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Trong tw nhién, cic nhém vi sinh vat thwong tén tai & dang lién két chit ché véi nhau trén cac bé mit chat
rin hoic cac 16p trung gian giira cac bé mit 16ng va rian. Tap hop nay dwoc goi 1a mang sinh hoc (biofilm).
Mang sinh hoc thuwong dwgc tao thanh nhé 16p protein ngoai bao ciia cac té bao gin két vao nhau. Nho
d6, cac qua trinh chuyén héa cac thanh phén cho cac té bao khac nhau dwge dé dang hon, gitp cho cac
vi sinh vit chong chiu tét hon véi cic diéu kién khic nghi¢t cia mdi trwdmg song ciing nhw vi méi truomg
giira cac té bao. Trong nghién ciru nay, nhém tac gia tip trung vao cac mang sinh hoc dwoc tao thanh béi
hén hop cac chiing vi khuin va nAm men dwgc gin trén gia thé xo dira. Xo dira dwgrc sir dung vira 1a chat
hip phu, vira 1a gia thé sinh hoc cho cac chiing vi sinh vat bam vao. Mat d vi sinh vit ¢6 trén 1 cm® xo dira
dwogc duy tri kha 6n dinh v6i méat do ban dau la 4,3 x 10"°CFU va sau 7 ngay la 4,5 x 10° CFU. Hi¢u qua
phan hiiy cic thanh phan hydrocarbon khé phén hity c6 trong nuée thai nhiém diu nhé hé thong mang
sinh hoc tir vi sinh vat gin trén xo dira sau 7 ngay thir nghiém 1a rit dang ké. Cac gia tri nhw pH, ham
lwgng dau tong so va cac thanh phan hydrocarbon da vong (PAHs-polycyclic aromatic hydrocarbons) di
giam trén 99% va dat tiéu chuin nuéc thai loai B ciia Viét Nam. Két qua nay mé ra kha ning tng dung
cac chat mang sinh hoc c6 chira cic nhém vi sinh vat tao mang sinh hoc dé ting cwong hiéu qua phan hiy
sinh hoc cac hop chét hydrocarbon giy 6 nhiém nhw diu thé.

Tir khoa: mang sinh hoc, 6 nhiém dau, phédn hiiy, vi sinh vdt.

Chi s6 phén loai 2.7

pat van de mé rat tdt. Hon thé nita, sau 24 gio nudi c:?iy, o dang
tao biofilm chung con c¢6 kha ning phan huy dau tot
hon & dang té bao planktonic [3]. Piéu nay cho thiy

tiém ning phong phu vé& chung loai vi sinh vat vira

Hién nay, trén thé gidi nhiéu coéng nghé xu Iy
6 nhim dau mo bang vi sinh vat di dwgc quan tim
nghién ctru va tng dung. Trong s cac cong nghé méi
nay, cong nghé xur Iy bang mang sinh hoc (biofilm)
duoc xem 1a mot trong nhitng cong nghé xtr Iy 6 nhiém
hiéu qua, chi phi thdp [1]. Céng nghé nay thudng xur Iy
két hop véi cac phuong phap vt 1y hodc héa hoc mang
lai hiéu qua cao. St dung biofilm la mot bién phap

tao biofilm, vira phan huy va chuyén hod hydrocarbon
trong cac mau dét va nude bi 6 nhiém dau & Viét Nam.
Nhu vay, nghién ctru vé biofilm s& mé ra kha nang ng
dung céc vi sinh vét ddi voi cac hé sinh thai va doi
sdng con nguoi.

