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Nghién ctu nay kiém tra hiéu qua cua viéc s dung cong
nghé bé phan ng sinh hoc dang mé (SBR) trong xir 1y nudc thai
chung cu. Hiéu suat xu ly céc chi tiéu 6 nhiém twong wng: BODs
(90 - 95%), COD (93 - 97%), TSS (83 - 95%), Amoni (92 - 98%),
Téng Nito (92 - 98%), Po duc (85 - 95%), P mau (62 - 75%). Hé
vi sinh cua bé SBR dugc quan séat va cho thay ¢ 09 loai nguyén
sinh dong vat chiém uu thé vai ty 1& xuat hién trong bé nhu sau:
Vorticella 26%, Aspidisca 22%, Litonotus 6%, Trachelophyllum
8%, Epitylis 6%, Rotifer 16%, Tardigrades 4%, Flagellate 4%,
Vaginocola 6%. Nong do bun hoat tinh xuyén sudt qué trinh thuc
hién dugc duy tri va bién dong trong khoang: 5,000 - 7,000 mg/L,
g6p phan tang hiéu qua xt ly cho bé SBR. Hiéu qua xu Iy Nito ¢
muec 1y tuong dat dugc trong nghién ciu véi hiéu suat loai bo 18n
t6i 98%. C thé két luan, cac chat 6 nhiém trong nudéc thai chung
cu tai Thanh phd HO Chi Minh duoc giai quyét & muc tdi khi sir
dung cdng nghé SBR.

ABSTRACT

This study describes the treatment efficiency and diversity of
microorganisms in Sequencing Batch Reactor (SBR) tank. The
removal efficiency was: BODs (90 - 95%), COD (93 - 97%), TSS
(83 - 95%), Ammonia (NH4") (92 - 98%), Total Nitrogen (TN) (92
- 98%), Turbidity (85 - 95%), Color (62 - 75%). It was observed
the presence of Microfauna at the following rate in the tank as
follows: Vorticella 26%, Aspidisca 22%, Litonotus 6%,
Trachelophyllum 8%, Epitylis 6%, Rotifer 16%, Tardigrades 4%,
Flagellate 4%, Vaginocola 6%. Examines the influence of MLSS
and each group of microorganisms on the efficiency of treatment
of pollutants in one apartment building wastewater in the Ho Chi
Minh City, Vietnam. The MLSS index in research ranges from
5,000 to 7,000 mg/L. The nitrogen removal efficiency was
achieved at 98% in this study. The SBR technology shows that
the domestic wastewater treatment capacity in Ho Chi Minh City
is optimal.
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1. Giéi thigu

D6 thi hoa nhanh chéng da tao ra mot thach thire cho chinh phi ¢ cac nude dang phat trién
va Viét Nam ciing nam trong s6 d6. Ké tir khi chinh sach d6i méi duoc dwa ra vao nam 1986,
Thanh ph Hd Chi Minh, d3 trai qua qua trinh d6 thi hda va cong nghiép hda nhanh nhit ¢ Viét
Nam. Hé qua di kém 1a mat do dan s tai Thanh phé Ho Chi Minh rét cao - 4,385 ngudi/Km? trong
nidm 2019 (Tong Cuc théng ké Viét Nam, 2019). Nham dap tng nhu cau nha &, cac khu do thi, tda
nha, chung cu di vao van hanh vai sb lugng lon.

Trén dia phan Thanh phé c6 1,440 chung cu, trong (ng vai 141,062 can ho (Bo Xay dung,
2021). Véi s6 lugng chung cu ting nhanh dd va dang gy ra stc ép 16n cho co sé ha tang thoat
nudce thai. Trong d6, nuéc thai sinh hoat 1a mot trong nhimg diém trong yéu c¢6 nguy co tiém an
gay ra hién trang & nhidm ngudn nudc néu khong duoc xir Iy dung cach (van Leeuwen, Dan, &
Dieperink, 2016).

Nudc thai sinh hoat chita mot lwong dang ké cac hop chat bao gém cac chat dinh dudng,
chat hitu co va c6 thé gay ra tinh trang pht dudng nudc néu khong dugc xu ly thich hop trude khi
xa ra mdi truong. Theo APHA (1989), nudc thai sinh hoat c6 ham luong chat ban nhur sau:

Bang 1

Ham luong chat ban dic trung trong nudce thai sinh hoat

Lk Muc 6 nhiém
Chi tiéu 6 nhiém (mg/l) - N z
Nang Trung binh Thap

Téng chat ran (TS) 1,000 500 200
Chét ran hoa tan (TDS) 700 350 120
Chét ran khong tan (IS) 300 150 8
Téng chat ran lo ling (TSS) 600 350 120
Chat ran lang (SS) (mg/l) 12 8 4
BODs 300 200 100
Oxy hoa tan (DO) 0 0 0
Téng Nito (TN) 85 50 25
N - hitu co 35 20 10
N - amoniac 50 30 15
N - NO2 0.1 0.05 0
N - NOs 0.4 0.2 -
Clorua 175 100 0.1
Do kiém (mg CaCO3/I) 200 100 15
Chat béo 40 20 50
Téng phosphor (mg/1) (TP) - 8 0

Ngudn: APHA (1989)

Nuéc thai sinh hoat tir cac chung cu chira chat hiru co, nito, phosphor nén ¢6 thé xir ly
duoc bang phuong phap sinh hoc. Bé xt ly sinh hoc dang mé (SBR) ¢6 tinh linh hoat va kha ning
tu dong hda cao trong van hanh, dong thoi két hop tat ca cac qué trinh sinh hoc khéac nhau (bao
gom xur ly BOD, nitrat hda, khi nitrat, quéa trinh phan giai va hip thu phosphor) déu dién ra trong
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ciing mot bé xtr Iy ma khéng can bé ling thir cip nén sé& gitp giam dién tich chiém dung, kinh phi
ciing nhu thoi gian van hanh. Hon thé nita, kha ning loai bo Nito va Phosphor cao trong qué trinh
xtr 1y da giap SBR 1a mét lua chon kha thi hon so véi nhitng cdng nghé bun hoat tinh thong thuong
(Artan & Orhon, 2005; Fernandes, Jungles, Hoffmann, Antonio, & Costa, 2013).

SBR xur 1y nudc thai théng qua 05 budce: Dién day, phan tng, 1ang, gan va nghi. Trong d6
téng thoi gian cua cac bude nay sé 1a thai gian cho mét chu trinh xir 1y (Coelho, Russo, & Araujo,
2000; Irvine & Davis, 1971). Cac diéu kién yém khi trong giai doan dién day va khudy tron s&
gitp thuc hién qua trinh khtr nitrate va phan giai phosphor. Trong giai doan suc khi, qué trinh
nitrate hda va qué trinh hap thu phosphor vao sinh khéi s& xay ra. Cac nghién ct:u cia Manning va
Irvine (1985); Shin va Park (1991); Vlekke, Comeau, va Oldham (1988) di cho thiy kha ning loai
bo chit dinh dudng (Nito va Phosphor) va xem SBR nhu mét giai phap thay thé rat hiéu qua cho
cac phuong phéap bun hoat tinh thong thuong.

