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TOM TAT

Qua trinh khai thac va van chuyén hydrocarbon dau mo gay 6 nhiém dat va nudc anh huong
nghiém trong ti mdi trudng bién va strc khoe ciia con nguoi. Hién nay, tmg dung phuong phép phan
hay sinh hoc dé xir 1y dat, nuéc 6 nhiém dau dugc xem la phuong phéap hi€u qua, an toan va than
thién v&i moi truong. Tuy nhién, dé ting kha ning sdng sot va duy tri 6n dinh s6 luong cting nhu hoat
tinh cua cic tac nhan phan huy sinh hoc tai cac ving 6 nhiém, vi sinh vat (VSV) can duoc c6 dinh 1én
chat mang. Kha ning phan hiyy dau ciia VSV ¢6 dinh lén chét mang da dugc minh ching 1a tot hon
s0 v6i VSV 6 trang thai tw do. Trong nghién ctru nay, kha ning c6 dinh chung Bacillus sp. VTVK15
lén xdp polyurethane (PUF) da dwoc danh gia. Hiéu qua c¢b dinh 1én PUF cua ching Bacillus sp.
VTVK15 dat 92% tuong duong véi (5,38 + 0,12) X 108 CFU/g sau 8 ngay c¢b dinh. Két qua phan tich
GC/MS cho thay, ching Bacillus sp. VTVK15 dugc ¢é dinh 1én PUF c6 kha niang phan huy
hydrocarbon 1a 90%, t5t hon 25% so véi & trang thai ty do khong duge cb dinh (65%) sau 14 ngay.
Diéu nay minh chimg tiém ning tng dung chung Bacillus sp. VTVK15 ¢6 dinh 1én PUF trong xtr Iy
6 nhiém hydrocarbon didu mé & ving nuéc mé ven bién bang phwong phap phan hity sinh hoc
(Bioremediation).

Tir khéa: Bacillus, chung VTVK15, ¢ dinh, phan hay hydrocarbon diu mé, phan huy sinh hoc, xdp
polyurethane

MO DAU

Cung v6i sy phat trién kinh té, nhu cau vé
nang luong ctia Viét Nam ngay cang gia tang.
Viéc khai thac va sir dung manh mé daumo trong
moi linh vyc dang thiic diy qua trinh c6ng nghiép
héa, hién dai hoa cua dat nude nhung déng thoti
ciing tao ra nguy co lam 6 nhiém mai trudng do
tran dau dan dén mat can bang sinh théi.

Khi ¢6 sy ¢6 tran dau trén bién, do dau tran
lan nhanh trén mit nu6c nén lugng dau thu hdi
dugce bang cac phuong phap vat 1y va co hoc
truyen thong nhu st dung phao quay dau, bom
hat dau, vat liéu hap phy, chat phéan tan. ..thudng
thip, luong dau con lai bj song danh vao bd giy
6 nhidm dat, cat, trAm tich & ving triéu ven bién
(Merv Fingas, 2013).

Trong s6 cac phuong phap dugc ing dung dé
khic phuc 6 nhim diu tran & ving tridu ven bién
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nhu loai bo co khi, 1am lai dat, téy ria... bién
phap phan hily sinh hoc (Bioremediation) bang
VSV d3 duoc nhiéu nha khoa hoc quan tam
nghién ctru va ing dung thanh cong ¢ nhidu nudc
trén thé gidi do phan huy triét dé hydrocarbon
dau mo, chi phi thdp va khong giy anh hudng
doc hai toi moi truong. Pay 1a phuong phap bo
sung VSV phan hay dau va chéat dinh dudng
(nitrogen, phosphorous...) vao moi truong 6
nhiém nham thuc day qua trinh phén huy sinh
hoc hydrocarbon ddu mo. Trong qua trinh nay,
cic VSV s& dong hoa cac hydrocarbon dau mo
ddc hai thanh sinh khéi té bao va giai phong ra
cac san pham khong doc hai nhu H.0 va CO;
(Rosenberg Ron, 2014; Ndimele et al., 2018).

