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TOM TAT

Trong nghién ctru nay, bé phan ung sinh hoc loc nguge dong (USBF) duogc thiét ké va van hanh nhim cai thién
hiéu qua xir Iy nito va phdt pho tir nuéc thai chan nudi heo. Hé thong USBEF 1a sy cai tién tir quy trinh bin hoat
tinh ¢6 dién két hop cac qua trinh thiéu khi (anoxic), hiéu khi (aerobic) va lang loc ngugc trong mot don vi xir
Iy nuée thai. M6 hinh nghién ctru & quy mé phong thi nghiém dugc ché tao bang thiy tinh vai thé tich 1an luot
cac ngan thiéu khi 13,5 lit; hiéu khi 32,25 lit va ngan ling 10,5 lit. Két qua nghién ciru cho thay hé thong USBF
¢6 kha nang xr 1y tot cac chat dinh dudng. Céc nghién ctru thyc nghiém chi ra rang hiéu suét loai bo trung binh
chc chét gdy 6 nhidm voi thoi gian luu thuy lee (HRT) twong ung 12 gio. O tai trong hitu co (OLR) 7,2
kg/m’.ngay, vai tro ctia hé théng USBF trong qué trinh loai bo nito va phét pho twong tng 79,7% va 85,1%.

T khéa: Bun hoat tinh, nite, nwéce thai chan nuoi, phét pho, USBF.

I. DAT VAN PE

D6i voi cong nghé bun hoat tinh truyén
thong, quéa trinh xtr 1y chi dat hiéu quéa trong
viéc loai bo céac hop chét hitu co. Céc qua trinh
nay con c6 nhuoc diém sinh ra lwong bun kha
16n. Cac chit dinh dudng (N, P) doi hoi yéu
cau 4p dung cac bién phap va muc do xt 1y cao
hon. Tuy nhién, cac nghién cuu trudc day cho
thdy bién phap loc sinh hoc nho giot (trickling
filters) chi thich hgp xu 1y BOD va TSS. Lién
quan dén hiéu suat loai bo nito va phdt pho chi
dat muc twong dwong lan lugt 35% va 10 -
15%. Nghién ciru 4p dung bé phan tng sinh
hoc theo mé (SBR) vé6i hiéu suét loai bo nito
va phét pho ciing tuong tng 57,9 - 71,4 va
55,9 — 68,5% (Mahvi, Mesdaghinia, Karakani,
2004). Co6 thé thiy, cac qua trinh cong nghé
trén khong dap tmg duoc nhu cau xir 1y triét dé
cac chat dinh dudng nito va phdt pho trong
nudc thai. Trong khi, cong ngh¢ sinh hoc loc
nguoc dong (USBF) duoc cai tién tir quy trinh
bun hoat tinh ¢ dién trong d6 két hop véi 3
qué trinh thiéu khi (anoxic), hiéu khi (aerobic)
va ling trong mot don vi xir Iy nudc thai
(Mahvi, Nabizadeh, Pishrafti, Zarei, 2008).

Viéc loai bo cac chit 6 nhiém duoc dién ra &
ca 3 ngan thiéu khi, hiéu khi va ngan ling. Qua
trinh sinh hoc loai bo chat dinh dudng trong
nudce thai thong qua viéc s dung vi sinh trong
cac diéu kién moi truong khac nhau. Vi sinh
vat st dung oxi hoa tan dé oxi hoa sinh hoa,
ddng hoa cac chat dinh dudng va chét nén (C,
N, P). bay la cong ngh¢ thich hgp xur 1y cac
chat dinh dudng nito, phdt pho dat hiéu suét
cao (Saud Bali Al-Shammari, Abualbashar
Shahalam, Abdulallah Abusam, 2015). Cac
nghién cuou trudc dady ap dung cong nghé
USBF duoc tién hanh trén nhiéu loai nude thai
cia cac nganh nghé san xuit khac nhau
(Trwong Thanh Canh, Tran Cong Tan, Nguyén
Quynh Nga, Nguyén Khoa Viét Truong, 2007;
Molina, Ruiz-Filippi, Garcia, Roca, Lema,
2007; Noroozia, Safarib, Askaria, 2015). Céng
nghé USBF c6 cac uu diém vuot trdi nhu
khong tiéu ton hoa chit, hiéu qua xir Iy cao va
khong gay mui hoi kho chiu. Mat khac nhu cau
dinh dudng thap, luong bun sinh ra it nén giam
dugc chi phi xir Iy bun thai.

