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NGHIEN CUU SU ANH HUONG CUA HAM LUONG BUN DEN HIEU SUAT
XU LY NUOC THAI BANG CONG NGHE SBR

KS. Van Thi Thu, KS. V6 Thi My Hanh, TS. D6 Khic Uan
Vién Khoa hoc va Céng nghé Méi truong - Dai hoc Bdch khoa Ha Noi

Toém tat

Bai viét gidi thiéu quy trinh xit ly nuéc thai sinh hoat bdang céng nghé phdn iing sinh hoc theo mé (Sequencing
batch reactor - SBR) véi quy mé nhé, trong dé chi yéu nghién ciu dnh huéng ciia ham luogng ban (MLSS) dén hiéu sudt
xurly ctia hé théng. Cdc théng sé ddu vao ciia nuédc thdi dao déng khd Ién: COD tir425 - 836mg/l; TN tir61,3 - 82,7mg/I
va TP tir 6,6 - 25,3mg/I. Két qud thu dugc cho thdy & ham lugng bin 1.000mg/l, hiéu sudt xir ly COD, TN va TP ldn luot
dat 72,2%, 76,2% va 57,4%. Khi ham lugng biin tédng 1én 2.000mg/l, hiéu sudt xdrly COD, TN va TP ciing tdng lén tuong
ting la 83,0%, 81,1% va 60,4%. Tuy nhién, khi ham luong bun tiép tuc tédng 1én 3.000mg/l, hiéu sudt xirly COD va TN Igi
¢6 xu huéng giam, xuéng con 68,1% va 58,6%; hiéu sudt xi ly TP tdng lén dén 68,4%. Chi sé thé tich bun (SVI) tuong
déi én dinh trong khodng 63 - 72ml/g, cho thdy bun Idng tét. Dua vao cdc két qud thu dugc, nhém tdc gid cho rdng nén
vdn hanh hé théng SBR & ham lugng biin 2.000mg/I dé€ xir ly nudc thdi dat hiéu qud cao.

Tirkhéa: Nuéc thdi sinh hoat, céng nghé phan ting sinh hoc theo mé, biin, hiéu sudt xu ly.

1.Datvan dé 2. Phuong phap nghién ctu

3 Viet Nam, nudc thai thusng duoc xtr Iy theo cac  2.1- Hé théng thiét bi thi nghiém

phuong phap truyén théng nhu déng keo tu, lang, hodc
tuyén ndi, sau dé qua xU ly sinh hoc yém khi, hiéu khi...
song hiéu qua thap [1, 2, 3]. SBR la cdng nghé xur ly nudc
thai bang phuong phap sinh hoc dang dugc st dung rong
rai trén thé gidi hién nay [4], véi nguyén tac van hanh gébm
4 giai doan néi ti€p nhau: nap nudc thai, x ly, Idng va rat
nudc sau xu ly [5].

Nghién cttu nay st dung mét hé thong SBR quy méd
nhd (Hinh 1), ché tao bdng polystyrene, thé tich lam viéc
cla thiét bi la 12I. Trong mbi chu trinh lam viéc, khoang 5l
nudc dugc rut ra va bg sung thém 51 nudc thai dau vao (ty
I& khodng 40%). Bun trong thiét bi dugc duy tri & trang thai
I [ting bdng may khudy. Qua trinh suc khi dugc thuc hién
bang may théi khi thong qua 5 dau phan phai khi. Nguén

