
bon da lwong va bd sung Vi luong (CT4) tang nang suét
khong 16n so véi viéc bo sung thém ché pham vi sinh vat
cai tao dat va ché pham Mycorhiza (CT5). Bon két hop phan
bon da lugng, vi luong, ché pham vi sinh vat cai tao dat va
ché phim Mycorhiza (CT6) di lam ting ning suit dang ké
so voi ddi chimg 13,57-15,68%. Dic biét khi két hop giira
phan bon da lugng, bd sung vi lwong, ché pham vi sinh vt
cai tao dat va ché pham Mycorhiza, dong thoi phu gbe giir
4m b.':fmg phu phém néng nghiép (CT7) da lam tang nang
suét 1én 18,09-24,44% so véi ddi chimg; sir dung giai phéap
nay lién tyc trong 2 nam di cai thién dugc ning suét theo
timg ndm, nim sau cao hon nam trude trén 6%. Két qua
nghlen ctru ciing cho thdy, biéu hién sinh trudng va phat
trién ciia cdy cam duoc cai thién dang ké, trong dé di bao
vé b 14 cam, chdi non; giam duoc hién tugng nut qua, rung
qua, vo day, cing qua, “qua ngo”.

3.3. Higu qud kinh té déi véi cac gidi phap ky thudt
trﬁ‘ng cam

Bang 6. Hiéu qua kinh té trng dung giai phap ky thuat trong tréng
cam.

Ning sut Téng thu Vit tu, cong Lii thun Lii so véi i

Cfmg thite/  (kg/ha) (1,000 d) (1,000 d) (1,000 d) chiimg (1.000 d)
H 03 WM N3 WA N3 N N M N3 M
CTl 540 250600 613500 626500 89294 89294 54206 537206 -

(n US55 25100 613875 621750 87652 8652 56203 40098 2017 289
(T3 5045 5335 628625 633375 9333 9333 35302 540052 11096 2846
(T4 2605 26085 650625 652125 8513 8813 62112 563612 37906 26406
(T8 26665 27015 666625 675375 102833 102833 63792 ST254L 39386 35336
CT6 7870 28990 696750 T24750 103185 103185 593565 621565 69359 84359
(o 28980 3LISS 724500 70625 111900 111900 612600 667725 88394 130519

Gia cam: 25.000 ddng/kg; phan chudng: 600.000 ddng/tan; ché pham
Mycorhiza: 30.000 ddéng/kg; ché phdm VSV cai tao d4t: 10.000 ddng/
kg; uré: 10.000 ddng/kg; 1an nung chay 3.000 ddng/kg; kali clorua:
11.000 ddng/kg; B: 40.000 ddng/kg; Zn: 28.800 déng/kg; NPK hoa tan:
45.000 d/kg; cdng lao déng: 300.000 ddng/ngay.

Két qua bang 6 cho thiy, & CT7, mic du chi phi trung
gian cao nhat nhung ning suat ting 18,09-24,44% so véi
d6i chimg nén loi nhuan mang lai cao nhét so véi cac cong
thirc khac. Khi két hop giita phan bon da luong, bd sung
vi lugng, ché phém vi sinh vat cai tao dat va ché phé”im
Mycorhiza, dong thoi phit gde gitt &m bang phu phdm nong
nghiép (CT7) khong chi lam tang ning suét co y nghia so
v6i d6i chimg trong 2 nam thi nghiém ma con giup ting
loi nhuén tir 88.394.000 1én 130.519.000 dong/ha. Khi giam
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25% luong phan lan (CT2), mac du giam chi phi trung gian,
nhung nang sudt va hiéu qua kinh té tang khong dang ké;
véi cong thiic dung phan bon NPK hoa tan (CT3) da lam
tang chi phi cong va vat tu 1én hon 4.000.000 dong/ha/nam
nhung ning suat ting 1,10-2,47%, nén 1i so véi d6i ching
tir 2.846.000 dén 11.096.000 dong/ha, tuy nhién sy sai khac
1a khong 16n. Két hop phan bon da lugng, bo sung vi lugng
(CT4) va két hop bén phan da lwong, bd sung ché pham vi
sinh vat cai tao va ché phdm Mycorhiza (CT5) cho ning
suit sai khac khong nhiéu nam thir nhat, nhung sai khac kha
16n nam thir hai, nén lgi nhuan nam thir hai gitta cac cong
thirc ting kha 16n, chénh 1éch gan 10.000.000 dong/ha. Bon
tong hop phan bon da lwong, vi lugng, ché phim vi sinh vat
cai tao va ché phdm Mycorhiza (CT6) da lam ting chi phi
trung gian kha 16n, nhung ning suét ting khong cao so voi
CT7 nén loi nhuan thu dugc cling thép hon.

Nhin chung, khi st dung giai phap bon phéan can déi, bd
sung phan vi lugng, ché phém vi sinh vt cai tao dat, ché
pham Mycorhiza va két hop véi ki thuat phu gbc giit am,
tuan thu theo ky thuat bon phan, khong nhitng tdng nang
sut cam trén 20% ma con mang lai hiéu qua kinh té cao so
voi canh tac thong thuong ctiia nguoi dan.

3.4. Anh hwéng ciia cdc gidi phdp kj thudt dén chit
lwong cam

Bang 7. Anh hwéng cla giai phap ky thuat dén chat lwong cao.

Cong thirc Ham lugng chit kho (%) D9 brix (%) Vitamin C (mg/100 g)
Sau thi nghi¢m (thang 12/2023)
CT1 10,52 9,60 44,06
CT2 10,36 9,46 43,88
CT3 10,38 9,64 44,07
CT4 10,99 10,08 45,10
CTs 10,87 10,20 44,80
CT6 11,11 10,23 4535
CT7 11,8 10,27 4531
% 115 132 1,56
LSD, 0,52 0,61 118
Sau thi nghi¢m (thang 11/2024)
CT1 10,70 9,90 44,34
CT2 10,77 9,81 43,17
CT3 10,82 9,99 44,17
CT4 11,07 10,32 4329
CTs 11,09 1047 43,58
CT6 11,45 10,42 43,66
CT7 11,43 10,50 43,36
CV (%) 2,53 2,06 2,16
LSD, 0,49 0,37 1,67
66
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Két qua bang 7 cho thiy, khong c6 sy khac biét vé do
brix, ham lugng chét kho va vitamin C trong nam th nhét
tai thoi diém thu hoach gitra cic cong thirc thi nghiém
(LSD ) Nghiér} ctru cia N.T.T. Tinh va cs (2’016)’[11] vé
anh hudng cua liéu lugng NPK (bon qua dat) dén chat lugng
qua cam Mat Hién Ninh tai Quang Binh (trudc sap nhap)
cling da cho thay, liéu luong va ty 1& phan bon khong anh
huong dén mot sb chi tiéu chat lugng qua. Ly do 1a cac
chi tiéu héa sinh ciia qua mang tinh chét di truyén nén it
thay d6i néu khong c6 nhiing bién dong 16n vé dinh dudng.
Trong nghién ctru nay, khi bon bd sung vi lugng tir CT4
dén CT6 thi ham lugng chit kho, d6 brix ¢6 xu hudng ting,
trong khi d6 ham lugng vitamin C ¢ xu hudng gidm ¢ nam
thi hai khi so sanh véi nam thir nhat. Mic du khong c6 sai
khac vé mit thong ké nhung cac cong thirc bon bd sung
phéan bén vi lugng hau hét déu cho ham lugng céc chat trong
qua cao hon so voi cong thiic khong st dung phan bon vi
luong. Piéu nay ching t6, viéc bon phan da luong két hop
v6i bd sung vi luong c6 tac dung lam ting chat luong qua
ctia gidng cam Xa Doai. Két qua nay ciing phit hop véi két
qua nghién ctru cua V.V. Hung va cs (2019) [12] khi nghién
ctru anh huong cua liéu lugng phan bon dén ning sut, chat
lugng cam Khe May tai Huong Khé, tinh Ha Tinh.

3.5. Anh huéng ciia cdc gidi phdp ky thudt dén cdi
thi¢gn dp phi nhiéu dit trong cam

Bang 8. Tinh chét Iy héa hoc dat trong cam sau thi nghiém.

Chittongsd  Chitdétieu  Trao doi
Cong Djim pH (%) (mg/100 g dit)  (meq/100 g déit)
thic (%)  (KCI)

oc N PO, KO Ca* Mg* CEC
CTO* 32,70 48 126 0,120 37,62 2831 246 057 1362
CTI 3615 484 142 012 3642 2976 225 055 1354
CT2 3514 4% 133 0118 3535 2871 274 106 1321
CT3 4297 505 150 0,125 3424 30,15 267 208 1455
CT4 4002 526 199 0119 3733 3025 28 216 1408
CT5 4125 519 18 0115 3798 32,17 289 236 1511
CT6 42,08 525 200 0,132 37,12 31,85 321 268 1589
CT7 4639 528 221 0,136 3833 3324 355 272 1623

CTO*: DAt trwéc thi nghiém.

Thuc hién 4p dung céc tién bo k¥ thuét biang viéc thay
thé cac loai phan don va NPK hoa tan cho phan hdn hop
NPK thong thuong, st dung phan lan nung chay, dac biét
sir dung phéan chudng duoc i hoai muc bang compost maker
thay thé cho phan chudng théng thudng ngudi dan hay
dung, st dung ché phém vi sinh vt cai tao dat va ché phém
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Bang 9. Két qua phan tich sinh hoc dat sau thi nghiém.

Cing Sinh' vat gy hai Sinh vs_"it'd:"it '
thie  Tuyen trimg Fusarium Phytophthora  Sinh khoi C Bao ti nam cjng
(TT/50 g dat)  spp. (CFU/g) spp. (CFU/g)  visinhvit (ug/g) sinh (bao ti/100 g)

CTO* 86 4.8x10° 47x10° 420 375

CTt 95 1,6x10* 3,8x10° 517 321

CT2 % 2,5x10 5,7x10° 4217 345

CcTt3 98 1,7x10* 4.2x10° 508 340

CT4 9% 3,9x10* 6,2x10° 471 335

CIs 5 1,9x10° 2,2x10° 920 645

CI6 50 2,6x10° 3,810 895 671

CT7 51 1,2x10° 5,1x10? 1.106 725

CTO*: Bét trwéc thi nghiém.

nam ré cong sinh Mycorhiza trong cai thién d6 phi nhiéu
dat, st dung k§ thuat phu gc bang phu phdm ndng nghiép
d3 phan nao cai thién d6 phi nhiéu cta dit trong cam dang
c6 xu thé thoai hoa va mét can bang dinh dudng (bang 8 va
9). Khi str dung ddng thdi bon phan da lwong NPK két hop
bd sung phan bon vi lugng, ché phém vi sinh vat cai tao
dat, ché phim nim ré& cong sinh Mycorhiza va bién phap
phii gbc bang phu pham néng nghiép (CT7) da cai thién
tinh chét ly, hoa hoc va sinh hoc dét tot nhéat so véi dat
true thi nghiém. Sau hai nim nghién ctru da cai thién tot
d6 phi nhiéu dét thong qua cac chi tiéu: tri s6 pH dat 5,28,
tang 9,56% so voi dét trudc thi nghiém; ham lugng OC dat
2,21%, tang 0,95% so véi dét trudc thi nghiém, céc chi tiéu
hoéa hoc dat khac tuy co cai thién song khong c6 nhiéu khac
biét so voi dat trude thi nghiém. Cac chi tiéu sinh hoc dat
trong cam da duoc cai thién dang ké, trong d6 tuyén tring
d3 giam kha manh, sinh khdi carbon vi sinh vat da ting gip
d6i so v6i trude thi nghiém; cac vi sinh vét gy hai trong dat
da co xu thé giam so voi trudc thi nghiém. Mat d6 bao tu
nam cong sinh ciing duoc cai thién ting gip doi & cac cong
thirc str dung ché pham Mycorhiza.

Nghién ciru da cho thdy, dé cai tao dét trong cam bi suy
thoai, can két hop nhiéu giai phap k¥ thuat bang cach thay
thé phan bon ngudi dan hay st dung bang cac phan bon moi
c6 kiém soat va ap dung k¥ thuat chim soc mot cach khoa
hoc méi, mang lai hiéu qua cao.

3.6. Nhdn xét tinh hinh sdu bénh hai cdy troAng

C6 xuat hién sau v& bua (thang 4-10), sau duc canh
(thang 5-6) nhung tan suat thip, da sir dung Saimida 100SL
va quét voi vao gdc ciy sau thu hoach dé phong trir, sir dung
bay dinh mau vang dé diét con tring moi gisi truyén bénh;
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thoi diém dat bay 1a khi truong thanh ray chong canh, rép
xudt hién va thuong tring véi thoi diém ra 16¢ cta ciy voi
mot 6 thi nghiém/biy va thay bay 7 ngay/lan, do vay khong
anh hudng dén sinh trudng, phat trién va nang suat cay cam.

4. Két luan

Dit trong cam & Quy Hop, Nghé An dé ¢ nhiéu biéu
hién bi suy thodi, giy anh huong dén hoat dong san xuat.
Do phi nhiéu dat dd c6 biéu hién suy giam tri sé pH, suy
giam ham lugng hiiu co, mét can dbi dinh dudng, dac biét
12 1an d@ tiéu rat cao. Céc vi sinh vat c6 loi trong dét co xu
thé giam, nam bénh va vi sinh vt gay bénh trong dat co xu
hudng tang.

Cén thyc hién cac giai phap dong bo, kip thoi trong ky
thudt canh tac, st dung phan bon va thudc trir sdu hoa hoc
mot cach hop 1y, ting cudng sir dung ché pham sinh hoc dé
cai thién tinh chat 1y hoa sinh hoc dat, nhim béo vé stic khoe
dét va duy tri da dang sinh hoc.

Sau 2 nim nghién ctru cac giai phap cai tao dat trong
cam bi suy thoai da cho cac Kkét qua tich cuc, voi viée két
hop déng bd gitta cai tao vat Iy d4t, hoa hoc dat va sinh hoc
dét bﬁng viéc lua chon loai phan boén phu hop, can béng
dinh dudng, str dung cac ché pham vi sinh vat cai tao dat va
phuong thirc canh tac hop 1y, vira cho ning sut cam ting
dang ké, vira cai thién duge dic tinh dat vé& do chua, ham
luong hitu co va dac biét da tang mat do vi sinh vat c6 loi,
nam ré cong sinh, qua dé giup phat trién cam mot cach bén
ving.

