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TOM TAT

Dugc pham va cac san pham chiam soc ¢ nhan da va dang giy ra nhing lo ngai dang ké
do duoc st dung rong rai, c6 mit trong moi trudng nudc va nhiing tac dong tiém an cua ching
dbi véi dong vat hoang di va con ngudi. Carbamazepine 1a du lwong dwoc phiam dwoc phét
hién thuong xuyén nhat trong sé cac san pham dugc pham va chdm soc ca nhan. Tuy nhién,
hiéu qua loai bo carbamazepine thap trong cac nha may xir Iy nudc thai 1a do kha nang chdng
phan huy sinh hoc ciia né & ndng do thap. Hé thdng sinh hoc mang (membrane bioreactor -
MBR) gan ddy da thu hut sy chd y trong xt 1y nudc thai & cac thanh phd va khu céng nghiép
vi tinh hiéu qua trong viéc tach cac chat 6 nhiém va kha ning chiu tai cao. Trong nghién cau
nay, cac tac dong chinh va tac dong tuong tac cua ba thdng sé van hanh, bao gom thoi gian
lru nudc — HRT (12-24 gio), nong d6 oxy hoa tan — DO (1,5-5,5 mg/L) va thoi gian luu bun
— SRT (5-15 ngay), trong viéc loai bo carbamazepine, nhu cau oxy hda hoc (COD), nito
amonia va phdt pho sir dung mang gém di duoc thuc hién biang cach &p dung thiét ké thi
nghiém yéu té du (full factorial design — FFD) hai cip d6. Nong d6 oxy hoa tan, thoi gian luu
nudc va thoi gian luu bun t6i wu 1an luot 12 1,7 mg/L, 24 gio va 5 ngay. Két qua nghién ctu
cho thdy kha ning wng dung ciia MBR trong xir Iy nuéc thai cd tai lwong carbamazepine cao,
cling vai su hiéu qua trong viéc loai bo céc chat dinh dudng.

Tir khéa: Thiét ké thi nghiém yéu té du; carbamazepin; mang sinh hoc MBR; nuéc thai bénh
vién; thdng sé van hanh.

1. MO PAU

Trong nhimg nim gan ddy, dugc phidm va cic san pham chiam séc ca nhén
(Pharmaceuticals and personal care products - PPCP) dang gay ra mbi lo ngai ngay cang ting
vi chiing 1a chét gdy 6 nhiém méi, duoc sir dung rong rii, hién dién trong mdi trudong nudc va
tac dong tiém 4n d6i voi dong vat hoang di va con ngudi. PPCP bao gdm mot nhém 16n va da
dang cac hop chét hitu co, bao gdm duoc phdm va cac thanh phén cua cac san pham chim séc
ca nhan hang ngay (xa phong, kem danh rang, nudc hoa, kem chéng nang, v.v.) cling nhu cac
san pham chuyén héa va bién ddi cua ching dugc st dung rong rai voi lugng 16n trén toan thé
gidi [1]. Cac nghién ctru truge day cho thay nhiéu PPCP thuong duoc phat hién trong nuéc
mit, nudc ngdm, nude bién va nudc udng [2-4].

Dugc pham va nhiéu loai thude duoc sir dung rdng rai trong cc bénh vién, vi vy nude
thai bénh vién thuong c6 ty 1¢ phat hién va nong do cac chat gay 6 nhiém nay cao hon cic
ngudn khac [5, 6]. Mot trong nhitng van dé moi truong chinh do nudc thai bénh vién gay ra la
ching xa vao hé thong thoat nudce d6 thi ma khong qua xtr Iy so bd. Do do, cac nha may xu ly
nén duoc ning cip dé loai bo cac PPCP nay dén mirc tdi da c6 thé trude khi nudce thai cua
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chung duoc thai ra méi truong. Trong cac cude didu tra gan day, cac loai khang sinh khac nhau
da duge tim thiy ¢ nong do thap trong nudc thai d6 thi va nudc mat [7-9].

Carbamazepine (CBZ) 1a mot loai thudc pho bién dé kiém soat cac con dong kinh, vai
khoang 1014 tan thubc nay duogc tiéu thy trén toan thé giéi hang nam. Viéc dung qua liéu CBZ
va cac chét chuyén héa cua nd c6 thé gay hai cho gan. Két qua 13, n6 1a du lwong dugc pham
phé bién nhat duge tim thiy trong cac ving nuéc [10-12]. Cac khao sat trude day cho thay
rang CBZ ton tai lau dai trong cac hé thong xtr Iy nudce thai véi hidu suit loai bo hau hét dudi
10% [13], do kha ning chdng lai su phan huy sinh hoc & ndng d6 thip va it bam vao bun [14].
CBZ c6 thé duoc xem 1a mot “nhan chuing” xac nhan su hién dién va tdn tai l1au dai cua céac
thanh phan thudc trong cac ving nude [15].