xtr 1y 6 nhidm dau twong d6i méi ¢ Viét Nam. Trong
nghién ctru gan day, nhom tac gia da danh gia kha ning
tao biofilm mot s ching vi khuan va nAm men phén
huy dau, phan 1ap tir cac mau nude bién bi 6 nhidm dau
& Thanh Hoa va Viing Tau [2]. Két qua, da xac dinh
duoc cac chung nhu Candida, Acinetobacter, Bacillus,
Rhodococcus... 1a nhiing chung vira tao biofilm vira c6
kha ning phan huy va chuyén hoa cic thanh phan dau
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pé mang sinh hoc c6 duogc cAu triic bén virng, mat
d6 té bao vi sinh vat cao gitip mang sinh hoc chong
chiu duge véi cac didu kién khic nghiét cua moi trudng
nhu: sy suy giam ngudn dinh dudng va cac yéu té vat
1y méi truong thay d6i (su thay d6i vé pH, nhiét do, su
tham thdu hay su mét nude cua té bao...), tir d6 1am
tang hiéu suit phan huy cac hop chat 6 nhiém khi xtr
Iy ngoai hién truong; viéc tim dugc vat liéu mang phu
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Degradation of hydrocarbons in oil
polluted wastewater using biofilms formed
by microorganisms on coconut fiber carrier

Summary

In nature, many microbial communities exist in
close association with surfaces and interfaces
as complex assemblages known as biofilms
where multicellular aggregates hold together
by an extracellular matrix. It is possible to
take advantage of natural trans-formation
processes on the constituent cells to have high
resistance to environmental stresses and diverse
microenvironments that help generate cellular
heterogeneity. In this study, the authors focused
on biofilms composed of mixed populations which
were immobilized on the surface of coconut
fibers. Coconut fibers were used as a crude oil
sorbent as well as a biocarrier for microorganism
immobilization. Microbial biomass reached 4.3 x
10 cells/cm? at the beginning time and 4.5 x 10°
cells/cm® after 7 day-incubation. The efficiency
of degrading a number of particular xenobiotic
compounds containing in crude oil wastewater
by this biocarrier was demonstrated. After 7-day
culture, all of values such as pH, total crude oil
and PAHs (polycyclic aromatic hydrocarbons)
were reduced remarkably, and they all satisfied
the Vietnam waste-water standard records. This
study explored the role of biocarrier in enhancing
biodegradation of hydrophobic contaminants
such as crude oil, and discussed the function of
biocarrier in improving oxygenmass transfer
and water holding capacity in soil, etc.

Keywords: biofilm, degradation, microorganisms,
oil pollution.

Classification number 2.7
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hop dé gén cac vi sinh vat nay 1a hét stc can thiét [4].
Trong s6 vat liéu mang lua chon thir nghiém, xo dura 1a
loai vt liéu dugc sir dung 1am chat mang boi cac 1y do:
don gian, san c6 trong nudc; Xép, ¢6 do bam dinh cao
do bé mat tiép xuc lon; do h:?ip thu va tudn hoan dinh
dudng cao; gia thanh ré va 1a ngudn nguyén li¢u dé xur
1y sau khi st dung [5].

Nghién ctrunay thuc hién nhdm cac muyc tiéu: 1) Gan
dugc cac chung vi sinh vét 1én gia thé xo dira; 2) Panh
gi hiéu qua phan huy cac thanh phan hydrocarbon c6
trong nude thai nhidm dau cta cac chung vi sinh vat
tao mang sinh hoc ¢ diéu kién c6 gin 1én gia thé va
khong gin vio gia thé.

Poi twong va phuong phap nghién ciu
Déi twong nghién ciru

- Cac chung vi khuan va nAm men vira ¢6 kha ning
tao mang tot, vira c6 kha nang phan hity cac hop chit
hydrocarbon dugc phén lap tir cac mau dat, nuwdc nhiém
dau léy tai mot sb ving ven bién nhu Quang Ninh, Hai
Phong, Thanh Hoa... bang dung cu ldy miu chuyén
dung. Cac chung nay da duoc t6i uvu cc didu kién moi
truong anh hudng dén kha ning tao mang sinh hoc.

- Vat liéu mang 1a xo dira lay tir phdn vo cua qua
dira, duoc khtr tring w6t va lam kho dé diét khuan
(hinh 1).

Hinh 1: hinh thdi cua xo dva

Phwong phdap nghién ciru

Thiét ké modul dé cé dinh vat liéu mang: modul
gilr vat liéu mang 1a vat liéu nhom tinh dién hinh chir
nhat, kich thudc 34x25x4 (cm), vat liéu mang dugc
giit trong lui thép khong gi. Thiét bi tao mang gom 3
modul dit song song c6 hé théng may bom tuan hoan
moi truong dé cung cap du chat dinh dudng cho vi sinh
vat tao mang.