Véi dic diém riéng biét, nguén nudc thai tir
cac hoat dong nudi heo chura ham luong céac
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hop chét hitu co va cac chat dinh dudng (N, P)
dé gdy 6 nhiém mai trudong. Sy c6 mit cac chat
dinh dudng nhu nito, phdt pho 1a méi de doa
Ién tinh trang strc khde cac thuy vuc va tro
thanh mdi quan tdm 16n cua cong dong. Dé xur
1y cac ngudn nudc thai c6 ham lugng chit 6
nhiém mtrc do cao nhu nudc thai chin nudi
heo can tién hanh ap dung két hop cic qua
trinh xu ly nudc thai khac nhau nhu ky khi,
hiéu khi va thiéu khi. Trén co s& do, trong
nghién ctru nay hé thdng sinh hoc loc nguoc
dong két hop st dung gia thé vi sinh nhim muc
dich danh gia kha ning chuyén hoa va xu 1y nito,
phdt pho trong nudc thai chian nudi heo dé gop
phan bao vé méi trudng, stic khoe cong dong.

II. PHUONG PHAP NGHIEN CUU
2.1. M hinh hé théng thi nghiém

Bé phan tng duoc thiét ké bang vat liéu
thuy tinh voi d6 day 4 mm va c6 thé tich cong
tac 56,25 lit (L*W*H = 75%25%30 cm). Thé
tich cac ngin thiéu khi, hiéu khi va ling lan
luot 13,5; 32,25 va 10,5 lit. Tuong ung kich
thude chiéu dai, chiéu rong va chiéu cao mdi
ngan 1a 25%25*30 (thiéu khi); 50*25*30 (hiéu
khi) va 30*25*28 (ling).

Gia thé vi sinh linh dong (polyethylene)
duogc st dung cua hang Nisshinbo (Nhat Ban)
trong ngan hiéu khi & dang xbp, duong kinh 4
mm, ty trong 1 g/cm®, dién tich tiép xuc 3000 -
4000 m*/m”.
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Bang 1. Thong s6 vin hanh bé phan ing USBF
. N Luu lwgng, . OLR,
Giai doan  Ngay thw lit/gio HRT, gi¢ keCOD/m’.ngay
1 1-25 3,8 15 5,8
2 26 - 50 4,7 12 7,2
3 51-75 6,3 9 9,6
4 76 - 100 9,4 6 14,4

Chu thich: HRT: Thoi gian lwu thuy lyc, OLR: Tdi trong hitu co

Bé USBF dugc van hanh véi thoi gian luu
bun SRT = 20 ngay va néng 46 MLSS duy tri
& muc 4500 - 5000 mg/l. Bé phan tng duy tri
dong loc nguoc 0,5 m/h, day la tbc do thich
hop ngin chan rira troi sinh khéi va thuc day
tao hat bong bun (Omil, Lens, Hulshoff,
Lettinga, 1996). Bun hoi luu tir ngdn ling sang
bé thiéu khi véi luu lwong hdi luu bang 3 lan
dong vao. Bé sinh hoc loc nguoc dong ¢ kha

nang chiu tai va thich hop xt Iy cic ngudn
nuoc thai tai trong cao. Trong nghién ctru nay,
mo hinh thi nghi¢ém dugc tién hanh khao sat
trong thoi gian 100 ngay véi céc tai trong 5,8;
7,2: 9,6; 14,4 kg COD/m’.ngay. Bé phan ung
thiét ké voi ngan thiéu khi duoc thiét ké giam
nitrate (khtr nitrate) va hp thu phdt pho (tich
lity polyphosphate vao sinh khdi vi sinh vat).
Bé hiéu khi duy tri mac trung binh DO > 3,5
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mg/l dé thuc ddy qua trinh nitrat hoa. Nhiét do
duogc kiém soat & khoang gia tri dao dong trung
binh 36,7 dén 39,70C. bém pH duoc duy tri &
6,6 - 7,9 bang dung dich KOH 5% va
CH3COOH 10%. Ty 1& C/N/P trong bé phan
mg twong Gmg théoa man yéu cau dinh dudng
100/5/1 cho qua trinh x1r 1y sinh hoc (Metcalf,
Eddy, 2003).
2.2. Phwong phap liy méu, phén tich va xir
1y s6 liéu