SBR gilip giam 60% chi phi xay dyng va van hanh so véi cac bé khac (Coelho & ctg.,
2000). Chét luong xtr 1y nudc & muc cao dat dugc trong khoang thoi gian ngén. Bong thoi, yéu
cau vé dién tich, nhan lyc thap gilp toi wu hoa kinh phi ma van dat yéu cau vé quy dinh xa nuéc
thai (WATER, 2005).

Nghién ctru nay khao séat hiéu qua xu 1y nudc thai chung cu biang cong nghé SBR. Hiéu
qua dugc danh gia thong qua viéc theo ddi c&c chi tiéu chat lugng nude trudc va sau bé phan tng.
C4c chi tiéu dugc theo ddi bao gdm: COD, BODs, NH4*, TN, TSS, d6 duc, d6 mau. Bén canh do,
hé vi sinh cua bé phan mg dugc quan séat bang kinh hién vi va sy anh huong cia ndng do vi sinh
(thdng qua chi tiéu MLSS) Ién hiéu qua xtr 1y cling duoc danh gia.

2. Vit liéu va phwong phap nghién ctru
2.1. Vit liéu

Nudc thai dugc Iy tir bé diéu hoa cua chung cu Moscow Tower tai Thanh phé H6 Chi
Minh. Thoi gian 1y nuéc thai vao lGc 17 gio 30. M&i lan lay 20 lit trong binh nhya loai 20 lit.
Mau nuéc thai dugc gilt & nhiét do phong 21 - 28°C, va bao quan & phong Thi nghiém Hoa - Moi
truong, Trudng Pai hoc M thanh phd H6 Chi Minh, Co s¢ 03 tinh Binh Duong.

2.2. Phwong phap nghién ciru
2.2.1. Xay dung md hinh thi nghi¢m

Mb hinh thi nghiém duoc gia cong thiy tinh v6i dung tich 10L, véi chidu dai, rong, cao
lan luot 1a 20cm, 18cm, 30cm (Hinh 2). Thé tich nudc thai c6 thé chua trong bé 1a 10L. Bé duoc
dat va van hanh tai Phong thi nghiém Hoéa - Méi truong (Truong DPai hoc Mo - Co s¢ 03, Binh
Duong) trong 30 ngay dudi diéu kién van hanh ky khi - hiéu khi - thiéu khi va thoi gian cho mdi
chu trinh 12 08 gid bao gdm: 150 phut cho ky khi, 120 phut cho pha hiéu khi 1, 60 phut cho pha
thiéu khi, 45 phut cho pha Hiéu khi 2, 60 phit cho pha lang, 30 phut cho pha gan va pha nghi kéo
dai trong 15 phat (Debik & Manav, 2010) (Hinh 1).

‘ Ky khi ‘ _" Hiéu khi 1

3 Ling Gan Nghi 3
(150 phit) (120 phuit)

Thiéu khi _, | Hiéukhi2
(60 phuit) (45 phiit)

Céc pha trong mét mé xir Iy bé SBR

Hinh 1. Thoi gian van hanh bé SBR
Ngudn: Debik va Manav (2010)
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Nguyén 1y van hanh bé nhu sau: Nguon dién di vao 03 may suc khi (tc do théi khi 12 0.5
L/phat) va may khudy (téc 6 200 vong/phut) sau khi qua b bién tan nhim muc dich kiém soét
luong oxy hoa tan trong nudc thai trong pha hiéu khi dat tir 2 - 3.0 mg/I va thiéu khi dat 0.5 - 1
mg/L trong m&i chu trinh xtr ly nham giai quyét chat dinh dudng trong nudc thai (Yuan & Gao,
2010). Bdi vai pha ky khi: Mau nudc duoc nap vao bé dudi diéu kién chi c6 may khudy hoat dong
(DO: 0 mg/L). Trong pha hiéu khi: ca may khudy va may thoi khi déu hoat dong, DO dugc kiém
S04t & murc 2 - 3.0 mg/L. Trong pha thiéu khi, hé thdng khuay s& dugc didu chinh vé 100 vong/phdit,
DO ¢ mirc 0.5 - 1 mg/L. M6 hinh van hanh va mé hinh thyc té thé hién qua Hinh 2 va Hinh 3.

/

30cm

3
: Qo
Y B visiserniesiny
) ) 20cm
1. Nguén dién dau vao 2. May suc khi
3. Van bién tin 4. Hé théng phan phi khi

5. May théi

Hinh 2. M6 hinh van hanh bé SBR

Nguon: Két qua tir nghién ciru nay

Hinh 3. M6 hinh thuc nghiém bé SBR

Ngudn: Két qua tir nghién ciru nay
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2.2.2. Phuong phap phan tich

Mau ddu vao va dau ra cua hé thdng duoc lay va phan tich hang ngay xuyén sudt qué trinh
thuc nghiém. Céc thong sé phan tich, do dac gom: Nhu cau oxy sinh hda (BODs), Nhu cau oxy
héa hoc (COD), Amoni (NH4*- N), Tong nito (TN), Téng chat ran lo limg (TSS) duoc do theo céc
phuong phap chudn trong TCVN va APHA (2005) (Bo Tai nguyén M®i truong, 2008; Federation,
& Aph Association, 2005). Bi véi TSS va MLSS duoc loc qua gidy loc 0.45um. pH dugc do
bang dau do. Nhiét do va DO duoc do tai chd bang dau do da tham sb (H19142).

2.2.3. Quan sat c4u tric bun hogt tinh bang kinh hién vi

CAu trlc bun hoat tinh duoc quan sat bang quang kinh hién vi (Olympus - BX41), dinh
danh dwa vao hinh thai, cach thirc bit méi, ... va ddi chiéu véi nhirng nghién ctu trén vi sinh cua
hé bun hoat tinh trudc day. Ty 1 xuat hién caa ting loai nguyén sinh dong vat dugc danh gia mot
cach truc quan va phuong phap thong ké dya trén mat do xuat hién.

3. Két qua va théo ludn
3.1. Céu triic hé vi sinh ciia bé phdn itng SBR

Hg vi sinh trong bun hoat tinh cua bé SBR dugc phan tach va quan st bang kinh hién vi
v6i d6 phong dai 1a 40 lan. Bun hoat tinh cua bé SBR cé dang béng (nho su két dinh caa hé vi sinh
trong bé) va mau nau do (Hinh 4).