Trong nhitng nim gan day, cong nghé mang di thu hit sy chii y dé xtr 1y nudce cép va
nude thai & cac thanh phd va khu céng nghiép. Két hop mang vdi cac phuong phap xir 1y sinh
hoc 1a mot k¥ thuat hip dan va khai sinh mot khai niém méi: hé thong sinh hoc mang (MBR).
MBR lan dau tién dugc sir dung dé xtr Iy nude thai hon 50 nam trude [16]. MBR nhing chim
(SMBR), duoc dic trung bang cach nhiing cac mo-dun mang dudi dang cac don vi phan tach
tryc tiép trong bé phan tmg sinh hoc, dugc phat trién dé xur 1y nude thai vao nhirg nim 1990
[17]. Cac quy trinh loc mang 14 nhitng lya chon thay thé diy hta hen dé loai bo PPCP khoi
nudc thai [18,19]. Mac du hi€u qua trong viéc loai bo cac chat 6 nhiém, kha nang chiu tai cao,
chat luong nude thai 6n dinh, dé van hanh, chiém dién tich nho va loai bo vi khuan hiéu qua,
nhung MBR cling phai d6i mat véi mot sb thach thic trong nghién ciru va phat trién, ching
han nhu tic ngh&n mang, chi phi cao va yéu cau phai tién xtr 1y [20].

Nghién ctru nay khao sat cac thong so (yéu t6) van hanh thong qua thiét ké thi nghiém
yéu t6 du (full factorial design - FFD) dé t6i uu hoa quy trinh MBR. Dau tién, cac yéu t6 van
hanh quan trong, gian luu nude - HRT, oxy hoa tan - DO va thoi gian luu bun - SRT, dugce
chon dé nghién ctru cac tic dong chinh va twong tac ciia chung dbi véi cac dap ung sau: hiéu
qua loai b6 CBZ, COD, nito amonia - NHs*-N, va phot pho - PO4*-P. Pham vi cua cic yeu td
da dugc chon dua trén kha nang thiét 18p thr nghi€ém, can nhéc kinh té va gi6i han van hanh
ctia h¢ théng MBR. Cudi cting, mt mé hinh hdi quy dugc trinh bay cho timg dap tng va viéc
t6i wu hoa quy trinh dugc thuc hién dé dat dugc loai bo tbi da cho phép dbi voi CBZ, COD,
NH.*-N va PO437-P.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Héa chat

Hoéa chét duge st dung dé chuén bi nude thai nhan tao 1a loai phan tich, acetonitri},
axeton, etyl axetat va metanol (danh cho may HPLC) duge mua tir Sigma-Aldrich. Cot chict
Oasis HLB 3 cc Vac dugc cung cap bdi Waters, Milford, MA, USA.

CBZ c6 do tinh lfhiét cao nhét hief;n co trén thi truong, duoc mua tir Sigma-Aldrich. Nudc
siéu tinh khi€t dugc di€u ché bang h¢ thong loc nude Milli-Q (dién tro suat 18,2 MQ cm ¢ 25 °C).
Tat ca cac dung moi cho may HPLC da duoc loc trude khi sir dung bang gidy loc mang 0,45 um
(Millipore, Merck, Darmstadt, Ptrc) va khir khi bang si€u am trong 30 phut trudce khi st dung.

Dung dich gbc clia CBZ dugc chuén bi trong nudc Milli-Q tir dang bot voi nong do1gl/L.
Dung dich gdc duge pha hang tuan tir dang bt va duoc bao quan trong bong tbi & 4 °C.

2.2. Nwéc thai nhan tao

Nudc thai mé phong nudc thai bénh vién dya trén nghién ctru trude do [21] duoc téng
hop bao gom (g/L): peptone 0,12, chiét xuat thit 0,083, NH4Cl 0.143, NaCl 0.005, CaCl,-2H,0
0.003, MgS0O4-7H,0 0.0015, CuCl,-2H,0 50 x 10°%, K,HPO,4-3H,0 0.084, CsH1,06 0.19, va
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NaHCOs 0.83. Nong do COD 1a 485,82 + 57,11 mg/L, NH,*-N 60,72 + 8,67 mg/L, PO4 P la
14,74+ 1,09 mg/L va d6 pH 12 7,7 + 0,2. CBZ dugc thém vao nudc thai tong hop & mirc 100 pg/L.

2.3. Cau hinh va van hanh hé thong

Hé thong MBR thé tich 25L ding mang gdém tdm phang (GVE Environmental Co., Ltd.,
Pao Vién, Pai Loan) véi kich thudc 106 mang danh nghia 1a 0,1 um va dién tich bé mat hi¢u
dung 14 0,25 m? (Hinh 1).
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Hinh 1. So d6 thiét 1ap thi nghiém cua hé théng sinh hoc mang (MBR)

Mang gdém tdm phing dya trén Al203 ¢6 ba 16p: 16p bé mit, 16p chuyén tiép va 16p hd
trg. Mang dugc van hanh & ché do ngat quéng (hoat dong 8 phut va nghi 2 phut) gitp thu gién
mo-dun mang. Tdc d6 dong chay vao duoc didu chinh bang véi toc do dong chay ra dé duy tri
muc nudc khong ddi. Cac hé thong duoc diéu khién tu dong bang bd hen gio va dong hd do
ap suét. Bo khuéch tan khong khi duoc dit & dudi cing ciia bé phan tng dé suc khi va lam
sach mang, ngudn cung cip khong khi dugc diéu khién bang ddng hd do luu lugng khi.

