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NGHIEN CU’U XU LY NUO'C THAI PO THI
BANG PHUONG PHAP SINH HOC KET HOP MANG VI LOC

Tran Thi Viét Nga', Tran Hoai Son?, Tran Pirc Ha’

Tém tat: Muc tiéu cia nghién ciru la dé xuéat duoc mét céng nghé hiéu qua va phu
hop dé xi¥ ly nuéc thai sinh hoat & céc dé thi cua Viét Nam, la loai nuéc thai duoc
thu gom ttr hé théng thoét nuwéc chung cé néng dé chét hivu co thdp (COD 120-
200 mg/l) nhung ham luong chét dinh dudng nhw Nito, Phét pho khé cao (TN: 10-
50 mg/L). Ching t6i da nghién ctru va védn hanh chay thtr mé hinh xd& ly sinh hoc
trong diéu kién thiéu khi - hiéu khi (AO) két hop véi mang vi loc & quy mé mé hinh
phong thi nghiém (céng suét 5-10 L/h) & cac ché dé tudn hoan bun khac nhau. Két
qua xtr ly trong thoi gian 150 ngay vén hanh mé hinh cho thay chét luong nudéc
thai sau xtr ly c6 ham Iwgng COD nhd hon 20 mg/L, NH,~N nhd hon 1 mg/L, NO3s-N
nhé hon 5 mg/L. Hiéu suét xtr ly chét hitu co va chét dinh dudng rat én dinh va hé
théng khéng phéi str dung céc ngudn bé sung chét hitu co hay cac héa chét tro
I&ng nhuw céc céng nghé khéc dang 4p dung. Két qué cho thdy céng nghé AO két
hop mang vi loc c6 khd ndng ép dung thuc té, phu hop véi nhiing noi ¢é quy dat
nhé, chét luong nuéc sau xtr ly rét cao c6 thé phuc vu cho muc dich tai st dung.

Tor khoa: MBR, nudc thai sinh hoat, Ha N6i, xtr ly Nito.

Summary: The study aims to investigate an appropriate wastewater treatment
process to ftreat domestic wastewater in Hanoi city which contains Ilow
concentration of COD (120-200 mg/l) but high in nitrogen content (20-40 mg/l). An
AO-MBR (Anoxic-Oxic membrane bioreactor) was operated at a flux of 5-10 L/h
over a period of 150 days. The reactor was operated at different sludge
recirculation rates. The MBR maintained relatively constant transmembrane
pressure. During 150 days of reactor operation, treated water quality have COD of
around 15-20 mg/l, NH,N of less than 1 mg/l, NO3-N of less than 5 mg/l. The
system shows good and stable removal efficiency of organic matter and nitrogen
without adding an external carbon sources, alkalinity and coagulants. The research
results from this study indicated that the proposed process configuration has
potential to treat the low strength wastewater in Hanoi.

Keywords: MBR, domestic waste water, Hanoi, nitrogen removal

Nhéan ngay 02/3/2012, chinh sira ngay 12/7/2012, chdp nhan déng 30/8/2012

1. Gi&i thiéu chung

Tbc d6 phat trién kinh té cao, bén canh viéc mang lai nhivng loi ich to Ién nhw cai thién
mirc sdng clia nguwdi dan va tiém luc kinh té cho dat nwdc, ciing cé tac ddng ndng né dén chét
lwgng méi trwdng. Trong do, 6 nhim do nuwdc thai sinh hoat va céng nghiép 1a mét trong van
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dé& nhire nhdi nhat. O’ Viét Nam hién nay, phan I6n nwéc thai dwoc xa trwe tiép ra moi truong,
gay 6 nhidm nghiém trong ngudn nwéc mat, nwéc ngdm. Nang luc xt ly nwdc thai cia Viét
Nam hién nay dap rng & murc rat thap so véi nhu cau thuc t&. Theo mét sbé nghién clru danh
gia da thuc hién (Cuc Kiém soat & nhiém, 2010; World Bank, 2009) thi cac dé thi Viét Nam hién
nay mai chi xt ly dwoc dwdi 10% lwong nwéc thai so véi nhu cau thuc té.

