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TOM TAT

Pé tai tap trung nghién ctru chdng vi sinh
vét ttr bun hoat tinh ¢6 kha nédng xtr ly khi
thai chira hoi phenol bdng phuong phép loc
sinh hoc nhé giot (Biotrickling filter). Bang
phuong phép nudi cay va phan lap, dé tai da
xac dinh dwoc hai ching vi sinh vat chiém
wu thé trong xt ly hoi phenol la Bacillus
pumilus va Bacillus thuringiensis. Thi nghiém
duoc tién hanh véi nbng dé dau vao tor 650 -
850 mg/Nm3 va téc do dong khi la 1.5 L/phut
cho thédy hiéu suéat x ly hoi phenol trong
dong khi cda hai ching nay kha cao (chidng
Bacillus pumilus cé hiéu suét xi ly khodng

90% va 92% déi véi ching Bacillus
thuringiensis). Pong thoi, thi nghiém tuong
tw ciing dwoc tién hanh véi hén hop ching vi
sinh vét thu duoc hiéu suét xi ly cta thiét b
hon 80%. Piéu nay cho thdy ching vi sinh
vat sau phéan lap cé hiéu suét xtr ly cao hon
S0 VvOi khi chwa phén I1ap. Trong dé, ching B.
thuringiensis cé thé x& ly duwoc dong khi c6
chira hoi phenol véi nébng do dau vao lén
dén 3600 mg/Nms3, tuwong (rng tai luvong dau
vao 184,3 gpneno.m3.h', hidu suét xc ly dat
92%.

Ter khéa: phenol, loc sinh hoc nhé giot, nudi céy, phén lap, Bacillus thuringiensis, Bacillus

pumilus...
MO PAU

Phuong phap loc sinh hoc nho giot
(Biotrickling filter) d38 dwoC nghién ctru va ung
dung tai nhidu noi trén thé gisi dé xir 1y cac hop
chit 6 nhidm trong khi thai nhu: NHs, HS,
toluene, benzene... [1, 2, 8, 9, 11]. Trong do,
nguoi ta dic biét quan tim dén kha ning xir Iy
cac hop chét hitu co bay hoi (Volatile Organic
Compounds — VOCs), nhitng hop chat khi gay
nguy hai nhiéu nhit dén siic khoe con nguoi va
mdi trudng, dac biét 1a phenol va cac dan xuét
ctia phenol. Phenol 1a chat khi 6 nhiém doc hai

theo tiéu chuin cua co quan bao vé méi truong
Hoa Ky Clean Air Act quy dinh & muc 112 (b)
[5-7] va nam trong trong danh muc cac hop chit
nguy hai (ATSDR, 2005). Pay la nhém tuong
ddi bén, c6 kha ning tich Iiy trong co thé sinh
vat va c6 kha nang gay nhidm doc cép tinh, min
tinh cho con ngudi [13-15]. C6 rét nhidu phuong
phap dé loai bo phenol trong khi thai nhung
phuong phap loc sinh hoc nho giot dang dugc
quan tdm hon ca vi cho thdy hiéu suit cao trong
viéc xir 1y cac hop chat nay va c6 kha nang oxi
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hod hoan toan thanh CO2, H;O; khong tao ra céc
chat 6 nhiém thir cap ma chi phi lap dat, van hanh
va chi phi nang lugng thap [3, 4, 10, 12]. Tuy
nhién, hién nay phuong phap loc sinh hoc nho
giot chua duoc @ng dung nhiéu tai Viét Nam do
thiéu nhiing co s& dir liéu can thiét cho viéc thiét
ké, van hanh, bao dudng...

Trong thiét bi loc sinh hoc nho giot, vi sinh
vat giir vai trd rat quan trong, giup phan huy cac
hop chat 6 nhiém. Nhom nghién ctru tién hanh

ek

phén 1ap, lam giau chiang vi sinh vét trong bun
hoat tinh xtr Iy hoi phenol; so sanh kha nang hoat
dong cua ting ching va véi bun hdn hop nhiam
xac dinh chung vi sinh vat tir bun hoat tinh c6
kha ning xir 1y khi thai chira hoi phenol bang
phuong phap loc sinh hoc nhé giot (Biotrickling
filter) trong diéu kién nudi cdy, thich nghi tai
Viét Nam.