Tuy nhién, kho khan thuong gap phai khi tmg
dung phuong phap phén huy sinh hoc dé xu ly
dau tran ¢ ving triéu ven bién, dic biét 1a ving
gian triéu (noi chiu tac dong cua song, gio, thuy
triéu) 1a VSV bd sung vao moi truong 6 nhiém
thuong bi két tia (do khong co thiét bi khudy co
hoc san c6) hay ria troi (do hoa tan vao nudc
bién). Vi vay, kha ning tiép xtic cia VSV véi dau
6 nhiém thuong thap. Do d6, VSV can duoc cd
dinh 18n chat mang dé giup chang c6 thé khu tra
tai giao dién nude-dau noi dién ra qua trinh phan
hay hydrocarbon dau mé. Viée c6 dinh VSV con
gitip cai thién kha ning sbng sot, duy tri 6n dinh
sO lwgng ciing nhu hoat tinh ctia cac VSV nay,
ddng thoi bao vé ching khoi didu kién moi
truong khic nghiét (Ma et al., 2013; Wang et al.,
2015).

Céc nghién ctru trén thé gidi va ¢ Viét Nam
d3 minh chimng, sir dung cac chit mang dé ¢6 dinh
VSV gitp nang cao hiéu qua xir ly dat, nudc 6
nhiém dau (Liu et al., 2015; Simon et al., 2012;
Lin et al., 2014; Lai Thay Hién, Vuong Thi Nga,
2014; Lé Thi Nhi Cong et al., 2015). Do d6, viéc
nghién ctru Iya chon thém cac chit mang t6t, phu
hop dé cd dinh VSV 1a can thiét nham mé rong
ung dung phuong phap phan huy sinh hoc.

Ngoai cic wu diém nhu c6 kha ning ¢ dinh
lugng 16n té bao VSV, ndi trén bé mit nudc, co
tinh 6n dinh co hoc cao, khong tan trong nudc,
gia thanh phu hop va khéng doc ddi véi moi
truong sinh thdi, PUF (chdt hiru co tong
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hop)duoc Iya chon con c6 kha ning hip phu, 6n
dinh sinh hoc va hoa hoc, c6 kha nang khuéch tan
cao, 0 tinh ky nudc, ua dau, do rdng (x6p). Hon
nira, kha ning kiém soat cac dic tinh hoa 1y cua
vat lidu nay gitp VSV dé dang tiép xuc vi phan
tar dau dé thuc hién qua trinh phan huy. Trong
nghién ciru nay, ching toi tién hanh danh gia (1)
hiéu suit ¢6 dinhching Bacillus 1én PUF va (2)
kha nang phan huy nuéc 6 nhiém dau cta chung
Bacillus da c6 dinh nay nharn tao ché pham xu ly
dau 6 nhidm & viing gian triéu ven bién.

VAT LIEU VA PHUONG PHAP

Vit liéu

* Ching Bacillus sp. VTVK15 c6 kha ning
phan hiay dau dugc phan lap tir gieng khoan dau
khi Viing Tau. Chung nay c6 kha nang sinh
truong tot o nhiét do 20-42°C’(t6t phét o 30-
37°C), nong do muoi (0-6%) (tot nhat & 2-4%),
pH 4-9 (t6t nhat & pH 6-8).

* Méi trudng nudi cay vi khuan nghién céu

(1) Mbi trwong nudi cay hoat hda va Ién men
thu sinh khéi té bao cia ching vi khuin
nghién cau. Moi truong HKTS (g/1): NHsNOs 2;
KH2PO4 1; Glucose 1; KCI 0,25; MgCl, 1,2; Cao
men 0,2; Cao thit 3; peptone: 5; NaCl 20 (b4 sung
50% nudc deion va 50% nudc bién c6 dd mudi
3%); pH7; (2) Mbi trwong danh gia kKha ning
sinh truéng va phan hiy dau tho cia chiing vi
khuén nghién ciru . M6i trudng khoang téi thiéu
(g/): MgSOs 0.2; CaCl, 0,02; KH.PO; 1;
(NH.)2S04 4; FeCls 0,05; NaCl 20; pH 7.