Ap suét xuyén mang (TMP) duoc do bang cach su dung ddng ho do ap suit duoc lap dat
giita mé-dun mang va bom dau ra. Vao cudi mdi thi nghiém, qui trinh lam sach mang dugc
thue hién. Mé-dun mang duoc rira sach bang nude may dé loai bé 16p bun bam va sau d6 ngdm
trong dung dich natri hypochlorite 3 %o (v/v) téi thiéu 24 gid. Bun hoat tinh dwoc rat khoi bé
phan tmg trong qua trinh lam sach bang hoa chat.

Buin hoat tinh duoc thu thap tir hé thdng nude thai thong thudng tai nha may xt Iy nude
thai truyén thong. Ty 1¢ chit ran lo limg dé bay hoi véi chat ran lo ling (MLVSS/MLSS) clia
bun hoat tinh hat 13 0,8. Cac thanh phan trong nudc thai tong hgp duogc diéu chinh dé duy tri
ty 16 BOD:N:P 1 100:15:5. Nito va phét pho dugc dua vao nude thai tong hop & mire du thira
dé khong bi thiéu hut cac chat dinh dudng can thiét cho hoat dong cta vi khuan. Sau mdi thi
nghiém, mot luong bun duge bd sung vao bé phan img MBR dé dat nong d6 khoang 5000 mg/L.

2.4. M6 hinh héa bang thiét ké thi nghiém yéu t6 da (FFD)

FFD duoc str dung dé xac dinh cac yéu té quan trong, kha ning dy doan céc tuong tac va
t6i wu hoa cac tham s6. HRT (12 va 24 gio), DO (1,5 va 5,5 mg/L) va SRT (5 va 15 ngay)
dugc thiét 1ap, nhu trong Bang 1. Cac thi nghiém dugc thuc hién ¢ nhiét d6 méi truong. Nong
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do CBZ, COD, NH4"™-N va POs-P dugc phan tich bang phuong phap phan tich._ Tat ca céc
mau duogc thuc’hién ba lan va d¢ l1éch chuan trung binh dugc tinh cho ting mau. Moi thi
nghiém dugc tién hanh trong nam ngay.

Bang 1. Cac yéu t6 va mirc do cho thiét ké yéu t6 du (FFD)

Yéu té Tén Pon vi Kiéu Min Max
A DO mg/L Numeric 1,5 5,5
B HRT gio Numeric 12 24
C SRT ngay Numeric 5 15

Phuong phap nay bao gém viéc thém cac diém trung tim vao FFD hai cip dé bao vé do
cong va cho phep du doan sai s6 mét cach doc lap [22]. Phuong phép nay ciing c6 thé d& dang
néng cap dé dap ung cac thiét ké bé mat nham toi uu hoa hon nira qua trinh [23]. Phuong trinh
héi quy dura trén mo hinh bac nhit voi ba tham sé va cac s6 hang tuong tac clia chiing c6 thé
dugc dua ra dudi dang biéu thire sau [24]:

Yi=bo + b1Xyi + b2Xai + baXai + b12X1iXai + b13X1iXai + 023XaiXai + b12sX1iXaiXsi (1)

trong d6 Yi la dap ung; Cac gia tri Xji j=1,2,3;i=1,2, 3, ..., 8) biéu thi cac tham s6
tuong (mg & dang ma hoa cua chung; b0 13 gia tri trung binh cong cua két qua; bl, b2 va b3 1a
cac hé sb tuyén tinh; va b12, b13, b23 va b123 dai dién cho cac hé sb tuong tac (24). Viéc
thém céc yéu t tuong tac vao cac hiéu tng chinh di dwa d6 cong vao chirc nang dap tng. Do
d6, néu co do cong nhe trong mdt vung gidi han, mo hinh bac nhét véi cac twong tac la phu
hop dé mé hinh héa [25,26]. Design-Expert® 11 dugc sir dung dé thiét ké thi nghiém va phan
tich phuong sai (ANOVA) dugc st dung dé phan tich két qua.

2.5. Phwong phap phéan tich

Céc phuong phap phan tich dua theo Standard Methods [27] dugc ap dung dé xac dinh
COD, MLSS va PO4 ~-P. COD dugc do bang phuong phap so mau vdi sy c6 mat cua kali
dicromat va do hip thu duoc do & budc séng 600nm bing may quang phd UV (DR 5000,
Hach, CO, USA). NH,*-N dugc do bang phuong phap indophenol [28].