Hé thdng thoat nwéc & cac dd thi Viet Nam cha yéu la hé théng thoat nwéc chung dam
nhan thu gom va van chuyén nhiéu loai nwéc thai khac nhau va ca nwéc mua. Do dd, ham luwong
chat 6 nhiém da bi pha lodng (ndng d6 chat hivu co tlr 100-250 mg/L) tuy nhién cac thanh phan
Nito' va Phét pho van & murc cao. Cac cong nghé xt ly nwéc thai truyén thédng nhw mang vi sinh
vat, bun hoat tinh cé hiéu qua x& ly cac chat hivu co rat tét, nhwng khong dap (rng yéu cau xa thai
nghiém ngat vé chét dinh dwdng (QCVN40:2012; QCVNO08:2008, QCVN09:2008/BTNMT). Do do,
nghién ctu nay dwoc thwe hién véi muc dich dé xuat dwoc mot cong nghé xi ly nwéc thai sinh
hoat c6 hiéu qua cao va phu hop véi diéu kién & cac dé thi Viét Nam.

Cong nghé xr ly nwéc thai badng phwong phap sinh hoc két hop mang vi loc (MBR) da
chirng té cac wu thé vuot trdi nhw kich thwédc cong trinh nhd, hiéu qué xt& ly cao, van hanh va
quan ly dé dang (Stephenson va NCS, 2001). Trong céng nghé MBR, bé lang dot 2 da dwoc
thay thé b&i hé théng mang vi loc d&t ngap trong bé phan (rng sinh hoc. Hiéu qua x& Iy cac chat
6 nhiém rat cao nhe viéc duy tri lwong sinh khdi 16n trong bé phan rng sinh hoc. Do d6, nhém
tac gia tién hanh nghién ctru va (rng dung céng nghé nay dé xt ly nwéc thai sinh hoat d6 thi &
Viét Nam nham dat tiéu chuan xa thai ra méi trieérng va xac dinh cac théng sé van hanh téi wu.

2. Hién trang thoat nwéc va xtv ly nwéc thai & thanh phé Ha Noi

Hé théng thoat nwdc clia Ha Noi la hé théng thoat nwéc chung, ddm nhiém viéc thu gom
nwéc thai sinh hoat, thwong mai dich vu, mét phan nwéc thai cong nghiép va nwéc mua, nwdc
chdy tran bé& méat. Nwéc thai phat sinh tir cac hoat dong clia con ngudi thwong dugc xir ly so
bd bang bé tw hoai tai cac hd nha dan va sau dé chay ra hé thdng cdng va kénh mwong hé trén
dia ban thanh phd (séng T6 Lich, séng Kim Ngwu, séng Lir va séng Sét) trwde khi db ra séng
Héng. Do anh hwéng tr lwgng nwéc mwa chdy vao hé thdng cdng, lwong nwéc thai va thanh
phan tinh chét ctia né dao dong rat Ién theo thdi gian trong ngay va theo cac mua trong nam.

Béng 1. Thanh phén tinh chat nuéc thai sinh hoat & Ha Noi

Chi tiéu chét lvong nuwéc Ham lwong Trung binh
BODs (mg/l) 50-150 100
COD (mg/l) 120-250 200
TSS (mg/l) 30-120 50
NH.-N (mg N/I) 4-25 15
TKN (mg N/I) 5-40 20
T-P (mgll) 2-10 4
DAu m& (mg/l) <30 ]

D6 kiém (mg CaCO4/l) >100 -
pH 6-9 -

36 SO 13/8-2012 TAP CHI KHOA HOC CONG NGHE XAY DUNG




KET QUA NGHIEN CUU VA UNG DUNG

Hién Ha Noi c6 3 tram x& ly nwdc thai voi tbng cong suét 1a 48.200 m3/ng€ay trong téng
s6 hon 700.000m? phat sinh mdi ngay. Viéc xay dwng cac tram nay ndm trong Dw an Thoat
nwdc Ha Noi duwoc xay duwng bang ngudn vén ODA cla Nhat Ban giai doan 1997-2005. Coéng
nghé x& ly nwéc thai ap dung & cac tram x& ly nay la bun hoat tinh theo cac qua trinh xt ly Ky
khi - Thiéu khi - Hiéu khi (A,0). Nwéc thai sau khi xt ly dwoc xa ra kénh mwong c6 tiéu chuan
loai A (QCVN 40:2012) v&i néng dd COD 50 mg/L, BODs 30 mg/L, T-N 18mg/L.

