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Abstract: The dependence of removal rate and efficiency on COD loading rate in two anaerobic
systems using Internal Circulation (IC) and Modified Internal Circulation (MIC) models were
evaluated for the treatment of piggery waste in this study. Two systems were operated at a similar
COD loading rate and retention times at room temperature when using an
anaerobic sludge concentration of 13.3 gVMLSS/I. Generally, both ICand MIC achieved the
similar performances regarding total COD removal rate are in the range of 0.7 -
13.0 kgCOD/m?*/day with influent COD loading rate of 1.0 - 20.0 kg/m%day; soluble COD
removal rate are in the range of 0.3 - 4.0 kgCOD/m®day with influent soluble COD of 0.6 -
7 kgCO/m®/day. Both IC and MIC showed a similar performance regarding total and soluble COD
removal efficiencies, which are in the range of 69 - 71% and 65%, respectively. However, MIC is
more advantaged in the aspects of system manufacturing and operation.
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Tém tat: Bai bao danh gid mdi quan hé giira tai trong véi ning suat va hiéu suat xur Iy COD dbi
v6i cong nghé yém khi cao tai bang ki thuat tuan hoan noi (IC) va tudn hoan ndi cai tién (MIC) qui
moé phong thi nghiém 4p dung xir 1y nuéce thai chan nuéi lon. Hai hé dugce van hanh ¢ diéu kién
nhiét d6 thuong véi thoi gian luu nude, tai trong COD dau vao twong dwong nhau va co mat do
bun yém khi ban dau 13,3 g/I. Nhin chung ca hai hé IC va MIC c6 kha ning xt 1y 1a twong dwong
nhau vé6i nang suét xt ly COD téng trong khoang 0,7 - 13,0 kgCOD/m®/ngay Véi tai trong COD

vao tr 1,0 -

20,0 kg/m®ngay; nang suat xa Iy COD hoa tan trong khoang 0,3 - 4,0

kgCOD/m®/ngay Véi tai trong COD vao 0,6 - 7,0 kgCO/m®/ngay. Ca hai hé¢ IC va MIC c6 hiéu
suat xtr Iy COD tong va hoa tan twong duong nhau dao dong trong khoang 69-71% va 65%. MIC
¢ uvu diém hon so véi hé IC vé khia canh ché tao va van hanh.

Tir khéa: Tai trong, nang suat xir 1y, tudn hoan ndi, yém khi.

1. Mé dau

Nudc thai chan nu6i thudc loai nudce thai co
thanh phéan cin hiru co cao, chira nhiéu hop chat
kho phan hity sinh hoc va 1a mot ddi tuong rat
kho xur ly. Ki thuét yém khi Iu6n 1a su Iva chon

*Tac gia lién he.
Pia chi email: nguyentruongquan@hus.edu.vn
https://doi.org/10.25073/2588-1094/vnuees.4233

dau tién dbi voi loai nudc thai nay. Theo
Lettinga [1], hé yém khi 12 qua trinh dién ra
cham, tc d6 sinh trudong vi khuan yém khi thap
va nang suat xur 1y kém so véi ki thuat hiéu khi.
Tuy nhién céc ki thut yém khi hién dai gin day
duogc cai tién nhu ki thuat tudn hoan néi (IC -
Internal Circulation) c6 thé chap nhén tii trong
dau vao tr vai chuc dén hang trim
kgCOD/m*/ngay voi hiéu suat xi 1y 1én t6i 70-
90% [2, 3].
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Ki thuat tudn hoan ndi hoat dong dua trén
nguyén tic ctia hai bon phan Gmg yém khi
nguoc dong qua l6p dém vi sinh (Upflow
Anaerobic Sludge Blanket - UASB) xép chong
lén nhau. Khi tach ra tir bo phan tach pha bén
duéi chuyén dong 1én phia trén vao khoang thu
khi qua duong 6ng dan 1én. Dong khi chuyén
dong 1én s€ cuon theo nudc va bun tr vung
phan huy cao tai bén dudi. Sau khi tidch khi,
nudc va vi sinh dugc dua trg lai vao ving phan
ung xuong day bé, hoa tron v6i dong vao qua
duong 6ng dan xudng. Dong bun-nudc quay
ngugc lai vung phan Gng cao tai tao ra dong
tuan hoan lién tyc trong cot phan img - day 1a
tinh chit dac trung cua ki thuat tuan hoan ndi.
Ki thuat nay duoc dénh gia rat cao cho ning
suat xir Iy kha 16n trén don vi thé tich, gap toi
75 1an so voi ki thuat truyén théng (bdn phan
mg khudy tron hoan toan) va gap 3 1an so véi
ki thuat UASB [4]. Do vay, ki thuat nay duogc
lwa chon dé nghién ctru dbi véi loai nudc thai
¢6 thanh phan cin hiru co cao.
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2. Thwe nghiém

