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Abstract. The membrane bioreactor (MBR) process can produce consistently hight quality
of effluent from municipal wastewater, it is not always possible to use this water directly as
irrigation and process water if especially the micropollutants in water is high. Therefore,
additional treatment, such as reverse osmosis (RO), should be followed to produce excellent
quality water by removing micropollutants. This study focuses on the application of a
combined MBR-RO process for removal of various pollutants, especially micropollutants, in
urban wastewater. Three pharmaceutical micropollutants, including carbamazepine,
diclofenac and ketoprofen, were selected to examine the removal capacity of the MBR and
the integrated MBR-RO process. The results show that ketoprofen was easily removed by the
biological treatment in the MBR (> 80%); meanwhile, the removal rate of carbamazepine
could be negative (-7%), indicating that the concentration in the MBR permeate was higher
than the influent concentration. The removal efficiency of diclofenac was low, at about 16%,
in the MBR. However, the integrated membrane systems, MBR-RO, achieve higher removal
rates of above 92% for all three micropollutants. Notably, good denitrification efficiency of
the RO membrane was observed, > 86%, demonstrating that the reverse osmosis membrane
might be used as tertiary treatment after a membrane bioreactor to achieve higher water
quality recovery.

Keywords: membrane bioreactor MBR, reverse osmosis RO, integrated MBR-RO, domestic
wastewater, micropollutants.
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Tom tit. Cong nghé mang MBR duoc tng dung dé xir 1y nudc thai d6 thi véi hiéu suat cao,
tuy nhién nguon nudc ndy khong thé sir dung truc tiép dé tudi tiéu va trong cac qua trinh san
xuat néu ndng d6 chat 6 nhidm siéu vi trong dong thim cua MBR cao. Vi vay, sy két hop loc
tham thau nguoc (RO) sau MBR can dugc thuc hién nham loai bo céc chat & nhiém siéu vi,
va thu hdi chét lwong nuéc tét hon. Nghién ciru ndy tap chung vao ung dung két hop cong
nghé mang MBR va loc RO trong viéc loai bo mot s6 chat 6 nhiém dién hinh, dac biét 1a chat
6 nhiém siéu vi c6 trong nudc thai d6 thi. Ba chat 6 nhiém duoc pham la carbamazepine,
diclofenac va ketoprofen duoc lya chon dé danh gia hiéu suét xir Iy cua céng nghé MBR va
su két hop MBR-RO. Két qua nghién ciru da ching minh kha ning phan huy sinh hoc cua
ketoprofen trong MBR dat trén 80%; trong khi d6 hiéu suat loai bo carbamazepine (-7%) va
diclofenac (16%) boi MBR rat thap Tuy nhién, sy két hop MBR-RO di thu duoc hiéu suat
trén 92% dbi véi ca ba chat 6 nhidm nay. Pac biét, hiéu suat khtr nitrat bai mang loc tham
thiu nguoc RO (> 86%), dd xac nhan sy can thiét cia RO nhu mét céng nghé xtr ly sau MBR
dé thu hoi chat luong nudce cao hon.

Tir khéa: mang sinh hoc MBR, loc tham thu ngugc RO, két hgp MBR-RO, nudc thai do
thi, chat 6 nhiém siéu vi.

@ 2024 Truong Dai hoc Giao thdng vdn tai
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1. PAT VAN PE

Loc mang Ia qué trinh tach pha ran trong nu6c qua l6p mang nho &p sut tham thau qua
mang. Cong nghé mang loc da dugc (g dung rong rdi trén Thé gioi tir dau thé ky 20 dé tach
cac chét 6 nhiém trong nudc cap va nudc thdi cho dén céc nha may ngot hoa nudc bién cong
suit lén. Cong ngh¢ loc mang c6 ¥ nghia rat [6n trong viéc cung cip nudc, xir ly 6 nhiém moi
troeong va phat trién nguon nuGc Maoi.