D

E"."," : "I 7 e ‘ r{

s P i
Hinh 4. Béng ban hoat tinh bé SBR
Ngudn: Két qua tir nghién ciru nay
Theo Cybis va Horan (1997) va Zhou, Xu, Liu, va Cao (2008), su xgét hién cta cdc nhom
nguyén sinh dong vat trong bé SBR c6 moi lién quan mat thict den hiéu suat loai bo cac tac nhan
6 nhiém va dong thoi cling 1a mot tin hiéu tét cho thay chat lwong nudc sau xu ly cao. Trong nghién

ctiu ndy, mot s it nguyén sinh dong vat duoc tim thay khi quan sat & do phong dai 40 lan. Két qua
quan sat dugc trinh bay ¢ Bang 2.

Bang 2
Két qua quan trac vi sinh trong bé SBR
Ngay dau Sau 01 tuan Sau 02 tuan Sau 01 thang
van hanh be van hanh bé van hanh be van hanh be
Vorticella Vorticella Tardigrades Vorticella
Trachelophyllum Aspidisca Rotifer Rotifer
Flagellate Trachelophyllum Trachelophyllum Aspidisca
Tardigrades Flagellate Aspidisca Epitylis
Epitylis Litonotus Vorticella
Aspidisca Vaginocola
Litonotus

Ngudn: Két qua tir nghién ciru nay
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(A) Rotifer, (B) Epitylis, (C) Flagellate, (D) Tardigrades, (E) Vorticella, (F) Aspidisca,
(G) Trachelophyllum, (H) Vaginocola, (1) Litonotus

Hinh 5. M6t s6 loai vi sinh quan sat duoc trong hé ban hoat tinh bé SBR

Nguon: Két qua tir nghién cau nay
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Ty & phan trdm vi sinh quan sat dwoc qua cac ngay theo ddi thé hién qua Hinh 6.

30%
25%
20%
15%
10%

5%

0%

Hinh 6. Ty I¢ phan trim cua c4c vi sinh vat
Ngudn: Két qua xir ly tir dit liéu khao sat
Su xuit hién cua cac loai nhu Vorticella, Trachelophyllum, Flagellate, Tardtigrades,
Epitylis, Aspidisca trong nhitng ngay dau van hanh, cho thay hé thong xir Iy kha tét cac chi tiéu 6
nhiém (Cybis & Horan, 1997). Hai loai Vorticella va Aspidisca xuat hién véi mat do cao xuyén
suot qua trinh thi nghiém vai ty I€ lan lugt 1a 26% va 22%. Sy hién dién cua 02 loai nay chung to
hé thng xt ly t6t nudce thai va chat luong béng bun hoat tinh tot (Madoni, 2011).

Péi véi Litonotus, Trachelophyllum, Epitylis lai kha thap do diéu kién bé chwa di vao hoat
dong va hé vi sinh trong bun van chua phat trién. Bén nhitng ngay cudi quan sét, nhan thay mat
do cua Litonotus, Trachelophyllum, Epitylis d3 kha quan hon nhung van con rat thap. Vi
Litonotus 6%, Trachelophyllum 8%, Epitylis 6%.

Rotifer xuat hién trong nhitng tuan cudi van hanh bé véi ty 1é kha twong dong véi Vorticella
va Aspidisca. Tuy nhién, tan suat xuat hién cua Rotifer lai khong cao bang Aspidisca, Vorticella.
Trong nhitng ngay cudi thi lwgng Rotifer da nhiéu hon ching té kha ning tao béng bun cua bé da
t6t hon, nudc thai ciing duoc xur ly tot hon. Rotifer chiém ty 1 18% trong tong vi sinh cua bé SBR.
Con céc vi sinh Tardigrades, Flagellate dugc quan sat dudi kinh hién vi véi tan suat xuat hién
bang nhau vai ty 18 12 4%. Vaginocola quan sat duogc khé nhiéu ¢ tuan thir 02 véi 6% va sau d6
khdng xuat hién.

Nhiing sinh vat trén déng vai trd quan trong trong hé théng bé SBR. Bang cach gan vao
cac boéng bun hoac di chuyén ty do va phan tan giira cac hat ban hoat tinh, chung an vi khuan va
chat hitu co ciing nhu cac sinh vét nho khac. Ching duy tri mat d6 va tré héa quan thé théng qua
qué trinh kiém méi. Pong thoi chiing ciing dong gop vao qué trinh keo tu va cai thién chat luong
nude dau ra (Zhou & ctg., 2008).

3.2. Hi¢u qud xit ly cdc chi tiéu é nhiém
C4c chi tiéu dugc theo ddi va ghi nhan két qua trong 30 ngay. Hiéu suat xu ly cac chi tiéu

BODs, COD, TSS, NHs*, TN, d6 duc, d6 mau lin luot dugc ghi nhan Ia: 90 - 95%, 93 - 97%, 92 -
98%, 92 - 98%, 85 - 95%, 62 - 75% (Bang 3).
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Bang 3
Hiéu xuét xu ly cac chi tiéu 6 nhiém cua bé SBR

Hiéu suat
BOD COD TSS Amoni Tn Py duc | P9 mau
Bé SBR 90-95% | 93-97% | 83-95% | 92-98% | 92-98% | 85-95% | 62 -75%

Chi tiéu

Ngudn: Két qua tir nghién cau nay

Théng qua cac chi tidu, c6 thé thay rang: bé SBR khong nhitng c6 kha ning giai quyét chat
hiru co va chat dinh dudng ma con giai quyét dugc ¢ mac rat tot.

3.2.1. Téng Nito (TN)

Tuy théng sé Tong Nito khong dé cap dén trong QCVN 14:2008 (Bo Tai nguyén Mai
truong, 2008) nhung trong nghién ciu ndy van dugc do dac véi muc dich kiém soat ¢ pht dudng
cua nguon nudc. Gia tri dau vao xuyén suot qué trinh thuc nghiém dao dong trong khoang 65.04
mg/L - 85.92 mg/L. So liéu TN duoc trinh bay ¢ Hinh 7.

