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LOT CAM DPOAN

Téi khing dinh ludn van nay la sén pham nghién cieu do chinh téi thuc
hién, dua trén nguo“n tai liéu va dir liéu tw thu thdp, phan tich. Vi vdy, cdc két
qua dat dwoc bao dam tinh chinh xdc va khdch quan, chua timg duoc cong bo
trong bdt kp cong trinh ndo trude dé. Moi sé liéu va két ludn trinh bay déu

trung thyuc; néu co sai sot, toi xin hoan toan chiu trach nhiém trude phdp ludt.

Ha Noi, ngay 15 thang 06 nim 2026

Tac gia

Nguyén Kiéu Hwong
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LOI CAM ON

Sau qua trinh hoc tdp va nghién ctru tai Hoc vién Khoa hoc va Cong
nghé thudc Vién Han 1am Khoa hoc va Cong nghé Viét Nam, t61 da hoan tat
luan van Thac si chuyén nganh Sinh hoc thue nghiém. Téi xin chéan thanh tri
An PGS.TS. Lé Thi Nhi Cong cung déi ngli can bd Phong Cong nghé Sinh
hoc Méi trudng — Vién Sinh hoc — Vién Han 1am Khoa hoc va Céng nghé
Viét Nam da tan tinh hudéng dan, hd tro va khich 18 t6i trong sudt thoi gian

thuc hién d8 tai.

T6i trin trong gui 161 cdm on t&i Ban 1anh dao, Phong Dao tao, Khoa
Sinh hoc cting céc don vi chirc ning va toan thé giang vién ctia Hoc vién Khoa
hoc va Cong nghé di tin tinh giang day, cung cap kién thirc va hd tro tdi trong

sudt qua trinh hoc tip cling nhur hoan thanh luin vin.

Téi xin giri 161 cam on t&i Ban 1dnh dao ciing cac ddng nghiép tai Bénh
vién Phu san An Thinh d3 hd tro va tao didu kién thuan loi dé toi hoc tip, nghién
ctru va hodn tat dé tai.

Sau ciing, t6i bay to 1ong biét on t6i gia dinh da ludn dong hanh, ting hd
va la chd dua tinh than to 16n, sn sang hy sinh dé t6i dat dugc két qua hién tai.

T6i xin guri 181 tri 4n sau sic!

Tac gia

by

Nguyén Kiéu Hwong
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MO PAU

O nhiém dau 1 van d& nghiém trong anh hudng dén tai nguyén nudc
toan cau, bat ngudn tir nhiéu nguyén nhan, trong do6 c6 cac hoat dong sinh hoat
va cong nghiép. Tinh hinh 6 nhiém nay ngay cang trdm trong hon do céc su cb
gan day trong cac khau khai thac, van chuyén, ton trit va st dung c6 thé phat
lan rong ra khong gian xung quanh, gy 6 nhiém nghiém trong, dic biét trong
moi trudng bién. Van dé nay thudng xay ra tai tuyén hang hai, cang bién, kho
- tram xang dau va ving ven bién - ctra séng. Do tinh ky nudc, bén tuong ddi
va thanh phan hydrocarbon phirc tap, dau khi xdm nhap méi trudng cé thé tao
mang phu lam giam trao ddi oxy, gdy doc cho sinh vat, 1am 6 nhiém nudc va
dat, dong thoi kéo theo cac ton that lién quan dén khia canh kinh té - x4 héi.
Nhiing giai phap quan 1y va cong nghé hiéu qua 1a thiét yéu nham giam thiéu 6
nhiém dau. Hiéu suat tach dau - nudc bi anh hudng bai nhiéu yéu t6, chang han
nhu thong s6 van hanh, chat phu gia hoa hoc, thiét ké thiét bi cing nhiing tac
dong tr moi truong. Tuy nhién, cac phuong phap tach hién hanh thuong gap
han ché vé thoi gian xur Iy kéo dai, chi phi van hanh cao va dién tich hé thdng
16, tr @6 céan tré tmg dung rong rai trong cong nghiép.

O Viét Nam, nguy co 6 nhiém dau gia tang do hoat dong dau khi va mang
ludi van chuyén - phan phdi xang dau phat trién; 6 nhiém khong chi dén tir su
¢d 16n ma con tir ro ri nho va phat thai man tinh kéo dai. Cac bién phap co hoc
va hoa hoc gitip xtr Iy nhanh nhung phu thudc diéu kién trién khai va c6 nguy
co gay ra 6 nhiém thir phat. Vi vay, xir 1y sinh hoc duoc quan tdm nhu hudéng
bén vitng, dua trén kha ning phan giai hydrocarbon cua vi sinh vat.

Trong sb cac k¥ thuat sinh hoc, gan ddy, hudng khai thac vi khuéan tao
mang sinh hoc (biofilm) dugc chi ¥ vi gitip ting bam dinh, duy tri sinh khoi va
nang cao kha ning chéng chiu, nhd vay c6 tiém ning nang cao hiéu suét xir Iy
dau. Bé ung dung thuc té, tao ché phém on dinh; trong do, ¢ dinh vi khuén tao
biofilm trén vat liéu mang 13 giai phap trién vong. Nhiéu loai gia thé gdm
biochar, soi nhe keramzit, mat xdp, ... dd duoc ap dung. Dau vay, hién van it
cong trinh dé cip dén mun cwa nham ¢ dinh hé vi sinh va hinh thanh ché pham
phuc vu xu 1y dau 6 nhiém. Mun cua la loai vat liéu mang cé ban chat phu
pham, sin c6, gia ré, cau trac x6p pht hop cho hinh thanh biofilm va c6 thé hd

trg hap phu hydrocarbon, nén c6 tiém niang lam gia thé tao ché pham.
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Tir nhitng 1y do néu trén, dé tai “Nghién ctru tao ché pham xir ly 6
nhiém dau tir vi khuén tao mang sinh hoc trén mun cwa” di dugc thuc hién.

Muc dich nghién ctru

Xay dung ché pham sinh hoc bang cach c¢b dinh vi khuan c6 kha ning
phan giai dau cling nhu hinh thanh biofilm trén mun cwa; danh gia chat luong
ché pham va hiéu qua xir Iy 6 nhiém dau trong moi trudng thi nghiém, qua d6
kién nghi huéng tmg dung thuc tién.

Noi dung nghién ciru

- Noi dung 1. Phan lap thém céac ching vi khuan c6 kha nang phan hity cac
hop chit hydrocarbon c6 trong ddu mo thu tir mau bun va ngudn nudce
nhiém dau

- No1 dung 2. Panh gié sy hinh thanh mang sinh hoc va dnh hudng cta cac
yéu té pH, nhiét do va NaCl

- NOoi dung 3. Phan loai dinh tén va danh gia tinh ddi khang cua cac chung
vi khuan duoc lya chon

- Noi dung 4. Thir nghiém 02 loai vat liéu mang mun cua dé tao ché phém
phuc vu xr 1y dau 6 nhiém. Panh gia chat lugng ché pham thong qua

mat do vi sinh vat tong s6 va hi¢u qua xu ly dau tong so



CHUONG 1. TONG QUAN NGHIEN CUU
1.1. HIEN TRANG O NHIEM DAU TREN THE GIOI VA VIET NAM
1.1.1. Hién trang 6 nhiém diu trén thé giéi

O nhiém dau tir rdt sém d3 duoc nhan dinh 13 mot trong cac hinh thai 6
nhiém hoa hoc nghiém trong ddi véi mdi trudng bién trén pham vi toan cau.
Dau moé khong phai mot chat riéng biét ma 1a hdn hop rit phuc tap, bao gébm
chu yéu hydrocarbon no, hydrocarbon thom, nhua va asphalten; ngoai ra con
chtra cac hop chat ¢6 luu huynh, nito, oxy va mot s6 kim loai vi luong [1], [2].
Sy khac biét vé thanh phan hoa hoc khién dau c6 sy da dang 16n vé dic tinh vat
ly, kha nang lan truyén, do bén trong méi truong va mirc dd gay doc sinh hoc.
Trong s6 cac cau tir ctia dau, hydrocarbon thom, dic biét 1a hydrocarbon thom
da vong, thuong dugc chu y nhiéu hon do ¢6 doc tinh sinh hoc cao, kha nang
tich lily va nguy co gay tac dong lau dai ddi vé6i sinh vat. Nguoc lai, nhua cing
asphalten 13 cac thanh phan ning hon, it bi phan hity hon, lam gia tang thoi gian
t6n luu cta dau trong dat, tram tich va méi trudng nude [1, 2]. Chinh dic diém
nay lam cho 6 nhiém dau khong chi 12 van dé xay ra trong thoi gian ngan sau
su cd ma con c6 thé dé lai hau qua moi trudng kéo dai.

O nhitng thap nién gan day, du cac su ¢d tran dau 16n tir tau van chuyén
dau dd giam dang ké, 6 nhiém dau van 1a van dé moi trudng ndi bat do ton tai
ddng thoi nhidu ngudn phat thai khac nhau. Dau c6 thé xAm nhap méi trudng
bién tir cac tai nan tau chd dau, hoat dong khai thac dau khi ngoai khoi, x4 thai
trong qué trinh van hanh tau, 1o ri dudng 6ng, nude thai tir dat lién va nhiéu
ngudn phat thai man tinh khac [3]. Piéu d6 cho thiy hién trang 6 nhiém dau
ngay nay khong chi gan véi cac sy ¢d 10n, d& nhan biét, ma con lién quan dén
nhitng dong thai nhé nhung 1dp lai thuong xuyén, phan tan trén pham vi rong
va kho kiém soat hon. Sau khi di vao mdi truong, dau tiép tuc trai qua hang loat
qua trinh bién d6i nhu bay hoi, quang oxy hda, hoa tan, phan tan, nhii hoa, léng
dong va phan huy sinh hoc. Cac qua trinh nay dién ra déng thoi voi toe do khac
nhau tuy thudc vao dac tinh dau va diéu kién moi truong, tir do quyét dinh pham
vi phat tan, kha nang tdn luu va mac do tac dong sinh hoc cua dau ddi véi hé
sinh thai [3].

Xét riéng d6i voi cac su ¢ tir tau chd dau, nhiing thong ké trén pham vi
toan cau chi ra xu hudng giam rd rét trong thoi gian dai. Néu nhu trong thap

nién 1970, trung binh mdi nam thé giéi ghi nhan khoang 79 vu tran dau tir tau
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ché dau co quy mo tir 7 tin trd 1én, thi dén thap nién 2010 con sb nay chi con
khoang 6,3 vu mdi nim. Giai doan tir nim 2020 dén nay, s6 vu trung binh vao
khoang 7.2 vu/ndm [4]. Riéng trong nim 2025, ¢6 6 vu tran dau tir tau ché dau
duoc ghi nhan, bao gém 3 vu 16n trén 700 tan, véi téng luong dau that thoat
udc tinh khoang 4.000 tan [4]. Nhiing s6 liéu ndy phan anh tac dung ctia nhiing
giai phap bao dam an toan hang hai, cai tién cong nghé tau va ting cudng ning
luc tmg phoé su cb trong thoi gian qua. Tuy nhién, cac vu tran dau 16n chi phan
anh mot phan ctia hién trang 6 nhiém dau trén thé gidi, boi trén thuc té con ton
tai rit nhiéu ngudn phat thai nho hon nhung xay ra lap lai va kéo dai, lam cho

tong ap luc 6 nhiém do6i vo1 moi truong bién van & mac dang lo ngai.
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Hinh 1.1. Xu thé sé vu tran dau tir tau chd dau trén toan c4u theo thong ké
ITOPF (1970 - 2024/2025)
Nguon: ITOPF - “ITOPF publishes 2025 Oil tanker spill statistics” [4]
Mot trong nhiing ngudn phét thai man tinh dang chu y hién nay 1a nuéc
thai phat sinh trong hoat khai thac dau khi ngoai khoi. Pay 1a loai dong thai di
kém vé&i qua trinh khai thac dau, thuong chtra dau phan tan, hydrocarbon thom
da vong, kim loai va mot sé hop chét hiru co khéc, do d6 c6 c6 kha niang gay
anh hudng 1au dai t&i moi truong bién khi khong duoc kiém soét chit ché [5].
O cac khu vuc bién c6 tan sut giao thong hang hai day dic, cac vét dau nho

thuong xuyén xuat hi¢n doc theo cac tuyén van tai do xa thai van hanh, ro ri



nho hoiic cac hoat dong hang hai lién quan. Nghién ctru vién tham thuc hién tai
khu vuc Pong Dia Trung Hai trong giai doan 2014-2023 da ghi nhan 355 su
kién 6 nhiém dau voi tong dién tich anh hudng vuot qua 6.000 km?, cho thay
muc do phé) bién cua dang 6 nhiém dau phan tan tai cac khu vuc bién c6 hoat
dong hang hai manh [6]. O quy md toan cau, viéc xdy dung bo dit liéu chuan
hoa gdm 3.550 su cb tran dau trong giai doan 1967-2023 di tao nén tang quan
trong cho phan tich xu hudng phat thai, nhan dién khu vuc rii ro va danh gia
toan dién hon vé hién trang 6 nhiém dau trén thé gidi [7].

O nhiém dau gay ra nhiéu tic dong sdu rong 1én cac hé sinh thai ¢ ca moi
truong dat lién 13n thity vue, tir nhitng bién d6i & cip do té bao dén nhimng thay
d6i & mirc quan xa va toan bo hé sinh thai. Trong moi trudng nude, vi tao 13
mot trong nhitng nhém sinh vat nhay cam vé&i cac thanh phan ctua dau mo. Su
hién dién cta dau c6 thé anh huéng dén tdc do sinh truong, hoat dong quang
hop, co cdu thanh phan loai cung cdu triic ctia quan x4 vi tdo, tir d6 tic dong
dén bac dinh dudng nén cua hé sinh théi thity vire [8]. Di v6i ca va nhidu nhom
dong vat thity sinh khac, viéc tiép xtic voi cac chat 6 nhiém c6 ngudn goc tir
dau co thé gay ton thuong mo, bat thudng phat trién, rdi loan ndi tiét, lam suy
yéu hé mién dich va gia ting ty 1 chét [3]. Nhiing tac dong nay khong chi xuat
hién & mirc phoi nhidm cép tinh ma con ¢6 thé tich liy va biéu hién trong giai
doan kéo dai do anh hudng cta cac cau tir bén vimng cta dau.

Nhiéu nghién ctru con cho théy cac su c6 tran dau 16n c6 thé dé lai hau
qua sinh thai kéo dai trong nhiéu nim sau khi sy ¢ két thiic. Nhiing tac dong
lau dai nay da dugc ghi nhan dbi véi san ho bién sau, dat ngap nudc ven bién,
qu'?m thé chim bién, rua bién, dong vat c6 vi & bién va nhiéu nhom sinh vét
khac [9]. Kha nang phuc hdi cta hé sinh thai chiu tac dong tu nhiéu nhan té,
chang han kiéu dau, luong dau tran, dic diém sinh canh, diéu kién thiy dong
luc hoc cling nhu tac dung ciia cac giai phap ung pho sém. Diéu nay cho thay
danh gia 6 nhiém dau khong thé chi gidi han & khau xac dinh luong dau bi that
thoat, ma can xem xét ca doc tinh con lai, sy ton luu trong trAm tich va cac bién
d6i 1au dai vé cdu trac va chirc nang cta hé sinh thai.

Nhin chung, tinh hinh 6 nhiém dau toan cau hién nay cho thdy mét xu
thé kép. Mot mat, cac vu tran dau 16n tir tau ché dau da giam rd rét so véi trude
day; mat khac, 6 nhiém dau van ton tai dai dang dudi dang phat thai man tinh,

phan tan va kho kiém soat hon [3-5]. Vi vay, nghién ctru hién nay khong chi
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tap trung vao tmg phé su c¢b cp tinh ma con mé rong sang giam sat bang vién
tham, danh gia ddc tinh sinh thai, nhan dién nguén 6 nhiém va phat trién cac
giai phap phuc hoi hé sinh thai. Trong sb d6, xir Iy sinh hoc dang dugc xem nhu
mot hudng tiép can cé trién vong nho kha nang giam hydrocarbon dau mo theo
cach it gay tac dong hon dén méi truong va cé tiém nang hd tro phuc hdi sinh
thai sau 6 nhidm [10]. C6 thé thdy rang, du hinh thtc biéu hién da thay ddi theo
thoi gian, 6 nhiém dau van 13 van dé méi truong bién nghiém trong & quy mod
toan cau va doi hoi su két hop giita phong ngira, gidm sat, phan tich rui ro va
ap dung cac bi¢n phap tng pho thich hop.
1.1.2. Hién trang 6 nhiém dau tai Viét Nam

Viét Nam c6 duong bo bién dai, nhiéu cang bién, khu cong nghiép ven
bién, kho xang dau, nha may loc dau va hoat dong khai thac dau khi ngoai khoi.
Vi vdy, 6 nhiém dau 1a mot trong nhitng nguy co mdi trudng dang quan tam,
dac biét tai cac khu vuc c6 mat do tau thuyén cao nhu Hai Phong, Quang Ninh,
Pa Néng, Dung Quat, Cai Mép - Thi Vai va TP. H6 Chi Minh [11], [12]. Ngudn
phat sinh 6 nhiém dau chu yéu gém su ¢ trong khai thac, van chuyén, boc da,
luu chtra xang dau; nude thai nhiém dau tur cang bién, co s stra chira tau, khu
cong nghiép; dau thai tir phuong tién giao thong thuy va dong chay mat cudn
theo dau m& tir khu vuc d6 thi ra séng, bién [11], [12].

Trong nhimg nim gan day, hoat dong hang hai va dau khi ¢ Viét Nam
tiép tuc phat trién, 1am ting ap luc 1én méi truong nudc va tram tich ven bién.
Nam 2024, tong luong hang hoa thong qua hé thdng cang bién Viét Nam dat
khoang 864,4 triéu tin, ting khoang 14% so v&i nam 2023; san luong container
dat khoang 29,9 triéu TEU, tang khoang 21% [14]. Bén canh d6, hai nha may
loc ddu Dung Quat va Nghi Son hién dap umg khoang 70% nhu cau xing dau
trong nudc, cho thdy quy mé 16n cta hoat dong nhap khau, van chuyén, luu
chtra, ché bién va phan phdi xang dau [15].

O nhiém dau ¢ Viét Nam khong chi xuét hién duéi dang sy cd tran dau
ma con ton tai 4m tham dudi dang 6 nhiém man tinh véi ham lugng thép trong
nudc, bun day va tram tich. Cac hydrocarbon dau mo, dic biét 1a nhoém
hydrocarbon thom da vong - PAH nhu anthracen, phenanthren, pyren - c6 tinh
ky nuéc, kho phan hay va dé tich lily trong tram tich [17]. Mot s6 nghién ciru
gan day cho thay PAH trong tram tich tai Viét Nam dao dong tir 33 dén 6400
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ng/g, phan anh su hién dién pho bién ciia nhém chat nay trong méi trudng chiu

tac dong cua d6 thi hoa, giao thong, cong nghiép va hoat dong dau khi [17].

Dau va cac san pham dau mo c6 thé tao mang trén mat nudc, lam giam
trao ddi oxy, can tré anh sang, gy doc cho sinh vat thuy sinh va anh hudng dén
hé sinh thai ven bién [12], [18]. Khi di vao trdm tich, cac hop chéit kho phan
huy 6 thé t6n luu 1au dai, lam thay ddi cdu tric quan xi sinh vat va tiém an
nguy co tich liiy sinh hoc trong chudi thirc an [17], [18]. Vi vay, bén canh céc
bién phadp co hoc va hoa hoc, viéc nghién ctru céc giai phap sinh hoc str dung
vi sinh vat phan hay hydrocarbon, dac biét 1a vi sinh vat tao mang sinh hoc trén
vat liéu mang, c6 y nghia thyc tién trong xt 1y 6 nhiém dau tai Viét Nam [16],
[17].

1.2. MOT SO ANH HUONG DO O NHIEM DAU GAY RA

Nudc bi 6 nhiém khong chi 1am gian doan doi séng thuy sinh ma con gay
thiét hai cho nganh thay san, du lich va co so ha ting ven bién [19]. Su hién
dién cua dau trong nudc thai 1am giam nong do oxy, 1am xau di chat luong
ngudn nudc va gy ra cac nguy co dbi voi stc khoe dang ké, gay ra cac rdi loan
tiéu hoa, ton thuong co quan ndi tang va lam gia ting nguy co ung thu [20]. Sy
phat trién manh mé cta cong nghiép trong nhiing thap nién gan day da lam gia
tang lugng nudc thai nhiém dau phat sinh tir nhiéu nguén khac nhau, khién
cong tac quan ly va xur Iy loai nudc thai nay tré nén phtc tap hon, vi du nhu
cac giéng dau, co s& loc dau, co so hoa dau, déng thot tham chi ca cac ngué)n
trong nudc nhu nha hang [21]. Thanh phan dau trong nudc bi 6 nhiém rat da
dang, & nong d6 dao dong tir 1 t6i 40.000 mg/l. Nam 2022, san luong dau thd
toan cau duoc du bao s& dat khoang 4.500 triéu tan [22]. Sy ting trudng nay da
dan dén viéc tao ra 9-14 ty m® nudc thai nhiém dau trén toan cau, gay ra nhiing
tac dong nghiém trong ddi véi hé sinh thai do cac vét dau loang trén bé mit 1am
ngat thé doi séng khong chi cic sinh vat dudi nude ma ca sinh vat trén can,

d6ng thoi can tré sy tham nhap cua oxy va anh sang mit troi [23].

Mac du ¢ cac mirc do phuc tap khac nhau, céac sinh vat duoc trang bi cac
cong cu phong vé chdng lai cac chit ngoai lai gitp chuyén héa va dao thai
nhimng tac nhan 6 nhiém. Sy bién doi cac chat gy 6 nhiém bén trong co thé
dong vat duoc goi 1a qua trinh chuyén héa sinh thé, va thuong gém hai giai

doan: Pha I (giai doan gin nhém chtic), gin mot nhom chirc ning vao chét



ngoai lai, sau d6 mot hop chét hoa tan trong nude s& duge gian vao & giai doan
II (giai doan lién hop) [24]. Su ting do hoa tan trong nude giup thic ddy viéc
bai tiét thong qua than (¢ dong vat co xuong sdng) hodc tuyén gan tuy (¢ dong
vat hai manh vo, ¢ sén, giap xac [25]; va cac co quan chuyén biét khac lién
quan dén tiéu hoa (dong vat khong xuwong sdng noi chung). Tuy nhién, cic hop
chit ban dau khong hoat dong sinh hoc trén thuc té ¢6 thé duoc hoat hoa trong
qua trinh chuyén hoa sinh hoc nay. Dic biét trong giai doan bién di chirc nang,
cac hop chit c6 thé tré nén doc hai, gay dot bién hodc gay ung thu hon so voéi
hop chét ban dau [24]. Cac hé enzyme tham gia vao tién trinh chuyén hoa sinh
hoc thudng nam & gan & dong vat c6 xuwong sdng hodc & cic co quan gan voi
hoat dong tiéu hoa thirc in ¢ dong vat khong xwong song. Hiéu qua cla qué
trinh giai doc chat ngoai lai ciing phy thudc vao vi tri tic dong ciia chat gy 6
nhiém: cac loai bién d6i hoa hoc khac nhau co thé anh hudng déng ké dén doc
tinh, kha niang gy dot bién va kha ning gay ung thu ddi voi san pham thu duoc
[26].

Tir d6 ¢6 thé nhan thay 6 nhiém dau gy anh huong rat 16n dén hé sinh
thai, chinh vi thé, nhiéu giai phap xur Iy dd duoc trién khai nham cai thién tinh
trang nay.