* Xop Polyurethane (Polyurethane foam-
PUF) dugc cung cap tir Vién Ky thuat nhiét dai,
Vién Han 1dam Khoa hoc va Céng nghé Viét Nam
c6 mat d6 khéi 1a 105-110g/1it. PUF da dwoc khir
tring bang con va siy kho chan khong trudc khi
tha nghiém.

* Dau tho dugc lay tor mo Réng, Viing Tau do
Xi nghiép khai thac déu’khi, Lién doanh Viét
Nga, Vietsovpetro cung cap.

Phwong phap nghién ctru
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* Cé dinh vi khuan lén PUF: Chang Bacillus
sp. VTVK15 giir -30°C dugc hoat héa qua dém &
37°Cdugc bo sung vao moi truong HKTS va nudi
cay & diéu kién 180 vong/phit. Sau 3 ngay, ly
tam thu hdi sinh khéi té bao & 4000 vong/phut
trong 30 phit & 4°C. Sinh khdi té bao duoc hoa
lai trong méi truong khoang sao cho s6 lugng vi
khuan dat khoang 108 CFU/mI. Tron hdn hop
dich chira vi khuan Ién PUF (1 cm x 1 cm x 1 cm)
Véi ty 18 10:1 (v/w) va nudi lic trong méi truong
khoéng & diéu kién 180 vong/phut, 37°C trong 12
ngay. Theo ddi kha ning cd dinh cua vi khuan
Ién PUF sau 2, 4, 6, 8, va 12 ngay (ké tir khi bét
dau cb dinh). Mau duoc phan tich 2 lan lap lai.

* Panh gia kha ning c6 dinh vi khuan lén PUF:
PUF d c6 dinh vi khuan dugc ria 3 1an véi moi
truong khoéng dé loai bo té bao ty do. Sau d6 bd
sung mdi truong khodng mai va thoi rira vi khuan
ra khoi PUF bang vortex (10 phit). Kha ning ¢
dinh cua chang vi khuan nghién ciru 1én PUF dugc
xac dinh théng qua s6 luong vi khuan cay trai
trudc va sau khi ¢d dinh lén PUF.

* Panh gia kha nang sinh trwéng caa chang vi
khuin nghién ciru sau khi cé dinh Ién PUF va
& trang thai tw do: Kha nang sinh truong cua
chang vi khuan sau khi ¢ dinh 1én PUF va ¢
trang thai tu do duogc danh gia sau 2, 4, 6, 8, 10,
12 va 14 ngay théng qua sb luong khuan lac tao
thanh (CFU/mI) tir dich nudi cay.

* Panh gia kha ning phan hiy diu thd caa
chiing vi khuan sau khi ¢6 dinh 1én PUF va ¢
trang thai tw do: Kha nang phan huy dau thd cua
chung vi khuan nghién ctru duoc tién hanh trén
mdi truong khoéng. PUF sau khi ¢ dinh vi
khuan duoc rira bang méi truong khoang vo
tring va dugc bo sung véi ti 1¢ 2% (w/v) vao moi
truong khoang chira 3% (v/v) dau thd nhu ngudn
carbon duy nhét, sau d6 nuéi lic 14 ngay & 37°C,
180 vong/phut. Thi nghiém tuong tu trong
truong hop té bao vi khuan tu do va binh ddi
chung (chi bd sung 3% (v/v) dau théd hozc chi bd
sung chat mang (khdng cé dinh vi khuan) va 3%
(v/v) dau thé). Sau 14 ngay thi nghiém, dau & ca
pha nu6c 1an dau hdp phu trong PUF duoc chiét

bﬁng dichloromethane cho dén khi dung moi
chict khong mau. Dau chi€t dugc phan tich bang
phuong phap sac ki khi (GC-MS).