= A A A . . = - s A 3 - A .
mel Bieéu do the hién hiéu qua va hieu suat xw ly Tong Nito
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Hinh 7. Hiéu qua va hiéu suét xu ly Tong nito cua bé SBR
Nguon: Két qua tir nghién cau nay

Trong ngay dau van hanh, hiéu suat xt Iy rat cao (96.21%) véi gia tri dau vao va dau ra
tuong ¢ng 12 65.04 mg/L va 2.46 mg/L. Ngay 04, hiéu suat giam chi con 91.15%. Nguyén nhan
c6 thé do TN dau vao cao trong khi hé vi sinh chua thich ¢ng kip. Hé bun 6n dinh qua qué trinh
thich nghi va phat trién. Ngay 04 dén ngay 11, hiéu suat xir ly lién tuc tang voi muc tang la 6%,
sau d6 giam nhe 6 ngay 14. Ngay 11 cling la ngay bé xur 1y dat hiéu suat cao nhat (97.52). Hiéu
suat xuéng khoang 93 - 95% & nhitng ngay tiép theo. C6 thé giai thich vi trong IGc van hanh hé
théng, hé bun dang trong giai doan gia. Nhin chung, hiéu qua xu ly caa nghién ctu ludn cao
hon 92%.

Théng qua viéc thay ddi ché do suc khi va khuay tron dé tao ra méi truong Thiéu khi -
Hiéu khi - Ky khi xen k& trong pha phan &ng, Bé SBR giup tang cuong kha nang xu ly Nito. Qua
trinh loai bo chat dinh dudng dién ra véi budce dau la oxy héa N hitu co thanh NH4*, nitrat hoa, va
sau d6 theo con duong khur N (phan nitrat) (Christensen & Harremoés, 2013; Dutta & Sarkar,
2015; Henze, 1991; Kassab, Halalsheh, Klapwijk, Fayyad, & Van Liert, 2010; Lin, Tay, Liu, &
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Hung, 2009). Bé SBR giup giai quyét tinh trang pht dudng do N gay ra. Trong nghién ctu cua
Mahvi, Mesdaghinia, va Karakani (2004), TN dugc loai bo vai hiéu Suét 71%. Trong nghién cuu
nay, hiéu qua xtr Iy TN ludn cao hon 92%, nhd vao su thay dbi linh hoat céc ché do van hanh, da
gilp cho qué trinh chuyén d6i NH4* sang NOs™ va ca qua trinh khir N duoc t6i wu.

3.2.2. Amonia (NH4*-N)

Gia tri NH4" dau vao khoang 40 - 57 mg/L. Kha ning xu Iy NH4* xuyén sudt qua trinh thyuc
nghiém ludn dat hiéu qua tot vai hiéu suat cao vaoi dau ra trong khoang 1.5 - 5.02 mg/L. Dt liéu
duoc thé hién ¢ Hinh 8.

a A A A o P - . o A o - -
I Biéu do thé hién hiéu qua, hiéu suit xir ly Amoni
'L %
60 10000
s0 S8.00
96.00
40
S4.00
30
S2 00
20
S0.00
1o 88.00
(4] 86.00
01/03 0403 0703 0%/03 11/03 14703 16/03 18/03 21/03 23/03
— Trirdc xw Iy Sau =i Iy — e (CGEA eessss CotB Hidu sudit

Hinh 8. Hiéu qua va hiéu suat xu Iy NH4*-N caa bé SBR
Ngudn: Két qua tir nghién cau nay

Thong qua biéu do, budc dau nhan dinh rang hiéu suat xt ly NH4* rat cao véi muc dinh
diém 14 97.60%. Theo TCVN, hau hét c4c gia tri tinh todn ctia mau sau xir ly ludn dat chuan xa
thai cot A, chi c6 ngay 04 dat muc xa thai & cot B (5.02 mg/L). Biéu nay cd thé giai thich rang hé
thdng bi sc tai NHa*.

Hiéu qua xt Iy NH4* ngay tir nhitng ngay dau van hanh bé da & muc 1y tuong (96.21% o
ngay 01). Trong nhiing ngay tiép theo, hé thong xir ly c6 giam nhe. Sau ngay 04, hiéu suat xir ly
cua bé phuc hdi va ting dang ké. O ngay 16, kha ning xtr Iy kém di, hiéu suat xt ly chi dat 91.01%.
Nguyén nhan c6 thé 1a hé bun trong bé dang & giai doan gia kém theo sy bién thién lién tuc cua
gia tri NH4* dau vao dan dén hé thdng xir Iy khong duoc tot.

Trong nhitng ngay con lai gia tri dau vao bat dau 6n dinh va hé théng ciing thich nghi dan,
hiéu suat xir 1y ting lai nhung van khong bang giai doan tir ngay 04 - 14,

Bé SBR loai bo NH4* théng qua 02 budc chinh 1a Nitrat héa va Khir nito. Dudi diéu kién
thoi khi, NH4* bi oxy hoa thanh nitrit (NO2") nhd vao nhom vi khuan oxy héa Amoniac (AOB),
tiép theo 1a qua trinh oxy hda nitrit thanh nitrat (NO3") nho vao nhém vi khuan oxy héa nitrit
(NOB). Ca 02 nhém vi khuan sir dung CO2 lam ngudn Cacbon va oxy lam chat nhan dién tir cudi
cuing (Henze, 1991; Kassab & ctg., 2010). Trong diéu kién ky khi, qua trinh khtr Nito dién ra nho
céc vi khuan di dudng ky khi sir dung céc chat hitu co phuc tap cho nhu cau cacbon cia ching,
ddng thoi st dung ca oxy ciing nhu NOs™ 1am chét nhan dién tir, do d6 tao thanh khi N va thoéat
khoi nudc (Christensen & Harremoés, 2013; Dutta & Sarkar, 2015; Kassab & ctg., 2010; Ren &
ctg., 2020). Cac nhom vi sinh vat trong nudc s& st dung nito dé téng hop sinh khdi va phan con
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lai tao thanh khi N théng qua quéa trinh Khir N. Nghién ciru caia Chen, Xia, va Ju (2003) cho thay
hiéu suit loai bo NH4* chi dat khoang 65%, Debik va Manav (2010) cho thay hiéu suét loai bo tot
hon (85%) bang viéc dung ché do van hanh (08 gio) va MLSS 5,000 mg/L + 500 mg/L. Nghién
ctru ndy st dung ché do van hanh 1a 08 gio, véi ndng d6 MLSS ludn cao hon 5,000 mg/L, chinh
vi vay, hiéu qua xir Iy NH4* t6i wu hon so v6i nghién cau trén.

