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Tém tit

Hé thong sinh hoc loc ngwoc dong (USBF) két hop sir dung gia thé vi sinh diwoc van hanh
trong thoi gian 100 ngay va tién hanh thu thép di liéu & trang thai on dinh. Két qua cho thay
hé thong USBF c6 kha ndng xir 1y tét cac chdt hitu co. Trong nghién civu ndy, viéc logi bo
cac chat 6 nhiém tir nueéc thai chin nuéi heo da dwoe danh gid trong bé phan ing USBF &
cac thoi gian luu thuy luc (HRT) 6-15 gio va thoi gian luu bun (SRT) la 20 ngay. Cdc nghién
citu thyre nghiém chi ra rang hiéu qud logi bé trung binh céc chat gay 6 nhiém véi HRT tiwong
#ng 12 gio. Hiéu qua xir Iy trung binh cia nhu cau Oxy sinh hoc (BODs), nhu cau Oxy hoa
hoc (COD) la 94.2% va 93.3%. Cong nghé USBF la qua trinh sinh hoc tién tién logi bé cac
chdt & nhiém trong nuwéc thai chan nuéi heo.

Tir khoa: Chat hitu co; Nguoc dong; Nudc thai chin nudi; USBF.

1. PAT VAN DE

Chan nudi von dugc biét dén 1a nganh san xuat quan trong va la sinh ké gan lién
véi nhidu nguoi dan Viét Nam. Trong do, hoat dong nudi heo chiém ty trong cao trong
téng sb luwong trang trai ndng nghiép. Pic trung ctia nude thai chin nudi heo chira ham
luong cao cac hop chét hiru co va dinh dudng (Nguyén & Pham, 2012). Su c6 mat céc
chat 6 nhiém ham luong cao 12 mdi de doa Ién tinh trang sic khoe cac thay vuc va tro
thanh méi quan tam 16n cua cong déng. Do dic diém nudc thai chin nudi heo c6 chta
c4c chat 6 nhidm ham luong cao nén c6 nhiéu sy quan tam dé nghién ciru va xt ly. Nghién
ctru 4p dung bé phan tng dang mé SBR cho qué trinh xt 1y nudc thai chin nudi heo trudc
day khé pho bién (Bernet, Delgenes, Akunna, Delgenes, & Moletta, 2000; Obaja, Mace,

& Mata-Alvarez, 2005). Hoat dong xir ly chit thai chin nudi heo con sir dung cac qué
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trinh nhu ky khi, ky khi két hop bun hoat tinh hiéu/thiéu khi dé xur ky céc chat gay 6
nhiém moi truong (Chuanju, Ying, Lilong, Xi, & Delin, 2012; Rajagopal, Rousseau,
Bernet, & Béline, 2011). Thuc té, dé xir Iy cac ngudn nudc thai c6 ham lwong chét 6
nhim muc d6 cao nhu nudc thai chin nudi heo can tién hanh ap dung két hop cac qua

trinh xir Iy nuéce thai khac nhau nhu ky khi, hiéu khi va thiéu khi.