L6i cam on

Nghién ctu nay dugc BO Nong nghi¢p va Phat trién
Nong thon (nay 1a B6 Nong nghiép va Méi truong) cap kinh
phi théng qua dé tai “Nghién ctru mic d¢ suy giam va dé
xudt cac giai phap phuc hdi, nang cao d6 phi nhiéu dét trong
cam vung mién Bic Viét Nam”, thuc hién tir nam 2021 dén
nam 2024. Cac tac gid xin chan thanh cam on.
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Toi wu quy trinh vin hanh hé thong aquaponics quy md nhé nudi ca
Tré vang (Clarias macrocephalus) bang mo hinh may tinh

Ngé Thé An*, Kim Vin Van?, Nguyén Thi Bich Yén'
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Tom tit:

Nghién ctru nay nhiam t6i wu quy trinh van hanh hé thong aquaponics dang loc gia thé (media-filled) bang mé hinh
may tinh dé nudi ca Tré vang (Clarias macrocephalus). M hinh mé phéng dwoge xay dung theo tiép cin da tac t6
(ABM) va dwoc hiéu chinh theo s liéu thi nghiém. Két qua tdi wu trén may tinh di dwa ra quy trinh van hanh cho
sau loai thé tich bé nudi (500, 1000, 1500, 2000, 2500 va 3000 lit), trong d6 mat dd ca cé thé dat toi da 150 kg/m?
nwée; ¢d ca gidng 1a 20 g/con; dién tich trong rau cin ddi theo san lwgng c (5-6 kg c4/m?); bom tuin hoan nwéc
cin hiéu chinh theo thé tich bé nudi, dao dong tir 16 dén 24 lin/ngay. Ca dwgce dé xuit thu hoach sau 151 ngay nudi.
Khi ap dung quy trinh vin hanh cin hru y giam sat thuwong xuyén chét lwong nwée dé hiéu chinh bom va xi nwée
thai khi can.

Tir khoa: aquaponics, ca Tré vang, mo hinh may tinh, nuéi ca tuin hoan, toi wu.

Chi s6 phén loai: 4.5, 4.6

Optimising the operation of a small-scale aquaponic system for yellow catfish
(Clarias macrocephalus) using a computer-based model

The An Ngo", Van Van Kim?, Thi Bich Yen Nguyen'
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’Department of Seafood, Vietnam National University of Agriculture, Gia Lam Commune, Hanoi, Vietnam
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Abstract:

This study aimed to optimise the operating process of a media-filled aquaponic system for raising bighead catfish
(Clarias macrocephalus) based on a computer model. The computer-based model was built using the agent-based
modelling (ABM) approach and calibrated with experimental datasets. The optimised results from the model runs
suggested operating processes for six fish tank volumes (500, 1000, 1500, 2000, 2500, and 3000 litres), where fish
density can reach a maximum of 150 kg/m* of water. The optimal fingerling size is 20 g/fish, and the vegetable
growing area is balanced according to fish weight (5-6 kg of fish/m?). Water circulation should be adjusted according
to the fish tank volume, ranging from 16 to 24 times per day. To maximise the benefits, which are calculated from the
balance between fish weight gain and feed consumption, it is suggested to harvest the fish after 151 days of raising in
the aquaponic system. When applying these operating processes, it is necessary to regularly monitor water quality
and adjust pumping and wastewater discharge as needed.

Keywords: aquaponics, Clarias macrocephalus, computer-based model, optimisation, recirculation aquaculture.

Classification numbers: 4.5, 4.6

“Tac gia lién hé: Email: ntan@vnua.edu.vn
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1. it van de

Thuy canh két hop thuy san (aquaponics) la mo hinh canh
tac co su két hop cua cay trong va nudi thuy san (thuong la cd)
trong mot hé thong tuan hoan [1]. Pac diém co ban nhat ciia hé
aquaponics thé hién qua dong hoan luu nu6e chira dinh dudng di
tur () bé nudi ca voi mat dg cao, qua (ii) hé thong xu ly va cung
cap cho (iii) hé thdng trong rau thiy canh dé hap thu dinh dudng
trude khi tra lai nude sach vé bé nuéi ca [2]. T6 chirc Luong thyc
va Nong nghiép Lién hop qudc (FAO) di xem aquaponics 1a bién
phép canh téc hi¢u qua va than thién moi trudng trong thé ky XXI
vi tiét kiém nudc, it gdy 6 nhiém, tiét kiém nang lugng, tiét kiém
khong gian canh tic va tao san phdm hitu co an toan [3].

Aquaponics rit da dang nhung nhin chung dugc phén thanh
ba loai dya vao kleu gié thé trong rau [3-5]: (i) Mang dinh dudng
(NET), rau dugc trong trén cac ong dan nudc lién tuc chay tur bé
nu01 cd qua cac bo re; (11) Be n01 (floating-raft), rau dugc gan vao
tam vit liéu ndi trén bé mat tiép nhan nudc thai sau nudi ca voi bd
ré ngédm chim trong nudc; (i) Trong rau trén hat gia thé (media-
filled). Loai (i) v (ii) cAn phai c6 hé thong xt Iy nude (biofilter) dé
khoéng hoa dinh dudng va ling can. Loai (iii) khong nhat thiét phai
¢6 b0 loc sinh hoc vi cac hat gia thé c6 chirc nang tuong ty, nhung
can lip bo xi-phong dé diéu hoa mirc ngap va thoat nudc theo nhip.
Tuy nhién, néu khong c6 bo loc thi hé thong media-filled d& bi tac
[2, 3]. Hién nay, hé théng aquaponics quy mé nho (~1 m® bé ¢4 va
3 m? tréng rau) chiém wu thé va dugc khuyén khich phat trién [3].

Doi tugng nudi trong hé aquaponics thudng 1a ca ro phi, diéu
héng, cé qua, ca tré, luon. Trong do, ca Tré vang dugc xem 1a ¢
hiéu qua cao va d& nuéi nhét do co tinh chiu dyng cao véi moi
truong khac nghiét [6]. Sir dung cay trong dé hép thu triét dé dinh
dudng trong nude nudi ca la mau chot trong duy tri can bing cho
hé thong aquaponics [4]. CAy trong phd bién cua aquaponics 1a ca
chua, rau diép, cai thao, diép ca, rau mudng [3].

Cho dén nay, nhiéu cong trinh nghién ctru da duoc trién khai
dé cai thién chuc nang clia aquaponics bé“mg cach diéu chinh sy can
bing dinh dudng gitra cac thanh phin trong hé thong [2]. Viée dleu
chinh bao gom cén aoi gitra lugng thirc n cho cd va céy trong,
hodc can dbi gilra dién tich trong cay, thé tich nuéi ca va bg loc sinh
hoc [7]. Nghién ctu vé& m hinh hoa 4p dung cho hé aquaponics
ciing da dugc trién khai [2, 7, 8]. Tuy nhién, viéc st dung mo hinh
mo phong dé tdi wu quy trinh van hanh cta aquaponics thi chua
duoc phd bién [9]. Dic biét, tmg dung mo hinh méy tinh dé dé xuat
quy trinh canh tic ¢6 hidu qua cho nhiing ddi twong vat nudi cu
thé thi rat khé tim.

O Viét Nam, mic du tén goi aquaponics mdi chi xuat hién
trong mot vai thap ky gan day nhung cling da co nhiéu nghién ctru
vé linh vye nay. Nghién ctru v€ aquaponics ¢ nu6c ta chu yéu tap
trung vao hai chii dé 1a (i) Nhing chi tiéu k§ thuat nudc, phit trién
cua cd, rau [10] va (ii) Tu dong hoa trong van hanh h¢ thong (th1et
ké thuat toan ty dong cho bom, quat thong gi6) [11]. Nghién ciru
vé& mo phong va t6i uu hoa cho hé aquaponics ¢ Viét Nam hién rat
kho tim. Ddy ciing chinh la khoang trong khoa hoc can dugc bo
sung dé gop phan phat trién aquaponics ¢ nudc ta.
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Nghién ciru nay c6 myc tiéu toi wu quy trinh van hanh hé thong
aquaponics dua trén mo hinh mdy tinh, m6 phong theo nhiing
thong s co ban ciia FAO [3] va duoc hiéu chinh bing sb liéu
thi nghiém cho d6i twong ca Tré vang. Mo hinh méy tinh dugc
st dung dé lua chon mot cach tyu dong cac quy trinh van hanh hé
aquaponics tir rat nhiéu t0 hop cac yéu t6 thi nghiém, hd tro tra 1
cau hdi ve “quy trinh van hanh déc biét cho ca tré” ma tai liéu FAO
[3] d4 néu ra nhung chua c6 huéng dan chi tiét.

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

Déi tuong chinh cta nghién ciru nay 1a c Tré vang (Clarias
macrocephalus) va rau diép ca (Houttuynia cordata); st dung hé
thong media-filled quy mé nho.

Ca Tré vang duoc lya chon vi rat phi hop véi hé canh thc tudn
hoan [6]; rau diép c4 dugc lya chon vi loai rau ndy wa am it sau
bénh, dé thu hoach, 14 cay thude mang lai gia tri kinh té cao, da
duoc dé xuat cho hé thong aquaponics [12].

2.2. Phwong phdp nghién ciru
2.2.1. Phuong phdp bé tri thi nghiém

Thi nghiém duoc thuc hién dé thu thap sé lidu cho hi¢u chinh
va danh gia md hinh méy tinh. Thi nghiém duoc trién khai tai khu
nha lu6i cia Hoc vién Nong nghiép Viét Nam (HVN). Hé thong
aquaponics (media-filled) thiét ké theo hudng dan ky thudt cua
FAO [3], bao gdm 3 thanh phan:

Bé nudi cd: B& vuong 16t bat (1,5x0,8x0,6 m), khdng ché nudc
& d6 cao 0,42 cm (thé tich khoang 0,5 m®); tha 37 con/bé (méat do
74 con/m?); khoi lugng 46+5 g/con.

Chau tr(fng rau: Su dung 8 chau nhya (0,65x0,42x0,19 m),
chura hat gia thé dét nung nhe, dat phia trén bé nudi c4; dién tich
2,18 m2 MJi chu c6 lip xi phong diéu tiét nudc dam bao thoi
gian ngdp can xen k& Rau dugc trf”)ng thanh khom véi mat d6 0,3
kg gbc/m?, trong trude 1 tuan thi nghiém dé kip bén ré va 6n dinh
hé vi sinh.

Bé loc sinh hoc: Thé tich 0,2 m?, chita 50 lit gi4 thé nhua
MBBR (dién tich riéng bé mat 750 m¥/m?). Hé théng media-filled
¢ thé khong can bé loc sinh hoc nhung vi thi nghiém ¢6 quy mo
nho va hru chuyén nuéc nhanh nén ching toi vén bo tri hé thong
loc dé chéng tac va dam bao qué trinh khodng hoa nhu dé xuat cua
nghién ctru trude [3, 5.

M6 hinh dugc van hanh dya vao bom hit nudc (28W-1,350
m*/H) tir bé ca 1én bé loc sinh hoc, 3 tiéng mot 1an, mdi 1an bom
12 phut (Iru lrong tuan hoan 4x thé tich bé ca/ngay). Nude tir bé
loc dugc phéan phéi déu vao 8 chau tréng rau va hoan luu tr lai bé
ca. Ca cho an 2 lan/ngay bang méay cho an tu dong vao lic 6h va
18h hang ngay, thirc an vién c6 ham lugng dam 40%, lugng thirc
an can d6i bang 3% khdi lugng ca & nhimg ngay nuéi dau tién va
giam dan déu xudng 1% & ngay thu hoach. Thoi gian thi nghiém
kéo dai 180 ngay, tir 18/3/2023 dén 18/9/2023.
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Ldy ma~u va phan tich medc: Céc chi tiéu chat luong nudc theo
ddi bao gom: tong dam amén (TAN) va nitrat (N-NO;), duoc thu
10 ngay mot 1an tai dau ra ctia bé ca, bé loc sinh hoc va chau trong
rau. Mau duoc thu vao khoang thoi gian giita 2 lan cho c4 an. Tat
ca cac chi tiéu dugc phan tich theo cac phwong phap chuan cia
E.W. Rice va cs (2012) [13].

Danh gia tang truong cua cd va rau: Ca duge can theo dinh
ky 10 ngay, mdi lan thu (bang vot) ngdu nhién 10 con dé tinh khoi
luong trung binh. Rau duoc thu hoach 60 ngay/lan, bing cach cat
sat goc dé can xac dinh tong khéi lugng; Thu ludn phién rau thanh
2 lan dé duy tri sy hép thu dinh dudng lién tuc trong nudc thai.

2.2.2. Phuong phap xdy dwng mé hinh may tinh

Phan mém va tiép can xay dung mo hinh: M6 hinh mé phong
duoc xdy dung theo tiép can agent-based modeling (ABM) thiét
ké trén phén mém chuyén dung Netlogo [14]. Trong do, mbi thanh
phan cua hé thong (bé c, chau rau va bé loc sinh hoc) dugc thiét
ké nhu mot tac t6 “agent”, c6 kha nang thé hién hanh vi mot cach
doc 1ap. Céc thanh phan cua hé thong aquaponics duoc lién hé véi
nhau thong qua dong trao doi nudc va dinh dudng.

Hoat dong cua hé thnng duoc dicu khién bang cac yéu 6 déu
vao (the tich bé ca, ca giong, luu luong bom nude, dién tich trong
rau, kiéu thu hoach rau, sb ngay nudi) dé chi ph01 miic cung cap
va sur chuyén héa dinh dudng trong hé thong. Dau ra cia mo hinh
bao gdm chit lugng nudc, ting trong c4, rau va hiéu qua kinh té
ciia toan h¢ thong.

Tham s0 va thudt toan cua mé hinh:

Ham s6 ting truong ciia ca: s dung md hinh ting trudng
Gompertz [15].

Wi = Wiy * e[ln(wz(;x)*e—kt] (1

trong do: W, (gam) la khoi luong cé tai ngdy thr t; wovaw,  la
khoi luong ly thuyét tinh cho cé tai thoi diém ngay dau thi nghiém
va khéi lugng cao nhat c6 thé dat dugc; k 12 hé s6 tang trudng riéng
(k can hi¢u chinh theo thi nghi¢m); t 1a thoi gian (ngay).

Lugng dinh dudng (N, ) do cé thaira [16]:
Nexcreated — Nfeed * Ryaste * Pfeed * Pfish (2)

trong d6: N, ,1a ty 1¢ N trong thirc an (16%); R, 1a ty 1& thai
(75%); P e 1a ty 1¢ dam trong thirc an (40%); va P 1a ty 1€ protein
trong ca (17%).

