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Ung dung hat PVA gel dé ¢é dinh sinh khéi AOB va Anammox cho
xu ly nito trong nuéc thai sinh hoat
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TOM TAT

Nghién clu nay danh gid hiéu qua cla hé xr Iy nito ty dudng mot bac (SANR) st dung hat polyvinyl
alcohol (PVA) gel c6 dinh vi khudn oxy héa amoni (AOB) va anammox cho xUr ly nudc thai sinh hoat
c6 ty 1&é C/N thap. M6 hinh quy mé phong thi nghiém (thé tich lam viéc 10,8 L) dugc van hanh
vdi suc khi gidn doan, duy tri néng dé oxy hoa tan trong khoang 0,1-0,8 mg/L. Néng dé amoni
dau vao dao dong tlr 50 dén 60 mg NH4*-N/L, va tai trong nita (NLR) dugc tang dan tir 0,06 1én
0,34 kgN/m3/ngay thong qua viéc gidm thdi gian luu nudc tir 28,8 xuéng 4,8 gid. Tai NLR 0,34
kgN/m3/ngay, hiéu suat loai béd amoni dat khoang 90% (gia tri trung binh = SD), trong khi hiéu
sudt loai bd téng nita dat trung binh 53%. Hién tugng tich Gy nitrit thodng qua (>40 mg NO, -N/L)
trung vdi giai doan hiéu suét loai bd t8ng nita suy gidm. Cac thi nghiém mé cho thady hoat tinh
AOB (46-76 mg NH4™-N/g VSS/ngay, cao hon dang ké so vai hoat tinh NOB (3,1-7,1 mg NO3™-N/g
VSS/ngay), phan anh kha nang Uc ché hiéu quéa clia NOB. Hoat tinh riéng clia anammox tang tu
46,5 1én 89,8 mg N»-N/g VSS/ngay khi tai trong nita tdng, nhung ¢ xu hudng tiém can & tai trong
cao. Két qua cho thay tiém nang clng nhu cac gidi han van hanh cta hé SANR-PVA gel trong xUt
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ly nudc thai sinh hoat dong chinh.

Tu khoa: PVA gel, annamox, nudc thai sinh hoat, x(r Iy nita, CANON

GIOI THIEU

So véi cac quy trinh truyén thong trong loai b nito,
cong nghé nitrit héa moét phan (Partial Nitritation
- PN) néi bat nh¢ tinh kinh té va hiéu qua vé mat
tiéu thu nang lugng. Dic biét, quy trinh két hgp
PN/anammox (PN/A) theo m6 hinh mot bac bun,
chdng han nhu qud trinh Completely Autotrophic Ni-
trogen removal Over Nitrite (CANON) ,c6 kha nang
giam t6i 60% chi phi nang lugng, gidm 90% lugng
bun phat sinh va khong can bé sung chit nhan dién
tii . DU khong yéu ciu ngudn cacbon hitu co dé thyc
hién qua trinh loai bo nito, quéa trinh CANON van
can stt dung cacbon v6 co, dién hinh 1a HCO3 ™. Viéc
van hanh qud trinh CANON theo ché d6 suc khi gian
doan c6 thé lam gidm hiéu sudt cha ca hai qué trinh
6xy h6a NH4*; khi qua trinh nitrit hda hiéu khi chiém
uu thé, hiéu sudt cia anammox suy giam, va ngugc
lai%?. Tai Viét Nam, d4 c6 nhiéu nghién ctiu lién quan
dén ting dung qua trinh CANON, vi du nhu x Iy nito
trong nudc ri rac cii?, nudc thai cao su’, nudc thai
chin nuéi®, déu la cac loai nuéc thai c6 ham lugng
nito cao. Trong khi d6, ing dung cong nghé nay doi
v6i nudc théi sinh hoat ¢6 ham lugng nito thép va
trung binh van con han ché. Yéu td quan trong quyét
dinh su thanh céng ctia cdng nghé CANON chinh 1a
duy tri dugc qud trinh PN 6n dinh va hiéu qua lau dai

nhdm dam béo t6c dd oxy hda amoni cao cling nhu
cung cip dong nitrit 6n dinh cho qua trinh anammox
dién ra dong thoi. Ngugc lai, néu qud trinh PN thiéu
6n dinh, vai tro cht dao ctia vi khuén oxy héa amoni
(AOB) trong hé vi sinh bi suy gidm do sy phat trién
thich nghi ctia vi khuén oxy héa nitrit (NOB), nhém
vi sinh vat canh tranh truc tiép oxy v6i AOB va dong
thdi canh tranh nitrit v6i anammox trong qué trinh
xtii Iy nudc thai”.

Mot trong nhiing nhugc diém ctia qué trinh CANON
la vi khuén anammox c¢6 t6c d¢ ting trudng chim,
dong thoi dé dang bi rtia troi trong qué trinh hoat
dong®. Nhugc diém nay c6 thé dugc khic phuc bing
cach c6 dinh vi khuan Anammox va AOB trén PVA
gel, st dung qua trinh kht nito mot bac bun (SANR,
Single-stage Autotrophic Nitrogen Removal)®. PVA
gel 1a mot polymer téng hop ré tién, khong doc hai,
khong hoa tan trong nudc, khong bi phan hay sinh
hoc va c6 do x6p cao da dugc ting dung rong rai trong
viéc ¢8 dinh cac vét liéu mang dic tinh sinh hoc®1°.
Vi khuén anammox va AOB c§ dinh trén chit mang
PVA gel, gitp vi khudn AOB bam dinh mat ngoai hat
gel & viing hiéu khi, trong khi vi khufn anammox bén
trong dugc bao vé khoi su tic ché oxy, diéu nay gitp
ngan can khuéch tan oxi vao bén trong hat gel do dé
vi khuin anammox khong bi dnh hudng boi oxy hoa
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tan®. Qud trinh oxi héa NH,*, d6ng thdi xay ra &
diéu kién hiéu khi bdi AOB va ki khi bdi anammox,
nén t6c do gan dat cyc dai. Hon niia, ¢ dinh t€ bao
bang gel vugt trdi so véi bun hat tu két tu vé mat do t€

bao va d6 6n dinh co hoc 112

. Ky thuét nay con hé
trg su phan l4p vi khuén chiic ning, gép phin ning
cao hiéu sudt hé thong va tinh linh hoat trong vin
hanh 3. Hon nita, khi stt dung hat gel, ¢6 dinh ca PN
va annamox (SANR), viéc tiéu thu nitrit cia vi khudn
anammox sé xdy ra dong thoi véi viée san xudt nitrit
ctua AOB, gitip han ché ddc tinh cta nitrit d6i véi vi
khuin anammox 4. Do d6, qua trinh PN 8n dinh dat
dugc nho hat gel ¢6 dinh ¢6 nhiing vu diém 6 rét d6i
vdi nudce thai do thi.

Nghién ctiiu vé tinh 6n dinh ctia hat gel (Gel-
immobilized) ¢6 dinh NP/anammox bai'> cho thiy
qua trinh nitrit hoéa ban phan (PN) 6n dinh khong
phu thu¢c vao néng do nite amoni cao, va ty 1é tich
liry nitrit dat 95,2 4 0,7%. Wang va cong sy '® ciing
cho rang hat gel ¢4 dinh anammox c6 téc d6 loai bo
nito cao dat 1,21 & 0,02 ng-(m3~ngéy)'l, nhd ciu
truc vi mao quan phong phu bén trong vét liéu mang
c6 dinh anammox, bdo dam tinh lién thong tot va kha
néng két tu 6n dinh, qua d6 gidm sy phu thudc vao
cac chit polymer ngoai bao (EPS). Zhang va cong sy’
cang cho ring vat liéu mang c6 dinh con c6 cic dic
tinh nhu thoi gian khéi dong ngan, kha nang thich
nghi véi bién dong nong d6 amoni, va tic ché NOB
hiéu qua?>.

Hu va cong sy ! chi ra ring vi khugn PN (AOB) dugc
¢6 dinh trong hat gel hoat dong hiéu qua va 6n dinh
trong thoi gian dai. Péng chuy, tdc d6 oxy héa amoni
ctia AOB t6i da dat 66,8 mg-(L-h)"! va ty 1¢ nitrit tich
lity ctia hat gel vugt trén 95%. Hiéu qua khi nito c6
dugc nho ving han ché oxy cling véi su canh tranh
gilia cdc loai vi sinh bén trong hat gel, giup ngan chin
hiéu qué sy phét trién ctia vi khudn oxy hda nitrit
(NOB). Ngoai ra, bun lo lting bén ngoai hat gel hé trg
NOB, qua d6 clng ¢ vai tro cha dao cia AOB bén
trong hat gel.