Trudc khi tién hanh qua trinh chiét tich pha ran trong quy trinh phan tich CBZ, chit ran
lo Itrng trong mau dugc loai bo béng cach loc mau qua bo loc soi thuy tinh 0,45 um (Millipore,
Merck, Darmstadt, Dirc). Tiép theo, CBZ duoc chiét tir cac mau nude béng cot chiét da chon.
Trudce khi nap mau, chat hép phu pha ran da duoc on dinh trude v6i 5 mL metanol, sau do 1a
5 mL nude Milli-Q. Sau d6, mau dugc dua qua cot chiét voi tbe do dong chay 5 mL/phut. Sau
do, cot duoc rira giai béng nam lan 1 mL etyl axetat—axeton (50:50, v/v) voi tde d6 1 mL/phut;
phan dich sau d6 dugc 1am bay hoi dudi dong khi nito c6 do tinh khiét cao va dugc hoa tan lai
trong 1 mL metanol. CBZ sau d6 dugc phan tich trén may HPLC Agilent 1200 (Agilent, Santa
Clara, CA, Hoa Ky). Budc song phat hién 1a 210nm va nhiét d6 c6t dugc dat ¢ 30°C. Cot
Eclipse XDB-C18 (4,6 x 150 mm, kich thudc hat 5 um, Agilent) dugc sir dung dé phan tach.
Pha dong 1a axetonitril-nudc (31:69, v/v) véi téc do dong 1 mL/phut. Thé tich tiém 1a 20 pL.
Gia tri LOQ (limit of quantification) ciia phwong phap xac dinh CBZ 1a 0,25 pg/L.

3. KET QUA VA THAO LUAN

3.1. Sw phu hep ciia md hinh va phan tich théng ké

) Téng congco 11 thfrqnghiém da duoc thuc hién b%lng cach su dl,}ng FFD hai cép ba yé}l
to v&i ba lan 1dp lai tai di€ém trung tdm. Bang 2 cho thay ma tran thiét ké thir nghiém va keét
qua cua cac dap tng duoc khao sat.
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DPé mot mo hinh phu hop t6t, gid tri R? it nhat phai béng 0,80. Cac bién dap g nay c6
R?16n hon 0,80, cho thiy rang cac m6 hinh hoi quy giai thich t6t dap g [29]. Cac thi nghiém
dugc thyc hién trong cac 1an chay ngau nhién dé xac dinh anh hudng cta cac yéu té doi véi
bdn dap tmg: CBZ, COD, NH,*-N va PO4*"-P.

Phan tram déng gop cua tit ca cac yéu té dugce trinh bay dudi dang biéu d6 trong Hinh 2
dé xac dinh tam quan trong cta cac yéu to. Co thé thdy tir Hinh 2a, b va d rang trong truong
hop loai bé CBZ, COD va phot pho, DO 1a yéu t c6 anh hudng nhét. Ngoai ra, theo Hinh 2c,
HRT c6 anh hudng déng ké nhét trong viéc loai bo amonia.

Bang 2. Bang thiét ké thi nghiém cho céc yéu té va dap tng

Yéutdl | Yéuté2 | Yéutd3 | Paptngl | Papung2 | Papung3 | Dapung4d
Run | A:DO | B:HRT | C:SRT % loai bo % loai bod % loai bo % loai bo
(mg/L) (gid) (ngay) CBZ CcoD Amonia phébt pho
1 35 18 10 17,66 +3,33 | 87,18 +3,88 | 91,62 +6,04 | —9,57 +2,22
2 15 24 15 19,65+7,18 | 82,16 +4,97 | 90,40+ 1,11 | —8,71+1,05
3 55 24 5 17,23 +5,38 | 99,37 +0,42 | 99,58 + 0,25 | —15,43 + 0,33
4 55 24 15 14,75 +4,48 | 95,97 +0,99 | 99,71 +0,03 | —16,87 + 1,51
5 55 12 15 9,04+1,12 | 8587+237 |89,38+3,65|-1151+1,75
6 55 12 5 13,67 +4,81 | 89,46 +1,40 | 85,81 +1,38 | —9,50 +2,95
7 35 18 10 16,20 +4,00 | 87,62 +3,23 | 90,35 +2,41 | —11,84 + 2,47
8 15 12 5 2412 +1,45 | 77,49+146 | 79,75+6,58 | —6,03+1,73
9 35 18 10 18,48 +4,35 | 89,54 +0,22 | 92,62+ 1,64 | —9,20 + 3,27
10 1,5 12 15 13,39 10,31 | 69,23 2,56 | 87,50 +3,51 | —5,91 +1,23
11 1,5 24 5 38,36 +4,49 | 87,07 +0,54 | 89,30+ 1,33 | —7,10 +4,70
s 40 x 60
30 “ I 40 “
20
10 20
0 - 0
FELE LSS PFELELSL P
S Q3§ © QO’Q&Q
(@) (b)
e 60 N 28
Gl
0 . 0 -
PSS LS PEL LS
QO« QO «23§ QQ QO «2»&
(c) (d)

Hinh 2. Phin trim dong gop cua timg yéu t6 vao (a) loai bo CBZ, (b) loai bs COD,
(c) loai bo amonia, (d) loai bo phét pho.
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3.2. Loai bé CBZ

Hiéu suit téng thé cia MBR duoc dy doan béng cach tinh toan loai bo CBZ dudi dang
dap tng. Phan tich phuong sai (ANOVA) cho cac yéu té mo hinh dugc tom tit trong Bang 3.
Gia tri F va gid tri p x4c dinh tam quan trong cua tirng hé s6. No d3 duge quan sat tir phan tich
ANOVA rang muc d tin cdy 16n hon 80% (p <0,05) ddi v6i dap tmg loai bo CBZ, trong khi
gia tri F va gia tri p cia mo hinh lan luot 14 38,44 va 0,0062. Didu nay chi ra rﬁng mo hinh du
doan phu hop véi dir lidu thir nghiém mot cach day du.