Mau nuéc thai duoc 1dy tai thoi diém budi
sang (vao lic 9h00), sau d6 van chuyén vé
phong thi nghiém va bao quan dé sir dung cho
muc dich van hanh mé hinh nghién ctru.
Phuong phap phan tich cac thong sb chat
luong nude theo phuong phap chuan (APHA,
AWWA, WEF, 2005). Tan suat do dac cac chi
tiéu chat luong nudc duoc thuc hién 3 lan/tuan.
Céc gia tri pH, nhiét do, ham lugng oxy hoa
tan (DO) duoc do bang thiét bi do nhanh. Nong

dd nitrate (NO5"), nito tong (TN), phdt pho
tong (TP) do bang may quang phd hip thu
phan tor UV-VIS. Ham lugng SS, MLSS,
MLVSS dugc x4c dinh theo phuong phap
trong luong (loc bang gidy loc co kich thudc
0,45 pm r0i sdy kho dén khdi luong khong dbi
& cac nhiét 4o 105 va 550°C. Ddi véi chi sb thé
tich bun (SVI) xac dinh theo cong thuc: SVI
(ml/g) = (Thé tich bun ling sau 30 phut (ml/1)
x 1000)/ MLSS(mg/1). Céc s liéu nghién ctru
duoc théng ké va xur 1y bang cic phan mém
Excel va SPSS.
I1I. KET QUA VA THAO LUAN
3.1. Pic diém nuwéc thai va thong sé van
hanh hé thong

Thanh phan va ham luong cac chat 6 nhiém
tor nuoc thai chan nudi heo (xa Vinh Loc A,
huyén Binh Chanh, TP. H6 Chi Minh) duoc st
dung cho qua trinh thi nghiém duoc thé hién &
bang 2.

Bang 2. Thanh phén nuéc thai chin nudi heo

Két qua
TT  Chitiéu Don vi Trung binh  P§ léch chuan
(Mean) (SD)
1 pH - 6,9 0,25
2 SS mg/1 1496 141,59
3 NOy mg/1 47,1 3,99
4 TN mg/1 414 7,81
5 TP® mg/l 144 51,73

Thoéng s6 pH duoc duy tri trong khoang gi4
tri trung binh dao dong tir 6,6 dén 7.9. Trong
khi, ham luong oxy hoan tan DO bién thién tir
3,5 dén 5,0 mg/l va c6 trung binh 4,1 mg/l (SD
= 0,35). Nhiét do bé phan Ung trung binh
38,5°C (SD = 0,81), cac gi4 tri thdp nhét - cao
nhit 1an luot tuwong Gng 36,7°C va 39,7°C.
Hinh 2 biéu dién nong do sinh khdi va chi sb
F/M trong bé phan tng theo cac tai trong vén
hanh thi nghiém. Nong d¢6 MLSS trung binh bé
phan ung dugc duy tri tuong duong 4713,7 +
229,24 mg/l. Gia tri MLSS theo cac giai doan

van hanh thi nghiém c6 gia tri 1an luot 4678,6
+ 287,29 mg/l (OLR,); 4669,4 + 240,28 mg/l
(OLRy); 4816,0 + 155,33 mg/l (OLR3) va
4686,6 + 237,34 mg/l (OLRy). Nong d6 MLSS
cao dugc duy tri trong bé phan mg gia ting
hiéu suit xur 1y cac chat 6 nhidm. Hoat dong
van hanh c6 ty s6 F/M kha thap vé6i trung binh
0,084 + 0,032 (ngay) va dao dong tir 0,046
dén 0,156 (ngay™). Thong thuong, gia tri F/M
thap do sinh khdi duoc gitr lai dé duy tri
ndng d6 MLSS & mirc d6 cao (Metcalf,
Eddy, 2003).
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Hinh 2. Nong d sinh khédi va chi s6 F/M trong bé phén tng theo cac tai trong