Tao mang vi sinh vdt trén vdt liéu mang la xo dwa:

sau khi tao dugc khung gitt mang sinh hoc, khung
dugc dat ngang trong bé kinh vé6i thé tich méi truong
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hiéu khi tong s6 va méi trudng Hansen tuong (mg voi
s6 luong cac chung vi khudn va ndm men c6 tong thé
tich méi trudng 13 50 1. Dich nuéi cua vi khuan va ndm
men duogc bd sung sao cho mat do quang hoc (OD)
trude tao mang dat 0,3. Nudi tinh ¢ nhiét d6 phong, sau
24 gid nhac khung tao mang ra, rira nhe nhang bang
nude cat vo tring.

Quan sdt cdu tric mang trén vdt liéu cellulose
dudi kinh hién vi dién tr quét: gan (cd dinh) 1 cm?
vét liéu mang trén 14 kinh sach, mong c6 gan poly-L-
lysine 0,1% (w/v) va cho vao eppendorf c6 chtta dung
dich cacodylate 0,1M. Sau d6 ¢6 dinh mau béng 2,5-
3% glutaraldehyte/cacodylate 0,1M pH 7,2-7,4 (1 gio
hodc qua dém & nhiét do 4°C). Rira mau bang dung
dich cacodylate 0,1M (5 phut/lan x 3 lan). C6 dinh
mau bang OsO , 1% trong cacodylate 0,1M trong 1 gio
& nhiét d6 phong. Rira mau bang dung dich cacodylate
0,1M (5 phat/lan x 2 lan). Hat nudc trong mau bang
codn cac ndng do 50, 70, 80, 90, 100° (5 phat/lan x 2
lan). Chuan bj dé gan miu sir dung gidy bac. Hoa loing
mau v6i ndng do thich hop trong con tuyét ddi, nho
mau lén gidy bac gin sin trén dé, dé kho hoan toan.
Phu miu bang mot 16p dan dién Pt-Pd va tién hanh soi
mau. Qua trinh duoc thuc hién voi su phéi hop cua
Vién Vé sinh Dich t& Trung uong.

Pdnh gic mdt do té bdo vi sinh vit trén mang bang
phuong phdp tinh CFU: 1 cm? vat liéu mang duoc
cit ra va lac trong 4,5 ml nuéc mudi sinh 1y trong 1
gid. Miu sau d6 dugc pha lodng t6i han va gat trén
moi truong HKTS (d6i voi mau vi khuan) va Hansen
(d6i voi mau nAm men). Sau 18-36 gio, dém sb lugng
khuan lac trén dfa, tir 6 tinh dugc s6 luong té bao trén
1 cm?® vét liéu mang theo cong thirc:

CFU=Cx 10"

Trong do, C: sb6 khuén lac c6 trén dia; n: do pha
lodng (mdi thi nghiém duoc 1ap lai 3 1an).

Xdc dinh kha nang phan hiy dau DO: luong dau
DO dugc xac dinh bang phuong phap phén tich khoi
luwong theo tiéu chudn TCVN 4582-88 tai Vién Hoa
hoc Cong nghi¢p Viét Nam: 20 ml dich nu6i dugce hoa
tan trong 3 ml dung méi chloroform, sau khi hoa tan
trong chloroform thi lic nhe (khoang 10 phut) cho dau
tan hoan toan (qué trinh chiét dugc tién hanh 3 1an).
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Khi d6, dau va dung mdi s& tach 1am 2 16p, dung phéu
chiét bo phan dung méi ¢ dudi di. Phan dich hoa tan
con lai dugc co bay hoi bang bép cat cho téi can va can
khéi lugng cuiia dau c6 trong 20 ml dung dich dé.