Chuyén d6i N thanh TAN trong bé ca [16]:

. T
= XNexcreated[g] * [Sln (ﬁ) + 1] (3)
la Iwong N do ca thai ra.

XNHx_Necheated

trong do: X

N,excreted

Ham udc lugng mirc anh hudng cua TAN 1én kha nang tir vong
cua ca: Xay dung tur so liéu thuc nghi¢m trong hé¢ thong nudi tuan
hoan [6]. Theo do:

Ty 16 chét = -17,087+5,4911g(TAN*1000) (4)
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Ham sb ting truong cia rau diép ca: Ap dung theo ham logic
cua C. Geelen (2016) [17]:
Xmax*Xmin*e[“*(t_to)]

X, =
t Xmax+Xmin*{e [P*(t—to)]—l}

)

trong do: X, X la khdi lwong cao nhét va thap nhat (trudc va
sau khi thu); X, la kh01 luong rau thu dugc tai ngay thu t, tinh tir
ngdy thu gan nhit t;plahé s6 tang truong riéng cho rau diép ca
(1 can hi¢u chinh theo thi nghiém).

Chuyén hoa TAN thanh Nitrate (N-NO,") [17]:

Tran(£) = —kEaN « Agp * CHAn (D) (6)
trong do: r,, (1) 1a ty 16 chuyén doi; A, 1a dién tich bé mt gia

thé; CTAN 1a ndng d6 TAN trong bé loc; kEAN 14 hé sb chuyén doi
(kTAN can hiéu chinh theo thi nghiém); t 14 thoi gian (ngay).

Nong do N-NO, (Cs.0) dau ra cia cac chdu trong rau
(media-filled) duoc tinh nhu sau [17]:

SpprAy 7S« 1000*(dm*n+dw)
( o %)

[lnCN03in—lnf—
CN03out =e€

trong d6: Q 1a luu lugng nude (m*/ngay); CNO3 1 nong do N- NO;
nude dau vao (tir bé loc sinh hoc); d, 1a do sau tang gia thé; d, la
chiéu cao 16p nudc trong chau; n 1a he s6 thanh phan co gidi (=0 75)
A, la dién tich b& mit hoat dong cua vi sinh vat (m¥m?); f 1a luong
NO chua chuyén hoa lang dong trong bun (=0,52); K, 1a hé so
Xu ly NO, trong gia thé rau (K, can hiéu chinh theo thi nghiém).

Cac ham s lién quan toi cAn bang nudc, gom co hap thu
nudc cua rau, bay hoi dugc ap dung theo cong thuc tinh cua
Greelen [17].

2.3. Phwong phap danh gia va hiéu chinh mé hinh
2.3.1. Banh gia do nhay ciia mé hinh

Dénh gia do nhay 14 dé kiém tra mic do anh huong cua cac
bién dau vao dén két qua dau ra ciia mé hinh. Nghién ctru nay
ap dung phuong phap “Sequential Bifurcation - SB” [18] do cach
d4nh gia nay phan biét dugc tac dong cua tong hop nhidu bién va
ciia timg bién don 1é [19]. V& co ban, phuong phap SB dua vio so
sanh sy trong phan giita hai trang thai (i) “on”: khi bién dau vao
dat & gi4 tri tao dau ra cao nhat (gi6i han trén); va (ii) “off”: bién
dat ¢ gia tri tao dau ra nho nhat (giéi han dudi).

2.3.2. Hiéu chinh mo hinh

Mo hinh ABM dugc hiéu chinh bing cach diéu chinh céc gia
tri ctia tham s6 mo hinh & ngudng phu hop dé co két qua mo phong
chinh xé4c hodc gan nhat véi thyc te.

Tham s6 can hiéu chinh bao gdm hé sb tang trudng riéng
cua ca (k); tang truong riéng cua rau (), hé so chuyén doi TAN
(k) trong bé loc va chau rau; hé s6 xtr Iy NO, trong gia thé rau
(K) nhu da trinh bay trong cac ham s6 phia tren Khoang gia tri
ctia mdi tham s6 can hiéu chinh duoc xac dinh dya trén cach giai
ngugc phuong trinh (ham s6) lién quan.

n



Do chinh xac cia mdi tham sd dwoc danh gia dya vao so
sanh giira két qua chay mo hinh va do dac tir thi nghiém theo
cong thuc tinh sai s6 RMSE [20] nhu sau:

RMSE = /—Z?ﬂ(’ﬁ:‘xz'f)z

trong do: x, —x,  1a sy khac biét gilta 1an do thir i tir (1) két qua
du bdo tir mé hinh va (2) tir thi nghiém; » 13 tong s 14n do (18
1an). Nhimng s lidu sir dung dé so sanh twong tmg v6i tham s6
hiéu chinh 1a: khéi lugng ca, rau, néng do TAN va N-NO,".

)

2.4. Phwong phdp téi wu héa bang mé hinh mdy tinh

Chuong trinh t6i uu hoa duoc xay dung va chay trong mo-
dun BehaviorSearch thiét ké riéng cho phan mém Netlogo. Vé
nguyén tic, chuong trinh t6i vu duya trén thudt toan di truyén
(GA) - genetic algorithm theo nghién cuu cia T.A. Ngo va cs
(2021) [19]. Phuong phap nay phong theo co ché di truyén trong
chon lgc tu nhién, dugc moé ta mot cach don gian nhu sau:

Kiéu gen trong di truyén twong ng v6i nhiing gi4 tri dau
vao lua chon dé t6i wu quy trinh van hanh hé thong aquaponics;
bao gém thé tich bé ca, mat do ca, luu luong bom, dién tich chau
trong rau, kiéu thu hoach rau, s6 ngay nuéi’.

MG t6 hop gen tuong tmg véi to hop gia tri cla tat ca yéu td
dau vao mo hinh.

Kiéu hinh twong tmg véi két qua chay mé hinh (hidu qua
kinh t& ciia mé hinh).

M®i lan chay mé hinh tuong ing v6i mot vong doi sinh hoc,
két qua chay voi to hgp tham s6 cho ra két qua gan nhét voi muc
tiéu t6i uu thi s& duoc ghi lai dé lai tao (t6 hop) véi thé hé méi
(céc t6 hop tham s méi).

Ham muc tiéu cho nghién ctru nay chinh 1a ham t6i uu quy
trinh van hanh cta hé thong dé tao ra hiéu qua kinh té cao nhat;
tirc 1 dat dwoc nang suat ca va rau cao nhat trong khi giam thiéu
chi phi xdy dyung va van hanh. M hinh s& do tim ty dong vi rat
nhiéu t6 hop céc gia tri dau vao, cho dén khi nao théa mén ham
muc tiéu thi dung lai.

3. Kétqua
3.1. Két qud theo doi trén hé théng aquapopics thi nghiém

Sau 180 ngay nu6i thi nghiém, s6 ¢4 con lai 1a 31 con, téng
khoi luong 1a 7,626 kg, twong duong mat do 15,252 kg ca/m’
nude; khoi luong trung binh c4 dat 0,246 kg/con; ty 18 song 1a
83,8%. Dién bién ting truong c4 dugc trinh bay ¢ hinh 1.

*Genetic algorithm (GA) str dung trong nghién ctru nay la mét chwong
trinh doc 1ap. GA st dung yéu té dau vao la cac yéu té diéu khién trong
moé hinh may tinh ABM; GA diéu khién md hinh ABM van hanh voi
nhi*ng tham sb va thuat toan thé hién méi lién hé gitra ting trwdng ca,
rau va can bang dinh duwéng clia toan hé théng aquaponics.
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Dién bién két qua thi nghiém
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Ngay thi nghiém
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—a— TAN (bé cé)
--4-- NO,- (bé ca)
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Hinh 1. Khéi lwong ca Tré vang, néng d6 TAN va N-NO,” do dwoc trong hé

aquaponics thi nghiém.
AQUAPONIC EXPERIMENTAL MODEL
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Hinh 2. Giao dién mé hinh mé phéng hé théng aquaponics.

Rau diép c4 thu hoach dao dong 0,55-1,12 kg/m? thip nhat &
lan thu dau va tang dn & nhimg 1in sau. Mic thu trung binh dat
0,96 kg/m¥dot.

Néng do TAN trong bé ca cao nhat, dat 4,88 mg/l; trong chau
rau rat thép, chi dao dong trong khoang 0,14-2,14 mg/l, trung binh
1a 1,26 mg/l. Nong d0 nitrat (N-NO,) trong bé loc sinh hoc dat cao
nhat, 1én toi 17,76 mg/l; trong bé nudi ca va trong rau khong co su
khéc biét nhiéu, chi dao dong trong khoang 3,78-12,22 mg/1.

3.2. Két qud xdy dung mo hinh aquaponics trén mdy tinh

M0 hinh may tinh dugc xay dung voi giao dién c6 cac thanh
truot dé didu khién bién dau vao va do hoa dé quan sat két qua dau
ra (hinh 2).

Chuong trinh may tinh duoc van hanh bang hé thong ma (code)
theo bo ngdn ngir riéng cia Netlogo [14], bao gdm cac chuong
trinh mo phong ting truong c4, rau, trao ddi nude va dinh dudng.
Mo hinh méy tinh dugc thiét ké van hanh theo chu ky thoi gian la
ngay dé phu hop vai nhip didu hoat dong cua rau va ca [7, 8].

3.3. Két qua ddnh gid va hiéu chinh mé hinh mdy tinh

3.3.1. Két qua danh gié do nhay ciia mé hinh

Két qua tinh gi4 trj twong phan giira hai trang thai “on” va
“off” ctia 7 yéu t6 du vao di xac dinh tong gia tri tuong phan
ctia md hinh 1a 724,64 va hé sb tuong phan (dd nhay B) ctua
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timg yéu td nhu trong bang 1. Chi ¢6 6 yéu tb diéu khién co
hé s6 8 16n hon gia tri ngudng 14,49 (5% ciia do twong phan
trung binh [19]). “Kiéu thu rau” khong c6 anh hudng mot cach
¥ nghia t6i hiéu qué kinh té ciia mo hinh.

Bang 1. Hé s6 do nhay clia cac yéu t6 diéu khién mé hinh.

TT  Yéutb diu vao Do nhay % 50 v0i tng twong phan
1 Thétich bé ¢4 (m’) 385,01 21,52

2 Sbluong c4 gibng (con) 670,03 46,23

3 (5 c4 gibng (g/con) 454,53 31,36

f e g s

5 Dién tich tr(")ng rau (m?) 408,64 28,20

6 Kiéu thurau (s6 lin luan phién) 12,15 0,84

7 Ngay thu hoach (s6 ngay nuéi) 492,62 27,53

3.3.2. Két qua hiéu chinh mé hinh

Hé s6 tiang truong riéng cua c4 (k) trong cong thire (1) dugce
tinh nguoc tir khdi lugng c4 W, thu dugc tir thi nghi¢ém nhu sau:

©)

Khi giai phuong trinh (9) véi cac tham sé mic dinh

k=In[(In(W/w__)/In(w,/w_ )]t

w =0,460; w_ =0,250 va W, tuong tmg véi s liéu 18 lan can
¢4, két qua thu dugc khoang tri k dao dong 0,012-0,029. Hiéu
chinh dugc thyc hién tu dong bﬁng mo-dun BehaviorSearch,
v6i 3 1an do tim doc lap trong khoang gia tri trén va nhan duoc
k=0,025. Qua trinh hiéu chinh cling dugc thyc hién tuong tu
cho cac yéu t6 con lai va thu dwoc két qua nhu ¢ bang 2.

Bang 2. Tham s6 mé hinh dwoc hiéu chinh theo két qua thi nghiém nuéi ca
Tré vang.

TT  Tham s6 md hinh ;:‘:::g, 2;1:31 :l’i higu
1 Hé s6 ting truong riéng ciia cé (k) 0,020-0,029 0,025

2 Hé s6 ting truong riéng cita rau (uXnf) 0,011-0,035 0,033

3 Hgsb chuyén doi TAN trong bé loc (k) 0,0011-0,0090  0,0023

4 Hesbchuyén ddi TAN trong chau rau (k,,,)  0,0016-0,0072  0,0049

5 HesdxirlyNO, trong gid thé rau (K,) 0,010-0.430 0,117

) xac dinh bang cach giai ngwoc cac phuong trinh (1, 5, 6 va 7) theo
cac tham so6 thu thap tw thi nghiém.

Véi nhiing gid tri hi€u chinh do chuong trinh GA tim dugc
& bang 2, md hinh may tinh c6 thé duoc st dung dé cho ra két
qua xac thuc, phuc vu muc dich ti wu hoa qua trinh van hanh
cua hé théng aquaponics.
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3.4. Toi wu héa sw viin hanh ciia moé hinh aquaponics
3.4.1. Ham muc tiéu vgn hanh moé hinh aquaponics

Muc tiéu ma hdu hét cac mé hinh aquaponics can huéng ti
14 loi ich kinh té, xa hoi va méi truong [1]. Trong nghién ctru
nay, muc ti€éu ctia mo hinh dugc cu thé hoa béng ham t6i da loi
nhuén (£, ) tu tién ban ca va rau sau khdu trir chi phi.

E ,,=max[W *fishPrice +3% (X *vegPrice)
-2 (constructionCost)-Y (operationCost, )] (10)
trong do: W, la khdi lugng ca tai thoi diém thu hoach f;
fishPrice  1a gia ban (ngan d/kg) phu thudc c& c4, tinh tir thuc
nghiém: fishPrice =e"3+0%" ) (11)

X la tong khi luong rau tich Ity dén thoi diém ¢, vegPrice 1a gia
rau (60.000 dong/kg); constructionCost 14 chi phi xay dung mo
hinh tinh kém khau hao (bé c4: 500.000 dong/m?/5 nam; bé loc:
750.000 dong/m*/10 nam; bom: 150.000 ddng/c4i/2 nam; gia thé
trong rau: 1.800.000 déng/m*/10 nam); operationCost 1a chi phi
van hanh tinh dén thoi diém ¢, bao gdm thirc n c4 (16.000 dong/
kg); dién (2.500 dong/kW); nude (27.000 ddng/m?).