Bang 2. Chét luvong nuéce thai dau vao va sau xtv ly cia Tram xt ly nwéc thai Kim Lién

T Théng s6 chét lwong Nuéc sau xiv ly Tiéu chuén xa thai
nuwdc thai dau vao (mg/L) (QCVN 14/2008- ngubn loai A)
1 COD 22 -
2 BOD 11 30
3 TSS 1.6 50
4 T-N 16 5 (NHa-N)

Nguén: JICA, 2010

Nam 2010, JICA da tién hanh mét nghién ctvu danh gia hiéu qua hoat déng ctia cac tram
X Iy nwéc thai & thanh phd Ha N6i. Nghién ciru chi ra rang nwéc thai trong hé théng thoat
nwdc Ha Noi chi yéu phat sinh tir cac hoat dong sinh hoat ctia ngwoi dan va chi chira mot
lwong nhd nuéc thdi cong nghiép. Do do, thanh phan chét hiru co trong nwéc thai dé dang bi
phan hly b&i cac vi sinh vat. Cac tram x& ly nwéc thai déu dat hiéu suét x& ly chat hivu co
(theo chi tiéu BOD va COD), tuy nhién lwong chét hivu co thap cé thé khéng dd cho qua trinh
xt ly Nito va Phét pho. Vao muia mua, khi nuwéc thai dwoc pha lodng véi nwéc mua, hiéu qua
clia qua trinh x& ly nuwéc thai bang phwong phap sinh hoc gidm, dic biét 1a qua trinh xr ly Phbt
pho. Trong thdi ky nay cac tram déu st dung ngudn chét hiru co & bén ngoai dé nang cao hiéu
qua x ly chat dinh duwéng. Ngoai ra, cac tram déu gap van dé bun xép va phén nhém PAC
thwdng duwoc sir dung dé tang cwong hiéu qua cia qua trinh lang bun.

3. Phwong phap nghién ctru
3.1 Mé hinh xt¥ ly nwéc thai bang céng nghé ky khi - hiéu khi két hop mang vi loc (MBR)

Cum mé hinh AO-MBR quy m6 phong thi nghiém dwoc dat & tram x& ly nwéc thai Kim
Lién, bao gom: thung dwng nwdc thai chua x& ly; bé phan tng thiéu khi (dung tich hiru dung
20 lit); bé phan (ng hiéu khi (dung tich hiru dung 25 lit); bd mang vi loc mini; bom hat qua
mang; bom tuadn hoan bun, may nén khi; thung dwng nwéc sau xi ly. Nwéc thdi dau vao cla
mé hinh dwoc 14y tir bé diéu hoa cta tram.

Mang vi loc sir dung trong mé hinh la dang mang sgi réng, cé dién tich loc bé mat 1a 1m?
va kich c& khe hé 1a 0.4um do coéng ty Motimo Co. cla Trung Quéc san xuét. Vat liéu ché tao
mang la Polyvinylidene Fluoride (PVDF)

M6 hinh d& dwoc van hanh trong théi gian 150 ngay véi cac ché dé thoi gian lwu thay lwe
va ty 1& bun tudn hoan khac nhau dé& danh gia vé hiéu qua x& ly cac chat hivu co va Nito. Thoi
gian lvu nuwéc thay lwe tbng cong dao dong tr 4,5 dén 9,0 gi®. Bun dwoc lwu gitr hoan toan
trong hé thdng, tuy nhién hang ngay mét lwong bun cé thé tich 200mL dwoc 14y ra tir bé hiéu
khi va thiéu khi dé phan tich cac théng sb ciia qua trinh xt ly sinh hoc. Cac théng sb van hanh
mo hinh dwoc trinh bay & bang 3.
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Béng 3. Céc théng s6 van hanh mé hinh

Giai Luu luon Lwu lvong Tai trong COD trung
doan van | Naa Vo g bun HRT téng thay luc binh trong
I;én h. gay Qv (L) tuén hoan (gio) qua mang nwéc thai
QRAS (L/h) (m*/m*-ngd) (mg/L)
1 1-30 10 1Qv 4.5h 0.24 200
2 31-60 5 1Qv 9h 0.12 220
3 61-120 5 2Qv 9h 0.12 172
4 121-150 8 3Qv 5.1h 0.19 1600

3.2 Phan tich céc chi tiéu chat lwong nwéc va ban

Céc chi tiéu DO, pH, nhiét d6 clia nwéc thai dau vao, nudc sau xi ly, va nuéc trong bé
phan (ng sinh hoc (bé thiéu khi va bé hiéu khi) dwoc do dac hang ngay bdi cac thiét bj do
nhanh. Viéc ldy mau nwéc dé phan tich cac chi tiéu Nhu cau oxi héa sinh héa (COD), ham
lwongchat rén lo Ing (MLSS), chét rén lo Irng d& bay hoi (MLVSS), Nito tbng s6, Améni,
dwoc thue hién 3 14n trong 1 tuan. Viéc phan tich tuan thi cac phwong phéap tiéu chudn (APHA
2003) va phwong phap HACH véi thiét bi do quang phé DR2100 (HACH, USA).