3.2.3. Hiéu qua xu ly BODs

Gia tri BODs dau vao ghi nhan trong ngudng 160 - 255 mg/L xuyén sudt qué trinh nghién
cu va dau ra dat 17.63 - 43.26 mg/L (Hinh 9).
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Hinh 9. Hiéu qua va hiéu suat xu ly BODs cia bé SBR

Ngudn: Két qua tir nghién cau nay

Trong nhiing ngay dau, hé thong xtr ly véi hiéu qua dang mong doi. Gan 150 mg/L BODs
duoc giai quyét tuong ng véi hiéu suat khoang 80% (ngay 01/03). Sau mot tuan van hanh hé
thdng, hé ban trong bé bat dau thich nghi véi mau nudc thai va tang hidu suat xir ly, tuy nhién chi
tang & mtrc do nhe. Tir ngay 04 dén ngay 07, hiéu suat dat 80.71%, 81.30%. Giai doan tir ngay 07
- 11, hé bun trong bé SBR tién vao giai doan sinh truéng manh, kéo theo hé thong giai quyét khé
t6t BODs (170.57 mg/L) véi hiéu suat xir Iy dat 86.15%. Tuong tu, giai doan ngay 09 - 11 hé ban
trong hé thong sinh truéng va phat trién dat dinh diém, hiéu suat xir Iy BODs dan tién dén con sb
90%. Cu thé & ngay 09 va ngay 11 ghi nhan véi con sé lan luot 12 86.15% va 89.16%. Ngay 14,
hé bun trong bé dang & giai doan 6n dinh va xu ly tét BODs (92.13%). Hiéu suat xi ly trong giai
doan tir ngay 16 dén ngay 21 giam va gid tri thap nhat duoc ghi nhan 12 86.08% (ngay 21) do luong
bun héi luu khong du. Sau khi khic phuc, hiéu qua xt Iy phuc hdi véi suét xir Iy dat & mac gan
94% (Ngay 23). BODs sau khi xir Iy luén dat tiéu chuan xa thai ¢ cot B va dan tién vé cot A, ngoai
trir cac ngay 01, 04, 07, 21 thi nhitng ngay con lai, chi tiéu BODs dat tiéu chuan xa thai cot A.

Hé théng xtr 1y dugc BODs nho hé bun hoat tinh, trong d6 ¢6 hé vi sinh, vi tao, vi khuan,
nam, ... s& str dung co chat va chat dinh dudng c6 trong ngudn nuéc thai nhu 1a ngudn thic an dé
téng hop sinh khéi mai, dong thoi qué trinh nay ciing giup lam giam BODs cling cac chi tiéu khac
(Al-Rekabi, Qiang, & Qiang, 2007; Fernandes & ctg., 2013). Qua trinh loai b BOD cua bé SBR
da duoc Wakode va Sayyad (2014) béo cao voi muc hiéu suét dat 96% tuong wng vai dong vao,
ra lan luot 12 134.63 mg/L va 5.36 mg/L. Sy giam BOD sau qua trinh xi 1y ciing dugc xac nhan
boi Kushwah, Bajpai, va Malik (2011) va Ukpong (2013). Trong nghién ctru ctia Showkat va Najar
(2019), hiéu suat loai b6 BODs cua hé théng SBR chi dat & mirc 59.38%. Trong nghién ciru nay,
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hiéu suét loai bo BODs kha cao (90 - 95%) c6 thé do ndng dé vi sinh trong bé duy tri trong ngudng
5,000 - 7,000 mg/L, lugng oxy hoa tan duy tri & mirc 2.2 - 3.5 mg/L trong pha thoi khi da giup cho
hé thong xu ly tét BOD:s.

3.2.4. Hiéu qua xur ly COD

Gia tri COD dau vao dao dong trong ngudng tir 302.85 mg/L - 448.97 mg/L. COD sau Xir
ly trong khoang 9.48 mg/L dén 26.3 mg/L. Cac gia tri do dac duoc thé hién qua Hinh 10.
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Hinh 10. Hiéu qua va hiéu suat xir ly COD cua bé SBR

Ngudn: Két qua tir nghién ciru nay

COD xir Iy dat mirc cao nhat nam & ngay 14, twong dwong hiéu qua xur 1y dat 294.12 mg/L
(97.12%) va thap nhat ¢ ngay 04 (93.69%). Héu suat dat dén 94 % trong nhitng ngay dau. Hiéu
qua xtr Iy COD tang va c6 thé thay rd qua cac ngy 09 va ngay 14. Tuy nhién, dén ngay 18 hiéu
suat xu ly cua hé thong giam nhe, baoi hé thong bi soc tai vaéi gié tri COD dau vao 1én dén gan 450
mg/L. Hiéu suat xtr 1y tang lai & ngay 23 (96.90%). Hi¢u qua xt ly COD luén cao hon 93%, va co
khi dat &én 97%. Nhin chung, hé thong van xu ly rat tot chi tiéu COD.

Sau pha khudy, bun hoat tinh va nudc thai dat trang thai ddng nhat. Hé vi sinh trong bé str
dung oxy tir qué trinh suc khi dé phan hay ngudn carbon trong nuéc thai va ddng thoi tao ra sinh
khéi mai, chinh vi vay, COD duoc loai bo. Nhan dinh nay ciing phu hop véi nghién ctu cua
Titiresmi (2007) va Purwita va Soewondo (2010), cho rang lwgng COD phan huy trong qua trinh
suc khi s& nhiéu 1én theo thoi gian. Sy giam COD lién quan dén qua trinh thoi khi va phan huay,
diéu nay ciing d duoc xac nhan bai Tian, Li, Zhang, Kang, va van Loosdrecht (2011); Ghehi,
Mortezaeifar, Gholami, Kalantary, va Mahvi (2014); Johal, Walia, Saini, va Jha, (2014); Ding,
Feng, Jin, Hao, Zhao, va Suemura (2011), véi mic hiéu suat loai bo twong tng 1a: 90%, 94%, 98%
va 99%. Vi lugng DO duy tri trong khoang 2.2 - 3.5 mg/L, nghién ciru nay cho thidy COD duoc
xt ly tét.

3.2.5. Tang chdt ran lo ling (TSS)

Gia tri TSS dau vao dao dong tir 110 mg/l dén 207.9 mg/l va gié tri dau ra giam dan tir
31.75 mg/l (cao nhat) dén khoang 7 mg/l. Hiéu qua xir Iy TSS ludn cao va dao dong trong khoang
83% dén gan 94%. Gia tri TSS duoc thé hién ¢ hinh dudi day.
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Hinh 11. Téng chét ran lo lung trude va sau xur ly cia bé SBR

Ngudn: Két qua tir nghién ciru nay

C6 thé thay, TSS ludn duoc loai boé & mic cao. Trong nhitng ngay dau, hé théng xu ly
kha tét véi hiéu suat dat 86.18%. Dén ngay 07, hiéu qua xu ly giam 4%. Hiéu qua xir 1y dat dinh
diém vai mac hiéu suat dat 93.88% (ngay 9). Hiéu qua xu ly giam lién tuc tir cac ngay 11 - 14
nhung khong dang ké. Hiéu suat xu ly tugt doc xuong chi con 84.73 (ngay 16). Mac du vay, kha
nang xur Iy c6 dau hiéu phuc hoi qua cac ngay 18 va 21 véi muc hiéu suat ghi nhan lan luot 1a
89.60% - 92.15%.