Nhu vay, nhiém vu t6i vu ciia mo hinh 1a do tim tap hop gia
tri cua 7 yéu t6 dau vao (bang 1) dé théa man ham (10). Kiéu
thu rau khong anh huong dang ké dén hiéu qua nhung hinh
thire “thu luén phién” van dugc dé xuat dé duy tri sinh khoi.
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Hinh 3. Két qua t6i wu mé hinh aquaponics bang thuat toan GA theo cac quy
mo bé nudi khac nhau.
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3.4.2. Két qua toi wu quy trinh van hanh mé hinh aquaponics

Phan tich t6i wu (giai ham 10) dwoc thyc hién trong mé-dun
BehaviorSearch (30 Iuot do tim doc lap, 4.000 thé h¢ lai), theo
cac quy md bé nudi khac nhau, sir dung khoang gia tri dau vao
nhu huéng dan ctua FAO [3]. Két qua da tim dugc quy trinh
nudi ¢4 toi wu theo timg thé tich nhu trong hinh 3 va tong hop
hop lai thanh bang 3.

Bang 3. D& xuét quy trinh van hanh hé théng aquaponics dang media-filled
nu6i ca Tré vang.

Yéu tb dibu khién ThE tich bE nudi

0,5m LOom L5m® 20w 2,5m° 3,0m°
86 Iwong ca giong (con) 305 610 915 1220 1524 1.829
C5 ca gidng (g/con) 20 20 20 20 20 20
priv el S I S
Dién tich trf")ng rau (m?) 11,81 2749 4484 5985 75 90
Kiéu thu rau (s6 1an luan phién) 2 2 2 2 2 2
Ngay thu hoach (s6 ngay nuoi) 151 151 151 151 151 151
Loi nhugn dybdo (ngandong) ~ 1.930 3972  6.068  8.144 10222 12318

4. Ban luan

Trong céc yéu t6 dau vao ciia md hinh, s6 lugng c4 gidng
¢6 anh hudng nhiéu nhit t6i két qua dau ra. Két qua nay goi ¥
can uu tién nang cao mat do ca néu mubn tang lgi nhuén cho
mo hinh. Tuy nhién, mat d9 cd & mtic nao 1a phu hop cho mot
hé aquaponics hién van con nhiéu ¥ kién khac biét. Cong trinh
nghién ctru hé tudn hoan nudi ca Tré vang [6] cho réng, mat do
nudi ¢6 thé toi 1000 con/m® nude (118 kg/m?); A. Endut va cs
(2010) [21] khuyén cao mat do t6i da khong qua 58,8 kg ca/m’
nudce va tai liéu huéng dan ctia FAO [3] goi y mat do cé tré co
thé dat 150 kg/m® nude nhung cin mot quy trinh nuéi dic biét.
Luu lugng nudc bom ciing twong tw; mot sd nghién ctru cho
rang, bom nude nhidu s& lam giam nong ¢ TAN trong nudc,
¢6 loi cho sur phat trién ctia ca [21]. Pong thoi, canh bao ciing
dat ra khi téc d6 nude trong hé théng lwu chuyén qua nhanh sé
giam thoi gian tiép xuc ciia vi sinh vat khoang hoa, giam hiéu
qua chuyén hoa dinh dudng, can tré sw phét trién cta ca rau
va ca [21]. Vi vay, x4c dinh ngudng diéu khién cho hé thong
dé dat hiéu qua tdi wu trong san xuat van luén ¢6 y nghia thuc
tién to 16n.

Két qua tir hinh 3 cho thdy, qué trinh t6i vu GA cho cac quy
md thé tich bé nuéi déu tim ra mirc loi nhuén tbi da tir khoang
1dn chay (s6 thé hé lai GA) thir 2.000 tro di. Vi vay, 10i gidi cho
ham 10 khi van hanh m6 hinh may tinh toi thé hé lai thir 4.000
14 nhit quan, co thé sir dung dé dé xuit quy trinh van hanh h¢
aquaponics.

Déi voi mdi quy mo thé tich, goi ¥ vé sb luong c4 giéng déu
o sb luong ma khi thu hoach dat méat do khoang 124 kg ca/m?
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nude, gan bang mirc toi da trong pham vi huéng dan ciia FAO
(150 kg/m?® nudce) [3]. Mat do goi ¥ nay vuot 2,1 lan £i61 han
mét do ddi véi cac loai ca khac theo tai lidu cua A. Endut va cs
(2010) [21] va cao hon 5% so v6i mat do cho ca Tré vang dé
xuét trong diéu kién nudi tuan hoan (khong ¢6 hé thong trong
rau) tai Viét Nam [6]. Day 1a loi thé khi chon nuéi ca Tré vang
do kha néng chiu dung cao cua chung. C& c4 giéng duge GA
goi y déu & muc thap nhat (20 g/con) do ¢ c& nay gid mua phu
hop trong khi van dam bdo ty 1é séng cao. Thoi gian thu ca
duoc goi y 0 ngay nudi thir 151 vi lién quan tdi muc tang trong
dat gan t6i da vao ngay thir 150, va thoi diém thu rau luan phién
dung vao ngay thu 150.

Nhiing yéu t6 van hanh khéc di kém theo mat do c4 toi da
(tai lidu FAO goi 1a quy trinh didc biét), bao gdm luu lugng
bom va dién tich tréng rau, cling da dugc GA dé xuit trén co
s& can d6i ham lugng dinh dudng dé rau va c tang truong tot
nhat. Cac cong trinh nghién ctru [3-5] da chimg minh, nong do
N-NO, t0i wu pho rau phét trién 1a tir 10 mg/1 tr6 1én; dbi voi
ca Tré vang, nong do TAN 15,5 mg/l va N-NO, 100 mg/I van
trong ngu’o‘ng phét trién binh thu’o‘ng [6]. Theo do, dién tich rau
va so 1an tuan hoan nudc trong bé ¢4 di dwoc GA to hop dé duy
tri nong do TAN vaN-NO, ¢ mug: khgng gay tir vong cho ca.
Nhin chung, di¢n tich rau dugc dé xuat ¢ ty 1€ khoang 5-6 kg
ca/m?rau; tudn hoan nudc thi thay ddi theo bé nuéi: 0,5 m® la
24 1an/ngay (12 m3/ngay), 3,0 m® 14 16 lan/ngay (48 m3/ngay)
Vi dién tich rau va s6 1an tuan hoan nudc nhu trén thi ndng
do¢ dinh dudng trong nudc duge du bao kha phu hop véi ca rau
va ca (hinh 4).

Dir bao dién bién ndng d4 TAN va NO; trong bé nudi cé tré vang

S16 Hocin = TANOSm?
g i « TANLOm’
= T Y 7 [ + TANLSm?
212 el g *—TAN 2,0 m*
] o= B n 7.7TAN25m’
3 TAN 3,0 m?
& * NOs05m
S + NOs10m
3 EEE s== & NO;L5m?
2 y ‘ -m--NO3 2,0 m?
5 : x-NOy 2,5 m?
= 0 10 20 30 40 50 60 70 80 90 100110 120 130 140 150 160 170 180 +-NO;30m?

Ngay nudi
Hinh 4. Nong d6 dinh dwéng dwoe mé hinh may tinh dw béo theo cac quy
trinh nuéi khac nhau.

Két qua hinh 4 cho thiy, ndng do N-NO, trong bé ca ting
nhanh trong khoang 50 ngay dau d¢ dat trén 10 mg/l va duy tri
muc do nay tdi hét vu nudi. Nf)ng d6 cao nhit dat 16.44 mg/l,
van thudc ngudng an toan cua ca Tré vang. Day la nguon dinh
dudng rat pht hop dé cép tryc tiép cho rau phat trién [12]. D6i
voi nong d6 TAN, céc quy trinh nudi déu khong vuot qua 5,5
mg/l, cling chua tdi mirc gay hai cho ca Tré vang.

Két qua chay mé hinh véi kich ban thé tich cao nhat (3,0
m?) va luu luong bom 16 1an thay nudc/ngay thi chi phi dién la
448.000 dong (3,5% tong chi), chi phi nudc 1a 124.000 (1,0%
tong chi) dong cho ca vu nudi. Chi phi van hanh chu yéu 1a tién
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thtrc an cho ¢ (82,0% tdng chi phi). Thirc 4n trong md hinh
can dé tao sinh khdi ca nhung do ciing 1a nguodn dinh dudng
(thtre an thira va chit thai ciia ca) dé rau ting truong. Nhu vy,
ngoai loi ich kinh té, nhiing loi ich moi truong khac cua mo
hinh aquaponics nhu tiét kiém ning lugng va han ché 6 nhidm
moi truong ciing rat cd y nghia, dic biét 1a nhin nhan theo goc
d kinh té tuan hoan.

M& hinh mé phong ctia nghién ciru nay c6 thé duoc sir dung
dé t6i wu theo nhiéu muc tiéu khac nhau. Vi du, t8i vu riéng cho
muc dich tr(‘Sng rau hodc nudi c4, hodc t6i uu theo loi nhudn
trong hoan canh gia san phdm bi thay dbi... Dy 14 vu diém cua
phuong phap stt dung mé hinh may tinh. Tuy nhién, mo6 hinh
ciing ¢6 mot s han ché, trude hét 1a chua dé cap t6i yéu 6 khi
twong, t6i wu chua tinh dén chi phi nhan cong, thuéc phong
va chira bénh. Pay ciing 1a goi y cho cac nghién ctru tiép theo
lién quan téi xay dung mo hinh va ti uu hé thong. Mot diéu
can nhin manh nita 13 nhitng gia tri dwa ra trong quy trinh 1a
logic tuong quan vé can bang vt chat va chi phi. Trong qua
trinh 4p dung, ngudi san xudt co thé linh loat didu khién mo
hinh gan véi gid tri ngudng, nhung phai giam sat thuong xuyén
dién bién vé rau, ca va chat lugng nudc dé hiéu chinh khi can.
Ngoai ra, mirc dau tw ban dau va yéu cdu mit bang ciing ting
theo quy mo. Vi vy, ngudi san xuat phai lya chon quy mé cho
phtt hop véi didu kién cta minh va co nhimng dy phong vé dich
bénh phat sinh trong qua trinh nuoi.

5. Két luan

Mo hinh méy tinh mo phong hé théng aquaponics nudi ca
Tré vang va trong rau diép c4 cho thdy, sd luong ca nudi co
anh huong nhiéu nhit dén két qua dau ra ciia mo hinh. Vi vy,
mudn tang lgi nhuén san xuét can chl v nhiéu hon t6i mét do
ca. Két qua phan tich ti wu bing thuat toan GA da xac dinh
quy trinh van hanh h¢ théng theo thé tich bé nudi, trong do, mat
d6 nudi t6i da cua c Tré vang co thé dat toi 124 kg/m® nudc; co
ca gidng 14 20 g/con; dién tich trong rau can dbi theo san lugng
¢4 (5-6 kg/m?); bom tudn hoan nudc thay doi theo thé tich bé
nudi, dao dong tir 16 lan/ngay (bé 3,0 m?) t6i 24 lan/ngay (bé
0,5 m%). Ca dugc dé xuét thu hoach ¢ ngay nuéi thir 151. Khi
ap dung quy trinh van hanh nhu trén, can luu y giam sat thuong
xuyén chat lvong nu6e dé hiéu chinh bom va xa nudc thai khi
can, dong thoi phai co bién phap kiém soat nhimg sy cb k§
thuat va rui ro dich bénh cho ca va rau.
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Dinh Thi A Thai, Tran Van Man bing phuong phap dién héa. o
7z . 3 x . Nghién ciru kha ning hip phu chit mau methyl da cam trong dung dich nwée sir
16 Nguyen Ngoc Thinh, Nguyen Vin Anh, Nguyen Huy Hoang dung Vit liéu composite ZnO/chitosan kich thue nano. 14,25,2.9 67)2 11
17 | Nguyén Van Hop, Nguyén Van Quy, Kiéu Manh Hieong, Nguyén Thi Litong Da dang va gid tri ciia thue vt in dwgc 6 rimg Tan Phi, tinh Dong Nai, 1.6,2.8,4.4 (67)2 16
18 Nguyén Thanh Hai, Ng6 Thanh Vil Ung dung thuit toan quy hoach ddng dé phan tich lya chon tbi wu trong xdy dung. | 1.8, 2.1 67)2 22
e . x , Ning cao chdt lwgng hinh dnh va video chup trong diéu Ki¢n thoi tiét swong mi, sir
19 Nguyen Van Thirong, Nguyén Ngoc Tii dung b loc din hudng da 16p. 1.8,2.2 (67)2 29
20 Cao Thj Hong, Nguyén Thi Thom, Pham Thi Nam, Nguyén Thu Phiong, Vii Thi | Anh hwémg ciia nong ) HF va thoi gian siéu m dén tinh chit cia vat lidu 24.25 72 35
Thu, Dinh Thi Mai Thanh, Ngé Van Hoanh, Tran Dai Lam 2D-MXene-Ti,C, tong hop bing phuong phép héa hoc wot. -
21 Hodng Quang Binh, Hugnh D e Danh, Lé Trung Thién Dfmh qg'la ‘hoatfmh sl}ong oxy hoa va chit lwgng cim quan ctia keo déo bo sung bt 2.10 72 20
v6 budi va nuée budi.
22 Ho Trin Phiwong Uyén, Hodng Quang Binh, Dirong Thi Ngoc Diép Nghién ciru phit trién san phim va danh gid thanh phan héa Iy thach so i, 2.10 (67)2 46
T s JE— e s Sang loc in silico cic phin tit nhé ¢6 kha ndng de ché thy thé AT, dé nghién ciru
23 Nguyeén Lé Anh Tuan, Vo Lé Anh Thir, Dao Chi Tuyén phit trién thudc diéu tri bénh ting huyét ap. 31,34 67)2 53
" DG Thanh Hoa, Nguyén Van Chinh, Trdn Thi Hang, Duong Biic Hing, Hoang | Budr diu nhan xét dfc diém mb dy thin kinh dong lodi bdo quén lanh sau tai 1135 @2 6l
Minh Anh, Nguyén Thi Diém, Nguyen Sy Lanh Ngan hang Mo, Bénh vién Hiru nghi Viét Dirc. o
25 Phan Tudn Puie, Biti Son Nhdt, Lé Thi Luyén M@ phéng duge dong hoc/dwge lye hoe clia pyrazinamid trén bénh nhan lao phéi. | 3.3,3.4 67)2 68
2% Nguyén Thi Thu Hodi, Tran Ba Hiéu, Tran Ngoc Cam, Nguyén Viét Ding, Vi T | Két qua kiém soat cde yéu to nguy co va chi s6 khéi co thé & ngudi cé nguy co tim 33.35 72 7
Binh, Lé Thi Ngoc Anh, Ng6 Thi Huong mach cao bing gidi phap y té tir xa (telemedicine). -
Nguyén Thi }{uyén, Tran Vin Hiu, Mai T hi Phirong, Pham Van Trinh, Bui Hing | ) .
27 Thang, Nguyen Vin Chiic, Pham Van Nhat, Phiing Viét Tiép, Vil Dinh Lam, Téng hop va diic trung tinh chit dién cia tiép gidp di thé graphene-MoS -graphene. | 1.3,1.4,2.5 673 1
Phan Ngoc Minh, Ji-Yong Park, Nguyén Van Tu
28 Nguyén Hodng Minh, Phan Thi Thity Hng, Nguyén Thi Y Nhu, Lé Chanh Chi | Thu nhin hiéu qua beta-mannanase dung hop véi méc neo LysM3014 trong 14.24 73 7
Tdi, Nguyen Ngoc Tram Escherichia coli bang phwong phap pha v té bao v6i hat thiy tinh. -
2 Pham Thu Trang, Nguyén Thanh Ting, Nguyén Vin Khoi, Pham Thi Thu Ha, Anh hwimg ciia d9 4m va nhiét d méi truomg dén dp hép co Iy ciia polyme blend 14.25.27 73 13
Nguyen Trung Dirc, Nguyen Thu Huong poly(butylene adipate-co-terephthalate)/tinh bgt dong rieng. e
30 Duong Tudn Manh, Lé Xuin Thanh Tho, Hupnh Bitc Long, D6 Vin Manh N.gxhle»n e xa ¢ dgr}h vinhya trong vem xanh (Perna viridis) i mt so khu vyc ven 15,27 673 18
bién tinh Quang Ninh.
R 2l Ry S . = Pic diém hinh théi va twong quan chiéu dai - khdi lugng ciia lodi bach tude
31 | Neuyén Bikc Thé, Nguyén Thi Mién, Pham Vn Chién, Dinh Thi Ha, Nguyén | 4 4ie toous neglectus (Nateewathana & Norman, 1999) & viing bién vinh Ha 16,4546 | (673 |24
Van Quan
Long, tinh Quéng Ninh.
) Dinh Thi Ha, Pham Van Chién, Nguyén Xuan Thanh, Nguyén Van Qudn, Nguyén | Dic diém sinh hoc sinh sin ciia ¢4 bong Thé Oxyurichthys ophthalmonema (Bleeker, 16,46 73 31
Dire Thé, Ding D6 Himng Vit 1856) & ving dim phé Tam Giang - Cau Hai, tinh Thira Thién Hué, o
3 Do S§ Dan, Bii Vin itc, Trinh D Cuing NAgh:en Cl}ﬂ lrr'lg dung vit li¢u carbon fiber-reinforced polymer aé gia cuong ket cau 21,25 73 37
bé tong cot thép.
34 Vii Xudn Manh, Vii Quéc Tudn, Nguyén Dang Phii, P6 Quang Loc, Chir Dire | HE do siéu nhay tir dua trén k§ thudt khuéch dai Lock-in va cim bién tir trg khong - @03 8