2.1. Hé thong xir Iy nwGe thai chan nudi qui mé
phong thi nghiém

Pé danh gia ning luc xir ly COD cua ki
thuat tudn hoan ndi, cac thi nghiém duogc tién
hanh trén 02 hé thi nghiém: (1) H¢ IC - dugc
thiét ké gom 01 cot phan ung c6 duong kinh
0,14m, cao 2m, ung voi thé tich V = 30 it
(Hinh 1) va (2) Hé MIC (K thuat tudn hoan ndi
cai tién — Modified Internal Circulation) - duoc
thiét ké gdom 03 cot phan tmg va 01 cot lang co
dudng kinh 0,14m va cao 1m, ing v6i tong thé
tich VV = 52 lit (Hinh 2). Hé MIC dugc cai tién
tur ki thuat IC voi muc dich lam giam chiéu cao
tir 2-3 1an dé dé dang ché tao, van hanh va tang
cuong kha niang tach bun sau xir Iy do bd tri
thém mot cot lang phia sau.

Hai hé IC va MIC dugc van hanh song
song, déu ¢ diéu kién thuong (khong diéu nhiét)
v6i thoi gian luu nude (24, 20, 16, 12, 10 va 6
gid) va gia tri COD dau vao twong duong nhau,
va c6 mat do bun yém khi ban dau 1a 13,3 g/l.
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Hinh 2. So d6 hé thong thi nghiém MIC.
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2.2. Ldy mau, phdn tich mau va tinh todn

Nude thai duge l4y tir cac ho nudi lon thit &
thon Péng My, Thanh Tri, Hi Noi. Diém lay
mau 1a hé ga, lay lic rira chudng véi tan suat
léy mau 1-3 lan/tudn. Mau duoc loc cin béng
ray c6 kich thudc 16 1mm sau d6 luu vao bon
chira, nudc thai duge kiém tra cac chi tiéu
COD, TSS, hiéu chinh nhim diam bdo su on
dinh vé thanh phan va tai trong COD. O ché do
khéi dong (thoi gian luu thiy lwc HRT=24h) ca
hai hé thi nghiém dugc van hanh lién tuc trong
khoang 2 thang dé vi sinh thich nghi, & cac ché
do tiép theo (tang dan tai trong dau vao) thi cac
hé dugc van hanh trong khoang 2-3 tuan va liy
miu dau vao, ddu ra (tdn sudt 2 ngay/lan) dé
phan tich cac chi ti€u ap dung cac phuong phap
phan tich tiéu chuén [5, 6]. Cac gia tri dugc lay
trung binh trong timg ché do thi nghiém.

Trén co so két qua phén tich chi tiéu COD
(g/1) va danh gia hidu qua xur ly d6i voi hai hé
thi nghiém (IC va MIC), chung t6i thiét 1ap mdi
quan hé giira tai trong voi niang sut xu 1y va
hiéu suat xir ly cia COD téng va COD hoa tan.

Tai trong (TT- kgCOD/m*/ngay), nang suét
xtr Iy (NSXL- kgCOD/m®/ngay) va hiéu suit xir
Iy (HS - %) duoc tinh theo cac cong thirc sau:

TT = CODxQ (1)

NSXL = TT, -TT, @)

HS = 1luo ~ T 90004 (3)
TTvao

Trong do:

- Q: Luu luong (m*ngay)
- V: Thé tich phan img cua hé xir 1y (m®).

