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Abstract: An air-lift bioreactor using PVA-gel was used to remove organic components in
wastewater treatment. The wastewater treatment system using Sequencing Batch Reactor with
carrier material volume of 5%, activated sludge density of 2.5 g/L to treat artificial wastewater made
from cat food (Whiskas) with initial COD content of 2,000 mg/L. After 10 days of operation, the
removal efficiency of total COD, soluble COD, and TSS achieved 92, 89, and 84%, respectively.
Despite the high removal efficiencies of organic components, the output wastewater did not achieve
QCVN 40:2011/BTNMT (Column B) discharge standards. Due to high concentrations of TSS and
slow biodegradable organic components. The experimental system will be necessary to study the
operating conditions to treat wastewater more efficiently and achieve the discharge standards to
the environment.
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Tém tit: Hé phan tmg sinh hoc khi nang (hé Air-lift) sir dung vat liéu mang polyvinylancol dang
hat gel (PVA-gel) dugc nghién ctru dé danh gia hiéu qua xir 1y thanh phan hiru co c6 trong nudce
thai. Hé xtr 1y nudc thai bang phuong phép sinh hoc theo quy trinh phan tmg theo mé (Sequencing
Batch Reactor) sir dung vét liéu mang chiém 5% thé tich, mat d6 bun hoat tinh 2,5 g/L dé xir Iy nudc thai
nhén tao duoc didu ché tir thirc an cho méo (hdng Whiskas) v6i ham luong COD ban dau 2.000 mg/L.
Sau thoi gian hoat dong trong khoang 10 ngay, hiéu suat xir Iy COD tong, COD hoa tan va TSS dat
céc gia tri twong tng 14 92, 89, 84%. Tuy hiéu qua xir Iy cic thanh phan hitu co dat dugc 1a kha cao
nhung do nudc thai nhan tao co nhiéu TSS va thanh phin hiru co kho phan hiy sinh hoc dan
dén nudc thai du ra chua dat tiéu chuén xa thai QCVN 40:2011/BTNMT (Cot B), do d6 can phai
nghién ciru tiép cac diéu kién van hanh dé hé thi nghiém xu Iy hiéu qua hon va dat tiéu chuén xa

thai ra moi truong.

Tir khéa: Hé Air-lift, vat liéu mang PVA-gel, nudc thai nhan tao, chét hitu co, hiéu sudt xt 1y.

1. Mé dau

Hién nay, 6 nhiém nuéc thai dang 1a vin dé
rat ddng quan tm cua cac nha quan 1y ciing nhu
cac nha khoa hoc trén thé gioi. Nudc thai cua
mot s6 nganh cong nghip nhu nganh gidy, dét
nhudm, san xuit mia dudng, ché bién tinh bot
san, ché bién thiy san, chan nuéi,... thuong chira
lugng 16n cac chét hitu co, cin, nito va phét pho
[1-4]. Nudc thai giau hitu co thuong c6 tai lueong
I6n, dé bi phan hity boi cac vi sinh vat gy mui
héi thdi, 1am suy giam oxy trong nudc gay chét
céc sinh vat va mit can bang sinh thai, anh huong
nghiém trong dén méi truong.
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C6 nhiéu phuong phap dé xir 1y nudc thai
giau hitu co, trong do pho bién 1a cong nghé vi
sinh. Nhitng nghién ctru gan dy cho thay dé ting
cuong hi€u qua loai bo chét hitu co, viée ap dung
vat liéu mang vi sinh nham nang cao mat do vi
sinh ciing dugc st dung rong rai & Viét Nam, phu
hop v6i xu hudng nghién ctru va ap dung trén thé
gidi. Sinh khéi dugc hinh thanh bén trong va bén
ngoai vat li¢u hd tro glup tang cuong su tlep xuc
giita cc chat 6 nhiém va vi khuan tiéu hoa, do
do6, 1am tang hiéu quéa xtr 1y tong the [5-8]. Bé
tang mat do vi sinh va kha nang tlep xuc gitra
mang vi sinh v6i co chat, mot sé loai vat liéu
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mang duoc ap dung phd bién trén thi trudng
nhu polyetylen (PE), polyvinylancol (PVA),
polyuretan (PU),... [5, 9].

