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Pénh gia kha nang phan hily cac thanh phan hydrocarbon
trong nudc thai nhiém dau tai kho xing dau
D6 X4, Ha Noi bang mang sinh hoc tir vi sinh vt
gén trén vat li¢u mang xo dura
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Tém tit: Tinh hinh 6 nhiém ngudn nudc do cac ngudn thai chua qua xu ly dang ngay tré nén
nghiém trong trén thé gidi va ¢ Viét Nam. Mot trong nhirng nguon thai pho bién d6 chinh 1a nudc
thai nhidm dau do cac hoat dong luu trit, suc rira dau va san pham cuia dau gay ra. Nudc thai nhiém
dau gay anh huong nghiém trong dén hé sinh thai boi chira nhiéu cac thanh phan hydrocarbon doc
hai, kho phan hity nhu phenol, naphthalene, pyrene,... Gan ddy viéc st dung mang sinh hoc
(biofilm) vi sinh vat nham xir 1y nudce 6 nhidm tir cac nganh cong nghiép dang duoc nghién ciru,
ung dung dem lai nhiéu két qua kha quan. Biofilm bao gém cac nhom vi sinh vét cdng sinh voi
nhau tao nén mot két cAu bén viing gitip vi sinh vat chéng chiu tdt hon véi cac diéu kién cua moi
truong cling nhu tao nén mot chudi thirc 4n lién tuc phan giai triét dé cac thanh phan dinh dudng
sir dung. Bang viéc st dung biofilm gén trén vt liéu mang xo dira dé thiét ké hé thong xtr 1y sinh
hoc nuéc thai nhiém dau quy md 20.000 lit/mé tai kho xang dau bd X4, Thuong Tin, Ha N¢i. Sau
7 ngay xu ly, biofilm vi sinh vat trén vat li¢u mang xo dua cé kha nang loai bo 99.9% céc thanh
phan hydrocarbon trong nuéc thai nhiém dau, 99,9% phenol va trén 94,8% cac thanh phan
hydrocarbon thom da vong (PAH). Nghién ctru tao ra co so khoa hoc dang tin cay trong viéc ing

dung phuong phap méi dé xir Iy nude thai nhidm dau tai Viét Nam.

Tuwr khoa: Phan huy sinh hoc, mang sinh hoc, nudc thai nhiém déu, x0 dura, vi sinh vat.

1. Dit van dé

Cung voi sy gia tang vé viéc str dung ngudn
nang luong tur dau mo, thi viéc luu trir cdc san
phim cua dau mo dang dugc trién khai rong rai
trén khip cac qudc gia. Hang ngdy, cac hoat
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dong suc rua, van chuyén dau tai cac kho luu
trir da va dang thai ra moi truong mot lugng 16n
nude thai nhiém dau. Nudc thai nhidm dau lam
thay d6i tinh chat hoa 1y cia nudc, khong
nhimg vdy con chia cac thanh phan
hydrocarbon khé phan huy nhu phenol, PAHs
gy anh hudng nghiém trong dén méi truong va
hé sinh thai. Phuong phap xu 1y sinh hoc d¢ loai
b6 cac thanh phan hydrocarbon trong nudc thai
nhidm dau d3 duoc nhiéu tac gia trén thé gisi
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nghién ctru cho hi€u qua xr 1y cao va than thién
véi moéi truong, trong d6 thi viéc st dung
biofilm vi sinh vat dang duoc nghién ctru ng
dung dem lai nhleu két qua kha quan [1-3].

Biofilm 1a mot cdu trac bén vimng bao gom tap
hop céic nhom vi sinh vat lién két véi nhau boi
chat nén polymer va protein do ching tao ra
trén bé mit chit rin hoic lo ling trong moi
truong 10ng, cac té bao vi sinh vt trong biofilm
c6 mat do cao, lién két chit ché véi nhau, vi
véy kha ning ddng hoa, trao ddi chat, phan huy
cac hydrocarbon xay ra nhanh va manh mé hon
té bao & dang don 1¢ [4-5]. Nhiéu loai vat li¢u
mang da dugc str dung dé hinh thanh biofilm vi
sinh vat ding dé xur 1y nu6e thai dem lai hiéu
qua nhu polyethylene [6], composite [1], gdm
[7],... O Vlet Nam, xo dira 1a mét loai vat liéu
san co, ré tién, két qua thuc nghiém trén mo
hinh 300 lit cho hiéu qua xir 1y tdt cac thanh
phan hydrocarbon trong nuéc thai nhiém dau
khi str dung biofilm céc ching vi sinh vat phan
huy diu tao trén vat liéu mang xo dua [8].
Nghién clru nay tép trung danh gia kha néng
phan hay cac thanh phan hydrocarbon trong
nude thai nhidm dau cta biofilm vi sinh vét gin
trén vat li€éu mang xo dira & m6 hinh 20.000 lit
tai khoa xing dau B X4, Thuong Tin, Ha Noi.