Bang 3. Két qua ANOVA cho dap ung loai bo CBZ

Gid tri Tor;%l‘;f;g'”h n_?%% bm“fhz';:‘g G2 | Giawip | Nhanxét
M®b hinh 582,31 7 83,19 38,44 0,0062 Dang ké
A-DO 207,62 1 207,62 95,94 0,0023
B-HRT 111,38 1 111,38 51,47 0,0056
C-SRT 167,72 1 167,72 77,51 0,0031
AB 16,02 1 16,02 7,40 0,0725
AC 62,82 1 62,82 29,03 0,0125
BC 4,13 1 4,13 191 0,2610
ABC 12,62 1 12,62 5,83 0,0946
Residual 6,49 3 2,16
Lack of fit 3,81 1 3,81 2,85 0,2335 Khéng dang ké
Pure error 2,68 2 1,34
Cor total 588,80 10
Std. dev. 1,47 R? 0,9890
Mean 18,41 Adjusted R? 0,9632

Hon nita, hé s6 xac dinh R? cia m6 hinh kha gan véi 1 (0,9890), ngu ¥ ring md hinh giai
thich dugc khoang 98,90% do bién thién cta dit liéu. Tir Bang 3, A (DO), C (SRT) va B (HRT)
1a cac yéu t6 md hinh quan trong. Twong tac giita DO va SRT quan trong hon céc twong tac khac
(AB, BC va ABC), v&i gia tri xac suat 16n hon 0,05. Sau khi loai bo cac tham s khong dang ké,
mo hinh thyc nghiém cudi cung ¢ muc do tin cay 95% co thé dugc biéu dién dudi dang:

Hiéu qua loai bo CBZ (%) = 10,16 + 0,54 x A +2,01 xB—0,15x C—0,33 x A x @
B-0,097xAxC-0,098xBxC+0,02xAxBxC

Hinh 3a—c hién thi biéu ¢ bé mit 3D cua viéc loai bd CBZ so voi hai tham sb khac nhau
va gia tri ¢o0 dinh cua tham so thir ba. Mot lan nita, sy giam hiéu qua loai bo CBZ da duoc
quan sat thay khi tang DO va SRT, véi tac dong cua DO 16n hon mét chit so voi SRT.

(a) (b) (c)
Hinh 3. Biéu do bé mit dap tng cho hiéu qua loai bo CBZ nhu mét ham cua: (a) HRT va DO tai
SRT =10 ngay; (b) SRT va DO tai HRT = 18 gi¢; (c) HRT va SRT ¢ DO = 3,5 mg/L.
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Céc s6 lieu cho thay tac dong tich cuc cia HRT dbi véi viéc loai bo CBZ trong hé thdng
MBR. Hiéu qua loai bé CBZ téi da la 38,36 + 4,49% & 1,5 mg/L DO, 24 gi& HRT va 5 ngay
SRT, trong khi muc tdi thiéu dat 9,04 + 1,12% & 5,5 mg/L DO, 12 gio HRT va 15 ngay SRT.
Két qua nay twong tu voi cac nghién ciru trude day, cho thay diéu kién thiéu khi loai bo nhiéu
CBZ hon diéu kién hiéu khi [30] va ciing phu thugc nhiéu vao cac diéu kién van hanh [31].
Viéc khong co cac nhom nhudng dién tir trong CBZ c6 thé giai thich cho hiéu qua loai bo thép
trong qua trinh bun hoat tinh hodc MBR [32], tham chi veéi SRT dai [33]. Két qua goi y rang
khi SRT ngén c6 thé c6 tac dong déang ké dén mo hinh nghién ctru va viéc téi uu hoa cac yéu
t6 van hanh co thé cai thién dang ké viéc loai bo toan bo CBZ.Cac co ché chinh dé loai bo
PPCPs bang MBR la phan hity sinh hoc va hap thu [34]. Tuy nhién, dé loai bé CBZ, can két
hop quy trinh MBR Vi cac phuong phép xtr Iy khéac, chang han nhu quy trinh oxy hoa nang
cao (AOP) hoic hap phu.

3.3. Loai bé COD

Duya trén ANOVA (Bang 4), A (DO) va B (HRT) la cac yéu té mo hinh quan trong, c6
thé 1a do sy gia ting cta vi khuan di dudng hiéu khi, trong khi tac dung ctia C (SRT) khong
nhidu d6i voi viée loai bo tong thé. Hon nira, mirc do tin cdy cua dap tng loai b6 COD 16n
hon 80% (p <0,05), trong khi gia tri F va gia tri p cia mo hinh lan luot 13 19,38 va 0,0167.
Dleu ndy cting chi ra rang m6 hinh dy doan phu hop voi dir liéu thie nghiém. Phan tich con chi
ra rang cac tuong tac ciia AB, AC, BC va ABC khong phai 13 cac yéu té mé hinh quan trong.