Cong nghé sinh hoc loc nguoc dong (USBF) duoc cai tién tir quy trinh bun hoat
tinh ¢b dién trong d6 két hop véi ba qua trinh thiéu khi (anoxic), hiéu khi (aerobic) va
ling trong mot don vi xir 1y nudc thai (Mahvi, Nabizadeh, Pishrafti, & Zarei, 2008). Viéc
loai bo cac chat 6 nhidm duogc dién ra ¢ ca ba ngan thiéu khi, hiéu khi va ngan 13ng. Qué
trinh sinh hoc loai bo chat dinh dudng trong nudc thai thdng qua viéc sir dung vi sinh
trong cac diéu kién moi trudng khac nhau. Vi sinh vat sir dung Oxy hoa tan dé Oxy hoa
sinh hoa, ddng hoa cac chit dinh dudng va chit nén (C, N, P). Pay 1a cong nghé thich
hop xtr ly cac chat hitu co ciing nhu Nito, Phdt-pho dat hiéu qua cao (Khorsandi,
Movahedyan, Bina, & Farrokhzadeh, 2011; Saud, Abualbashar, & Abdulallah, 2015).
Cac nghién ciru trude day ap dung céng nghé USBF duoc tién hanh trén nhiéu loai nuéc
thai san xuit nhu soi tong hop véi hiéu qua xir Iy COD dat 90-93% (Jose, Ferna,
Francisco, Ramo, & Juan, 2001). D4i véi cac qua trinh xir Iy nude thai nhu san Xuét ruou
(Molina, Ruiz-Filippi, Garcia, Roca, & Lema, 2007), ché bién thuc pham (L&, Nguyén,
Vin, & L&, 2013; Nguyén, Nguyén, & L&, 2009) cho thiy kha nang loai bo cac hop chat
hitu co (BODs, COD) lan luot dat trén 91 va 92%. Ngoai ra, trong qué trinh nghién ctu
xt 1y nudc thai d6 thi, hiéu suat xt Iy cac chat 6 nhiém nhu BODs, COD, Nito va Phot-
pho twong tng 90, 85, 94 va 75% (Noroozia, Safarib, & Askaria, 2015; Truong, Tran,
Nguyén, & Nguyén, 2007). Tir do, cho thay tinh wu viét va hiéu qua xu ly cac chét 6
nhiém cua cdng nghé USBF. Trén céc co sd do, trong nghién ctru nay hé théng sinh hoc
loc nguoc dong cai tién két hop sir dung gia thé vi sinh nham muc dich danh gia kha ning

xtr Iy nuéc thai chan nudi heo gop phan bao vé méi trudng.
2. PHUONG PHAP NGHIEN CUU

2.1.  Nuwéc thai chan nudi heo

Thanh phan va ham luong cac chat 6 nhidm tir nude thai chin nudi heo (xa Vinh
Loc A, huyén Binh Chanh, Thanh phé H5 Chi Minh) duoc sir dung cho qua trinh thi
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nghiém thé hién nhu trong Bang 1.

Bang 1. Thanh phan nwéc thai chin nudi heo va gidi han cho phép

- chi tisw bon vi Két qua ,, QCVN 62-MT:2016/BTNMT
Trung binh  D§ léch chuan A B
1 pH - 6,9 0.25 6-9 5.5-9
2 SS mg/I 1496 141.59 50 150
3 BODs mg/I 2395 262.95 40 100
4 CcoD mg/I 3608 147.50 100 300
5 TN mg/I 414 7.81 50 150
6 TP mg/I 144 51.73 4 6
Ghi chi: QCVN 62-MT:2016/BTNMT la quy chuan ky thuat quc gia vé nuée thai chan nuéi
2.2, H@ théng thi nghiém

Bé phan tng duoc thiét ké bang vat liu thuy tinh véi do day 4 mm va c6 thé tich
cong tac 56.25 lit (L*W*H = 75*25*30 cm). Thé tich cac ngan thiéu khi, hiéu khi va ling
lan luot 13.5, 32.25 va 10.5 lit. Gia thé vi sinh linh dong (polyethylene) duoc sir dung cua
hang Nisshinbo (Nhat Ban) trong ngin hiéu khi ¢ dang xdp, dudng kinh 4 mm, ty trong
1g/cm?®, dién tich tiép xtc 3000 - 4000 m*me. Trong d6, dong nudc thai md hinh thi
nghiém theo trinh tu sau: Nudc thai duoc bom tir bé chtra vao ngan thiéu khi, sau d6 chay
vao ngan hiéu khi. Tai day, dién ra qué trinh suc khi nham cung cip dudng khi cho céc
hoat dong cua vi sinh vat. Sau d6, dong nuéc thai chay tiép tuc chay vao ngin ling theo

chiéu huéng dong Ién trén rdi duoc thu gom thdng qua mang thu ra ngoai (Hinh 1).
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Bang 2. Thong sé van hanh bé phan ing USBF