Dé khic phuc tinh trang thiéu nudce dang tro thanh thach thirc ngay cang tang trén toan Thé
gidi, nudc thai phai dugc coi la ngudn tai nguyén nudc day htra hen thay vi chi la chét thai. Bén
canh d6, mot s6 d thi va nganh cong nghiép dang phai d6i mat véi tinh trang ndng d6 mudi va
cac chat 6 nhiém siéu vi (micropollutants) cao trong nudc thai. Cac quy trinh mang tién tién
nhu quy trinh MF (vi loc), UF (siéu loc), NF (loc nano), RO (loc tham thau nguoc) va bé phan
ng sinh hoc mang MBR duoc st dung dé xir Iy nu6cC thai do thi va cdng nghiép. Méc du quy
trinh MBR duong nhu 1a giai phap t6i uu cung cap chat lugng nuéc tét nhung khong phai lic
nao cling c6 thé tai sur dung nguon nudc nay truc tlep dé tudi tiéu hay cho cac muyc dich str dung
khéc néu trong thanh phan dong tham MBR c6 nong d6 mubi va cac chat 6 nhiém siéu vi vuot
qué tiéu chuan cho phép. Vi vy, xir Iy bac cao sau MBR dé loai bo cac hop chit con lai trong
dong tham MBR s& 14 can thiét.

Trong nhitng ndm gan day, mot sé tac gia da chiang minh ring, cac quy trinh mang diéu
khién bang &p suat nhu loc nano (NF) hoic tham thau ngugc (RO) thudng duoc lya chon dé tai
sir dung nuéc thai duge xir Iy bang MBR, cho hiéu suat tuyét voi déi viéc loai bo mubi va cac
chat 6 nhiém hiru co. Trong nghién ciru clia Zahraa va Gzar nam 2019 [1] d4 bao céo rang, su
tich hop cdng nghé MBR-RO dé xir 1y nudc thai va nudc tai st dung nganh dét nhudém ciing
cho hiéu suat rat cao, 88,34%, 83,7% va 97,9%, tai thoi gian luu thuy lyc HRT 14 2,5 ngay, ddi
véi COD, @6 mau va do dan dién, twong ung. Bén canh dd, Falizi va cac cong su [2] va G.Sert
va céc cong su [3] da chi ra rang, hiéu suat loai bo cac anion rat cao, déu trén 97%. Cac anion
dugc loai bo nhiéu c6 thé 1a do sy hién dién cuaa dién tich am trén bé mat mang. Su loai bo anion
gay ra su loai bo cac cation trong (ng cua chlng do yéu cau vé do am dién cua dung dich. Béo
céo cua Aziz. M va Kasongo. G [4] ciing chitng minh hiéu suat xir ly cac chat 6 nhiém cao trén
90% dbi voi COD, ammonia, anion PO4*" (tinh theo P) va NO3 (tinh theo N) khi két hop cong
nghé MBR-RO dé xtr Iy nuéc thai d6 thi. Nghién ctu trude diy cua A. Plevri va cong sy [5] da
chi ra rang viéc &p dung céng nghé MBR-RO di thu duoc hiéu suét loai bo trén 90% ddi voi
mét s6 kim loai nang nhu Al, Fe, Ni, As, Mo, Zn, Mn va loai b gan nhu hoan toan dbi vai Co,
Se.