Bang 4. Két qua ANOVA cho phan ung loai b6 COD

Giatri bilﬁl%giig Bac tw bgﬁ”}f’hg';‘:g GiatriF | Giatrip Nhan xét
Mb hinh 659,56 7 94,22 19,38 0,0167 Pang ké
A-DO 374,40 1 374,40 77,02 0,0031
B-HRT 226,00 1 226,00 46,49 0,0065
C-SRT 50,80 1 50,80 10,45 0,0481
AB 0,7858 1 0,7858 0,1617 0,7146
AC 4,76 1 4,76 0,9788 0,3954
BC 1,56 1 1,56 0,3218 0,6102
ABC 1,25 1 1,25 0,2570 0,6471
Residual 14,58 3 4,86
Lack of fit 11,43 1 11,43 7,24 0,1148 Khong dang ké
Pure error 3,16 2 1,58
Cor total 674,15 10
Std. dev. 2,20 R? 0,9784
Mean 86,45 Adjusted R? 0,9279

Hinh 4a-c minh hoa tac dong tuong tac cua cac yéu tb ddi voi viée loai bdo COD. Két qua
cho thay khi thay doi DO tir 1,5 dén 5,5 mg/L va HRT tir 12 dén 24 gio da tang kha ning loai
bo COD lén tuong g khoang 13% va 11%, trong khi loai b6 COD giam 5% khi thay doi
SRT. Nhin chung, h¢ thong cho thay hiéu suét tdt trong viéc loai bo COD, v6i hiu qua loai
b6 nam trong khoang tir 70% dén 99%. Cac gi tri tdi da cua dap ung 1a 99,37 + 0,42% ¢
5,5 mg/L DO, 24 gio HRT va 5 ngay SRT so v6i miuc tbi thiéu 1a 69,23 £ 2,56% ¢ 1,5 mg/L
DO, 12 gio HRT va 15 ngay SRT. Do d6, m6 hinh thuc nghiém cuéi cung & muc dd tin cay
95% c6 thé duge biéu dién dudi dang:
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Hiéu qué loai bo COD (%)=71,43+193xA+0,60xB—-145xC+0,04 x A x @)
B+020xAxC+0,04xBxC—-0,007xAxBxC

Céc hé s6 duong +1,93 va +0,60 cho thiy tic dong ngay cang ting cua A va B dbi voi
dap ung va phu thudc nhidu hon vao DO (A) so v6i HRT (B). Nghién ctru ndy d xac nhan tac
dong it dang ké ciia SRT ddi vai hiéu qua loai bo COD trude day [35]. Hién tuong nay cé thé
1a do ty 1¢ sinh khi hoat dong so v&i tong sinh khdi (MLVSS/MLSS) giam sau khi ting SRT,
n6 cho thay tudi bun ting c6 thé 1am giam hoat dong cta vi sinh vat.

%)

e

(a) (b)
Hinh 4. Biéu do bé mat dap tng cho hiéu qua loai bé COD nhu mét ham cua: (a) HRT va DO
tai SRT = 10 ngay; (b) SRT va DO tai HRT = 18 gio; (¢) HRT va SRT ¢ DO = 3,5 mg/L

3.4. Loai bé amonia

Duya trén ANOVA (Béng 5), A va B 1a cac yéu té mo hinh quan trong. Ngoai ra, mirc do
tin cdy cho dap ung loai bo amonia lon hon 80% (p < 0,05), trong khi gia tri F va gia tri p cla
mo hinh 1an luot 13 20,57 va 0,0154. Diéu nay cho thdy rang mé hinh du doan phu hop véi dit
liéu thuc nghiém. Hon nita, hé s6 x4c dinh R? cia mo hinh tuong ddi gén voi 1 (0,9796), nghia
la mo6 hinh m6 ta dugc khoang 97,96% d6 bién thién cta dir liéu.

Bang 5. Két qua ANOVA cho phan ung loai bo amonia

Gia tri Tél%ﬁi‘; g‘“h BAS Tr””}?hgﬂgb‘”h GiatriF | Giatrip |  Nhanxét
M® hinh 315,97 7 45,14 20,57 0,0154 |Pang ké
A-DO 94,80 1 94,80 43,21 0,0072
B-HRT 167,20 1 167,20 76,21 0,0032
C-SRT 19,67 1 19,67 8,97 0,0579
AB 16,97 1 16,97 7,74 0,0689
AC 3,33 1 3,33 1,52 0,3059
BC 12,70 1 12,70 5,79 0,0953
ABC 1,29 1 1,29 0,5872 | 0,4993
Residual 6,58 3 2,19
Lack of fit 4,00 1 4,00 3,10 0,2206 |Khong dang ké
Pure error 2,58 2 1,29
Cor total 322,55 10
Std. dev. 1,48 R2 0,9796
Mean 90,55 Adjusted R2 0,9320
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Céc hé s6 duong cho thay tac dong ngady cang ting ciia A va B d6i véi dap ung, tuong
g 13 +1,39 va +0,99. C6 thé thiy, anh huong ciia SRT ddi v6i dap tmg thip hon so véi DO
va HRT, trong khi cac twong tac ciia AB, AC, BC va ABC khong phai 14 cac yéu té mé hinh
quan trong. Két qua 1 hiéu qua loai boé amonia tdi da 14 99,71% & DO (5,5 mg/L), HRT (24
gio) va SRT (15 ngay). M6 hinh thyc nghiém cudi cing & mirc do tin cay 95% co thé dugc
biéu dién dudi dang:

