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TOM TAT: Két qua nghién ciru cho thday mé hinh USBF rat thich hop cho xit Iy nuée thai
do thi. Hiéu qua xuw Iy COD, BODs, nito va phospho twong wung vao khodang 85%, 90%, 94%
and 75%. Bun hoat tinh thich nghi rat nhanh véi ddc tinh cia nude thai va diéu kién van hanh
ciia mé hinh. Viéc két hop 3 modul trong mét qud trinh xir Iy tao ra wu diém Ién trong viéc
ndng cao hiéu qua xir Iy. Véi sw két hop nay sé don gian hod hé thong xit Iy, tiét kiém vdt liéu
va nang lwong chi phi cho qud trinh xdy dwng va vin hanh hé thong.

1. PAT VAN DE

O nhiém méi truong da va dang 1a mot van dé quan trong, hé qua ciia mot qua trinh phat

trién néng ciia cac nudc dang phat trién trong giai doan cong nghiép hoa va hién dai héa nhu
Viét Nam. Sy phat trién nhanh chong ciia cic nganh cong nghiép va dich vu, qua trinh d6 thi
hod va tap trung dan cu nhanh chong la nhimng nguyén nhan gy nén hién trang qua tai moi
truong ¢ nhirng thanh phd 16n. Hién nay ¢ TP. Hb Chi Minh, 6 nhiém nudc 13 mot trong nhiing
van dé méi truong birc xtc 16i cubn sy quan tm cuia cac nha quan 1y va cong dong dan cu.
Nude thai d6 thi khong dugce xur ly hodc xu ly khong day du duoc xa thai truc tiép vao song va
kénh rach gay nén hién tuong 6 nhiém nguon nuéc tram trong.
Hién nay c6 nhiéu phuong phap khac nhau dugc sir dung trong cong nghé xir Iy nudc thai do
thi. Phuong phap tng dung cong nghé sinh hoc dang duoc sir dung phd bién nhét trong hau hét
cac hé théng xir 1y & cac do thi. Thuong thi mot hé thdng xir Iy dwoce danh gia boi hidu qua cia
viéc xtr Iy nhu kha nang loai b6 BOD, nito hay phospho..., kha nang 4p dung ctia chiing nhu
gia thanh cta hé thong, gia thanh cia mot m® nude dugc xtr 1y hay do phuc tap cia cong nghé
va qua trinh van hanh, bao dudng thiét bi...

Cong nghé loc dong nguoc bun sinh hoc USBF (Upflow Sludge Blanket Filter) duoc thiét
ké dya trén trén mo hinh dong hoc xu Iy BOD, nitrate hoa (nitrification) va khu nitrate hoa
(denitrification) ciia Lawrence va McCarty, Inc. 1an dau tién duoc gi6i thiéu & My nhimg nam
1900 sau d6 duoc ap dung & chau au tir 1998 tré lai day. Tuy nhién, hién nay trén thé gi¢i mo
hinh ctia Lawrence va McCarty dugc p dung két hop trén nhiéu dang khac nhau tiry thudc vao
dic diém cua mdi nudc. Cong ngh¢ nay chua duoc st dung ¢ Viét Nam, mac du cong ngh¢ bun
hoat tinh da dugc st dung nhu mdt cong nghé kinh dién trong cong tac xu ly nudc thai phé
bién & nudc ta.

Nghién ciru ctia chung t6i sir dung moé hinh cong nghé USBF dé xir 1y nudc thai do thi, 1a
cong nghé cai tién ciia qua trinh bun hoat tinh trong d6 két hop 3 qua trinh Anoxic, Aeration va
loc sinh hoc dong nguoc trong mot don vi xt 1y nudc thai. Pay chinh la diém khac voi hé
théng xtr Iy bun hoat tinh kinh dién, thuong tach roi ba qua trinh trén nén toc do va hiéu qua xur
1y thap. Vi su két hop nay s& don gian hoa hé thdng xir 1y, tiét kiém vat liéu va ning lugng chi
phi cho qua trinh xay dung va van hanh hé thong. Pong thoi hé thong co thé xtr Iy nude thai co
tai lugng hitu co, N va P cao.