D6i voi chi sd thé tich bun SVI dat mirc
trung binh bang 97,0 + 21,33 ml/g va dao dong
khoang gia trj thap nhét va cao nhat twong tng
48,6 va 145,5 ml/g. Trung binh SVI theo céc
giai doan van hanh thi nghiém c6 gia tri lan
lugt 85,2 + 22,68 ml/g (OLR;); 91,9 £ 18,26
ml/g (OLR;); 99,6 = 19,76 ml/g (OLR3) va 109
+ 21,33 ml/g (OLRy). Két qua chi s thé tich
bun SVI dao dong trong khoang 50 - 150 ml/g
cho thdy qué trinh hoat dong sinh hoc tét. Gia
tri SVI nho ching t6 bun dé lang va nd phan
anh murc dg hi€u qua xu Iy nudce thai.

3.2. Hiéu qua chuyén héa va kha ning xir Iy
cac chat dinh duéng (N, P)

Sy két hop cac qué trinh thiéu khi, hiéu khi
va ky khi 6 tiém ning loai bo cac chat hiru co
1an nito trong nudc thai (Del Pozo, Diez,
2005). Thong thuong, qua trinh sinh hoc loai

bé nito duoc md ta theo trinh tu: amoén hoa
(chuyén hoa nito hitu co thanh amoni), nitrate
héa (NH; = NO3"), khtr nitrate (NO3;™ = N,).
Trong bé phan tng USBF, ham luong nito
dugc loai thong qua qué trinh nitrate hoa va
khir nitrate. Di v6i qué trinh loai phét pho dya
trén co ché hap thy phdt pho sinh hoc. So véi
cong nghé bun hoat tinh truyén thdng, cong
nghé USBF c¢6 vu diém & kha ning hip thu
phét pho cao nhd viée thiét ké két hop cac qua
trinh thiéu khi, hiéu khi va ky khi trong mot hé
théng. Ngoai viéc loai bo cacbon, bé phan tng
USBF con dién ra quéa trinh nitrat hoa/khu
nitrat va loai bé cac chét dinh dudng nhu nito,
phét pho (Mahvi, Nabizadeh, Pishrafti, Zarei,
2008). Nho viée bod sung thém gid lo ling da
ting cuong mat do cua cac vi sinh vat dan dén
gia tang hiéu qua loai bo cac chit 6 nhidm.

Bang 3. Hiéu suit xir Iy TN va TP theo cAc tai trong khic nhau

£ . Nito tong (TN) Phot pho tong (TP)

OLR Ketqua —5g H,% _ Vao Ra _ H, %
OLR;=5,8 Mean 399,9 125,5 67.6 130,9 30,0 770
kgCOD/m’ ngay SD 41,01 55,60 ’ 33,61 9,36 ’
OLR,=7,2 Mean 451,5 90,9 79.7 132,9 20,9 25.1
kgCOD/m’.ngay SD 71,06 28,61 ’ 29,91 20,45 ’
OLR;=9,6 Mean 427,0 117,3 7.6 127,6 19,6 Q4.4
kgCOD/m’.ngay SD 25,95 41,94 ’ 12,67 5,36 ’
OLR,=14,4 Mean 451,8 140,0 69.0 133,0 36,9 7 4
kgCOD/m’ ngay SD 26,25 43,25 ’ 17,56 13,04 ’