Hiéu qua loai bé amonia (%) = 61,29 + 1,39xA + 0,99 x B + 1,72 x C + 0,05 x A x @)
B-0,18xAxC-007xBxC+0,007xAxBxC

Nhiing thay doi trong viéc loai bo amonia nhu la mgt ham cua cac bién duge thé hién
trong Hinh 5a-c. Cac nghién ciru trude day cho thy rang su gia ting loai bé amonia la do ting
DO, HRT va SRT. Theo mét sb nghién ctru vé qud trinh nitrat hdéa trong MBR, viéc tang SRT
da cai thién dang ké hiéu qué loai bo amonia [36], trong khi nhiing nghién ciru khac cho thay
hiéu qua loai bo amonia cao gan nhu khong phu thudc vao SRT [37].

(@) (b) (©)

Hinh 5. Biéu do bé mat dap tng cho hiéu qua loai bo amonia nhu 1a ham cua: (a) HRT va DO
tai SRT = 10 ngay; (b) SRT va DO tai HRT = 18 h: (c) HRT va SRT & DO = 3,5 mg/L

3.5. Loai bé phét pho

Qua trinh loai bo phét pho sinh hoc dugc chia thanh cac giai doan ky khi va hiéu khi.
Trong ving ky khi, cac sinh vt tich lity phdt phat (PAO) giai phong phdt pho va tich lity poly
hydroxybutyrate (PHB), trong khi d6, & viing hiéu khi, phot pho dwoc héap thy [38].

Dua trén phan tich ANOVA, muc do tin cdy cho dap tmg loai bo phdt pho 16n hon 80%
(p <0,05), trong khi gia tri F va gia tri p ciia md hinh Ian lugt 1a 12,77 va 0,0303. Diéu nay chi
ra rang md hinh dy doan phu hop t6t vai dir liéu thue nghiém. Hon nita, hé sb x4c dinh R? ciia
mo hinh kha gan véi 1 (0,9675), cho thdy rang mé hinh mé ta khoang 96,75% d6 bién thién
cua dir liéu.

A va B 1a cic yéu té md hinh quan trong, nhu thé hién trong Bang 6. Cac hé sé duong
+0,90, +0,17 va +0,35 cho thiy tac dong ciia A, B va C ting 1én twong tmg ddi voi dap tng.
Nhu c6 thé quan sat thay, SRT c¢6 anh huong dén dap tmg thap hon so v6i DO va HRT, va cac
tuong tac gitta AB, AC, BC va ABC khéng phai 14 cac yéu té mé hinh quan trong. Do d6, md
hinh thyc nghiém cudi cung 6 muc do tin cay 95% co thé dugc biéu dién nhu sau:

Hiéu qua loai bo phdt pho (%) =—7,28 + 0,90 x A + 0,17 x B + 0,35 x C — 0,12 x 5)
AxB-011xAxC-0,02xBxC+0,006 x AxBxC

Hiéu sut loai bo phét pho ty 18 nghich véi DO, HRT va SRT. Két qua 13, muc do loai bo
phét pho tdi da dat dugc 1a —5,91% & DO thap (1,5 mg/L), HRT (12 gid) va SRT cao (15
ngay), diéu niy cho thdy méi truong ky khi-hiéu khi da dugc cung cip ¢ dicu kién nay. Hinh
6a—c cho thiy tac dong twong tac ciia cac bién d6i véi viée loai bo phét pho.
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Bang 6. Két qua ANOVA cho dap wng loai bo phdt pho

Gia tri Téng cac binh | Bac tu | Trung binh binh | Giatri F | Gia tri p Nhan xét
phuong do phuong
M6 hinh 121,55 7 17,36 12,77 0,0303 Pang ké
A-DO 81,66 1 81,66 60,06 0,0045
B-HRT 28,67 1 28,67 21,09 0,0194
C-SRT 3,05 1 3,05 2,24 0,2312
AB 6,87 1 6,87 5,05 0,1101
AC 0,4812 1 0,4812 0,3539 | 0,5938
BC 0,1661 1 0,1661 0,1222 0,7498
ABC 0,6548 1 0,6548 0,4816 | 0,5376
Residual 4,08 3 1,36
Lack of fit 0,0131 1 0,0131 0,0065 | 0,9433 |Khoéng dang ké
Pure error 4,07 2 2,03
Cor total 125,63 10
Std. dev. 1,17 R? 0,9675
Mean -10,15 Adjusted R? 0,8918

(b)
Hinh 6. Biéu do6 bé mat dap tmg cho hiéu qua loai bo phét pho nhu 1a mot ham cua: (a) HRT va
DO tai SRT = 10 ngay; (b) SRT va DO tai HRT = 18 gio; (c) HRT va SRT ¢ DO = 3,5 mg/L