1.3. MOT SO BIEN PHAP XU LY O NHIEM DAU

Nudc thai tir hoat dong cong nghiép c6 dau ciing nhu cac ving dét bi 6
nhiém dau tao ra rii ro méi truong va sirc khoe dang ké, véi nhirng thach thic
da dang gitra cac qudc gia phat trién, dang phat trién va thu nhap thap. Trong
khi cac quéc gia phat trién tiép can dugc cong nghé tién tién, cac chat 6 nhiém
mo&i dit ra nhitng thach thirc méi. Cac qubc gia dang phat trién va thu nhap thap
gip kho khin vdi co s ha tang lac hau va thiéu khung quy dinh. Xir 1y nhiing
van dé& d6 doi hoi cach tiép can tich hop trong xir Iy nudc thai, két hop nhiing
giai phép sinh hoc, héa hoc va vat Iy nham nang cao dong thoi hidu qua va do
bén vimng. Phuong phap vat 1y chil yéu dung dé thu gom, tach va loai bo dau
nhanh trong giai doan dau, nhung khé xir Iy triét dé phan dau da bam dinh hozc
thAm sdu vao dat, trim tich [20-32]. Cac giai phap hoa hoc duoc sir dung dé
phan tan, hoa tan hodc tach chiét cac thanh phan dau, trong d6 rira dat bang chat
hoat dong bé mit va str dung chét phan tan 1a nhiing hudng phé bién, song can

kiém soat nguy co 6 nhiém thtr cap va tic dong sinh thai [33], [34].
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Trong nhitng phuong an néu trén, xt 1y sinh hoc dwgc danh gia cao vé
tinh bén viing vi dua trén kha nang cta vi sinh vat hoac thuc vat trong viéc phan
huy, chuyén hoa hodc 1am giam doc tinh cta hydrocarbon ddu mé. Cac hudng
ap dung chinh gém kich thich sinh hoc, ting cudng sinh hoc va xir Iy bang thuc
vat, trong do chit hoat héa bé mit sinh hoc c6 hiéu qua dang ké [31], [32],[35],
[36]. Vi khuan, nim va céac loai vi sinh ¢ dai c6 kha ning phan giai
hydrocarbon phan bd trén toan cau trong dai duong va 1a cdc tac nhan giir vai
tro dang ké trong sy phan hay ty nhién cta dau bi ro ri [28]. Hé vi sinh cho
phép phan hiy cac chat giy 6 nhiém nay thong qua viéc tiét ra mot sé enzyme
dé phan huy nhitng hoa chat hiru co phirc tap, tirc 13 hydrocarbon, thanh ra cac
chat it doc hai hon [29]. Cac enzyme do hé vi sinh tiét ra 12 tic nhan phan huy
chét gay 0 nhiém, thé hién hoat dong sinh hoc trong dat va tac dong cua 6 nhiém
dén sinh hoc cua dat. Nghién ctru cic enzyme tham gia phan hiy hydrocarbon
c¢6 ¥ nghia quan trong trong viéc danh gia mtrc d6 anh hudng cua 6 nhiém dau
dén hoat tinh sinh hoc cua dat. Dat bi 6 nhiém hydrocarbon tir cac hoat dong
cong nghiép, su ¢ tran dau hodc viée sir dung cic san pham dau mo trai qua

qud trinh phan huy sinh hoc manh mé [29].

Ngoai ra, viéc st dung cac chét mang nhu than hoat tinh, than hoat tinh
bién tinh, ... dugc quan tdm nho kha niang hap phu hydrocarbon dau mé, lam
giam tinh di dong ctia chat 6 nhidm dong thoi thuc day hoat dong ctia hé vi sinh
[37-38].

Nhin chung, xu thé hién nay 1a két hgp nhiéu phuong phap trong ciing
mot hé xtr 1y nham vira giam ham luong hydrocarbon dau mo, vira giam doc
tinh con lai va phuc hoi hé sinh thai sau 6 nhiém [19], [32], [37], [38].

1.4. TINH HINH NGHIEN CU'U VA UNG DUNG MANG SINH HQC

1.4.1. Ung dung mang sinh hoc trong xir Iy 6 nhiém diu trén thé gi6i va
Viét Nam

Biofilm la qu?m thé cac té bao vi sinh vét cu tra trén bé mat vat mang
hodc & ranh gidi phan cach dau - nudc, duogc bao boc bdi 16p chat nén ngoai
bao do chinh chiing tiét ra [31], [32], [39]. Ciu trac d6 giup vi sinh vat duy tri
su lién két v6éi nhau va voi bé mit bam dinh, déng tho1 tao nén mot vi moi

truong twong dbi 6n dinh cho hoat dong sdng va trao d6i chit. Trong qua trinh
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xtt 1y dau 6 nhiém, mang biofilm duoc chi ¥ nhiéu vi ¢6 thé 1am ting mat do
té bao trong hé xu 1y, han ché hién tuong rua troi sinh khdi va nang cao kha
nang thich nghi cta vi sinh vat trudc doc tinh ciia dau cling nhu nhiing thay d6i
ctia cac yéu té moi truong [31], [32], [39]. Bén canh do, su bam dinh cua té bao
1én bé mat gia thé hodc bé mat dau - nudce con giup vi sinh vat tiép can tiép hon
v6i hydrocarbon dau mo, tir d6 gop phan cai thién kha nang phan huy cac chat
6 nhiém..

Trén thé gidi, viéc ung dung mang sinh hoc vao xtir 1y 6 nhiém dau chu
yéu phat trién theo hai hudng chinh. Huéng thir nhat 1a khai thac kha ning tao
thanh mang sinh hoc ctia cic chung vi khuan c6 kha ning phan huy
hydrocarbon trong méi trudng 6 nhiém. Hudng tht hai 1a ¢6 dinh cac vi sinh
vat nay 1én vat liéu mang nham tao ra hé xir ly 6n dinh hon, c6 thé tai sir dung
va thuan loi hon cho trién khai & quy mo thuc té [31], [39], [40]. Nhiéu cong
trinh d3 chi ra hé biofilm khéng chi ning cao hiéu qua loai bo dau ma con hd
tro m& rong pho phan huy dbi voi cac nhom hydrocarbon khac nhau, dong thoi
cai thién mutrc d6 thich tng cta vi sinh vat v6i cac diéu kién bat loi nhu bién
dong pH, do min, nhiét d6 hodc nong d6 chat 6 nhidm cao [39]-[43]. So v6i hé
st dung té bao tu do, hé mang sinh hoc thuong c6 do 6n dinh sinh hoc tot hon,
gitip duy tri hoat tinh phan huy trong thdi gian dai hon va giam ton thét sinh
khéi trong qué trinh van hanh.

Hiéu qua ma mang sinh hoc mang lai trong qua trinh xtr Iy 6 nhiém dau
con lién quan dén kha nang hinh thanh cac tuong tac cong dong giira nhiéu
nhém vi sinh vat khic nhau trong cing mét cdu trac bam dinh. Trong hé
biofilm, cac vi sinh vat c6 thé hd tro 1dn nhau vé mit trao ddi chat, qua do thuc
day qué trinh phan huy lién tiép hodc ddng thoi nhiéu thanh phan ctia ddu moé
[31], [32], [39]. Ngoai ra, ma trdn ngoai bao con giup bao vé té bao trudc tac
dong bat loi ciia moi trudng va lam tiang kha ning luu gitt co chat gan bé mat
mang, tir d6 tao thuan loi dé qua trinh phan hity hydrocarbon dién ra hiéu qua
hon. Chinh vi vy, mang sinh hoc ngdy cang duoc xem 13 mot nén tang quan
trong trong phat trién cac cong nghé sinh hoc xtr Iy 6 nhidém dau theo hudng
bén viing.

Tai Viét Nam, viéc trién khai mang sinh hoc trong xur 1y nguén nudc
nhiém dau da bude dau duoc khao sat trén nhiéu loai vat liéu mang khac nhau

nhu hat xi, xo dura, bot polyurethane, xenlulo va than sinh hoc [35], [44-48].



11

Cac vat li¢u nay duoc quan tam vi vira c6 kha nang tao bé mat cho vi sinh vat
bam dinh, vira c6 tiém ning hd trg giit dau hodc hap phu mot phan hydrocarbon,
qua d6 gitip vi sinh vat tiép can va phan huy chat 6 nhiém hiéu qua hon. Mot
s6 nghién ctru trong nude cho thiy viée sir dung vat liéu mang thich hop c6 thé
hd tro cai thién hiéu qua xtr 1y dau trong nudc, dong thoi mé ra kha ning tao
ché phém sinh hoc ¢ tinh g dung cao trong thuc té [44-48]. Vi¢c tan dung
cac ngudn vt liéu sin c6, gia thanh thap hoic c6 ngudn gde tir phu pham nong
nghiép ciing phii hop véi diéu kién nghién ctru va img dung tai nudc ta, nhat 1a
trong bdi canh can xay dyung cac giai phap xir Iy theo hudng than thién voi moi
truong va co thé trién khai & quy mé 16n hon.

Nhin chung, mang sinh hoc duoc xem 1a hudng tiép can rat trién vong
trong xtr Iy dau 6 nhiém nho kha nang 6n dinh sinh khdi, tang hiéu qua phan
huy hydrocarbon va nang cao tinh chiu dung cua vi sinh vat trong moi truong
6 nhiém [31], [32], [39]. Trén thé gidi, huéng nghién ctru nay di dugc phat
trién theo ca chiéu siu co ché 13n ung dung vat li¢u mang, trong khi tai Viét
Nam céac két qua budc dau cling cho théy trién vong 10 rét cia vi¢c tao ché
pham xtr 1y dau dya trén biofilm [35], [44-48]. Pay la co s& quan trong dé tiép
tuc nghién ciru, tdi uu hoa vat liéu mang, lua chon chung vi sinh vat phu hop
va xay dung cac hé xir 1y sinh hoc hiéu qua hon trong diéu kién thuc tién.
1.4.2. Pic diém clia mun cwa trong ing dung xir Iy 6 nhiém diu

Muin cua la phy pham lignocellulose pho bién ctia nganh ché bién gd, c¢6
vu thé vé tinh san co, gia thanh thap, kha niang tu phan giai sinh hoc cung do
an toan v4i méi truong, vi thé c¢6 thé dugce ding 1am vat liéu hap phu trong xtr
ly dau 6 nhiém [49-50]. CAu phan chinh ciia mun cwa gdm cellulose,
hemicellulose va lignin; cting v&i cdu tric x6p, hé mao quan tu nhién va dién
tich bé mat nhat dinh, cac dic diém nay tao diéu kién cho dau bam dinh, thim
hut va luu giir trong mang luéi soi gb [49], [51]. Dau vay, do chira nhiéu nhom
hydroxyl, miin cua nguyén ban van thién vé tinh ua nudc, nén hiéu qua gitr dau
con phu thudc manh vao loai dau, d6 am va diéu kién moi truong [50-51].

O dang vat li¢u ban dau, mun cua c6 thé loai bé dau nho céc co ché hép
phu bé mit, tham hat vao mao quan va giit co hoc trong cau trac xop [49-55].
Trong hé nhii twong dau/nudc, min cua con cd thé tham gia vao qua trinh két
tu giot dau va hd trg tach dau khéi nude [55]. Du vay, han ché 16n cta mun cua

tho 1a do chon loc dau/nudce chua cao, dé hut am va truong né khi tiép xac voi
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nuéc [49-50]. Vi vy, nhiéu cong trinh tp trung vao cai tinh bé mit theo hudng
tang tinh ky nudc - va dau, chang han ghép acid béo hoic t hop véi vat licu
mang tir tinh, dé nang cao kha ning hap phu va thuan loi cho thu hoi vat liéu
sau xu ly [50], [54], [56], [57]

Ngoai ra, biochar va cac vat liéu carbon hoa tir mun cua cling dang dugc
quan tim vi ¢ thé 1am giam nhom wa nudc, ting do xOp va cai thién kha ning
hép phu hydrocarbon [51], [58], [59]. Mun cua cé thé dong vai trd chat mang,
hd tro vi sinh vat phan huy hydrocarbon sau giai doan hap phu ban dau, mo ra
kha nang tich hop hap phu - phan hily sinh hoc trong cting mét quy trinh xtr Iy
[60-61]. Nhin chung, mun cua khong chi 1a mot chat hap phu gi ré ma con 1a
nén vat liéu sinh hoc linh hoat, c6 thé duoc t6i uu héa cho thu gom dau noi, xu
1y nhil trong dau/nude, ché tao biochar hép phu hodc hd trg phan hity sinh hoc
hydrocarbon [50], [51], [58-61]. Tuy nhién, hiéu qua thuc t& van phu thudc
dang ké vao ngudn gdc gd, kich thudc hat, @6 4m, phuong phap bién tinh va
diéu kién 6 nhiém cu thé [49-51], [56-59].
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU

Déi tuong nghién ctu 13 cac chiing vi khuan c6 kha nang phan huy dau,
dugc phan l4p tir cac mau dat va nudc nhiém dau ldy tai cang Nghi Son, xa
Hoang Thanh,... tinh Thanh Hoa.

Mau dit va nudc nhiém dau chira DO va PAH.

Gi4 thé: Mun cua c6 ngudn gdc tir nhitng nhom gd phd bién ¢ Viét Nam
(vi du: thong, keo, cao su...) dugc dung lam vat liéu gia thé nham gilr ¢ dinh
té bao. Mun cua duoc mua trén thi trudng. Nghién ctru 2 dang mun cua khac

nhau cua cung mot nguén nguyén liéu go:

+ Mun cua tho: cac vun to, khong dong déu, kich thude tir 3-4 mm x 6-10 mm

+ Mun cua min: hat nho, déng déu, kich thude 0,3 — 1 mm

(b)
Hinh 2.1 Hinh anh vat liéu mun cwa dang thé (a) va dang min (b)
2.2. NGUYEN VAT LIEU VA TRANG THIET BI
2.2.1. Nguyén vat liéu
Nhitng mau dat cting nudc nhiém dau dugc néu & phan trén.
Muin cua va cac hoa chat thong dung.

Bang 2.1 Cdc méi trieong diing nudi cdy vi sinh vt

S6 lwong S6 lwong

Tén mdi trwong | Thanh phén Thanh phin

(a/) (g/)

NHsNO; 2 Glucose 1
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KH,PO, 1 Pepton 5
, NaCl 5 Cao men 0,2
Mo1 truong '
KCI 0,25 Cao thit 3
HKTS thach
MgCl, 1,2 Thach 20
pH 7-7,2
Moi truong KNO; 3 NaHPO, 0.7
khoang Gost MgSO, 0.4 NaCl 1
vi khuan KH,PO, 0.3 pH 7-7.2
Moi truong MPA Cao thit 5 NaCl 5
dung cho
vi khudn Pepton 10 pH 7
Moi truong LB NaCl 10 Cao men 5
dung cho vi
2 Tryptone 10 pH 7-7.2
khuan

Ngoai ra con st dung cac co chat nhu: phenol, dau diesel, dau tho,
anthracene, pyrene, phenanthrene,... cac nguyén to vi lugng, vitamin,... dé lam
giau va tuyén chon vi sinh vat c6 kha nang st dung céc hop chat hydrocarbon

trong dau mo.

2.2.2. Trang thiét bi chinh

Pé thuc hién cac ndi dung ctia Luan van nay, cac trang thiét bi hién c6 tai
Phong Cong nghé Sinh hoc Moi truong, Vién Sinh hoc, Vién Han 1am Khoa
hoc va Cong nghé Viét Nam duoc stir dung; ngoai ra con dugc hd trg thém trang
thiét bi va may moc cua Vién Cong nghé tién tién thuoc VAST; Uy ban Do
luong va Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Qubc gia, Ha Noi.

- Danh muc thiét bi dugc néu & Bang 2.2:
Bdng 2.2 CAc thiét bi dwoc ding trong nghién cizu

o Ko v Hang/nudc san ] )
Tén thiét bi Muc dich sw dung

xuat

Can k¥ thuat BJ 610C | Precisa, Thuy ST | Dé can céac vt liéu, hoa chat

Panasonic, Trung | Pun néng moi trudng nudi

Lo vi sdng NN-S215WF

Quodc cay




Kinh hién vi dién tir
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Hitachi, Nhat Ban

Quan sat hinh thai vi sinh vat

quet S-4800
May do quang pho UV- | Shimadzu, Nhat | Do mat do quang ctia sinh
1601-220V Bén khdi vi sinh vat
Kinh hién vi Eclipse _ o o )

Nikon, Nhat Ban | Quan sat té€ bao vi sinh vat
LV-UDM
May chuan pH- Eutech, , .

_ Do pH khi pha méi truong

CyberScan pH 620 Singapore

May phéan tich GCMS
QP2010

Shimadzu, Nhat

ban

Kiém tra ham lugng cac hoat

chét co trong 14 bo

May phan tich HPLC
Hewlett-Packard

HP Hewlett-
Packard, Burc

Kiém tra ham luong cac hoat

chét c6 trong 13 bo

May ly tdm eppendorf
5417R

Eppendorf, Butc

Ly tam dich nuéi véi cac thé
tich nhé

May vortex BR-2000

Biorad, My

Tron sinh khéi sau khi ly

tam cho dong nhat

Tu say dung cy JSOF - o Say va khtr tring kho dung
Jsr, Han Quoc ) N

100 cu thi nghiém

Noi hap tiét trung MC — . Khtr trung moi truong, vat
Alp, Nhét Ban i ) .

30L liéu, dung cu thi nghiém

Ta 4m va ti lic nudi cay | N — Biotek, Han L

. Nudi vi sinh vat
NB205QF Qudc

Tu lanh sau -80°C MDF-
192

Sanyo, Nhat Ban

Bédo quan giong

Ta ciy vo tring AVC-
4A1

Esco, Singapore

Tién hanh cac budc thi
nghiém vé vi sinh vat dé

dam bao tinh vo trung

Tu lanh SJ-169S-DS

Sharp, Thai Lan

Cat mau tam thoi

2.3. PHUONG PHAP NGHIEN CcUU

Trinh ty cac budc nghién ctru dugc minh hoa b1 so do sau:
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hydrocarbon trong ddu mo tir cac mau bun va nwde bi 6 nhiém daun

v Tién hanh phéan lip cic ching vi khuin c6 kha ning phin giai céc thanh phan

Dénh gid ning lye hinh thanh biofilm cia cdc ching vi khuan

Khao sét tac dong cua nhiét 6, NaCl, pH dén kha ning tao mang sinh hoc
cua cac chung

v Phin nhom va dinh danh cac ching vi khuan dwge hira chon
v Khao sat nhitng dic treng hoa — Iy cua vit liéu mang
v Thir nghiém 02 loai mun cira dé tao ché pham xit Iy 6 nhiém dau
Kiém tra chat Irong san pham qua mat do vi sinh vat tong s va
hidu qua xi& 1Y diu tong s6

Hinh 2.2 So d6 cdac buréc nghién ciru
2.3.1. Phéan lap va sang loc cic chiing phén hiiy cac thanh phan dau mé

2.3.1.1. Ldy mdu

Cac mau thu gém mau dat va nude tai cac khu vuc nhiém dau duoc la‘iy
tai cang Nghi Son, xa Hoéng Thanh,... tinh Thanh Hoéa dua trén TCVN 7538-
6:2010 [62] va TCVN 663-1:2011 [63]. Nhitng mau nay duoc luu giir & nhiét
d6 4°C dé phuc vu cac budc xir 1y tiép theo.

2.3.1.2. Lam giau vi sinh vit phén hiiy cdc thanh phan diu mé

Str dung mdi truong khoang Gost véi co chat 1a dau diesel (100 ppm)
hodc phdi tron PAH (50 ppm) gom anthracen, pyren va phenanthren dé lam
gidu cac quan x4 vi sinh vat c6 kha nang phan giai dau [64].
2.3.1.3. Tuyén chon cdc chiing vi khudn c6 kha néing phén hiiy cdc thanh
phén diu mé

Dua trén hudéng dan cua Cung Thi Ngoc Mai va cong su (2012), cac
chung c6 kha niang phan giai dau diesel (DO) hodc PAH duoc tién hanh phan
1ap va sang loc Iyra chon [64]. Chi tiét tai Phu luc 1.
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2.3.2. Panh gia su hinh thanh mang sinh hoc va dnh huéng cia cic yéu td
pH, nhiét do va NaCl

Nhitng chung vi khuan di duoc phéan 1ap & muc 2.3.1 dugc st dung dé
danh gia kha nang tao mang sinh hoc theo phuong phép da dugc mo ta boi Lé
Thi Nhi Céng va cong sy [65]. Chi tiét tai Phu luc 1.

Kha ning tao mang sinh hoc ctia cac chung dugc khao sat dudi cac didu
kién khac nhau:
- Cac gia tr1 nhi¢t do nhu: 4, 25, 30, 35, 40, 45 va 50°C da duoc st dung dé thay
thé & budc nudi trong tii 4m 30°C.
- N6ng do NaCl dugc str dung trong nghién ctru 1a 0; 0,5; 1; 1,5; 2; 2,5 va 3%
da duoc bo sung vao moi truong LCFBM dé danh gia anh huong ctiia NaCl 1én
kha nang tao biofilm.
- Céc gia tri pH nhu 3; 4; 5; 6; 7; 8 va 9 da duogc sir dung trong nghién ctru.

Sau khi nudi cay, kha ning tao biofilm duoc xac dinh bang phuong phap
do OD570 nhu trén dé xac dinh diéu kién t6i uu cho timg ching.
2.3.3. Phén loai dinh tén va danh gia mirc d9 d6i khang ciia cac chiing vi
khuan tuyén chon

- Chung vi khuan dugc dinh tén bang phuong phap giai trinh ty mot phan

gen ma hoa cho tiéu phan ribosome 16S. So sanh trinh tu nucleotide 16S rRNA
cua chung vi khuan muc tiéu véi trinh ty nucleotide cua céc chung vi khuan
chuan trén Danh sach cac tén goi sinh vat nhin so ¢o vi tri trong danh phap
(List of Prokaryotic names with Standing in Nomenclature - LPSN), dua vao
phan mém Clustal X va Treeview dé xdy dung cdy phat sinh chung loai cta
chung vi khuan nay [60]. Qua d6 xac dinh tén loai va vi tri phan loai cua cac

chung vi khuan.
- Kiém tra tinh d61 khang cua cac chung vi khuan lya chon:

Céc chung vi khuan dugc nudi cay két hop trén cung moi truong nham

danh gia kha ning e ché 14n nhau va kha ning cung ton tai. Nhitng ching
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khéng co6 hién tuong d6i khang s& dugc lua chon dé phdi hop tao ché pham

sinh hoc.

Chuan bi dia petri va moi truong MPA thach. Tién hanh cdy cac ching gidng
1én dia petri sao cho ching cit nhau tirng cap mét. Sau khi cdy xong tién hanh
nudi & 37°C dbi v6i vi khuan trong vong 24 gio. Sau 24 gid nudi cdy, néu cac
chung c6 su d6i khang nhau thi vach cay sé& bi gian doan tai cac vi tri giao nhau

cua chung.

2.3.4. Phuwong phap tao ché pham

Pé tao ché pham, min cua duoc lam sach tap chat, say kho va khir tring
trude khi thuc hién qué trinh ¢ dinh vi sinh vat. Ché phém duoc tao ra theo
phuong phap 1én men x6p nhu mo ta bai Tran Thi Luong va cong su (2023)
[66]. Chi tiét tai Phu luc 1.

2.3.5. Xac dinh mat do vi khuin trong ché pham

Nham dinh lugng mat d6 vi khuan trong ché pham, ap dung phuong phap
dém don vi hinh thanh khuan lac CFU di duoc sir dung [65]. Chi tiét tai Phu
luc 1.

2.3.6. Thanh phan cic nguyén té trén vit liéu mun cwa dwoc phén tich
bang ky thuit tan xa ning lwong tia X (EDX - Energy — Dispersive X-ray
Analysis)

Str dung hé thiét bi HORIBA 7593-H két hop HITACHI S-4800; khoang
cach 1am viéc 15 mm, dién thé 20 kV nham nhan dién cac thanh phan nguyén

t6 hién dién trong mun cua [67]. Chi tiét tai Phu luc 1.

Tién hanh chuén bi va nap mau thtr vao thiét bi: miu mun cua dugc cb
dinh trén bé miu dit trong budng chan khong cua may SEM, tai d6 chum
electron dugc hoi tu va chiéu truc tiép 1én bé mat mau. Khoang céch tur dau tip

dén miu 14 5-6 mm, chum dién tir c6 niang luong 5 kV di duogc sir dung.
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2.3.7. Xac dinh dién tich bé mit vit liéu mang mun cwa bang duwong ding
nhiét hip phu theo 1y thuyét (BET — Brunauer — Emmett — Teller)

Str dung mdy Horiba SA 9600 (Nhat Ban) dé do bé mat riéng cua vat liéu
mang; dong thoi sir dung phan mém Excel dé xur 1y s6 liéu va thiét 1ap duong
dang nhiét hap phu theo 1y thuyét [68]. Chi tiét tai Phu luc 1.

2.3.8. Phan tich ciu tric vit li¢u bang ky thuit nhiéu xa tia X (XRD - X-
ray Diffraction)

Str dung thiét bi st dung do XRD Ia D8-Advance, hang Bruker, CHLB
Prc; pho nhidu xa duoc phan tich bang phan mém Diffrac.eva (Bruker) dé phan
tich cAu trac vat liéu [69]. Chi tiét tai Phy luc 1.

2.3.9. Chup anh hién vi dién tir quét (SEM - Scanning Electron
Microscopy)

Céc biofilm tao thanh cling nhu mun cua da dugc dat nhe nhang 1€n dia thuy
tinh c6 phii poly-L-lysine. Sau d6, mang s& dugc c¢b dinh bang glutaraldehyde
va OsOy; st dung dung moi c6 chura ethanol, isoamyl acetate va CO, dé loai
nudc con lai trong biofilm, mun cua; sau d6 phi plantinium dé quan sat dudi

kinh hién vi dién tir quét HITACHI S-4800 [44].