PVA-gel 1a mét hydrogel x6p, thuong dugc
sir dung dé 1am chat mang luu giit sinh khéi do
Cong ty Kuraray, Nhat Ban san xuét, né c6 dang
hinh cau dudng kinh 4 mm, mau trang dugc lam
tur nhya PVA (Polyvinyl Alcohol) véi ham lugng
chat rin khoang 10% (d6 x6p 90%) va trong
luwong riéng 1a 1,025 g/ml. PVA-gel ¢6 nhiing uu
diém 1a khong hoa tan trong nudc, khong doc
hai v6i vi sinh, c6 d0 Xép cao do d6 kha nang
¢d dinh vi sinh tét nén tai xir Iy cao, kha nang xir
ly dat hiéu qua gip 5 lan so v&i bun hoat tinh
thong thuong.

HéE phan ung sinh hoc khi nang (Air-lift
bioreactor, goi tat 1a hé Air-lift) 1a bé phan tng
sinh hoc duoc kich hoat bang khi nén tin dung
loi thé cua viéc phun mot dong khi (thuong 1a
khong khi) dé tron va 1am trung gian chuyén cac
chat ¢ thé khi (tirc 1a O, va CO») voi pha long.
Tuy nhién, khong gidng nhu trong céac bé phan
tng kich dong bang khi nén o dién, noi tron chat
long 1a ngdu nhién (tirc 1a cot bong bong), thiét
ké cu thé ctia hé Air-lift lam cho chét long luu
thong gitra hai vung két nbi duoc goi 1a Ving
dang va Vung chay xuong [10].

Trén thé gii di c6 nhiéu nghién ctru ap dung
cac cong nghé hién dai nhung da cai tién hodc
két hop cac cong nghé v6i nhau dé tao nén hé
thdng xir 1y dat hiéu qua cao hon. Theo két qua
cua Cvetkovic va nnk (2017) nghién ctiu hé
Air-lift sir dung 12,4% thé tich PVA-gel dé xir ly
nude thai nha may san xudt tinh bot véi ham
luong COD dau vao khoang 50 g/L cho hiéu qua
xtr Iy COD dé phan huy sinh hoc & thoi gian luu
8 gio dat 90% [11], con Papadimitriou va nnk
(2010) danh gia anh hudng cua Cr(VI) dbi véi
cac hé thi nghi€ém bun hoat tinh khong va c6 st
dung 5% thé tich vat liéu mang PVA véi ham
lugng COD dau vao 1.200 mg/L trong 10 ngay,
két qua thu duoc voi hiéu suat loai bo chat hiru
co dat trén 90% [12], trong khi d6 Singh va nnk
(2016) nghién ctru h¢ phan ung mang vi sinh
chuyén dong (Moving Bed Biofilm Reactor) sir
dung 5% thé tich PVA dé xir Iy nudc thai do thi
co tai trong tir 1,05-2,11 kgCOD/m3.ngay, sau 4

thang cho thiy hiéu quéa loai b6 COD dat 91%
[13]. Mt khac, Wang va nnk (2017) da ap dung
PVA gel (10% thé tich) trong h¢ théng phan tng
mang sinh hoc chuyén dong dé xur Iy nude thai
sinh hoat véi ham lugng COD dau vao 140-270
mg/L, sau 2 tuan chi loai bé duoc hon 70% COD
[14]. Trong khi d6 ¢ Vi¢t Nam, Pham va nnk
(2014) da khao sat tir 6-14% thé tich PVA lam
vat liéu mang vi sinh trong hé yém khi dé xur ly
nude thai tong hop co gia tri COD ban dau 1a
12,5 g/L, hiéu suat loai bo TOC dat trén 80%
[15]. Do d6, kha ning xir Iy cac thanh phan trong
nuoc thai cua hé Air-lift st dung vat liéu mang
PVA-gel duoc nghién ciru dé danh gia hiéu qua
cua h¢ thi nghiém.