4. Két qua va thao luan
4.1 Cédc théng sé hoat déng ctia mé hinh

Trong giai doan dau kéo dai 30 ngay, md hinh dwoc van hanh véi lwu lwong 10L/h; tai
trong thly lwc twong tng 1a 0.24m%m?-ngd, ham lwong MLSS trong bé hiéu khi 1a 2.000mg/L.
Trong bé hiéu khi, gia tri MLSS khong 6n dinh trong thdi gian nay. Sau 60 ngay, khi lvu lwong
bun tuan hoan dwoc diéu chinh tang 1én thi ham lwong MLSS ciing ting theo va 6n dinh & murc
3.000-4.000 mg/L vao cubdi giai doan 3 (ngay thir 120). Lwong bun tiép tuc tdng cao khi lwu
lwong nwéc thai ddu vao va lwu lwong bun tudn hoan tang thém. O giai doan nay, MLSS dat
gia tri cao nhat 5.600 mg/L. Trong khi gia tri MLSS trong bé hiéu khi dao dong ty 1& v&i sy thay
dbi vé HRT va ty |& bun tudn hoan, ham lwvgng MLSS trong bé phan &ng thiéu khi én dinh trong
khoang 2.000-3.000mg/L trong subt th&i gian van hanh mé hinh.

/2

T

Concentration, mg/L

Days

Hinh 1. Si dao déng cta DO trong bé phan tmg sinh hoc (ngén hiéu khi va thiéu khi)

Ham lwong oxi hoa tan trong bé hiéu khi dao dong tir 2,0 dén 5.0 mg/L. Oxi hoa tan trong
bé thiéu khi dwoc duy tri & mirc tir 0-0,5 mg/L. Ngay ca khi ty 1& lwu lwong nwéc tir bé hiéu khi
tuan hoan tré lai bé thiéu khi tang dén 300%, mirc DO hoa tan duy tri trong cac bé hiéu khi ludn
I&n hon 2 mg/L va trong bé thiéu khi dwdi 0.5mg/L.
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Hinh 2. Su dao déng cua chi tiéu F/M trong bé phan tmg hiéu khi
O giai doan dau (ngay 1-30), gia tri F/M th&p va kha én dinh. Trong giai doan 2 khi lwu
lwong nuwéc dau vao gidm xudng mét nira va lwong bun tuan hoan tang dén 300% thi gia tri
F/M cang gidm va dat gia tri nhé nhét trong toan bd théi gian van hanh (Hinh 2). Gia tri F/M
trung binh tir 0.1-0.15 kg COD/kgMLVSS-ngd, phu hop véi nhiéu nghién ciru trwéc day (Pollic
va cac cdng sw, 2004; Liu va cac cdng sw, 2005).

4.2 Hiéu qué xt¥ ly chat 6 nhiém bang mé hinh AO/MBR

Hinh 3 biéu di&én sy dao ddng ctia COD dau vao va dau ra sau khi x& ly. Ham lwong
COD trong nuw¢c thai thd dao dong tir 110-240mg/L. V&i gia tri nay, nwéc thai sinh hoat cla Ha
Noi cé thé dwoc phan loai la nwédc thai ndng do thdp. Ham lwong COD sau khi x&r ly déu nhd
hon 50 mg/L, do d6 dap ng dwoc tiéu chuan xa thai ra méi trwong. Hiéu suat x&r ly COD kha
on dinh.
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Hinh 3. Su thay d6i ham luong COD trong nuéc thai dau vao va nuwéc sau xtv ly