Chu thich: OLR: Tai trong hitu co, Mean: Trung binh, SD: B¢ léch chuan, H: Hiéu sudt
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Dbi véi viéc tmg dung cong nghé USBF xu
1y nudce thai chtra cac chat dinh dudng cho thay
két qua kha kha quan (Mahvi, Nabizadeh,
Pishrafti, Zarei, 2008). Trong nghién ctru nay,
ham luong nito tong (TN) sau xtr 1y 118,2 mg/l
(SD = 44,7). Gia tri phdt pho tong (TP) dau ra
trung binh dat 26,7 mg/l (SD = 14,64) va dao
dong 9,4 - 71 mg/l. Nhin chung, hiéu suét xtr Iy
cac chat dinh dudng thip nhat dat 67,6% (TN)
& OLR, = 5,8 kgCOD/m’.ngay va 72,4% (TP)
¢ giai doan tang tai trong lén OLR4 = 14,4
kgCOD/m’.ngay. Trong thdi gian van hanh,
hiéu sudt xir 1y nito va phdt pho cao nhat & giai

doan 2 (v6i OLR; = 7,2 kgCOD/m’.ngay) lan
luot dat 79,7 va 85,1%. Dong phdt pho hoa tan
tir ngdn thiéu khi theo dong nudc qua ngin
hiéu khi dugc cac vi khuan ua phdt pho hip
thu va tich liiy. Trong ngan ling, nho qua trinh
ling ctia bun hoat tinh nén phdt pho s& dugc
loai bo. Vai trd cta ngan ling trong bé USBF
s€ tach cac hat can ra khoi nudce b?mg cach loc
qua tﬁng vat liéu loc bun hoat tinh lo Itng.
Luong phdt pho trong nuée thai duoc loai bo
nhd sy két hop va di vao té bao sinh khdi va
duoc loai bd thong qua viéc loai bo bun.

----- - TN vao —@—TNra ey TP vao
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Hinh 3. Bién thién ham lweng chéit dinh duéng va hiéu suét xir Iy trong qua trinh vin hanh

Hinh 3 chi ra sy bién thién ham luong chét
dinh dudng (nito tong, phdt pho téng) & cac
ngudng van hanh tai trong khac nhau. Xu
huéng chinh vé hiéu suat xtr Iy cac chat dinh
dudng ting khi giam thoi gian luu va dat tdi vu
o0 nguong HRT = 12 gio. Qua trinh nitrate hoa
trong bé USBF duoc mé ta bang phan tng:
NH;" + 20, = NO; +2H" + H,0. O trong
diéu kién thiéu khi, vi khuan di dudng sé&
chuyén héa cac chat hiru co va nitrate thanh
cac khi N, CO, dudi dang tu do: NOs- + Chét
hitu co = N, + CO, + OH + H;0. Qua trinh
khtr nitrate dugc khai quat hoa nhu sau: NO5

- NO; 2 NO - N,O - Nj. Qua trinh khtr
nitrate sinh hoc dugc xem la giai phap hiru
hiéu loai bo nitrate trong diéu kién thiéu khi.
Cac két qua quan tric bién dong ham luong
NO;- trude va sau xir 1y dugc thé hién ¢ bang 4
va hinh 4. Pbi voi kha niang chuyén hoa va
hiéu sudt xtr Iy NOs™ trong qué trinh van hanh
dao dong trong khoang gia tri cao nhat & tai
trong 7,2 kgCOD/m’.ngdy (tng véi hiéu suét
64,2%). Qua trinh loai b nitrate trong bé phan
ung cO6 khuynh hudéng giam tuwong trng muc
tang tai trong 1én 9,6 va 14,4 kgCOD/m’ .ngay.
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Bang 4. Hi¢u suit xir Iy NO;- theo céc tii trong khac nhau

T4i trong hiru co Két qua Vio Ham llrlg::l g NOy, mI%I/iléu suit, %
OLR, = 5,8 keCOD/m’.ngay lg/[Dean ;073 ;132 57,7
OLR, = 7,2 keCOD/m’.ngay g/[Dean g?l’g 1743 64,2
OLR; = 9,6 keCOD/m’.ngay lg/IDean 2?6491 ?92 53,2
OLR, = 14,4 keCOD/m’.ngay g/IDean 2172 §54; 49,2

Chu thich: Mean: Trung binh, SD: D¢ léch chudn
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Hinh 4. Bién thién ham lwong NO; va hiéu suét xir Iy trong qua trinh van hanh