2. NQI DUNG VA PHUONG PHAP NGHIEN CUU

2.1. Ngi dung nghién ctru
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- Khao sat sy thich nghi va dac tinh cua bun hoat tinh trong qua trinh nghién ctru véi mé
hinh dong tai phong thi nghiém
- Nghién cttu qua trinh khtt carbon (COD, BOD), qua trinh trinh loai bo nito va photpho

2.2. Phwong phap nghién ciru
2.2.1.Mé hinh nghién cuu

Chui thich:

Céc chir s6 chi kich thudc (cm)

(A) : Muong thu nuéce dau vao; (B) :
Ngan thiéu khi; (C) : Ngan hicu khi;
(D) : Ngan USBF; (E) : Cac thanh suc
khi; (G) : Ong thu bun; I, II, III: Céc
diém ldy mau ngan thiéu khi, hiéu
khi va sau qua trinh xu ly; IV : vi tri
tuan hoan bun

Hinh 1. So d6 cau tao ciia md hinh

Cdu tgo ciia mé hinh (hinh 1): M6 hinh gdm 3 module chinh: ngan thiéu khi (anoxic), ngin
hiéu khi (aeroblc) va ngan loc bun sinh hoc dong ngugc (USBF). Muong chay tran thu nudc
dau vao nham han ché tac dong cua dong vao dbi voi ngan thiéu khi va ting hiéu qua X0 tron
giita dong nudc thai ddu vao va bun tudn hoan. Mwong chay tran va thu nuée dau ra, dng thu
bun, bé phan suc khi... Cac thiét bi can thiét bao gdm: 1 may bom dinh luong bom nudc thai
dau vao, 1 may bom bun va 1 may thdi khi.

Nguyén tic hoat dong ciia mé hinh (Hinh 2): M6 hinh duogc thiét ké nham két hop cac qua
trinh loai bo carbon (COD, BOD), qua trinh nitrat hoa/khtr nitrat va qua trinh loai bo dinh
dudng (N va P). Nudc thai dugc loai bo ran, sau d6, dugc bom vao muong chay tran thu nudc
dau vao cung trén 1an véi dong tudn hoan bun. Hon hgp nudc thai va bun hoat tinh chay vao
ngan thiéu khi. Ngin ndy c6 vai tro nhu 1a ngan chon loc thiéu khi (Anoxic Selector) thyc hién
hai co ché chon loc dong hoc (Kinetic Selection) va chon loc trao ddi chit (Metabolism
Selection) dé lam ting cuong hoat /dong cua vi sinh vat tao bong nham ting cuong hoat tinh cua
bong bun va kim ham sy phat trién cta cac vi sinh vat hinh soi gdy von bun va ndi bot. Qua
trinh loai bo C, khir nitrat va loai b P dién ra trong ngin nay. Sau do, nudce thai chdy qua ngan
hiéu khi nho khe hé dudi déy ngan USBF. O day 6 xy duoc cung cip nho cac ong cung cap khi
qua mot may bom. Nudce thai sau ngan hiéu khi chay vao ngian USBF va di chuyén tir dudi lén,
nguoc chiéu véi dong bun ling xudng theo phuong thing dimg. Pay chinh 1a céng doan thé
hién uvu diém cua hé théng do két hop ca lgc va xir 1y sinh hoc cua chinh khdi bun hoat tinh.
Phéan nudc trong da duoc xtr 1y phia trén chdy tran vao muong thu nudc dau ra. Mot phan hon
hop nudc thai va bun trong ngin nay dwoc tuan hoan trd laj ngan thiéu khi.