Uu diém I6n nhat cta cdng nghé SBR Ia tinh linh
dbng trong qua trinh xtr ly. Cac qud trinh x{ ly sinh hoc,
bao gém xit ly BOD (Biochemical oxygen demand), qua
trinh nitrate héa, khit nitrate, qua trinh phan giai va hap
thu phosphor déu dién ra trong mét bé xt ly va khéng
can bé 1ang thu cdp [6]. Cac diéu kién yém khi trong
giai doan nap nudc thai va khudy tron sé giup thuc hién
qua trinh khtr nitrate va phan giai phosphor. Trong giai
doan suc khi sé thuc hién qua trinh nitrate hoa va qua
trinh hap thu phosphor vao sinh khéi. Qua trinh xa ly
phosphor trong bé SBR phu thudc nhiéu vao lugng chat
hitu co dau vao va lugng nitrate c6 trong bun dugc gilt
lai tU chu trinh lam viéc trudc do6 [7]. Qua trinh xu ly
phosphor c6 thé bi suy gidam néu ham lugng chat hiu
co dong vao thap va lugng nitrate trong bun cao [8].
Céc qua trinh nitrate hda, kh nitrate va xt ly phosphor
déu co lién quan chat ché dén tai lugng hiiu co thap doi
vGi hé théng SBR. Néu ham lugng chat hitu co dau vao
tuang ddi 6n dinh, thi tai lugng hitu ca sé phu thudc I6n
vao ham lugng bun trong bé phan ung.

nudc thai dugc loc qua lugi loc 200um dé loai bd cac tap
chéat I6n trudc khi dua vao bé phan (ng. Thanh phan dic
trung clia nudc thai bao gom COD 425 - 836mg/I; TN 61,3 -
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(1) Bé chuia nuéc théi, (2) Mdy théi khi, (3) Mdy khudy, (4) Cdnh khudy
(5) Qud phan phéi khi, (6) Budng thai bun, (7) BE chdia nudc sau xir ly
(8) Ong xiphéng, (9) BE SBR

Hinh 1. Hé théng SBR dung trong nghién ciu
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82,7mg/I; NH,* 48,8 - 76,1mg/I; NO,  nh6 hon 0,05mg/I; TP
6,6 - 25,3mg/l va pH 7,2 - 8,4. Hé th6ng van hanh va duoc
kiém soat tu ddng nhd cac role diéu khién theo thai gian.
Cac thi nghiém dugc tién hanh & nhiét dé phong va thuc
hién trong khoang 110 ngay.

2.2, Vén hanh hé théng SBR

Hé théng dugc van hanh trong 1 chu trinh 4 giai doan
luan phién: nap nudc thai/thdo nudc sach, phan Ung va
lang. Céc giai doan dugc phan chia phu thudc vao néng do
oxy hoa tan trong thiét bi, gém cac giai doan yém khi, thiéu
khi va hiéu khi. Nuéc thai sinh hoat dugc nap vao tir day
cUa thiét bi. Nghién ctu ti€n hanh qua 3 giai doan tuang
Ung véi cac dai ham lugng bun dugc duy tri & cac muic khac
nhau: 1.000mg/l, 2.000mg/l va 3.000mg/I. Mot lugng bun
dugc rat ra hang ngay dé duy tri ham luong bun trong bé
tuong d6i 6n dinh. Cac diéu kién van hanh khac va muc
dich cda timg diéu kién dugc téng hgp trong Bang 1.

2.3. Phuong phdp phan tich

Mau dau vao va dau ra cta hé théng dugc lay hang
ngay va hau hét dugc phan tich ngay trong ngay. Mot s6
trudng hgp méu dugc bao quan & nhiét d6 4°C trong chai
polyethylene d€ phan tich sau d6. Cac théng sé phan tich,
do dac gobm: nitrate, ammonia, TN, TP, COD, TSS, MLSS,
MLVSS va SVI. Tat ca cac mau dugc phan tich sau khi loc
qua giay loc 0,45um. Cac phuong phap phan tich dung
trong nghién cdu nay déu tuan thu theo phuong phap
chuén trong cac TCVN va trong tai liéu APHA [9]. Ngoai
ra, pH va DO cling dugc gidm sat thudng xuyén bang cac
thiét bi do nhanh (Meter Toledo AG).