Phuwong phap do quang xdc dinh kha nang phan huy
phenol: ham luong phenol dugc xac dinh bang phuong
phép do quang theo nguyén 1y 1 trong méi truong kiém,
phenol két hop v6i dung dich 4-aminoantipyrine dé tao
ra phttc antipyrine mau nau do, 6n dinh, cudong d6 mau
ty 1& v6i ham lugng phenol trong mau. Do hap phu cuc
dai ciia mau nay dugc xac dinh ¢ budc song 510 nm. 20
ml dich nuéi duge diéu chinh téi pH < 4 bang H,PO,.
Cac chat oxy hoa nhu chlorine trong mau dugc phat hi¢n
boi iot tu do dugc gidi phong ra trong qua trinh oxy hoa
mau trong su ¢6 mit ctia KI. Khi do, Cl s& bi loai bd ngay
lap tirc sau khi thém mét luong du sit (IT) amoni sulfate
vao mau. Mau dugc chung cat va diéu chinh pH Ién 10
bang dung dich dém chira NH ,Cl, NH,OH va bd sung
dung dich aminoantipyrine va dung dich K Fe(CN), cho
toi khi mau 1én mau nau do thi tién hanh do quang &
bude song 510 nm. Dya vao nong do phenol cia dung
dich chuan, tién hanh dyung duong chuin va tir d6 tinh
duoc nong do phenol co trong mau. Két qua thir nghiém
kha nang phan hiy phenol cua mang sinh hoc da ching
ndm men dugc gui phan tich ¢ Vién Hoa hoc (Vién Han
lam KH&CN Viét Nam).

Xac dinh kha nang phan huy PAH: PAH duoc xac
dinh bang phuong phap do quang phan tir, dya trén sy
dich chuyén dién tir trén cac orbital m cta cac ndi doi
lién két trong vong thom cua PAH. Kha ning chuyén
hoa PAH cua vi khuan trong dich nudi cdy duoc xéac
dinh trén may quang pho tir ngoai kha kién UV-Vis:
GBC - CINTRA 4. 20 ml dich nu6i c:?iy vi sinh vat st
dung PAH duoc chiét béng 180 ml acetone, sau do loc
toan b, thu dich loc dua di phan tich. Nong d6 cua
mdi PAH trudc va sau xur ly dugc tinh toan dya vao
chiéu cao peak hép thu tai cac budc song, cac PAH hap
thy tai cac budc song nhu: pyrene 275 nm; fluorene:
257,7 nm, anthracene: 252 nm, naphthalene: 296 nm.
Két qua phan hiay PAH dwogc guri phan tich & Vién Hoa
hoc Cong nghiép Viét Nam.

Két qua va thao luan

Modul dé cé dinh vit liéu mang va hé thong tao
mang vi sinh vt
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Modul d giir ¢b dinh vt liéu mang phai dam bao
cac yéu cau sau: modul duge dit trong bé kinh thuy
tinh chdc chin véi thé tich 1a 75 m?; vat liéu: inox
khong gi, chiu dugc an mon trong moi trueong acid va
bazo nhe; ciu tao chic chén, dang hop chir nhat kich
thudc 34x25x4 (cm), hai mat dugc bao phu boi ludi
thép dé gilr vét liéu mang trong d6 cung voi hé thong
duong 6 ong va may bom tuan hoan cung cip du luong
oxy cho vi sinh vat.

Dua trén nhitng yéu cau trén, modul dé cb dinh vat
liéu mang duoc ching toi thiét ké nhur hinh 2.

Hinh 2: ciu tao ciia modul @ c6 dinh vt liéu mang va hé thong tao méng vi sinh vit
1. Bé kinh; 2. Modul; 2a. Ludi thép; 3. Duong ong; 4. Mdy bom

Tao mang vi sinh vt trén vit li¢u mang la xo dira

Céac budc tao mang vi sinh vat dugc thuc hién nhu
d3 mo ta & phan phuong phap. Két qua tao mang sau
24 gi¢ trén vat liéu mang xo dira dugc chi ra ¢ hinh 3.

Hinh 3: mang sinh hoc trén gid thé xo dira & hé thir nghiém dung tich 50 1

Ciu tritc mang trén xo diva dwdi kinh hién vi dién
tir quét

Duéi kinh hién vi dién tir quét v6i d6 phong dai
10.000 14n, cAu trac mang sinh hoc khi khong c6 vat
liéu mang va khi co6 vat li¢u mang 1a xo dua da duoc
quan st cu thé. Két qua chi ra & hinh 4.