* Cac phwong phap phén tich

- Xac dinh s6 lweng vi khuan: Pha lodng
dung dich vi khuan ¢ nong do pha lodng 10 dén
nong do pha lodng toi han (mdi ndng do pha
lodng duoc lap lai 3 1an) roi cay gat 1én moi
truong thach HKTS. Sb lwong vi khuan c6 trong
dung dich dwoc xac dinh sau 2-4 ngay nudi ciy ¢
37°C.

- Xac dinh thanh phan hydrocarbon trong
diu thd bang phwong phap sic ki khi khéi phd
(GC-MS): Cac phan tich duoc thuc hién tai
truong DH Bach Khoa, Ha N§i.

KET QUA VA THAO LUAN

Kha ning ¢b dinh vi khuin Ién PUF

Kha ning cb dinh chang Bacillus sp.
VTVK15 Ién PUF duoc xac dinh théng qua s6
luong vi khuan trude va sau khi ¢é dinh 18n chat
mang (Bang 1).

Ket gua (Bang 1) cho thay, chung VTVK15
dugc b dinh hiéu qua I&n x5p PUF voi hiéu Sut
tir 25 dén 92% sau 2 dén 12 ngay. Hiéu suat dat
cao nhat 1a 92% tuong duong voi (5,38 *
0,12) X 108 CFU/g sau 8 ngay c6 dinh. Vi vy, 8
ngay duoc lya chon la thoi gian phi hop dé c6
dinh chung VTVK15 Ién PUF lua chon.

* Kha ning sinh truwéng cua ching VTVK15
sau khi co dinh Ién PUF va & trang thai tu do

Chang VTVKI15 duoc ¢b dinh trong 8 ngay
dugc bo sung vai ti 16 2% (w/v) vao mdi trudng
khoang chira 3% (v/v) dau thd, nudi lic 180
vong/phut 37°C trong 14 ngay. Thi nghiém duoc
tién hanh & diéu kién twong tu trong trudng hop
vi khuan dugc ¢é dinh va khéng duoc ¢b dinh
(free cells) 1én PUF va cac binh ddi ching (déu
bo sung 3% (v/v) dau thd). Kha nang sinh truong
cua chiung VTVK15 sau khi ¢ dinh 1én PUF va
& trang théi tu do duoc thé hién & Hinh 1.

Bang 1. Hiéu suét c6 dinh ctia ching Bacillus sp. VTVK15 lén PUF.
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Théi gian S6 lwong ching Bacillus sp. VTVK15 Hiéu suét cé dinh
c6 dinh (ngay) Trwéce co dinh (CFU/mI) Sau cé dinh (CFU/g) (%)
2 (1,46 +0,11) X 108 25
4 (3,74 +0,13) X 108 64
6 (4,68 +0,12) X 108 80
(5,85 + 0,11) X 108
8 (5,38 +0,12) X 108 92
10 (4,91 +0,13) x 108 84
12 (3,93+0,11) x 108 73
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Thoi gian (ngay)

Hinh 1. Kha nang sinh trwéng cla ching Bacillus. sp VTVK15 khi ¢é dinh |én PUF (CP) va & trang thai tw do

(TD).