3. Két qua va thao luan
3.1. Subién thién ham luong bin va khd ndng ldng ctia bin

Hinh 2 biéu dién su bién thién cla ham luong bun

(MLSS) va chi sé thé tich bun (SVI) trong qua trinh nghién
ctiu. Nghién ctu du kién van hanh tai ba méc ham lugng
bun khac nhau, tir 1.000mg/l, 2.000mg/l va 3.000mg/l. Tuy
nhién, ham lugng bun thuc té bién déng khac biét mot
chut so vai gia tri ban dau, cu thé ham lugng bun dao déng
trong cac khodng gid tri tuong Ung tu 860 - 1.350mg/l,
1.960 - 2.250mg/I va 2.890 - 3.350 mg/I. Chi s6 thé tich bun
dugc do dac dé danh gia kha nang lang ctia bun. Két qua
cho thay bun lang t6t trong toan bo thai gian thuc nghiém.
Chi s6 thé tich bun trung binh dao déng trong khoang 43
- 72ml/g ham lugng bun (Hinh 2), tuong duong gia tri chi
s6 thé thich bun thu dugc clia bun dang hat, thudng nam
trong khodng 30 - 80ml/g ham lugng bun [8]. Ty 1é bun
hoat tinh trong hén hop bun (MLVSS/MLSS) cling dugc xac
dinh va két qua thu duoc trong khoang 0,71 - 0,79. Gia tri
thu dugc thap hon mot chat so véi bun hoat tinh théng
thudng (0,8 -0,85) [10].

3.2. Anh huéng cdia ham luong biin dén hiéu sudt xirly COD

Anh hudng cia ham lugng bun dén hiéu suat xu ly
COD dugc thé hién trén Hinh 3. Hiéu sudt x{ ly COD dugc
tinh dua vao cong thurc sau:
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Hinh 2. Su bién thién ham lugng bun va chi s6 thé tich bun

Bdng 1. Bdc trung van hanh cda méi giai doan

T Cac giai doan Diéu kién
Nap nuwéc thai/rat

nuge sau xt Iy khuy tron, t = 5/0,5 gior

Khéng nap nuéc théi, khong suc
khi, bat may khuay trén, t = 2

2 Khuay tron
gio

Bat may thdi khi va may khuéy,
nglrng nap nwéc thai, t = 10 gio

3 Qua trinh suc khi

Khong khudy tron, khéng suc khi

va khong nap nwéc thai,
t=2 gio

4  Lang
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Nap nwéc thai vao/rat nuwdc
sach ra, khéng suc khi va khéng

Muc dich

B sung nwéc thai vao hé théng va thao nudc ra khoi hé
thdng sau qua trinh xt ly khi dat hiéu qua x& ly COD,
khtr nitrate va xtr ly phosphor & céac giai doan khac nhau

Khudy tron nhdm ngén ngtra hién twong bun l&ng, dé
thwe hién qua trinh khir nitrate va xtr ly COD

Nham cung cp oxy va duy tri ham lwgng oxy hoa tan
trong nwéc DO = 2mg/l, cho qué trinh nitrate hoa va hap
thu phosphor ciing nhw x& ly COD nh& cac diéu kién
hiéu khi, ddng th&i dao trén ngan nglra bun l&ng

Thyc hién qua trinh 1ang bun, chat ran lo Itng dam béo
nwéc sau xt ly dat chat lwgng cao
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Trong do6:

COD: Nong dé COD trong dong vao (mg/l);
COD : Nong dé COD trong dong sau x{ ly (mg/l).