Céc nghién ctu vé kha nang thich nghi, hiéu qua
xt ly nito va do 6n dinh cta hat gel PVA ¢6 dinh
PN/Annamox trong xti ly nudc thai sinh hoat con han
ché & Viét Nam. Maic du cong nghé nitrit héa ban
phéan két hgp anammox (PN/anammox) ¢6 dinh trén
vatliéu PVA gel da dugc chling minh 13 hiéu qua va én
dinh d6i v6i cac dong thai gidu nito, nhu nudc ri rac
hay nudc thai cong nghiép, viéc ting dung cong nghé
nay cho nudc thai sinh hoat dong chinh (mainstream)
v6i néng do amoni thdp-trung binh van con rat han
ché. Dic biét, cic thach thiic lién quan dén duy tri PN
6n dinh, kiém soat sy phat trién ctia NOB va dam béo
hoat tinh anammox trong diéu kién DO th4p va HRT

ngan van chua dugc lam r6 mot cach hé théng. Tai
Viét Nam, cdc nghién ctu vé hé SANR st dung hat
PVA gel cho xti ly nuéc thai sinh hoat gan nhu chua
dugc bao cdo. Do do, nghién ctiu nay tap trung dinh
gia kha nang ting dung clia mé hinh SANR chtia hat
PVA gel ¢6 dinh AOB va anammox dé xti ly nuGce thai
sinh hoat c6 ty 1¢ C/N thap, trong d6 lam r6 vai tro
ctia suc khi gian doan trong kiém soét NOB, hiéu suét
loai bo nito  HRT ngin (< 4,8 gi®), ciing nhu hoat
tinh riéng ctia cdc nhom vi sinh chiic ning. Két qua
nghién ctiu nham b sung co sé khoa hoc cho viéc mé
rong ting dung cong nghé PN/anammox c¢6 dinh PVA
gel trong x{ Iy nudc thai sinh hoat tai cac diéu kién do
thi.

PHUONG PHAP NGHIEN CUU

M6 hinh thi nghiém

M5 hinh SANR st dung hat PVA gel d€ xt Iy nuéc
thai can tin (Hinh 1) gém mot cdt tru tron bang nhya
acrylic véi kich thudc dudng kinh D x chiéu cao H =
110 x 950 mm. Phia trén la 6ng lang hinh tru c6 kich
thuGc D x H = 150 x 150 mm. Khi dugc cdp vao bé
phén ting ti may théi khi két n6i véi dia khuéch tan
dat ¢ ddy bé, duong kinh ¢100 mm. Thé tich lam viéc
ctia md hinh 1a 10,8 L. Hé thong bao gém céc thiét
bi chinh: bom nudc thai dau vao (125 W), bom tuin
hoan (luu lugng 1 L/phut), méy théi khi (1 L/phat) va
dia khuéch tan khi. M6 hinh st dung 3 L hat PVA gel
c6 dinh bun AOB va anammox, chiém khoang 27%
thé tich hiiu ich ctia bé phan tng.

PVA gel c6 dinh bun AOB va bun anammox
Bun vi khudn oxy héa amoni (AOB) dugc ldy tit md
hinh nitrit héa ban phén (Partial Nitritation) sinh
hoc theo mé luén phién SBR (Sequencing Batch Re-
actor) dang xu ly nudc ri rac cl ¢ tai trong 1,02
kgN/m?/ngay, v6i néng do MLSS khoang 1,25 g/L.
Hiéu suit chuyén héa amoni thanh nitrit dat ty 1é
NO, :NH4* 1a 1,22 &£ 0,18, tao diéu kién thuan lgi
cho vi khuén Anammox phét trién '8, Truéc khi dua
vao tao hat gel, bun AOB dugc c6 dic bing phuong
phép vat ly (d€ lang trong luc trong 30-60 phut, sau
d6 gan bo phén dich trong phia trén) nham dat nong
do6 bun muc tiéu 5,0 g VSS/L. Budc nay khong bao
goém qua trinh nudi tang sinh khéi, ma chi nham tang
mat d¢ sinh khoi d€ thuan 1¢i cho qua trinh ¢6 dinh
trong gel. Tuong ty, bun hat anammox dugc thu tit bé
ky khi tuin hoan ndi (IC) dang van hanh xi Iy nudc ri
rac, c6 hoat tinh riéng (SAA - specific anammox activ-
ity) 1a 0,54 £ 0,03 g N»-N/g VSS/ngay. Bun dugc co
dac vat ly d€ dat nong d 4,0 g VSS/L trude khi phéi
tron tao hat.
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Hinh 1: M6 hinh SANR hat PVA gel cho x ly nudc thai can tin [Nguén: Nhém tac gid]

Quy trinh tao hat PVA gel dugc thuc hién theo
phuong phép cai tién tii Zhao va cong su'®. Cu thé,
80 g polyvinyl alcohol (PVA) va 5 g natri alginate dugc
hoa tan trong 500 mL nudc khii ion va gia nhiét & 105
°C trong 3 gio, sau d6 dé€ ngudi vé nhiét do phong.
Hén hgp bun AOB va biin anammox da c6 dic dugc
tron déu vao dung dich PVA-alginate d€ tao hon hgp
gel dong nhit. Trong cong thiic phdi trdn nay, thé tich
bun AOB chiém khoang 10% (v/v) so v6i tdng thé tich
hén hop gel PVA-alginate trudc khi tao hat, tuong ting
v§i 200 mL bun AOB cho méi 1 L hén hop gel. Gia tri
10% (v/v) nay chi ap dung cho hén hgp tao hat, khong
lién quan dén thé tich bé phan ting.

Hoén hogp gel sau d6 dugc nho giot bing 6ng tiém vao
bé ngam tao hat (curing bath) chda dung dich axit
boric bao hoa c6 bd sung 2% (khéi lugng/thé tich)
CaCly, v6i thé tich dung dich ngdm khoang 2,0 L cho
mbi 1 L hén hgp gel nhim dam bao hat duge dinh
hinh va lién két chéo hoan toan. Kich thudc hat PVA
gel dugc kiém soat bang céch ¢d dinh dudng kinh dau
kim, d6 nhét dung dich gel, chiéu cao roi giot va toc
d6 nho giot. Céc thong sé nay cho phép tao hat c6
dudng kinh 6n dinh trong khodng 4-5 mm. Sau khi
tao hat, cac hat gel dugc rtta bing nudc méy va tiép tuc
ngam trong dung dich Na;SO4 0,5 M (thé tich khoang
2,0 L cho mbi 1 L gel) trong 4 gi¢ dé tang do bén co
hoc. Cac dung dich acid boric va Na;SO4 dong vai tro
12 bé ngam tao va dinh hinh hat, khéng phai la thanh
phén dugc tinh theo don vi thé tich cta gel.

Sau khi hoan tit qué trinh tao hat, 3,0 L hat PVA
gel dugc dua vao bé phan ting SANR, tuong duong
khodang 27% thé tich lam viéc cta bé (10,8 L). Ty 1é
nay cho phép 16p hat gel dugc gidn nd va luu dong
6n dinh trong diéu kién van hanh suc khi gian doan,
dong thoi ddm bao kha nang luu git sinh khéi cho
qua trinh xt ly nito.

Nudc thai thi nghiém

Nudc thdi sinh hoat gia thai dung trong thi nghiém
dugc chudn bi tit nudc thai canteen, 14y tai ho ga tiép
nhin nudc thai clia cian tin C6, thudc khuodn vién
Trudng Pai hoc Bach Khoa - Pai hoc Quéc gia Thanh
phd H6 Chi Minh. Nudc théi cin tin dugc pha loang
bing nudc may d€ dat thanh phan chit bdn nhu nudc
thai sinh hoat gém 50-60 mg/L NH4+-N, 70-80 mg/L
COD, d¢ kiém 700-800 mg CaCO3/L va pH 6.5-7.5.