Déi véi nhitng ngay hiéu suat xu ly thap (07,16), lwong TSS trong nudc thai kha cao dan
dén hé bun xu ly khéng tot va ciing twong tu vai ngay 16 (gia tri dau vao 207.9 mg/L). Con &
nhitng ngay con lai, hé bun hoat tinh giai quyét 6n dinh TSS.

TSS 1a thude do cho ham lwong cac chat va 1a chi s6 danh gia d6 trong cta nudc thai (Akan,
Abdulrahman, Dimari, & Ogugbuaja, 2008; Johal & ctg., 2014). Bé SBR c6 thé giai quyét duoc
t6t chi tiéu TSS vi bé SBR ¢6 pha ling trong qua trinh xur 1y va n6 ciing pht hop véi nhan dinh
cua Khan va Bae (2014). Hon thé, trong nudc thai, cac té bao cua loai Zooglea c6 kha nang sinh
ra bao nhay xung quanh té bao va gin két cac vi khuan, céc hat lo ling, cac chat mau, mui, ... dé
tao thanh cac bong cin. Dudi diéu kién cua trong luc & pha ling, cac bong cin nay ling XUOng.
Yéu t6 thir ba la MLSS trong bé duy tri & mic 5,000 - 7,000 mg/L véi chi sé lang dao dong trong
khoang 50 - 60 g/L gilp ting kha ning lang cua bun (Janczukowicz, Szewczyk, Krzemieniewski,
& Pesta, 2001). Cac nhom tac gia: Mahvi (2008) va Patel, Rajor, Jain, va Patel (2013) da nghién
ctru vé su giam TSS trong qué trinh xtr 1y d6i véi bé SBR va hiéu suét xir 1y twong wng voi ting
nhom tac gia lan luot 12 99% va 95.41%. C6 thé thay, trong nghién ciu l1an nay vai pha ling trong
mot gio gidp xu ly TSS hiéu qua.

3.2.6. Do duc

Gia tri do duc cao nhat va thap nhat do duoc lan luot 1a 43.36 FTU & ngay 16 va 24.13
FTU & ngay 09. Bo duc dau vao trong khoang 20 - 50 FTU, chiing té nong d6 c4c chét ran lo lung,
cac chat ran hoa tan va mot sé chat khong tan ton tai kha nhiéu trong mau dau vao. Sé liéu thé hién
qua Hinh 12.
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Hinh 12. Hiéu qua va hiéu suat xir 1y do duc cia bé SBR

Ngudn: Két qua tir nghién cau nay

Sau khi xt ly, hiéu qua tot nhat nam ¢ ngay 09 twong ang véi gia tri ¢6 duc bang 1.41 FTU
& dau ra 24.13 FTU ¢ dau vao. Hiéu suat do duc sau xir Iy kha cao va luén nim & ngudng 85 -
95%. C6 thé giai thich riang giita d6 duc va TSS c6 méi lién hé véi nhau. Ma hé théng xu ly TSS
& mic 1y tudng nén kéo theo xir Iy d6 duc kha tot.

Xét trén ban chat thi nguyén nhan gy ra 46 duc cua nuéc 1a do céc hat lo lung, cac vi sinh
vat, cac chat ling dong, .... Hé théng c6 thé xir Iy vi hé ban hoat tinh sau khi hoat dong va tién
vao pha lang sé tiét ra mot 16p két dinh, kéo hau hét cac chat ran lo ltng ciing nhu vi sinh, bot xa
phong, chat tay rira, ... di xuéng dan dén hiéu qua xir 1y do duc cao (Janczukowicz & ctg., 2001).

3.3. Pdnh gid mirc dp 6 nhiém ciia mdu nwoc thai
Trén danh gia cam quan, nudc thai dau vao khong duoc trong, van duc, c6 mau hoi dam

va mui hdi nhe. Panh gia chat luong bang viéc xét nghiém cac chi tieu BODs, COD, TSS, NH4*,
TN, Amoni, d6 duc, d6 mau, pH. Két qua duogc trinh bay chi tiét tai Bang 2.

Ham luong TSS trong nudc thai dao dong tir 120 mg/L dén 200 mg/L, so sanh véi Bang 1
thi ¢6 thé xép vao muc d6 6 nhiém “thap - trung binh”. B4i véi gia tri Amoni trong nghién ctu
khé cao (40 - 57 mg/L). Qua danh gia, Amoni xuyén subt qué trinh thuc nghiém, 8 nhidm & muc
Trung binh va hau hét 1a & mac nang, néu khong xu Iy thich hop trudc khi xa thai c¢d thé gay 6
nhiém nguon tiép nhan. Gia tri TN dao dong trong ngudng 65 - 86 mg/L duoc dénh gia 1a 6 nhidm
& mirc Trung binh va xem nhu 1a mot trong nhiing tac nhan caa hién tuong tao né hoa & mot sé
kénh rach tai Thanh phé. BODs va COD trong nghién citu 6 nhiém & mac Trung binh véi gia tri
ghi nhan lan luot 12 160 - 255 mg/L va 303 - 450 mg/L. Chi s6 d6 duc, d6 mau c6 gié tri khéa cao
(40 - 50 FTU; 400 - 570 PCU). Nguyén nhan gay ra d6 mau trong mau cao c6 thé 1a do nudc den
va nudc xam tron chung.
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Bang 4
Théng sb nudc thai trudc xir ly

STT Tén Chi Tieu Ké;r?g‘rf‘g‘ﬁ‘lf xgﬁigr‘;t’i‘i Ponvj | D4nh %iﬁig‘n‘;"c 90
1 |Tong chat ran lo ling (TSS) 120 - 200 mg/L | Thap - Trung binh
2 bo duc 40 - 50 FTU -

3 Do mau 400 - 570 PCU -

4 Amoni 40 - 57 mg/L Trung binh - Nang
5 COD 303 - 450 mg/L Trung binh

6 BOD 160 - 255 mg/L Trung binh

7 pH 7-8 - -

8 Téng Nito 65 - 86 mg/L Trung binh

Ngudn: Két qua tir nghién cau nay

3.4. Anh hwéng ciia MLSS dén higu sudt xir Iy

MLSS duy tri trong ngudng 5,000 - 7,000 mg/L tuwong trng v&i SVI dao dong trong khoang
50 - 60 g/ml da gitip cho hé théng loai bo phan Ion c&c chat hitu co va chat dinh dudng. Vé mit ly
thuyét, ham luogng bun cang cao thi qué trinh nitrat hda cang tét trong giai doan suc khi (Khin &
Annachhatre, 2004). Tuy nhién, theo Vo (2014), khi ting MLSS tir 2,000 lén 3,000 mg/L hiéu suét
xt Iy N giam di do qua trinh nitrat hoa trong giai doan khdng tét va luu lwong suc khi khong di.
Vi vay, diéu kién DO trong qué trinh nghién ctru ciing dugc duy tri & mic 2.2 - 3.5 mg/L dé ting
ca qua trinh xir ly COD va ca Nitrat h6éa. Véi gia tri MLSS trong nghién curu duy tri ¢ muac 5,000
- 7,000 mg/L, va SVI thap (40 - 60 g/L) da giup xir ly tt cac chi tiéu 6 nhiém.