2.3.10. Xac dinh hiéu qua phan hiy ddu DO
Pé x4c dinh mirc d6 phan hity DO ctia ché pham bang ki thuat phan tich
khéi lugng theo tiéu chuan TCVN 4582-88 [70] da duoc st dung.
2.3.11. Xac dinh hiéu qua phin hity cac thanh phan hydrocarbon thom
Can 10 g ché pham phu hop vao 100 ml nudc chira 200 ppm hén hop
PAH hoic 250 ppm dau diesel vao binh tam gidc 1000 ml. Pao nhe rdi dé tinh
& 30°C. Sau 7 ngay nudi cay, tién hanh kiém tra mat do té bao cia mang sinh
hoc tao thanh trén mun cua, chup anh hién vi dién tir quét. Luong dau DO trong
cac mau nude trude va sau xur Iy duoge xac dinh bang phuong phap phén tich
khéi lugng theo Error! Reference source not found.. Ham luwong hydrocarbon t

hom con lai bang phuong phap phan tich sic ky long hiéu ning cao.
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Céc thi nghiém ddi chimg bao gdm thi nghiém chi stir dung hdn hop nudi
2 chung vi khuan ma khong c6 chit mang va thi nghiém chi sir dung chit mang

ma khong c6 vi sinh vat.

2.3.12. Phwong phap xir 1y s6 liéu
Cac thi nghiém duoc thuc hién 1ap lai 3 lan va xu ly s6 liéu théng ké
bﬁng phﬁn mém Excel. Tir d6, xac dinh tri s6 trung binh, dg 1éch chuin va trinh

bay két qua bang d6 thi trén cong cu nay.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Lam giau va phan lap vi khuan trén mdi trwong DO hoic PAH

Tir nhitng mau dat cung nude nhiém dau, da tién hanh phan 1ap va sang
loc thu duoc hai chung vi khuén, ki hi¢éu la B1 va B3; hai chung nay c6 sinh
truong tot trén ndong do 100 ppm dau DO va muc 50 ppm PAH (Hinh 3.1).

Hinh 3.1 Hinh thai khudn lac cua chung B1 (a) va B3 (b)

Céc thtr nghiém duoc thuc hién véi dai néng dd co chét cao hon, bao
gdém 100, 150, 200, 250, 300 va 350 ppm, nham xem xét murc d6 sinh trudng

ctia cac chung vi khuan. Két qua cho thiy ca hai chung déu ting trudng thuin
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loi tai mirc 250 ppm d6i voi PAH va 300 ppm ddi véi dau DO (Hinh 3.2). Tir
két qua nay, cac nghién ctru chuyén sau tiép theo da lya chon nong do 200
ppm PAH va 250 ppm DO dé danh gia hiéu qua phan giai. Mic du 300 ppm
cho sinh truéng cuc dai, nhung 250 ppm van cho mat do té bao rit cao va on
dinh, dong thoi giam nguy co tc ché do ddc tinh ctia dau khi tién hanh cac thi
nghiém tiép theo. Do d6 250 ppm dugc lya chon nhu mire tdi vu can bang

gilra kha ndng sinh trudng va tinh 6n dinh ctia hé vi sinh.

Hai dong vi sinh nay van duoc st dung trong céc thi nghiém ké tiép.

Kha ning sinh truéng trén dau diesel cua ching Bl

1.8
1.6
1.4
1.2
1
0.8

0.6 E

0.4

Gia tri AOD 600 nm

0.2

0
=
0.2 1 ngay 3 ngay 5 ngay 7 ngay 9 ngay 12 ngay

==100 ppm =S==150 ppm e=imm=?(00 ppm e—be=?50ppm ==fi==300 ppm ==@==350 ppm

Kha nang sinh truong trén PAH cua chung B1

1.2

0.8

0.6

0.4

Gié tri AOD 600 nm

0.2

1 ngay 2 ngay 3 ngay 4 ngay 5 ngay 6 ngay 7 ngay 12 ngay

=¥=50 ppm =0=100 ppm e=Em==]150ppm e—be=?(00 ppm e==f==250 ppm ==@==300 ppm
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Kha ning sinh trudng trén dau diesel cta ching B3
16
14

1.2

0.8

0.6 ¢
0.4 . —

0.2

Gia tri AOD 600 nm

1 ngay 3 ngay 5 ngay 7 ngay 9 ngay 12 ngay

=¢=100 ppm ==S=150 ppm emime=?00 ppm emis)50ppm e=fj=s300ppMm ==@==350ppm

Kha nang sinh truéng trén PAH cta chung B3

1.6
1.4
1.2

0.8
0.6

0.4

0.2

Gia tri AOD 600 nm

1 ngay 2 ngay 3 ngay 4 ngay 5 ngay 6 ngay 7 ngay 12 ngay

=3ie=50 ppm =S==100 ppm e=imm=]50 ppm e=be=?00 ppm e=jfil==?50ppm e=@==300 ppm

Hinh 3.2 Mitc d¢ phét trién cua hai ching vi khuan B1 va B3 khi si- dung dau
diesel (DO) va cac hop chat PAH lam nguon co chat

Qua trinh phan hity sinh hoc dau boi vi khuan déng vai trd quan trong
trong xtr 1y va phuc hoi méi truong bi anh hudng bdi sy ¢b tran dau. Vi khuan
phan hily hydrocarbon duoc biét dén véi viéc tao ra mang sinh hoc gdom
exopolymer cung cac té bao vi khuan gin két voi nhau. Cong trinh cua
Omarova va cong su (2019) chi ra rang mang sinh hoc vi sinh vat hd trg 6n
dinh cac giot ddu phén tan thong qua sy hinh thanh mang sinh hoc tai giao dién
dau-nudc, do d6 1a giai phap than thién véi moi truong va bén viing dé hd trg
xtr 1y dau tran [43]. St dung loai Alcanivorax borkumensis trong nghién ctru
phan hay hydrocarbon, nhom tac gia nay da phdi hop str dung kinh hién vi

quang hoc cung kinh hién vi dién tir quét & do phan giai cao & nhiét do lanh, va



24

quan sat thay cac vi sinh vt nay bam dinh vao mang sinh hoc tai giao dién dau-
nudce. Nghién ciru con cho thiy rang nudi cdy vi khudn & trang thai mang sinh
hoc trong 3 ngay thi c6 thé phan tan mang dau & murc d trung binh (40-50%),
va do d6 c6 thé duogc sir dung nhu phan Gng than thién vi moi trudng d6i voi
su ¢ tran dau. Sy phén tan xay ra thong qua sy hdp phu vi khuan tai giao dién
dau - nudce cung véi vai tro hd trg cta cac hop chit hoat dong bé mat sinh hoc
do vi khuén tu tiét ra, lam giam stc cing giao dién dau - nude khoang 2 1an,
xudng con khoang 23 mN/m. Khi nubi cay vi khuan trong 7 ngay, su hién dién
cia mang sinh hoc tai giao dién c6 thé gy can trd qua trinh phan tan dau do
hinh thanh 16p méang sinh hoc ctng tai bé mat phan cach dau - nudc. Céc tac
gia d ching minh rang hiéu qua phan tan cia chat phan tan thuong mai Corexit
9500A giam khoang 25% khi c6 mang sinh hoc vi sinh vat truéng thanh tai giao
dién. Pdng thoi, khoang 90% hexadecane bi phan huy trong khoang thoi gian
5 ngay boi mang sinh hoc cua Alcanivorax borkumensis. Vi vy, co thé thay
réng vi khuén tao mang sinh hoc va sinh chét hoat dong bé mat sinh hoc sé 1a
giai phap than thién, bén viing cho méi trudng va hé ty nhién, dong thoi c6 the

dung dé phan tan dau khi xay ra su ¢ tran dau.

Nhim muc tiéu tao ché phdm bang cach 1én men cac vi khuan 1én mun
cua dang tho va dang min, dac tinh hinh thanh mang sinh hoc (biofilm) cua hai
chung B1 va B3 di duoc khao sat. Ngoai ra, dé co thé xir Iy & cac diéu kién
nhiét d§ (mua dong, mua he), pH (acid, kiém), cling nhu ¢ cac vung c6 d0 man
khac nhau, cac ching B1 va B3 duoc tién hanh xem xét vé kha nang tao mang
sinh hoc dudi nhitng mirc nhiét do, pH va ham lugng NaCl khac nhau. Két qua

s& duoc trinh bay & phan tiép theo.

3.2. Panh gia sy hinh thanh mang sinh hoc va anh hwéng ciia cac yéu to
pH, nhiét do va NaCl

Theo noi dung da trinh bay trong phan phuong phép, cac diéu kién moi
truong gém pH, nhiét @6 va ham lugng NaCl véi nhiéu mutrc khac nhau da duoc
khao sat nham 1am r& anh hudng ciia chiing dén kha nang hinh thanh mang sinh
hoc & hai chung B1 va B3. Két qua twong tng dugc thé hién tai Hinh 3.3a, b va
c. Dir liéu ¢ Hinh 3.3a cho thiy trong khoang pH tir 3 dén 9, chung B1 tao
biofilm tot va on dinh sau 3 ngay thtr nghiém, dong thdi cao hon ching dbi

chtng duong P23. Con chung B3 ¢ pH 3, sau 3 ngay mdi tao biofilm tt. Bén
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canh do, chung B3 tao mang on dinh & céac pH 4 dén 7; tuy nhién, 6 pH 8 va 9,
kha ning tao biofilm cua chung giam di nhung van tuong duong véi d6i chimg
duong P23. Chung ddi ching dwong Acinetobacter calcoaceticus P23 1a mot
chung c6 kha nang hinh thanh biofilm tot trong cac diéu kién nhiét do, pH, né)ng
do NaCl khac nhau va do nhém GS. TS. Morikawa, Pai hoc Hokkaido, Nhat

Ban cung cap.

Bén canh d6, su hinh thanh mang sinh hoc ¢ cac néng dd NaCl tir 0 —
2% dién ra manh mé& & ca 2 ching B1 va B3. Nhung & nong d6 2,5%, chung
B1 tao mang tot hon ching B3. Con & ndng do 3%, ca 2 ching déu tao mang
khong cao nhu & cac nong do6 NaCl thap hon va twong duong véi ching d6i
chtng duong. Piéu d6 cho thay cac chung nay déu tao mang trong khoang ndng
do NaCl dao dong tir 0-3% (Hinh 3b).

O nhiét do thir nghiém tir 25 — 50°C, chung B1 va B3 tao mang vuot troi
hon nhiéu so véi ching ddi chimg P23. Tuy vay, ¢ 4°C, ca 3 ching déu tao
biofilm thap. Cac két qua vé pH, nhiét 46 va ndng do NaCl nay cho thay hai
chung Iya chon c6 nang luc hinh thanh biofilm t6t & phd pH tir 3 dén 9; ndng
do NaCl tir 0 — 2,5% va nhiét do tir 25 — 50°C.

Anh huéng ciia pH dén kha nang tao biofilm

Gia tri do ODST0 nm

Thi gian (ngay)

OBl mBE3 EP23

(a)
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Anh huéng ciia nong d6 NaCl 1én kha nang tao biofilm
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(c)
Hinh 3.3 Téc dgng ciia cdc diéu kién méi wong gom nhiér do (a), pH (b) va

ham lwong NaCl (c) doi voi kha nang hinh thanh mang sinh hoc
Cong trinh cia Labidi va cong su ndm 2023 [71] cling chtng minh rang cac
yéu t6 nhu do man, pH va nhiét d cé anh hudéng dén qua trinh tao biofilm cua L.
monocytogenes. O nhiét do 37°C, luong biofilm ctia phan 16n cac ching giam khi
nong do NaCl ting tir 0,05 1én 15%, tuy nhién cac chiing nay van c6 kha ning
hinh thanh mang sinh hoc ngay ca ¢ 1°C. Sy khac nhau vé muc do tao biofilm
giita cac gia tri pH 4, 5 va 6 khong dang ké, ngoai trir mot vai truong hop riéng 1&.
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Khi cac diéu kién bat loi duge két hop, chéng han b sung 15% NaCl cung véi
nudi cay & 1 va 4°C, su phat trién cta L. monocytogenes bi trc ché 16 rét. Ngoai ra,
cac nghién ctru cua Bisht va cong sy ndm 2021 [72] va Giacomucci va cOng su
niam 2019 [73] ciing cho thay nhiét 46 anh hudng rd rét téi ddc diém hinh thai va
nang luc tao mang sinh hoc ctia vi khuan Pseudomonas aeruginosa.

Da Silva va cong sy (2022) da chtng minh cac yéu t6 nhiét do, pH va
thoi gian anh huong dén phan ing bam dinh va hinh thanh méang sinh hoc cia
Bacillus cereus, trong d6 nhi¢t d cao hon (25 va 32°C) va gia tri pH cao hon
(6,0, 7,5 va 9,0) dan dén sy hinh thanh mang sinh hoc manh mé hon so véi
nhiét d6 thap hon (5 va 15°C) va gia tri pH thap nhét (4,5) [74]. Hon thé nita,
su két hop gitra pH 4,5 va nhiét 46 5°C d3 ngin ngira qua trinh bam dinh cua

vi khuan cung su hinh thanh biofilm trong sudt thoi gian nudi cdy.

Trong nghién ctru cia Rath va cong su (2022), vi khuan hinh thanh mang
sinh hoc bam dinh véao cac chat mang va tham gia vao qué trinh tuin hoan chat
dinh dudng [75]. Tuy nhién, cac diéu kién méi trudng co thé 1am gian doan qua
trinh tao mang sinh hoc, tir d6 tac dong sau cung dén nhiéu cac qua trinh trao
d6i chat khac nhau. Sy bién d6i pH va su thay doi tiép theo ctia pCO: tac dong
t6i kha nang song sot, su hinh thanh biofilm, va tong hop polysaccharide ngoai
bao (EPS) ctia chung vi khudn Bacillus stercoris GST-03 dd phén 1ap tir hé sinh
thai rirng ngdp min Bhitarkanika, Odisha, An D6 [75]. Viéc hiéu 5 su thay d6i
phu thudc pH trong thanh phan EPS va cac nhom chue lién quan cta vi khuan
bién s& cung cap cai nhin sau sic hon vé kha nang thich Gmg ctia vi khuan trong
cac qua trinh phan hiy va chuyén hoa cac hop chét ¢ trong dau mé. Chiing
GST-03 c6 kha nang chiu dung va hinh thanh mang sinh hoc t&i pH 4, véi hinh
thanh mang sinh hoc téi da tai pH 6. Su thay ddi trong mo hinh hinh thanh
mang sinh hoc va cac thong s khac nhau tai cac diéu kién pH/pCO, bién thién
da dugc quan sat. M6 hinh chudi té bao xuét hién tai pH 4, va hinh thanh mang
sinh hoc t6i da dat duoc tai pH 6 véi sinh khéi 5,28582 + 0,5372 um®/um? va
do day 9,982 + 1,5288 um. Pac trung cau trac EPS cho théy sy thay doi trong
cac nhom chire cta cac dai phén tir ciu thanh theo pH bién thién. Ban chat vo
dinh hinh cua EPS cung sy thay doi trong lién két va cac nhom chirc lién quan
(-Ro/CHOR, —CHj3, va —CH,) theo su bién d6i pH di dugc xac nhan. EPS thé

hién sy phan huy hai giai doan véi mirc mat khoi luong toi da 59,147% va 6n
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dinh nhiét t&1 480°C tai pH 6. Nghién ctru ciia Rath cuing cdng sy (2022) chung
minh hiéu qua vé vai tro ctia EPS trong viéc cung cap 6n dinh céu tric va chiic
nang cho mang sinh hoc khi pH thay d6i [75]. Céac phat hién s& mang lai nhan
thirc t6t hon vé kha nang thich nghi ctia vi khuan trong qué trinh xir 1y 6 nhiém

dau.

3.3. Pinh danh vi khuén
Thong qua k¥ thudt phan tich trinh ty gen 16S rRNA — doan gen quy dinh

cho tiéu don vi ribosome 16S — hai chung vi khuan B1 va B3 dugc nhan dién
1an luot 1a Bacillus sp. B1 va Rhodococcus sp. B3. So d6 thé hién mbi quan hé
tién hoa giira cac chung nay dugc trinh bay tai Hinh 3.4.

Dit liéu giai trinh tu cho thay chung B1 c6 do tuong dong 1én téi 99%
v6i Bacillus flexus (AB021185), trong khi chung B3 ciing dat mirc dong nhat
99% so v&1 Rhodococcus aetherovorans 10bc312 (AF447391).

Nhiéu coéng bo trudc day da ghi nhan B. flexus va R. aetherovorans co
nang lyc phan huy va bién d6i hiéu qua nhiing hop chét kho bi phan huy, chang
han nhu polyvinyl chloride hodc cac chét chira nhdm phenol [76-77]. Bén canh
d6, nhiéu cong trinh da chi ra khang dinh hai chi Bacillus va Rhodococcus thé
hién hiéu qua cao trong qua trinh xt Iy va phan hay dau [78].

. Bacillus megaterium (D16273)

nn|

Bacillus flexus (AB021185)

Bacillus sp. Bl

. Bacillus cereus ATCC14579 (AE016877)

Bacillus foraminis (AJ717382)

Bacillus fordii R-7190 (AY443039)

Bacillus massiliensis (AY677116)
Bacillus subtilis (AJ276351)

Bacillus marismortui 123 (AJ009793)

Bacillus cellulosilyticus DSM 2522 (CP002394)

0.01

(a)
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84 Rhodococcus globerulus DSM4954T
65 Rhodococcus erythreus DSM 43066 (X79289)

52 —Rhodococcus opacus DSM43205T
72 Rhodococcus equi DSM20307T (X80614)

Rhodococcus phenolicus DSM 44812T (AM933579)
Rhodococeus rhodochrous DSM 43241 (X79288)

r Rhodococcus sp. B3
99 “—Rhodococcus aetherovorans 10bc312 (AF447391)

Rhodococcus ruber DSM43338T (X80625)
98 Gordonia rubripertinctus DSM43197T (X80632)

62

0.005

(b)
Hinh 3.4 Cay phat sinh chuing logi cua ching Bl (a) va B3 (b)
Hai chung khong c6 hién tugng ddi khang khi nudi két hop nhu hinh 3.5.

Hinh 3.5 Két qua danh gid kha nang déi khang giita hai ching vi sinh vit
Bl va B3

Dua trén cong bd Nogina va cong sy (2020), chung R. aetherivorans
UCM Ac-603 c6 thé chiu dung va chuyén héa 100% ndng do phenol ciing nhu
56,2-94,4% céc hydrocarbon khac nhau khi chung dugc st dung lam nguén
carbon duy nhat [76]. Bén canh d6, khong can bd sung chét dinh dudng thém
cho qua trinh phan hity, ma chung UCM Ac-603 niy c6 thé phat trién & nong
d6 phenol 500 mg/L ma khéng bi trc ché. Va lugng phenol nay bi déng hoa

hoan toan sau 4 ngay nudi cdy véi ndong d6 ban dau 1a 1750 mg/L dbi vai té bao
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tu do lo limg va 2000 mg/L ddi véi té bao cb dinh trén vat liéu vermiculite. V&
tdc d6 phan hity phenol, R. aetherivorans UCM Ac-603 thé hién kha nang phan
huy phenol hiéu qua & dai ndng do ban dau rong (vi du, 35,7 mg/L/h khi nudi
cdy v6i ndong do 500 mg/L phenol, va 18,2 mg/L/h khi nudi cdy véi 1750 mg
/L phenol), vuot troi dang ké (1,2-5 lén) so voi dir li€u cac cong b6 vi khuan

c6 kha niang chuyén hoa phenol khac.

Theo cong bd cla Juarez va cong su (2023) cho thiy rang, ching
Rhodococcus gingshengii GOMB7 ¢6 thé str dung dau tho 1am ngudn carbon
duy nhét & diéu kién vi hiéu khi [77]. Ching nay thé hién kha ning phan hay
cac alkan chudi dai, bao gém eicosane, tetracosane va octacosane. Phan tich bo
gen cho thy sy c6 mit cta nhiéu gen lién quan dén phan hiy hop chat thom,
chéng han nhu benA, benB, benC, catA, catB va catC; cung ndm gen alkB lién
quan dén phan hay alkan. Diéu nay 1a co sé dé giai thich kha ning phan huy

dau tho cling nhu cac alkane mach dai cua ching nay.
3.4. Panh gia mgt so dic diém hoda ly ctia mun cwa

3.4.1. Xac dinh cac thanh phin nguyén t6 c6 trén vt liéu mang min cua

Miu mun cua dugc phan tich bang hé thiét bi HORIBA 7593-
H/HITACHI S-4800 & khoang cach 1am viéc 15 mm va dién thé 20 kV nham
xac dinh ty 18 cac nguyén td cau thanh; két qua duoc trinh bay trong Hinh 3.6,
Hinh 3.7 va Hinh 3.8. Két qua cho thdy mun cua dang min chu yéu gdm ba
nhom nguyén té 1a C, O va Si v6i ham luong 1an lugt 52,63; 47,20 va 0,17 %
theo khoi luong. Ngoai ra, nguyén t6 K ciing dugc ghi nhan trong mau min
nhung chiém ty 1& rat nhé (0,06 %).

Dbi véi mun cua dang tho, bén canh ba thanh phan nguyén t chu dao
gém C, O va Si v61 ham luong lan luot 48,02; 39,38 va 12,00 %, con phat hién
thém cac nguyén t6 S, K va Ca (Hinh 3.6). Tuy vdy, ham luong cua cac nguyén
t6 nay déu rat thap, lan luot 14 0,10; 0,42 va 0,09 (%).
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Thanh phan nguyén t6 ciia mun cua dang min
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Hinh 3.6 Thanh phan cac nguyén té va trong liwong cua ching trong cac logi
mun cua
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Hinh 3.7 Anh EDX cua mdu miin cia dang min, gom (a) hinh SEM va (b) pho
phat xa biéu th; cac nguyén to hién dién
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J 200pm ! Electron Image 1

(a)

Spectrum 1
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Hinh 3.8 Anh EDX cua mdu min cua dang thd, gom (a) hinh SEM va (b) pho
phat xa bieu thi cac nguyén to hién dién

3.4.2. Xac dinh dién tich bé mit vt liéu mang mun cwa (BET)

Dua trén phuong thirc ndy, duong dang nhiét hap phu theo mé hinh ly
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thuyét cho phép xac dinh cac thong sb dién hinh cua vat liéu. Di véi mun cua
dang min, di¢n tich bé mit ghi nhan 2,3237 m?/g; kich thuéc 16 trong qua trinh
hap phu (adsorption) 1a 37,6944 nm va & giai doan giai hap (desorption) 1a
27,9072 nm. Trong khi d6, mun cua dang tho ¢ dién tich bé mat 2,3250 m?/g;
kich thudc 16 khi hap phu (adsorption) 1a 37,6967 nm va khi giai hap
(desorption) 14 27,9081 nm. Nhin tong thé, cac thong sb giita hai loai vat liéu

nay gan nhu twong duong.

Céc chi sd lién quan dén hip phu va giai hap dong vai tro then chdt trong
danh gia kha ning tiép nhan va giai phong chat 6 nhiém trén bé mit vat lidu.
Gia tr1 hép phu biéu thi mirc do tdi da ma vat liéu co thé luu gilr cac phan tr,
ion hoac hop chit hoa hoc trong cAu tric bé mit va hé théng 16 r5ng, tir do cho
phép danh gia hiéu sut loai bo chat 6 nhiém trong cac tng dung nhu xir Iy
nudc thai hoac loc khi, déng thoi xac dinh diém bao hoa khi cac vi tri hoat dong
bi lép dﬁy. Viéc xac dinh cac thong sb nay ho tro Iva chon vat liéu tdi uu va
diéu chinh cac diéu kién van hanh, bao gdm thoi gian tiép xtc, khdi lugng chat

hap phu va nong do chét 6 nhiém.

Nguoc lai, gia tri giai hép thé hién kha nang vat li¢u nha lai cac chét da
giit trudc do, gop phan vao qua trinh tai sinh dé dung lai nhiéu chu ky, qua d6
gia tang hiéu qua kinh té va xem xét do bén trong diéu kién thuc té. Vi duy,
nhing loai vét liéu c6 kha ning giai hap tdt co thé duoc tai sinh bang bién phap
gia nhiét hodc xu 1y hoéa hoc nham loai bo chat bi gifr lai ma khong lam giam
dang ké hiéu suat ban dau [79]. Do d6, mun cua dugc xac dinh 13 vat liéu hap
phu hiéu qua véi tiém ning tai st dung lau dai trong viéc tmg dung lam ché
pham dé xtr Iy 6 nhiém dau.