Két qua (Hinh 1) cho thay chung VTVK15
sinh truang tot khi ¢d dinh 1én PUF. Ban dau kha
nang sinh truéng cua vi khuan cé dinh 1én PUF
(5 + 0,11) x 105 CFU/mI cham hon so véi Vi
khuan & trang thai ty do (1,5 + 0,12) X107
CFU/ml. Tuy nhién, chi sau 2 ngay, chung
VTVK15 ¢6 dinh 1én PUF sinh truong va phat
trién nhanh va 6n dinh hon so véi & trang théi tu
do. Chung VTVK15 sinh trudng va phat trién tot
tir ngay thir 4 dén ngay tha 10 va tot nhat sau 8
ngay véi sé lwong vi khuan ca cb dinh va & trang
thai tu do lan luot 12 (7,2 + 0.11) X 108 CFU/ml
va (6 + 0.13)x10® CFU/mI (Hinh 1). Sau 14
ngay, vi khuan cb dinh Ién PUF van sinh truong
tuong d6i tot véi sb luong dat duoc 1a (4,3
0,12) X 108 CFU/ml. So véi vi khuan duoc cé
dinh, vi khuan ¢ trang thai tu do sinh truong
khong tét bang va giam dang ké sau 14 ngay thi
nghiém ((9,1 £ 0,13) X 10" CFU/ml).
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* Kha niing phan hily dau tho ciia chiing
VTVK15 sau khi co dinh Ién PUF va é trang
thai tw do

Kha ning phan huy dau thd cua chung
VTVK15 dugc ¢ dinh 18n PUF va ¢ trang thai
tu do (khdng ¢ dinh) dwoc danh gia théng qua
thanh phan hydrocarbon trong dau ¢ binh ddi
chang (1) chi bd sung 3% (v/v) dau thd va (2)
mau bd sung 3% (v/v) dau thd va PUF khong co
dinh vi khuan va binh thi nghiém bo sung vi
khuan cb dinh 1én PUF va vi khuan ¢ trang thai
tu do sau 14 ngay nudi cay.

Két qua (Hinh 2,3 va 4) cho thay, sau 14 ngay
nudi cay, vi khuan ¢ dinh va khong ¢ dinh Ién
PUF déu c6 kha niang phan huy dau thd tét lan
luot 14 90% va 65% (so voi ddi chang 1a 3% (v/v)
twong duong véi 22000 mg/l. Tuy nhién, vi
khuan ¢ dinh 1én PUF cho két qua phan huy dau



Tap chi Cong nghé Sinh hoc 18(3): 581-588, 2020

tot hon (cao hon 25%) so véi vi khuan khong cb
dinh.

Két qua phan tich thanh phan hydrocarbon
trong dau tho ciing khang dinh diéu d6. Ca vi
khuan duoc cd dinh 1én PUF va vi khuan tu do
déu c6 kha ning phan huy cac thanh phan
hydrocarbon trong dau thd véi chiéu dai mach
carbon tir C11 dén C44. Trong d6, vi khuan ¢
dinh 1én PUF c6 kha nang phan hay hoan toan
(100%) cac phan doan C12-C18; C28-C31; C36
va C44 cua dau tho. Déi vé6i cac phan doan khéc,
chung nay ciing thé hién kha ning phan huy tot
Véi ti 16 phan hay dat tir 73 dén 90% so véi ddi
chiang. Kha nang phan hay cia vi khuan ty do
(khdng cé dinh 1én PUF) ciing twong d6i cao
nhung khong bang vi khuan duoc ¢ dinh 1én
PUF véi kha nang phan huy hoan toan (100%)
cic phan doan C12-Cl16. Céic phan doan
hydrocarbon con lai ¢c6 kha nang phan huy tir
31,3 dén 74,5% so véi ddi ching (Hinh 3).
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Hinh 2. Thanh phan cac nhém hydrocarbon con lai
trong dau thé sau 14 ngay. Chiing vi khuan cé dinh
Ién PUF (CP) va vi khuan & trang théi tw do (TD);
Déi chirng (B/c) bb sung 3% (v/v) dau tho