Hinh 4: anh hién vi dién tir quét cia vat ligu mang va mang sinh hoc.
(a): vat lieu mang; (b): mang sinh hoc trong mé hinh khong co chat mang;
(c): mang sinh hoc dwoc gan trén vat liéu mang
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Ddnh gia khd nang phdn hiiy cdc thanh phd‘n
hydrocacbon cia mang sinh hoc da chiung trén gida
thé xo dira ¢ hé thir nghiém dung tich 50 |

Bang cam quan nhan thiy, mau sic ctua mdi trudng
nudi ciy sau 7 ngay da thay doi so voi mau ban dau
(tir mau den chuyén sang mau vang, méi truong tré
nén trong hon). Ddng thoi, lugng diu ¢ trén bé mat da
giam di rat nhiéu so voi mau ban dau (hinh 5). Do vay
¢6 thé phan nao khing dinh, cac ching nghién ctru déu
¢6 kha nang phan hay cac thanh phin hydrocacbon.
Tuy nhién, dé danh gia chinh xac kha ning phan huy
céc thanh phan hydrocacbon cua biofilm da chung,
chung t6i di tién hanh xac dinh sb luong vi sinh vt
bang phuong phap MPN va tién hanh gui cac mau di
phan tich cac chi tiéu & Vién Hoa hoc va Vién Hoa hoc

Cong nghié¢p Viét Nam.
— —_
Nude thai
= ba;lldéu

Mau 7 ngay

Hinh 5: mau nuée thai ciia kho xang dau Pé Xa true va sau thi nghiém

Két qua kiém tra MPN cho thdy, s6 luong vi sinh
vét trén 1 cm?® gia thé xo dira sau 7 ngay 1a kha cao.
Diéu nay ching to, kha niang bam dinh cua biofilm da
ching trén gi4 thé xo dira kha tot va chung déu c6 kha
nang sinh truéng va phat trién tot trén méi trudong cé
ham lugng hydrocacbon cao (bang 1).

Bdng 1: 56 lwong vi sinh vt trén gia thé xo dira

Tén miu S6 lugng vi sinh vat (CFU/cm®)
Mau xo dira 0 gioy 4,3 x10"
Mau xo dira 7 ngay 4,5x10°

Tién hanh phan tich cac chi tiéu nhu pH, COD,
BOD... c6 trong nudc thai nhiém dau trude va sau 7
ngdy thtr nghiém. Két qua duogc trinh bay & bang 2.
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Badng 2: két qua phan tich cdc chi tiéu thir nghiém

IR Pon | Miuban | MAusau | Higusuét | QCVN 40:2011/
STT | Chi tiéu thirnghigm | =, dlu 7ngdy | phanhiy | BTNMT (cdt B)
1 | pH 8,5 7 DPTC 5,5-9
2 | SS(chit rén lo limg) mg/l 374 53 PTC 100
3| BOD, 20°C) mg/l 13345 30 99,8% 50
4 | cop mg/l 26686 110 99,9% 150
5 | N (tong nito) mg/l 694,1 34 95,1% 40
6 | P(tong photpho) mg/l 20,22 52 74,3% 6
7 | Tong diu md khoang | mg/l 631950 | 9.1 PTC 10
8 | Phenol mg/l 910 0,25 99.9% 0,5
PAH
- Acenaphthylene 1,159 KPHD
- Fluorene 2,005 KPHD
9 - Phenanthrene ol 0,802 KPHD
- Anthracene g 0,057 KPHD
- Fluoranthene 1,07 KPHD
- Pyrene 0,0478 KPHD
- Benzo(k)fluoranthene 0,0168 KPHD

Ghi chi: KHPD: khéng phat hién dwoc; DTC: dat tiéu chudan cho phép

Tt bang 2 cho thiy, da c6 su thay doi rd rét giira cac
chi tiéu & mau nudc thai ban dau va miu sau 7 ngay
thir nghiém. Hau nhu céc chi tiéu nhu pH, chat rin lo
limg, tong ddu m& khoang, PAH déu dat tiéu chuan cho
phép. Mot s6 chi tiéu con lai nhu BOD, (20°C), COD,
téng nito, tong photpho, phenol déu dat hiéu suat phan
huy trén 74%. Két qua trén cho thdy, mang sinh hoc da
ching trén gia thé xo dira cho hiéu suat phan huy kha
cao sau 7 ngay thir nghiém. Dic biét, mot s6 chi tiéu
phan tich cic hydrocacbon nhu tong dau m& khoang
va PAH déu dat QCVN 40:2011/BTNMT (cot B), dic
biét, chi tiéu phenol da dat hi¢u suét phan huy 1én toi
99,9% so voi mau nude thai ban dau véi né)ng do la
910 (mg/1).