Giai doan Ngay thi Luu Iuong (lit/gio) HRT (gio) OLR (kgCOD/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 94 6 144

Ghi chi: HRT: Thoi gian lru thuy lyc; OLR: Tai trong hitu co

Trong nghién ctu ndy, qué trinh thich nghi cho gié thé hiéu khi dugc thuc hién
bang hinh thirc nudi ciy vi sinh va ting dan tai trong hitu co duoc nap vao bé phan tng.
Trong giai doan thich nghi, nghién ciru sir dung buin hoat tinh dwoc Iy tir hé thong xir ly
nuéc thai sinh hoat. Giai doan thich nghi dwoc nap tai trong ting dan & mac 0.6 kg
COD/m?®ngay va 6n dinh véi tai trong 5.8 kg COD/m3/ngay. Trong sudt qua trinh van
hanh 6n dinh thich nghi hé théng, hiéu qua xu Iy COD dat trén 90%. Thyc té, dé vi sinh
vat thich nghi va hoat dong hiéu qua, qua trinh nghién ctiu phai tién hanh theo ddi thuong
Xuyén tinh trang thanh phan vi sinh. Bé USBF duoc van hanh vai thoi gian luu bun (SRT)
20 ngay va nong do6 MLSS duy tri & mirc 4500-5000 mg/I. Bé phan wng duy tri dong loc
nguoc 0.5 m/h, day l1a téc do thich hop ngan chan ria trdi sinh khdi va thuc ddy tao hat
bong bun (Omil, Lens, Hulshoff, & Lettinga, 1996). Bun hdi luu tir ngin lang sang bé
thiéu khi voi Iuu lugng héi luu bang 3 1an dong vao. Bé sinh hoc loc nguge co thé xir 1y
tai trong cao, tir 5-25 kgCOD/m3/ngay (Tay & Zhang, 2000). Trong nghién ciru nay, mo
hinh thi nghiém duoc tién hanh khao sat trong thoi gian 100 ngay vai céc tai trong 5.8;
7.2, 9.6 va 14.4 kg COD/m®/ngay. Bé hiéu khi duy tri mirc trung binh DO > 3.5 mg/l dé
thac day qua trinh chuyén hoa chat 6 nhiém (Rajesh, Do, 1k-Jae, Kaliappan, & Ick-Tae,
2009). Nhiét d6 duoc kiém soat ¢ khoang gia tri dao dong trung binh 36.7 dén 39.7°C.
DPém pH duoc duy tri ¢ 6.6-7.9 bang dung dich KOH 5% va CH3COOH 10%. Ty 1& C/N/P
trong bé phan umg twong tng thoa man yéu cau dinh dudng 100/5/1 cho qua trinh xir ly
sinh hoc (Metcalf & Eddy, 2003).

2.3.  Phwong phap phan tich va xir ly s6 liéu

Phuong phap phén tich cac thong sé chat lugng nudc theo phuong phap chuan
cuia American Public Health Association (2005). Tan suat do dac c4c chi tiéu chat lugng

nuée duoc thuc hién 3 lan/tuan. Cac gia tri pH, nhiét d6, DO duoc do bang thiét bi do
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nhanh. Xac dinh chi tiéu BODs bang phuong phap 1 trong ta cdy & diéu kién 20°C va 5
ngay. Nong d6 COD do bang may quang phd hap thu phan ti UV-VIS. Ham lwong chit
ran & lung (SS), chit rin lo ling tron 13n chat long (MLSS), chét rén lo limg bay hoi tron
Ian chit long (MLVSS) dugc xac dinh theo phwong phép trong luong (loc bang giay loc
c6 kich thuéc 0.45um rdi sy kho dén khéi lugng khong ddi ¢ cac nhiét dd 105 va 550°C.
Dbi v6i chi s thé tich bun (SVI) xac dinh theo cong thirc: SVI (ml/g) = (Thé tich bun
ling sau 30 phut (ml/I) x 1000)/ MLSS(mg/l). Céc sé liéu nghién ciru dugc thdng ké va

xtr Iy bang cac phan mém Excel va SPSS.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Dic diém thong sb6 van hanh hé théng