Hinh 4 biéu dién sw thay déi ham lwong Améni trong nwéc thai diu vao va nwéc da xo
ly trong subt 5 thang van hang mé hinh. Ham lwgng Améni trong nwéc thai thé dao déng tr
7.4- 24.8 mg/L. Trong giai doan dau ham lwgng Améni trong nwéc sau xt ly kha cao, ching té
réng qua trinh nitrat héa & bé hiéu khi chwa dwoc thwc hién hoan toan do thdi gian lwu thay
lwc khéng da, va nang lwc oxi hda cta cac vi khuan nitrifier con yéu trong giai doan khéi déng
mé hinh. Tuy nhién, sau ngay tht 30, hiéu suét xi ly Améni rat 6n dinh va cao (hon 96%).
Cac két qua cho thay hiéu suét x&r ly Nito (Nito téng sb) ciing rat cao va tang khi ty 1& tudn
hoan bun tang.
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Do kiém cla nuwéc thai dau vao dao dong trong khodng 200-250mg CaCO4/L va trong
nwéc sau x& ly ludn Ién hon 80 mg/L, chirng td lwong kiém trong nwéc dd cho qua trinh x& Iy
nitrat héa va kh nito' trong bé phan (rng sinh hoc A/O. Trong subt th&i gian van hanh, chang toi
chi thyc hién rira mang bang nwéc va suc khi bé& mat. M6 hinh khéng xa bun, toan bd bun van
dwoc gitr trong hé thdng x& Iy tuy nhién chat lwgng nuwéc sau xi ly van rat tét va dn dinh, dap
(ng tiéu chuan xa thai ra ngudn loai A (QCVN 40:2012/BTNMT). Cac két qua trén cho thay hiéu
suét x& ly tét hon so v&i cac cdng nghé hién dang ap dung nhw bé phan trng sinh hoc theo mé
(SBR), cdng nghé x& ly sinh hoc trong diéu kién ky khi-thiéu khi-hiéu khi (A20) dang dworc trién
khai ap dung dé& xt ly nwéc thai d6 thi. Ngoai ra, mot diém manh ctia cong nghé nay 1a khong
can thiét phai bd sung héa chét diéu chinh ham Iwong kiém va ham lwong chét hiru co, ciing
nhw cac hoa chét tro keo tu nhw PAC, gidm chi phi van hanh cia day chuyén xu ly.

L
#NH4-Ninfluent  mNH4-N effluent

N
o

Concentration mgN/L
4

Days
Hinh 4. Ham luong Améni trong nuéc thdi déu vao va nuéc sau xi ly
5. Két luan

Nhém nghién ctru da khao sat cum mé hinh x& ly nwéc thai bang phwong phap sinh hoc
trong diéu kién thiéu khi-hiéu két hop véi mang vi loc ddt ngap (mang UF soi réng) dé xi ly
nwéc thai sinh hoat ¢é tai trong chat hiru co thdp. K&t qua van hanh mé hinh lién tuc trong hon
5 thang cho thay v&i cac didu kién khac nhau vé thoi gian lwu thiy lwe thi hiéu sudt xt ly chét
hiuu co' (COD) ludn én dinh va cao (I&n hon 90%). Hiéu suét xt ly Nito (Nito' tbng s, Améni)
tuy nhay cdm hon véi sy thay ddi méi trwdng (ndng d6 oxi hoa tan, tai trong chét hiru co) tuy
nhién cling rat cao, thda man yéu cau xa thai nghiém ngat theo QCVN 40:2012/BTNMT. Hiéu
suéat x& ly Nito tang khi ty 1& bun tuan hoan (BTH) tr bé hiéu khi sang bé thiéu khi tdng, va dat
gia tri cao nhat khi ty 1& BTH 1a 300% trong qua trinh van hanh md hinh. Chang t6i khong phai
diéu chinh ndng dé kiém va bd sung thém ngudn chét hiru co' bén ngoai cho qua trinh xt ly
sinh hoc. Ngoai ra, toan bd bun dwoc lwu gitr trong qué trinh 5 thang van hanh. Cac két qua
cho thay cdng nghé xt ly nwédc thai AO két hop véi mang vi loc d&t ngap rat phu hop dé xa ly
loai nwéc thai sinh hoat do thi co tai trong chét 6 nhiém thap & cac khu vic cé yéu cau xa thai
cao, eo hep vé& quy dat va khong cé diéu kién xir ly vé bun c&n. Céng nghé nay rét phu hop véi
cac tram x ly nwéc thai phan tan, trong cac khu dé thi méi, cac tdéa nha chung cw cao cép va
khach san. Nwéc thai sau khi xt ly cé thé tai s dung cho cac cong trinh vui choi gidi tri va vé
sinh cho db thi.
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