3.4.3. Xac dinh céu tric vat liéu bing ky thuit nhiéu xa tia X (XRD)

Hinh anh trinh bay pho nhidu XRD ctia miu cac mau mun cua dang tho
va dang min (Hinh 3.9), thu dugc br:ing thiét bi D8- Advance, hang Bruker,
CHLB Bric; pho nhiéu xa dugc xir Iy bang phan mém Diffrac.eva (Bruker) .

Ph6 nhidu XRD ctia cac miu mun cua cho thdy dinh chinh sic nét tai
khoang 20 (2 theta) =~ 22-25°, twong ng v6i ciu tric vo dinh hinh cellulose If
dac trung cua mun cua sinh hoc (biomass-derived char), voi cuong do dém
vuot 4500 cps. Buong cong vura khit (fitting curve, duong nét dut) khdp chat
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ché vo1 dit liéu thuc nghiém, khéng dinh d6 tin cdy mo hinh phan tich pha. Cac
dinh phu tai 20 ~ 15-17° va 35° phan anh pha tinh thé xen 1an ciu trac v6 dinh
hinh, pho bién & vat liéu carbon hoa tir sinh khoi.

Két qua chi ra cac mau mun cua cé cAu tric ban tinh thé cao, hd trg dién
tich bé mit 16n (22,32 m?/g) va kich thudc 16 nano (27-38 nm) nhu da bao céo
trude 4o, ting cudng kha nang hap phu dong hoc trong xt 1y chat 6 nhiém. P
léch thép gitra duong vira khit va dir liéu thuc nghi¢m (R? ngém dinh cao) xac
nhan tinh déng nhét pha, quan trong cho umg dung tai sir dung lau dai trong
sinh hoc thuc nghiém. Phén tich nay cing c¢d tiém ning ctia mun cua dang min
1am chat hap phu bén virng [80]. Pho nhiu ndy cung cip co so dinh lugng cho
danh gia vé cAu trac vo dinh hinh cua cac loai mun cua. Déng thoi clu trac vat
liéu ctia mun cua dang min va dang tho ciling khong co sy khac biét dang ké
(Hinh 3.8).
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Hinh 3.9. Hinh anh XRD cua mun cuwa dang min (a) va dang thd (b)
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C6 dinh vi sinh vat trén cac nén vt lidu c6 nguén géc tu nhién duoc danh
gia 12 mot hudng xir Iy sinh hoc trién vong dé nang cao hiéu qua xur 1y 6 nhiém
do hydrocarbon c6 trong dau gay ra. Vi phuong phéap nay, cac ching vi khuan
c¢6 kha nang phan hity hydrocarbon dugc duy tri trén bé mat hodc bén trong cac
gia thé ty nhién nhu than bun, xo dura, trau, bd mia hay da nti Itra. Nho dac
diém cau trac Xép, dién tich tiép xuc 16n cung su hién di¢n cua nhiéu nhom
chtrc, cac vat liéu nay khong chi tao moi trudong thuan 191 cho vi sinh vat sinh
treong va bam dinh ma con hd tro hap phu hiéu qua cac hop chat hydrocarbon
[44].

3.5. Danh gi4 hi¢u qua phén hiy dau

Céch tiép can dung cac vat liéu lam gia thé dé nang cao hiéu qua xtr Iy 6
nhiém tr 14u di duogc cac nha khoa hoc quan tAm nghién ctru. Trong d6, cac
chang vi sinh duoc nudi trén min cua ¢ dang min dé tao thanh ché pham sinh
hoc. Hinh 3.10 minh hoa anh SEM cua vét liéu mang va ché phém thu duoc.
Két qua quan sat cho théy bé mat vat liéu ban dau khong phat hién su hi¢n dién
ctia t& bao vi khuan (Hinh 3.10a), tréi lai, & mau ché pham c6 thé nhan thay ro

rang cac t€ bao vo1 mat do phan bo day dac.

Ché pham chira 10% mun cua dang min duoc bd sung vao hé c6 nong
d6 200 ppm hdn hop PAH va 250 ppm dau DO. Sau 7 ngay thir, kha ning phan
huy dat trén 85% dbi véi DO va khoang 82% d6i v6i PAH. Tuong tu, voi ché
pham sir dung mun cua dang thd & cung diéu kién (200 ppm PAH va 250 ppm
DO), sau 7 ngay ghi nhan phan hay duoc 81,35% tong dau va 79,98% PAH.

Ngoai ra, mat do vi sinh vat trong ché phém tir mun cua min tai giai doan
ban du va sau 6 thang bao quéan 1an luot dat 21x107 va 5x107 CFU/g. B6i véi
ché pham tir mun cua tho, cac gia tri twong tmg 1a 16x107 va 2x107 CFU/g.
Nhitng dit liéu nay cho thiy su chénh 1éch khong dang ké so véi ché pham st

dung mun cua dang min (Hinh 3.10).

Dmitrieva ciing cong su cong bd nim 2022 [81] ghi nhan ring mang sinh
hoc cua loai Alcanivorax borkumensis c6 thé phan huy khoang 90% hexadecane
chi sau 5 ngay thi nghiém. O mét cong trinh truéc d6, nhom nghién ciru nay
cling cho thay biofilm ctia Alcanivorax borkumensis khi hinh thanh trén cac hat

dat sét dat mirc chuyén hoa 90% hexadecane sau 6 ngay quan sat. Bhatt cung
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cong su nam 2023 [82] di xay dung ché pham dwa trén nim men Candida
tropicalis ¢b dinh trén soi, dat hiéu qua xir Iy dau DO téi 97% trong vong 10
ngay. Ngoai ra, chung Pseudomonas aeruginosa LNR1 dugc ching minh c6
kha nang chuyén héa dau DO t6t hon khi ton tai dudi dang mang sinh hoc.
Chandran va Das ndm 2011 [83] chi ra rang biofilm thudc chi Rhodococcus c6
thé oxy hoa cac hop chat hydrocarbon tir ddu mo, dong thoi tao ra chat hoat
dong bé mit va axit humic, qua d6 nang cao hiéu qua phan huy dau. Juarez va
cong sy nam 2023 [84] da thuc hién mot téng quan vé viée ung dung mang sinh
hoc vi sinh trong xur Iy cac hoa chit doc hai, nhidn manh tiém nang trién khai &
quy mé trong thuc té. Nhitng két qua nay thong nhat khang dinh tim quan trong

ctia biofilm trong xt 1y cac chat 6 nhiém thudc nhém hydrocarbon.

IMS-NKL 5.0kV 5.5mm x20.0k SE(M)

Hinh 3.10 Ché pham ¢ dang min tao thanh diréi Kinh hién vi dién tir quét (a)
va mun cua dang min (b); ché pham voi mun cua dang thé (c) va mun cua
dang tho (d)

Mait khéc, & nghién ctru nay, mun cua dugc chon dé sir dung lam chét

mang - mot ngudn nguyén liéu doi dao, cé chi phi thap va khong tao ra 6 nhiém
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thr cap. Do d6, ché pham dat dugc gia thanh kinh t& dong thoi duy tri hiu suat
cao. Viéc ap dung mun cua con dam bao tinh linh hoat trong trién khai tai cac
dia hinh da dang, ma khong anh huong dén canh quan moéi trudong. Két qua
nghién ctru cho thay tiém ning tng dung ché pham dé xir Iy 6 nhiém dau mo

tai cac vung ven bién, kho xang dau va nhiing dia diém tuong ty & Viét Nam.

Pé kiém tra hiéu qua xtr 1y ctia ché pham ¢ nhitng mirc ndng d6 khac
nhau, dau nguyén liéu voi ham luong 200 ppm da duoc sir dung nhu mot co
chat dai dién. Thanh phan cua dau tho thuong bao gdm hydrocarbon mach
théng, cac hop chit thom dang PAH, cung v61 nhua, asphalten va mdt s6 thanh
phan khac theo Mu va Nazina nam 2022 [85]. Sau 7 ngay, hiéu suat phan giai
ctia timng nhom chat dugc thé hién trong Hinh 3.11.

Hiéu qua phan huy cac hop chét co trong dau tho cua
ché pham mun cua dang min
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Hinh 3.11 Hiéu qua phan hiy cac hop chat c6 trong dau thd cua ché pham tai
cac muc nong do khac nhau

(HC no, hydrocarbon no;, HC thom, hydrocarbon thom, Asp., asphalten)
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Quan sat tir Hinh 3.11 cho thay khi 4p dung ca hai dang ché phdm & nong
d6 10%, phan 16n cac hop chat hydrocarbon dat mirc phan hiy trén 75%, trong
khi d6 nhua va asphalten van c6 ty 1& xt 1y thap hon. Két qua nay phu hop véi
nghién ctru ciia Radice nam 2023 [86], khi hai thanh phan nay duoc xem 1a khé
bi phan huay trong dau mo. Ngoai ra, tai cac mirc ndng do thap hon nhu 1%, 2%
va 5%, hi€u qua thu dugc chua thuc su ndi bat. Vi vay, né)ng do 10% duoc xac

dinh 14 diéu kién phu hop dé tiép tuc trién khai cac thi nghiém tiép theo.

Két qua phan tich bang phuwong phap sic ky khi (GC) cho thiy cac hop
chat n-alkane (nhém hydrocarbon no) trong khoang tir C13 dén C,7 da bi phan
giai & mic dang ké (Hinh 3.12).

Hi¢u qua phan huy cac hydrocarbon no cua ché pham mun
cua dang min ¢ cac nong do khéac nhau
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Két qua ¢ Hinh 3.12 cho thay, cac ciu tir c6 sb nguyén tir carbon tir 13
dén 18 duogc xu Iy trong ddi hiéu qua khi 4p dung ché phim & cac mirc nong
d6 1%, 2% va 5%. Pang chi y, khi ting ham luong ché pham 1én 10%, phan
16n cac hop chét nay déu dat ty 1& phan huy vugt ngudng 70%.

Bén canh d6, nhém hydrocarbon thom da vong (PAH — polycyclic
aromatic hydrocarbons) bao gdém anthracene, phenanthrene, pyrene,
naphthalene va phenol ciing thé hién su suy giam rd rét vé ham luong (Hinh
3.13). Khi b6 sung ché pham véi ti 16 10%, hiéu suat xir Iy twong ung dat
79,97% d6i v&i anthracene, 80,35% véi phenanthrene, 70,79% ddi voi pyrene,
79,53% voéi naphthalene va 77,32% d6i v6i phenol. Riéng pyrene — hop chat
mang cau tric gdm bdn vong thom — ludn cho thay kha niang phan hity thap
hon trong tat ca cac diéu kién thi nghiém, diéu nay phu hop véi dic tinh bén
vitng sinh hoc cta né. Tong thé, cac két qua thu dugc co su twong dong voi
nhitng nghién ctru truée day lién quan dén qua trinh phan hay sinh hoc céc
thanh phan hydrocarbon trong dau thé [87].

Khi st dung 2 dang mun cua loai min va loai tho dé lam ché phém, cac
két qua thu dugc khong c6 su khac biét dang ké. Tuy nhién, mun cua dang min
thuan loi hon trong st dung va c6 thé dung linh hoat & cac dia hinh khac nhau.
Tuy thudc vao nhu cau sir dung, co thé can nhic chon mun cua dang thé hoac

dang min dé tao ché phﬁm.

Trong nghién ctru ciia Bhatt va cong su cong b nam 2023 [82], viéc cd
dinh cac vi sinh vat ¢ thé st dung chat 6 nhiém 1én bé mat vat liéu mang da
dugc chimg minh 13 1am gia ting dang ké hiéu qua xir 1y sinh hoc. Qua trinh
hinh thanh va phét trién cta vi khuan trén bé mit nay duoc ghi nhan rd rang
nhd quan séat bang kinh hién vi dién tir quét (SEM). Kha ning xur 1y dau tho da
dugc danh gia bang k¥ thuat sic ky khi (GC), cho thdy phuong phéap c6 dinh
gitip nang cao hiéu suat phan hily hydrocarbon khoang 23% so véi trudng hop
vi khuén ton tai & trang thai ty do. Cu thé, sau 10 ngay thi nghi¢m, cac mang
sinh hgc hinh thanh trén vat liéu mang da loai bé dugc hon 66% lugng dau ban
dau. Nhitng két qua nay cho thay day 1a mot giai phap c6 tinh linh hoat, chi phi
hop 1y va giau tiém ning trong tmg dung phuc hdi sinh hoc cho cac hé sinh thai

bi 6 nhiem.
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Hi¢u qua phéan huy cac hop chat hydrocarbon thom ctia
ché pham dang min
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Hinh 3.53 Hiéu qua phan hiiy cac hop chat PAH cia ché pham tai cac miic
nong dé khac nhau

Céc chat hap phu tong hop thong thudng duge dung phd bién nhat dé
loai bo dau tran, méc du chung khong phai 1a lya chon ti wu tir gbc do chi phi
va moi truong [50]. Viéc sur dung cac vat li¢u lignocellulose ré tién, ddi dao, an
toan, co thé phan huy sinh hoc va tai st dung duoc xem 1a mot gidi phap thay
thé cho céac chat hap phu théng thudng, véi hidu qua tich cuc dang ké déi vai
tinh bén viing va nén kinh té tuan hoan. Viéc sir dung cac chat hap phu ty nhién

tho va da duoc bién doi nhu mot cong cu phuc hoi, kha nang hap phu cia chiing,



42

cung vdi cac két qua riéng 1¢ trong cac diéu kién di duge thuc hién, duoc khao
sat rat chi tiét [49-51]. Cac phuong phap bién ddi dé cai thién tinh ky nudc cua
cac chat hap phu ty nhién ciing duoc néu bat rong rai. Hon nita, cac cong bd
nay da xem xét nhitng vu diém va han ché cua timg chat hap phy tu nhién vi
mot vat liéu duy nhét kho c6 thé bao quat tat ca cac kich ban tran dau tiém tang.
Hon thé nita, cac nghién ctru nay da dugce tién hanh dé phac thao mot cach tiép

can tich hop dua trén cac khia canh vat li¢u — méi truong — kinh té [49-51].

Céac nghién ctru gan day da sir dung nhitng vat liéu nhu xo dira, soi
keramzit va ba mia lam gia thé nham tao moi truong thuan 1g1 cho vi sinh vat
bam dinh va hinh thanh 16p mang sinh hoc, tir d6 tién hanh thi nghiém phéan
giai dau diesel [88]. Két qua cho thdy, véi nong d6 dau ban dau 250 ppm, ca
hai dang ché pham déu c6 thé loai bd hon 90% cac thanh phan hydrocarbon sau
7 ngay xir Iy. DU vay, phan 16n cac cong trinh hién nay méi dimg lai & ddi tuong
1a dau diesel — loai nhién liéu co cdu trac tuong d6i don gian so voi dau thé.
Pong thoi, so lugng nghién ctru khai thac mun cua nhu mot chat mang trong
ché pham xir 1y 6 nhiém dau van con it va chua duoc phat trién theo hudng hé

thong hoa.

Theo Catania va cong su [89], trong moi trrdng tu nhi€n, mang sinh hoc
thuong hinh thanh tir mot hoac nhiéu quén thé vi sinh vat bam 1én cac bé mat
hodc ving tiép xtc gitta pha sinh hoc va phi sinh hoc. Sy hinh thanh nay dugc
hd trg boi 16p polymer ngoai bao (EPS), dong vai tro nhu khung cau trac giup
duy tri do 6n dinh cua biofilm. Khi ton tai trong trang thai nay, vi sinh vat thé
hién kha ning thich nghi va chiu dung céac diéu kién bat loi tét hon so voi dang
séng tu do. Chinh vi vay, nhiéu nghién ctru da tan dung biofilm trén cac loai
vat liéu mang dé xur 1y nhitng hop chat hydrocarbon khé phan huy, hudng toi
kha nang tng dung & quy mo 16n. Dé trién khai hiéu qua, can lya chon cac vat
lidu c6 didc tinh nhu do xdp cao, dién tich bé mat 16n va chi phi hop 1y, qua d6
nang cao tinh kinh té trong xir Iy 6 nhiém dau [88-89]. Bén canh d6, min cua
con ¢ uu thé khi ¢6 thé dugc tan dung 1am nhién liéu sau qua trinh xir 1y, gop

phan t5i vu hoa viée str dung tai nguyén trong cac giai phap moi trudng.

Vi su phat trién kinh t€ - xa hoi nhanh chéng, dau mo dugc s dung
rong rai trong moi khia canh cua xa hdi hién dai. Tuy nhién, viéc khai thac, van

chuyén va ché bién dau mo chac chan dan dén viéc tao ra mot lugng 16n nude
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thai nhiém dau. Céc chién luoc tach dau/nudce truyén théng thuong kém hiéu
qua, tén kém va phuc tap trong van hanh. Do d6, can phai phat trién cac vét
liéu xanh, chi phi thép va hiéu qua cao mdi cho vi¢c tach dau/nude. La cac vat
lidu sinh hoc tong hop ty nhién c6 nguén gdoc doi dao va co thé tai tao, vat lidu
gbc gd da tré thanh mot linh vuc nghién ciru nong hoéi gan ddy. Cac nghién ctru
tap trung vao tmg dung ctua mot sb vat liéu gbe gd trong viée tach dau/nude

ngay cang dugc chu trong [52-54].

Nhu vdy, cac nghién ctru vé xp g0, soi bong, aerogel cellulose, mang
cellulose va mot sb vat liéu géc gd khac cho viéc tach dau/nude trong vai nam
qua va dua ra trién vong vé su phat trién trong tuong lai ctia ching trong xtr 1y
6 nhiém dau. Tuy nhién, cho t&1 nay, cac nghién cuu vé viée st dung cac vat
liéu nay dé 1am chat mang cho céac vi sinh vat c¢b dinh trén d6 va tng dung to
hop vat liéu mang — vi sinh vat tao mang sinh hoc nay con chua co nhiéu cong
bd. Chinh vi vay, nghién ctru nay 1la mot vi du vé viée sir dung vat li¢u c6 nguén
gbc tir gd, nhung & dang phé phy phidm ctia qua trinh san xuét va ché bién gd,

de tao ché pham xur 1y 6 nhiém dau.
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KET LUAN VA KIEN NGHI
KET LUAN

T cac mAu nhiém dau léy tai khu vuc ven bién Thanh Hoa, d3 phan 1ap
thém dugc 02 dong vi khuan c6 kha ning phéan giai dau diesel (DO) va hdn
hop céc hydrocarbon thom nhu anthracen, pyren va phenanthren.
ba danh gia duoc kha nang tao mang sinh hoc cua cac ching phan 1ap dugc
va xac dinh duogc tac dong cua nhiét do, NaCl, pH dén kha nang tao mang
sinh hoc cua cac chung. Cac ching hinh thanh biofilm hi¢u qua ¢ khoang
pH trong khoang 3 dén 8, nhiét do tir 25-50 °C va néng do NaCl tir 0-3%.
Pinh danh dugc cac chung vi khuan lwa chon 1a Bacillus sp. B1 va
Rhodococcus sp. B3 bang phuong phap giai trinh ty 16S rRNA. Cac chung
khong bi ddi khang 1an nhau va c6 thé str dung cuing nhau dé tao ché pham
voi vat liéu mang.
Pa xé4c dinh dugc ciu trac va cac tinh chat vat Iy cia mun cua dang min va
dang tho. Sau 7 ngay thir nghiém véi ndng do co chat 250 ppm (DO) va 200
ppm (PAH) hiéu qua phan huy khi str dung 10% ché pham dat 85% d6i voi
dau DO va xap xi 82% dbi véi cac hop chat PAH.

KIEN NGHI
Thir nghiém san xuét & cac quy md 50; 100 va 500 kg/mé
Thir nghiém xir Iy 6 nhiém & quy mé 16n hon trong phong thi nghiém va &

cac dia diém b1 6 nhiém dau
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PHULUC 1

2.3.1.3. Tuyén chon cdc chung vi khuan co khd nang phdn hiy cdc thanh phan
ddau mo

Sau mét thoi gian nudi cay 1am gidu cdc mau, cic chiing vi khuan c6 trong cac
mau do s€ dugc phan 1ap trén cac moi trudong twong trng d€ chon ra cac ching co

kha ning phan hiy dau diesel (DO) hoic PAH [64].
Chi tiét nhw sau:
» Lam giau vi sinh vat
Nguyén tic:
Tao mdi truong thich hop 1am gia ting s6 lugng vi sinh vat tir mau thu thap

ban dau trén ngudn co chat quan tam.

Tién hanh:

Hut 5 ml mau nudc thai vao 4 binh tam giac 250 ml c6 chta 50 ml moi
truong mudi khoang Gost dich, 0,1% vitamin, 1% dau diesel hodc 50 ppm phenol,
g v6i mdi co chit co mot binh khong va ¢ bd sung 0,1% glucose. Nudi lic cac
binh & 200 vong/phut, & 30°C, sau 7 ngay nudi, chuyén 10% dich lam giau lan 1
sang binh nuoi cdy tht 2 chira cac thanh phan gidng nhu ¢ lan lam giau thi nhat,
qua trinh nudi cdy 1am giau dugc tién hanh 3 lan.

» Chuan bj dia thach c6 chira dau diesel, phenol

MBoi truong mudi khoang Gost thach sau khi khir tring dé ngudi t6i khoang
50 - 60°C roi dugc d6 vao cac dia petri (d4 tiét tring) trong box cdy vo tring. Mdi
dia d6 khoang 20 ml méi trudong. Sau khi thach dong (dia kho), hut dau diesel
hodc phenol véi luong tuong mg nhu khi l[am giau vao dia. Dung que trang thuy
tinh khur trung gat cho té1 kho.

» Tim kiém tap doan vi sinh vat va phan 1ap, phan loai mét $6 chung vi khuén
c6 kha ning st dung dau diesel, phenol dugc tuyén chon sau 3 1an 1am giau dua

vao dac diém hinh thai khuan lac



Nguyén tic:

Thu dugc quan x3 vi sinh vat c6 kha ning phat trién trén méi truong chira
dau diesel, phenol; tach roi cac té bao vi sinh vat va nudi céy cac té bao trén moi
truong dinh dudng dé tao khuan lac riéng ré.

Tién hanh:

- Gat kiém tra cac mau sau khi lam giau lan 1, 14n 2 va 1an 3

- Sau khi pha lodng cac mau lam giau dén néng do téi han, hat 0,1 ml dich
mau di pha loang cho vao dia thach ¢ chita phenol, dau diesel d& chuan bi & trén.

- Dung que chang trai déu miu khap bé mat thach

- Tiép tuc st dung que nay dé trai déu khip bé mat thach & dia thi 2, tha
3.v.v..6 cac d0 pha loang khac nhau.

- Cac dia sau khi cdy gat duoc bao goi can than va nudi ¢ ti 4m 30°C trong
7 ngay sé& thu duoc tdp doan vsv va cac khuan lac riéng r&. Panh diu cac khuan
lac khac nhau dua vao hinh thai va mau sic khuan lac.
2.3.2.1. Phwong phap xdc dinh kha ndng tao biofilm cua cdac chung vi sinh
vat

Pé danh gia kha ning tao mang sinh hoc ciia cac chung vi sinh vat phan lap

duoc, phuong phap [65] di duoc sir dung bang cach dua chiing nudi cdy non vao
mdi truong MPA 16ng. Mang sinh hoc tao thanh s& dugc rira bang nudc céat vo
triung dé loai bo hoan toan méi truong nudi ciy va cd dinh bang dung dich tim
tinh thé 0,1%. Mang hinh thanh nay s& dugc rira lai bing DMSO va do ¢ budc

song 570 nm. Céac chung c6 mat do quang hoc cao sé dugc Iua chon.

Céc gia tri pH, nhiét do, néng do NaCl khéac nhau da dugc stir dung dé xac dinh

anh hudng ctua chung 1én kha nang tao biofilm cta cac chung phan 1ap dugc.

» Chuan bi
Chét nhuém mang 1a dung dich tim tinh thé 0,1%, chét tdy mau 1a dung
dich axit acetic 33%, quan gidy bac kin lo dung cac dung dich trén dé tranh bi oxi

hoa.



» Nudi preculture
Muc dich:

Tao ngudn sinh khéi dé thir kha ning hinh thanh mang sinh hoc cta céc ching vi
khuén.
Tién hanh:

- Cdy cac chiing vi khuan trén moi truong giau dinh dudng (LB hodc MPA)
dang dich. Sau 14 — 16 h nu6i1 céy, dem ly tdm loai dich, thu sinh khoi: ly tam 3
1an & 12.000 rpm, 4°C trong vong 10 phut va rira nude cat 2 1an véi thé tich twong
{rmg. B6 sung nudc cat sau lan ly tAm cudi cing va danh tan sinh khéi.