2. Thuc nghiém

2.1. H¢ Air-lift xur ly nuoc thai qui mé phong
thi nghiém

Pé d4nh gia nang luc xtr 1y thanh phan hitu co
trong nudc thai nhan tao, hé Air-lift duoc thiét ké
gdm 01 bé phan tmg hinh tru dugc lam bang thuy
tinh hitu co plexiglas trong sudt c6 duong kinh
D = 350 mm va chiéu cao H = 500 mm; 02 16p
véch ngin hinh try dugc lam bang nhwa véi dudng
kinh va chiéu cao twong tmg 1a Dy = 300 mm,
D, = 210 mm va H; = 400 mm, H, = 360 mm;
01 éng déan khi theo truc trung tim xudng dudi
day. Thé tich hiéu dung (thé tich hoat dong timg
mé thi nghiém) cta hé 1a V = 30 lit.

Nudc thai nhan tao duoc diéu ché tir thire dn
cho méo (hdng Whiskas - di duoc sdy kho,
nghién nho va ray ¢ kich thuéc 1 mm) bang cach
cAn mot luong thire dn x4c dinh (theo ting ché
d6 khao sat) cho vao h¢ thi nghiém, sau do bat
bom suc khi (chinh DO khoang 4-5 mg/L). Khi
di tir trén xudng theo dng trung tdm duoc phan
bd déu 4 hudng, khi khi di ra Vung dang tiép dén
1a di thang 1én kéo theo hdn hop nudc thai, vi
sinh va vat liéu mang (néu c6) di 1én sau d6 khi
thoat ra ngoai con phan hdn hop nudc chay tran
sang ngin bén canh (Ving chay xudng) dé di
xudng (Hinh 1). Qua trinh ct dién ra lién tuc nhu
vay lam ting kha ning khudy tron trong hé ciing
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nhu ting kha nang tiép xuc giita vi sinh va cac
thanh phan c6 trong nudc thai.

He thi nghiém duoc khao sat theo mé ¢ 2 ché
d6 COD ban dau 1a 1.000 mg/L (khoi dong) va
2.000 mg/L khi khéng va c6 st dung vat li¢u
mang PVA-gel chiém 5% thé tich, mat do bun
hoat tinh 2,5 g/L [12, 13]. Mbi ché 6 COD duoc
khao sat theo mé trong khoang 10 ngay, sau khi
két thiic mot ché do hé thi nghiém lai thiét 1ap
ché db tiép theo.

2.2. Ldy mau, phdn tich mau va tinh todn

Hg thi nghiém dugc van hanh theo mé trong
khoang 10 ngay ¢ mdi ché d6 COD ban déu,
trung binh cr sau 2 ngay hé thi nghiém dugc
dirng suc khi va dé ling trong thoi gian 1 gid, sau
d6 lay mau dau ra (6 van lay mau hodc & Ving
lang) dé phan tich COD va TSS.

Quy trinh 14y mau dwoc 4p dung theo Tiéu
chuan Viét Nam TCVN 6663-14:2018 (ISO
5667-14:2014) va bao quan mau theo tiéu chuan
TCVN 6663-3:2016 (1SO 5667-3:2012).
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Cac phuong phap phan tich mau dugc ap
dung theo cac phuong phap tiéu chuin cua thé
gidi [16]. Cac mau dugc phan tich 1ap lai 3 lan,
liy gia tri trung binh dé d4nh gia s6 liéu.

Xéc dinh khéi luong bun vi sinh bam dinh
trén vat li€u mang: dong 10 ml vét liéu mang
PVA-gel (1am 1ap 3 1an), dém sé hat gel va gia
tri trung binh. Sau d6 1iy 100 hat gel trudc va sau
khi thi nghiém dem sdy va can khdi lugng theo
phuong phap xac dinh TSS [16].