Trang 66



TAP CHI PHAT TRIEN KH&CN, TAP 9, SO 7 -2006

Déng
vio I: | /
% /\ Lang- loc H\R Déng
= nguoc ‘%‘
g Khi nitrat Qua trinh higu
é USBE khi/nitrat héa
=3
THIEU KHI HIED AT
' ~—r B R E DR

Hinh 2. So d6 nguyén 1y hoat dong ciia mé hinh

2.2.2. Theo déoi mé hinh: Qua trinh nghién ctru trai qua 2 giai doan: Giai doan thich nghi
va giai doan khao sat chinh. Giai doan khao sat chinh bao gém:
1) Khao sat hiéu qua xt 1y (H) theo ndng d6 bun (X);
2) Khao sat H theo ndong d6 COD;
3) Khao sat H theo thoi gian luu nudc (HRT) va tai trong (L);
4) Khao sat H theo tudi bun (SRT).
S lidu duoc xir Iy bang phan mém SPSS.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Két qua phan tich thanh phan nwéc thai ban diu

Bang 1. Tinh chat nudc thai dau vao

MAu COD BODs SS NO,-N NOs-N Nt P BOD/ BODs/ BODs/
(mgl) (mgl) (mgll) (mgl) (mg/) (mgL) (mgL) COD Nt'  Pt?
5

1 650,6 350 34114 0,6 0,0 45,6 10,0 0,54 7,7 35,0
2 568.4 395 1541,7 0,0 0,4 33,4 18,0 0,69 11,8 21,9
3 485,6 285 2650,4 0,1 0,1 23,2 20,0 0,59 12,3 14,3
4 515,3 300 9747.4 0,0 0,2 30,2 25,0 0,58 9,9 12,0
5 680,0 350 8668,5 0,0 0,1 26,1 22,0 0,51 13,4 15,9
6 706,0 362 67113 0,0 0,0 437 254 0,51 8,3 14,3
7 600,0 450,00  5904,7 0,1 0,1 33,7 20,1 0,57 10,6 18,9

Ghi chii: ' Nt: Nito tdng, > Pt: Phospho tong
Nhin chung nudc thai d6 thi ¢6 cac chi tiéu 6 nhiém tuong ddi cao, ngudn nudc thai nay bi
0 nhiém nang, vuot xa ti€u chuan TCVN 5945-1995 nhiéu lan.
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Nudc thai chira thanh phan hitu co cao, d& phan hity sinh hoc. Céc ty 16 BODs/COD nam
trong khoang 0,51 — 0,69, BODs/Nt khoang 7,7-13,4 va BODs/P khoang 12 — 35. Nudc thai
¢6 thanh phan nhu vay rat phu hop véi qua trinh xtr Iy sinh hoc két hop ciing nhu phut hop véi
md hinh USBF (Nguyén Xudn Nguyén & Pham Hong Hdi, 2003, Metcalf & Eddy, 2003).

3.2.Két qua nghién ctru sy thich nghi va diic tinh ciia bun hoat tinh qua cac chi s thé
tich bun (SVI)

Bun hoat tinh khi mang vé dé van hanh m6 hinh c6 mau sic thay doi rd rét, dan chuyén
sang mau ca phé sira. Quan sat duong cong lang qua cac lan do chi s6 thé tich bun SVI (Sludge
Volume Index), nhan thdy luong bun ling giam di rd rét theo thoi gian va c6 dang dic trung
(Hinh 3). Pong thoi SVI giam nhanh xuéng t6i 70 ml/g. Piéu nay chimg té bun hoat tinh thich
nghi rat nhanh véi nuée thai va mé hinh, va nho su két hop cac qua trinh trong hé théng nén
tinh chét cua bun dugce cai thién dang ké.