3. Két qua va thio luin
3.1. Thanh phan nwée thdi nudi lon

Nuée thai co pH, gia tri COD tong, COD
hoa tan va TSS duogc trinh bay trong Bang 1.

Bang 1. Thanh phan nudc thai dau vao

Thong s6  Nudc thai thd  Nudc thai sau loc thd
pH 711 - 715 7,2 - 7,5

CODyng 4,200-6.800 4.000 - 6.500

(mg/1)

CODyoatan 750 - 1.450 550 -1.100

(mg/1)

TSS 1.500 - 2.800 1.450 - 2.750

(mg/1)

Nudc thai thd ban dau khi ly vé c6 gia tri
COD tong trong khoang 4.200-6.800 mgl/l,
COD hoa tan trong khoang 750-1.450 mg/l,
nudc thai sau khi loc thd cé gia tri COD téng
trong khoang 4.000-6.500 mg/l, COD hoa tan
trong khoang khoang 550-1.100 mg/I.

3.2. Méi quan hé tdi trong véi nang sudt xir 1y
va hi¢u suat xir ly COD tong

MA4i quan hé giira tai trong véi ning suat xir
ly va hiéu suét xi ly COD tong cua hai hé thi
nghiém IC va MIC duoc trinh bay trong Hinh 3
va Hinh 4. Trong d6, duong nét lién thé hién
duong hdi quy cac gia tri NSXL trung binh.
Cac duong chéo nét dat biéu didn cac duong
muc hiéu suat xir ly tinh theo tai trong COD dé
Viéc quan sat va danh gia dugc thuan tién.

Db thi Hinh 3 va Hinh 4 cho thdy NSXL
COD tong véi tai trong COD dau vao cua hé 1C
va MIC c¢6 mdi quan hé tuyén tinh, tac I khi
tang tai trong COD tong dau vao thi NSXL ting
lén. Trong céc ché do thi nghiém, tai trong
COD tong dau vao chi khao sat dén 20,8
kgCOD/m®/ngay vi khi tiép tuc ting bang cach
b6 sung nudc thai dam dac hoic ting luu lugng
dau vao (giam thoi gian luwu) thi luwong cin
(TSS) di vao hé thi nghiém sé gay anh huong
rat 16n dén kha nang ling va tach bun (bao gdbm
ca can) dan dén bun bj rira troi tai dau ra.
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Hinh 3. Mbi quan hé giita NSXL va HSXL véi TT
COD tong dau vao (H¢ 1C).

Déi véi hé IC (Hinh 3), tai trong COD téng
dugc khao st tir 1 - 19,7 kgCOD/m®ngay thi
NSXL cua hé xu ly dugc tr 0,7 - 13
kgCOD/m®ngay va HS xur 1y dao dong trong
khoang tir 63-75% (gia tri trung binh la 69%),
tai cac diém co tai trong thap thi hé xir 1y dat
HS xir ly trung binh trén 70% (HS cao nhat tai
TT = 4,9 kgCOD/m*/ngay dat 75%). Trong khi
d6, hé MIC (Hinh 4) duwgc khao sét tai trong
COD tir 0,8 - 20,8 kgCOD/m*/ngay thi NSXL
cta hé xir 1y duoc tir 0,3 - 16 kgCOD/m®/ngay,
dat hiéu su So sanh hé MIC va hé IC cé thé
thiy rang hiéu suat xa ly COD hoa tan trung
binh cua hai hé 14 twong dwong nhau va 6n dinh
nhu nhau do cac gia tri NSXL nam trong
khoang dao dong gan nhu nhau, hiéu qua xu ly
cua hai hé déu dat gié tri trung binh 13 65%.

at xu ly trong khoang tir 67-77 % (gia tri
trung binh 1 71%, trir gia tri tai diém ban dau Ia
giai doan khoi dong c6 TT = 0,8
kgCOD/m®/ngay, HS = 42%), HS xu ly cao
nhét tai TT = 20,8 kgCOD/m®/ngay dat 77%.