bac biét, ap dung cong ngh¢ loc nano (NF) hay tham thau nguoc (RO) la budce xu ly bac
cao tiép theo sau MBR c6 thé cho hiéu suit tuyét voi dbi cac chit 6 nhidm siéu vi, vi du
99,4%--99,8% d6i voi ibuprofen, 87,5%-+97,0% dbi véi diclofenac, 99,6%-+99,9% dbi voi
acetaminophen va 84,8%--99,0% ddi véi carbamazepine [6]. Mujahid Aziz va Tunde Ojumu
[7] da chung minh kha nang gitr lai 17-estradiol va testosterone trén 90% bai mang MBR-RO
trong xtr Iy nuéc thai d6 thi. Nghién ctu gan day cua Wang va cac cong su [8] da bao cao rang,
khi két hop cdng ngh¢ MBR-RO/NF, hiéu suit loai bo cua 27 chat & nhiém siéu vi (bao gdom
chat & nhiém duoc pham va san pham chiam soc ca nhan) déu dat trén 95%, trong khi d6 mang
MBR c6 hiéu suat kha thap doi voi hau hét cac chat 6 nhiém, vi du carbamazepine (41%),
metoprolol (47%), norfloxacin (51,8%). Bén canh do, Racar va cong sy [9] da chiung minh rang
chat luvgng dong thim MBR (xir 1y nudc thai d6 thi) chi dap (g cac yéu cau vé chat luong ly
hod va vi sinh phuc vu cho tuéi tiéu sau khi két hop xtr Iy bac cao bang cong nghé loc NF/RO.
Mang MBR d3 loai bo hiéu qua dbi véi mot sé chat 6 nhidm siéu vi nhu methiocarb (> 99,9%),
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tri-allate (> 99,9%), clothianidin (88%) va clarithromycin (71,9%-=-74,2%), trong khi hiéu suét
loai bo thap va tham chi 1a &m da dwoc quan sat thay ddi véi diclofenac (15%), clothianidin (-
14%) va imidacloprid (-18%). Khi két hgp MBR véi loc nano (NF 90)/loc tham thiu nguoc RO
d3 loai bo hoan toan céc chat 6 nhidm siéu vi trong nghién ciru caa ho.

Do d6, muc tiéu chinh cua bai bao nay la danh gia hiéu suét loai bo mot sé chat 6 nhidm
siéu vi duoc lya chon co trong nuéc thai d6 thi bang céch st dung hé théng mang tich hop
MBR-RO. Kha ning khir nito bai mang MBR va mang loc tham thau nguoc RO ciing duoc
thao luan trong nghién ciru nay. Phuong phép phén tich HPLC-SEC-fluorescence duoc su dung
dé danh gia kha ning tic mang trong MBR.

2. PHUONG PHAP NGHIEN CcUU

2.1. M6 hinh thi nghiém MBR-RO

M® hinh thi nghiém MBR-RO dugc thuc hién tai phong thi nghiém TBI thuc Vién Khoa
hoc &ng dung Quéc gia Toulouse, Phap dé xir 1y nudc thai d6 thi (sau giai doan tién xu 1y),
trong 30 ngay lién tuc (Hinh 1). Thanh phan va nong d6 cua cac chat 6 nhiém trong nudc thai
d6 thi duoc trinh bay trong Bang 1. Bé sinh hoc mang MBR duoc thiét ké bao gom 1 bé aerotank
(bé hiéu khi) (12,6 L) va 1 bé anoxic (bé thiéu khi) (5,4 L) véi module mang tim phang vi loc
MF (microfiltration) dat chim trong bé aerotank. Dién tich bé mat mang vi loc 1a 0,1 m?, kich
thudc 16 mang 0,2 um. Mot may khudy chim dugce dit ngap trong bé anoxic dé dam bao su hoa
tron hoan toan gitra nuéc thai va bun hoat tinh. H¢ thdng cap khi duoc sir dung trong bé aerotank
bao goém hé thong cap khi thé ¢ luu lwong 1,5 L/phut nham giam tic mang MBR; hé thong
cap khi tinh ciing duoc st dung nham dam bao nong do oxy hoa tan DO = 2+3 mg/L. Dong
tuan hoan hdn hop nudc thai va bun hoat tinh tir bé hiéu khi vé bé thiéu khi duoc on dinh tai 4
L/h. Hiéu suét loc qua mang 6n dinh tai 15 LMH, véi chu ky hoat dong 8 phut va nghi 4 phut
ciia mang loc. Thoi gian luu bun SRT duoc kiém soat 30 ngay. Nong d6 MLSS trong bé phan
ung duy tri trong khoang 8 g/L.

Cong nghé loc tham thau nguoc RO dugc két hop dé xir Iy nudc tai sa dung MBR. Dong
tham MBR (dong vao RO) duoc luu giit trong mot bé chua vai thé tich hiru ich 1a 50 L, mot
may bom dé 6n dinh luu luong dong vao RO = 16,8 L/ngay. Mang RO tam phang (ESPA2,
polyamide, hydranautics), dién tich bé mat mang 0,051 m?, ap suat xuyén mang AP = 7 bar, hé
s6 ndng d6 CF = 3, duoc sir dung trong thi nghiém nay. Dé ngan ngira dong cin vo co trén bé
mat mang RO, pH dong thim MBR dugc diéu chinh xudng gié tri 6 bang cach thém axit HCI
37% trudc khi xir Iy bang cdng nghé RO.