VAT LIEU VA PHUONG PHAP

Thiét 1ap thue nghiém
6

Hinh 1. So d téng quat hé théng thuc nghiém: (1) Quat théi khi, (2) Van luu luong, (3) Flow meter, (4) Impinger,
(5) Péu vao, (6) Diu ra, (7) Binh chira dung dich tuin hoan, (8) Bom nhu dong, (9) Dong dung dich tudn hoan, (10)

Dia phéan phdi chit long, (11) Cot loc sinh hoc nhé giot (Biotrckling filter).

Cot loc biotrickling filter (11) 1a mot dng
nhya trong subt (acrylic glass) véi tong chiéu cao
65 cm va duong kinh ngoai 5 cm. M6t dia nhya
duc 16 (duong kinh 16 5 mm) duoc dat phia trén
cach day 10 cm dé d& I6p vat lieu dém va phéan
bé khong khi déu qua ting 16p. Cira vao cia khi
(® 10 mm) (5) dugc dit phia dudi cach tim duc
16 3 cm.

Thé tich cua l6p dém 1a 1,23 L. Vat lidu dém
¢o kich thuée 10 mm x 10 mm x 10 mm dugc
xép ngau nhién vao ¢t va duoc duy tri d6 4m la
70%.

Cot loc ¢6 mot khoang bén trén 5 cm, cho
phép bd tri dia phan phdi chat long (10) (@ 3 cm,
duong kinh 16 2 mm). Dau ra cua khi (6) cach bé
mit cua I6p vat liéu dém 5 cm. Chat long duoc
tudn hoan tir trén xudng bai Mot bom nhu dong
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tudn hoan (8) (Chem-Feed/1100) do d6 mang
sinh hoc luén duoc gitt & mot do6 am nhat dinh,
cung cap chét dinh dudng, kiém soat do pH va
loai bo cac chat 1a san pham chuyén héa do phan
hay sinh hoc trong cot. Van ldy mau khi duoc dat
& du vao va dau ra cua cot.

Dung dich dinh dudng (DDDD) dwoc chuan
bi bang cach pha cac loai mudi chita cac thanh
phan da lugng va vi luong gom: 1,3 g K:POq, 0,5
g KH2POy4, 0,4 g NH4CI,... dugc hoa tan trong 1
L nudc cat [16, 17]. DDDD duoc dinh ky thém
vao dung dich tudn hoan nham b sung chét dinh
dudng cho qua trinh nuoi cdy vi sinh vat (50
mL/ngay).

Quy trinh thuc nghiém

Dong khi ¢6 chira hoi phenol duoc tao ra
bang cach suc khong khi sach téc d6 cham vao
mot impinger (1) chia dung dich phenol d biét
ndng do, hoi thoat ra dwoc dan truc tiép vao thiét
bi loc sinh hoc nho giot sao cho dong khi di vao
tir dudi 1én (5). Nong d6 hoi phenol trong khi dau
vao duoc hiéu chinh bang cach thay déi ndng do
dung dich phenol trong impinger va téc do cap
Kkhi.

Trong qué trinh di chuyén cua dong khi, hoi
phenol tiép xtc va bi hiap phu vao 16p mang
mong Vi sinh vat dinh bam trén bé mat dém (11).
Tai day, dudi tac dong cua vi sinh vat, phenol s€
bi phan huy thanh CO; va H,O. Sau mot khoang
thoi gian nhét dinh, tién hanh 14y mau khi tai dau
vao, dau ra dé phan tich.