4. Két luin

Véi nong d6 DO duy tri & ngudng 2.2 - 3.5 mg/L, MLSS nam trong ngudng 5,000 - 7,000
mg/L, gia tri pH trong khoang tir 6.5 - 8 thi hiéu suit xu ly ciia bé SBR cho cac chi tiéu BOD,
COD, TSS, Amoni, Tong Nito, Do duc, P6 mau lan luot 1a: 90 - 95%, 93 - 97%, 83 - 95%, 92 -
98%, 92 - 98%, 85 - 95%, 62 - 75%.

Bé xir ly sinh hoc dang mé (Sequencing Batch Reactor - SBR) thich hop dé ap dung vao
hé thdng xur 1y nude thai chung cu va rong hon 1a nudc thai sinh hoat trén dia phan Thanh phd HO
Chi Minh, ciing nhu cho ca nuéc ma khdng can dung dén hoa chit. Bé SBR gilip xtr Iy bén viing
va it tén chi phi ciing nhu dién tich so véi cac cong nghé hién nay.

Tai liéu tham khao
Akan, J. C., Abdulrahman, F. I., Dimari, G. A., & Ogugbuaja, V. O. (2008). Physicochemical
determination of pollutants in wastewater and vegetable samples along the Jakara

wastewater channel in Kano Metropolis, Kano State, Nigeria. European Journal of Scientific
Research, 23(1), 122-133.

Al-Rekabi, W. S., Qiang, H., & Qiang, W. W. (2007). Review on sequencing batch
reactors. Pakistan Journal of Nutrition, 6(1), 11-19.



Nguyén Van Tung va cong su. HCMCOUJS-Ky thudt va Cong nghé, 18(1), 17-33 31

APHA. (1989) Standard methods for the examination of water and wastewater (Part 3).
Washington, D.C.: American Public Health Association.

Artan, N., & Orhon, D. (2005). Mechanism and design of sequencing batch reactors for nutrient
removal (Scientific and Technical Report Series, No. 19). London, UK: IWA Publishing.

B6 Tai nguyén Mai trudng. (2008). QCVN 14:2008/BTNMT ngay 31/12/2008 vé Nuéc thdi sinh
hoat [QCVN 14:2008/BTNMT dated December 31, 2008 on Domestic wastewater]. Truy
cap ngay 10/12/2021 tai https://luatvietnam.vn/tai-nguyen/quy-chuan-viet-nam-qcvn-14-
2008-btnmt-bo-khoa-hoc-va-cong-nghe-160891-d3.html

B06 Xay dung. (2021). Truy cap ngay 10/12/2021 tai https://moc.gov.vn/vn/tin-tuc/1285/68305/bo-
xay-dung-cong-bo-thong-tin-ve-nha-o-va-thi-truong-bat-dong-san-quy-ii2021.aspx

Chen, F., Xia, Q., & Ju, L. K. (2003). Aerobic denitrification of Pseudomonas aeruginosa
monitored by online NAD (P) H fluorescence. Applied and Environmental Microbiology,
69(11), 6715-6722.

Christensen, M. H., & Harremoés, P. (2013). Biological denitrification of sewage: A literature
review. Proceedings of the Conference on nitrogen as a water pollutant, 509-555.

Coelho, M. A. Z., Russo, C., & Araujo, O. Q. F. (2000). Optimization of a sequencing batch reactor
for biological nitrogen removal. Water Research, 34(10), 2809-2817.

Cybis, L. D. A., & Horan, N. J. (1997). Protozoan and metazoan populations in sequencing batch
reactors operated for nitrification and/or denitrification. Water  Science and
Technology, 35(1), 81-86.

Debik, E., & Manav, N. (2010). Sequence optimization in a sequencing batch reactor for biological
nutrient removal from domestic wastewater. Bioprocess and Biosystems Engineering, 33(5),
533-540.

Ding, D., Feng, C., Jin, Y., Hao, C., Zhao, Y., & Suemura, T. (2011). Domestic sewage treatment
in a Sequencing Batch Biofilm Reactor (SBBR) with an intelligent controlling
system. Desalination, 276(1/3), 260-265.

Dutta, A., & Sarkar, S. (2015). Sequencing batch reactor for wastewater treatment. Recent
advances. Current Pollution Reports, 1(3), 177-190.

Federation, W. E., & Aph Association. (2005). Standard methods for the examination of water
and wastewater. Washington, D.C.. American Public Health Association (APHA).

Fernandes, H., Jungles, M. K., Hoffmann, H., Antonio, R. V., & Costa, R. H. R. (2013). Full-scale
Sequencing Batch Reactor (SBR) for domestic wastewater: Performance and diversity of
microbial communities. Bioresource Technology, 132(2013), 262-268.

Ghehi, T. J., Mortezaeifar, S., Gholami, M., Kalantary, R. R., & Mahvi, A. H. (2014). Performance
evaluation of enhanced SBR in simultaneous removal of nitrogen and phosphorous. Journal
of Environmental Health Science and Engineering, 12(1), 1-7.

Henze, M. (1991). Capabilities of biological nitrogen removal processes from wastewater. Water
Science and Technology, 23(4/6), 669-679.

Irvine, R. L., & Davis, W. B. (1971). Use of sequencing batch reactor for wastewater treatment.
CPC international, corpus Christi, TX. Paper presented at the 26th annual industrial waste
conference, Purdue University, West Lafayette, IN.


https://moc.gov.vn/vn/tin-tuc/1285/

32 Nguyén Van Tang va cong su. HCMCOUJS-Ky thuat va Cong nghé, 18(1), 17-33

Janczukowicz, W., Szewczyk, M., Krzemieniewski, M., & Pesta, J. (2001). Settling properties of
activated sludge from a Sequencing Batch Reactor (SBR). Polish Journal of Environmental
Studies, 10(1), 15-20.

Johal, E., Walia, B. S., Saini, M. S., & Jha, M. K. (2014). Efficiency assessment and mathematical
correlation development between BODs and other parameters in Jalandhar Sewage
Treatment. International Journal of Innovative Research in Science, Engineering and
Technology, 3(6), 13088-13096.