Hiéu suét xir ly cac chat & nhidm bai cong nghé MBR va su két hop MBR-RO duoc tinh
toan theo céc cong thirc sau:

C ong vao C on, am
Enpr(%) = (Caong vio MBR~Cdomg thim MBR) x 100 (@D)]
Cdong vao MBR
C ong vao C on, am
Empr—-ro(%) = (Cdong vio MBR™Cding thim RO) x 100 (2)

Cdong vao MBR

’I;rong do: Cd(‘mg vao MBR: Cd(‘)ng tham MBR» Cd(‘)ng thdm RO la néng dé cua mot trong cac Chét
0 nhiém duoc lya chon trong nghién ctu (carbamazepine, diclofenac, ketoprofen, N-NHz, N-
NO3’) trong dong vao MBR, dong tham MBR va dong tham RO.
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. ROC- ngay N
Nuwdéc thai Owmere: 23,4 Lingay V1 dic RO
] L
Quissr v v Dong ¢6 dic RO tuan hoan
24L/ngay Dong
MBR vao RO
l Mang RO
Bun thai Qror: 16,8 L/ngay
Qwmierws: 0,6 L/ngay l
V1: van kiém soat CF Dc‘)n.g tham RO
CF: h¢ sb ndng do Qroe: é28 Iglngay

—————Hmhr L Mo hinhrthi nghiém MBR-RO:

Bang 1. Thanh phan va ndng do cac chat 6 nhiém trong nudc thai do thi.

. Nong do
Thoéng so Pon vi
(tinh theo gid tri trung binh trong thoi gian thi nghiém)
pH - 7+75

NHs-N mg/L 22
NOsz™-N mg/L 0,2
Carbamazepine ug/L 0,41
Diclofenac ug/L 1,0
Ketoprofen ug/L 2,3

2.2. Phuong phap phéan tich

Phuong phép salicylate (10031) dugc str dung dé xac dinh ndng d6 Ammoni nito (NHaz-
N). Hop chat ammonia két hop véi clorine, tao thanh monochloramine. Monochloramine phan
tng voi salicylate tao 5-aminosalicylate. Khi c6 chat xic tac la natri nitroprusside, 5-
aminosalicylate bi oxy hoé tao thanh mot hop chat mau xanh da troi. Mau xanh da troi bi che
boi mau vang do thude thir du nén dung dich s& c6 mau xanh 14. Két qua thi nghiém duoc do &
budc song 655 nm.
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Nong d cua ion nitrat (N-NOg") dugc xac dinh bang hé thong sic ky ion (IC- ionic
chromatography) (IC 25 va ICS-2000, Dionex, _M§). Trusce khi phan tich mau, hé théng IC
duoc hiéu chuan bang dung dich chuan, cac mau phai duoc loc bang mang PES 0,2 um (da
dugc rira sach bang nudce tinh khiét).

Céc chat 6 nhidm siéu vi (carbamazepine, diclofenac va ketoprofen) dugc xac dinh bang
phuong phap MOA26 HPLC-MS/MS.

Phuong phap sic ky long hiéu ning cao két hop véi sac ky ray phan tir (HPLC-SEC) duoc
thuc hién bai Akta Purifier (GE Healthcare, USA), duoc két hop voi mot cot protein Kw804
(Shodex, Nhat) va méay do quang phd huynh quang. Dung dich cho pha dong dugc chuan bi véi
25 mM NaSO4 va dung dich dém phosphat (2,4 mM NaH2PO4 va 1,6 mM Na;HPQO4 ¢ pH 6,8).
Luu lugng caa dung moi rira giai qua cot 1a 1,0 mL/phat. Budc song Kich thich/phét xa duoc
cai dit tai 280/350 nm, day 1a cac gia trj can thiét dugc xac nhan boi phuong phap huynh quang
EEM nham phét hién cac hop chét protein. Cot dugc hiéu chuan bang céch sir dung cac protein
tiéu chuan: thyroglobulin (669 kDa), ferritin (440 kDa), aldolase (158 kDa), conalbumin (75
kDa), ovalbumin (43 kDa), carbonic anhydrase (29 kDa), ribonuclease A (13,7 kDa) va
aprotinin (6,5 kDa) (GE Healthcare).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Hiéu suit loai bé mat s6 chat 6 nhiém siéu vi (micropollutants) béi sw két hop cong
nghé mang sinh hec MBR va loc tham thau ngwoc RO