Chuén bi chit ciy va ciy vao mé hinh

Bun vi sinh sau khi duoc lay tir nha may xur
ly nudce thai sinh hoat (Nha may xt 1y nudce thai
Binh Hung) ¢6 ham lwong chét ran lo ling (TSS)
1700 mg/L, dugc bd sung DDDD va nudi thich
nghi truéc khi cdy vao mo hinh. Tién hanh suc
khi chtra hoi phenol v6i nong do tang dan theo
thoi gian trong 24 gio dé vi sinh vat dan thich
nghi véi modi truong c6 chira phenol, dong thoi
cho thém 100 mL dung dich phenol c6 ndng do

5000 ppm vao dung dich bun dé 1am giau chung
vi sinh vét c6 kha ning xu 1y phenol. Trong suét
thoi gian thich nghi cac thong s6 TSS, pH, nong
d6 oxi hoa tan (DO) duoc do dac hang ngay dé
kiém tra kha niang thich nghi ciing nhu dam bao
diéu kién sdng tét nhat cho vi sinh vat [9,12].

Vit liéu dém sau khi dugc lam sach, vo tring
s& dugc ngdm vao hdn hop bun va tiép tuc suc
khi trong vong 24 gio tiép theo dé cac vi sinh vat
trong dung dich bun dinh bam 1én bé mat vat lidu
loc. Két thuc qué trinh suc khi, vat liéu dém duoc
lay ra, dung dich bun duogc tich nude va bd sung
thém dung dich dinh dudng dé c6 TSS khoang
3000 mg/L. Ding bom nhu déng bom tudn hoan
dung dich bun hoat tinh nay vao c6t loc véi luu
lugng 1a 107 mL/phtt. Hon hgp bun dwgc bom
tudn hoan dén khi TSS cuia dung dich bun giam
xudng khoang 500 mg/L thi két thuc qua trinh
cdy bun. Trong qua trinh cdy van cho dong khi c¢6
chra hoi phenol di qua cot loc dé cung cip du
luong oxy can thiét va tiép tuc qua trinh lam giau
vi sinh vat phan hay phenol cho c6t loc sinh hoc
nho giot.
Phuwong phap 1iy miu va phéan tich ndong do
hoi phenol trong dong khi

Kha nang xur 1y, hiéu suat xir 1y hoi phenol
cua mo hinh nghién ctiru dugc danh gia thong qua
ndng d6 hoi phenol trong dong khi dau vao va
dau ra. Lay mau khi chtra hoi phenol bang cich
cho hip thu vao 2 impinger, mdi impinger chua
10 mL dung dich Na,COs. Nong d¢ phenol trong
dong khi dugc tinh toan thong qua ndng do
phenol trong dung dich sau khi hip thu. Thoi
gian ldy miu 15 phut. Sau khi 1dy, miu dugc dem
phan tich ngay. Nguyén tic cia phwong phéap l1a
dya vao phan @ng tao mau cuta phenol voi
paranitroanilin da diazo hoa. Phuc tao thanh cé
mau vang va dugc do quang tai budc song 480
nm bang may V-650 UV-VIS
Spectrophotometer.
Phwong phap phén lap va lam giau ching vi
sinh vat
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Dé c6 thé xac dinh chung vi sinh vat c6 kha
nang xir Iy hoi phenol ta can phai tién hanh lay
mau, phan 1ap va lam giau tirng chang vi sinh vat
c6 trong mo hinh loc sinh hoc nho giot. Mau vi
sinh vat trén bé mat vat liéu dém sé duoc ciy vao
dia c6 chira méi truong dinh dudng va dugc cay
chuyén vao céac dia c6 chira moi trudng phan 1ap
(NA). Céc ching vi sinh vat thuan sau khi phan
lap duoc dinh danh bang phwong phap gii trinh
ty gen 16s RNA va tra cuu trén BLAST
SEARCH, tién hanh nhan sinh khéi chang vi sinh
vat do6 trong moi truong LB (Lactose Broth)
truge khi ciy vao cot loc.