2. Phwong phap nghién ciru

* Thiét ké hé théng: Hé thong xur 1y 20.000
lit 13 mot hé théng xir Iy theo mé duogc thiét ké
bao gdbm: Hé théng tuyén ndi - gat dau dung
tich 3.000 lit, bé ling 6.000 lit, bé loc sinh hoc
20.000 lit va bé khir trung 5.000 lit. Nudc thai
nhidm dau cta kho xing dau duoc dua tir bé thu
gom qua hé thong tuyén ndi - gat dau dé loai bo
bot mét lugng dau. Sau d6 nudc thai duoc dua
t6i bé léng roi chuyén qua bé loc sinh hoc, tai
day luong dau con lai trong nudc thai s& duoc
xtt 1y cho téi khi dat yéu ciu theo QCVN
40:2011/BTNMT thi chuyén qua bé khir tring
bang Chlorine.

Bé loc sinh hoc (Hinh 1) c6 dung tich
20.000 lit duoc lap dit 20 modul vat liéu mang,

mdi modul dugc thiét ké bao gbdm tim xo dira
(1,2*%1*0,2m) va dia phﬁn phoi khi (Hinh 2).

m
H

Gian phanphoi ki

Hinh 1. CAu trtic bé loc sinh hoc.

Hinh 2. Modul vat liéu mang.

* Chiing vi sinh vdt. Cac ching vi sinh vat
st dung dugc sang loc tir b suu tap ching vi
sinh vat phan hity dau cua vién Cong nghé Sinh
hoc, phan lap tir cac ving 6 nhiém dau & Viét
Nam. Céc chung vi khuan va ndm men sir dung
duoc sang loc tir bo suu tap chung thudc phong
Cong nghé Sinh hoc moi truong, vién Cong
ngh¢ Sinh hoc vira c6 kha nang tao biofilm t6t
vua co kha nang phan huy tot c4c thanh phan
hydrocarbon cta ddu bao gdm: Acinetorbacter
sp. QNI1, Bacillus sp. B8, Rhodococcus sp.
BNS, Serratia sp. DX3, Debaryomyces sp.
QNNI1 va Rhodotorula sp. QNB3 [9].

* Tao biofilm trén vt lieu mang: Cac
ching vi sinh vat dugc nudi cdy trén moi
truong tong hop Hansen va HKTS (ty 1& 1
Hansen: 2 HKTS) véi ty 1& thanh phan céac
ching giéng bang nhau. Vat liéu mang duoc
ngam vao dung dich sinh khéi vi khudn c6 chi
s6 ODggo = 0,3; sau 48h gid biofilm duoc hinh



276 B.V. Tudn va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Ty nhién va Cong nghé, Tap 33, S6 28 (2017) 274-279

thanh trén vat liéu mang, thm vat liéu dugc dem
ra l:flp vao bé loc sinh hoc.

* Xdc dinh ham lwong cdc thanh phan
hydrocarbon trong nuwéc thai: Cac thanh phan
hydrocarbon trong nuéc thai nhidm dau duoc
xac dinh theo TCVN 4582-88, thuc hién tai
Vién Hoa hoc Cong nghi¢p, vién Han lam Khoa
hoc & Cdng nghé Viét Nam.

* Xdc dinh mdat do vi sinh vt trong
biofilm: Méat d6 vi sinh vat trong biofilm dugc
xé4c dinh bang phuong phap xac dinh sb luong
c6 thé nhit (MPN- most probable number).
lem® gia thé xo dira duge 14y ra trong qué trinh
xtt 1y, sau d6 dwoc lic nhiéu lan trong dung
dich dém BPW dé tach cac té bao ra khoi gia
thé va tién hanh xac dinh bing phwong phap
MPN véi 3 lan nhic lai, so liéu duge xtr ly
thdng ké bang Microsof excel 2010.

3. Két qua nghién ciru

3.1. Kha nang hinh thanh biofilm vi sinh vdt
trén vat ligu mang

Sau 48h nuodi céy, biofilm vi sinh vat duogc
hinh thanh tdt trén vat liéu mang. Su xuat hién
ctia biofilm dugc xac dinh theo thoi gian bang
cach chup anh trén kinh hién vi dién tir quét va
so sanh v6i hinh anh cua xo dira khi chua gin
mang sinh hoc (Hinh 3). Trong qué trinh xtr ly
sinh hoc mat dd vi sinh vat trong biofilm cao tai
thoi diém Oh, dat 21.10"" CFU/cm’, va duy tri
mat do twong ddi 6n dinh sau 5 va 7 ngay véi
mat d6 vi sinh twong tmg 1a 9x10° va 4,3x10°
CFU/cm’® (Bang 1).