Trinh, Bui Thanh Ting
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Hodng Vén Hén, Tran Anh Son, Pocn Pinh Quan, Pham Anh Vi, Vii Hong Son,

Ché tao vit ligu Zn0 chu tric nano tetrapod bing phuong phip béc bay nhiét

3 Nguyén Van Thogi, Chu Van Tudn, Pham Thé Tan Kkhong sir dung mam két tinh trong diéu kién ap suét khi quyén. 242529 ©73 30
Dong Quang Thite, Nguyén Anh Son, Mai Qudn Podn, Lé Anh Tudn, Pham Anh | Ting cwimg kha ning chiu bitc xa UV ciia nhya polyester khong no dua trén nano
36 i i R0 skt A 25,29 673 54
Tudn TiO,: Ung dung trong san xuat d4 thach anh nhan tao.
3t (LA ) - 3 ocsra Bude diu nhén xét dic diém mé khi quin dong lodi dwge bio quén lanh sdu tai
37 Tran Thi Hang, Nguyen Van Chinh, Dwong Dirc Hing, Nguyen Sy Lanh Ngan hang Mo, Bénh vign Hiru nghj Viét . 31,35 673 63
Dang Vin Huy, Nguyén Thé Hoang, Ngo Thi Minh Hanh, Nguyén Thi Ngoc
Anh, Pham Cong Nguyén, Nguven Hai Anh, Lé Hitu Phwong Anh, Nguyen Dire £ . Y | ) X P
38 Lutong, Neuyén Kim Anh, Neuyén Neoc Mai, Pio Huy Hodng, Neuyén Hitu Toi wu hod quy trinh dénh gid ton thwong sun bang md bénh hoc. 32 67)3 70
Gidp, Ngo Thu Huong, Truwong Van Ha, Trn Thi Huyén Trang
e e - 5 Syl Phén tich tong quan h¢ thong vé chi phi - hidu qua ciia apixaban trong ngin ngira
39 Ha Van Thity, Tang Quoc Hing, Nguyen Ngoc Nghia, Biii Thi Xudn djt quy & ngudi mic bénh rung nhi. 34,35 673 75
40 | Bui Thi Thu Ha, Biii Tudn Thanh Anh hutng cua truyén thong ni b dén hanh phic va ket qua lim vige ciamhdn | 5, 54 58 (674 |
vién tai cdc ngin hang thwong mai & Ha Noi.
41 Hupnh Viét Khai, Tran Thi Thu Duyén, Nguyén Tai Manh, Nguyén Thi Thiy Kiéu | Sw sn long chi tra ciia ngudi dan Sée Tring cho dy 4n niing lrong tai tao. 5.2,54,5.13 67)4 8
ay . Nghia vu thong béo sy gia ting rii ro bao hiém trong Bj nguyén tic Luat hop dong
8 Neuyén Minh Phi bio hiém chau Au - Mot s6 goi mé cho phap ludt Viét Nam. 52,55 N4 14
43| Vii Qujnh Nam, Chu Thiic Pat Nang cao hifa qui quin 1f nhén hifu cing Gbng cho sin phim OCOP,sénphim |, o4 |18
nong nghiép: Nghién ciru tai viing Trung du v mién nii phia Bic.
“ Nguyén Minh Phurong, Trin Thi Quinh Chi, Lé Ngoc Han, Li Huwong Ly, Tran | Mirc d9 phat trién ciia Chinh phii dién tir va vAn dé tham nhiing trong ky nguyén 52512 @4 2
Thi Yen Nhi, Nguyen Thuy Quynh $0: Vai tro diéu tiét cia kinh té 6. o
45 Luw Van Duy, Ha Thi Thanh An, Vii Thi Khanh Toan Thure trang chuyén ddi s6 trong sin xudt nong nghiép ¢ tinh Thai Binh. 52,513 67)4 28
46 Thdi Thanh Binh, Nguyén Manh Cuong, Nguyén Thanh Hai ;fmﬂ trang va gidi php dao tgo, phit trién nguon nhan lye cho nganh thiiy sin Vigt 53,513 67)4 34
4 Dinh Tdn Phong Nﬂng a0 hiéu qua thye hién vai trd ciia Nha nuéc trong linh vuc dat dai ¢ Viét Nam 55 74 40
hién nay.
s Ngttyén Linh Giang Bdo dam' Aquyen con ngudi trong dai dich COVID-19 va nhitng van dé phap ly dat 55 (674 4
ra cho Viét Nam.
49 Neuyén Thu Trang Hop ta‘c An D - Nhit Bén trong boi cdnh dia chinh trj thay doi & An D§ Duong - 5.6,57,5.12 (674 53
Théi Binh Duong.
50 Neuyén Xudn Hong GoP pl}an 1}1m£1 d‘;.nl.lAcaclxl dlen;dz_it AKhung hodng truyén thong” tai Viét Nam qua 58 ©7)4 61
khdo sat mot so tai liéu vé truyén thong.
51 Vil Thi Minh Tim ;;e:l chi danh gid thong diép doi ngoai trén bao mang dién tir tieng Anh clia Viét 58 (674 6
5 Nauyén Tét Thing, Nguyén Dink Co ;z] floln Phu tir Nguyén Thiép - ké si thire thoi trong boi canh Dai Viét cuoi the ky 59 74 75
A A ppia pim A =z , I . Mt phwong phap dyra trén mang no-ron tich chip mét chiéu két hop ting cu(mg
53 Tran The Hiép, Bui Tien Thanh, Nguyen Thach Bich, Nguyen Thi Thanh Yén dit liéu d6 khoi phuc dit ligu bi thiéu trong h thong gidm sit sirc khoe Kbt cAu cAn. 1.2,2.1 67)5 1
Nguyén Van Khién, Vii Thi Kim Lién, Chu Thi Anh Xudn, L6 Thi Hué, Pham Lora LAl Ao A g
54 Hoai Linh, Nguyén Thi Ngoc Anh, Nguyén Véin Quang, Nguyén Vén Déng, Lé Mbi lién he giira thoi gian phyc hoi din moi va tinh chat dp di¢n cia h¢ vt litu 13,14,25 67)5 9
g Ba, CaZr Ti O,
Tien Ha )
55 Lé Manh Citong Nghm} et khz} ning phan tan mfmg:ln q!0x1t trong hé polyvinyl alcohol va danh 14,27,2.9 75 14
gid kha ning hap phu photphat ctia vit liéu.
. ) ) ) Téng hop acetaminophen trye tip tir chit diu dang mudi p-aminophenol
36 Bink Ngoc Minh, Treong Thanh Ting hydrochloride va natri acetat img dung trong cong nghiép dugrc. 14,34 CUE 19
57 Nguyén Thi Mai Hiong, Pham Thi Thu Hodi Phén lap, tuyén chon chiing Lactobacillus ing dung cho 1én men sita chua d4u xanh. | 1.6, 2.8,2.10 67)5 24
Bao Gia Bach, Doan Thi Thity Linh, Lwu Thi Thiy Ngan, Dwong Hing Thinh, B}r e d? N l}ghl?n e .kh.aP sat mot %0 dde tm!1 cia chiing Bact{lus s‘fbnhi ban;
58 F— PR dja, phan 13p tir ngwoi Viét Nam khée manh iing dung trong san xuat ché pham 1.6,2.8,3.5 675 32
Nguyén Vii Trung, Lé Thi Hoi oL * ' :
probiotic.
59 Nguyén Ditc Béch, Phi Thi Cém Mién, Trin Thi Phurong Thdo, Nguyén Thi Thu | Khdo sat hoat tinh enzyme tyrosinase ngogi bao ciia vi khufxq Ralstonia 16.2.8. 4.6 75 18
Hoa, Tran Thi Oanh, To Thi Mai Hwong, Tran Ngoc Hing solanacearum va sang loc kha néng e ché enzyme ciia mt so dich chiét thuc vit. o
60 Trdn Vin Tién, Neuyén Vin Phong, Neuén Thi Hué Nghién clru,nhanhgu)Ang cly ALOElg nio (Cinnamomum camphora (L.) Presl) bing 16,46 5 o
’ phuong phap nudi cay md té bao.
Vii Thi Mo, Hoing Thanh Ting, Nguyén Thi Nhue Mai, Hodng Dic Khdi, Trin )
61 Mai Bikc, Dang Xudn Cuong, Lé Trong Nghia, Tran Van Huynh, Vo Thanh | Sw sinh trwémg va ham lwgng carrageenan ciia cdy rong Bap st Kappaphycus 16,46 ©7)5 5
Trung, Ho Son Lam, Doan Van Than, Do Manh Cuong, Vii Quoc Ludn, Nguyén | striatus nudi trong ¢ dieu kién ban ty nhién va tw nhién. o
Ngoc Lam, Dwong Tan Nhut
3 . Nghién ciru tinh todn két cau chu cang dang khung khong gian theo Iy thuyét co hoc
62 Trin Long Giang pha huy dua trén phin mém SAP 2000. 18,21 673 o1
g3 | [ran Dinh Minh Huy; Tran Hi Yén, Ha Thi Xiudn Thao, Ho Thi Bich Van, Danh gi thi gidc ctia tré cAn thi sit dung trong kinh vi thAu kinh phi cu bjc cao. | 3.2,3.5 ©ns5 |67
Nguyén Lé Hoang Nguyén : : :
64 Truong Tudn Anh, Hoang Thi Vn Lan \ial tro cu:a fau lac bg sirc khoe cong dong trong du phong dot quy ndo ¢ ngudi bénh 33,35 ©7)5 7
tang huyet ap.
6 Chu Huy Tiréng, Nguyén ‘Tié'n Diing, Nguyén Thi Tinh, Nguyén Quéc Hing, Biii | Nghién ciru dnh huomg ciia phun GA, dén ning suit va chit lrgng qua gibng hong 4146 )5 7
Quang Dang, La Van Hién, Nguyen Van Hong, Ngo Xudn Binh Viét Cuong (Diospyros kaki L.). o
66 Lirong Thi Thanh Huyén, Nguyén Thi Hong Bure, Nguyén Huy Hodng, Nguyén | Nghién ciru sang loc do cic hop ghfit di vong thiazole huong trc ché enzyme 3CLpro 141634 6 |
Van Ha ciia virus Corona nhim phét trién cac thube diéu tri COVID-19. o
67 | Nguyén Ngoc Tri, Cao Thi Hirong Nghién ciu 1y thuyét sy hip phy cdc phén tir hitu co d& bay hoi trén bé mjt MoSe,. | 1.4,2.4,2.5 67)6 9
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Hoang Thi Hién, Chu Vin Tudn, Tran Thanh Binh, D6 Huy Hodng, Ho Truong