Théng s6 pH duoc duy tri trong khoang gid tri dao dong tir 6.6 dén 7.9. Trong khi,
ham luong Oxy hoa tan DO bién thién tir 3.5 dén 5.0 mg/l va cé trung binh 4.1 mg/I
(SD=0.35). Nhiét d6 bé phan wng trung binh 38.5°C (SD=0.81), c4c gia tri thap nhat - cao
nhét lan lugt trong wng 36.7°C va 39.7°C. Hinh 2 biéu dién ndng d6 sinh khdi va chi sé
thirc an trén vi sinh vat (F/M) trong bé phan tng theo cac tai trong van hanh thi nghiém.
Nong d6 MLSS trung binh bé phan tmg duoc duy tri twong duong 4713.7 + 229.24 mg/|.
Gia tri MLSS theo cac giai doan van hanh thi nghiém c6 gia tri lan lugt 4678.6 + 287.29
mg/l (OLR1), 4669.4 + 240.28 mg/l (OLRy), 4816.0 + 155.33 mg/l (OLRs) va 4686.6 +
237.34 mg/l (OLR4).

SvI —E—MLSS —4#—MLVSS —B-SvI —@—F/M
6000 - r 0.500

- 0.450

7 M. 0.400
- 0.350

4000

L 0.300

3000 - - 0.250
=
L 0.200 I

2000 4

- 0.150

Sinh khai, mg/|

1000 - - 0.100

- 0.050

0 0.000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Thoi gian

Hinh 2. Néng dé sinh khéi va chi sé F/M trong bé phan &ng theo cac tai trong
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Nong do MLSS cao duoc duy tri trong bé phan tng gia ting hiéu qua xu Iy cac
chat & nhiém. Hoat dong van hanh c6 ty s F/M khé thap vai trung binh 0.084 + 0.032
(ngay™) va dao dong tir 0.046 dén 0.156 (ngay™). Thong thudng, gi tri F/M thap do sinh
khéi dugc gitr lai dé duy tri nong d6 MLSS ¢ muc do cao (Metcalf & Eddy, 2003).

Déi vai chi sb thé tich bun SVI dat muc trung binh bang 97.0 + 21.33 ml/g va dao
dong khoang gid tri thip nhét va cao nhat trong (ng 48.6 va 145.5 ml/g. Trung binh SVI
theo cac giai doan van hanh thi nghiém c6 gia tri lan lugt 85.2 + 22.68 ml/g (OLR1), 91.9
+18.26 ml/g (OLRy), 99.6 + 19.76 ml/g (OLR3) va 109 + 21.33 ml/g (OLR4). Két qua chi
s6 thé tich bun SVI dao dong trong khoang 50-150 ml/g cho thdy qué trinh hoat dong sinh
hoc tét (Sabzali, Khdadadi, & Golami, 2005). Nhin chung, gia tri SVI nho chang to bin

dé lang va n6 phan anh mirc d6 hiéu qua xir 1y nudc thai.