Piéu kién van hanh

M6 hinh SANR-PVA gel dugc thii nghiém trong thoi
gian véi diéu kién van hanh dugc thé hién & Bang 1.
V6i duong kinh bé phan ting 110 mm, luu lugng tuin
hoan néi by 1440 L/ngay tuong ving véi van téc nudce
dang khoang 6,4-6,6 m/gi¢. Gid tri nay nim trong
khoéang van t6c ~5-15 m/h thudng dugc st dung dé
tao trang thai gia soi (fluidization) cho céc hat gel PVA
va ngin ngtia hién tugng ling hodc nén chit 16p hat.
Ngugc lai, néu chi st dung luu lugng nude vao, vin
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Bang 1: Piéu kién van hanh mé hinh SANR-PVA gel [Nguén: Nhém tac gia]

Thich nghi
Thoi gian van hanh (ngay) 1-15
Luu lugng vao Qv (lit/ngay) 9
HRT (gid) 28,8
NLR trung binh (kg N/m?’. 0,06
ngay)
Luu lugng tudn hoan Qr 1.440
(lit/ngay)
Tilé Q/Qv 160
Van téc nude dang (m/h) 6,36
Do gian nd cua chiéu cao 160%
16p hat PVA gel
Luu lugng méy thdi khi 1
(lit/phut)
Ché d9 théi khi 40s chay 40s nghi
DO trong b€ (mg/L) 0,5-0,8

Giai doan 1 Giai doan 2 Giai doan 3
16 - 35 36 - 55 56 -75
18 36 54
14,4 72 4,8
0,11 0,23 0,34
1.440 1.440 1.440

80 40 26,67
6,40 6,48 6,55
160% 160% 160%
1 1 1
15s chay 2 phaut 25s chay 2 phit 30s chay 100s
nghi nghi nghi
0,1-0,6 0,3-0,8 0,3-0,8

t6c dong hudéng 1én sé nho hon 0,3 m/gid, khong du
dé duy tri trang théi gia soi 6n dinh.

Khong khi dugc cdp véi luu lugng thip dén trung
binh nhdm duy tri n6ng d6 DO muc tiéu cho hoat
dong sinh hoc, dong thoi trdnh tao luc cit qua 16n 1én
cac hat gel PVA. Trang thai gia s6i ctia hat PVA cha
yéu dugc tao ra boi dong tudn hoan néi by, khong
phai bai théi khi. Do d6, ché do théi khi duoc lya
chon dé can bing gitia cung cdp oxy, 6n dinh thuy luc
va duy tri tinh toan ven lau dai ctia gia thé gel PVA.

Panh gia hoat tinh bun Anammox, AOB va
NOB ton tai trong hat PVA-gel

Thti nghiém do hoat tinh riéng cia anammox, AOB
va NOB c¢6 dinh trong hat gel PVA dugc tién hanh
v6i nudc thai gid l4p c¢6 60 - 70 mg/L N-NH4* va
80 - 90 mg/L N-NO,". Céc thanh phin da lugng
dugc chdm vao nudc thai gid lap gom: KHCOs;3
(1.250 mg/L), KH,PO4 (110 mg/L), CaCl;-2H,0
(180 mg/L), MgSO4-7H,0 (120 mg/L), FeSO4 va
EDTA (6,25 mg/L) va cac nguyén t6 vilugng nhu Zn,
Mn, Cu, Mo, Ni theo nghién ctiu ciia Hoa va cdng
syl?.

Thi nghiém danh gia hoat tinh riéng ctia vi khudn
anammox c6 dinh trong hat PVA gel dugc thuc hién
theo phuong phép mé (batch test) trong diéu kién ky
khi nghiém ngdt nham phéan 4nh ding dong hoc phan
ung anammox. Trudc méi thi nghiém, cdc hat PVA
gel dugc rtra nhe bing nudc mdy dé loai bo cin ban

bam ngoai bé mit. Sau do, 16 hat gel (tuong duong
15-20 mL) dugc cho vao binh tam giac chtia 50 mL
nudc thai nhan tao.

Nudc thai sinh hoat nhén tao dugc chuén bi véi nong
d6 ban ddu NH4*-N khoing 60-70 mg/L va NO,"-
N khoang 80-90 mg/L, b8 sung ddy du cac chit da
lugng va vi lugng theo Hoa va cong sy '?. Trudc khi
b sung co chit, toan bd dung dich trong binh dugc
suc khi N tinh khiét trong it nhédt 10 phat nhdm loai
b hoan toan oxy hoa tan, dong thai binh thi nghiém
dugc déy kin bang ndp cao su d€ tranh xAm nhap oxy
ti mét thodng. Nong do DO sau khi suc N dugc
kiém tra va duy tri < 0,1 mg/L trong sudt qua trinh
thi nghiém. Céch tiép cin kiém soat DO nghiém ngit
trong thi nghiém hoat tinh anammox ctia nghién ctiu
nay phtthgp véi phuong phap dugc ap dung bdi Wang
va cong sy !>, trong @6 dung dich phan ting dugc
kht oxy hoan toan bang khi tro trude khi bé sung co
chat nham loai trif sy tham gia cia NOB. Cac tac gia
nay cing ghi nhan ring sy hién dién ctia DO du, du
& miic rat thip, c6 thé giy sai 1éch ty 1€ tiéu thu NO,”
so véi gia tri ly thuyét, dac biét trong cac hé c¢6 dinh
sinh khéi bdng PVA gel, noi NOB c6 thé ton tai & 16p
ngoai ctia hat mang.

pH dung dich dugc diéu chinh trong khoang 7,5-
8,0 bang dung dich NaHCO3 hodc HCI loang. Cac
binh thi nghiém dugc dit trén méy lic & téc do 120
vong/phit, duy tri nhiét d6 30 &+ 1°C dé€ dam bao su
tiép xuc dong déu gitia hat gel va dung dich. Sau khi
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dat trang thdi 6n dinh, dung dich NH4CI va NaNO,
dugc bd sung d€ dat nong do co chdt mong mudn,
va thoi diém nay dugc xem 13 thoi diém bat dau thi
nghiém.

Mau dugclay dinh ky méi 30 phut d€ phan tich céc chi
tiéu NH4*-N, NO,™-N va NO3™-N. Hoat tinh riéng
clia anammox (SAA) dugc xéc dinh dua trén t6c do
suy gidm tuyén tinh ctia NH4*-N va NO, -N theo
thdoi gian, sau khi loai trii giai doan thich nghi ban d4u.
Su hinh thanh NO3™-N duoc theo d6i nhim kiém tra
tinh phtt hgp véi phuong trinh phan ting anammox ly
thuyét. Quy trinh nay cho phép gidm thiéu anh huéng
ctia qua trinh nitrat héa phu do NOB, dong thoi dam
bao ring ty 1é tiéu thu NH4*-N va NO, -N phan anh
chinh xac dong hoc ctia phén ting anammox trong hat
PVA gel.

Thi nghiém danh gid hoat tinh riéng ctia vi khudn oxy
héa amoni (AOB) va vi khudn oxy héa nitrit (NOB) ¢6
dinh trong hat PVA gel dugc thuc hién theo phuong
phép mé (batch test) trong diéu kién hiéu khi c6 ki€ém
sodt, nham phan dnh chinh xéc khé ning oxy héa cta
tiing nhém vi sinh chtic ndng. Trudc thi nghiém, cic
hat PVA gel dugc rtia nhe bang nudc may dé€ loai bo
cdn bdn badm ngoai bé mat. Sau d¢, 16 hat gel (tuong
duong 15-20 mL) dugc cho vao binh tam gidc chita
50 mL nudc thai nhan tao. Nudc thai nhan tao dugc
chuén bi v6i thanh phén khodng va vi lugng tuong
ty thi nghiém anammox, trong d6 néng do NH4*-N
ban ddu dugc diéu chinh trong khoang 60-70 mg/L,
trong khi NO, -N ban d4u duy tri & muc thép (< 5
mg/L) nhdm han ché sy tham gia sém ctiia NOB trong
giai doan danh gid hoat tinh AOB.

Céc binh thi nghiém dugc d€ hé miéng va dit trén
may lac vé6i téc do 120 vong/phit ¢ nhiét do 30 £ 1
°C nhim tang cudng khuéch tan oxy. Nong do DO
trong dung dich dugc duy tri 6n dinh trong khodng
2,0-4,0 mg/L, ddm bdo diéu kién thuén lgi cho qua
trinh oxy hoa hiéu khi. Sau 30 phut thich nghi, dung
dich NH4Cl (N-NH4* = 1.000 mg/L) dugc b3 sung
dé dat ndng d co chdt mong mudn, va thoi diém nay
dugc xem 1a thoi diém bat ddu thi nghiém.