3. Két qua va thao luin
3.1. Thanh phdn nwéc thai nhan tao

Xéc dinh cac thanh phan co ban trong nudc
thai nhan tao bang cach can 1 g thirc an ctia méo
(d3 dugc chuén bi & trén) cho vao cbc dung 1 lit
nuée, khudy déu sau d6 1dy mau phén tich thu
duogc cac gid tri dugc trinh bay trong Bang 1.

\ @210
it

Hinh 1. So 6 thiét ké hé phan mg sinh hoc khi nang Air-lift.

Bang 1. Thanh phan nudc thai nhéan tao

Thong sb Gié tri QCVN 40:2011/BTNMT (Cdt B)
pH 71-175 55-9
CODiing (Mg/L) 830 — 838 150
CODha tan (MQ/L) 25152574 -
TSS (mg/L) 353,2 - 362 100
TN (mg/L) 37,2386 40
TP (mg/L) 10921135 6
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Theo két qua phan tich trong Bang 1 cho thy
ham lugng ctia COD tong, TSS, TN va TP c6 gia
tri trung binh tuong tng 1a 833,3; 358,4; 37,8 va
111,6 mg/L, ham lugng COD hoa tan c6 gia tri
trung binh 13 255 mg/L. Két qua thu duoc nay s& 1a
co so dé tinh toan luong thirc dn cia méo can pha
nudc thai ban dau & cac ché do khao sat tiép theo.

Tuy nudc thai nhan tao khong ¢ thanh phan
dac trung cua bét ky loai nudc thai thyc nao
(nudc thai cong nghiép, nude thai chan nudi,...)
nhung né dugc ché tao tir thirc dn cho méo (gém
c6 tinh bot, thit, ca bién,...) nén co cac thanh
phﬁn co ban nhu chét hitu co, chat dinh dudng,
TSS va thanh phan hitu co khé phan huay sinh

hoc, do d6 nudc thai nhan tao duge diéu ché dé
dang va c6 thanh phan cac chat 6n dinh.

3.2. Hiéu qua xu Iy cua hé Air-lift khi khong su
dung vdt liéu mang

3.2.1. Ché dj khoi dong (COD ban diu
1.000 mg/L)

Hé Air-lift dugc van hanh ¢ ché do khoi
dong v6i COD tbng ban dau 1.000 mg/L (tuwong
duong voi can 36 g thic an meo cho vao hé thi
nghiém), ham luong dau ra va hiéu suat xtr 1y cua
COD téng, COD hoa tan va TSS duogc trinh bay
trong Hinh 2.
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Hinh 2. Dién bién va hiéu suat xtr Iy COD va TSS & ché do khoi dong khi khong sir dung PVA.

P thi Hinh 2 cho théy ham lugng COD
trong hé phan tmg ban dau 1a 1.000 mg/ L, sau 2
ngay dau ham luong COD téng giam xubng con
360 mg/L, hiéu sut xtr 1y dat 64% va sau 10
ngay van hanh hé thong, COD tong giam xudng
190 mg/L v6i hidu suét xir ly dat dugc 81%. Ham
luong COD hoa tan ban dau 1a 306 mg/L, sau 2
ngay dau ham lugng COD hoa tan giam xudng
126 mg/L, higu suat xir ly dat 59% va sau 10
ngdy van hanh hé thong, ham luong COD hoa
tan giam xubng con 33 mg/L, hiéu suit xir Iy ca
qua trinh dat dugc 1a 89%.

Trong khi d6, ham luong TSS ban dau la
430 mg/L, sau 2 ngay ddu ham luong TSS giam
xudng con 155 mg/L, hiéu suit xtr Iy dat 64% va
sau 8 ngay van hanh tiép theo, ham lugong TSS 1a
92 mg/L, hiéu suét xu ly dat 79%.