3.2.  Panh gia hiéu qua chuyén hoa cac hep chat hiru co' (BODs, COD)

Hiéu qua loai bo chat hitu co chu yéu nho vao hoat dong caa bun hoat tinh trong
bé phan &ng va qué trinh loc nguwoc dong ¢ ngan lang. Trong diéu kién tudi bun cao dat
dugc do thoi gian luu bun SRT 16n (20 ngay) cho phép qua trinh khoang hda hoan toan
c4c chat hiru co tho d& phan hay sinh hoc trong nudce thai. Hiéu qua xir Iy chat & nhiém
cao twong (ng véi sy gia ting ndong 46 MLSS trong bé phan tng. Nong do MLSS c6 vai
trd quan trong trong qua trinh phan huy cac hop chit hitu co (Xing, Tardieu, Qian, &
Wen, 2000). Chi tiét hiéu suét xir ly BODs va COD theo c4c tai trong khac nhau duoc
trinh bay ¢ Bang 3 va Bang 4.

Bang 3. Hiéu qua xir ly BODs theo cac tai trong khac nhau

, BODs (mg/l)
OLR Két qua — —
Vao Thiéu khi Hiéu khi Ra H (%)
OLR:=5.8 Mean 2725.00 1346.90 269.00 246.30 o110
3 2 .
kgCOD/m*/ngay sD 206.97 356.31 108.69 94.86
OLR,=7.2 Mean 2750.80 1315.10 393.50 159.50 0120
3 A .
kgCOD/m*/ngay sD 337.16 194.29 11481 44.28
OLR;=9.6 Mean 2573.40 1516.80 478.40 193.30 0220
3 2 .
kgCOD/m/ngay ¢ 413.27 421.180 136.97 79.33
OLR.=14.4 Mean 2695.30 1440.80 393.50 311.50
kgCOD/m?3/ngay 88.40

SD 436.50 276.58 149.36 111.76
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Tri s6 BODs sau xur Iy vai trung binh 227.0 (SD = 100.7). Bang 3 trinh bay chi
tiét hiéu qua xur 1y cac chat hitu co (BODs) theo cac tai trong khao sat. Hiéu qua xir ly céc
chat hiru co (tinh theo gia tri BODs) dao dong 88.4% (OLR1) va cao nhat ¢ giai doan 2
(OLRy) tuwong tng dat 94.2%.

Bang 4. Hiéu qua xir ly COD theo cac tai trong khac nhau

) COD (mg/l)

OLR Két qua — —

Vao Thiéu khi Hiéu khi Ra H (%)
OLR,=5/8 Mean 3674.60 2647.60 1356.30 378.10 56,70
kgCOD/m®/ngay ) 182.78 268.42 456.56 79.11 '
OLR,=7.2 Mean 3607.40 2205.40 1272.60 248.00 03,50
kgCOD/m?/ngay SD 331.61 496.33 362.61 109.62 '
OLR:=9.6 Mean 3505.00 2401.90 1167.10 398.50 4570
kgCOD/m®/ngay SD 90.27 332.67 249.27 160.26 '
OLR,=14.4 Mean 3718.90 2753.40 1091.50 469.00 87 50
kgCOD/m?3/ngay ) 249.40 279.94 122.22 142.01 '

Bang 4 trinh bay hiéu qua xir Iy COD theo cc tai trong khac nhau. Két qua gia tri
COD dau ra trung binh 373.3 mg/l (SD=146.82) va dao dong 167 - 770 mg/l. Tuong tu,
hiéu qua xur ly COD ¢ cac giai doan theo thu ty 87.5, 88.7, 89.7 va 93.3% (OLR4, OLR3,
OLRj, OLRy). C6 thé thay, hiéu qua xt ly chat hitu co dat toi vu & ngudng thoi gian luu
HRT = 12 gio (OLRy). O giai doan nay, do c6 thoi gian luu phi hop va tai trong hitu co
khong qua cao nén hiéu qua xu ly chat 6 nhiém kha on dinh. So sénh két qua hé thong
USBF lai hop di v6i nudc thai san Xuat ruou Véi tai trong cao c6 hiéu suat loai COD dat
85-98% (Molina va ctg., 2007). C6 thé Iy giai hiéu qua xtr ly cac chat hitu co & Ccac tai
trong cao do ngoai viéc thiét ké bé phan g theo cac ngan voi cac ché do khac nhau con

c6 su gop phan cua viéc bo sung gia thé vi sinh vao ngan hiéu khi.