Kassab, G., Halalsheh, M., Klapwijk, A., Fayyad, M., & Van Lier, J. B. (2010). Sequential
anaerobic-aerobic treatment for domestic wastewater - A review. Bioresource
Technology, 101(10), 3299-3310.

Khan, H., & Bae, W. (2014). Rapid start-up and efficient long-term nitritation of low strength
ammonium wastewater with a sequencing batch reactor containing immobilized cells. Water
Science and Technology, 70(3), 517-523.

Khin, T., & Annachhatre, A. P. (2004). Novel microbial nitrogen removal processes.
Biotechnology Advances, 22(7), 519-532.

Kushwah, R. K., Bajpai, A., & Malik, S. (2011). Characteristics of waste water in sewage treatment
plant of Bhopal (India). Journal of Chemical and Pharmaceutical Research, 3(6), 766-771.

Lin, Y. M., Tay, J. H,, Liu, Y., & Hung, Y. T. (2009). Biological nitrification and denitrification
processes. In Biological treatment processes (pp. 539-588). Totowa, NJ: Humana Press.

Madoni, P. (2011). Protozoa in wastewater treatment processes: A minireview. Italian Journal of
Zoology, 78(1), 3-11.

Mahvi, A. H. (2008). Sequencing batch reactor: A promising technology in wastewater
treatment. Iranian Journal of Environmental Health Science and Engineering, 5(2),79-90.

Mahvi, A. H., Mesdaghinia, A., & Karakani, F. (2004). Feasibility of continuous flow sequencing
batch reactor in domestic wastewater treatment. American Journal of Applied Sciences, 1(4),
348-353.

Manning, J. F., & Irvine, R. L. (1985). The biological removal of phosphorus in a sequencing
batch reactor. Journal (Water Pollution Control Federation), 57(1), 87-94.

Patel, S., Rajor, A., Jain, B. P., & Patel, P. (2013). Performance evaluation of effluent treatment
plant of textile wet processing industry: A case study of narol textile cluster, Ahmedabad,
Gujarat. International Journal of Engineering Science and Innovative Technology, 2(4),
67-77.

Purwita, L. D., & Soewondo, P. (2010). Penyisihan senyawa organik biowaste fraksi cair
menggunakan sequencing batch reactor anaerob. Journal Teknik Lingkungan, 16(2),
138-149.

Ren, Y., Ngo, H. H., Guo, W., Wang, D., Peng, L., Ni, B. J., ... Liu, Y. (2020). New perspectives
on microbial communities and biological nitrogen removal processes in wastewater
treatment systems. Bioresource Technology, 297, Article 122491.

Shin, H. S., & Park, H. S. (1991). Enhanced nutrient removal in Porous Biomass Carrier
Sequencing Batch Reactor (PBCSBR). Water Science and Technology, 23(4/6), 719-728.

Showkat, U., & Najar, I. A. (2019). Study on the efficiency of Sequential Batch Reactor (SBR)-
based sewage treatment plant. Applied Water Science, 9(1), 1-10.


https://www.sid.ir/en/Journal/JournalList.aspx?ID=4000

Nguyén Van Tung va cong su. HCMCOUJS-Ky thudt va Cong nghé, 18(1), 17-33 33

Souza, S. M., Araujo, O. Q. F., & Coelho, M. A. Z. (2008). Model-based optimization of a
sequencing batch reactor for biological nitrogen removal. Bioresour Technol, 99(8),
3213-3223.

Tian, W. D., Li, W. G., Zhang, H., Kang, X. R., & van Loosdrecht, M. C. (2011). Limited
filamentous bulking in order to enhance integrated nutrient removal and effluent quality.
Water Research, 45(16), 4877-4884.

Titiresmi. (2007). Penurunan Kadar COD Dalam Limbah Industri Permen Dengan Menggunakan
Reaktor Lumpur Aktif. Jurnal Teknologi Lingkungan, 8(2), 91-96.

Téng Cuc thdng ké Viét Nam. (2019). The Vietnam population and housing census. Truy cap ngay
10/12/2021 tai https://www.gso.gov.vn/wp-content/uploads/2019/10/2.-ENG_Census-on-
Housing-and-Population_2019 final.pdf

Ukpong, E. C. (2013). Performance evaluation of Activated Sludge Wastewater Treatment Plant
(ASWTP) at QIT, Ibeno local government area of Akwa Ibom state, Nigeria. The
International Journal of Engineering and Science, 2(7), 1-13.

van Leeuwen, C. J., Dan, N. P., & Dieperink, C. (2016). The challenges of water governance in
Ho Chi Minh City. Integrated Environmental Assessment and Management, 12(2), 345-352.

Vlekke, G. J. F. M., Comeau, Y., & Oldham, W. K. (1988). Biological phosphate removal from
wastewater with oxygen or nitrate in sequencing batch reactors. Environmental
Technology, 9(8), 791-796.

Vo, H. T. M. (2014). Nghién citu sy anh hudng ciia ham lugng bun dén hiéu suat xt Iy nudc thai
bang cong nghé SBR [Study on the influence of sludge content on wastewater treatment
efficiency by SBR technology]. Petrovietham Journal, 8(2014), 59-63.

Wakode, P. N., & Sayyad, S. U. (2014). Performance evaluation of 25MLD Sewage Treatment
Plant (STP) at Kalyan. American Journal of Engineering Research, 3(03), 310-316.

WATER, N. E. I. (2005). Sequencing batch reactor design and operational considerations.
Lowell, MA: New England Interstate Water Pollution Control Commission.

Yuan, X., & Gao, D. (2010). Effect of dissolved oxygen on nitrogen removal and process control
in aerobic granular sludge reactor. Journal of Hazardous Materials, 178(1/3), 1041-1045.

Zhou, K., Xu, M., Liu, B., & Cao, H. (2008). Characteristics of microfauna and their relationships
with the performance of an activated sludge plant in China. Journal of Environmental
Sciences, 20(4), 482-486.

[©ONoIcy

Creative Commons Attribution-NonCommercial 4.0 International License.


file:///C:/Users/TUNG/Downloads/The%20Vietnam%20population%20and%20housing%20census.%20https:/www.gso.gov.vn/wp-content/uploads/2019/10/2.-ENG_Census-on-Housing-and-Population_2019_final.pdf
file:///C:/Users/TUNG/Downloads/The%20Vietnam%20population%20and%20housing%20census.%20https:/www.gso.gov.vn/wp-content/uploads/2019/10/2.-ENG_Census-on-Housing-and-Population_2019_final.pdf
file:///C:/Users/TUNG/Downloads/The%20Vietnam%20population%20and%20housing%20census.%20https:/www.gso.gov.vn/wp-content/uploads/2019/10/2.-ENG_Census-on-Housing-and-Population_2019_final.pdf