Mau dugc 1dy dinh ky m6i 30 phut d€ phan tich céc chi
tiéu NH4*-N, NO,™-N va NO3™-N. Hoat tinh riéng
ctia AOB (SAAOB) dugc xac dinh dua trén toc do suy
gidm tuyén tinh cia NH4 " -N theo thdi gian, trong khi
su hinh thanh NO, -N dugc theo d6i d€ xdc nhan uu
thé ctia qud trinh nitrit héa ban phan. Hoat tinh riéng
ctia NOB (SANOB) dugc xdc dinh gidn tiép thong qua
toc d6 gia ting NO3™-N trong ciing diéu kién hiéu khi.
Dé phan biét r6 hon gitia hoat tinh ciia AOB va NOB,
céc thi nghiém dugc thuc hién ¢ nhiéu muc thoi gian
luu tuong Ung véi cdc giai doan vin hanh khac nhau
ctia hé SANR, phén anh sy thay d6i cdu tric quan thé

vi sinh trong hat PVA gel theo diéu kién DO va tai
trong nita. Céch tiép cin nay cho phép danh gid dong
thai muc d dc ché NOB va vai tro chi phéi cia AOB
trong hé PVA gel duéi ché d¢ suc khi gidn doan cta
mo hinh SANR.

Phuong phap phén tich
Céc phuong phdp phén tich dugc thé hién tom tit
trong Bang 2.
Dbudng kinh hat (mm) dugc do bing thudc ké dai 30
cm v6i d6 chia nho nhdtla 1 mm. Vin téc ling (m/h)
la khoang cdch ma hat ling xudéng trong mét don vi
thoi gian. Ty trong kho (g/L) dugc xac dinh dua trén
khdi lugng kho ctia hat PVA gel trén méi lit gel. D€ do
thé tich chinh xdc ctia hat gel, trudc tién dong nudc
vao 0ng dong va ghi nhén thé tich ban dau V1. Sau
d6, thém gel vao 6ng dong d€ muc nudc ting 1én va
ghi nhéan thé tich méi V2. Tiép theo, dé hat gel trong
khong khi 24 gi¢ roi cAn dugc khéi lugng m. Khi dé
ty trong kho ctia hat gel dugc xdc dinh theo Phuong
trinh (1):

Ty trong khé = m/(Vy - V1) (g¢/mL) (1)
Trong do:

« m: khéilugng kho ctia khéi hat PVA Gel

o Vi: thé tich ctia nudce cho vao 6ng dong

o Vy: thétich nudc va khéi hat PVA Gel trong 6ng
dong

Nong d6 sinh khéi (mg/L) dugc xdc dinh dya trén
khéi lugng vi sinh vat c6 trong mét don vi thé tich
ctia khoi hat gel. Cong thuic hoa hoc tdng quét ctia vi
sinh vat1a C5H7NO2 2%, va trong khéi hat PVA gel chi
ton tai thanh phan nito ¢é nguodn goc tii vi sinh vét. Vi
vay, nong do sinh khéi dugc ude tinh thong qua chi
$6 N-hiiu co theo Phuong trinh (2):

Nong do sinh khoi = (N-hitu co x 113)/14 (mg/L) (2)
Tai trong nito dugc xac dinh theo Phuong trinh (3):

L= QXCx10*3,(ng>

\% m3.d (03)

Trong do:
« L: Tai trong nito, kg N/m®.ngay
« Q: Luu lugng du vao (hoic ddu ra), m*/ngay
o C:Nong do nito dau vao (hodc ddu ra), mg N/L

o V: Thé tich bé phén ting, m?

Thoi gian luu nuée (HRT) dugc xdc dinh theo Phuong
trinh (4):

40 x 24h/d

HRT () = 5 1/a)

(04)
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Bang 2: Phuong phap phan tich 20-22

Chi tiéu Don vi Phuong phap Thiét bi Do chinh xac
TKN mg N/L TCVN 6638:2000%! Tt pha miu, dan chung +0,01
cat
NH,*-N mg N/L Macro-Kjeldahl Gian chung cit Gerhardt =+ 0,01
NO,™-N mg N/L So mau theo 4500 NO,- May HACH DR/2010 + 0,01
WWA 2
NO3™-N mg N/L Pun can vaso mautheo TCVN ~ May HACH DR/2010 + 0,01
4562-1988 >
b6 kiém mg CaCO3/L Chuidn d6 bing H,SO4 0,02  Phuong phap dinh phan +2
N20
TSS mg/L Séy 100-105°C>° T sdy +10
COD mg COD/L Dinh phan, hoan luu kin * Ta nung COD WTB +14

binder

Nong do sinh khoi va tinh chdt vt Iy hat PVA-Gel

Nong d¢ amoni tu do (FA) dugc tinh theo Phuong
trinh (5)%%:

C x 10°PH

K,
=b 4 100H
X +

w

FA(mg/l) =
(05)
K, 6344

V6i —2 = —
K, ex”(273+z)
Trong do:

« C:ndng d6 amoni trong bé phan ting, mg/L.
o t: nhiét do trung binh trong bé phan tng, oC.
o pH: gia tri pH trung binh trong b€ phan ting.

No6ng d6 FNA dugc tinh theo Phuong trinh (6) 24,

NO; —N

e FNA = _[¥oy =N] (06)
1+10 (PH — pKa)

Trong do: pK, ctia HNO, x4p xi 3,25, thudng dung

trong tinh toan FNA.

Hoat tinh riéng ctia vi khufn anammox (SAA) dugc
tinh theo Phuong trinh (7):

Saa— (MmN NN a5y
mgVSSh )~ MLVSS

o V6iala mg NH4+-N bi loai boé méi gio.

(07)

Hoat tinh riéng cta vi khuidn AOB (SAAOB) dugc
tinh theo Phuong trinh (8):

mgNH;” —N b
SAx0B ( 4 ) (08)

mgVSS.h | ~ MLVSS

« V6ib la mg NH4+-N bj oxy héa mbi gio.

Hoat tinh riéng ctia vi khuin NOB (SANOB) dugc
tinh theo Phuong trinh (9):

mgNO; —N c
SAnoB ( 3 > = (09)

mgVSS.h | MLVSS
 V6icla mg NO3™-N dugc sinh ra mdi gid.

KET QUA VA THAO LUAN

Dién bién cac thanh phan nito

Néng do NH4 TN va téng nito (TN) & dong vao dao
dong lan lugt trong khoang 55-65 mg/L va 65-75
mg/L; nitrit va nitrat khong xuét hién tai diém ddu
vio. O dong ra, néng do nitrat dugc duy tri 6n dinh
dudi 5 mg/L (Hinh 2a), phan dnh rd hiéu qua kiém
sodt vi khudn NOB nhd ché d¢ théi khi gidn doan diéu
chinh DO. Téng nitd TN ¢ xu huéng giam qua cic
tai trong ké ti€p, dat muc thip nhdit la 17 mg/L vao
ngay thi 72. Dang chu y, trong giai doan ngay 72-75,
cac chi tiéu vé nito déu dat yéu cdu cot B theo QCVN
14:2025/BTNMT cho nudc thai sinh hoat, thé hién su
cdi thién ro rét vé hiéu suit ctia mo hinh.

Hiéu suét xti ly 6 giai doan thich nghi (NLR = 0,06
kgN/m?3/ngay) thay d6i dang ké (Hinh 3). Trong cac
giai doan tiép theo, hé thdng van hanh 6n dinh hon,
ndéng do nito ddu ra gidm manh, va hiéu suét xu ly
téng nito ting déu, cham t6i 74% vao ngay 72. O giai
doan 2 (NLR = 0,11 kgN/m?/ngay), hiéu qua loai bo
amoni dat khoang 74%, nhung hiéu suét xu ly tong
nito lai thap nhAt, trung binh chi 35%. Sang giai doan
3 (NLR = 0,23 kgN/m?>/ngay) va giai doan 4 (NLR =
0,34 kgN/m?>/ngay), hiéu sudt xit Iy tdng nito 6n dinh
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quanh mtic trung binh 53%. Ngay cé khi hiéu qua loai
bd amoni 1én dén trén 90% & mot 6 thoi diém, téng
nito loai bo van con han ché do lugng nito du dudi
dang nitrit trong nudc thai dau ra. Hién tugng nay
thé& hién r6 vao cac ngay thi 2, 15 va 19, v6i ndng do
nitrit dau ra 1én téi khoang 40 mg/L do chua dap ting
diéu kién phét trién t6i uu cho vi khudn anammox.
Nhin t6ng thé, viéc giam HRT tu 28,8 xudng 4,8 gid
(tuong ting ting NLR tii 0,06 1én 0,34 kgN/m?/ngay)
lam tang t6¢ d6 tao NO,™ bsi AOB; khi DO/chu ky
suc khi chua t6i uu, t6c d6 sinh NO,~ vugt kha ning
tiéu thu ctia anammox dan dén tich lay NO, /FNA
va kéo gidm hiéu sudt TN. Khi DO dugc ha xudng
0,1-0,6 mg/L va thoi gian nghi khi kéo dai, can bing
PN/anammox dugc cai thién nén NO,~ ddu ra giam
va hiéu suat TN ting trd lai.

