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SUMMARY
EFFICIENCY OF ORGANIC MATTER CONVERSION IN ANAEROBIC MOVING BED
BIOFILM REACTOR (MBBR) SYSTEM

When discharged into the environment, organic matter in wastewater will decompose, depleting the oxygen
source in the water, affecting aquatic life, affecting the landscape, causing ecological imbalance. Therefore,
applying appropriate technology to treat organic-rich wastewater is a very important and urgent issue. One
of the biological treatment technologies that has been and is being applied is the moving bed biofilm reactor
system (MBBR) with a moving carrying material with a adhered microorganisms to the surface (biofilm) to
create favorable conditions for anaerobic microorganisms to grow and decompose organic matter in
wastewater. This study evaluated the effectiveness of decomposing organic matter of actual piggery
wastewater based on total COD and dissolved COD of a laboratory-scale anaerobic MBBR system with 3
input loading rates: 2.0; 4.0 and 6.0 gCOD/L.day. The results showed that the decomposition efficiency of
organic matter reached the highest of about 80 and 60% for COD; and CODyy, respectively. The removal
efficiency of TSS was quite high, reaching 84-90%. However, there was no clear correlation between
organic matter decomposition efficiency and TSS type especially at high loading rates. The density of
microorganisms in the reaction system increased significantly with high density and mainly (90-92.5%)
were adhered microorganisms in biofilm.

Keywords: adhered microorganisms, anaerobic, MBBR, organic matter, piggery wastewater.

1 PAT VAN BE mang sinh hoc va bun hoat tinh dé nang C.t:lf) hiéu
: qua [1-2]. Cong nghé MBBR duoc phat trién vao
Trong céc phuong phap sinh hoc Ung dung trong  nhimng ndm 1980, co thiét ké don gian, dé dang diéu
xtr 1y nudc thai, h¢ phan tmg mang vi sinh chuyén  chinh cong suét, duge ap dung hiéu qua cho xir 1y
dong (MBBR) — !51 m(f)'t trong cac cong r}ghé xu ly nudce thai d6 thi va cong nghiép [3-5] ma phd bién
nude thai tién tién, két hgp cac uwu di€ém cia ca 12 hé¢ MBBR yém khi (AnMBBR).
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Nguyén 1y co ban cua h¢ MBBR 1a vit li€éu mang lo

limg (chuyén dong) trong cot phan tng lam ting
dién tich tiép xUc cua vi sinh vat va nu6ce thai va
hinh thanh mang vi sinh bam dinh dan trén bé mit.
Hé MBBR c¢6 nhitng uu diém ndi bat sau [6]: (i)
dién tich bé mit riéng 16n nén c6 thé cung cap moi
truong tot hon cho vi sinh vét tao sy da dang va
mat do cao; (ii) thuan loi cho vi sinh vat phat trién
va tao chu ky phat trién ctia vi sinh vét trén cac vat
liéu mang lo Iung kéo dai, khong bi anh huong cua
thoi gian luu thuy luc (HRT).

O Viét Nam di co cac nghién ctu st dung hé
MBBR yém khi dé xtr Iy nuéc thai giau hiru co qui
mé phong thi nghiém va thir nghiém. Cac nghién
ctiru dong hoc, hiéu suat sinh khi, anh huéng cua tai
trong hiru co dau vao va loai vat liéu mang da duoc
khao sat [7-8]. Tuy nhién cac nghién cau méi dat
hiéu qua loai b6 COD, BODs chua cao, twong (rng
dat khoang 67 —75%. Trong nghién ciru nay da
danh gi4 hiéu qua phan hiy thanh phan hitu co cua
hé yém khi MBBR véi mot sé diéu kién van hanh
hé nham t6i uu qua trinh.

2. PHUONG PHAP NGHIEN CUU
2.1 Miu nwéc nghién ciu

Mau nudc nghién ciu: nuée thai chin nudi thuc té
dugc iy ngay sau rira chudng (1a nudc thai tuoi
chua qua bé biogas). Céc quy trinh ldy mau va bao
quan mau duoc ap dung theo céc Tiéu chuan Viét
Nam: TCVN 6663-14:2018 (ISO 5667-14:2014) va
TCVN 6663- 3:2016 (ISO 5667-3:2012).