3.2.2. Ché do khio sat COD ban dau
2.000 mg/L

Heé Air-lift duoc khao sat & ché do COD tong
ban dau 2.000 mg/L (twong dwong véi can 72 g
thirc an méo), bun vi sinh ¢ ché do COD
1.000 mg/L duogc giit lai. Him luong diu ra va
hidu suat xir Iy ctia COD tong, COD hoa tan va
TSS duoc trinh bay trong Hinh 3.

D6 thi Hinh 3 cho thiy ¢ ché d6 COD ban
dau 1a 2.000 mg/L, xu hudng dién bién dau ra
ctia COD tong, COD hoa tan va TSS ciing tuong
t nhu & ché do COD 1.000 mg/L. Sau 2 ngay
d4u ham lugng cac chit déu giam nhanh, & cac
ngy tiép theo ham lugng cac chit giam xudng
khong dang ké va sau 10 ngay van hanh hiéu suat
xit Iy COD téng, COD hoa tan va TSS cua hé
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Air-lift khong st dung vat liéu mang dat dugc
lan luot 1a 88, 86 va 83%.

Sau khi két thiic thi nghiém cta h¢ Air-lift
khi khong sir dung vat liéu mang PVA, 1iy mau

xac dinh ham lugng TSS dé danh gia mat d6 bun
vi sinh trong hé phan tng, két qua cho thay ham
lugng TSS 1a 2,86 g/L. cao hon mét d§ bun vi
sinh dua vao ban dau (2,5 g/L).
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Hinh 3. Dién bién va hiéu suit xtr Iy COD va TSS khi khong sir dung PVA.

3.3. Hiéu qua xu ly cua hé Air-lift khi su dung
vdt liéu mang PVA-gel

3.3.1. Ché dj khoi déng (COD ban dau
1.000 mg/L)

Hé thi nghiém duoc van hanh & ché d6 khoi
dong voi COD tong dau vao 1.000 mg/L duoc
thiét 1ap lai voi mat do bun vi sinh 2,5 g/L va bd
sung 5% thé tich vat liéu mang PVA-gel, két qua
duoc trinh bay trong Hinh 4.

—a—CODt ——CODht —+—HSXLCODt —e—HSXL CODht
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O ché do khoi dong khi str dung PVA-gel,
dién bién dau ra va hiéu suit xtr Iy cia COD
tong, COD hoa tan va TSS (Hinh 4) ¢6 xu hudng
tuong tu nhu hé khong sir dung vat liéu mang,
sau 2 ngdy dau ham luong cac chat giam nhanh
sau d6 giam cham va cac gia trj thay d6i khong
dang ké, hiéu suat xtr Iy sau 10 ngay van hanh hé
théng ciia COD téng, COD hoa tan va TSS dat
duogc tuong tng 1a 81, 84 va 83%.
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Hinh 4. Dién bién va hiéu suat xtr Iy COD va TSS & ché do khoi dong khi sir dung PVA.

3.3.2. Ché do khao sat COD ban diu
2.000 mg/L

H¢ Air-lift dugc khao sét & ché do COD tong
ban dau 2.000 mg/L (bun vi sinh & ché d6 COD

1.000 mg/L dugc giit lai), két qua dugc trinh bay
trong Hinh 5.

Hg Air-lift & ché d6 COD ban dau 2.000 mg/L

st dung vat liéu mang PVA-gel c6 xu hudng
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dién bién dau ra cua cac chat ciing trong tw nhur
& 3 ché do khao sat trudc d6 (thé hién ¢ Hinh 5),
ttrc 1a ham luong cac chét cling giam manh sau 2
ngdy dau va sau do cac gia tri thay ddi khong
dang ké & cac ngay tiép theo. Sau 10 ngdy vén
hanh, hiéu suét xtr Iy COD tong dat dugc 92%,
COD hoa tan dat 89% va TSS
dat 84%.