T nam 1999, nhom tac gia [6] da ung dung thanh
cong xo dira tho trong trong bé xir 1y ky khi dé xir 1y
nuée thai nganh ché bién cao su. Trong cac md hinh
nay, cac sgi xo dura dugc két thanh chudi tiét dién tron,
va khong pht cao su, duong kinh 20 cm va dai 200 cm.
Sau d6, cac chudi nay duoc budc song song véi nhau
trén mdt khung hinh khéi chit nhat. Nude thai tir cac
xuong ché bién cao su dugc dua vao cac bé phan huy
ky khi ¢ xo dira tho 1am gia thé véi thoi gian luu 14 2
ngay. Qua kiém nghiém chat lugng nuéc thai trén 22
mau nudc thai, hidu suat xir 1y ddi voi chat 6 nhiém
hitu co van 6n dinh, ham lugng COD va BOD di giam
khoang 99%; hién tugng cudn troi vi sinh vat ra khoi
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bé xtr Iy khong dang ké, thuan loi cho nhitng qua trinh
xtr 1y ké tiép. Sau hon 1 nam vén hanh, bé ky khi ding
x0 dira khong c6 hién tuong tic nghén dong chay nudc
thai.

Dic biét, trong [7] da nghién ctru kha nang hap phu
dau trong nudc thai ba"mg cac vat liéu ty nhién nhu than
béo, 18i ngd, rom va xo dira rat thanh cong. Nghién
ctru dé chi ra rang, ctr 1 g vat liéu thi c6 kha ning hap
phu 0,29 g dau. Hon nira, vat liéu sau khi ché tao déu
c6 do truong nd rat nho nén kha bén trong méi truong
nuée. Két qua nghién ctru cling chi ra rang, ¢ ciing mot
thé tich vat liéu duoc nhdi cot, luu lugng nude thai
cang 16n thi kha nang hip phu cang kém; d6 man cua
nudc thai cang thap thi kha nang hap phu dau cia vat
liéu cang cao [8].

Nhu vay, mang sinh hoc tir vi sinh vét g:fln trén chat
mang xo dira da loai bo dugc trén 99% céac thanh phan
hydrocarbon cé trong nuée thai nhim dau trong hé
thir nghiém véi dung tich 50 1. Két qua nay mo ra kha
ning tng dung cic chat mang sinh hoc c6 chira cac
nhém vi sinh vat tao mang sinh hoc dé tang cuong hi¢u
qua phan hiy sinh hoc cac hop chat hydrocarbon gy 6
nhiém nhu dau tho.

Két luan

Céc ching vi sinh vét tao mang sinh hoc tot va c6
kha ning phan huty cc hop chat hydrocarbon c6 trong
dau mo di dugc gan thanh cong 1én gia thé xo dira va
dugc thir nghiém trong hé c6 dung tich la 50 1. Sau 7
ngay nudi cdy, trén 99% cac thanh phan dau da dugc
phan hity hodc chuyén héa. Cac chi tiéu nhu BOD,
COD, pH, SS... cia miu nudc thai 1dy ¢ kho xiang P
Xa (Ha Noi) da giam dang ké va dat tiéu chudn nudc
thai loai B cua Viét Nam.

Loi cam on

Cong trinh duwoc thuc hién voi su hé tro kinh phi
tir dé tai do B6 KH&CN cdp, ma sé KC04.21/11-15
va sir dung trang thiét bi ciia Phong thi nghiém trong
diém cong nghé gen, Vién Cong nghé Sinh hoc, Vién
Han lam KH&CN Viét Nam. Nhom nghién ciru xin tran
trong cam on.
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