So sénh hai hé IC va MIC ¢ thé thay ring
HSXL trung binh cia hé MIC (71%) tuong
duong vai hé IC (69%). Tuy nhién, hé MIC cé
cac gia tri NSXL nam trong khoang dao dong
nho hon so véi hé IC (so sanh khoang cuc dai
trén va dudi tai mdi gid tri TT trén do thi). Diéu
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Hinh 4. Mbi quan hé gitra NSXL va HSXL v6i TT
COD tong dau vao (H¢ MIC).

nay cho thdy h¢ MIC c6 kha nang xir ly COD
tong 6n dinh hon so véi hé IC.

3.3. Moi quan hé tdi trong véi nang sudt xir 1y
VA hiéu suat xur ly COD hoa tan

MGi quan hé giira tai trong voi nang suat xir
ly va hiéu suat xu ly COD hoa tan cua hai hé thi
nghiém IC va MIC dugc thé hién trong Hinh 5
va Hinh 6.

Db thi Hinh 5 va Hinh 6 cho thdy NSXL
COD hoa tan véi tai trong COD dau vao cua hé
IC va MIC ciing c6 mdi quan hé tuyén tinh, tic
la khi tai trong COD hoa tan dau vao ting thi
NSXL tang.

Dbi véi hé IC (Hinh 5), tai trong COD hoa
tan duoc khao sat tir 0,6 - 7,2 kgCOD/m®/ngay
thi NSXL cua hé xu 1y dugc tr 0,3 - 4,8
kgCOD/m®ngay va hiéu suat xur ly dat trong
khoang tir 54-72% (gié tri trung binh l1a 65%).
Trong khi d6 hé MIC (Hinh 6) dugc khao sat
tai trong COD hoa tan tr 0,6 - 6,3 kg
COD/m®/ngay thi NSXL cuaa hé xt 1y dugc tir
0,2 - 4,0 kgCOD/m?/ngay va dat hiéu suat xir ly
trong khoang tir 60-71 % (gia tri trung binh la
65% - trir thoi diém ban dau 1a giai doan khoi
dong c6 TT = 0,6 kgCOD/m®/ngay, HS chi dat
33%).
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Hinh 5. Mbi quan hé gitta NSXL va HSXL v6i TT
COD hoa tan (H¢ IC).

Nhin chung ca hai h¢ IC va MIC c6 kha
nang xu ly la twong dwong nhau véi NSXL
COD téng trong khoang 07 - 13
kgCOD/m®ngay véi TT COD vao tir 1,0 - 20
kg/m*/ngay; NSXL COD hoa tan trong khoang
0,3-4,0 kgCOD/m3/ngay v6i TT COD vao 0,6-
7,0 kgCOD/m®/ngay.

4. Két luan

Két qua nghién ciru va danh gia mdi quan
hé giita tai trong véi nang suat xur ly va hiéu
suat xir ly COD cua hai hé thi nghiém IC va
MIC cho thay: H&é MIC xir ly COD téng hiéu
qua va 6n dinh hon mot chit so véi hé IC, con
d6i véi COD hoa tan thi ca hai hé déu xu ly 6n
dinh va hiéu qua xir 1y 1a tvong duong nhau. Vé
mat tng dung thuc té, hé MIC c6 wu diém hon
s0 vai hé IC vé khia canh ché tao va van hanh.

M&i quan hé giira tai trong COD dau vao
V6i ning suat xo ly va hiéu suat xi ly COD
thiét 1ap dugc 1am co so tinh toan, thiét ké xay
dung mot hé xir 1y nudc thai gidu htru co trén
thuc té khi lya chon cong nghé xu ly yém khi
cao tai.

Loi cam on

Céc tac gia xin cam on Dé tai cAp nha nudc
“Nghién ctru va ung dung cdng nghé tién tién
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Hinh 6. Mbi quan hé gitra NSXL va HSXL v6i TT
COD hoa tan (Hé MIC).

phu hop véi diéu kién Viét Nam dé xa ly 6
nhiém moi trudng két hop véi tan dung chat
thai cua cac trang trai chin nudi lon.” Ma sé:
KC.08.04/11-15 do Bo Khoa hoc va Céng nghé
tai tro.
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