No tho the tich bun lang theo thdi gian 1400 156 thay fioi SVI trong giai fioan thich nghi
—+—lanl
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Hinh 3. Thé tich bun ling cta bun méi mang vé, Hinh 4. SVI thay doi giam dan vé khoang  t6i
giai doan thich nghi va khi da thich nghi uu 80-120 ml/g

Cdc théng so dong hoc K, Y, Kd , Ks va um: Két qua tinh toan cac thong sd dong hoc noi
trén cho thay toc do sir dung co chét rieng K = 2,18 ngay' nghia l1a 1 g bun hoat tinh s& tiéu
thu 2,18 g COD trong mét ngay. Hang s0 ban tbc d6 (hé sb Monod) KS = 238,73 mg/L nghia la
tai thoi dlem toc do tang truong bang % téc d6 cuc dai thi nong d¢ co chat (COD) bang 238,73
mg/L. H¢ sb nang suét sir dung co chit cuc dai Y = 3,3264 mg bun hoat tinh/mg COD, cu tiéu
thu 1 mg COD thi c6 3,3264 mg bun hoat tinh dugc san sinh. H¢ sb nay rt cao chung to kha
nang hép thu co chét cia bun hoat tinh 1a rat lén hay hoat tinh ctia bun rat manh. Hé s6 téc do
phan huy ndi bao Kd = 0,078 ngay' c6 nghia la: trong mot ngdy, ¢t 1 g sinh khdi dugc tao ra
thi 0,078 g bi mat di dé duy tri t& bao hay bi chét di hay bi tiéu thu boi cac VSV & bac dinh
dudng cao hon (nhu Protozoa). Hé s6 nay twong ddi cao. Didu nay dugc giai thich bang tudi
ctia ndng d6 bun cao. Hon nita, phan sinh khdi chét di dong vai tro rat quan trong cho hé thong
USBEF vi cung cap ngudn carbon va ning luong noi tai cho cac VSV & ngin thiéu khi khi chiing
duoc tudn hoan tré lai. Toe d6 ting trudng riéng cuc dai pma= 7,9055 ngay ™.

Nhu vay, bun & day c6 hoat tinh rat manh, vi khuén co toc do phat trién rat cao. Tt ca
nhimg dic diém trén 1a mang tinh ddc trung va 13 co s& dong hoc chimg minh vi sao mé hinh
USBEF lai ¢6 hiéu qua xtr 1y cao.
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Hinh 5. D6 thi hi¢u qua xtr Iy COD qua cic ngin clia bé phan tng

3.3.Két qua nghién ciru hiéu qua xir Iy ciia mé hinh
3.3.1.Hiéu qud xu ly COD

— Hi€u qua xu ly COD tinh theo dong vao cao nhit 1d & ngin :chiéu khi, trung binh
khoang 60% sau d6 la ngan hiéu khi, khoang 26% (65% COD tinh tryc tiép dong vao ngan) va
thap nhat 1a & ngdn USBF, khoang 10% (30% COD tinh truc tiép dong vao ngan).

— Céc hop chat hitu co bi loai bo trong ngin thiég khi 14 cac dang hitu co d& bi phan
huy sinh hoc, bi phan huy ¢ ngan hiéu khi va USBF chu y€u 1a cac dang hiru co dang kho phan
huy sinh hoc hon . Vi v@y nhu cau oxy cho ngan hiéu khi s& giam hon do phan 16n COD duoc
loai bo trong ngan thiéu khi. Pidu nay chimg to wu diém cua viéc két hop cac ngin phan ung
trong cing mot hé thong.

Xét tqém hé théng, hiéu qua xu ly tdi da c6 thé dat duge 1a rat cao khoang 8§% (61,5-
96,0%). Nong d6 COD dong ra c6 thé dat tur 18,3 — 40,0 mg/L (dat duoc ti€u chuan loai A,
TCVN 5945-1995).

3.3.2.Hiéu qud xir ly SS

Hiéu qua xir Iy SS cho toan b h¢ thong twong ddi cao, tir 75,5-95% dat nong d6 5,2 mg/L
0 dong ra,co6 the dat chat lugng tiéu chuan loai A (TCVN 5945-1995). Tai trong thich hop tir 2
— 14 kg SS/m’ ngay'. Ngoai khoang nay, hiéu qua xu ly giam.