Sau khi két thic thi nghiém, 14y mau dé xac
dinh ham luong TSS trong bé phan tmg va
khdi lugng bun vi sinh bam trén vt liéu mang.
V6t hét vat liéu mang ra ngoai (1,5 lit ban dau
cho vao), lay 100 hat PVA-gel (so voi 100 hat
khong cho vao hé thi nghiém) dem siy va can
khdi lugng, xac dinh dugc khéi luong bun kho 1a
0,0049 g/100 hat tuong duwong véi 0,01 g/205 hat
(10 mL). Phan con lai trong bé phan tng, lay
mau dé xac dinh TSS, két qua cho thdy ham
luong TSS trong bé phan tng 14 2,92 g/L. Do d6
tong ham luong TSS sau thi nghiém thu duogc 1a
2,97 g/L, cao hon ham lugng TSS & ché do
khong st dung PVA-gel (2,86 g/L).

Két qua nay cho thdy, khi b sung PVA-gel,
hiéu suét xir Iy COD tong va COD hoa tan cao
hon & ché do khong str dung vat liéu mang, cac
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gia tri tuong ng 1a 92 va 89% so voi 88 va 86%.
Piéu nay cho thdy khi vi sinh da thich nghi va
phat trién trong mdi trudng nudc thai nhan tao
(mat d6 bun vi sinh tang 1én) nén hi€u qua xu ly
COD t6t hon. Tuy nhién hi¢u suat xtr Iy TSS khi
st dung vat liéu mang twong duong voi khi
khong sir dung vat liéu mang (84% so vadi 83%).

Hiéu qua xir Iy thanh phan COD cta hé Air-
lift sir dung PVA-gel & ché d6 COD 2.000 mg/L
dat duoc twong dwong voi két qua nghién ciru
clia mot s6 nhom nghién ciru trén thé gidi nhur
nhom  Cvetkovic  (90%) [11], nhdém
Papadimitriou (90%) [12] va nhém Singh (91%)
[13]. Trong khi d6 két qua nay cao hon cac két
qua nghién ctru cua nhom Wang (70%) [14] va
nhom Pham (80%) [15]. Piéu nay cho thdy, mic
du nude thai nhan tao duoc ché bién tir thirc dn
cho méo cua hang Whiskas c6 ham lugng TSS
va thanh phan hitu co khé phan huy sinh hoc cao
va cdc gia trj cua thanh phan dau ra chua dat tiéu
chuin x4 thai QCVN 40:2011/BTNMT (Cét B)
nhung két qua thu duogc 1a rat kha quan va c6 kha
nang ung dung nghién ciru tlep cac diéu kién toi
wu dé chat luong nudce thai dau ra dat tiéu chuan
xa thai ra moi truong.
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Hinh 5. Dién bién va hiéu suit xtr Iy COD va TSS khi st dung PVA.

4. Két luan

Két qua nghién ctru hidu qua xtr 1y cac thanh
phan COD va TSS co trong nudc thai nhan tao
dugc ché bién tir thirc an cho meo cia hé phan
ung sinh hoc khi nang Air-lift st dung vét li¢u
mang PVA-gel cho thay hiéu suit xir Iy COD

tong dat dugc 92%, COD hoa tan dat 89% va
TSS dat 84% ¢ ché d6 COD ban dau 2.000 mg/L.

Hiéu qua xir 1y cac thanh phan hitu co dat
duogc 1a kha cao nhung do nudc thai nhan tao co
nhiéu TSS va thanh phin hitu co kho phan hay
sinh hoc nén nudce thai dau ra chua dat tiéu chuan
xa thai, do d6 can phai nghién ciru tiép cac diéu
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kién van hanh nhu nudc thai, mat do bun vi sinh,
thé tich vat liéu mang hay ché d6 suc khi,... dé hé
thi nghiém xu 1y hiéu qua hon va dat tiéu chuan
xa thai ra moi truong.
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