Hinh 3 cho thay néng @6 COD dong vao dao dong kha
[6n, tU 425 - 836mg/I (khi ham lugng bun dugc duy tri &
1.000mg/1), 490 - 812mg/I (véi ham lugng bun 2.000 mg/l)
va 648 - 834 mg/l (6 ham lugng bun 3.000mg/I). Gia tri COD
dong ra va hiéu suat x{ ly ciing thay d6i I6n. COD trong
dong ra dao doéng trong khodng 135,4 - 266,7mg/l (ham
lugng bun 1.000mg/l); 75,6 - 138mg/l (ham lugng bun
2.000mg/l) va 108 - 345mg/l (ham lugng bun 3.000mg/I).
Hiéu suat xr ly COD tuong ung lan lugt la 54,6 - 89,2%
(ham lugng bun 1.000mg/1); 74,9 - 90,6% (ham lugng bun
2.000mg/l), 53,7 - 84,8% (ham lugng bun 3.000mg/I).

Nhu vay, khi ham lugng bun tang tir 1.000 - 2.000mg/I,
hiéu suat xr ly COD cling tang tur 72,2% - 83%. Tuy nhién,
hiéu suat xt ly COD suy giam xudng con 68,1% khi ham
lugng bun tang lén 3.000mg/l. Ty 1& F/M (khéi lugng co
chat/khéi lugng bun hoat tinh) déi véi cac mic ham lugng
bun 1.000mg/I, 2.000mg/l va 3.000mg/| lan lugt la 0,15;
0,14 va 0,16mg COD/mg MLVSS.d. Su khac biét vé ty 1& F/M
trong mdi giai doan la rat nhé. Tuy nhién, khi ham lugng
bun tang I1én dén 3.000mg/I sé dan dén viéc tiéu thu nhiéu
co chat hon so véi hé théng van hanh & cac dai ham lugng
bun 1.000mg/I va 2.000mg/l. Ham lugng bun cang Ién, thi
lugng oxy tiéu ton cho hé thong cang 1én. Tuy nhién, trong
qua trinh van hanh, t6c d6 suc khi dugc duy tri tuong doi
6n dinh nén sé gay anh hudng dén qua trinh xt ly COD.
Bén canh d6, ham lugng bun cang I6n thi hé sé phan hay
ndi sinh cang 16n [6], néu ham lugng bun dat 3.000mg/I thi
viéc tach bun ra khéi nuéc thai cang kho, khién COD dong
ra cao va lam gidm hiéu suat xt ly COD.
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Hinh 3. Anh huéng ctia ham luong ban dén hiéu sudt xir ly COD

3.3. Anh huéng ctia ham luong ban dén hiéu sudt xirly TN

Hinh 4 biéu dién anh hudng cdia ham lugng bun dén
hiéu suat xt ly TN. Hiéu suat x ly TN dugc tinh dua vao
cong thuc sau:

TN —1TN
— T 100%
™N

v

M
Trong do:
TN, : Néng d6 TN trong dong vao (mg/l);
TN : Néng d6 TN trong dong sau x{ ly (mg/l).

K&t qua Hinh 4 cho thdy, TN trong dong vao tuong
Ung véi cac diéu kién ham lugng bun lan luot 1a 66,9 -
82,4mg/l (ham lugng bun 1.000mg/l); 61,3 - 82,7mg/I
(ham lugng bun 2.000mg/l) va 65,9 - 82,1mg/l (ham lugng
bun 3.000mg/I). Céc gia tri nay cao hon so véi dac trung
TN trong nudc thai sinh hoat thong dung (thuong khoadng
40-50mg/I [11]). Hiéu suatxr ly TN & 3 khoang ham lugng
bun khac nhau thay d&i kha I6n trong khoéng 60,6 - 86,8%
(ham lugng bun 1.000mg/l); 67,9 - 95,5% (ham lugng bun
2.000mg/l) va 50,4 - 61,1% (ham lugng bun 3.000mg/I).
Noéng d6 TN tuang Ung trong dong ra lan lugt trong
khoang 8,8 - 28,1mg/l (ham lugng bun 1.000 mg/l); 3,4
- 20,5mg/l (ham lugng bun 1.000 mg/l); 26,4 - 39,0mg/I
(ham lugng bun 1.000mg/l).