KET QUA VA THAO LUAN
Giai doan thich nghi vi sinh vat va cdy vi sinh
vat vao moé hinh

Giai doan thich nghi vi sinh vt

Bun hoat tinh dwoc ldy tir nha may xir ly
nudc thai sinh hoat chira nhiéu loai vi sinh vat
khac nhau. Truéc khi ciy vao cot loc, bun hoat
tinh can duoc 1am giau vi sinh vat xir 1y phenol
[16, 17]. Qué trinh nay rét can thiét d¢é ting hiéu
suat xir 1y cua hé thong va giam thoi gian khoi
dong cot loc. Tién hanh lam giau vi sinh vat oxy
hoéa phenol trong bun hoat tinh bang cach suc lién
tuc hoi phenol co6 ndng d6 ting dan (19 - 50
mg/Nm?) trong vong 7 ngay, dong thoi thém vao
dung dich bun 100 mL DDDD/ngay dé cung cip
chat dinh dudng va ning lugng can thiét cho vi
sinh vat hoat dong. pH cua dung dich tuan hoan
duoc duy tri trong khoang 6 — 8.

S&(mglL)

F300

=+=33 (mg/L)

Then gian vén hanh (ngay)
-==pH
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Biéu dd 1. D4 thi biéu dién su thay ddi ndng d6 oxy hoa tan (DO), ham luong chét rén lo ing (SS), pH trong dung

dich bun hoat tinh theo thoi gian van hanh

Vao ngay thir nhat cua qua trinh thich nghi,
vi sinh vat bt dau 1am quen véi hoi phenol dugc
suc vao dung dich bun. Cac vi sinh vat khong
thich nghi bat dau chét di, 1am cho SS dung dich
giam nhanh, DO trong dung dich khong dugc vi
sinh vat st dung nén tang 1én. Trong khi do, cac
vi sinh vat oxy héa phenol ting vé thé tich, khoi
lwong rd rét do qué trinh téng hop cac chét dién
ra manh mé nhung chua ting vé s6 lugng. Day

chinh 13 pha “lag” trong méi trudng nudi ciy
tinh.

Giai doan tir ngay thir 3 dén thir 5 cua qua
trinh thich nghi, vi sinh vat oxy hoa phenol bét
dau pha “log”, s6 lugng té bao ting theo ham sd
mil. Do d6, SS cua dung dich bun ting nhanh tir
1140 - 1820 mg/L, dong thai DO cua dung dich
giam xubng con 5,2 mg/L. Nhiing ngay tiép theo

Trang 99



Science & Technology Development, Vol 16, No.M3- 2013

tbc do bién dbi cham dan va dat trang thai 6n
dinh vao ngay thir 6 va thu 7 cta qua trinh.
Giai doan cdy vi sinh vit vao mé hinh va khoi
dong mé hinh

Khi qué trinh thich nghi hoan tit, chuan bi
dung dich bun c6 SS khoang 3000 mg/ L dé cay
vao cdt loc sinh hoc nho giot. Luu lwong dung
dich bun duoc bom tudn hoan vao cot loc dugc
¢ dinh & 107 mL/phtt nham tranh sy tic nghén
xay ra trén cot loc. Sau mot ngay, gia tri SS cua

dung dich bun giam xudng con khoang 500 mg/L
thi két thiic qua trinh cay.

Trong qua trinh cdy vi sinh vat 1én cot, nong
d6 hoi phenol trong dong khi dau vao dugc duy
tri trong khoang 650 - 850 mg/Nm?3, téc do dong
khi 1,5 L/phiit vao c¢dt nhu 1a ngudn cung cap
dién tur duy nhit cho vi sinh vat séng va hoat
dong. pH cua dung dich tuan hoan dwoc diéu
chinh trong khoang 6 — 8.
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Biéu dd 2. Hiéu suit xr Iy hoi phenol cua thiét bi loc sinh hoc nhé giot trong thoi gian khéi dong

Hiéu suat xir 1y hoi phenol trong nhimng ngay
dau tién con thap do ham luong vi sinh vat trén
I6p vat liéu dém con it. Qua nhitng ngay tiép theo
thi vi sinh da phat trién nhiéu trén 16p vat liéu
dém, tao thanh mt mang sinh hoc ma ta cé thé
quan sat dwoc bang mét thudng. Dén ngay thir 6,
thir 7 hiéu suat xu 1y hoi phenol khoang 80%
diéu nay cho thdy mang sinh hoc di phat trién

hoan chinh trén 16p vét liéu dém rin. Phenol
dugc hap phu vao 16p mang nay va dugc cac vi
sinh vt trén mang phan hay tao thanh CO,, H,0O
va mot phan hinh thanh sinh khdi vi sinh vat.
Giai doan ting trudng va thich nghi v4i moi
truong co thé lam giam thoi gian cdy va do do,
giam su phat tan chit 6 nhiém trong hoat dong
cua giai doan nay.
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Giai doan van hanh