Trong giai doan dau thich nghi, luu lugng may théi
khi dugc cai ddt 6 muc 3 L/phut, hoat dong theo chu
ky 2 phut chay - 1 phit nghi, duy trinéng do DO trong
khoang 2,0-2,2 mg/L—th4p hon mtc khuyén nghi 2,7
mg/L danh cho PVA gel ¢ dinh AOB va anammox >°.
Hai ngay dau tién, hiéu sudt loai bd amoni van duy
tri 6n dinh trén 65%. Tuy nhién, dén ngay thu ba,
su ¢6 hong mdy théi khi da khién hiéu suit gidm con
29%. Sau khi thay mdy mdi, hiéu sudt phuc héi lén
86% vao ngay thu tu, nhung néng d¢ nitrit dau ra van
cao (>25 mg/L). Tiép d6, luu lugng khi giam xudng
con 2 L/phit, lam DO chi con 1,5-1,8 mg/L, song hiéu
qué xt ly van khong dugc cai thién vao ngay thd nam.
Tién hanh di€u chinh ché d¢ cdp khi sang chu ky 60
gidy chay - 40 gidy nghi véi luu lugng 1,5 L/phit, DO
gidm xudéng muc 0,9-1,4 mg/L. TU ngay thi 6 dén
ngay thi 7, hiéu suét loai bé amoni ting vugt 95%,
nhung bit ngd néng do nitrit ddu ra ting vot (>35
mg/L). Khi mdy théi khi dugc tat vao ngay thi tam,
nong do nitrit giam con 12 mg/L va hiéu sudt loai
bo tdng nita dat 65%—cao nhit trong giai doan nay.
Nhiing ngay sau, ché d6 cép khi tiép tuc dugc chinh
vé chu ky 40 gidy chay - 40 gidy nghi, luu lugng con
0,7 L/phtt, giup DO dao dong trong khoang 0,5-0,8
mg/L. Su diéu chinh nay tao diéu kién cin béng ty 1¢
NH4*:NO;3", mic du ty 1é khong 6n dinh luc dau gay
ra bién dong 16n d6i véi hiéu sudt xtt Iy amoni va tong
nito. Pén cudi giai doan thich nghi, hiéu sudt loai bo
amoni va tng nito 1an lugt dat 94% va 28%. Hiéu suit
t6ng nito thip do hoat ddng ctia qué trinh anammox
chua thuc sy hiéu qua, tuy nhién, AOB da thich nghi
nhanh chéng. Sau d6, tai trong dugc néng lén bang
cach tang luu lugng dau vao ti 9 L/ngay (HRT 28,8
gio) 1én 18 L/ngay (HRT 14,4 gi6) ké tit ngay thu 16.

O muic tai NLR 0,11 kgN/m?-ngay, hiéu suft loai bo
amoni ban d4u git 6n dinh trong khoang 87 - 92%.
Tuy nhién, sy phat trién manh ctia vi khudn AOB so

vG6i anammox da lam tang ndng d¢ nitrit ddu ra (>20
mg/L), tham chi 1én dén 40 mg/L vao ngay thu 19,
khién hiéu suit tong nito giam chi con 18% (Hinh 2 va
Hinh 3). Diéu nay cho thdy cac giai doan tich liy ni-
trit cao triing v6i thoi diém hiéu sudt loai bo téng nito
suy giam r6 rét va hoat tinh ctia anammox bi han ché,
cho théy nitrit la yéu t6 tic ché chi phdi trong cac pha
van hanh khong 6n dinh. Hién tugng nay phan anh
su mdt can bing tam thoi gitia t6c d¢ sinh nitrit cta
AOB va kha nang tiéu thu nitrit ciia anammox duéi
diéu kién DO dao dong va tai trong ting nhanh. Cac
nghién ctiu trudc day vé PN/anammox dong chinh
ciing ghi nhén ring tich lay nitrit kéo dai 13 nguyén
nhan chinh gy suy gidm hiéu sudt TN, ngay ca khi
1516 Do do, két
qua ctia nghién ctiu nay phtt hgp véi xu hudng chung

nong do nitrat duy tri & mic thip

va nhdn manh tdm quan trong cta viéc kiém sodt tich
lay nitrit € ddm bao hiéu qua SANR trong xti ly nuédc
thai sinh hoat C/N thép.

Nitrit & ndong do cao dugc xem la mdt trong nhiing tac
nhén tc ché quan trong nhét d6i véi vi khudn anam-
mox, dac biét thong qua dang axit nitrous tu do (FNA,
HNO,). Nhiéu nghién ctiu da chi ra ring anammox
bét dau bi tc ché khi nong d0 NO, -N vugt khoang
30-50 mg/L, va muic tic ché nghiém trong xdy ra khi
FNA > 0,002-0,01 mg HNO,-N/L, tuy thudc vao pH
va nhiét do van hanh26%7
cac giai doan tich liy NO,™-N 1én t6i hon 40 mg/L (
Hinh 2¢, Hinh 4), két hgp vé6i pH trung tinh-hoi thép,
c6 kha nang lam ting FNA cuc b trong hat PVA gel,

. Trong nghién ctiu nay,

qua d6 tic ché hoat tinh anammox va lam giam hiéu
sudtloai bo téng nita. Hién tugng nay phit hgp véi cac
quan st trudc day trong cac hé PN/anammox dong
chinh, noi nitrit ton du dugc xac dinh 1a nguyén nhén
chinh géy suy giam hiéu suit TN ngay ca khi nong d6
nitrat duy tri & miic thap '>24%7,

Dbékich thich vi khuin anammox phat trién, ndng do
DO dugc duy tri § mtc 0,1 - 0,6 mg/L thong qua chu
ky 15 giay chay, 2 phidt nghi. D hiéu sudt chuyén hoa
amoni giam nhung van dat trén 70%, dong thai nitrit
d4u ra gidam d4n va 6n dinh trong khoang 4 - 13 mg/L
ti ngay thd 25 dén 35, gitp hiéu suft téng nito cai
thién 1én 38 - 41%. Vao ngay thi 36, tii trong dugc
nang 1én 0,23 kgN/m?3.ngay (tuong Ging HRT 7,2 gi&)
v6i ché do van hanh 25 gidy chay, 2 phut nghi. Hiéu
sufit chuyén héa amoni tang tii 67% lén 83% trong giai
doan ngay 36 - 40. Dén ngay 41, do su ¢ bd hen gio
khién mdy théi khi ngting hoat dong, hiéu suitloai bo
amoni giam xuéng con 37%. Sau khi stta chiia, DO
dugc kiém soét 6n dinh tit 0,3 - 0,8 mg/L, vi khudn
anammox thich nghi t6t va hiéu suft tdng nito vugt
qué 40%.