Vé mat ly thuyét, ham lugng bun cang cao thi qua
trinh nitrate hdéa cang t6t trong giai doan suc khi [12]. Tuy
nhién, Hinh 4 cho thay khi tang tir 1.000 - 2.000mg/I, hiéu
sudt x ly TN trung binh tang tir 76,2% 1én 81,1%. TN trong
dong ra tuong Ung la 19 va 13,6mg/I. Khi ham lugng bun
tang lén 3.000mg/l, hiéu suat x ly TN lai giam xu6ng con
55,7% va TN trong dong ra la 33,8mg/I. Qud trinh xt ly nito
gbm hai giai doan: (1) ammonia dugc chuyén héa thanh
nitrate trong diéu kién hi€u khi (qua trinh nitrate héa);
(2) nitrate dugc hinh thanh trong qua trinh nitrate dugc
khtr thanh nitg trong diéu kién thiéu khi (qua trinh kht
nitrate) [13]. Trong nudc thai sinh hoat, ammonia thuong
chi€m 65 - 70% TN [14]. Tuy nhién, trong mau nudc thai
sinh hoat nghién ctiu, ammonia trong dong vao kha cao,
khoang 48,8 - 65,6mg/Il, chiém khoang 80% TN, trong khi
do, nitrate dong vao hau nhu khéng dang ké. Trong giai
doan hé théng van hanh & ham lugng bun 1.000mg/l va
2.000mg/l, néng d6 ammonia sau giai doan suc khi rat
thap, thap hon 2,5mg/l. Diéu do6 cho thay qua trinh nitrate
héa trong giai doan nay dién ra rat t6t. Khi hé théng van
hanh & ham lugng bun 3.000mg/l, ammonia trong dong
vao dét ngot tang lén trén 76,1mg/I (chiém khoang 94%
TN). Sau giai doan suc khi, ammonia dong ra van rét cao
(trén 30mg/l), nudc sau xt ly van con mui ammonia. Diéu
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dé chung tdé qud trinh nitrate héa trong giai doan nay
khong t6t, dan dén lam gidm qua trinh x{ ly nito. Do do,
& khoang ham lugng bun 3.000mg/l, can phai tang luu
lugng suc khi nham tang ca qua trinh xtr ly COD va qua
trinh nitrate héa.

3.4. Anh huéng ciia ham luong biin dén hiéu sudt xi Iy TP

Anh hudng ctia ham lugng bun dén hiéu suat xdr ly TP
dugc thé hién & Hinh 5.

Hiéu suat xtr ly TP dugc udc tinh theo cong thic sau:
TP, - TP,

TP

x 100 %

M =
v

Trong do:
TP : Nong do TP trong dong vao (mg/I):
TP :N6ng do TP trong dong sau xt ly (mg/I).

Qua trinh xt ly phosphor chii yéu la di vao bun va thai
ra khoi hé théng. K&t qua Hinh 5 cho thay, hiéu suat xur ly
TP tang khi tang ham lugng bun. Hiéu suat x& ly TP trung
binh & 3 mdc ham lugng bun lan lugt 1a 57,4%; 60,4% va
68,4%. TP trong dong ra tuong Ung la 7,3mg/l; 9,4mg/l va
7,4mg/I. Hiéu suat xtr ly TP dat dugc tuong déi cao (68,4%),
nhung van thap hon nhiéu so vai két qua ctia nghién cdu
khac (trén 90%) [14].

K&t qua cling cho thay TP trong dong vao dao dong
[6n, tU 6,61 - 25,3mg/l (ham lugng bun 1.000mg/I1); 20,6
- 24,2mg/l (ham lugng bun 2.000mg/1) va 20,1 - 25,1mg/I
(ham lugng bun 3.000mg/l). Thanh phan phosphor
trong bun cling dugc xac dinh hang tuan. Két qua cho
thdy, thanh phan nay khoang 5,01 - 5,74%. Trong qua
trinh Phostrip thanh phan phosphor thudng chi dat
khodng 2,5% [15] va trong qua trinh bun hoat tinh théng
thudng chi dat khodng 1,3 - 2,0% [16]. K&t qua phan tich
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cho thdy cac vi khuan xt ly phosphor da tich tu trong
bun dan dén lam tang hiéu suat x ly TP & diéu kién ham
lugng bun cao.