Nudc thai duoc pha lodng dé c6 gia tri COD trong
khoang 1000-3000 mg/L twong wng VvGi CAc tai
trong nghién ctru: 2,0-6,0 gCOD/L.ngay.

2.2. Nghién ciru thuc nghiém

Vat ligu mang: polyetylen (PE) hinh banh xe
10x15 mm; Dién tich bé mat riéng: 800 - 1.000
m?m?®; ty trong 60 kg/m®. So dd hé théng thi
nghiém AnMBBR (hinh 1) gom: (i) Bé nudc dau
vao: 120 L; (ii) 01 cot phan tng hinh try, D = 0,14
m;H=1,1m; V=169 L, vat lieu mang chiém 1/3
V; (iii) 01 cot lang, D=0,14 m; H=05m; V =
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7,7 L; (iv) 01 bo didu nhiét duy tri 35 + 2°C & cot
phan @ng; (v) 01 bom cip nudc thai va 01 bom
tuan hoan.

Nudc thai dau vao, Q, 1,0 L/h ung véi HRTs 12
gio, duoc chon theo Ankit va nnk [1]. Nudc thai
dugc dua ti cot phan (ng tir day cot.

Hoa chat: sir dung loai cua Merck, Puc gom: kali
phthalat, kali dichromat, bac sulfat, thay ngén (I1)
sunphat, natri chlorid, natri hydroxid, dong sulfat
(CuS0O,4.5H,0), magnesi sulfat (MgS0,4.7H,0), acid
sulfuric 98%, acid chlohydric 37%.

Thiét bj: Sir dung bo pha mau COD ECO16 — Velp,
Italia; May do mat d6 quang UV — VIS 1240 —
Shimadzu, Nhat Ban.

2.3. Phwong phap phén tich danh gid mic do
phan hiy thanh phan hiru co

Mau nudc dau ra: duoc lay 2 ngay/dot véi 10, 13
va 15 dot twong (ng véi cac tai trong 2,0; 4,0 va
6,0 gCOD/L.ngay.

Phan tich COD téng (COD,) va COD hoa tan
(CODyy), TSS, va MLSS tuong ung theo TCVN
6491:1999 (1sO 6060:1989); SMEWW
5520C:2012; TCVN 6625:2000. Cac mau dugc
phan tich 1ap lai 2 lan, 14y gia tri trung binh.

Tinh khéi lwong mang vi sinh bam dinh trén vét
liéu mang (g/m?) = Am/Spm

Trong do: Am: Chénh léch khéi luwong vat liéu
mang c6 va khdong c6 mang vi sinh (g)
Spm: Tong dién tich bé mat cua vit liéu mang (mz)
Tinh mat d6 bun vi sinh trong ¢4t phan tmg (g/L) =
(m14+m2)/ Vese

Trong do: my- lwgng bun vi sinh dang lo ling trong
cot phan 1mg (g); My- lwong bun vi sinh bam dinh
trén vt liéu mang trong cét (Q); Veg: Thé tich ciia
cot phan ung (12 L)

3. KET QUA VA THAO LUAN

3.1. Két qua phan tich nwéc thai dau vao hé
AnMBBR

Dic tinh mau nude dau vao duoc dua ra & bang 1.
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Hinh 1. So' do hé thang thi nghiém AnMBBR quy mé phong thi nghiém
(thé tich cét phan éng 12 L) [9]

Bang 1. Ddc tinh nwdc thai ddu vao éng véi cac tdi trong hitu co

COD (mg/L) Ti I¢ COD/COD,,
Chi tiéu TSS (mg/L)
COD, CODy,
. n=10 1.080 + 211 470 + 99 2.27-2.34 288 + 109
fr'f‘ n=13 1.988 + 531 1.093 + 265 1,76-1,85 619 + 230
' n=15 3.043 + 768 1.401 + 115 1,77-2.50 627 + 236

Bang 1 cho thiy ti 16 COD/CODy; dao dong trong
khoang 1,76- 2,50, phu hop véi nghién ciru cia o
Quang Trung va nnk, 2019 [9].