- Po mat 6 quang phd (Opitical Density - OD) & budc song 600 nm

Su sinh truong cia vi khuan trong méi trudng 16ng duge danh gia thong
qua gia tri mat d6 quang OD600 nm bang may quang phdé UV-Vis. Mau trang 1a
moi trudng nudi cdy khong chira vi khuan. Dich nuéi cay duoc lac déu, do d6 hap
thu tai budc song 600 nm. Trong truomg hop mau duge pha lodng, gia tri OD600
thuc duoc tinh béng gia tri OD do dugc nhan vo1 hé ) pha loang. Gia tri OD600
phan anh muc d6 ting sinh khéi vi khuan trong méi truong nudi cay.

- Pha lodng dich sinh khéi bang nuéc cat dé dat OD 13 0,3

- Pha 1% dich nay vao cac eppendorf chtra 297 ul méi truong MPA. B tri
thi nghiém lap lai 3 lan.

- Nudi ¢ ti 4m 30°C trong 24, 48 va 72 h.

> Kiém tra kha ning tao mang sinh hoc cua ching vi khuan
Nguyén ly:

Mang sinh hoc c6 kha ning bat giit tim tinh thé sau khi nhuém c6 dinh &
nhiét d6 phong. Bb sung dung dich axit acetic 33% sau nhudém c6 tac dung hoa
tan mang sinh hoc, lac ndy cac tim tinh thé s& dugc giai phong va hoa tan trong
dung méi. Gid tri mat do quang hoc thu duoc s€ ty 1€ voi kha nang bat gilr tim
tinh thé ctia mang, tirc kha ning tao mang sinh hoc cua chung vi khuan twong
ung.

Tién hanh:



Ctr sau 24 h 14y cac eppendorf chira miu nuéi, mdi ching twong tmg véi 3
eppendorf cho mdi ngdy va tién hanh kiém tra kha ning tao mang sinh hoc theo
cac budc sau:

- Dung pipetman hut dich nuéi cdy nhé nhe ra (khong 1am v& mang)

- Rira nhe nhang mang sinh hoc bang 500 pl nude cat (5/3 1an thé tich dich
nudi), roi hut ra lap lai 1an nira.

- Cho 300 pl dung dich tim tinh thé 0,1% vao cac eppendorf

- Boi 10 phut dé cb dinh, & nhiét d6 phong

- Loai dung dich tim tinh thé

- Rira bang nudc cat, 2 1an v6i lugng gap 5/3 1an dich tim tinh thé

- Cho dung dich axit axetic vao voi luong bang thé tich dich nui

- Pao tron hon hop nay rdi do OD ¢ bude séng 570 nm.

2.3.4. Phuwong phap tao ché pham

Céc vat li¢u mang dugc lam sach tap cht, séy kho va khtr trung trudce khi tién
hanh c6 dinh vi sinh vat chuyén héa dau. Céc chung vi sinh vat Iua chon sé dugc
nhan nudi trong 500 ml mdi truong MPA 16ng. Dich nudi ciy sau d6 duoc ly tim
loai boé moi trudng nudi va duge rira 2 1an bang nude cat. Tién hanh do OD &
budc séng 600 nm va dong thoi dém mat do té bao dé xay dung dudng chuén.
Pha loang dich sinh khéi vi khuan sao cho dat mat do té bao 1a 10 CFU/ml va b
sung mun cua vao. U hdn hop sinh khéi vi sinh vat va vat liéu mang & 28°C+2
trong 5 ngdy. Ché pham duogc 18n men xp & cac nhiét do va do am khac nhau
thich hop cho qué trinh 1én men x8p. Sau 5 ngdy 1én men, ché pham duoc sy &

nhiét d6 40°C dé tao ché pham [66].
Mat do té bao vi sinh vat dugc xac dinh theo phuong phap dém sé luong
khuan lac CFU.

Cu thé nhu sau:

Mot gram ché pham dugc hoa trong 9 ml nude mudi sinh 1y, 1dc mau tir 1-

2 gi0 ¢ nhiét do 1én men tot nhat. Hat 0,5 ml mau hoa trong 4,5 ml nudc mubi



sinh 1y. Mau dugc pha lodng t6i han va lip lai méi do pha lodng 3 lan. Sau khi
pha lodng t6i han, hut 0,1 ml tir cac nong do pha lodng vao dia méi truong MPA
thach da duogc chuén bi trudce va tién hanh céy gat. Cac dia sau khi gat dugc bao
g6i can than va nudi ¢ ti 4m dén khi khuan lac phat trién. Tién hanh dém chi s6
) luong khuén lac & sb mii cao nhét sau d6 dya vao cong thure tinh chi sb khuan
lac (CFU/g) nhu sau:
CFU /g = X.10.10".10 = X.10®*?
Trong do: X:la s6 khuan lac dém duoc; 10: d6 pha loang 10 lan
n: s6 lan pha loang; 10: 100 ul/1ml

MJi thi nghiém déu duoc 13p lai 3 1an
2.3.6. Thanh phin cac nguyén to trén vat liéu mun cwa dwoc phan tich bang
ky thuit tan xa nang lwgng tia X (EDX - Energy — Dispersive X-ray Analysis)

Cac thanh phan nguyén t trén mun cua dugc do trén thiét bi 1a HORIBA 7593-
H/HITACHI S-4800, khoang cach lam viéc 1a 15 mm, dién thé 13 20 kV.

Mau dugc dat vao kinh hién vi dién tir quét HITACHI S-4800 (SEM), va phu
bang Platin trong 40 gidy, sau d6 do ¢ thé 5 kV, khoang cach tir dau tip tGi mau
1a khoang 5-6 mm. Mau duoc kich thich bang chum dién tir nang luong cao (5
kV), sau @6 may do EDX sé& thu nhan céc tia X dic trung phat ra tir mau. Ning
lugng va cudng do cua cac tia X nay duoc phan tich bang phan mém dé xac dinh

loai nguyén to6 va ham lugng tuong doi cua ching trong mau.
Chuan bi mau:

0 Lam sach mau: Loai bd bui ban, chat gdy 6 nhiém trén bé mat vat liéu mang
mun cua bang cac phuong phap nhu lam sach bang tia cuc tim va ozone dé dam
bao dd chinh xac cua phép do.

0 Dat mau vao thiét bi: Mau mun cua dugc dat 1én gia do trong phong chan

khong cia may SEM, noi chum dié¢n tir dugc tap trung va chiéu 1én mau.

Phan tich bang chiim dién tir:



o Tuong tac v6i mau: Chum dién tir ning luong cao tir may SEM tuong tac

vai cac 16p vo electron bén trong cia nguyén tur trong mau.

0 Phat xa tia X dac trung: Su twong tac nay lam bat electron khoi 16p vo, tao
ra cac 10 trong. Khi electron tir 16p v6 cao hon di chuyén xudng dé lap day 16
trbng, n6 giai phong ning lugng du thira dudi dang tia X c6 ning luong riéng
biét, dic trung cho mdi nguyén t6.

Thu nhan va phdn tich tia X:

0 May do EDX: May do EDX thu nhan céc tia X phat ra tir mau.

o Pho ning luong: May do ghi lai nang luong va cudng do cua ting tia X.

0 Xac dinh nguyén to: Phan mém sé& phan tich pho ning luong nay, so sanh véi
cac thu vién phé nguyén t dé xac dinh loai nguyén t6 ndo c6 mat trong mau dua trén
nang luong dac trung cua chung.

o Dinh luong ham lugng: Cudng dd cia cac dinh trong phd ning luong duoc
st dung dé wdc tinh ham luong tuwong dbi cua timg nguyén td c6 trong mau.
2.3.7. Xac dinh dién tich bé mit vt liéu mang mun cwa bang dwong diang
nhiét hap phu theo ly thuyét (BET — Brunauer — Emmett — Teller)

Dién tich bé mit riéng c6 thé dugc xac dinh biang dudng ding nhiét hip phu
theo 1y thuyét BET (Brunauer-Emmett-Teller). Can thyc hién qua trinh hap phu
vat 1y khi nito (N2) 1én mau vt liéu & nhiét do nito long (77,4 K) va do thé tich
hozc khéi lwong khi hip phu tai cac ap suat khac nhau, sau d6 v& dudng cong hap
phu dang nhiét va stir dung phuong trinh BET dé tinh toan dién tich bé mat riéng

trén phan mém Excel.
Chuan bi mau:

Mau mun cua can duoc 1am sach va siy kho trong diéu kién chan khong dé
loai bd cac tap chat va hoi am trén bé mat, dadm bao do chinh xac cho phép do.

thiét bi Horiba SA 9600 (Nhat Ban) duoc sir dung dé do.



Thyee hién phan tich hdp phu:
o Dit miu vao may phén tich hip phu khi.

o Dung khi nito lam chat hap phy, vi n6 c6 kha ning hip phu vat 1y trén bé

mat vat liéu & nhiét do rat thap.

o Tang dan ap sudt cua khi nito va do lugng khi bi hip phu trén bé mit mau.

o Thuc hién qué trinh khtr hdp phu dé c6 duong cong giai hap phu.

Vé dwong cong hdp phu dang nhiét (BET plot):

Biéu d0 biéu dién méi quan hé giita luong khi bi hap phu va ap suat tuong d6i
duoc ve€ dua trén dir liéu do duoc.
2.3.8. Phan tich cdu tric vat liéu bing ky thuat nhiéu xa tia X (XRD - X-ray
Diffraction)

Thiét bi sir dung do XRD la D8- Advance, hang Bruker, CHLB Duc; Phan
mém dé phan tich pho: Diffrac.eva ciia Bruker.

Tao chum tia X: Tia X duoc tao ra tir 6ng tia X, sau d6 dugc chuan tryc dé hoi
tu thanh mot chum tia hep.

Chiéu mau: Chum tia X dugc chiéu vao mau vat liéu dat trong gia do.

Thu thdp dir liu nhiéu xa: Cac tia X bi nhiéu xa & cac gbc khac nhau tuy thude
vao cAu trac tinh thé caa vt liéu, sau d6 duoc do cuong do béng may do tia X.

Quét géc: May do hodc mau duge di chuyén dé quét mot pham vi cac goc 20
(gbc gitra tia to1 va tia phan xa).

Phan tich phé nhiéu xa: Két qua dugc biéu dién dudi dang phd nhidu xa, mot

biéu do biéu dién cuong d6 nhiéu xa theo goc 20.
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1. Gl thigu

Déiu mé 1a mét hop chit hitu co tw ahién, dac hai, khing déng nhit va phire tap, va la hin hop
ctia cac hydrocachon, phép do plm khdi ciia né cho thay hon 17.000 hop chat hoa hoe ridng biét,
bao ghm cac alkane tong quat vod 46 dai mach va diém nhanh khidc nhau, cycloalkane, hydrocachon
thom dom vong va da vong. Luu ]11.|}'nh XY Wil nito oo thé duge tim tha}' qué mie trong ciu tric
cla mgt so hop chit, trong khi phot phe vi cic kim loai ndng nhur vanadi va niken hiém khi dugc
tim thay [1]. Do sir khac biét ding ké vé cac ddc tinh hoa hoc va viit I cia eic hop chit diu (vi du
nlur kha niing hoa tan, dd nhdot, khd ning ]mp thu va su khde biét vé doc tinh va sinh kha dung). nén
kha niing phiin hiry sinh hoc vi s6 phin méi trrimg cia chiing ciing khac nhau.

Trong phin logi, hydrocarbon diu mé duge chia thanh bén nhoém chinh: hydrocarbon no,
hydrocarbon thom, asphalten (porphyrin, este, ketone, axit béo, phenol) wva nhua (amide,
sulfoxide, carbazole, quinolin, pyridin). Khi ning phan hiy cic hydrocarbon co trong diu thé boi
vi sinh viit nhir sau: n-alkane > alkane mach nhinh > aromatic trong lugng phin nr thip = alkane
vong [2]. Vi nhin chung thi diu thé ¢d mirc d6 g giy o nhidm cao hon diu diesel va cac loai |:Ia1.|
khic, déng thai ciing khé xir Iy hom [3]. Do dd, nhiéu bign phip 43 dwgc dp dung dé loai bo diu
thi kKhai mdi truemg bién. Chiing han nhw cac phwong phap vat 1f, hoa hoc va co hoc [4]. Mdi
phurong phap nay déu ¢ wu va nhirge diém trong viée logi bo dau thd. Uu diém chinh ctia cic
phuong phip ndy i théd gian xir 1y nhanh, nhung nhuwoe diém li cé thé tao ra cic chit trung gian
héa hoc nguy hiém va mot sb trong d6 gy hai nhiéu hon cho 6 nhiém ban diu [4]. Cic phur:rng
phip sinh hoe nhur phén hiy sinh hoe va phuc hoi sinh hoe la nhimg cong nghé thin thién véi moi
trudimg vi co thé xir 19 triét dé cic thanh phin cd rong diin ma [5], [6].

Lrng dung mang sinh hoe dé xir Iy & nhiém déu ciing la mit trong 50 cic bién phap sinh hoe v
di dwore quan thm nghién ciu v 1w [7]. Mang sinh hoc (biofilm) 14 tip hop cac té bdo vi sinh vit
giin két vii nhau trong mét 1op vit chit ngoai bio (extracellular polymeric substances - EPS).
Vige hinh thinh biofilm gitp vi sinh vit bim dinh tot trén bé mit d:m hode cdce hat ban, ting kha
ndng tiép xic va chuyén hoa hydrocarbon tot hom [8]. Viée tim kiém cdc vat ligu mang phi hop
5& gOp phin lim ting hiéu qua xi 1Y & nhidm diu [9].

Trong nghién el niy, vit liéu mang li man cua da durge nghién cim ebe dic djem hoa 1y nhur
dién tich bé mit riéng, kn:h thude 10 xop, phin bé kich thirée, thanh plmn nguyén td (EDX). ciu
triee vt ligu (XRD) d3 duge thue hién dé chimg minh tinh kha thi cia ede vit liéu mang cho vige
tao ché phz'-lm sinh hoe tir cde vi khuidn tao biofilm trén vit ligu d6. Phén tich tia X tan xa ning
lwgng {Energy - Dispersive X-ray Analysis - EDX), mdt ki thujt dé xac dinh thanh phin nguyén
10 (loai nguyén 16 va ty 1¢ phiin trim) eta mit miu vit rin bing cach ghi lai pho tia X dédc trung
phit ra khi mau bi chim tia X hofic electron biin phi [10]. Bé do ciiu tric vt ligu hﬁnb k¥ thudt
nhiéu xa tia X (XRD). hﬁng cach chitu mt chim tia X vio mau vt liéu tinh theé, sau dé do
curdng d6 va goe tan xa cla cac tia X bi nhiéu xa. Céc tia X twong tac véi mang tinh thé tudn
hodn, tao ra cac dinh nhidu xa khi théa min Binh luit Bragg {nk = 2d sinf). Bing cach phin tich
vi tri cde dinh nhiéu xa niy, ta xic dinh duge khoang cich gilta cdc mit phiing nguyén tir (d), tir
ifi) suy ra ciiu triic tinh thé, pha, thinh plmn vi kich thirére hat cia it ligu [11].

Bong thid higu qua phin huy cic thinh phan hydrocarbon 6 trong dau thd cling duge dinh
gid & nghién ciu nay. Cae két qun nay sé bﬂ-p phan cung tap cic thing tin Ve si phu Imp cua log
vt lidu mang min cua sin cb, 2id ré va cb kha ning nr phin hiy sinh hoc wong viée tao ché
phém xir 1y & nhiém dau.

2. Phuromg phap nghién ciu

Wt lidu: ) )
- Mun cira; dau thé ma Bach Ho, Viét Nam
- Chc chong vi khuan Bacillus sp. Bl va Rhodococcus sp. B3, thu duge tr cice nghién el trude,
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1. B cac thanh phii"n HEWVEN 16 cd trén vl ligh mang man cirg b.:iug phueng phdap pldn
tich tia X tin xa ndng lwgng (EDX - Energy - Dispersive X-ray Analysis) [10]

Cac thianh phin nguyén 16 trén min cura duge do trén thiét bi la HORIBA 7593 -H/HITACHI
S5-4800, khoang cach lam vide 12 15 mm, dién thé 14 20 kV.

Miu dwge dit vao kinh hién vi dién tir quét HITACHI $-4800 (SEM), va phi bing Platin
trong 40 gidy, sau dd do & thé 5 kV, khodng cach tir ddu tip toi miu li khoang 5-6 mm. Miu
dirgre kich thich bing chim dién tir ndng hrgng cao (5 kV), sau d6 may do EDX s& thu nhin cic
tia X diic trung phit ra tir . ‘dﬁng lugng va cwong dd cia cac tia X nay dLn:n: phin tich bﬂng
phin mém dé xic dinh logi nguyén 10 va him lugng trong di clia chiing trong miu.

Chudn bi i _ _

s+ Lam sach miu: Loai bo bui bin, chit g gy o nhiém trén bé mit vit liéu mang min cua l:nnfn'IEI
cic phuong phip nhu lim sach bﬁng tia curc tim vi ozone dé dam bao @6 chinh xic cua phép do.

+ Dt miu vao thiét bi: Miu min cua duge dit Ién gid d trong phing chin khing cia may
SEM, noi chim dién o duoce tép trung va chidu lén miu.

Phén tich bing chim dign tie:

» Tuong tdc vii miu: Chim dign tir ning legng cao tr may SEM nrong tic vai cac lap vo
electron bén trong ctlia nguyén tir trong miu.

» Phit xa tia X dfic tnmg: Sy twomg tic nay lam bit electron I:hm lop vo, tao ra cic I
trnnb Khi electron ur lép vo cao hon di chuyén wnnb dé Iap dax- 163 lrnnb. no glal phing ning
lirgng dur thira durdni dang tia X co nfing luong riéng biét, dic nmg cho mdi nguyén to.

Thee nhdn v phin teh ta X

» Miy do EDX: May do EDX thu nhin cic tia X phit ra tir e

o Phi nding lagng: May dio hhj lai ndng lwong va cudmg 30 coa timg tia X,

+ Xic dinh nguyén ti: Phiin mem s2 phin tich phd nding lwomg ndy, so sinh vii cic thr vién phi
nguyén 6 d& xic dinh loai nguyén 1O nio c6 mit rong miu dua trén ndng lueng dic inmg cua ching,

+ Dinh legng ham lugng: Cuing 46 cua cde dinh rong phé ning lugng dige sir dung dé e
tinh ham lugng twong ddi cua timg nguyén t6 ¢o trong miu.

2.2. Po di¢n tich bé mt vir ligu mang min cuwa bing dwimg ding nhidt hip phu theo Iy thuyér
{(BET - Brunauer— Emmert — Teller) [12]

Dién tich bé mit riéng co thé duge xic dinh bing duimg ding nhiét hip phy theo 1y thu}'et
BET (Brunauer-Emmett-Teller). Cin thue hign qud trinh hip phu vt 1y khi nitor (N2) lén mau vt
ligu & nhigt d6 nito long (77,4 K) va do thé tich hodic khoi lugng khi hip phu tai cie ap sut khic
nhau, sau do v& dudng cong hip phy ding nhiét va sir dung phwong trinh BET dé tinh todn dién
tich bé mit riéng trén phiin mém Excel.

Chudn b i

Miu min cira cin duge lim sach va siy kho trong diéu kién chiin khing dé loai bo cac tap
chit vi hoi Am trén bé mat, dam bao 46 chinh xéc cho phép do. thiét bi Horiba SA 9600 {Nhit
Ban) dugc sir dung dé do.

Thuee hign phén tich hap phy:

» Dt miu vio miy phin tich hip phu khi.

* Dung khi niter lam chit hap phu, vi nd cd kha ning hap phu vt Iy trén bé mit vit ligu o
nhiét 4§ rat llmp

» Ting diin 4p suit cia khi nito va do lugng khi bi hip phu trén bé mit mau.

» Thire hign qua trinh khir hip phu dé c6 duong cong giai hap phu.

Vé :J'!mfng cong hf.rp Jr;n"rie didng nhiét (BET plot):

Biéu db hiéu difn mdi quan hé gifta legmg khi bi hip phu va dp sudt trong doi duge vE dua

trén dir lidu do duoc,
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2.3. Po cdu trie vit ligu bing ki thudt nhiéu xa tia X (XRD - X-ray Diffraction) [11]

_Thi-::t bi sir dung do XRD 1i D&- Advance, hing Bruker, CHLB Birc; Phin mém dé phan tich
pho: Diffrac.eva cua Bruker.

Toer chim i X Tia X duge tao ra o ﬁng, tia X, sau do duoe chudn trre dé hoi tu thanh mot
chim tia hep.

Chiéu mdu: Chim tia X durge chidu vio miu vit ligu @it trong gia dé.

Thu thdp dit ligu nhicu xa: Cic tia X bi nhidu xa o cac gbc khac nhau tiy thude vio ciu tric
tinh thé ciia vit lidu, sau dé durgre do cuomg df l*rﬁnn miy do tia X.

Chiét gde: May dé hofic méu dugc di Lllu:.-'l_n dé quét mét pham vi cac gbe 20 (goc gida tia i
vi tia phan xa). _ _ . _ _

Phén tich phi nhicu xa: Két qua duge biéu dién dudi dang phd nhiéu xa, mét bidu 4 biéu
dién cuomg dé nhidu xa theo goc 20,

2.4, Anh hién vi dign tie quét (SEM - scanning electron microscopy) [9]

Céc biofilm tao thanh ciling nhu mun cua 33 duge dit nhe nhing 1én dia thuy tinh cd pha poly-
L-lysine. Sau d6, mang s& dwge cb dinh bing glutaraldehyde va (s0,; sir dung dung méi co chira
ethanol, isoamyl acetate via CO: d¢ loai mrdc con lai trong biofilm, min cwa; sau d6 phi
plantinium d& quan sat dudi kinh hién vi dién tir quét HITACHI S-4800.

2.5, Pdnh gid khd ndng phdn hiy cdc thanh phin hydrocarbon cd trong diu wid

- 200 ppm dau thé duge béd sung vao cic mau thi nghiém vai cac nong dg chékphﬁm khic nhau
gom 1, 2, 5 va 10%. Kha niing phan hiy cac thanh phan hydrocarbon co trong dan mo duge dénh
gid bing cac phuong phap phin tich sic kv khi (GC) nlur mé ta trong nghién ci tewde day [[9]].
Cu thé nhur sau sir dung thiét bi GC HP6890 {Agilent, Palo Alto, California, M$) duge trang bi
cit mao quan khong phin cuc HP-1 wai kich thude 340 plm x 30 m vi dau do FID. Heli durgre sie
dung lam khi mang v heu legng 1,0 mL/phat. © I1u::=|1;_, trinh nhiét 46 nhir sau: nhiét 46 thiét b
ban diu duge gilf & B0 “C trong 2 phit, sau do ting uyen tinh vii tic dd 10 °C) fphit cho dén 300
"C va gilt trong 10 phit. Nhiét 6 cua ong tiém va diu do déu duge duy tri o 300 "C.

2.6, Xu Iy il fia

S ligu duge xir | him__, phurong phap [Ian ké sinh hoe, dia vao plmn mém Excel dé tinh i tri
trung binh, 46 léch chuin va v do thi. M thi nghiém duwge Ep la 3 liin dté tinh trung binh .

3. Két qui va ban lufn

3.1 Kit i o cire b phﬂ'n HELEN ti c trén vl [@n mang mih clig

T s Y Fharan image 1 P T | "
(a) (bj

Hinh 1. Hink anh EDX cua miin ciea, trong &6 ja) anh SEM, ib) pho phat xa ctia cde nguvén tié
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' T i = Ir . .
Bang 1. Thawnk plan nguyén o co frong min cera

Nguyin tih Trong luong (%) Nguyén ti (%)
CK 20,27 + 3,25 B2, 15 + 368
OK 44,51 + 3,23 JVT1 + 4,51
S5 K 017 1,0
KK 0,06 0
[nng 100,00 10400, 04

Mun cua di duge do 1 1€ cdc thinh phan nguyén 10 co trén vt igu, ket qua dugc thé hién o
Hinh 1a, Hinh 1k va Bang 1. Két qua cho tha'.- trong min cira chi e6 3 nhdém nguyén th 14 C, O va
Si. Trong d6, C, O va Si chiém 52,63, 47,20 va 0,17 % trong lugng. Trong nguyén 1 ¢o cic lop
ning lugng electron K, L, M. Khi duge kich thich thi cic electron nhay 1én cac mire ning lrong
cao sau do phat xa va v ning lugng Thi-:l.]:'l (K} va ching dwge ghi nhin lai.