Vé6i nhimg wu diém dic thu, céng nghé
USBF c6 kha nang xu 1y va loai bd céac tac
nhan 6 nhiém trong cac ngudn nudc thai. Xem
xét & cac nghién ctru trude ddy, hiéu suit trung
binh loai bé NOs’, PO, tuong Ung lan luot
59,7% va 49,6% (Saud Bali Al-Shammari,
Abualbashar Shahalam, Abdulallah Abusam,
2015). Hiéu qua qua trinh xu 1y nito dat muc
t6i da 1én t6i 94,3%, dong thoi hiéu suat loai
phét pho trung binh dat ngudng 75% (Truong
Thanh Canh, Tran Cong Tan, Nguyén Quynh
Nga, Nguyén Khoa Viét Trudong, 2007). Trong
nghién ctru nay, nho qua trinh van hanh trong
diéu kién néng d6 MLSS cao (4500 - 5000
mg/1) nén tao diéu kién gia ting hiéu suat xu Iy
sinh hoc cac chat 6 nhidm. Qua trinh nitrat hoa
dién ra trong ngan hiéu khi va khir nitrat dién
ra trong ngan thiéu khi. Két qua nghién ctu

cho thiy su bién thién hiéu suit loai bo thanh
phan dinh dudng (N, P) dao dong theo chiéu
huéng giam dan khi thi nghiém ting tai trong
hiru co va giam thoi gian luu thuy luc. Khoang
thoi gian tdi wu cho qué trinh khir nito va pht
pho & mirc HRT = 12 gio. Pbi voi nito, két qua
khéo sat chi ra hiéu sudt xu ly dat cuc dai
79,7% & muc tai trong OLR,. Trong khi, hiéu suat
xtr Iy phét pho ctia bé phan tmg cao hon véi hiéu
suat 1én t6i 85,1%. Co thé thiy, su hap thu sinh
hoc cho qua trinh phat trién sinh khéi qua d6 gop
phan loai bo nito va phét pho trong nudce thai.
IV. KET LUAN

Tir nhitng két qua nghién ctru cho thidy mé
hinh sinh hoc loc nguoc dong c¢6 kha nang xu
1y cac chat dinh dudng ¢ cac tai trong cao.
Khoang thoi gian luu thuy luc tdi wu cho qua
trinh khir nito va phdt pho & mirc twong duong
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12 gio. Hiéu suit xtr 1y cac chat dinh dudng
thip nhat dat 67,6% (TN) & OLR; = 5,8
kgCOD/m’.ngay va 72,4% (TP) & giai doan
OLR, = 144
kgCOD/m’.ngay. Ddi v6i hiu suit xir 1y nito

taing tai  trong 1én
va phot pho cao nhét & giai doan 2 (v6i OLR,=
7,2 kgCOD/m’.ngay) lan luot dat 79,7 va
85,1%. Bé phan tmg USBF c6 uu diém va
thich hop cho vi¢c ng dung xt 1y nudc thai
chira ham luwong cac chat 6 nhiém cao nhu
nuédce thai chan nudi heo va gbp phan bao vé
moi truong.
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SUMMARY

In this research, a laboratory scale upflow sludge blanket filtration (USBF) bioreactor was designed and
operated to improve the efficiency of nitrogen and phosphorus removal from piggery wastewater. USBF
system is a modification of the conventional activated sludge process that incorporates an anoxic zone with an
upflow sludge blanket filtration clarifier in one bio-reactor. The laboratory pilot scale plant was made of glass
consists of 13.5 liter anoxic zone, 32.25 liter aerobic zone and 10.5 liter clarifier. The results showed that the
USBF system had a better ability in terms of nutrients removal. Experimental studies indicated that average
removal efficiency of pollutants with hydraulic retention time (HRT) of 12 hours. At organic loading rate
(OLR) of 7.2 kg/m’.d, role of fixed bed in nitrogen and phosphorus removal were 79.7% and 85.1%,

respectively.

Keywords: Activated sludge, nitrogen, phosphorus, piggery wastewater, USBF.
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