Mot luong 16n cac chat 6 nhidm hitu co dang vét (TrOC) cd thé co trong nudce thai thd.
Chuing bao gdém hormone steroid, duoc pham, san pham cham soc ca nhan, chat hoat dong bé
mat, thudc trir sdu va san pham kh triing. Sy phan huy sinh hoc va/ hoidc su hap phu c6 thé la
nguyén nhan loai bé TrOC bang cong nghé¢ MBR.

Trong nghién cau ndy, ba loai chat & nhiém dugc pham, bao gom carbamazepine (CBZ),
diclofenc (DIF) va ketoprofen (KEP) duoc lya chon dé kiém tra hiéu qua loai bo cua ching
trong MBR trudc va sau khi két hop véi loc tham thau nguoc RO. Két qua tir Hinh 2 cho thay
d6i voi CBZ va DIF, hiéu suat loai bo boi MBR rét thap, 1an luot 12 -7% va 16%. Carbamazepine
la mot truong hop dic biét vi nong do trong dong tham MBR cao hon ndng do trong dong vao.
Hién tuong nay co thé duogc giai thich bang su hién dién cua cac glucuronide tiép hop trong
CBZ dong vao ma khong duoc dwa vao dinh lwong thude ban dau, do do6 cac glucuronide duoc
chuyén d6i thanh carbamazepine thdng qua hoat dong cua céc vi khuan trong bé phan tng sinh
hoc MBR, dan téi su gia ting nong d6 cua CBZ trong dong thim MBR [10-11]. Mat khac,
carbamazepine c6 hé s6 hap phu Ka (1,2 L kgss™) giita nudc va bun hoat tinh quéa nho véi hé sé
yéu cau vé kha nang hap phu trén bun hoat tinh (500 L kgss™), cho thay n6 khdng bi hap phu
vao bun hoat tinh [12]. Miac du hé sb Kq caa diclofenac (16 L. kgss™) cao hon so véi CBZ,
nhung sy hién dién cuaa clo trong cau trdc cua n6, khién né khé bi phan huy. Do d6, cac hop
chat nay c6 thé dugc phan loai vao nhém phan huy sinh hoc kém trong MBR. Két qué tuong tu
cling da duoc bao co trong mot vai nghién ciu trude dé [8-9,13]. Nguoc lai, hiéu suat loai bo
cua ketoprofen cao, khoang 94% da dugc thu nhan, chitng minh rang ketoprofen dé phan huy
sinh hoc trong MBR [14-15].

Sy bat cap trong viéc loai bo cac chat 6 nhiém siéu vi boi cong nghé MBR c6 thé duoc
khac phuc bang cach ket hop cong nghé mang MBR va loc tham thau ngugc RO. Mang RO ¢6
thé dat duoc hiéu qua loai bo c&c chat 6 nhiém siéu vi cao hon bang cach két hop ba co ché co
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ban (loai trir kich thuéc, twong tac tinh dién, twong tac ki nudc gitra cac chat hoa tan, dung moi
va mang). Viéc loai bo cac chat 6 nhiém siéu vi khong tich dién (nhu carbamazepine) bﬁng
mang RO chi yéu bai co ché loai trir kich thudc, trong khi luc hat hoic lec day tinh dién c6 thé
anh hudng dén viéc loai bo cac chat 6 nhidm siéu vi c¢6 dién tich (nhu diclofenac) bang mang
RO.

Bang 2. Tinh chat cua ba hop chat 6 nhiém dugc pham.