3.2, Két qud do dién tich bé mér vit ligu mang min cwa (BET)

Biing phuong phip dé dirimg ding nhiét hip phu theo 1y thuvét, dién tich bé mit cia vit ligu
miin cir duoe xac dinh 14 2,3237 m®'g; kich thirde 16 hap phu (adsorption) 1i 37,6944 nm vi kich
thiréic 16 giai hip phu {desorption) 1a 27,9072 nm. Cic gid tri adsorption (hip phu) va desorption
{khir hap phu) cua var li¢u co y nghia quan trong trong vige danh gid kha niing cia vit liéu nay
trong viéc hap thu va giai phong cic chit tir bé mdt vit ligu. Gia tri ndanpllnn biéu thi dung
lrgng hode higu qua mé vit ligu cd thé hip phu (thu hit va giir lai} cie phin i, ion hodc chit hoa
hoc trén bé mit hodc trong 16 mnh cua vt ligu. Gid tri nay cho biét kha ning ]mp phu cua vit liéu
v cae chit can xir 1V hodc thu gilt, nhir trong xir 1Y nirde thai hodic loe khi. Hon nita, gia tri
adsorption con phan anh mire 46 bio héa ca vit lidu khi cdc vi tr ]mp phu trén bé mit di duec
lip day. Viéc xic dinh gia tri nay gilip chon lua vit li¢u tht nhit va t6i wu hoa didu kién sir dung
nhur thir gian, khoi legng vt ligw, néng 46 chit cin hap phu. Gid tri desorption bidu thi kha ning
vit ligu gidgi phong cic phin tir hodic ion dd hip phy trude d6. Qua trinh desorption gitp tai sinh
viit ligu, cho phép thi st dung nhiéu lan va ning cao hiéu qua kinh t&, dong thii danh gid sirc bén
cia vt li¢u trong mdi trudmg (mg dung. Vi du, mét vit lidu co kha ning desorption 1ot ¢b thé
duge gia nhigt hodc xir 1y hoa hoc d€ loai bo chit hip phu va tai sir dung ma khong mit nhiéu
dung lirgng hip phy [13]. Nhur vy, o6 thé thiy ring vit liéu min cua vira c6 kha ning tham hit
tot, vira oo kha ndng tai sir dung i dai.

3.3. Két qud do cdu trice vit ligu bing ki thudt nhidu xg tia X

Mun cira duge do ciu tric vat ligu bing k¥ thudt nhiéu xa tia X (XRD), két qua duge thé hién
¢ Hinh 3. Biing cach phin tich vi tei che dinh nhiéu xa nay, ta xac dinh dwoe khodng cich giita
chc mit phing nguyén tir (d), tir 46 suy ra ciu tric tinh thé, pha, thinh phin va kich thiréc hat cla
vit ligu. Tuy nhién, trong trrémg hop ndy, min cwa khong the hi¢n cic pha tinh thé trong miu.
Do dé, vé mit ciu triae khong the hién diem gi dic bist & diy.

et P Ve bkt P S, 1 S

Hinh 3. Hink anh XED cua mn cuwa
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_{.‘LEJ dinh vi sinh vt trén gia thé tir nhién la mot trong nhitng phuwrong phap sinh hoc tiém ning
nhim nang cao meu qua xur Iy & nhiém diu. Trong k¥ thudt nay, cac ching vi sinh vit phin hiy
hydrocarbon durge E,En két hofic ]mp phu trén nhimg vt liéu dm o trong 1y nhién nhu than bin,
xor dira, vo triiu, b mia hodc da ni lira. Céc vit Iu.u niy cd ciu tric :m]:- dién tich bé mit ldn,
chira nhiéu nhém chire bé mit nén vita dong vai trd gid thé cho vi sinh vit phat tridn, vir ¢ kha
ndng hip phu chc hop chat hydrocachon [14].

3.4, Pdnh gid hi¢u qud ciia ché phim tgo thanh

Dé thit nghiém hiéu qua phin hay cia ché phﬁm O céc nn.'::ung d§ khac nhaa, 200 ppm diu thé
di duroc sir dung. Trong diu tho thuimg chira cic thanh phiin nhur hydrocarbon no, hydrocarbon
thom (PAH), nhua, asphalten va cac tha.nh phin khac [1]. Sau 7 ngay thir nghiém, hiéu qua phin
hity céc thianh phin niy duge thé hién & Hinh 4. K&t qua cho thay, & ndng dd ché pham 1a 10%,
cic thanh phan hydrocarbon duge phan hiay > 75% nhung cic thinh phﬂn nhu nhura hode
asphalten phin I1u:.-' thip hon. Diéu nay ciing phi hop vii edng b cua Radice (5] vi nhya va
aapha]tu_n dirge xem la cac thanh phzm kho phin hiy trong déu mi. E:ln:}jm thin, o ciac mmL da 1,2
vi 5% hiéu qua con han ché. N-:rm__, a6 10% duge xem la ]:-Ilu hop cho cic nghién ciu tiép theo.

3 100

g = -

= E = ¥ = —

g 50 f’ = ~ f‘ = — E
2 A NE = =
3 = N\ E u u
E = W1 = =
% u | - \. W || - - -
= HC no HC thom Mhura Asp.

Ol% B2% B5% Bl

Hinh 4. Khd ndng phin hiv cde tharnh phin of trong dau this ciia ché pham o cde nong &6 hac nhau
(HC no, hvdracarbon na; HC them, hydvacarben ihom, Asp., asphalten)

Phin tich sic kv khi cho tlm:,' cic thinh plmn s-alkane (hydrocarbon no) tir Oy dén C,- ciling
di duge phan by dang ké (Hinh 5). Cic hgp chilt ¢é 56 lugng carbon tir 13 dén 18 déu dé ding
bi phin huy biri ché pham o ci nhitng nong do 1, 2 v 3% Con v nm:L 4§ ché pham lin 10,
hdu nbur tit ¢d cde hop chir déu bi phan |1LI}' = 7%

101

30

huy (%)

L

i qud ph
2
=

T

H

him
= =

|
I
I
I
I
I
i
Z

nClI3 nCld nClS nCI6 nCI17 nCI8 nC1% nC20 nCZ]l nC22 nCZ3 nC2d nC25 nC

i mC27

Ol% BZ2% 0O5%% B8l

Hinh 5. Kha mang phian hay cac thash phian hdvocarbon no cia ohe pham o cde nong Jd bhae whao

Bén canh d6, cic thanh phin hydrocarbon them (PAH — polycvelic aromatic hydrocarbon) b
anthracene, phenanthrene, pyrene, naphthalene va phenol di duge phin hiy mét cich rd rang (Hinh
6). Bic biét, vivi nong 46 ché pham la 109, cac PAH nay dwgc phan huy tromg img la 79,97, 80,35,
70,79, 79,53 va 77,32%. Vin hop chit pyren, do co ciu tric 4 vong thom nén hi¢u qua phin hay o
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tit ca cac thi mghigm déu thz'ip. Cic két qua nay ciing phi hop véi nhimg nghién ci trede 46 vé

kha ning phin hiy sinh hoc cla cac thanh phan hydrocarbon cb trong diu thé [2].

Theo [15]. vi¢c oo dinh cdc vi sinh vit ¢6 kha niing phin huy cic chat giy 6 nhiem lén vit li¢u
mang thiic diy ding ké cic qua trinh xir 1§ sinh hoc. Trong nghién ciu nay, kha ning bim dinh
vi sinh trudmg manh coa cic té bao vi khuin dd dugc quan st hﬁng kinh hién vi dién i quet.
Higu qua xir Iy sinh hoc cua cic hé théng, dwoc thir nghiém trén diu thé va dinh lrgmg bing sic
k¥ khi, cho thay viéc cd dinh lam ting kha ning phin hiy sinh hoc hydrocarbon lén dén 23% so
véri vi khudn song tr do. Cac biofilm trén cac vit liéu mang 43 phin hiy hon 66% hrong diu
trong thi t:nghn;m sau 10 ngay. Nghién ciru di chi ra phrong phip ndy la mdt cong cu da nfing va
chi phi thip d& phuc hoi sinh hoc cic hé sinh thai trong moi tnedng.

101
EMl
il
FLL
Gl
S
41
40
21
10 ‘

u b

1% 2% % 10%
Ning di chié phim (%)
BAnthracene  @Phenanthrene @Pyrene BMNaphthalene B Phenol

Hifn qua phin hoy (%)

Hinh 6. Kha ndng phdn hiv PAH cia ché p.l'r:ﬁu & cic mong dg khde nha

Trong nghién ciru khic, xo dira, s6i keramzit va bi mia d duge ding lim chit mang dé cic vi
sinh vit tao ming sinh hoc va thir nghiém phin hiy diu diesel [16]. Két qua cho thiy ca 3 loai ché
p]mm déu ci the phin hiy > 90% cac thinh phin hydrocarbon c6 trong diu mo sau 7 ngay xir 1y
vt nong 4 déu tong so ban diu 1a 250 ppm. Tuy nhién, ru_,lun:n ciru nidy mdi dimg ¢ thir nghiém
viri dim diesel, day la loai diu i thanh phz_m dom gian hon diu thi eat nhieu. Cac nghién el sir
dung mun cua lam chat mang € tao ch-f pham xit 1¥ 6 nhiém diu con chira o nhiéu thing tin. Bén
canh dé, theo [7], rong mdi trudimg song fir nhién, biofilm duge hinh thinh boi mot hodc nhiéu
quan thé bam vio bé mit va giao dién sinh hoc/phi sinh hoc. Su bam dinh cua cie té bao vi sinh vt
vio cic bé mit Y cn.tlm thing qua ma trin cic chit polyme ngoai bao (EPS). Cac vi sinh vit tin
tai trong biofilm ¢ thé ching chiu lai véi cde didu kién khilc nghiét clia méi tnrémg 16t hon, Do dé,
biofilm vi sinh vit trén vat lidu mang da duge nghién ciu &€ tmg dung trong viée xir 1y cac hop
chit kho phin hiy. K§ thuat nay c6 thé dwge dp dung & quy md lom. Vige sir dung cic vat ligu
mang co cin tric pha Imp vi co gid thanh ré cd vai trd quan trong trong xur Iy o nhiém diu & quy
mé lém [7], [9]. Hom thé nira, vu diém cia min cia la o thé ding lim chit dét sau xir 1§,

4. Két luin

Nghién ciru nay di cho thiy min cura 1a loai vit lidu cb cdu tric rong xdp; chira chi :..'-fu la cac
nguyen 16 C, O va 51; cling nihur cd dign tich b& mat 1a 2, 3237 m/g; kich thude 16 hap phu 13
37,6944 nm va kich thude 16 hmj hap phu 1a 2759072 nm la chit mang ph h-.:rp dé tao ché phim
xir 1Y & nhiém diu. Vi 10% ché pham sau 7 ngay thi nghiém, cic thinh ph:m hydrocarbon ¢
trong diu thi ciing nhur nhyua va asphalten di giam = 60% trong &6 cic thinh phin s-alkane 1
C13 dén C27 dat hidu sudt > 0%, com cic PAH nhu anthracene, phenanthrene, pyrene,
naphllm]bnn vi phenol cd higu suit phin hiy dat twong ang la 79,97, 80,35, 70,79, 79,53 va
77.32%. Két U mEY M ra trién vong su dung vt liéu mang la min cua dé tao ché p]mm K ly &
nhiém diu o quy md Jom.
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ARTICLE INFO ABSTRACT

Recelved:  osmzoges Fecently, the use of biofilm-forming bacteria on carrlers to remove odl
pollution has drawn increasing research interest. In this study, two biofilm-

Revised:  ZBNZ2026  forming bacterial strains identified as Bacilfus sp. Bl and Rhodococcus sp.
Published: 2eazzoze B2 were solated from the oll-contaminated samples taken from coastal zone
in Thanh Hoa province. Both strains exhibited good growih in the presence of

250 ppm of & mixture of polycyclic aromatic bydrecarbons consisting of

KEYWORDS anthracene, pyrene and phenanthrene; as well as 300 ppm diesel oil. The
Biofilm strains formed stable biofilm at temperatures ranging from 25 o 45 °C, NaCl

; concentrations from 0 to 2% and pH values among 3 and 8. A blo-product
Biodegradation was subsequently prepared by immobilizing the selected strains onto fine
Fermentation sawdust as & carrier material. The product degraded = 85 and 32% of the total
il pollution diesel ofl and mixture aromatic hydrocarbons in wastewater with an initial

concentration of 250 and 200 ppm after 7 day-incubation, respectively. The
viable cell density of the blo-product was 21x10" and Gxl0’ CFlig at the
beginning and after & months of preservation. In addition, fine sawdust is an
abundant, inexpensive and biodegradable raw material. These findings may
lead to the potential application of this bio-product for the oil pollution
treatment in Vietnam.

Sawdust

['NG DUNG VI KHUAN TAO MANG SINH HQC TREN MUN CUA DANG MIN
PE TAO CHE PHAM XU LY NUOC ) NHIEM DAU

Lé Thi Mhi E‘ﬁng'r Triin Thi Huﬁ*ﬂ Nga:, Cung Thj Ngoc Mai', bd Thi Lién', Nguﬁn Kiéu Hl.m'ngz,
Trin Thi Mai', Huang-, Thj Phurwag H?mg Vwong Thi Nga', Quich Thj Lién'

"Fidn Siank bpe - VAST, “Hoe vidn Khoa kpc v © dtigy mgie - VAST

'?ﬂ"m:"r.l'u B fipe Ko fioc Tie niddn - Pt bpe Qude gl B N, Tredng Cao didng Kok 0d, K3 teedt v Thaty sdor

THONG TIN BAI BAO  TOM TAT

Nggiy nhin bil: 05/02/z026 Yiée s dung vi khuén tao ming sinh hoc trén vit lifgu mang 8¢ xi by & nhidm
dau di va dang duoe guan tdm nghién cou. Trong nghién cim néy, hai chiing vi
Ngay hodn thign: 28022026  phin ta0 ming gom Bacillus sp. Bl va Mhodococcss sp. B3 dd duge phin lap
Ny ding: 280272026 ' cic n1§._u II|'|IE‘I'.|'I_I:|.EIIJ liv tai bién Thanh Haa. II.‘:ip:_fImng niy o kha ning sinh
inmimg @t & hin hop hydrocarbon thom gdm anthracene, pyrenc va
. phenanihrene vii nong &6 1a 250 ppm; v 300 ppm diu diesel. Cac ching nixy
T KHOA tan mang tot o nhigt dd 25 dén 45 °C, Lmnl} iy Mall o 0 dén 2% va pH o 3 dén
Ming sinh hoc 8. Tao ché phim tir cic chung nay trén chit mang min cua dang min, ché pham
i khia ning phin hoy em 85 via 82% ham luong -:Iagu ting =0 va him hop
hwdrocarbon thorm o trong meée thal voi mlﬁng chiy bean dan torong g 1o 2500va
Lén men 200 ppm san bay ngay thir nghiém. Mt d§ vi sinh vt cia ché p]l:im d thri
O mhidm diu diém ban diu vi sau séu thing bao quan li 21x10' CFU/g va Sx10' CFU.l'g
Hom thé nita, nghién cire nay con dﬂng then tin dung duge ugumn nguyén ligu
54N cd, 1é tién vi khing giy o nhiém thir ca.p 1a mim cua. K& qua mé ra tiém

nding g dung cia ché phim trong w0 15 6 nhiém diu mo tai Vidt Nam.
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1. Gl thigu

Diu mn:n Vil ¢l sin pham tir dian mo dong vai tro v0 clng quan trong trong d-.:rl '-1r:un11 X hoi v
nén kinh té cia cic nudée trén thé g 1___|r:r| I.mnr_: dd cb Viet Nam. Khoang 200 trién tén diu dirgre vin
¢|1LI'_I.-'E1'| hang nim gua cic ving bicn ngodi khot Viét Nam tir Trung Bdng o661 Nhit Ban va Tricu
Tién [1]. Cac hoat ddng thong thudmg kém theo viée khai thac vi van l..|'lLl'_l."E1'I diiu gdy ra tinh
trang & nhidm nghiém trong do diu. Vi du cde tau cho diu lam thoat ra bién téi 0,7% tai trong
cla ching trong qua trmh viin chuyen thing thudmg [1]. Sang bien va 2id déu ¢ chidu hudmg
dua lugng diu thodt ra tap vio bo bién Viét Nam. Theo llmnb ké, tir nim 1992 dén nay cd 190 sir
co tran diu xdy ra tai Viét Nam, trong d6 c6 37 vu ngoai khoi chigm 19%., 88 vu ven bér chiém
47% va 63 vu trén dit lidn chiém 34% [1]. biy la nz;,uyen nhin lom giy & nhiém ddt va mrde,
Theo thing ké cua Hiép hii ciie chu hang cho diu qudk 1€, trong s0 3% quoc gia dugc thmg ké,
Viét Nam la met trong 3 qunr.: gia {cing vii Trung Quic vi Hoa K} cb s0 luong s ch tran -:'_Inu
nhiéu nhit vii s6 leong tir 10 s cd tré 1én, trong 5 ndm tror lai diy [1]. Dic biét, do s phat trién
cha 46 thi hda, cong nghiép hoa va nhu ciu niang lreng ngay cang ting, we-;: khic phuc va phuc
héi méi tririmg tai cde khu vire bi o nhiém diu dang 14 mit trong nhimg vin dé nhin dugc nhiéu
s quan tim va cin phurong phip higu qud an toin dé bio ton hé sinh thai [2].

Trong s0 cic giai phap xir I¥ & nhiém din mt cich higu qua Vil ben vimg, vige sur dung vi
sinh vit tao ming sinh hoc trén cic vit ligu mang 4@ tao ra cic ché plmm xir ly & nhlem diu da va
dang dwgc quan tim nghién el [3]. [4]. Cie viit ligu mang ndy cb cie ciu triic ring va xop, cb
vai trd li chat hap phu diu va cac thanh phin cia diu. Nhé do, cac vi sinh vat tao méng sinh hoc
ton tai trén bé mit cia cac vit ligu mang nay s dé ding tiép cin vai cic chat giy 6 nhiém va
nhanh chong sir dung cac chit nhu ngudn carbon v nang luwgng cho qui trinh sinh tredmg coa
ching [5]-[8]. By chinh 1i diém khac biét vii cde san phim hoa hoc va sinh hoc dnn&, co trén thi
trirémg. Mt s6 vt ligu mang nhir than sinh hoe, soi nhe, . da durgre sir dung lim ché pham xir Iy
& nhiém diu [3], [8]. Tuy nhién, than sinh hoc cd nhwrge diém vé mit thim mi khi sir dung tai cic
kho xing diu; con s6i nhe giy khé khin trong vin hanh tai mot so khu vuc ty nhién. Bng thii,
vige tim kigm cie v lidu mang sinh hoc mai ludn duge chi trong d€ gia ting hiéu qua xir 1y va
gidm chi phi san xuit.

Vi viiy, trong nghién cinu niy, min cura 83 dugc lra chon dé lam chat mang cho cac ching vi
khuin tao mang sinh hoe o kha ning p]mn hiry din. Tir d6 tao ra ché phim sinh hoc va thir
nghiém higu qua xur Iy & nhiém diu cia ché pham

2. Viit litu va Phwong phip nghién cidu
21, Vit liéu

Cac miu dit va nude hi & nhiém diu Iy & mit s6 viing ven bign Thanh Hoa nhu cang Nghi
Som, x3 Hoding Thanh,..

Mtim ciea dum: thiu mua T oo &0 LI'I.'E bién gn & Ha Noi. Kich thude hat tir 0,5-4 mm. Min cua
ci dic tink xGp, ty trong thip, dé gilr im v khing moc.

Moi trudmg Meat-Peptone-Agar (MPA): cao thit: 5 (g/L), peptone: 10 {g/L), NaCl: 5 {g/L), pH
7. Mai trurémg MPA thach thi b sung 18 g/L. agar.

Moi trudmg khodang Gost: KNOg: 3 (g/L), MgS0,: 0.4 (g/L), KHPO,;: 0.3 (g/L), NaHPO,: 0.7
(g/L), NaCl: 1 (g/L), pH 7-7,2.

2.1 Phurerng phap
221 L:n it

. Sirdung cic phuong phap thong thudmg dé ldv cac miu dat va nuge & nhimg diém bj & nhiém
daw theo TCVN T538-6:2010 [9] va TCVN 663-1:2011[10]. Cic miu ndy s& duoc bao quan o 4
“C nhdm phuc vu cho cac cing viéc sau do.
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222 Nudii r.':i:r L‘L:.':H!.{ phirerg phiap ldm gidu

CCac méu thu thap vé sE durge nubi cé}' trong mdi tromg Mo khoang co bé sung 100 ppm
dau diesel hofic 50 ppm hin hop hydrocarbon thom da vong (PAH) gom anthracene, pyrene va
phenanthrene [11].

2.2.3. Phdn lip va a'u_vé-n chon cde chung oo bha ndng phdn iy cic thanh phffrr cliige me

Sau mdt thii gian nudi ciy lim gidu cic mu, cic ching vi khuin c6 trong cic miu do s&
duge phin ldp trén cac mdi trudmg tuong g 3@ chon ra cic ching cd kha ndng phin hoy diu
diesel (DO} hofc PAH [11].

224, Ffrl:rmrg Jr}frulﬂ xae dinh kha ndng tao hm,lrefm cua cde ching vi sink vdt va xde dinh anh
hirdmg ciia migt 56 didu kién nhee pH, nhiét d, nmrg dii NaCl lén kha ndng tao biofilm

Dé dinh gia khi ning tao mang sinh hoc cha cic ching vi sinh vit phan lap dugc, phuong
phip [12] 43 duge si dung biing cich dua chung nuéi cay non vio mai truomg MPA Inn;, Mnnb
sinh hoc tao thanh s& duge rra bing nurde cit vo tring dé loai bo hodn toin méi truimg nudi cay
vi cd dinh biing dung dich tim tinh thé 0,1%. Ming hinh thianh nav s& duge nira lai bing dimethyl
sulfoxide (DMS0) vi do & bude sdéng 570 nm. Cae chung ob méit 36 quang hoc cao s& duge lea
chon. Ching Acinetobacter calcoaceticus P23 dwge cung cfip bii G5, Morikawa (Ba hoc
Hokkaido, Nhit Ban) 43 duoc ding lam doi chimg duong. )

Cac gia i pH, nhigt dd, nﬁng dd MNaCl khac nhau 43 duge sir dung dé xac dinh anh hirdng cuia
ching 1&n kha ndng tao biofilm cua cic chung phin Lip duge.

225, Phan loai vi Khudn

Chung vi khuin duge dinh tén bing phuong phip gidi trinh tw mdt phin gen mi héa cho tiéu
phin ribosome 165, So sanh trinh tw nucleotide 16% rRNA clia ching vi khudn muc tidu véi trinh ty
nucleotide cia cac ching vi khudn chudn trén Danh sach cac tén goi sinh vit nhian so cd vi trel trong
danh phép (List of Prokaryotic names with Standing in Nomenclature - LPSN}. dira vio phin mém
Clustal X vi Treeview d¢ xiy dung ciy phét sinh ching loai ciia ching vi khiin nay [12]

226 Plaromg phép tao ché pham

Cée vt lidu mang duge khir tring trude khi tién hanh co dinh vi sinh vit clluyén hoa diu. Cac
chung vi sinh vir lya chon s@ dur_n: nhin nudi trong 500 ml !mi-i trudmg MPA ]r;-rl;g. Dich nudi -:5:,'
sau do duge ly tim logi bo moi teimg nudi va duge rira 2 Lin bing nuwde cat Tién hinh do OD o
e somg 600 nm vi déng thii dém mit dé té bio dé xdy dyng dwong chuin. Pha lodng dich
sinh I:hc-l vi khuin sao cho dat mit 46 t& bao 1a 105 CFU/ml va bd sung mun cua vio. U hnn hop
sinh khéi vi sinh vt v vt liéu mang & 28°C+2 trong 5 ngdy. Lhe pham duoe 1én men anp O cde
nhiét d§ v dg am khic nhau thich hop cho qua trinh 1én men xOp. Sau 5 ngay 1én men, ché phim
dirge say & nhiét 4o 40°C 42 tao ché pham [3].

2.2.7. Phuromg phep danh gid mdi dd vi sinh vt
Mt d6 1é bao vi sinh vit dirge xdc dinh theo phuong phap dém si lurgmg khudn lac CFU [12].
2.2.8. Danh gid khd ndng phdn huiy dau DO wi ede thah ;J."i:i'n fvdrocarbon themm

Cén 10 g ché pham phi hop vao 100 ml mirdre chira 200 ppm hdn hop PAH hodc 250 ppm diu
diesel vio binh tam gidc 1000 ml. Do nhe rGi dé tinh & 30°C. Sau 7 ngay nudi ciy, tién hinh
kiém tra mit 6 té bao cia ming sinh hoc tao thinh trén min cwa, chup anh hién vi djen LU quiet.
Lurgng dau DO trong cde mau nude truwde va sau xir [V duwoce xiac dinh béng phwong phip phin
tich khéi lirgng theo tiéu chudn TCVN 4582-88 [13]. Ham luong hydrocarbon thom con lai bing
phiremg phap phin tich sic kv long higu ning cao.