Két qud cdy, phén lap chiing vi sinh vit

Hinh 2. Cac chung vi sinh vat c6 mat trong bun hoat
tinh xtr 1y hoi phenol

Hinh 4. Ching hinh vét loang (P6m 2)

Giai doan tang sinh Kkhéi va cﬁy vi sinh vat sau
phén 13p vao mé hinh

Vi sinh vat sau khi phan 1ap s€ dugc nhan
sinh khéi trong méi truedng Lastose broth rdi tién
hanh pha loang véi nudc cit theo ti 16 1:1, thém
100 ml dung dich dinh dudng vao dung dich cay.
Tién hanh cdy vao mé hinh va danh gia hiéu sut
xir 1y cua tirng chung. Két qua cho thiy hiéu suat

Hinh 5. Ching hinh xuong réng (Bém 3)

xu 1y hoi phenol cua tung chung la kha cao (hon
80%) nhung ching hinh vét loang (d¢6m 2) cho
hiéu suit xur 1y cao nhét, tiép theo 1a chung duc
trang sira (d6m 1) va sau cung la ching hinh
xuong rong (d6m 3). Hai chang cho hiéu suat cao
la ching hinh vét loang va ching duc tring sira
dugc dem dinh danh va tiép tuc khao sat trong
cac thi nghiém tiép theo.
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Biéu db 3. D6 thi khao sat hiéu suat xir 1y hoi phenol trong dong khi cia timg chung vi sinh vat sau phan lap

Theo két qua phan tich vi sinh cho thay 2
mau vi sinh da dugc lam thuin va ky hiéu 1a
chung duc tring sira (d@6m 1) va ching hinh vét
loang (d5m 2) lan luot c6 tén 1a Bacillus pumilus
va Bacillus thuringiensis. Nhiéu nghién ctu
truc day cho thdy chung B. pumilus va B.
thuringiensis da dwoc tng dung rat nhiéu trong
cac linh vuc nong nghiép, cong nghiép, thuc
pham... Tuy nhién, chua c6 nhiéu nghién ctu
cho thdy viéc ap dung cac ching vi sinh vat nay

trong linh vyc xu 1y khi thai. Két qua nay ciing
cho thiy sy khac biét so v&i nghién ciru trudc
day ctia M. Zili va cong su khi khong tim thay
chung Pseudomonas putida, 1a chung dugc tim
thdy cho hiéu suat xir 1y cao khi thai ¢6 chira hoi
phenol [17]. Piéu nay c6 thé duoc giai thich do
su khac biét vé diéu kién khi hau, thanh phan va
dac tinh nude thai, bun hoat tinh tai Viét Nam so
Véi cac nude khac.

hifu suat i If
hoi phenol (%)
100

5 8 E 8 B 2 8

20
o _ Thiri gian (b}
1 ] 3 4 H [ 7

mhdnhop B pumilus

mE. thunrgensas

Biéu db 4. D6 thi so sanh hiéu suit x Iy hoi phenol trong dong khi ctia ching B. pumilus va B. thuringiensis v6i
bun hoat tinh
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Duya vao Biéu dd 4 ta thiy hiéu suat xir 1y hoi
phenol cta bun hoat tinh truée khi phan 1ap thap
hon nhiéu so véi sau khi duoc phan 1ap do trong
bun hoat tinh c¢6 chwa nhiéu chang vi sinh vat
khac nhau c6 kha niang gay tc ché cho qua trinh
xt 1y hoi phenol. Sau khi phén 1ap vi sinh vat c6
thé tranh dugc cac tic dong nay, dong thoi lam
ting mat do cua chung vi sinh vat phan huy
phenol trén bé mat vat liéu dém, lam ting hiéu
suat xu 1y.