3.6. T6i wu héa qua trinh

Viéc t6i uu hoa cac tham sb van hanh dya trén FFD hai cip duoc thuc hién dé cai thi€n quy
trinh xtr Iy cia MBR. Ngoai ra, mét phuong phap da dap tmg goi la ham mong muon da duogc sur
dung, phuong phép nay tim ra cac diéu kién van hanh mang lai d4p (g “mong mudn nhat” [39, 40]

Trong phuo‘ng phap nay, nhiéu déap tmg co thé dugc két hop thanh “ham mong mubn”
béng cach chon gié trj tir 0 dén 1. Phuong phap nay da chuyén d6i mot ham thich hop cua tung
murc dap ung xac dinh (Y1) thanh dlem s0 mong mudn (desirablity) trong pham vi tir 0 den 1.
Sau do, tat ca cac dlem s6 mong mubn riéng 1¢ duoc tich hop vao mot ham mong mubn tong
thé duy nhat duoc téi wu hoa dé xac dinh tap hop cic bién dau vao tdi wu [39].

Vi ly do nay, cac thong s6 van hanh duoc dit ndm trong pham vi, trong khi hi¢u qua loai
b6 CBZ, COD, amonia va phét pho dugc dat ¢ mirc t6i da. Hinh 7 cho théy dd hoa mong mubn
duoc tao ra tir 40 diém tdi wu. Tai diém tot nhat véi mire mong mudn téng thé tdi da 12 0,72,
DO, HRT va SRT t6i wu 1an lugt duge tim thay 1a 1,7 mg/L, 24 gi va 5 ngay. Trong cac diéu
kién tbi wu, viéc loai b6 CBZ, COD, amonia va phét pho thu duoc 1an luot 1a 37,08, 88,23,
90,12 va -7,48 %.
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B HRT (zigr)

Hinh 7. B& mat 3D phu hop vai SRT 5 ngay.

4. KET LUAN

Nghién ctru da sir dung phuong phap FFD dé xac dinh cac tham sé quan trong, khao sat
céc tuong tac cta ching va toi wu hoa cac diéu kién cho quy trinh MBR lién quan den viéc
loai bd CBZ, COD, amonia va phét pho. TAm quan trong twong d6i ctia cac thong sb va cac
yéu tb tuong tac c6 thé duoc quan sat nhu sau: (a) Pbi voi viée loai bé CBZ, khi DO (A) va
SRT (C) tang, hiéu qua loai bo s€ giam; (b) Loai bo COD: dap tmg phy thuge vao A nhiéu hon
B trong khi C it anh huong; (c) dé loai bo amonia, cac hé s6 duong cho thay tac dong ngay
cang tang ciia A va B dbi véi dap ng, trong khi cdc twong tac gilta cac yeu to khong phai la
cac yéu t6 mé hinh quan trong; (d) dé loai bo phdt pho, A va B la cac yéu t6 mo hinh quan
trong. Twong tac giita AB, AC, BC va ABC khong phai 1a cac yéu t6 mo hinh quan trong va
hiéu qua loai bo ty 1 nghich véi DO, HRT va SRT. Qua trinh t6i uu hoa dugc thdy ¢ DO,
HRT va SRT 14 1,7 mg/L, 24 gio va 5 ngay dé loai bo t6i wu CBZ, COD, amonia va phét pho.

Maéng gém tdm phang da chimg minh hiéu qua loai bé CBZ cao t6i ghan 40%. Dé loai
b6 hoan toan CBZ, cic nghién ctru trong tuong lai khuyén nghi két hop quy trinh MBR véi
cac phuong phép xir 1y khac, chang han nhu quy trinh oxy hoéa bac cao (AOP) hoac hap phu.
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ABSTRACT

EFFECTS OF OPERATION PARAMETERS ON THE REMOVAL OF
CARBAMAZEPINE AND NUTRIENTS IN A CERAMIC MEMBRANE BIOREACTOR

Dao Khanh Chau*
Dong Nai Technology University
*Email: daokhanhchau@dntu.edu.vn

Pharmaceuticals and personal care products have raised significant concerns due to their
widespread use and their potential impacts on wildlife and humans. Carbamazepine is the most
frequently detected pharmaceutical residue among pharmaceutical and personal care products.
However, the low removal efficiency of carbamazepine in wastewater treatment plants is due
to its resistance to biodegradation at low concentrations. Membrane bioreactor (MBR) systems
have recently attracted attention in municipal and industrial wastewater treatment because of
their efficiency in separating pollutants. In this study, the main effects and interactions of three
operating parameters, including hydraulic retention time - HRT (12-24 hours), dissolved
oxygen concentration - DO (1.5-5.5 mg/L) and sludge retention time - SRT (5-15 days), in
the removal of carbamazepine, chemical oxygen demand (COD), ammonia nitrogen and
phosphorus using ceramic membranes was investigated by applying using a two-level full
factorial design (FFD). The optimum dissolved oxygen concentration, hydraulic retention time
and sludge retention time were 1.7 mg/L, 24 hours and 5 days, respectively. Research results
show the applicability of MBR in wastewater treatment with high carbamazepine loading,
along with the efficiency in removing nutrients.

Keywords: Carbamazepine, full factorial design, hospital wastewater, membrane bioreactor,
operating parameters.
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