3.2. Hiéu qua phan hiy thanh phan hiru co

Két qua (hinh 2) cho thdy & tai trong 2,0
gCOD/L.ngay, sau 2 tuan van hanh hé, hiéu suit
phén huy dat khoang 54 - 61% tinh theo COD; va
46-59% theo CODy,. Trong ca qud trinh van hanh
gia tri CODy, ciling giam theo xu hudng cua gia tri
COD téng. Véi tai trong 4,0 gCOD/L.ngay, hiéu
qua phan hay thanh phan hiru co dat cao hon,
khoang 58-75 va 54-64% tuong wng voi CODt va
CODy. Hiéu suét phan hity dao dong lon Ién trong
khoang 59 dén 81% tinh theo COD; véi tai trong 6,0
gCOD/L.ngay, dac biét hiéu qua theo CODy, giam
mot cach rd rét chi dat 16-35%.
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Két qua khao sat ciing phi hop véi nghién ctu xir
ly thanh phan hiru co tir nudc thai nudi lon bang hé
MBBR yém khi sir dung vt liéu mang PU va PE
cia Nguyén Truong Quan va nnk [8]. Trong nghién
ctru nay, hiéu qua loai bé COD véi vat ligu mang
PU tai tai trong 4 — 6 gCOD/L.ngay dao dong trong
khoang 68 — 70% va vat liéu mang PE tai tai trong
4 — 10 g/L.ngay dao dong tur 65 — 73%.

Tuy nhién, két qua nay thip hon so véi két qua cua
F. Jalali va nnk, 2023 [10], trong d6 hiéu qua loai
CODy, dat khoang 93%. Diéu nay c6 thé do F.
Jalali va nnk da st dung mang composit
polyvinylidene fluorid kich thudéc nano nén viéc tao
mang vi sinh hiéu qua hon. Hiéu suat loai bo COD;
ciia h¢ MBBR yém khi qui md phong thi nghiém
(12L/ngay) khi str dung nuéc thai ty pha cling dat



cao hon nghién ctru nay, dao dong tir 70 dén 90%.
C6 thé giai thich véi mau nuéc thai thuc té s& chira
nhiéu thanh phan, phutc tap hon va khong loai trir

su c6 mat cia mot sé loai khang sinh, thudc su
dung trong chin nudi nén sé& gay anh huong dén
qua trinh sinh treéng va tao mang vi sinh.
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Hinh 2. Hiéu qua phan haiy thanh phan hitu co theo CODva CODy, ¢ cac dot ldy mau
twong ¥Ng Véi 3 tdi trong hitu co dau vao

3.3. Bién thién gia tri TSS

Hiéu qua loai bo thanh phan TSS & 3 tai trong duoc
chi ra trong hinh 3.

Dién bién va hiéu qua xtr Iy caa TSS & tai trong 2,0
gCOD/L.ngay qua 10 dot dau giam tir khoang 233 —
394 mg/L xudng khoang 15 — 109 mg/L, dat hiéu
qua 58 dén 93%. Véi tai trong 4,0 va 6,0

gCOD/L.ngay, hiéu suit loai TSS dat kha cao va
dao dong it hon, trong khoang 81-94%.

Hiéu qua loai TSS dat cao hon so vd&i nghién ciu
cia Nguyén Truong Quan va nnk (2020) véi hé
MBBR sir dung vat liéu mang PU va PE cho hiéu
qua xu ly TSS ¢ tai trong 4 — 6 gCOD/L.ngay chi
dat tuong ng 55 — 65,5% va 63,2 — 67% [8].
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Hinh 3. Hi¢u qua xi ly TSS (VLM PE, pH 6-8 va Q = 24 L/ngay)
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Két qua danh gia twong quan giita hiéu qua phan
hay thanh phan hiru co va hiéu qua loai TSS cua hé
MBBR yém khi duoc chi ra ¢ hinh 4.