1474



VNUHCM Journal of Environment and Earth Sciences 2026, 10(2):1468-1484

[ (a) Bién thién cic thinh phin nito ddng vio vi déng ra [ (b) Bién thign pH, FA va 4§ kiém
‘ NLR = 0.06 NLR = 0.11 NLR = 0.23 NLR = 0.34 NLE = 0.06 NLR =011 NLR =023 NLR =034
kg N/m* ngiy kg N/m’.ngy | kg Nim* ngdy kg N/’ ngdy kg Nm'.agdy kg Nim'.ngly

Noag 43, N- mg/L.
FA, mgil.

o s 10 15 20 25 30 35 40 45 0 55 6 65 T 75
—o— NH4* vio NH4* ra +—TNvie -—o-TNm gy
=== Gidi han amoni, cit B, QCVN 14-2008/BTNMT |

_m;!m_mg CaCOyL

—— TKNm —o— NOZ'ra —— NO¥ma

— -~ Gidi han nitrat o0t A, QCVN 14-2008/BTNMT —— Kidm vio — Kiém
(a) Bién thién cic thinh phin nito theo thii gian trong thi nghi¢m hogt tinh bin anammesx. [ (@ Bién thién cic thinh phin nito theo thai gian trong thi nghiém do hogt tinh bin AOB vi NOB
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Hinh 2: Bién thién chat dinh dudng, pH va dé kiém trong cac thi nghiém (a) Dién bién dong vao va dong ra ctia
thanh phan nitg, (b) Dién bién dong vao va dong ra clia pH, FA va do kiém, (c) Su bién thién cla cic thanh phan
nito theo thai gian cda thi nghiém hoat tinh bun anammox, (d) Su bién thién ctia cac thanh phan nito theo thdi
gian cuia thi nghiém hoat tinh bun AOB va NOB vdi thdai gian luu HRT [Nguén: Nhém tac gid]
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Hinh 3: Dién bién hiéu suat x{r ly ammonia va TN [Nguén: Nhém tac gial
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Hinh 4: Nito dong vao va ra & cac tai trong nita khac nhau [Nguén: Nhém tac gial

Ngay 53, hiéu sudt xt ly amoni va t6ng nito 1an lugt
dat 83% va 72%; nong d6 ddu ra ctia amoni, nitrit, ni-
trat1a 11; 3,7; 2,5 mg/L. Tl ngay 56 dén 75, tai trong
dugc ting 1én 0,34 kgN/m>.ngiy (HRT 4,8 gi®) véi
chu ky 30 gidy chay, 100 gidy nghi. Hiéu suét chuyén
héa amoni ban d4u gidm xudng 45 - 55%, tuy nhién,
ti ngay 64, mo hinh da 6n dinh, dén ngay 75 dat
hiéu suét 90% d6i v6i amoni va 65% tOng nito, tuong
duong véi két qua 59 - 98% hiéu sudt xi ly amoni
trong nghién cu clia mot 8 tac gia 2%,

pH va doé kiém

Gid tri pH va d¢ kiém d4u ra thdp hon d4u vao do qua
trinh CANON tiéu thu HCOj3~ (cacbon v6 co) bdi vi
khuén anammox va AOB (Hinh 2b). Theo phuong
trinh CANON (NH4* + 0,850, — 0,113NO3" +
0,4335N, + 1,13H* + 1,43H,0), d€ xit Iy 01 mg
NH,4*-N cén tiéu t6n d6 kiém 4,03 mg CaCOs. Trong
thi nghiém nay, trung binh 40 mg amoni-N dugc
loai bo, dan dén viéc st dung 182 mg CaCO3, tuong
duong 4,55 mg CaCO3/mg NH4*-N. Ty 1é nay cao
honly thuyét, c6 thé do qua trinh nitrat héa va khi ni-
trat hoa dién ra dong thdi, khién lugng kiém tiéu thu
16n hon lugng sinh ra. Néng d¢ nitrat ddu ra trung
binh 14 0,05 mg NO3™-N/1 mg NH4*-N xu ly, thip
hon gid tri ly thuyét 0,113 mg NO3™-N/mg NH4"-N.
Két qua nay xac nhén ring qud trinh khi nitrat héa da
xdy ra dong thdi véi qué trinh CANON trong bé phan
tung. No6ng d6 amoni tu do (FA, tinh theo Phuong
trinh (5)) ludn dugc duy tri dudi 3 mg/L, thap hon

ngudng tic ché 20-25 mg/L cua vi khu&n anammox,
dam bao h¢ théng van hanh 6n dinh%°.

Tai cac thoi diém nitrit ting cao (~40 mg/L), FNA uéc
tinh (tinh theo Phuong trinh (6)) nam trong khoang
~0,002-0,023 mg HNO,-N/L, nghia 1a cham/vugt
vung ngudng tic ché anammox (~0,003-0,01 mg
HNO,-N/L)?*%’. Piéu nay cting ¢6 1ap luan ring doc
tinh nitrit/FNA 1a co ché chinh lam suy giam hoat tinh
anammox va kéo gidm hiéu sudt TN trong cc pha vin
hanh khong 6n dinh. Do d6, vAn hanh SANR can uu
tién kiém sodt DO va chu ky suc khi d€ tranh tich lay
NO;", déng thoi duy tri pH/kiém du cao nhim giam
FNA, qua d6 han ché tic ché anammox va ci thién
hiéu suit loai bo tong nito trong diéu kién nudc thai
sinh hoat C/N thap.

Can luu y ring FA/FNA trong nghién ctiu dugc uéc
tinh tit néng d6 NH4*/NO,~ va pH cta pha long
(bulk). DB6i v6i hé ¢ dinh bing hat PVA (dudng kinh
4-7 mm), ton tai gradient noéng do va gradient pH
theo chiéu xuyén tam do khuéch tan han ché va do
phén ting oxy hda amoni & 16p ngoai tao H*. Vi vay,
ndéng d6 NO,~ va/hodc pH cuc bd & viing anammox
bén trong hat ¢ thé khac dang ké so v6i pha long,
lam cho FNA “cuc bd” ¢ thé cao hon gid tri tinh
todn tif bulk va gay tic ch€ anammox ngay ca khi FNA

uéc tinh chi cham ngudng3-33

. Cac danh gia gan
déy ciing nhian manh nhu cdu tach bach anh hudng
ctia NO;™ va ENA (phu thu¢c vao pH) khi phan tich
tc ché anammox, dic biét trong cac hé co vat liéu

mang/gel tao vi mdi trudng >+,
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Néng dé COD

Hinh 5 cho thdy néng d6 COD & dong ra thap hon
dong vao, nhung miic gidm khong nhiéu, xac nhan vi
khudn di dudng c6 mit va tham gia xtt Iy COD. Khi
DO xuéng thép do suc khi gidn doan, qua trinh khtt
nitrat dién ra nhd nhém vi khudn nay. Trong sudt thi
nghiém, COD d4u vao duéi 300 mg/L >, gitip han ché
chuyén hoa nitrit thanh nitrat, tao diéu kién thuén lgi
cho vi khudn anammox?”. D€ qua trinh CANON dat
hiéu qua 6n dinh, can tién xu 1y cac chit hiiu co. Hé
thong dat hiéu sudt loai bdo COD trung binh 40-60%,
v6i COD dau ra duy tri 6 miic 40 mg/L, nho

O géc d6 co ché, COD con lai trong nudc thai sinh
hoat C/N thép déng vai tro “hai mat” d6i véi SANR.
Trong pha thiéu khi ctia suc khi gidn doan, mét phan
COD dé phan hty c6 thé dugc vi khudn di dudng
st dung 1am chiét cho dién t d€ khit NO3~ (va/hodc
NO;") phat sinh tii qua trinh anammox/nitrat hoéa
phu, qua d6 gép phén nang cao hiéu qua loai bo
tng nito va gidi thich vi sao ty 16 NO3/NH4* quan
sat dugc thuong thip hon gid trj ly thuyét. Trong
cac hé “simultaneous partial nitrification-anammox-
denitrification (SNAD)” quy mo 16n, déng gop cla
qua trinh kht nitrat héa thudng 1a thd cdp nhung van
6 y nghia d6i véi cAn bang TN khi dong vao con COD
¢ miic thip-trung binh 1438,

Ngudc lai, khi COD hodc C/N ting (do dao dong tai
trong hitu co hodc tién xtt Iy COD kém), vi khudn di
dudng c6 thé canh tranh tryc tiép véi anammox vé
NO;- (6 pha thiéu khi) va canh tranh véi AOB/NOB
vé O, (¢ pha hiéu khi), d6ng thsi 1am thay d6i ciu
trac EPS/biofilm va hinh théi hat, tit d6 lam suy
gidm hoat tinh anammox va mét 6n dinh cin béng
PN/anammox. Cac nghién ctiu vé mainstream anam-
mox cho thdy b6 sung COD kéo dai hodc C/N cao (=2
tré 1én) c6 thé giy suy gidm ro rét hiéu qua kh nito
va lam bién d8i cdu trac hat/biofilm **. Vi vay, duy
tri COD d4u vao & muc viia phai va 6n dinh (két hgp
t6i wu chu ky suc khi dé “d6t” COD trong pha hiéu
khi va dung phan COD con lai cho khti nitrat) 13 diéu
kién quan trong d€ hé SANR-PVA gel dat hiéu suit
TN bén viing.

Tinh chat vat ly cGa hat PVA gel

Cd ché minh hoa hat gel GPA ¢6 dinh vi khudn Anam-
mox, AOB va NOB thé hién ¢ Hinh 6.