Cac thi nghiém dbi chimg bao gém thi nghiém chi sir dung hin hop nuai 2 ching vi khuin ma
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khing cd chit mang va thi nghiém chi su dung chit mang ma khéng ¢6 vi sinh vit
229 Phircmg phdp séde ky long hidu ndng cao (High Performance Liguid Chromatography - HPLC)

Min nudi ciy s& duge chiét xuat ba lin bing dung méi ethylacetat vii ty 1& 1:1. Dich chiét
xudt s& duge phian tich HPLC trén mdy Hewlett-Packard (Bad Homburg, Germany). Nhir hé
thong LiChroCart 125-4 RP-18 end-capped (5- -um) column (Merck, Darmstadt, Germany), che
san pha.m cua qua trinh chuyén hod cic thianh phin diu ma s& duge phin tich. Nong d6 dung méi
chay miu ban diu gim 30% methanol -70% phosphoric acid (0,1%6), sau 14 phit thi dat 100%
mel.lmnﬂl the @6 chay 1 mlphit. Ty vao dicéu kién cu thé, cac chuong trinh chay dé phan tich
mdu 58 ¢6 nhimg thay d6i cho phil hep.

22,10 Phicerng phap i ly s fidu

Cac I:Et qua, 0 ligu thu duge s dige xir 1y bing phuong phip t]1m1g ké sinh hoc. Da viao
phin mem Excel dé tinh gid tri trung binh, d§ léch chudn va v& 46 thi. Mdi thi nghiém dugc 1ap
lai 3 lin dé tinh trung binh miu.

3. Két qui va bin lujn
3.1, Lam gidu va phin lip vi khuin DO hoidc PAH

Cac miu dit va nurde bi nhiém din sau khi duge lay vé 43 duoc lam gian 3 lan én mai
trrimg khoang Gost co bé sung cic oo chat khac nhaw nhya 100 ppm DO, 50 ppm hén hop PAH
gom anthracene, pyrene, phenanthrene. Két qua, dd phin lap duge chung Bl va B3 ¢6 khi ning

sinh truomg Lot trén cie co chit diu DO va PAH (Hinh 1).
Kbk s sarily traeng b G doesst] cui 2B B il ralrer sl Srweersy Lrotn dim deree] o 1By B
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Hinh 1. &£fa nang sinh frivemyg cia 2 cheing vi bhudn B va B3 trén dau diesel (DO va PAH
Tiép tuc thir nghiém kha ning sinh truémg cia 2 ching nay trén DO va PAH vii cée nbng 46
100, 150, 200, 250, 300 va 350 ppm. Két qui cho thiy, ca 2 ching nay c6 kha nding sinh trudng
tot & 250 ppm PAH; vi 300 ppm DO (Hinh 1). Do d6, d& thir nghiém cic nghidn ci tiép theo,
che nong 4 200 ppm PAH va 250 ppm DO 83 dugc sir dung dé ddnh gid hidu qua phin hoy, Cic
chiing nay di duge sir dung dé nghién ciu kha ning tao biofilm va mdt s& yéu to anh hudmg tdi
kha nding nay.
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3.2. Khi ning tgo biofilm cia cdc ching vi sinh vit vi xic dinh dnh hiing cia mjt si diéu
kign nhie pH, nhigt dp, nong di NaCl 1én khd nidng tgo biofilm

Cac gid tri pH tr 3 dén 9, nhigt @5 vir 4 dén 50 °C va ndng 46 NaCl tir 0 dén 3% 43 duye sir
dung trong nghién ciu nay. Miang sinh hoc tao thanh cia cic ching duoe quan sit san 1, 2 va 3
ngay. Két qua duge trinh biy ¢ Hinh 2 a, b va c.

Két qua & Hinh 2a cho thiy, ching B1 trong cac thi nghiém & ngiy thir 2 déu co kha ndng tao
méng sinh hoc tot rong dai pH i 3 dén 8. O gid tr pH 9 thi ngay diu tién biofilm tdt nlumg 2
ngay tiép theo co sur suy giam nhe. Nhin chung, véi gia tri pH tir 3 dén 8, ca 2 ching nay déu tao
biofilm tét.

Twemg fr nhur trén, dai nong 4§ NaCl tir 0-3% ¢3 dwge lura chon dé nghién cin, nhim muc
dich tao ra ché phim cé thé (mg dung dwge ci mi trudmg nurde ngot vi nrde midn. Két qua cho
thay, khi so sanh véi ddi chimg drong {ching P23), cic ching c6 kha ning tao biofilm tot & cac
gid tri NaCl tir 0-2%; va ching B1 tao mang tt & nong dé 2,5% & ngay thir 2 (Hinh 2b). Ngoai
ra, cia 2 ching Bl vi B3 ¢d kha ning tao mang sinh hoc 1ot o p]:fn nhiét 46 kha rdng tir 25 dén 50
"C {Hinh 2¢).

Ak Bercmg cia pi dde ki g e bucdlle
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Nghién cinu [14] ciing cho thiy ndng d6 mudi, pH va nhiét 4§ tic ddng lén sy hinh thanh mang
sinh hoe cua L. monocyiogenes. O 37°C, lupng méng sinh hoe gim din o hiu hét cac chimg [
monocytogenes khi nong 46 NaCl ting tir 0,05 dén 15%, nhumg tit ¢ cie chung s déu e thé hinh thanh
méng sinh hoc ngay ca ¢ 1°C. Khing co sy khic bigt ding ké nao ve kha niing hinh thinh g sinh
hoc gilta pH 4, 5 vil 6, ngoai trir mdt so chung. Khi thir nghiém két hop cic didu kign stress, viée b
sung 15% NaL] 4 e ché ding ké sir phit trién cia L monocytagenes & 1°C va 4°C, va cac chiing
hinh thinh méng sinh hoc véu it nhay cam hom v nhiét 86 va xir Iv NaCl so vai cac chung hinh
thinh neing sinh hoc m:_mh. Bisht va cing sy [15] cling nhur Giacomucci va cing sur [16] d3 chimg
minh nhiét ¢6 anh huomg tod s biéu higén thue the khuan cua lodi Psevdomonas aeruginosa tao
ming sinh hoc.

3.3. Phiin logi dinh danh vi khuin

Hai ching B1 vi B3 43 duge dinh danh bing phuong phap gidi trinh tir mét phin gen ma hoa
cho tiéu phan ribosome 168. So sinh trinh nr 165 rRNA cia ching vi khuin mue tiéu voi céc
chung vi khudn chudn trén LPSN, dia vio phzm mém Clustal X vi Treeview. Két qua 2 ching 4
duoe dinh danh 14 Bacillus sp. B1 va Rhodococeus sp. B3, (Hinh 3).

R v DA )

j b - oy Pl AR ]
L Bl e (ABST I EES) i —Nakenrg e AW T TVE
| —— Baciha sp Bl L ity g el
I 1 .| B Bstwnrred g TRCTNGTT MR

Sendkin rervmn ATUC 43 (ALDIESTTR ]
- Mimsderomrz prwmoine [ 10007 1w v oy

[ G Pordesindi | ATTETM2) Ehsdeosnrn rhadschras R {120] (TR

Bowcaiuy fesrcn B- TR0 LAY L1238 [Lr———]
— Pl i Vi LAY TR 18 “'—hm'r.l'm.lu:u.h'l.: ARRITRT
Sacsiion mebsnden (AT TS 1) [ dhedrnscrs oufer FEITEN] (O
b e pm i |3 A RO " Lioraderur: rur i [BRBATHT (NRRLD

Bocilfuy calulsiheiicen THM 2307 | CRECSAE

(a) (k)
Hinh 3. Cay plar sink cheing logi cua chong 81 (a) va 83 b)

Diga trén kit qua phin logi va so sinh véi cac trinh tr gene trén ngin hing gene, két qua cho
t|15y ching Bl c6 @6 twong ddng 99% so vii ching Bacillus fexus (ABO21185), con ching B3
co 4§ nrong dfmb 99 so viai ching Rhodecoccus aetherovorans 10be3 12 [AF44?39]}

Cac loai Bacillus flexus vi Rhodococcus aetherovorans 83 duge cing bé c6 khi ndng Ph:m
hity v chuyén hoa tot cic hop chit kho phin hiy nha polyvinul chloride ha:.-' cac hop chit cd
chira nhom phenol [17], [18]. Bén canh d6. cic chi Bacillus v Rhodococcus déu 1a nhimng chi céd
kha ning phin hiry tot cic thanh phin ]wdrmarl:mn co trong diu mo (6],

Fod. By gia hidu qua cina ché phﬁm faer flvain

Viée sir dung chit mang dé ting hidu qua xir 1y tir liu 43 duge quan tim (g dung. Céc chung
nag.-' duge 1én men trén min cua dang min dé tao ché phim sinh hoc. Hinh anh hién vi dign nr
quét clia ché pham v cia chit mang duge thé hién & Hinh 4. Két qua cho t|1i!|}' trén vt ligu
nang khong xuat hién hinh anh cia cic ching vi khuin (Hinh 4a), con trong ché phim, cic té
bio vi khudn rit rd nét va oo mat dé cao.

Thur nghmm ché pham vir 200 ppm hin hgp PAH va 250 ppm DO. Sau 7 ngay, két qui chio
thiy ché phim c6 kha ning phin huy > B5% ham lugng diu tong s0 va 82% hén hop PAH. Bén
canh do, mat 46 vi sinh vt trong ché pha.m dd dwoe o thid diém ban diu vi sau 6 thing bdo quin
la 21x107 CFU/g va 5x107 CFU/g. _

Dmitrieva va céng su [7] khi thir nghiém biofilm tir lodi Alenivorax borkumensis dé phin hay
hexadecane thi ciing thiy ring 90% co chit 83 bi xir Iy sau 5 ngay thir nghiém. Trong 1 nghién
ciru trurdic dé, nhom tic gia nay cling chimg minh duoc biofilm cua Alenivorax barkumensis hinh
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thanh trén hat dit sét co kha ning phan I1u;-.-' 00% hexadecane sau & ngdy dnh gid. Bhatt va cdng
swr [5] A thir nghiém tao ché phim tir nim men Candida tropicalis trén s6i vi ciing thay higu qua
xr v din DO 14 97% sau 10 ngiy thi nghiém. Chung Pseudomonas aeruginosa LNR1 ciing da
dige chimg minh cé khi ning chuyén héa diu DO t6t hon khi & dang tao mang sinh hoe.
Chandran va Das IB] dd chirng minh biofilm tr chi Rhodococcus oo kha ning oxy hoa cic hop
chit hydrocarbon diiu mo 120 ra cic chit bé mit vi acid humic do do lam ting cudmg kha ning
phin hiy diu cia ching. Judrez va cong sur [18] di thng quan vé (mg dung clia biofilm wr vi sinh
vat trong xu Iy cac hoa chit dje hai va tiém ning img dung o quy md lon trong thure tién. Cic
nghién ciru déu cho thiy biofilm co nhiéu 4 dung dé xir Iy cic hy chit giy 6 nhidm nay.

5 a} . -NIL 5.0 8 derw 20,0 & “l

Hinh 4. l:.'an{-:"J.llJEE.HF tgo tharmh dudi kinh hién vi dién tir guét fa) v chdt mang (b

Hom thé nira, trong nghién cir nay con sir dung mun cura lam chit mang. By dugc xem la
ny.mn nguyén lidu sin co, ré tién va khong giy 6 nhiém thir cip la min cura. Vi vy, ché phim co
gid thanh ré va hiéu qua cao. E}nng thii, viéc sir dung rtin cura lam chit mang s& linh hoat sur
dung & cac diéu kign dia hinh khic nhau va khing gay mat thim mi vé mit mau sic. Két QU 1
ra tiém ning img dung cua ché pham trong Xir Iy o nhiém diu mo tai cac VLG VEn bién, cac kho
Kamg diu,... & Viét Nam.

4. Két luin

Nghién ciru ¢4 tao ra ché phim sinh hoc xir 1% 6 nhiém diu tr 2 ching vi khuin Bacillus sp.
Bl va Rhodococcus sp. B3 tao méng sinh hoc wén min cua. Cic chung nay duge phin lip or
miiu & nhidm diu lé}' tai bir bién Thanh Hoa vi ching c6 kha néng tao biofilm tit o cae didu kién
nhiét 46, pH va nong 46 NaCl khic nhauw. Ché pham tao thinh cd mdt &G vi sinh vat dat 21x107
CFU/g vt 5x107 CFU/g tai thi diém ban ddu va sau 6 thing bdo quan. Hiéu qua xir 1y dau DOy wa
PAH ciia ché phim dat tuong ng la hon 85 va E2% sau 7 ngay thir nghiém vdi cic nong d6 co
chat La 250 va 200 ppm. Trong thii gian toi, co thé thr nghiém trén cac mb hinh trong va ngodi
phong thi nghiém; cling nhw cd thé nghién ciru dé tang that gian bao guan.

Lir cim om
Cong trinh duge thue hién véi su hé tro kinh phi tor Dy an Sdn xudt thir nghiém mi S0

UDSKTN.UZ."EDEE-EIZ_]EE do Vién Han lim Khoa hoc va Cong nghé Viét Nam (VAST) tdi trg va
sir dung cie trang thiét bi tai Phong Cong nghé sinh hoc mdi trudmg, Vién Sinh hoc, VAST.

TAI LIEU THAM KHAO! REFERENCES

[1] %, . Mguyen, D T. Mguyen, and M. T. MNgo, " Assessing the impact of environmental pollution on
marine hiodiversity and proposing mitigation solutions,” (in Vietnamese), Environmental Jowrmal, vol.
4, pp. 30-33_ 2022

At . edu v Jat Email: jst@inu.eduvn



TNU Journal of Science and Technology 231[02): 350 - 357

[2] X. Chumyan, M. A, CQaria, X. 0}, and £. Daochen, "The role of microorganisms in petroleum
degradation: Current development and prospects.” Science of the Total Environment, vol. 885, 2023,
doi: 1001016 scitoteny. 202216111 2.

[3] T. L. Tran, T. L. Do, T. N. M. Cung. T. D. Tran, P. M. Tran, and T. M. C. Le. " An initial study on oil
pollution removal product using biofilm forming bacteria attached on husk biochar.” {in Vietnamese),
Vietnam Journal of Agricuftural Sciences, vol. 21, no. 2, pp. 207-214, 2023,

[4] B. Mahmoudkhani, A. M. Azar, A, Dehghani, and H. Ghoreishi, *Treatment of contaminated waters
with petroleum by moving bed biofilm reactor (MBBR),” fmterational Conference on Life Science and
Engimeering, vol. 45, pp. 12-16, 2012.

[3] P. Bhatt, K Bhatt, ¥, Huang, J. Li, 5. Wu, and 5. Chen, "Biofilm formation in xenobiotic-degrading
microorganisms,” Critical Reviews in Siatechinology, vol. 43, no. 8, pp. 1129-1145, 2023,

[G] B, Omarowva, L. T. Swientoniewski, 1. K. Mkam Tsengam, D A, Blake, V. John, A, McCormick, er al,
“Binfilm formation by hydrocarbon-degrading marine bacteria and its effects on oil dispersion,” ACS
Sustaimable Chemistry and Engineering, vol. 7, no. 17, pp. 144580-144898, 20149,

[7] D. Dmitrieva, V. 1. Grinevich, and M. M. Gensen, “Degradation of oil and petroleum products by
bincompositions based on humic acids of peats and oil-degrading microorganisms,” Russian fowrnal of
Ceneral Chemistry, vol. 92, no. 12, pp. 2920-2930, 2022,

[8] P. Chandran and M. Das, "Degradation of diesel oil by immobilized Candida tropicalis and biofilm
formed on gravels,” Biodegradation, vol. 22, no. 6, pp. 1181-118%, 2011.

[%] Vietnam Ministry of Science and Technology, Natfamal Standard TOVN 7538-6:2000 — Sampling,
collectian, processing and preservation af soif sample, 2010,

[10] Vietnam Ministry of Science and Technology, National Standard TOVN 683-1:2001 — Sampling amd
collection of water sample, 201 1.

[11]T. M. M. Cung, T. T. I} Thai, V. B. Nguyen, T. T. H. Mguven. and M. M. Mghiem, "Taxonomy of th
bacterial strain BTLP1 can degrade phenol by analysing the nucleotit sequence of the 165 rEMNA
pene,” (in Vietnamese), Sfourna! of Science and Techmology, vol. 50, no. 1, 20012, doi: 10.15625/0866-
TOEX/50/1/9467.

[12]T. M. Tran, T. M. M. Cung, T. L. Do, T. [} Tran, H. A, Nguyen, and T. M. C. Le. "Degradation of
hydrocarbon components by biofilm-forming Rhiobivm sp. DGE isolated from petroleum storage tank
in Ducgiang, Hanoi," (in Viemamese), Vietnam Sfouwnal of Agricwliural Sciences, vol. 22, no. 2, pp.
202-200, 2024,

[L3]Vietnam Ministry of Science and Technology, Mational Standard TCWN 4582-88 — Waste wate —
Method for the determination of oil and grease content, 1938,

[14]5. Labidi, A. lanosity. A, Yakdhane, E. Yakdhane, B. Suranyi, C. Mohacsi-Farkas, and G, Kisko,
“Effects of pH, sodium chloride, and temperature on the growth af Listeria monocytogenes biofilms,"
Acta Afimensaria, vol. 52, no. 2, pp. 270-280, 2023,

[15]K. Bisht. J. L. Moore, B M. Caprioli. E. P. Skaar, and C. A, Wakeman, “Impact of temperature-
dependent phage expression on Fseudomonas aseruginosa biofilm formation,” mgf Siofilms and
Microbiomes, vol. 7, no. 1, 2021, Art. no. 22,

[16]L. Giacomucci, M. Raddadi, M. Soccio, M. Lotti, and F. Fava, "Polyvinyl chloride biodegradation by
Preudomanas citronelfodis and Bacillus fexus,” New Biatechnology, vol. 52, pp. 35-41, 2019

[17]T. Mogina, M. Fomina, T. Dumanskaya, L. Zelena, L. Khomenko, 5. Mikhalovsky, er al, "A new
Rhodoroccus aetherivorans strain isolated from lubricant-contaminated soil as a prospective phenol-
bindegrading agent,” Applied Microbiology and Biotechnoiogy, vol. 104, no. B, pp. 3611-3625, 2020.

[1E]K Juares, L. Reza, L. Breton-Deval, [, Morales-Guezman, M. R Trejo-Hemandez, F. Garcia-Guevara,
and P. Lara, "Microaerobic degradation of crude oil and long chain alkanes by a new Rhodococcus
strain from Gulf of Mexico,” Woerld Jouwrmal of Microbiology and Blotechinology, val. 38, no. 10, 2023,
Art. mo. 264,

hsip s muedu o 357 Email: jst@muedu.vn



VIENHANLAM PANG CONG SAN VIET NAM
KHOA HOC VA CONG NGHE VN
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*

sé 296 - QP/HVKHCN Ha Noi, ngay 20 thing 5 nim 2026

QUYET PINH
vé viée thanh I14p Hoi ddng dinh gid luin vin thac si
- Cn ot Quyét dinh sb 175-QD/VHLKHCNVN ngay 28/4/2026 cta Chu
tich Vién Han 14m Khoa hoc va Céng nghé Viét Nam ban hanh Quy ché T chirc
va hoat ddng ctia Hoc vién Khoa hoc va Cong nghé;
- Céan ctr Thong tur 86 23/2021/TT-BGDBT ngay 30/08/2021 ctia Bd Gido
dyc va Pao tao vé viéc ban hanh Quy ché dao tao trinh 9 thac s,
- Can o Quyét dinh s6 1966/QB—HVKHCN ngdy 28/12/2021 cta Gidm ddc
Hoc vién Khoa hoc va Cong nghe v& viéc ban hanh Quy ché dao tao trinh d6 thac sf;
- Can clr Quyét dinh sb 724/QD "HVKHCN ngdy 28/06/2024 ctia Gidm ddc Hoc
vién Khoa hoc va Cong nghé vé viéc cong nhan hoc vién cao hoc khéa 2024A - Dot 1
nam 2024,
- C3n ctr Quyét dinh s6 1013/Qb-HVKHCN ngay 02/ 10/2025 ctia Gidm dbc
Hoc vién Khoa hoc va Cong nghé vé viéc cong nhan d& tai va clr nguodi huéng dan
luén van thac sf;
| - Xét d& nghj ctia Trudng khoa Sinh hoc, Trudng phong Pao tao,
GIAM POC HQC VIEN KHOA HQC VA CONG NGHE
QUYET PINH

Pidu 1. Thanh lap Hoi ddng danh gid luén vin thac st cho hoc vién Nguyen
Kiéu Huong véi d tai: “Nghlen ctru tao ché phim xir 1y 6 nhiém dau tir vi khuan
tao mang sinh hoc trén mun cua”

Nganh: Sinh hoc thyc nghiém M4 sb: 8 42 01 14

Danh sich thanh vién Hoi dong d4nh gi4 luan viin kém theo Quyét dinh nay.

Pitu 2. Hoi ddng co trach nhiém dénh gid luén vin thac sT theo dung quy
ché hién hanh ctia B6 Gido duc va Pao tao, Hoc v1en Khoa hoc va Cong nghé.
| Quyét dinh ndy c6é hiéu lyc trong thoi han tbi da 60 ngay lam viéc ké tir
| ngay ky va phai dam bao thoi han ddo tao theo quy dinh ctia Hoc vign. Hoi ddng tur
giai thé sau khi hoan thanh nhi¢m vy.

Pidu 3. Trucmg phong Té chiic - Hanh chinh, Truéng phong Dao tao,
Truong phong K& toan, Trudng khoa Sinh hoc, cac thanh vién c6 tén trong danh
sach Hoi ddng va hoc vién cao hoc ¢b tén tai Piéu 1 chiu trich nhiém thi hanh
Quyét dinh nay. jg/
Noi nhén:

- Nhu Diéu 3,

- Luu hd so hoc vién,
- Luu: VT, BT, mr.07.
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2 \VA COHY! M@n yin ctia hoc vién: Nguyen Kiéu Hiong

(Kém theo Quyét dinh 56 L5 - OB/HVKHCN ngay 20/ 5 /2026
\cua Giam dée Hoc vién Khoa hoc va Cong nghé)

\ ~Tén ¢&' iﬁl Nghién ciru tao ché phim xir Iy 6 nhiém diu tir vi khuan tao
N e aink hoc trén min cua.
Nganh: Sinh hoc thue nghiém
M3 s6: 8 42 01 14
Ngudi huéng dan: PGS.TS. Lé Thi Nhi Cong
- Vién Sinh hoc, Vién Han 1am KHCNVN
Ho va tén, hoe e Trich nhi¢m
TT ham, Chuyén Co quan cdng tic trong Hoi
) nganh x
hoc vi - dong
1 PGS.TS. Phi | Coéng nghé Vién Sinh hoc, Chit tich
" | Quyét Tién sinh hoc Vién Han 14m KHCNVN :
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truong Vién Han 1dm KHCNVN
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3 Eﬁ;yen Quing hoc Pai hoc Quéc gia Ha Noi Phin bign 2
4 TS. Dinh Thi Héa sinh Hoc vién Khoa hoc va Coéng nghé, Uy vién -
" | Thu Hing hoc Vién Han 1dm KHCNVN Thu ky
TS. Nguyén S§ | Hoa sinh Vién Sinh hoc, e
5 L& Thanh hoc Uy vien

Vién Han 1am KHCNVN

Héi ddng gdm 05 thanh vién. ﬁé/
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VIENHANLAM DANG CONG SAN VIET NAM
KHOA HQC VA CONG NGHE VN

HOQC VIEN KHOA HQC VA CONG NGHE
*

Ha N¢i, ngay 8 thang 6 ndm 2026
BIEN BAN HOP HOI PONG PANH GIA LUAN VAN THAC Si

Thuc hién Quyét dinh s6 256 - QB/HVKHCN ngay 20/5/2026 clia Gidm
dbc Hoc vién Khoa hoc va Cong nghé vé viéc thanh 14p Hai dé“mg d4nh gia luan
vin thac si cua hoc vién Nguyén Kidu Huong

Tén d& tai: Nghién ctru tao ché phim x 1y 6 nhidm dau tir vi khuén tao
mang sinh hoc trén mun cua

Nganh: Sinh hoc thyc nghiém

M3 s6: 8 42 01 14

H6m nay, ngay . 8/6/2026 Hoi dong da hop tai phbng hop 1710, A28, Hoc
vién Khoa hoc va Cong nghe vao lac 14 gio 00, Hoi ddng gbm 05 thanh vién:

1. PGS.TS. Phi Quyét Tién Chu tich hoi dong

2. TS. Pinh Thi Thu Hang Thu ky hoi dong

3. PGS.TS. Lé Thanh Son Phan bién 1

4. PGS.TS. Nguyén Quang Huy Phan bién 2

5. TS. Nguy2n S§ L& Thanh Uy vién hdi dong

Thanh vién ving mit: ........ D/f ............... (Phan bién hoic Gy vién,

d3 ¢6 ban nhan xét ddng y cho phép hoc vién dugce bao vé trude Hoi dong danh
gi ludn van thac si).