Nhin chung, nhd qué trinh van hanh trong diéu kién nong do MLSS cao (4000-
5000 mg/l) nén tao diéu kién gia ting hiéu qua xu Iy sinh hoc céc chat 6 nhiém. Bdng
thoi, viéc bd sung thém gia lo ling d3 ting cudng mat do cua cac vi sinh vat dan dén gia
tang hiéu qua loai bod cac chat 6 nhiém. Trong bé USBF, vi sinh vét sit dung ngudn cacbon

tir cac chét hitu co ctia nudc thai dé tong hop cac chét can thiét cung cép cho sinh truong
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phat trién va sinh san té bao méi. Hinh 3 va Hinh 4 biéu di&n bién thién két qua xu Iy ham

lwong chét hiru co qua cac ngan thiét ké bé phan wng & céc khoang tai trong van hanh.
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Hinh 4. Sy thay d6i ham hrgng COD trong qua trinh van hanh

Trong d6, xu hudng thay doi hiéu qua xir Iy c6 su gia tang rd tir giai doan 1
(OLR:1=5.8 kg COD/m®ngay) 1én giai doan 2 (OLR2 = 7.2 kg COD/m®/ngay) ung véi
thoi gian luu 12 gio. Muc d6 xir ly cac chét hitu co (BODs, COD) giam khi nghién ciu
tién hanh giam thoi gian luu xuéng mac 9 va 6 gio (Hinh 3 va 4). O muc tai trong 14.4
kgCOD/m®/ngay, hiéu qua loai bo BODs va COD giam xuéng tuong tng 88.4 va 87.5%.
Tuy vay, USBF la cong nghé thich hop &p dung xir Iy cac ngudn nudce thai cdng nghiép

chira ham lwong cao cac hop chat hitu co.
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4, KET LUAN

Tir nhitng két qua nghién ciu cho thdy mé hinh sinh hoc loc nguoc dong c6 kha
nang xur 1y chit hitu co va cac chat dinh dudng ¢ céc tai trong cao. Mirc do Xt ly cac chat
hitu co (BODs, COD) giam khi nghién ctiu tién hanh giam thoi gian luu xudng mic 9 va
6 gio. Khoang thoi gian luu thity luc téi wu cho qua trinh khir cachon & mire trong duong
12 gio. Hiéu qua xir Iy twong ng cac chét hiru co (BODs, COD) lan luot dao dong 88.4-
94.2% va 87.5 - 93.3%.

Uu diém cua USBF khong gay mui, han ché bun du va str dung héa chat, déng
thoi ¢d thé duy tri thoi gian luu bun dai ¢é Oxy hoa va khtr cac chat 6 nhidm. Bé phan
tmg USBF ¢6 wu diém va thich hop cho viéc tng dung xt 1y nudce thai chira ham luong

cac chat 6 nhidm cao nhu nuéc thai chian nudi, gop phan bao vé méi trudng.
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Abstract

The microbial bed fixed upflow sludge blanket filtration (USBF) system was operated for
about 100 days and steady state data were collected. The results showed that the USBF
system had a better ability in term of organic matter removal. In this study, the removal of
pollutants from piggery wastewater was evaluated in the USBF reactor at hydraulic retention
time (HRT) of 6-15 hours and solid retention time (SRT) of 20 days. The experimental study
indicates the average removal efficiency of organic matter with HRT of 12 hours. The results
showed that the average removal efficiencies for Biological Oxygen Demand (BODs),
Chemical Oxygen Demand (COD) were over 94.2% and 93.3% respectively. USBF as an
advanced biological process had a pollutants removal efficiency from piggery wastewater.

Keywords: Organic matter; Piggery wastewater; Upflow; USBF.
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