3.3.3.Hi¢u qud xu Iy BODs ) ) i ) )
Hi¢u qua xu ly ¢ déy rat cao, thap nhat dat 80% va c6 thé dat 99,2%. Chat lugng cao nhat
cua dong ra co6 thé dat dugc 1a 3 mg/L, dat ti€u chuén loai A (TCVN 5945- 1995). Ngay ca khi
& tai trong cao tdi 4,20 kg BODs/m” ngay™ hiéu qua xir Iy van kha cao, & mirc 92,2%.
3.3.4.Hiéu qud qud trinh logi b6 N
_ Nong d0 nitrit va nitrat (Hinh 15) dong ra dat tiéu chuan loai A (TCVN 5942- 1995).
Nong d¢ nitrit va nitrat dong ra dat dugc rat thap ching t6 qua trinh nitrat hoa va khur nitrat
dién ra rat triét dé.
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Hinh 6. Hiéu qua xur ly BODs theo tai trong
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Hinh 7. Nong d¢ nitrit va nitrat c6 trong dong ra
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Hinh 8. Hiéu qué xr Iy N tong theo thoi gian luu m Hinh 9. Hiéu qua xir Iy P theo tai trong

_Xét hiéu qua xu ly cua qua trinh loai bo N: Chat lugng dong ra t6i da c6 thé dat duoc tidu
chuén loai A (TCVN 5945-1995), hi€u qua xur 1y ¢6 thé dat toi da 94,3%. Tuy nhién, hi€u qua

nay con tuy thudc vao thoi gian luu nudce, tai trong va tudi cua bun.

3.3.5.Hié¢u qud qud trinh logi bo P

Hiéu qua nay twong ddi cao, toi da dat 83,17%. Khi hi¢u qua xir 1y cao nhat, chat luong

dong ra c6 thé dat 3,08 mg/1 (dat tiéu chuan nudc loai A, TCVN 5945 — 1995).

Tai trong P thich hop tir 0,03-0,09 kg P/m’/ngay véi hiéu sudt dat dugc 16n hon 75%. Tai
trong nay tuong do6i nho so voi cac tai trong theo cac chi tiéu khac. Piéu nay 1a do ham Iuong P

trong nudc thai nay tuong ddi nho.

4. KET LUAN VA PE NGHI

Qua qué trinh nghién ctru, ching t6i rit ra mot sd két luan va dé nghi nhu sau: M6 hinh
USBEF rét thich hop cho xtr Iy nuéc thai d6 thi. Bun hoat tinh thich nghi rt nhanh véi dic tinh
ctia nudc thai va diéu kién van hanh ctia mé hinh. Viéc két hop 3 ngin va két hop cac qua trinh
xir 1y tao ra wu diém 16n trong viéc nang cao hiéu qua xir Iy. Chat luong nudc dau ra c6 thé dat

tiéu chuan nudc loai A (TCVN 5945 — 1995).
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TREATMENT OF DOMESTIC WASTE WATER BY BIOPROCESS
TECHNOLOGY - UPFLOW SLUDGE BLANKET FILTER (USBF)

Truong Thanh Canh, Tran Cong Tan, Nguyen Quynh Nga, Nguyen Khoa Viet Truong
University of Natural Sciences, VNU-HCM

ABSTRACT: This paper describes a research to use an innovative combined biological
process, upflow sludge blanket filter (USBF), that rapidly and economically remove BOD,
niotogen and phosphorus from domestic wastewater. The USBF design was a continuous flow
system incorporating the aeration zone, clarifier and anoxic zone into a single tank. The
research showed a result of 85%, 90%, 94% and 75% for COD, BODs, nitrogen and
phosphorus removal, respectively. This is concluded that USBF can be used as a simple and
economic method to treat domestic wastewater.
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