NOI DUNG LAM VIEC
1. Dai dién co s& ddo tao dgc quyét dinh thanh 1ap Hoi ddng dé4nh gi4 ludn vin
2. Chii tich Hoi ddng, diéu khién phién hop
3. Thu ky HB, doc 1y lich khoa hoc va bang diém cta hoc vién
4. Hoc vién trinh bay luén vin truée Hoi dong
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CONG HOA XA HOI CHU NGHIA VIET NAM
Ddc 13p — Tu do — Hanh phtic

BAN NHAN XET PHAN BIEN LUAN VAN THAC SI

Ho va tén ngudi nhén xét: Lé Thanh Son
Chire danh trong Hoi ddng: Uy vién phéan bién

Hoc ham, hoc vi: PGS.TS

Co quan cong tac: Vién Khoa hoc cong nghé Nang lugng va Méi trudng, V1en Han
lam KH&CN Viét Nam

Ho va tén hoc vién: Nguyén Kiéu Huong

Tén dé tai: Nghién ciru tao ché phém xr 1y 6 nhiém dau tir vi khudn tao mang sinh hoc
trén mun cua. |

Nganh: Sinh hoc thuc nghiém Ma s6: 8 42 01 14

NOI DUNG NHAN XET

1. Tinh c4p thiét, tinh thoi sy, y nghia khoa hoe va thuc tién ctia dé tai luén vin:

O nhiém dau trong moi trudng nuéc 1A mdt trong nhitng vin démdi trudng nhirc
nhdi hién nay & céc qudc gia ven bién, trong d6 c6 Viét Nam bdi cac sy cb tran dau, 10
ri tir dudmg 6ng, gian khoan va roi vai trong van chuyén,.. dién ra kha thudng xuyén va
gfy ra nhitng hdu qua nghiém tong v& moi trrdng, hé sinh thai duéi nude. Déu tao 16p
mang trén mit nude, ngén can qua trinh trao d6i oxy, din dén thiéu oxy nghiém trong,
gfy chét hang loat c4, tém, sinh vat phit du va pha hiy hé sinh théi thiy sinh. Cac hop
chét hydrocarbon doc hai thAm sfu vao trim tich ddy, tdn du lau dai, tich tu trong
chudi thiic #n, giy r6i loan sinh san, ung thu va tir vong & sinh vt bién. Tai Viét Nam,
v6i bor bién dai va hé théng séng ngodi ching chit, & nhiém diu dang de doa nghiém
trong da dang sinh hoc, nganh thity sén va du lich bién. Vi vay, nghién ciru cong nghé
xir 1y va 1am sach déu tran hié_‘:li qua bang céc cong nghé than thién v6i moi treong nhu
sir dung ché phdm vi sinh v4t trén nén céc phu phim noéng nghiép 1a hét sic cép thiét.

Nhitng phén tich trén cho thdy d& tai luan van c6 tinh cp thiét, c6 tinh thoi sy cao,
mang nhidu ¥ nghia khoa hoc va thue tién. '

2. Sy khéng tring 1dp cta dé tai nghién ctru so véi cdc cdng trinh khoa hoc, luan vin

da cong bd & trong va ngoai nuée; tinh trung thue, 18 rang va day du trong trich din tai
liéu tham khao:

DA tai lufin vin khéng tring lip v6i cac cong trinh khoa hgc, lufin vin da cong bd

& trong va ngodi nude. Viée trich dan tai lieu tham khdo 1a trung thyc, 18 rang va

tuong dbi day di.

3. Su phu hop gifra tén dé tai véi ndi dung nghién ctru cling nhu véi nganh va ma sd
dao tao:

Noi dung nghién ctru pht hop véi tén dé tai va phi hop v6i ma nganh sinh hoc
thuc nghiém 8 42 01 14.




4. D6 tin cdy va tinh hién dai clia phuong phédp nghién ctiru da st dung dé hoan thanh
luén van:

Dé tai luén vin st dung céc phuong phép nhu: nudi cly lam gidu mat do vi smh
vat, phén l4p va sing loc ching vi sinh vét, phan loai dinh t€n céc ching vi khudn,
phuong phép xdc dinh mét d6 vi khudn, cac phuong phap phén tich dic trung hoa, ly
ctia vit li€u nhu tan xa nang luong tia X, x4c dinh dién tich bé mat vat liéu BET, nhiéu
xa tia X, SEM, phan tich bang HPLC, GC-MS, phuong phép thuc nghiém, xi 1y sb
liéu théng ke,... Pay du 13 c4c phuong phap nghién ctru va ki thuétu hién dai, phu hop
v6i ndi dung nghién ciru cua ludn vin, do do két qué dat dugc c6 do tin cdy, do chinh
X4c cao.

5. Két qua nghién ctu cta lufin van:

D2 tai luéin viin da dat duge mot s6 két qua quan trong sau:

- D4 phéan 14p dugce 2 ching vi khuln Bacillus sp. B1 va Rhodococcus sp. B3
mdi tredong ban dia tai ving bién Thanh Héa c6 khé ning phén gidi dau diesel va hdn
hop céc hydrocacbon thom véi hiéu sult cao va kha niing tao mang sinh hoc trén vt
liéu mimn cwa tho va min.

- P3 danh gia dugce sy anh hudng cla nhiét d, pH, néng dd NaC(l dén kha ning
tao mang sinh hoc cla 2 ching nay tir d6 ché tao thanh cong ché phim sinh hoc ¢6 kha
nang xir Iy dau. :

- Pd dénh gia duoce kha ning xt Iy diu trong nude cia ché phim trén mau nude
thai gia 14p co ndng dé dau DO 250 ppm va PATI 200 ppm. Sau 7 ngay, vai ty 1€ ché

phim 10%, 80% diu DO va khoang 82% PAH da duoc xir ly.
6. Nhitng han ché, thiéu sét ciia ludn vin v& ndi dung, hinh thitc va cu héi:

V2 hinh thire: b6 tri lai cdc dd thi, hinh anh & vi tri phit hop, tranh céc do thi b
dan sang 2 trang hoédc d& qué nhidu khoang tréng hoiic dd thi két qua & qué xa cdc doan
text nhan xét vé két qua lién quan dén dd thi. Chinh xé4c hoa lai cac cong thic, da
lugng c6 chi 86 trén, dudi (vi du nhu m?).

V& noi dung:

- Ra soét, chinh stra 181 dién dat cAu, thuat ngit khyoa hoc chua chinh xdc & mot sb
chd (chi tiét xem trong luén vin).

- Bang danh muyc chit viét tht: bd sung céc chit viet tit con thiéu. Chuén héa lai
thudt ngir ctia chir viét tat HPLC.

- Chuong 1- Téng quan: sb liéu vé hién trang 6 nhiém diu tai Viét Nam (muc
1.1.2) sir dung sé lidu qué cfi, cAn cdp nhat c4c sd liéu méi hon.

+ B6 sung tng quan vé cac ching vi khuén c6 kha ning phan huy dau, co ché
phén hiiy d4u va tao mang sinh hoc cia cdc ching nay.

- Chuong 2:




+ Tén Vién Han 1am viét sai, cin chinh sira lai.

+ CAn théng nhét lai 13 cac ching vi khuén st dung trong dé tai ludn van 1a ching
duoc hoc vién tu phan 14p tir méi trudng ban dia hay cdc ching dugc tuyén chon tir
nguf”)n luu trit vi khuén cta Vién Sinh hoe ?

+ P& twong nghién ciu: bd sung thém nude thai chua ddu DO va PAH.; Cén chi
rd 12 mau nude thue hay miu nude md phong.

+ C4c héa chét sit dung nén c6 db tinh khiét di kém hoic ngudn gbe xuét xt. Nén
Juge bo cde dung cu thi nghiém co ban nhu dng dong, pipette,...

+ Muc 2.3.1 14y mAu can chi rd khu vire 14y mAu dét va nude dé phan 18p chung vi
khuén phan hay duge dau.

+ Nhin chung céc phuong phép bd tri thue nghi¢m va mot s6 phwong phép nghién
ctru quan trong nhu phén 14p, tuyén chon, xac dinh kha ning tao biofilm, phuong phip
tao ché phim, phwong phap xdc dinh mat do vi khun,... nén c6 mo ta chi tiét, ngén
gon thay vi chi néu 1a lam theo phuong phip A, B, C ciatac gia X, Y, Z. -

+ Bb sung md ta thi nghiém d4nh gié kha ning xir Iy dau bang ché phdm ché tao
duoec. ,

+ Chi 16 ‘gi4 tri AOD 600 nm duge do bing phuong phap, thiét bi nao, cach tinh
nhu thé nio.

- Chuong 3:

+ Khéng nén md ta, phan tich lai két qua nghién ctru ctia cic téc gid khac gibng
nhu phén téng quan, ma nén 16ng ghép vao dé giai thich, bién ludn két qua dat dugc
hoiic so sanh két qua dat duoc véi két qua clia céc tac gia khic.

+ Mot s6 chd giai thich nén ¢6 trich dan ngudn (chi tiét xem luén véan).

+ B sung két qua v& viée tao ché phidm xir ly dau, két qua danh gid mic do abi
khang cta cic chung B1, B3 khi st dung cung lic.

+ Luan giai I§ do chon ndng d6 PAH 200 ppm va DO 250 ppm trong mau nudc
thai gia 1ap.

- Cau hoi d6i véi hoc vién:

+ Trong QCVN 08:2023/BINMT vé chit lwong nuéc mit hay QCVN
10:2023/BTNMT v& Chét lugng nu6c bién, nhitng théng s nao thé hién mac do o
nhiém déu trong nudc.

+ Ché phdm nay c6 thé xir Iy nudc dat c4c quy chudn trén hay khong ?

7. Néu tac gia chua Viét bai bado khoa hoc thi ndi dung cta ludn vin co thé dugc viét

thanh céc bai bdo dé giri ding trén trén tap chi khoa hoc, sich chuyén nganh hodc
tuyén tip cong trinh hoi nghi khoa hoc cép quoc gia, quoc t¢ hay khong?

Két qua ciia ludn vin d dugce cong b trong 2 bai béo dang trén tap chi Khoa hoce
va Cong nghé ciia Pai hoc Thai Nguyén.




8. Két luan chung (khing dinh mirc d dap Gng céc yéu cau dbi vai mot luén vin Thae
s1; ludn vin ¢6 thé dua ra bao vé dé nhan hoc vi Thac sT dugc hay khong?):

Luén 4n nay hoan toan dép mg cac yéu ciu dbi v6i mot ludn vin Thac st va luén
vin ¢6 thé dua ra bio vé dé nhan hoc vi Thac st ciia Hoc vién Khoa hoc va Cong nghé.

Ha Noi, ngay 27 thang 05 ndm 2026

Nguwdi nhin xét
(Ky, ghi 15 ho tén)

/?/ |

L& Thanh Son

Luu y:

- Nhdn xét duoc Iam thanh 02 ban, cé chit ky cia nguoi nhdn xét va giri vé phong Dao tgo
02 ngay trudc budi bao vé.

- Dia chi lién hé: CV. Nguyén Thi Minh Tdm phong Ddo tao, Hoc vién Khoa hoc va Céng
nghé, Vién Han [am Khoa hoc va Cong nghé Viét Nam. 18 Hoang Qudc Viét, Nehia Pé,

Ha Noi. DT02438689977- 0946082099




CONG HOA XA HOI CHU NGHIA VIET NAM
Déc ldp — Tu do — Hanh phiic

BAN NHAN XET PHAN BIEN LUAN VAN THAC si
Ho tén nguoi nhan xét: PGS.TS. Nguyén Quang Huy
Chtrc danh trong Hoi ddng: Phan bién 2
Co quan codng tic: Khoa Sinh hoc, Truong Pai hoc Khoa hoc Ty nhién
Ho tén hoc vién: Nguyén Kiéu Hirong
Tén dé tai: Nghién ctru tao ché phim xi [y 6 nhim du tir vi khudn tao mang sinh
hoc trén mun cua

Nganh: Sinh hoc thuc nghiém - Misb 8420114

NOI DUNG NHAN XET
1. Tinh cdp thiét, tinh thoi su, ¥ nghia khoa hoc v thuee tién ciia d3 tai ludn vén:

O nhiém dau d4, dang va s& ludn 13 vAn @2 cin gidi quyét khi tinh hinh 6 nhidm
véi cic sy cd trong khai thac, van chuyén, tdn trit va sir dung. O nhiém dau gy ra
nhiéu tic dong su rong t&i céc hé sinh thai c4 méi trudng dét 1idn 1An thuy vue véi
hiu qua c6 thé kéo dai trong nhidu nim. Céc bién phép co hoc va hod hoc gitp xir
Iy nhanh viéc 6 nhiém nhung phy thuéc vao diéu kién trién khai khi xi I va ¢6 nguy
co tao ra 6 nhiém the phat. Xi Iy sinh hoc dwge quan tdm nhu huéng di bén viing
dva trén kha nang phén giai hydrocacbon cia vi sinh vét.

Trong s6 cdc ki thuat sinh hoc duoc ap dung trong xit 1y 6 nhiém dau, huéng
nghién ctru d6i véi céc vi khuén tao mang sinh hoc (biofilm) dugc chiiy vi gitip tang
khé ning bAm dinh, duy tri sinh khéi va kha ning chéng chiu céc yéu té méi trudng,
Dé ap dyng thye té ngoai viée ¢ ching vi khuln c6 hoat tinh manh viéc lya chon
vt liéu mang pht hgp s& gop phﬁn ning cao hiéu qua xtr Iy. O Viét Nam, mun cua
1a phy phém sin c6, gid ré va c6 chu trac xbp phdt hop cho vi sinh vét hinh thanh
biofilm nhung chua dugc nghién ciru ting dung trong xtr 1y 6 nhiém né6i chung va 0
nhiém diu n6i riéng. =




P& tai luén vin v6i muc dich tao va dénh gia hiu qua xir Iy 6 nhidém diu ciia
ché phém sinh hoc duge tao ra biang cach ¢ dinh vi khuin phan giai dau va hinh
thanh biofilm trén min cua 14 @8 tai khong chi ¢6 tinh khoa hoc ma con ¢6 ¥ nghia
ting dung thuc tién cao.

2. Sw khéng trimg ldp cia dé tdi nghién ciru so véi cde cong trinh khoa hoc, ludn
vin dd eong bé trong va ngodi nmude; tinh trung thue, rd rang va day di khi trich
dén tai liéu tham khdo:

P& tai nghién ciru khong tring lp véi céc két qué nghién ctru trong va ngoai
nude. Cac trich din tai liéu trong cic ndi dung nghién ctru, thao ludn két qua déu 5
rang, trich din c6 trong danh muc tai lidu tham khao diy do.

3. Su phis hop gifta tén dé tai véi ndi dung nghién cikbu ciing nhw véi chuyén nganh
va mé sé dao tao:

Tén d tai luén viin va muc tiéu nghién ctu 12 phit hop véi chuyén nganh Sinh
hoc thue nghiém

Céc ndi dung nghién ctru v& (i) phén 14p, danh gia hoat tinh sinh hoc clia céc
chiing vi sinh v4t phin huy hydrocarbon va tao biofilm; (ii) thir nghiém vt liéu mang
mun cwra cho viée tao ché phim xit Iy 6 nhiém dau 1a hoan toan phu hop vdi chuyén
nganh va mi sb dao tao.

4. D¢ tin cdy va tinh hién dai cia phwong phdp nghién ciru da sir dung dé hoan
thanh ludn vin:

Pé hoan thanh ludn vin, hoc vién da sir dung céc ching vi khuén tir ngudn
luru trit ctia Phong Cong nghé sinh hoc moi trudng, Vién Sinh hoc; Céc vat liéu khac
nhu min cua dwge mo ta kha rd rang vé tiéu chudn, kich thudec.

Céc phuong phéap nghién ctru danh gid chung 14 ¢6 tinh chinh xac va tin ciy
cao, dam bao d6 lap lai vA duge thuc hién trén cdc thiét bi phi hgp. Cac phwong
phép nghién ctru duge trich din kha diy du va hoan toan phit hop cho viée thye hién
c4c ndi dung nghién ctru d& tai. Céc phuong phép duge chia thanh cdc nhém chinh:
(i) Phuong phép vi sinh bao gbm phén 1ap sang loc c4c ching phan huy hydrocacbon
va x4c dinh kha niing tao biofilm trong cdc diéu kién méi trudmg khéac nhau; (i) Céc
phuong phép tao, d4nh gid va xédc dinh thanh phin c6 trong ché phdm bang céc ki
thuét vat 1i; (iii) phuong phap danh gia hidu qua ché phm.



Céc céc két qua duoe xir 1y théng ké con dam bao dd chinh x4c, tin cdy.
5. Két qud nghién ciiu ctia ludn vin.

- D phén 14p, tuyén chon 2 chiing vi khuén Bacillus sp B1 va Rhodococcus
sp B3 ¢6 hoat tinh phén gidi hydrocacbon thom va c6 kha niing tao biofilm. Cac
chiing ddu dwoc giai trinh ty 16S RNA, dénh gid tdi wu kha ning tao mang va thi
nghiém kha ning dbi khang.

- Dénh gi4 duoc cu triic, thinh phin nguyén té chinh ctia min cua dé 1am vat
liéu mang. Ché tao dugc 2 ché phim va thir nghiém sau 7 ngy bd sung véi lugng
10% ché phim v6i cac didu kién cu thé cho thiy da xir Iy dugc 85% déi véi dau DO
va 82% v6i PAH v6i nhidu nhém hop chit thom gidm dang ké.

Cac két qua nghién ctru dap tmg duge muc tidu, ndi dung dé ra cia ludn vin.
Céc két qua thu nhén 12 phong phti dugc thé hién qua cic bang, hinh 13 rang. Cac
két qua cfing c6 ban lun so sdnh vé6i céc nghién citu trong va ngoai nudc thé hién
duge tinh méi va hiéu qua xit ly 6 nhiém trong nghién ctu.

6. Nhitng han ché, thiét sét ciia ludn vin vé néi dung, hinh thikc va cdu hoi:

- Téng quan nén gidm b6t phan vé hién trang 6 nhidm diu trén thé giGi va Viét
Nam ma nén ¢6 thém co ché phan giai va tao mang biofilm tir cdc chiing vi sinh vat
va (g dung céc san phim véi hidu qua.

- Phuong phép tao ché phim cén 1am 16 hon. Néu phén 1ap tir m&u ty nhién
nén mb ta ki hon vé vi tri, dia diém va céch thic thu nhan méu.

- Két qua nghién ctru cin 1am 15 phan 14p va tuyén chon dugce bao nhiéu ching
trude khi chon 2 ching B1 va B3. Lam r6 hon céc nghién ctru dé tao ra dugce ché
phém (ty 1¢ phéi trdn, cach thirc...) mic dii trong bai bdo da duge mo ta. Mot $6 hinh
cAn b6 b6t phén ticu dé.

- Két ludn con dai mang tinh 1iét k& cac két qua.

- Hoc vién c6 nghi dén viéc két hop véi céc chiing khac trong bd suu tip cla
Phong dé tao ra ché phém t&t hon tir viée st dung nhidu chiing hon khong?

7. Néu tdc gia chua viét bai bdo khoa hoc thi néi dung ciia ludn véin c6 thé duge viét
thamh bai bdo dé giri ddng trén tap chi khoa hoc, sdch chuyén nganh hodic tuyén tdp
c6ng trinh héi nghi khoa hoc cdp qudc gia, qudc té hay khong?




Hoc vién Nguyén Kiéu Huong da ¢6 02 cong bd v6i nhém nghién cfru trén
tap chi Khoa hoc va Céng nghé, Pai hoc Thai Nguyén (tap chi trong danh muc ctia
Hoi ddng Gido su nha nuéc nganh Sinh hoc). Cac két qua trong bai béo déu c6 lién
quan dén két qua ludn vin.

8. Két lu@in chung:

Luén vin Thac si clia hoc vién Nguyén Kiéu Hwong dép tng dly di cac yéu
ciu d8i voi mot luén vin Thac sT va luén vin c6 thé dua ra bao vé @ nhan hoc vi
Thac si.

Ha No¢i, ngay 23 thang 5 nam 2026
Nguwdi nhin xét
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PGS.TS. Nguyén Quang Huy




VIEN HAN LAM

KHOA HOC VA CONG NGHE VN
HOQC VIEN KHOA HOC VA CONG NGHE

Ho tén hoc vién: NGUYEN KIEU HUONG

Tén d@ tai luan vin: “Nghién ctru tao ché pham xi 1y 6 nhidm dau tir vi khuan tao

PANG CONG SAN VIET NAM

BAN GIAI TRINH CHINH SUA LUAN VAN
THEO KET LUAN CUA HOI PONG PANH GIA LUAN VAN THAC SI

mang sinh hoc trén mun cua”

Nganh: Sinh hoc thuc nghiém
M3 sb: 8420114

Ngudi huéng dan khoa hoe: PGS. TS.

Ngay bao vé luan van: 08/06/2026

Can cir bién ban hop hoi dong danh gia ludn vén thac si, hoc vién da chinh

stra luan van nhu sau:

Lép: BI02024A

L& Thi Nhi Cong

STT

Noi dung d& nghi bo sung,
chinh sura

N6i dung da bo sung, chinh sta

Viét 1ai ndi dung phan 1.1.2.
Hién trang 0 nhiém dau tai Viét
Nam bang céc s6 liéu cap nhat
ma&i hon.

P viét lai hoan toan ndi dung
phan bang s6 liéu m&i nhét.

Phin "Phuong phap" cin lam 13
hon

Pa néu chi tiét timg phuong
phéap 6 ndi dung cuia 2.3.
Phuong phap nghién ctu, c6 mo
ta thém trong Phu luc 1

Chi 18 "gia tri AOD600nm durge

do bing phuong phap, thiét bi
nao, cach tinh nhu thé nao?

D3 thém vao phan "2.3.2.1.
Phuong phéap xac dinh kha nang
tao biofilm cua cdc chiing vi
sinh vat" trong Phu luc 1




V& hinh thire: b tri lai cac do
thi, hinh anh, tranh khoang
trang. Chinh xé4c héa lai cac
cong thic, chi s trén dudi.

P4 stra cho hop ly, chinh xéac

Danh muc chit viét tit chua day
da

D3 thém diy di Danh myc chir
viet tat

Ra soat, chinh sira 16i dién dat
ciu, thuét nglt khoa hoc

D3 sira lai cach dién dat cho trau
chuot va khoa hoc hon

Théng nhét lai cac ching vi
khuén str dung trong luén van la
ching dugc phén 14p tir moi
truong ban dia hay cac chung
duogc tuyen chon tir nguon luu
trit vi khuan ctia Vién Sinh hoc

Cac chung vi khuan st dung
trong ludn vén la chung dugc
phén 1gp tir m6i truong ban dia.
Pé xuit hudng nghién cttu tiép
theo, c6 thé sir dung cac ching
tir ngudn luu trit vi khuén ciia
Vién Sinh hoc, nghién ctru sy
két hop gilta cac chung dé tao
ché pham dat hi¢u qua xu ly dau
cao hon

Déi twong nghién ciru bo sung
thém nudc thai chira dau DO va
PAH

Pa bd sung

Luén giai ly do chon nbng do
PAH 200ppm va DO 250ppm
trong mau nude thai

Da bd sung ly giai

10

K&t luan con dai, mang tinh liét
ké cac két qua

P4 viét lai két qua ngan gon

11

Nén déanh gia kha nang song sét
cia vi khuéan phén 1ép dugc ¢
cac nong d6 NaCl khac nhau

P2 xuit huéng nghién ciu tiép
theo & cac nong do6 NaCl cao
hon

12

Xem lai mot s6 thuét ngit khoa
hoc cho chinh xac

Chuén héa lai thuat ngft ctia
HPLC

13

L.am r& hon cédc nghién ctru dé
tao ra dugc ché pham, méc du
trong bai bao da dugc mo ta

pé xuat hudng nghién cuu tlep
theo vé ti 18, cach thtre.. .dé phoi
tron cac chiing dé hiéu qua xir ly
ctia ché phdm t6t hon
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Hoc vién Nguyén Kiéu Huong chan thanh cam on Quy thiy, cb trong Hoi
dbng danh gia ludn vin thac sT d& gop y va tao co hdi cho hoc vién hoan thién luan
vén cua minh.

Xin tran trong cam on./.

Ha Néi, ngay 15 thdng 06 ndm 2026

CHU TICH HQI PONG TAP THE HUGNG DAN HQC VIEN

Lé Thj Nhi Cong Nguyén Kidu Hwong

XAC NHAN CUA CO SO DAO TAO Y
KT. GIAM bOC

HO GIAM DOC

A

% \VA CONG NoHE /&)

Nguyén Thi Trung
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