Nghién ctru cac die trung ciia cim bién khi NH, dya trén cdc mang nhay

68 Giang polypyrrole pha tap FeCl, ¢ nhiét d phong. 14,24,25 676 16
Hoing Da‘c K, Ng:”y N viet H'mfg' H({aIZg T}?anh Tiing, Vi Quo\c Luf'l n, Do Nano bac nang cao hi¢u qua t4i sinh chdi tir mAu cdy canh hoa Thu hai dwimg
69 Manh Cuong, Nguyen Thi Nhuw Mai, Hodng Thi Nhur Phuong, Dodn Vin Thu, (Begonia x tuberhybrida Voss) thong qua con dumg téng hop carbohydrate 1.4,4.6 67)6 21
Do Thanh Tuan, Dirong Tan Nhut 8 4 84 5 tong hop y :
Dao Thi Ngoc Anh, Biii Thi Khanh Ly, Tran Hirong Quynh, Nguyén Thi Nguyét, E oy oo e K Foa pax PRV s
70 Ho Ngoc Anh, Vi Thi Kim Chi, Pham Ngoc Long, Cung Thi Ngoc Mai, Nguygn ﬁgnlld:l:?ln f;)nkl:;:l:ar;for:luo’lizali tsl;?lll:ghdo:t 0 nhiém dioxin, kh ndng sinh laccase va 1.6,2.7 67)6 27
Phitong Minh, Lé Thi Nhi Cing g tmg dung trong Xur oc.
7 Mai Thi Ngoc Lan Thanh, Hoang Anh Hodng f?anh glai{ha ning k‘hang Sta{;hylocnccus aureus khang methicillin ctia pinostrobin 16,35 76 4
tir cao chiet Tram tron (Syzygium glomeratum).
72| Tran Vén Tién, Nguyén Van Du, Trinh Xudn Thanh Cép nht danh lyc hg Ray & Vigt Nam. 1.6,4.7 67)6 40
73 | Nguyén Ding Nguyén, Mai Thi Hong, Nguyén Vin Diing Cudng dj va dd bén cita vira si dung ba ca phé thay thé mot phin cét lidu nh. 21,25 676 45
Lé Pitc Manh, Vi Thi Ngoc Anh, Pham Hoang Nhdt Huy, Dinh Thi Vin, Mai Nghién ciru ché tao vt liéu hip phy dau tir rom bién tinh bing copolymer glycidyl
74 < ; 24,25,2.7 67)6 52
Quang Tuyén methacrylate va lauryl methacrylate.
75 Triu Tién Sang, Tran Vén Khoa, Nguyén Van Phong, Ta Thi Binh, Pham Xudn | T6i wu quy trinh Tetra-primer ARMS PCR xdc dinh da hinh don nucleotide rs1799929 26.3.1.33 76 59
The Anh cta gen NAT2 ¢ nguoi tai mot so tinh, thanh pho cua Viét Nam. e
Nguyén Thi Thu Hoa, Nguyén Xudn Khanh Ha, Ditong Khanh Minh, Nguyén Thi | Danh gia m hinh hén hep vic xin bach hau - udn vén - ho g vo bao (DTaP) tai
76 o A T L i £ 31,33 67)6 64
Lan Phwong, Dwong Hitu Thai Vién Vac xin va Sinh pham Y te.
77 | Mai Xuin Th, Nguyén Thi Minh Hiéu, Trinh Ngoc Thanh, Nguyén Minh Anh, | Thye trang kiém dinh dinh ky thiét bi y té trong qu trinh sit dung tai céic co sty té 15 @6 "
Tran Ngoc Anh, Pham Thi Hué, Dang Quoc Nghia, Khwong Anh Tuan & mot so dia phuong. i
3 Vi Neoc Neuyén, Trn Thanh Mén, Trdn Neoe Ouy lfhao sat 4nh huéng ciia cao chiét cac loai thue vt thude ho Ciic Ién sy ndy mam va 41,46 76 7%
’ ’ ting truéng hat.
Cao Thi T hanhﬁ Ng.uy o Thi H'fyen’ Phim Van Trinh, Nguyén I{an Tlf’ Ph['lmA Téng hop va iing dung vat liéu t6 hop Gr/CNTs/AuNPs trong cim bién dién héa
79 Thanh Binh, Lé Thi Quynh Xudn, Nguyén Ngoc Anh, Luong Triic Quynh Ngdn, R WA OV PO . 1.3,14,25 67)7 1
e S, 2 e nham xdc dinh nong d du lwgng thuoc bao vé thue vat fenitrothion.
Vii Xuan Hoa, Hiroya Abe, Nguyen Van Chiic : : : R
Lé Nguyén Ngdn, Nguyén Vin Ha, Bui Minh Thng, Tran Vén Danh, Ng6 Hodng .
80 Nhdt Vi, Nguyen Minh Nhat, Dang Thi My Dung, Doan Birc Chanh Tin, Dang | Tong quan cc phwong phap va cong nghé do do mén trong nuéc hién nay. 1.3,14,2.7 67)7 7
Mau Chien
81 | Trdn Neoc An, Vit Thi Khinh Chi, Neuyén Thién Thnh Néng cao vin (6 gi6 (61 han cho ciu nhip I6n bing cich lap cic imménglencic 15 ¢ 51 (g7 | 7
day cap vé mot phia clia dam cau.
82 | Pham Quang Phi, Bii Trung Thinh, Lé Anh Dirc Tinh todn trao doi nhiét tr cic hat dén be mt trao doi nhit trong cong dognlam |y 3 )5 5 19 | 677 |21
ngudi cia say duong tinh luyén bang phwong phap tang séi xung khi.
Tran Dirc Chau, Tran Lé Hai, Nguyén Quoc Viét, Liu Hodng Tam, Nguyén Hitu Tong hop copolymer chiu tric phAn nhanh trén co st don vi dithienopyrrole va
83 . XA o i 14,24,25 677 28
Tam, Nguyén Tran Ha triphenylamine biing phuong phap ghép ddi trye tiép trong diéu ki¢n aerobic.
Mai Thi Xudn, Nguyén Thi Nhiém, Pocn Thi Hai, Pham Thi Hong, Tran Quang | Nghién ciru kha ning logi bé bui min va vi khuan trong khong khi bing thiét bj loc
84 A I P 14,24,2.7 677 34
Vinh khong khi kiéu wét cai tien.
g5 | Lé Thanh Ting, Trin Mai ite, D6 Anh Duy, Nguyén Vin Nguyén, Lé Trong Dénh gid hién trang nudi trong, toe o sinh truong, ham lrgng va chit lugng 16,46 7 ©
Nghia, Trwong Van Tudn, Tran Van Huynh carrageenan rong sun Kappaphycus alvarezii (Doty) & Viét Nam. -
Trdn Chi Nhan, Nguyén Ngoc Han, Vi Thi Hoang Oanh, Phan Tan Tai, Lé Uyén | Anh hwéng ciia diéu kién sdy dén chét lugng bt tir gao Huyét Rdng (Oryza sativa
86 N . e A 2.10,4.6 677 48
Nhi, Do Thi Tuyet Nhung L.).
87 Nguyén Thi Thanh Philc, Trdn Thanh Tv, Phing Thi Bich Thuy, Vit Thi Tam, Diic diém IAm sang, cin lim sang viém phdi nhiém Mycoplasma pneumoniae mang 1132 )7 5
Phan Ngoc, Nguyen Thuy Dung, Hoang Thi Thanh Mai, Tran Thi Sinh gen khing macrolid 6 tré em. o
Nguyén Thanh Huyén, Lirong Thi Lan Anh, Vii Thi Ha, Ta Dinh Puic, Trinh Thi | Nghién ciru da hinh 4G/5G gen PAI-1 & phu nik ¢6 tién sir sy thai, thai chét lru lién
88 J i 31,35 677 56
Que, Doan Thi Kim Phirong tiép.
g9 | DoanThi Thu Hién, Nguyén Nho Lin, Hodng Viin Bitc, Trdn Xudn Vinh, Vii Thi | Nghién ciru diéu ché nguyén liéu cho phén bén I4 silica tir natri metasilicat Al 46 7 il
Phucc, Nguyen Thi Meén, Nguyén Thi Kim Dung pentahydrat va tro trau. o
90 Tran Thi Vin, Nguyén Thi Ngoc An, Van Thi Thién Thie, Pinh Quéc Todn, Phan Nghién ctu tic nhin Fusarium oxysporum {.sp. cubense giy bénh héo vang hai ciy 4146 N7 &
Thi Phuong Trang, Lé Dinh Don chuoi gia tai huyén Trang Bom, tinh Dong Nai (cii). o
9 Vi Viin Ha, Hupnh Ba Di })alnh gid ‘hg thong ??nhvtac k.eAt hq’;.) trén viing dat chua phén va xim nhap nuée 41,47 N7 74
mén tai ving ven bién tinh Kién Giang.
oy | Pham Quang Anh, Lé Duy Anh, Ding Tién Diing, Nguyén Phicong Linh, Nguyén | Phat trién img dung di dong dua trén tri thirc chuyén gia hd trg sang loc nguy co 12.31.33 @8 ]
Thi Trang, Tran Danh Cuong, Tran Thi Vin Anh mang gen bénh Thalassemia. e
93 Nguyén Van 7, Nguyén Thanh Hing, Bang Cung Kiém, Bang Quang Bdo Hi¢u chinh sy phy thude vao nhiét 49 cho dAu do nhp nhay SiPM. 13,22 67)8 7
Lé Ding Manh, Pham Hodi Phirong, Pinh Pitc Anh, Nguyén Manh Tién, Tran | Ché tao tAm dién cyre linh hoat céiu tao tir spi nano carbon xdp bing phwong phap
94 Lo A 13,22,25 678 12
Dai Lam, Nguyén Thi Thu Trang, Biii Trung Hiéu electrospinning img dung trong pin Li-O,.
Khudt Thi Thi, Nguyén Binh Hoang Pirc, Vi Pinh Hudn, Trdn Thi Duyén,
05 Nguyén Vin Quang, Nguyen Hitu Tink, Chu Anh Vén, Vii Thi Kim Thoa, Dang | Nghién ciru kha niing phét xa d6/dd xa ciia ion Mn* trong mang nénY ALO, - 13.41 )8 18
Thi Thu Huyén, Nguyen Thé Duyén, PG Thily Tién, Hodng Quang Bdc, Nguyén YAIO, nhim dinh hwéng img dung trong chiéu sang cAy trong. T
Ti Tudn, Nguyén Tu, Tong Thi Hao Tam
Ban Vén Phiic, Ho Quoc Viét, PG Tudn Tii, Nguyén Minh Hoang, Tran Tudn Thiét ké tong hop va dénh gid tinh chAt phét quang ciia mt sb dAn xudt
96 . . PR . . L 14,25 678 24
Linh, Bang Thanh Tuan, Tran Quang Hung 3,6-diphenylpyrazine-2-cyanopyrazine méi.
Trdn Vi Pe, Lé Tién Diing, Tran Vi Long, Nguyén Quang Trung, Ldm Danh | Dic diém ngudn nuée khodng nong kiém thién nhién khu vie Dong Nam tinh Bac
97 Nhn Litu 15,27 (67)8 30
o Nguyen Trin Péng Phirong, Tran Tan Pat, Thiéu Hong Hué, Lao Pitc Thugn, | Sw biéu hién ciic gen diéu hoa sinh tong hop fructose, glucose va sucrose trong qua 16,46 )8 18
Lé Huyén Ai Thily trinh phat trién trai dwa hoang kim (Cucumis melo L.). o
Nguyén Thanh Khiém, Nguyén Ham Hgi, Lirong Tuin Hiép, D6 Viét Anh, Lé Van | Dénh gia két qua phiu thudt voi myc dich triét cin didu trj ung thu ngi ba duong
99 o nye Ay oma s " : ’ : 2.6,3.2 678 4
Duy, Do Hai Dang mat tai Bénh vién Bach Mai.
100 | Ta Thi Yén, Vii Thi Mai, Pham Thi Mai Tho, Lé Thi Trin Phuong phip va ky thudt kiém tofn chil thai: Kinh nghi¢m quoc té va goiydp |, 5 ©ns |50