Carbamazepine (CBZ)  Diclofenac (DIF) Ketoprofen (KET)

Antiepileptic Anti-inflammatory  Anti-inflammatory
Nhém ) ) ) )
(thuoc chong co giat)  (thuoc khéang viém)  (thuoc khang viém)
Cong thac C1sH12N20 C14H11CI2NO2 C16H1403
Khdi luong phan tu
i 236,27 296,1 254,28
MW? (g.mol™?)
Kha nang ki nudc 245 451 423
LogKow
Nguon PubChem
2.5 — * 100
2 80

= <

5 X

215 60 =

~— [X{av1

< 7

B0 1 > 40 <5-

8 Q 2

7 N\

0.5 EQEEE% 20
Carbamazepine Diclofenac Ketoprofen
%Y Dong vao MBR T2 Dong thim MBR
=== Dong thim RO ——Hiéu sudt MBR-RO

Hinh 2. Hiéu sut loai bo chit 6 nhidm siéu vi bai sy tich hop cong nghé MBR-RO.

Trong nghién ctru nay, chung t6i di thu duoc hiéu qua tuyét voi, trén 92% db6i véi
carbamazepine, diclofenac (> 95%) va ketoprofen (>99,7%) khi két hop cong nghé mang MBR
va loc tham thiu ngugc RO. Nhu da trinh bay & trén, mang ESPA2 duoc sir dung trong nghién
ctru nay c6 khdi lwong phan tt MWCO (molecular weight cut-off) 12 100 g.mol™, trong khi d6
ba hop chét 6 nhidm duoc pham duoc lua chon ¢ khéi lwong phan tir cao hon gip 2-3 lan, cu
thé 1a 236,27 g.mol™ (CBZ), 296,1 g.mol™* (DIF) va 254,28 g.mol™* (KEP) (Bang 1). Vi vay,
cac hop chat nay dé dang duoc gitr lai boi mang loc tham thau nguoc RO. Hon nita, kha ning
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gitr lai ketpprofen va diclofenac (> 95%°) dugc phat hién cao hon mét chdt so vai CBZ (92%),
diéu nay cd thé dugc giai thich bang ban chat ki nudc cao cua ching (LogKow > 4). Do d6, co
ché loai bo DIF va KEP c6 thé do su hip phu cua chat 6 nhidm vao ma tran mang RO. Déi véi
CBZ it ki nu6c va trung tinh, co ché loai boé chinh bai mang RO Ia loai trir kich thuéce. Két qua
tuong tu cling da dugc chitng minh trong nghién cau cta Racar va cong su [9], Mamo va cong
su [15], ho da ching minh rang khi két hop cdng nghé MBR va loc tham thiu nguoc RO, trén
999% cac chat 6 nhidm dugc pham dugc loai bo.

3.2. Hiéu suit cia qua trinh nitrat hoa va khir nitrat béi su tich hgp MBR-RO

Két qua tir Hinh 3 cho thay hiéu suét caa qua trinh nitrat hoé trong bé phan wng sinh hoc
MBR dat trén 94%, tuy nhién, hiéu suat khir nitrat khong hiéu qua do nong do nitrat (N-NO3)
quan sat duoc trong dong thim MBR cao hon ndng d6 caa ching trong dong vao. Hién tugng
nay 6 thé duoc giai thich bang su két hop cia mot s6 hién twong han ché qua trinh khir nitrat
¢ vung thiéu oxy: (i) NgUOn cung Cap OXY, dén tir bé hiéu khi bang dong tuan hoan va tir khi
quyén bang cach van chuyén qua bé mat bang may khudy, nong do DO hoa tan c6 thé khong
pht hop cho qua trinh khw nitrat; (i) Thoi gian luu thuy luc (HRT =1,08 gio) thap trong vung
anoxic d& anh huéng téi hiéu qua khi nitrat trong MBR. Vi vay, can c6 ti vu hoa cac diéu kién
hoat d6ng ciia MBR (ca ving anoxic va aerotank) dé thu duoc hiéu suat xir Iy nito tot nhét.
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Hinh 3. Hiéu suat cua qué trinh nitrat hoé va khtr nitrat bai su tich hop céng nghé MBR-RO.