Hinh 4 cho thiy mirc d6 tuong quan giita % phén
huy thanh phan hiru co (theo CODy) va loai bo TSS
giam dang ké khi ting tai trong hitu co dau vao tir

2,0 1én 6,0g/L.ngay, hé sb twong quan giam tir 0,456
xudng con 0,124 va 0,036. C6 thé thiy hiu qua
phan huy thanh phan hiru co (COD,) va loai TSS la
it va khong twong quan. Diéu nay 1a kha phu hop vi
thue té ti 16 COD dang hoa tan trong mau nudc thai
1a kha cao (khoang 50%).
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Hinh 4. Twong quan vé % phan huiy thanh phan hitu co (theo CODt) va % logi bé TSS

3.4. Panh gia mat dd bun vi sinh (MLSS va vi
sinh bam dinh) trong cdt phan wng

Pé danh gia mat do ban vi sinh trong cot phan tng
& 3 ché do ung voi tai trong 2,0; 4,0 va 6,0

gCOD/L.ngay, nghién ciru tién hanh danh gia khoi
lwogng bun vi sinh trong cot phan wng va khéi lugng
bun vi sinh bam dinh trén vat liéu mang tuong ttng
v6i hiéu suit phan hay thanh phan hiru co theo
COD; (xem hinh 5).

20
3 (I 5°
16.8, @
2 : s
s | 65.5 _-
. 1 (] 56.8 ’
— h - ”
> 9% Phan hity thanh
=~ 10 phén hitu o (theo 10~
o -
= -
[= P
—
5 4&; 5.8 6.1
4.7
= TMB ban dau (g/L) == @= TMB sau khi vi sinh bam dinh (g/L)

2 3

Giai doan khao sat

Hinh 5. Gia tri mdt dé bun vi sinh ¢ cac ché dé tai trong hitu co khdo sét va hiéu suat phan huy
thanh phan hiiu co theo CODt

(Gid tri TMB bao gom téng heong biin vi sinh lo limg va va vi sinh bam dinh)
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Gia tri TMB sau khi két thac ché do 1 (2,0
gCOD/L.ngay) ting khong dang ké. Tuy nhién, &
4,0 va 6,0 gCOD/L.ngay mat d6 vi sinh trong hé
cao hon dang ké so véi mat do bun vi sinh ban dau,
tuong ung dat 10 va 16,8 g/L. Trong d6 chu yéu la
vi sinh bam dinh chiém khoang 90-92,5%. Két qua
thu dugc cling phu hop véi nghién ciu xir 1y nude
thai nudi lon bang hé phan ung theo mé lién tuc gia
thé chuyén dong (moving — bed SBR) cua
Sombatsompop va nnk (2011) s dung vat liéu
mang polyvinylchlorid (PVC) c6 dién tich bé mat
riéng 1a 400 m¥m? va ty I8 lip diy cot la 20% voi
mat do vi sinh ting khi tang tai trong hitu co tir
0,59 Ién 2,36 kgCOD/m?>.ngay [11].

4. KET LUAN

Nghién ctru danh gia hiéu qua phan huay thanh
phan hitu co trong nuéc thai chin nudi thuc té
cua hé phan ang mang vi sinh chuyén dong yém
khi qui md phong thi nghiém. Hiéu qua phan huy
thanh phan hitu co trong diéu kién tdi uu nghién
ctru dat cao nhat khoang 80 va 60 % tuong tng
voi COD, va CODy,. Hiéu qua loai TSS khé cao
dat 84-90%. Tuy nhién, su tuong quan gitta hiéu
qua phan huy thanh phan hiru co va hiéu qua loai
TSS khong rd rét, dac biét ¢ tai trong 4,0 va 6,0
gCOD/L.ngay. Pdng thoi ¢ 2 tai trong cao nay,
mat do vi sinh trong hé phan tng ting dang ké va
phan I6n 1a vi sinh bam dinh chiém khoang 90-
92,5%.

Loi cam on: Cac tac gia xin trén trong cam on
dé tai “Nghién citu xdc dinh cac thong sé dong hoc
trong md phong dé thiét ké hé thang xr ly yém khi
nuwoéc thdi chan nuéi lon” mi sé6 QG.22.07 da
hd tro vé trang thiét bi va diéu kién dé thyc hién
nghién cuu.
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