Co ché SANR trén hat PVA gel hoat dong dua trén
su phan ting vi sinh vat theo gradient oxy va co chit.
& 16p ngoai ctia hat, oxy héa amoni dién ra nhs AOB;
16p 16i ky khi 14 noi vi khudn anammox chuyén NH, "
vaNO;~ thanh N;. Céu truc nay gitp dong thoi hinh
thanh nitrit va tiéu thu nitrit, con NOB bi tic ché trong
hé.

Bang 3 cho thdy hat gel PVA mang sinh khéi cho thay
su bién ddi 16 rét vé dic diém vat Iy va sinh hoc theo
thoi gian van hanh, phan dnh qud trinh phét trién va
6n dinh dan ctia 16p biofilm trén gia thé. Mau sic hat
chuyén tli nu nhat (ngay 1) sang nau sam (ti ngay 16
dén ngay 75), cho théy sy tich liy sinh khéi va hoat
dong sinh hoc ngay cang tang trén bé mit va trong
cdu trac hat. Mau sic cla cac hat ciing chuyén sang
mau dam hon, pht hgp véi két qua da cong bo & cac
nghién ctu 33!,

DPuong kinh hat PVA ting nhe tii 4-6 mm ban d4u 1én
5-7 mm & ngay 75, chi yéu do sinh khoi bén trong
hat tang 1én va m¢t phin khi N2 tao thanh khong
thoat khoi hat. Miic ting kich thudc nay la tu tii va
6n dinh, khong ghi nhan hién tugng phéng rop hay
bién dang bt thuong, cho thédy tinh 6n dinh co hoc
t6t cuia 161 PVA duéi diéu kién vén hanh gid soi lién
tuc. Xu huéng nay phu hgp véi cac nghién ctiu trude
day, trong d6 PVA gel dugc ghi nhén c6 kha ning duy
tri hinh dang cdu 6n dinh trong cac hé PN/Anammox,
ngay ca khi van hanh & van t6¢ dong cao. Viéc cic hat
gel PVA gia tang kich thudc viia ning cao ndéng do
sinh khéi gop phén cai thién van téc ldng ctia hat, gin
dat 200 m/h dugc ghi nhan trong nghién ctiu .

Khi thé tich hat ting nhanh hon t6c d6 pht trién sinh
khdi, ty trong kho ctia hat gidm dén theo thdi gian.
Thét vay ty trong kho cta hat gidm dan ti 803 g/L
(ngay 1) xudng 638 g/L (ngay 75), phan anh su thay
d6i cdu tric cta hat khi sinh khdi phét trién va chiém
uu thé hon so véi vat liéu PVA ban d4u. Su suy giam
ty trong nay thuong dugc quan sat trong cac hé gia
thé bam dinh, do sinh khéi c6 mét d6 thdp hon vat
liéu polymer, dong thoi hinh thanh céc cu trac x6p
va kénh rong trong biofilm do khi nito phat sinh. Tuy
nhién, mdc du ty trong gidm, hat van duy tri van téc
ling ting dan, tit 162 &+ 7 m/h 1én 240 &+ 9 m/h, cho
thdy anh hudng cua kich thudc hat va sinh khdi tich
lay chiém uu thé so v6i sy suy gidm ty trong vat liéu.

Dic biét, ndng do sinh khoi bam trén hat PVA tang ro
rét theo thoi gian, ti 4.230 mgVS/L & ngay 1 1én 6.235
mgVS/L & ngay 75. Diéu nay chiing t6 hat PVA c6 kha
nang git sinh khoi cao va 8n dinh, ngay ca trong diéu
kién tudn hoan noi b 16n va trang thdi gia s6i lién tuc.
So véi cac nghién ctiu trudc day, gia tri sinh khoi ghi
nhén trong nghién ctiu nay ndm trong khoang hoic
cao hon muc thuong dugc bao cdo cho cac hé PVA-
gel vin hanh 6n dinh, cho thdy ciu hinh thay luc va
ché& d¢ thoi khi dugce lya chon la phit hgp dé han ché
bong troc sinh khéi va mai mon hat. Sy gia ting lién
tuc vé€ nong do sinh khoi cho théy vi khudn anammox
va AOB déu phat trién t6t trong bé phan ting SANR.

Nhin chung, cic két qua trong Bang 3 cho thdy hat
PVA gel khong chi duy tri dugc tinh toan ven vé co
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OCOD vao CODra

Hinh 5: COD trung binh dau vao va dau ra & cac tai trong nitg khac nhau [Nguén: Nhém tac gial

Oxygen (DO)
High DO

Low DO / Anoxic

PVA Gel Matrix
@ AoB @ Anammox @ NoB

Hinh 6 : So d6 ca ché SANR trén hat PVA gel 8'°

Bang 3: Pac diém vat ly ctia hat PVA gel mang sinh khéi theo théi gian thi nghiém [Nguén: Nhém tac gia]

Ngay Mau sic DPudng kinh Ty trong kho Van t6c ling Nong d6 sinh
(mm) (g/L) (m/h) khdi (mgVS/L)
1 Néau nhat 4-6 803 162 £7 4.230
16 Nau sim 5-6 789 173 £11 4.755
36 Nau sim 5-6 735 211 £ 12 5.960
75 Néu sim 5-7 638 240 £9 6.235
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hoc ma con tao diéu kién thuén 1gi cho su phat trién
sinh kh6i bam dinh lau dai. So véi cdc hé st dung théi
khi manh dé tao gia soi, viéc stt dung tudn hoan ndi
bo 1am ddng luc chinh cho gi soi trong nghién ciu
nay cé thé xem 1a mot vu diém, giup gidm tac dong co
hoc bat 1gi 1én hat PVA va gép phén duy tri hiéu suft
xt ly 6n dinh trong van hanh dai han.

Hoat tinh AOB va NOB

Céc thi nghiém nham dénh gid hoat tinh cta bun
AOB va NOB dugc tién hanh vao cuéi cac giai doan
v6i thoi gian luu HRT lan lugt la 28,8 gio; 14,4 gio
va 4,8 git. Két qua cho thdy hoat tinh riéng ctia AOB
vugt troi so voi NOB. Diéu nay chiing to trong diéu
kién cdp khi gian doan ciia mo6 hinh SANR, AOB phat
trién t6t va chiém vu thé hon NOB (Bang 4). Trong 35
ngay ddu tién, khi b€ phan ting vdn hanh véi HRT 28,8
gio va 14,4 gid, nong do DO trong bé16n hon 1 mg/L
nén AOB c6 hoat tinh riéng cao hon so véi giai doan
sau khi DO dugc duy tri & muc thip hon. Lugng nitrit
dau ra ¢ giai doan dau cling cao hon nhiéu so vdéi giai
doan sau, khi hoat tinh ctia AOB gidm xu6ng. Hoat
tinh ctia NOB khd tuong dong véi két qua ctia nghién
ctu va cao hon mic 0,08 mg NO3 ™ -N/g VSS.ngay
dugc ghi nhan & nghién ctu .

Két qua Bang 4 va Hinh 2c cho thdy hoat tinh riéng
ctia vi khuén oxy héa amoni (AOB) ludn cao hon déng
ké so v6i vi khudn oxy hoa nitrit (NOB) & tét ca cc
giai doan van hanh, phan dnh sy tic ch€ hiéu qua NOB
trong hé SANR st dung hat PVA gel dudi ché do suc
khi gidn doan. Hién tugng nay c6 thé dugc giai thich
thong qua su két hop ctia cac co ché van hanh va dic
tinh cdu tric cta hat mang sinh khéi.

Tht nhét, ché d6 suc khi gian doan duy tri DO thip
(0,1-0,8 mg/L) tao lgi thé canh tranh cho AOB so véi
NOB. AOB ¢6 ai luc oxy cao hon (thdp K_O) va c6 thé
duy tri hoat dong 6n dinh trong diéu kién DO thap,
trong khi NOB nhay cam hon véi su dao dong DO va
dé bi tic ché khi thdi gian hiéu khi bi gidn doan. Diéu
nay phtt hgp véi nhiéu nghién ctiu trudc day cho thay
kiém soat DO 1a chién lugc hiéu qua nhit dé vc ché
NOB trong cic hé PN/A dong chinh.