dung cho Viét Nam.
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101 | Pham Kién Cirong, Nguyén Thi Tam Thie Nghién ctru xdy dung bira in ché bién sin theo khiu vi ngwi Viét Nam. 210 678 57
102 | Vii Van Tudn, Trinh Nam Trung, Nguyén Vin Bach Nghién ciru dinh lwong verapamil trong huyét twong ché bing phuong phip sicky | 5 4 ©ns |6
7 16ng khoi pha.
o . Anh huéng ciia mat d9 gieo trong va lidu lwgng phan bén dén sinh truéng, phat
103 | Pham Van Dan, Vi Van Diing, Nguyen Viét Ha {rién ciia giéng ngd lai VS201 trén dia ban Ha Noi. 4.1,4.6 67)8 69
B Manh Cuong, H6 Cim Khanh Hod, Phan Lé Ha Nguven Nguyén Thi Thanh .
104 Thity, Nguyén Thi Nhu Mai, Hoang Thanh Tang, Hoang Péc Khdi, Vi Quéc Anh hwéng cita cic hat nano cobalt, ddng va molybden trioxide Ién giai doan ra ré 4146 N8 75
Lugn, Hoang Thi Nhue Phitong, Nguyén Hodi Chdu, Ng6 Qudc Buu, Dwong Tin | in vitro ciia cdy Dau tiy (Fragaria X ananassa Duch.). e
Nhut
105 | Lé Thi Hirong Giang, Lé Ting Anh, Trdn Neoc An Xflt d;nl} thong s? to: wu ciia thiét bi giam chan khoi lwgng Iéch tim nhim gidm dao 13,18,2.1 679 |
dong xoan cho ket cau h¢ noi.
A - ’ A A r \ FAPERY A . A vy
106 | Nouy én Thi Vin Anh, Mai Thi Thanh Thiy, Phan Thi Binh Nghién ciru tlnhlchat dién héa va qua'Ermhvtong hop dung dich ferrate(VI) trén di¢n 14,24 (679 6
cure anot gang xam trong dung dich kiém déc.
107 | Ld Pitc Duy, Nong Van Hdi, Nguyén Thity Dirong Pa dang di truyén ving D-loop & hai dén toc Co-tu va Ro-mim. 1.6,3.1 679 13
108 Vit Neoe Tru, Ting Vin Lim A'nh lllm'nAg cila ty‘Alg nsr(rc - chat ket dinh va cit - cot liéu dén df cimg va cudng do 21,25 ©7)9 19
nén ciia bé tong dam lin.
A s s . = P Ly .| Téi wu hoa cdc thong sb ky thudt trich ly saponin tir ¢t ding sim (Codonopsis
Tran Ha, Ma Thi Bich Thao, Nguyén Phuwong, Nguyén Thi Hong, Bui Bich Thiy, | .~ ", PO . A X
109 Phiing Phutong Anh, Trinh Phan Manh, Hoang Viin Tudn, Neuyén Thanh Hio Javanica (Bl'um?) Hook. F) trgngkta_u huyén Tay Giang, tinh Quing Nam bang 28,35 67)9 28
’ phuong phap sir dung song siéu am.
Pham Thity Quynh, Dinh Thity Linh, Biti Phirong Anh, Nguyén Péc Hodng, P PR U Zoa . T SO
110 | Nguyén Ngoc Son, Pham Anh Quén, Lé Hitu Minh, Pham Quang Anh, Nguyén Banl}l gla.hl(_il.l quz.lAky thuat CNY—sei(! trong chin dodn trude sinh bat thudng di 3.1,33,35 67)9 34
. truyén tai Bénh vién Phu sin Ha N¢i.
Thi Trang
Ho Thi Huyén Trang, Vii Thi Ha, Hoang Thu Lan, Liwong Thi Lan Anh, Dodn Thi | Dénh gia két qua sang loc 1éch bdi nhiém sic thé giGi tinh thai nhi bing xét nghiém
111 . O R 3.1,33,35 679 38
Kim Phuong trude sinh khong xam lan.
A A - I A A LA - AL A X Ao
1 Cao Thi C in Nhung Tong hop va'thu hoat tinh gay doc té bao ung thw ctia mot so dan chat indole 34,35 (679 8
carbohydrazide.
113 | Luong Thi Thao ¥, Vii Thanh Thio, Neuyén Vi Giang Béc, Trin Neoc Chdu | LO"& hoP cdc dan chit tetrahydroquinolin cf tiém ning khdi phyc sy nhay cim cta | 3, 5 5 ©)9 |48
Staphylococcus aureus khang methicillin doi véi cefuroxim.
Phan Thi Tuyét Mai, Biing Thi Hong Hanh, Nguyén Thi Ngoc Huyén, Lé Thi Ting hi¢u qua nha phén bén ciia polyme siéu hip thu trén co s6 din xuat cellulose
114 s 3 Cx A : : 4.1,4.6 679 55
Thanh Loan, Phan Thi Dao bang ket mang be mat.
. . = N . s = | Anh hwéng ciia mt d§ cdy va lugng phan dam dén kha ning sinh truwimg va phét
115 | Hoang Thi Lan Hirong, Nguyén Ngoc Hitu, Hoang Thi Hué, Nguyén Quang Tin {rién ciia giéng liia gao mau Chim Dao tai huyén Muong La, Son La. 4.1,4.6 67)9 62
Lirong Puie Todn, Lé Niur Kiéu, Lé Thi Thanh Thiiy, Nguyén Thi Thu Hing, Dinh gi4 hi¢u qua phan hitu co sinh hge SA02 trén mdt so ciy trong tai tinh
116 ’ R : : 4.1,4.6 67)9 68
Phonepaseut Syha Sayaboury, Lao.
Nguyén Huy Trung, Nguyén Quang Thi, Nguyén Ngoc Anh, Chu Van Trung, Nghién ciru sir dung dnh da phé chup tir thiét bj bay khong ngudi 14 trong danh gid
117 N . S L : 41,47 679 74
Hoang Hiru Chién tinh trang dinh dwdng vuon xoai tai tinh Son La.
o Ung dung md hinh PLS-SEM va Bootstrapping trong phén tich dgng lyc 1am viée
18 | Neuyén Hong Vn ndi tai cita ngwdi lao ddng trong linh vire kinh doanh vén tii dudng sit tai Vigt Nam. 51,52,513 10 !
119 | Lé Thao Quynh Ning lyc lanh dao ciia nha quan tri dw an. 5.1,5.2,5.13 (67)10 9
120 | Nguyén Thi Minh Hoa, Ha Tudn Anh, Lé Hai Yén Phit trién dich vu theo hung kinh té xanh: Nghién ciru trwomg hop tinh Tra Vinh, | 5.2,54,513 [ (67)10 |15
121 | Pham Neoe Thank Vai tro. ciia Nl{a n}rﬂc t{ong quan hé lao dng tai doanh nghiép: Nghién ctru trudng 52,55 710 »
hop tai tinh Ba Ria - Viing Tau.
12 Vi Tudn Anh, Trdn Tho at, Neuyén Viét Long ]l;lll::rtntgrlen nhan lyc s0: Dieu kién deé ting quy mo kinh te so ben virng cho tinh Binh 52,57,5.13 710 28
AT M hinh kinh doanh ddi méi sang tao ciia céc startup cong nghé tai Viét Nam: Tiép
123 | Nguyen Th Hong cén tir khung mé hinh Business Model Canvas. 53,513 6710 M
o N E RPN Thie day san xuat theo quy chudn dé d4p img yéu chu vé an toan thue phim va
124 | Nguyen Thi Thu Quynh, Nguyen Quoc Ngit truy xult ngudn ghc cho ndng sin Vit Nam, 5.2,5.13 (67)10 2
125 | Nauy én Thi Bich Ha, Bii Trong Ngoin Vin dung a in du ngir phap theo quan dlem ngir phap chire ning hé thong vao viée 53,5.10 6710 4%
’ boi dudng hoc sinh gidi tiéng Viét & tiéu hoc.
126 Trdn Thu Ha, Pham Thanh Qué, b6 Thi Hurong, Nguyén B Long, Biii Van Kiéu, | Quén Iy, sit dung dit rimg cong dong cita nguwdi Thai theo hwdng tiép cn sinh thai 54,55,513 | (67)10 53
Bang Ting Hoa, Cam Ti: Lan, Nguyen Thi Mai Hién nhén van: Nghién ciru tai xa Dong Sang, huyén Mgc Chéu, tinh Son La. T
127 | Neuyén Vin Hoa Nhimg yéu 6 tdc dgng dén phit huy vai trd cia thanh nién Quan di trong nghién | ¢, 5 | 110 |59
clru, ing dung cong nghé so dap ing yéu cau xay dung Quén dji hién dai.
128 | Trdn Bd Udn, Luew Van Duy, Lé Thi Thu Hiong, Bdng Thi Thio Quiin I nha nuréce vé dé diéu trén dja ban huyén Ung Hoa, Ha Noi. 5.5,5.13 67)10 64
129 | Pham Phwong Chi Ban séc viin hoa trong tiéu thuyét The Circle of Reason (1986) ciia Amitav Ghosh. 5.10,5.12,5.13 | (67) 10 70
" ) ) Hop tic khoa hoc tir nhién v6i UNESCO: Md hinh trung tim khoa hoc dang 2 va
130 | Trinh Quynh Trang mot s6 khuyén nghi ddi véi Viét Nam. 5.12,5.13 67)10 76
Trin Thi Q,f‘ynh ngg, Vii Mai Phong, ﬁ\/gu} o Thi L‘lnh Chi, ﬁ\/guyen T\h‘l Nhan dong va phan tich trinh ty gen ma hoé di nguyén Der f 1 tir mat bui nha
131 | Phuong Lién, Nguyén Quang Huy, Nguyen Thi Anh Bao, Nguyén Duy Ha, ; . P N 1.6, 2.6, 3.5 6711 1
L f O ’ Dermatophagoides farinae trong Escherichia coli.
Nguyen Quynh Uyén, Hoang Van Vinh
Trinh Thi Thu Hang, Vii Khdc Minh Diong, D6 Vin Tan, Pham Trung Hiéu, Vii | Xe dinh mgt s0 diic tinh sinh hoc va danh gia kha niing sinh mién dich ciia hai
132 g . . ATA L ivna 1.6,2.8,4.3 (67) 11 6
Khac Hing chiing parvovirus phan 1ap tai Viét Nam.
Phan Lé Ha Nguyén, Dwong Tan Nhyt, Nguyén Thi Thanh Thiiy, Nguyén Thi | Vai trd cita nano molybdenum trioxide thay thé natri molybdate dehydrat trong moi
133 | Nhur Mai, Hoang Thanh Ting, Hodng Dac Khai, Do Manh Curong, Vi Quoc truwong nuoi cay 1én kha ning sinh truéng va phat trien cia cay hoa Ciic nudi cay 1.6,4.6 nH1 12
Lugn, Hoang Thi Nhir Phwrong, Nguyén Hoai Chau, Ngo Quoc Buru in vitro.
134 | Hunh Nhue Dién, Hupnh K, Nguyén Loc Hién, Pham Thi Bé T, Chung Trirong | Danh gid sw khac biét kiéu hinh va thong s6 di truyén trén cac gibng/dong lia mau 16.46 @ |1
.6,4.

Quéc Khang, Chau Thanh Nhi

dé cai thién chat lwgng hat gao chirc ning.
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Cao Thj Thity Hing, Nguyén Thi Thugn, V Thi Diéu Trang, Phan Thi Thup

Bude ddu phén 1p va tuyén chon vi khuén cb wa mgn tiém niing sinh cellulase,

135 | Trang, Pinh Thinh Trung, Tran Nguyén Ha Vv, Hoang Hong Hanh, Pham ik chitinase. xvlanase va hvaluronidase 1.6,4.6 enH1 26
Thinh, Hupnh Hodng Nhue Khnh XY ¥ :
Nguyén Thanh Vi, Trdn Ngoc Uyén, Biti Thi Thu Vén, Lé Luu Phiong Hanh, Xéy dung quy trinh knockout gen keapla bing k§ thudt CRISPR-Cas9 trén c4 ngwa
136 PR ; 3 PN, 1.6, 4.6 671 31
Nguyen Hoang Thuy Vy van (Danio rerio) tai Viét Nam.
A S d ) PR, Thir nghiém thuit toan tim dwdng di t6i wu cho hé théng robot di dng van chuyén
137 | Nguyen Chinh Kién, Nguyen Thi Hong Hanh, Truwong Xudn Hing hing trong kho tw djng. 18,22 671 39
138 | L Quang Phong, Neuyén Van Hop, Trinh Tudn Ank, Vii Manh Thudn, Dodn Ha | &\ b o ciia phy gia S* 1én dc trumg dién héa cita vat ligu t6 hop Fe.0,/C. 24,25 @i |47
Thang, Bui Thi Hang : : ‘ o AR
139 | L€ Manh Hiing, Bii Min Tién, Lé Xudn Huyén, Biti Ngoc Duong, Nguyén Vin | Nghién ciru san xuéit nhién liéu djc chiing diesel DO L-62 tai Nhi mdy Loc diu 24211 @i |x
Hoi, Khirong Lé Thanh, Nguyen Viét Thang, Mai Tuan Dat Dung Quat phuc vu cho quoc phong - an ninh. oo
P i P . Thuye trang sin xuit ciy duge ligu Hoi Son (Dioscorea persimilis Prain et Burk)
140 | Nguyen Minh Tudn, Nguyén Hitu Tho, Lé Quang Ung trén dia ban tinh Thai Nguyén. 34,35 6711 60
141 | Chéu Vin Hdo, Sanghun Lee, Trdn Nhdt Minh Téng quan dwge Iy mang trong nghién ciru thude y hoe cb truyén, 34,35 6n1 |65
n s A 2. B LA a b A e
42 | HoLe Thi Nauy én Gia Huy, Trin Anh Khoa H‘lgnﬂtran.gkcanlll tac va thanh phan c6 dai trong cdc vuon sau riéng tai huyén Cai 41,47 @711 n
7 ’ Be, tinh Tién Giang.
143 | Trweong Xudn Cirong, Ngo Thanh Léc, Nguyén Thanh Long Pic diém tai nguyén dit san xuét nong nghiép tai Dong Thap. 4.1,47 67) 11 76
144 ran Thanh f] @ T.mn‘ Thi Tuyet, Hodng Thi Ngoc Anh, Lé Thi Phueong, Pham Hai Téng hop tetrahydrocurcumin tir curcumin. 14,24,3.4 (67) 11DB | 1
Long, Nguyen Thi Ha
145 V6 Van Lénh, Nguyén Viét Cuong, o Thi Thanh Thio, Nguyén Duong Ngoc Théi | Tée dung ha dudng huyét in vivo cita hé vi tw nhii berberin, 1.6,3.1,34 (67)11DB | 7
Pham Thi Phuong Dung, Tran Phiong Thao, Nguyén Thi Trdm, Nguyén Tran | Xy dung va thAm dinh phwong phap dinh lwgng l-tetrahydropalmatin trong vién
146 . x ) ’ P S N TP 24,34 (67) 11BB | 12
Linh, Nguyén Thach Ting nén gidi phong kéo dai bang sic ky léng hi¢u ning cao.
147 | Tiéu Chi Bitc, Trdn Hitu Phuge Khic bit vé y I¢ thanh cdng cia phau thudt tho dudng vio mach miu d¢ thim tich |, ¢ 5 ) (67 11DB | 21
mau trén ngudi bénh c6 va khong cd dai thao duong.
’s 2 2 A X A As Ly . oA -
148 | Lé Vin Dodn, Neuyén Viét Tan Kft qui ber(rc da'u phz:u thudt phuc hoi ban tay bj cut nhiéu ngén (metacarpal hand) 26,32 (67) 11DB | 25
bang chuyén ngén chén.
PR, B ) IR Két qu phu thuat cit gan diéu trj ung thur dwimg mét trong gan tai Bénh vign Bach
149 | Nguyen Thanh Khiém, Lé Viet Bach, Pham Minh Lanh, Nguyen Ham Hpi Mai ti thng 1/2020 dén thng 6/2024. 2.6,3.2 (67) 11DB | 32
Nguyén Vin Phong, Triéu Tién Sang, Tran Vin Khoa, Bing Thi Hong, Tran Vin | Ung dung phén tich di truyén lién két sir dung trinh tu ip lai ngén trong chin dodn
150 : Pl Wty W R : s 3.1,32,35 (67) 11BB | 39
Tuan di truyén tién lam to bénh Pompe.
\s| | Pham Diic Anh, Lé Thi Phuong, Ddo Nguyén Ha Linh, Dinh Thuy Linh, Tran | Dic diém di truyén & bénh nhin u nguyén bao vong mac hai mét dwoc diéu tri tai 33235 | @)upB | 47
Van Khdanh Bénh vién Mat Trung wong trong giai doan 2021-2023. I
152 Phlam Thl Dur@g, Phqm Thi Kiéu Chinh, Tran Thi Thu Ha, Tran Thi Lan, Nguyen C‘au triic mot so thanh phan co thé cia nguoi cao tudi ving nong thon tinh Thai 31,33,35 (67 11DB | 53
Minh Diéu, Tran Khanh Thu Binh.
153 Tran Ky Poan, Tran Thanh Pao, Hoang Thy Nhac Vi, Trdn Vén Thanh Diic diém mb hinh bénh tat tai Bénh vién Quén 8 TP. HO Chi Minh giai doan 2022-2024. | 3.3,3.5 (67) 11PB | 59
Tran Dinh Minh Huy, Ha Thi Xudn Thdo, Tran Hai Yén, Pham Ngoc Pan Thanh, | Danh gia inh hwing cita atropine ndng do thip trén chat lwgng thi gide trong sinh
154 PR " 3 A P : : : 32,34 (67) 11BB | 65
Nguyén Lé Hoang Nguyén hoat hiing ngay ctia tré em cén thi.
Tran Quang Minh, Phimg Manh Duy, Nguyén Khanh Ly, Nguyén An Tudn, Chu | 1.+~ PO S SV S S A £ WS
155 | Phuong Anh, Nguyén Pirc Thdi, Samath Sony, Neuyén Thi Tuyét Nhung, Vii | 01 lién quan giita myt sb yeu t6 tram cim, rdi loan lo du, stress, rdi loan gidcngiiva | 5, 3 5 (67 11DB | 70
Phong Tic roi loan An uong ¢ sinh vién y khoa Truwomg Dai hoc Y Duwgc Thai Binh.
156 | Nguyén Thi Bé, Bao Thi Thanh Thao, Podn Vin Vién N:ghlen e tac dl‘".lg khar.lg khudn, khing viém ciia cao nudc toan phan ey Me chua 34,35 (67) 11BB | 75
dat hoa vang Oxalis corniculata L.
157 Tran Thai Hiing, Tran Minh Tudr}, Ninh Vén Binh, Nguyén Vén Tirong, Hupnh Nghién ciru 4p dyng md hinh trir nwée mwong - liép phuc vy tugi virdn bugi thich 15.2.0.41 )12 1
Ngoc Tuyén, Lé Van Thinh, Nguyen Hoang My Linh, Lé Thi Quynh Anh ting diéu kién han min & Dong bang song Ciru Long. e
A - 217 A . Y A A A x 2 26w
158 | Dink Thi Thu Ha, Neuyén Thi Thu Hién, Trén Quéc Bao Nghién ciru xir |y nhu cdu oxy hoa hoc va chat hogt dgng be miit trong nude thai gift | 55 4 55 |7y | 8
iii cong cong bang qua trinh keo tu - tao bong.
r s Sir dung chi s0 khi hiu du lich dé d4nh gia tai nguyén khi hiu cho phat trién du lich
159 | Nguyén Khanh Vin, Hoang Thi Kiéu Oanh bién - ddo Nam Trung B, Vigt Nam. 15,2.7 67)12 15
160 | Trin Ngoc Déng, Nguyén Ngoc Nhdt Thanh, Vii Anh Tudn Tac djng ciia bui min do giao thong dén ty I¢ tir vong tai TP. Hd Chi Minh. 15,33 on1e |23
Vii Ding Ha Quyén, Trong Thi Oanh, Tran Quang Sang, Van Hong Cam, Png | Da dang loai va méi quan hé tién hoa cc lodi ¢4 nwdc ngot tai TAy Nguyén dua trén
161 . s s 1.6,4.6 (67) 12 28
Thily Binh chi thi phan ti.
Pham Quang Hodng, Ng6 My Hoa, Phan Tién Danh, Ngé Thu Huong, Pham | .. . .. .. o oSt A U3 oLt pl aia A 1A oo L2 p
162 | Xudn Thao, Nguyén Minh Hiéu, Nguyén Thi Dung, Dinh Chi Linh, Nguyén Thi Ca,l. thl%n tmh‘{chat silt d“‘;m va sattir cia vitligu multiferroic (0 hop trong g dung 24,27 67)12 33
P N . phén hiy thuoc nhum tong hop.
Viét Chinh, Bao Son Lim
I SR, L 5 Tién xit Iy nwc thii so ché cao su thién nhién tich protein va danh gia kha ning xir
163 Tran Minh Ditc, Tran Phuong Thao, Dam Thity Hang, Nguyén Lan Hirong 1§ sinh hoe ky khi nuée thil sau tidn xi . 24,2.7,2.8 (67) 12 38
PR PR . s Toi wu héa diéu kién chiét xut polyphenol toan phan tir rau cang cua (Peperomia
164 | Nguyen Thi Bach Tuyet, Hoang Thi Phwong Lién pellucida) bing phuong phip ddp img bé mit. 24,28,34 67)12 43
T My pe os P = .| Tinh ché bién thé alpha-toxin bt hoat Hla o biéu hién & Escherichia coli va tao
165 | Lé Duong Vuwong, Nguyén Thi Kim Lién, Phan Thi Phuong Trang, Nguyén Dirc Khéng huyét thanh trén chugt. 2.6,2.8,3.3 67)12 48
166 | Trdn Thi Neoe Mai, Hugpnh Phurong Quyén Nghlen ciru bao quan 0i cat twoi bang mang alginate dn dugce bo sung cao chiét rong 210,46 )1 53
nau Sargassum polycystum.
167 Tran Thanh Tii, Nguyén Thi Mai, Pinh Thi Hoa, Tran Hodng Linh, Vii Thi Hai | Két qua diéu tri viém phdi thity theo dinh huéng cin nguyén vi khudn tir dich ty hau 3233 @n s
Yén, Vii Dirc Anh, Pham Van Truong tai Bénh vién Nhi Trung wong (3/2023-2/2024). o
168 | Liwong Bitc Toan, Lé Xudn Anh, Trdn Sj Hai, Nguyén Thi Vén, Nguyén Bd Trung | Nghién ciru cdi tao va phyc hdi d9 phi nhiéu dét trong cam bj suy thodi & Nghé An. | 4.1, 4.6, 4.7 6n12 | 6
P . T6i wu quy trinh vin hanh h¢ théng aquaponics quy md nhé nuéi c4 Tré vang
169 Ng6 The An, Kim Van Van, Nguyen Thi Bich (Clarias macrocephalus) bing md hinh méy tinh. 4.5,4.6 (67)12 69
170 Téng myc luc nim 2025 (67)12 76
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QUY DINH VE BAI BAO DANG TAI TREN TAP CHI