Két qua vé s6 lugng vi sinh vat giam sau 5
va 6 ngay xu ly ciing phu hgp voéi cac nghién
ctru trude d6 vé sy hinh thanh biofilm vi sinh
vat [5], trai qua nhiéu thé hé kha ning san sinh
chét nén bi han ché khién biofilm vi sinh vat bj
bong dan khoi vat litu mang theo thoi gian.
Thuec té trong qua trinh xir 1y sau 5 ngay bat dau
thdy hién tuong cac vang sinh khi vi sinh vat
ndi 1én. Chinh vi vay, dé duy tri dugc hiéu qua
xtt 1y cao cua biofilm vi sinh vat, doi hoi sy bd

sung chiing vi sinh vat sir dung sau mdi mé xur
1y hodc sau mét thoi gian xir 1y nhat dinh.

Bang 1. ) lugng vi sinh vat trén vat liéu mang xo dira

S6 lwong vi sinhvat

Ténmau (CFU /Cm3)
Mau xo dira Oh 21 x10™
Miu xo dira 5 ngay 9x10°
Miu xo dira 7 ngdy 43 x10°

(b)

Hinh 3. Anh hién vi dién tir quét cta vat liéu mang (a)
va biofilm hinh thanh trén vat li€u mang (b).

3.2. Kha ndng phdn hiy cdc thanh phan
hydrocarbon cua biofilm vi sinh vdt

Nudc thai tai bé gom da dugc xac dinh co
ham luong dau téng sb rat cao 1én toi 681976
mg/l. Sau khi nuéc thai nhiém dau dugc xur ly
qua h¢ thdng tuyén ndi - gat dau va dé ling sau
48h, ham lugng dau con lai trong nudc thai
trude khi dua vao xu 1y sinh hoc 1a 31950 mg/1.
Qua trinh xtr Iy sinh hoc duoc tién hanh trong 7
ngay, suc khi lién tuc, Kkét qué duoc trinh bay ¢
Hinh 4.
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Hinh 4. Hiéu suat phan huy dau sau cac ngay xtr 1y (%).
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Két qua phan tich cho thiy, sau 5 ngay xu
1y biofilm vi sinh vt trén vat liéu mang xo dira
¢6 kha niang phan hay 62% luong dau, sau 7
ngay hau hét dau da dugc phan hity hoan toan.

Cac thanh phan hydrocarbon thom nhu
phenol, PAHs trong nudc thai nhiém dau ciing
dugc phén tich trong sudt qua trinh xir Iy sinh
hoc. Ham luong phenol trong nude thai nhlem
dau kha cao sau khi qua hé thng tuyén ndi -
gat dau va lang, ham lugng phenol dugc xac
dinh & muc 1723 mg/l, cac thanh phan PAHs c6
ham luong thip hon. Sau 7 ngay xir Iy sinh hoc,
biofilm c6 kha nang phan gidi manh cac thanh
phan hydrocarbon thom, ham lugng phenol con
lai 1a 0,2 mg/l, cac thanh phﬁn PAHs hau nhu

khong con, khong xac dinh dugc trén mau nudc
sau xur 1y, két qua trinh bay ¢ Bang 2.

Céc két qua vé kha ning phan hiy cac
thanh phan hydrocarbon trong nudc thai nhidm
diu cua biofilm vi sinh vt gin trén vat liéu
mang xo dua cling phu hop véi nghién cuu
trude d6 cua Lé Thi Nhi Cong va cs (2016) khi
thir nghiém kha ning phan huy cac thanh phan
hydrocarbon trong nuéc thai nhidm dau cua
biofilm vi sinh vat gén trén vat liéu mang xo
dira & hé thir nghiém dung tich 300 lit/ngay. Két
qua nghién ctru cua Przybulewska va cs (2006)
cling di ching minh cac chung vi khuan va
ném men c6 kha nang séng trong mdi truong co
nong do phenol cao va st dung phenol nhu 1a
ngudn carbon trong hoat dong sdng cua chung.