Khdo sat khda ndng logi bé cuia chiing B.
thuringiensis

Dé xac dinh dugc nong do phenol gigi han
ma chang B. thuringiensis c¢6 thé xu 1y duoc,
nghién ciru da tién hanh ting dan ndng dé hoi
phenol trong dong khi dau vao 1én dén khoang

3600 mg/m3.Téc do dong khi du vao dugc duy
tri & 1,5 L/phut.

Biéu dd 5 cho thiy kha ning loai bo ting
ddng bién vai sy gia ting cua tai trong dau vao.
Khi ting nong d6 dong khi dau vao lén dén
184,30 g.m3.ht thi higu suat xu 1y cua cot loc
van dat khoang 92%. DAy chinh 1a tai trong gigi
han cta cét loc sinh hoc nho giot, vi véi tai trong
dau vao 16n hon thi hiéu suat xur 1y cua thiét bi
bat ddu giam xudng rat nhanh. Khi ting tai trong
tr 184,30 g.m3.h? 1én 205,81 g.m3.h? thi hi¢u
suat giam xudng chi con 90,3%. Tuy nhién két
qua nay cho thdy hiéu xuit xur 1y cua chang B.
thuringiensis van cao hon nhiéu so véi chung vi
sinh vat khi chua dugc phan 1ap.
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Biéu db 5. D thi khao sat kha ning loai bé ctia ching B. thurigiensis v6i cc tai trong dau vao khac nhau

KET LUAN

Cot loc sinh hoc nho giot véi vat liéu dém
lam tir mat xdp dwoc cdy vi sinh vat oxy héa
phenol dd cho thdy kha niang xir 1y hoi phenol
trong dong khi kh4 cao. Hiéu suat cua qué trinh
dat hon 80% v&i nong d6 khi thai ddu vao
khoang 850 mg/Nm?, téc do dong khi 1,5
L/phit. Nghién ciru ciing da phan 1ap va dinh
danh dugc chung vi sinh vat oxy hoéa phenol 1a
Bacillus pumilus va Bacillus thuringiensis. Dong
thoi, nghién ciru ciing danh gia duoc hiéu suat xu

1y cua cac chung vi sinh nay. Két qua cho thiy
hiéu suat xir 1y cua ching vi sinh sau khi phan
lap dat kha cao, cu thé ching Bacillus pumilus c6
hiéu suat xir y hoi phenol khoang 90% va chung
Bacillus thuringiensis khoang 92%. Ngoai ra, dé
tai cling d tién hanh xac dinh dugc tai trong dau
vao gii han cua chung B. thuringiensis 1én dén
184,30 g.m3hlma hiéu suit xir Iy van dat dwoc
hon 92%.
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Investigating the species of
microorganisms from activated sludge
for handling phenol contaminated-air
streams in biotrickling filter

e Nguyen Thi Kim Anh
e Le Thi Tra Mi
e Nguyen Ly Sy Phu
e Dang Diep Yen Nga
e To Thi Hien
University of Science, VNU-HCM

ABSTRACT

This research aimed at investigating the
species of microorganisms from activated
sludge is capable of handling gas-containing
phenol vapor by means of trickling biofilter.
By isolating and culturing microorganisms,
two species, Bacillus pumilus and Bacillus
thuringiensis, was discovered to dominate in
phenol vapor removal equipment with high
efficiency (about 90% with B. pumilus strain
and 92% with B. thuringiensis strains) at inlet
concentration about 650 - 850 mg/Nm3 and

air flow of 1.5 L/min. Simultaneously, similar
experiments were carried out with mixed
microorganisms obtained removal efficiency
of more than 80%. This result showed that
microorganisms after being isolated gave
higher performance than mixture of
microorganisms. In particular, strain of
B. thuringiensis could handle up to 3600
mg/Nm? in inlet concentration at about 184.3
Ophenom=3.h?  elimination capacity when
removal efficiency was over 92%.

Keywords: phenol, biotrickling filter, air pollution, Bacillus thuringiensis, Bacillus pumilus.
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