Nhu vay, tir két qua phan tich c6 thé két
luan rang vi khuan duoc cb dinh 1én PUF c6
khi ning phan hay cac thanh phan
hydrocarbon trong dau thé hiéu qua hon vi
khuan ty do (khong duoc cb dinh). Viéc cb
dinh vi khuan phan huy dau Ién PUF cho thay
tiém ning ung dung cua chét mang nay trong
xtr 1y nudc 6 nhiém dau & vang triéu ven bién.
Quek va cong su (2006) da nghién cuau kha
ning phan hay dau bing chung Rhodococcus
sp. F92 c6 dinh Ién PUF. Két qua cho thay,
chung F92 c6 kha niang cb dinh voi hiéu suat
90% lén PUF va kha nang phan hy n-alkan la
90% sau 1 tuan thi nghiém. Kha nang phan hay
hydrocarbon dau mo cua chang Bacillus
VTVK15 khi ¢é dinh Ién PUF so v&i nghién
ctiru ctia Quek va cs va cac nghién cau trudc
day ciling twong dbi cao, cho thy tiém ning
&ng dung phan huy dau 6 nhiém tai cac vung
triéu ven bién.
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Hinh 3. Kha nang phan hady thanh phan hydrocarbon
trong dau thé sau 14 ngay. Chang vi khun cé dinh 1én
PUF (CB) va chading vi khuan & trang thai tw do (TD); Déi
ching (B/c) bd sung 3% (v/v) dau thd
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Hinh 4. S&c ky d thanh phan hydrocarbon trong dau thé sau 14 ngay. (A) Mau déi chirng bé sung 3% (v/v) dau
tho; (B) M&u thi nghiém bd sung PUF ¢ dinh vi khuan va 3% (v/v) dau thd; (C) MAu thi nghiém b sung vi khuan

& trang thai tw do (khéng cb dinh)

KET LUAN

Di cb dinh dugc chung Bacillus sp. VTVK15
I&n PUF véi s6 lugng té bao sau cb dinh dat (5,38
+ 0,12) X 10® CFU/g. Chung Bacillus sp.
VTVK15 c6 kha ning sinh truong va phat trién
tdt trén moi truong khoang bd sung 3% (v/v) dau
thd. Chung VTVK15 cb dinh Ién PUF sinh
truong va phét trién nhanh va 6n dinh hon so véi
& trang thai tu do, tét nhat sau 8 ngay véi s6
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lwong vi khuan 1a (7,2 + 0.11) X 108 CFU/ml cao
hon so véi vi khuan khéng cb dinh ((6 *
0.13) X108 CFU/ml). Vi khuan cé dinh Ién PUF
cho két qua phan hay hydrocarbon trong dau tho
t6t 14 90% va cao hon 25% so véi vi khuan khéng
cb dinh.

Loi cam on: Cong trinh nay duwoc thyc hién véi
sy ho tro ve kinh phi cuia nhiém vu
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CP1862.02/20-22, thugc ké hogach 1862 do Thu
tuéng Chinh phu giao.
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SUMMARY

During the production and transportation of petroleum hydrocarbons, unsuitable operation and
leakage may result in contamination of water and soil with petroleum hydrocarbons. Petroleum
contamination causes significant marine environmental impacts and presents substantial hazards to
human health. Bioremediation of contaminated water and soil is currently the effective and least
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harmful method of removing petroleum hydrocarbons from the environment. To improve the survival
and retention of the bioremediation agents in the contaminated sites, microbial cells must be
immobilized. It was demonstrated that immobilized microbial cells present advantages for degrading
petroleum hydrocarbon pollutants compared to free suspended cells. In this study, the ability of a
Bacillus strain (designed as Bacillus sp. VTVK15) to immobilize on PUF and to degrade crude oil
was investigated. The immobilized Bacilllus strain had the highest number (5.38 £ 0.12 X 108 CFU/g
PUF) and a maximum attachment efficiency of 92% on PUF after 8 days. Analysis by GC-MS
revealed that both free and immobilized cells of Bacillus sp. VTVK15 were able to degrade 65 and
90% of the hydrocarbons in 2% (v/v) crude oil tested after 14 days, respectively. The results suggest
the potential of using PUF-immobilized Bacillus sp. VTVK15 to bioremediate petroleum
hydrocarbons in an open marine environment.

Keywords: Bacillus, boremediation, immobilization, petroleum hydrocarbon degradation,
polyurethane foam, VTVK15 strain
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