Yéu cau chung

Bai béo glii dang trén Tap chi phai la bai bao nguyén thuy (chua dugc cong bd trude do). Tac gid khong dugc gli dang bai béo trén cac
tap chi khac cho dén khi c6 quyét dinh xét duyet clia Ban Bién tap.

Bai béo dai khong qua 10 trang (bao gbm ca bang biéu, ghi chu, tai liéu tham khao va phu lyc); font chii: Times New Roman; ¢ chif 13;
kh gidy A4, 1& trén 2 cm, I& dudi 2 cm, 16 trai 3 cm, 1& phai 2 cm.

Bai bao gli qua Hé théng gli bai tryc tuyén tai dia chi https:/b.vjst.vn/index.php/ban_b/about/submissions hodc c6 thé gl truc
tiép dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan CAu Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién td:
khoahocvacongnghevietnam @most.gov.vn.

CA4u tric cla cac loai bai bao khac nhau cé thé thay di tly theo loai hinh nghién ctiu va néi dung clia bai bao. Sau day la chi tiét cac
thanh phan chinh clia bai bao.

Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
tén tac gid dugc danh s6 ("2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét § cudi trang dau tién clia bai bao.

Khi liét ké co quan cong tac cla tac gia, can néu rd tén co quan va dia chi co quan (sd nha, tén dudng, phudng, quan, thanh phé, quéc
gia) béng tiéng Viét va ti€ng Anh.

Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
Phuang phap nghlen cliu can néu rd cach tiép can nghién ctu, loai hinh nghlen ctu, phudng phap do Iudng, cong thic tinh ¢§ mau, phuong
phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.

Phén két qua nghién cdu chi trinh bay céc két qua nghién cliu clia dé tai, khdng giai thich, so sanh va ban luan.
4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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Nghién ctru 4p dung mé hinh trir nuéc muong - liép phuc vu twéi vuon
budi thich wng diéu kién han min & Pong bing song Ciru Long.

Trdn Thai Hing, Tran Minh Tudn, Ninh Véin Binh, Nguyén Vin Tuéng, Hupnh
Ngoc Tuyén, Lé Vin Thinh, Nguyén Hodng M7 Linh, Lé Thi Quynh Anh

Nghién ciru xir Iy nhu ciu oxy héa hoc va chit hoat dong bé mit trong
nwéce théi gidt i cong cong bing qua trinh keo tu - tao bong.
Pinh Thi Thu Ha, Nguyén Thi Thu Hién, Tran Quéc Béo

Sir dung chi s6 khi hiau du lich dé danh gia tai nguyén khi hiu cho phat
trién du lich bién - dio Nam Trung Bj, Viét Nam.
Nguyén Khanh Vin, Hoang Thi Kiéu Oanh

Tac dong ciia bui min do giao théng dén ty 1¢ tir vong tai TP. HS Chi
Minh.
Trdn Ngoc Pdng, Nguyén Ngoc Nhdt Thanh, Vii Anh Tudn

Da dang loai va mdi quan hé tién hoa cac loai ca nwéc ngot tai Tay
Nguyén dua trén chi thj phan ti.

Vii Bang Ha Quyén, Trwong Thi Oanh, Trdan Quang Sing, Vin Hong Cam,
Dang Thiy Binh

Cii thién tinh cht sit dién va sit tir ciia vat liu multiferroic t6 hop
trong tng dung phén hity thuéc nhudm téng hep.

Pham Quang Hodng, Ngé My Hoa, Phan Tién Danh, Ngé Thu Huong,
Pham Xudn Thdo, Nguyén Minh Hiéu, Nguyén Thi Dung, Pinh Chi Linh,
Nguyén Thi Viét Chinh, Pdo Son Lim

Tién xir Iy nwée thii so ché cao su thién nhién tach protein va danh gia
kha ning xir Iy sinh hoc ky, khi nwéc thai sau tién xir ly.
Tran Minh Bike, Tran Phirong Thdo, Pam Thily Hang, Nguyén Lan Hirong

T6i wu héa diéu kién chiét xuit polyphenol toan phén tir rau cang cua
(Peperomia pellucida) bing phwong phap dap wng bé mit.
Nguyén Thi Bach Tuyét, Hodng Thi Phwong Lién

Tinh ché bién thé alpha-toxin bit hoat Hla
coli va tao khang huyét thanh trén chugt.
Lé Duong Viwong, Nguyén Thi Kim Lién, Phan Thi Phwong Trang, Nguyén
Durc

ssLigss, Pi€U hién & Escherichia

Nghién ctru bio quén di ciit twoi bing mang alginate dn dwoc bd sung
cao chiét rong nau Sargassum polycystum.
Tran Thi Ngoc Mai, Huypnh Phirong Quyén

Két qué diéu tri viém phdi thuty theo dinh hwéng cin nguyén vi khuin
tir dich ty hiu tai Bénh vién Nhi Trung wong (3/2023 - 2/2024).

Trdn Thanh Tii, Nguyén Thi Mai, Pinh Thi Hoa, Trdan Hodng Linh, Vii Thi
Hi Yén, Vii Pirc Anh, Pham Vin Truong

Nghién ciru cii tao va phuc hdi d9 phi nhiéu dét trdng cam bj suy thosi
6 Nghé An.
Lurong Dirc Todn, Lé Xudn Anh, Tran Sy Hai, Nguyén Thi Van, Nguyén Ba Trung

Téi wu quy trinh vin hanh hé théng aquaponics quy md nhé nudi ca
Tré vang (Clarias macrocephalus) bing md hinh may tinh.
Ngé Thé An, Kim Vin Van, Nguyén Thi Bich

Téng muc luc

G Research on applying water storage ditches and planting beds for pomelo
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irrigation under drought and salinity conditions in the Mekong delta.
Thai Hung Tran, Minh Tuan Tran, Van Binh Ninh, Van Tuong Nguyen, Ngoc
Tuyen Huynh, Van Thinh Le, Hoang My Linh Nguyen, Thi Quynh Anh Le

Research on the removal of chemical oxygen demand and surfactants from
commercial laundry wastewater by the coagulation-flocculation process.
Thi Thu Ha Dinh, Thi Thu Hien Nguyen, Quoc Bao Tran

Using the tourism climate index to assess climatic resources for tourisim
development in the South-Central Coastal and Island Region of Vietnam.
Khanh Van Nguyen, Thi Kieu Oanh Hoang

Impact of traffic-related fine particulate matter on mortality in Ho Chi
Minbh city.
Ngoc Dang Tran, Ngoc Nhat Thanh Nguyen, Anh Tuan Vu

Species diversity and evolutionary relationships of freshwater fish in the
Central Highlands, Vietnam, based on molecular markers.

Dang Ha Quyen Vu, Thi Oanh Truong, Quang Sang Tran, Hong Cam Van,
Thuy Binh Dang

Improving the ferroelectric and ferromagnetic properties of multiferroic
composite materials for the decomposition of synthetic dyes.

Quang Hoang Pham, My Hoa Ngo, Tien Danh Phan, Thu Huong Ngo, Xuan
Thao Pham, Minh Hieu Nguyen, Thi Dung Nguyen, Chi Linh Dinh, Thi Viet
Chinh Nguyen, Son Lam Dao

Pretreatment of deproteinised natural rubber wastewater and evaluation
of its anaerobic treatment performance.
Minh Duc Tran, Phuong Thao Tran, Thuy Hang Dam, Lan Huong Nguyen

Optimisation of the extraction conditions of polyphenol compounds from
Peperomia pellucida and evaluation of in vitro antioxidant activity.
Thi Bach Tuyet Nguyen, Thi Phuong Lien Hoang

Purification of an inactive variant alpha-toxin Hla, ...
Escherichia coli and generation of antiserum in mice.

expressed in

Duong Vuong Le, Thi Kim Lien Nguyen, Thi Phuong Trang Phan, Duc Hoang
Nguyen

Effects of alginate-based edible coatings enriched with Sargassum
polycystum extract on the quality characteristics of fresh-cut guava.
Thi Ngoc Mai Tran, Phuong Quyen Huynh

Results of treatment for lobar pneumonia based on bacterial etiology
from nasopharyngeal samples at the Vietnam National Children’s
Hospital (March 2023 - February 2024).

Thanh Tu Tran, Thi Mai Nguyen, Thi Hoa Dinh, Hoang Linh Tran, Thi Hai
Yen Vu, Duc Anh Vu, Van Truong Pham

Research on the restoration of soil fertility in degraded orange-growing
areas of Nghe An province.
Duc Toan Luong, Xuan Anh Le, Sy Hai Tran, Thi Van Nguyen, Ba Trung Nguyen

Optimising the operation of a small-scale aquaponic system for yellow
catfish (Clarias macrocephalus) using a computer-based model.
The An Ngo, Van Van Kim, Thi Bich Nguyen
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