Trong nghién cau nay, loc thim thiu nguoc RO duoc sir dung dé tai ché nudc thai MBR
d3 loai bo hiéu qua N-NOs™ (> 86%), két qua tuong tu cling duoc chi ra trong nghién ctru cua
Cartagena va cong su [10], ching minh rang su két hop cong ngh¢ MBR-RO la giai phap toi
wu dé nang cao kha ning tai st dung ngudn nudce thai, bao vé ngudn tai nguyén nude dang dan
can kién hién nay.

3.3. Hién twgng tic mang trong bé phan ing sinh hoc MBR

Hién tuong tic mang do6i khi duoc coi 1a sy giam dién tich hoat dong cua mang, do do dan
dén su sut giam cua dong thim (permeation flux) hoic su tang lén cua ap Sut van chuyén qua
mang (TMP) theo céc co ché hoat dong (théng luong dong on dinh hay TMP 6n dinh). Trong
nghién ciru ndy, sy phan tach mang hoat dong véi thong lwong dong 6n dinh, mang tic nghén
xay ra khi TMP ting theo thoi gian hoat dong (Hinh 4). Vi vay, hiéu suat loc mang sé& giam dan
theo thoi gian, hién twong nay c6 thé do su ling dong thanh cac 16p trén bé mit mang hoic giam
kich thudc 16 mang bai cac chat hoa tan va cac hat.
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Hinh 4. Hién tuong tic mang MBR theo thoi gian hoat dong.
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Hinh 5. Séic ky long hiéu ning cao- sac ky ray phan tir- quang phd huynh quang (HPLC-SEC-
Fluorescence): Dich ndi va dong thaim MBR.

Nham hiéu rd hon vé co ché tic mang trong MBR, phuong phép sic ky long hiéu ning
cao- sac ky ray phan ta- quang phd huynh quang (HPLC-SEC-Fluorescence) duoc st dung dé
nghién ciru bién do khéi luong phan tir (MW) ciia cac polyme sinh hoc ddi voi sy tic mang
trong MBR. Két qua tir Hinh 5 chi ra khoi luong phan tu cua protein trong dich ndi va dong
tham MBR duoc phan bé theo ba peak trong sic ky d6, trong (ng vaéi ba nhém phan tu protein
Véi kich thuéc 100-1000 kDa, 10-100 kDa va nho hon 10 kDa. Hop chat protein trong dich noi
vé6i khdi Iwong phan tir 100-1000 kDa dugc giir lai hoan toan béi mang MBR, trong khi d6 hau
hét cac hop chat protein véi khéi lugng nhé 10-100 kDa va nhé hon 10 kDa di xuyén qua mang.
Két qua nay chiing minh riang hop chat protein kich thuéc Ién 100-1000 kDa c6 thé 1a nguyén
nhan chinh gy tic mang MBR bai kha ning hinh thanh cac mang sinh hoc (biofilm).
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4. KET LUAN

Kha ning ap dung phuong phap loc tham thiu nguoc RO dé tai sir dung nuéc thai do thi
duoc xu ly bang cdng nghé mang MBR di duoc nghién ciru. Két qua cho thay, quy trinh mang
tich hop MBR-RO di loai bo gan nhu hoan toan cac chat 6 nhiém siéu vi (micropollutants)
trong nudc thai sinh hoat. Hon nita, hiéu suét khir nito cao (>86%) duoc thu nhan sau qué trinh
loc tham thau nguoc RO, chitng minh rang, quy trinh MBR-RO c¢6 thé 1a giai phép toi wu dé
thu hdi va tai sir dung nuéc thai da xir Iy cho cac muc dich khac nhau.

Trong nghién cau nay, kha ning tic mang MBR di duoc danh gia nhanh bing phuong
phép phan tich HPLC-SEC-fluorescence. Két qua chi ra hop chat protein véi khéi lugng phan
tar 100-1000 kDa c6 thé 1a nguyén nhan chinh gy tic mang MBR. Nhiam nang cao hiéu suit
xir 1y cling nhu t6i wu chi phi kinh té khi tich hop quy trinh MBR-RO dé xur ly nudc thai va
nudéc tai sir dung, c&c nguyén nhan gay tic mang RO can duoc nghién ciru va thao luan.
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