4. Két luan

Nudc thai sinh hoat c6 thé dugc x ly hiéu qua bang
cong nghé phan Ung sinh hoc theo mé.. Ham lugng bun
trong hé théng anh huéng 16n dén hiéu suat x ly. Khi ham
lugng bun tang ti 1.000 - 2.000mg/l, hiéu suat xi ly COD
vaTN tdng tuong Ung tU 72,2 - 83% va tu 76,2 - 81,1%. Tuy
nhién, hiéu sudt xt ly COD va TN lai gidm xuéng con 68,1%
va 55,7% khi ham lugng bun tiép tuc tang l1én 3.000mg/I.
Trong khi 6, hiéu suat xt ly TP dugc duy tri tuong ddi 6n
dinh trong suét qua trinh nghién ctu. Hiéu suat xu ly TP
tang tu 57,4 - 68,4% khi ham lugng bun tang ti 1.000mg/I
Ién 3.000mg/l. K&t qua nghién ctu cho thay ham lugng
bun cang cao cang ¢6 lgi cho céc vi khuan xdr ly phosphor.
Kha ndng ldng ca bun tucng d8i tot, cac chi s6 thé tich
bun trung binh dao déong trong khoang 43 - 72ml/g
ham lugng bun. Tir cac két qua cho thdy ham lugng bun
2.000mg/! la diéu kién thich hgp dé van hanh hé théng
céng nghé x{ ly nudic thai SBR. G diéu kién nay, chat lugng
nudc thai sau x ly dat QCVN 14:2008/BTNMT, cét B. Cac
két qua trong nghién cltu nay gop phan cung cap nhiéu
théng tin ¢é gia tri cho viéc ap dung céng nghé SBR dé xur
ly cdc nguén nudc thai sinh hoat néi chung va nuéc thai
sinh hoat clia nganh céng nghiép dau khi néi riéng.
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Hinh 5. Anh huéng ctia ham luong bun dén hiéu sudt xr ly TP
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A study on the effect of sludge concenfrations on the efficiency
of wastewater treatment by SBR technology

Van Thi Thu, Vo Thi My Hanh, Do Khac Uan
School of Environmental Science and Technology, Hanoi University of Science and Technology

Summary

In this study, a lab-scale SBR system was used to treat wastewater. In particular, the effect of sludge concentrations
(MLSS) on the system treatment efficiency was examined. The influent wastewater parameters were varied largely, i.e.
COD concentration of 425 - 836mg/I; TN concentration of 61.3 - 82.7mg/l, and TP concentration of 6,6 - 25,3mg/I. The
observedresults showed that at the MLSS level of 1,000mg/l, the treatment efficiencies of COD, TN, and TP were about
72.2%, 76.2%, and 57.4%, respectively. It was interesting that when MLSS was increased to 2,000mg/l, the treatment
efficiencies of COD, TN, and TP were increased up to 83.0%, 81.1%, and 60.4%, respectively. However, when MLSS
was continuously increased to 3,000mg/I, the treatment efficiencies of COD and TN were decreased down to 68.1%
and 58.6%, respectively. Whereas, the TP removal efficiency was increased up to 68.4%. The SVI was relatively stable
and was in the range of 63 - 72mL/g MLSS. It meant that the sludge was settled well. Based on the findings, the MLSS
concentration of 2,000mg/l would be a proper condition for operating the SBR system to treat domestic wastewater.

Key words: Wastewater, sequencing batch reactor, sludge, treatment efficiency.
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