Béng 2. Kha ning phan huy cac thanh phan phenol va PAHs ctia biofilm vi sinh vAt trén vét liéu mang xo dira

Co chat Ham lugng sau cac ngay xu ly (mg/1) Hiéu suat phan
- - hay sau 7 ngay
Oh 5 ngay 7 ngay (%)
Phenol 723 +6,7 272+ 1,7 0,2+ 0,01 99,9
Acenaphthylene 559 +6,2 325 +5,1 5,4+0,1 99
Fluorene 205 +4,7 164 +23 10,7 + 0,1 94,8
Phenanthrene 402 +2,1 288 +5,1 0,1 +0,01 99,9
Anthracene 57+1,2 21,3+09 KPHD 100
Flouranthene 107 + 1,5 47+0,3 KPHD 100
Pyrene 48 +0,6 13,6 + 0,3 KPHD 100
Benzo(k)flouranthene 16,8 +0,2 6,8 +0,2 KPHD 100

Ghi chu: KPHD: Khong phat hién dugc

Phuong phip AOP (advance oxidation
process) dugc nhiéu tac gia nghién ctru st dung
dé xur 1y nudc thai nhiém dau [11-12]. Phuong
phap nay c6 thé loai bo lugng 16n cac thanh
phan hydrocarbon trong nuéc thai nhiém dau
trong mot thoi gian kha ngén bang cach sir dung
cac tac nhan oxy hdéa nhu: UV/H,0,, UV/O;
hoic UV/H,0,/O;; phuong phap nay ciing
khong dé lai bun trong qua trinh xt 1y. Tuy vy,
phuong phap AOP lam mét phuong phap tén
kém nhiéu chi phi van hanh ciing nhu thiét ké
h¢ thong xtr 1y so véi str dung biofilm vi sinh vat.

Phuong phap st dung biofilm vi sinh vat
khic phuc dugc nhuoc diém 1a khong gy 6
nhidm thi cdp nhu cac phwong phap héa hoc
dang dugc st dung hién nay dé loai bd cac
hydrocarbon trong ddu mé nhuw: chiét tach

(extraction) st dung cic dung moi chiét, dong
tu (coagulation) st dung poly alunium zinc,
anionic polyacrylamide... [13]. Tuy vay, trong
diéu kién xir 1y thyc té thi nhiét d6 thay 601 anh
huong dén hiéu qua cia phuong phap, van dé
ndy can co nhimg nghién ctu tiép theo hoan
thién hé thdng xir Iy bang cach st dung phuong
phap diéu chinh nhi¢t d6 don gian hodc chon
loc ching vi sinh vat thich nghi v&i khoang
nhiét d6 vung xir ly. Trong nghién ctru nay da
str dung hon hop 6 chung vi sinh vat tao biofilm
dé xir 1y cac thanh phan dau mo, tuy nhién anh
huéng cua ty 18 thanh phan cac chung trong hdn
hop dén hiéu qua xir Iy con chua dugc lam rd,
can c6 nghién ciru danh gia trude khi ing dung
rong rai trong thuc té.
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4. Két luan va khuyén nghi

4.1. Két lugn

1. Pa thiét ké dugc hé thdng xir 1y nudc
thai nhiém dau v6i quy mé 20.000 lit/mé sir
dung cac ching vi sinh vat tao biofilm trén
vat liéu mang xo dua cho hi¢u qua xu ly
99,9% sau 7 ngay.

2. Sau 7 ngay xtu ly, biofilm vi sinh vat trén
vat liéu mang c6d kha nang phan hdy 99,9%
phenol va trén 94,8% cic thanh phan PAHs:
Acenaphthylene, flourene, phenanthrene,
anthracene, pyren, flouranthene va benzo(k)
flouranthene trong nudc thai nhiém dau.

4.2. Khuyén nghi

Tiép tuc nghién ctru hoan thién quy trinh xu
1y nude thai nhiém dau sir dung biofilm vi sinh
vat trong cac diéu kién thoi tiét tu nhién
khac nhau.
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Degradation of Hydrocarbon Components Contaminated
in oily Waste-Water Collected in Doxa Petroleum Storage,
Hanoi by Microbial Biofilm Attached on Coconut Fiber
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Abstract: Oily waste-water is generated in many industrial processes, such as oil refining, oil
storage, exploration, transportation, washing,... Oily waste water poses a great problem with water
environment, ecosystem and human health. Nowadays, application of microbial biofilm for the
removal of oil and derivatives from contaminated environments has received much attention.
Microbial biofilms are defined as complex coherent structure of cells and cellular products, which are
attached on solid surface. In biofilm structure, microorganisms increase their ability to grow and
survive in changing environmental conditions and increase their access to absorb substrates or
nutrients. This study focused on the degradation of hydrocarbon components contaminated in oil
polluted waste water by biofilm formed by a mixture of bacterial and yeast strains isolated from oil
contaminated water in Viet Nam attached on coconut fiber carriers in 20.000 liter system. As the
results, biofilm attached on coir carrier could degrade 62% after 5 days and 99.9% after 7 days of the total
amount of oil with the initial concentration of 31.950 mg/l. Phenol and polycyclic aromatic hydrocarbons
(PAHSs) also were degraded up to 99.9% phenol and more than 94.8%PAHs in oily wastewater. This result
gave hint to develop new method to treat petroleum oil contaminated water in Vietnam.

Keywords: Biofilm, biodegradation, coir, microorganisms, oily wastewater.