Th hai, cdu tric vi mo6 cta hat PVA gel gép phan
tao gradient oxy rd rét theo chiéu xuyén tdm cua hat.
Trong diéu kién hiéu khi han ché, AOB c6 xu huéng
phén b6 uu thé & 16p ngoai hat - noi oxy khuéch tan
vao trudc - trong khi NOB kh¢ duy tri hoat tinh én
dinh do bi canh tranh oxy truc tiép v6i AOB va dong
thoi bi tiéu thu co chat NO, ™ bdi vi khudn anammox &
viing bén trong. Co ché “san xudt-tiéu thy dong thoi”
nitrit nay lam giam néng d6 NO,™ san c6 cho NOB,
qua d6 kim ham sy phat trién va hoat ddng ctia chung.

Thi ba, sy ton tai dong thdi cta vi khuin anammox
bén trong hat PVA gel déng vai tro nhu mot “bé tiéu
thu nitrit sinh hoc”, khién NO,~ dugc chuyén hoa
ngay khi hinh thanh, han ché kha ning NOB tiép cin
co chit. Co ché nay da dugc ghi nhén trong cac hé
gel-immobilized PN/anammox, noi hoat tinh NOB
thudng duy tri & muic rat thap ngay ca khi DO khong
hoan toan bang khong.

Ngoai ra, khi tai trong nito tang va HRT giam (dac biét
6 HRT 4,8 gid), su suy gidm nhe ctia hoat tinh AOB
trong khi hoat tinh NOB chi tang & mtc han ché cho
thdy hé PVA gel van duy tri dugc trang thdi nitrit héa
ban phén 6n dinh, thay vi chuyén sang nitrat héa hoan
toan. Xu huéng nay phu hop véi cc két qua da dugc
bao cdo boi Wang va cong su 15,16, trong do hoat tinh
AOB chiém uu thé va NOB bi tic ché lau dai trong cac
hé PN/anammox c6 dinh bing PVA gel van hanh &
DO thdp va tai nito bién dong.

T6ng hop cac két qua trén cho théy su khéc biét ro rét
gitia hoat tinh AOB va NOB trong Bang 4 1a két qua
mong muén va cn thiét d6i véi van hanh SANR 6n
dinh, d6ng thoi khing dinh vai tro ctia hat PVA gel
két hgp suc khi gidn doan trong viéc kiém soat quin
thé vi sinh va duy tri hiéu qué xu ly nito trong nudc
thai sinh hoat dong chinh. Hoat tinh ctia NOB kha
tuong déng vé6i két qua clia nghién ctiu® va cao hon
muc 0,08 mg NO3~-N/g VSS.ngay dugc ghi nhén &
nghién ctu’?.

Hoat tinh riéng anammox (SAA)

Cac thi nghiém danh gia hoat tinh riéng cta anam-
mox dugc tién hanh vao thoi diém két thuc cac tai
trong tuong ung véi cac khoang thoi gian luu: HRT
= 28,8 h; 14,4 h; 4,8 h (Hinh 2d). Sau giai doan thich
nghi ban d4u, hoat tinh anammox ting déng ké, tuy
nhién, muc ting khong ré rét khi tiép tuc nang tai
trong nito (Bang 5). Két qua nay thdp hon so véi di
liéu da cong bo trude do, véi SAA dat 106 mg Nj-
N/g VSS/ngay tai NLR 0,47 & 0,07 kgN/m>/ngay va
SAA bing 130 mg N,-N/g VSS/ngay tai NLR = 0,95
4 0,11 kgN/m3/ngay. Céc thi nghiém cho thdy ham
lugng nitrit va amoni déu giam dén theo thai gian; tuy
nhién, téc do giam clia nitrit chdm hon so véi amoni,
khac vé6i ty 1é ly thuyét ctia phan ting anammox (NHy "
+1,3N0,” — 0,26NO3” + 1,02N, + 2H,0). Mic du
dung dich phan tng da dugc khti oxy bang khi N,
va DO dugc duy tri < 0,1 mg/L (muc Phuong phap),
su sai 1éch ty 1¢ tiéu thu NO;™ so véi gid tri ly thuyét
6 thélién quan dén oxy xdm nhép trong thao tic ldy
mau ti khoang khong trén binh phan tungva/hodc sy
tham gia & mtic rdt nho ciia NOB & 16p ngoai hat gel,
dan dén mot phdn NO; ™ bi oxy héa thanh NO3 ™ trong
qué trinh thi nghiém.
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Bang 4: Hoat tinh riéng cta vi khuan AOB va NOB trong hat gel PVA [Nguén: Nhém tac gia]

HRT (h) NLR (kgN/m?. ngay)
28,8 0,06
14,4 0,11
4,8 0,34

SAAOB (mg NH,*-N/g SANOB (mg NO3-N/g

VSS.ngay) VSS.ngay)
49,87 3,12
75,70 4,22
46,19 7,09

Bang 5: Hoat tinh riéng ciia anammox trong hat gel
PVA [Nguén: Nhém tac gial

HRT (h) NLR (kgN/m?. SAA (mg
ngay) N,-N/g
VSS.ngay)
28,8 0,06 46,54
14,4 0,11 75,58
438 0,34 89,83

Két qua Bang 5 va Hinh 2d cho théy hoat tinh riéng
ctia vi khudn anammox (SAA) ting r6 rét sau giai
doan thich nghi ban d4u va dat gia tri cao nhat 89,83
mg N,-N/g VSS/ngay tai HRT 4,8 gi¢ (NLR = 0,34
kgN/m?/ngay). Xu huéng nay phan dnh khi ning
thich nghi va duy tri hoat tinh anammox 6n dinh
trong hat PVA gel ngay ca khi tai trong nito ting va
thoi gian luu nudc gidm manh, mét diéu kién von
dugc xem la théch thic d6i véi cac hé anammox dong
chinh.

Trong giai doan dau (HRT = 28,8 gio), gid tri SAA
con tuong d6i thép (46,54 mg N,-N/g VSS/ngay), cht
yéu do quan thé anammox chua thich nghi hoan toan
v6i diéu kién nudc thai sinh hoat c¢6 ndong d¢ amoni
thép-trung binh. Khi HRT gidm xudng 14,4 gio va tai
trong ting lén 0,11 kgN/m>/ngay, SAA ting déng ké
1én 75,58 mg N»-N/g VSS/ngay, cho thdy sy gia ting
mat do sinh khéi anammox hoat dong bén trong hat
PVA gel va su cai thién hiéu qua khuéch tan co chat
vao vung ky khi bén trong hat. Tuy nhién, khi tiép
tuc nang tai trong 1én NLR = 0,34 kgN/m3/ngay (HRT
= 4,8 gi0), gid tri SAA chi ting & mdc han ché va c6
xu hudng tiém can, cho thdy hoat tinh anammox bat
dau bi gi6i han bdi khuéch tan co chdt va diéu kién
vi moi truong trong hat gel, thay vi béi tai trong nito
bén ngoai. Hién tugng nay phi hgp véi quan sat &
Hinh 2d, noi tdc d¢ suy gidm NH4"-N va NO; -N
dién ra dong thoi nhung khong ting ty 1é thuin vdi
ndng do co chit ban diu, phan dnh trang thai gin bao
hoa dong hoc ctia quan thé anammox.

khuéch tan co chit vao 16i anammox. Céc nghién ctiu
vé PVA-SA/PVA gel cho thiy cdu truc gel gitp béo
vé anammox trudc DO va bién dong tai, nhung dong

«p »

thdi c6 thé lam “4n” mot phan hoat tinh t6i da trong
céc thi nghiém mé do gii han khuéch tan va do tic ché
NO, /ENA & vi m632-%°. Do d6, d€ ning trin SAA
va han ché tich lay nitrit, cac chién lugc van hanh nén
dong thoi: duy tri pH/kiém du cao, giam dao dong
DO/chu ky suc khi d€ can bang tdc do sinh-tiéu thu
NO;—, vakiém soat COD/N & mtic khong lam uu thé
nhom di dudng.

Gid tri SAA thu dugc trong nghién ctu nay thip hon
so vGi cac hé PN/anammox c6 dinh PVA gel xt ly
nuéc thai gidu nit®. Wang va cong su '° bio cio SAA
dat khoang 106 mg N,-N/g VSS/ngay tai NLR 0,47 &
0,07 kgN/m?/ngay, trong khi Wang va cong su'® ghi
nhén SAA Ién dén 130 mg N»-N/g VSS/ngay & NLR
xdp xi 1,0 kgN/m3/ngdy. Su khéc biét nay chi yéu
bét nguédn tit ndng d6 co chit thdp hon dédng ké trong
nudc thai sinh hoat so v6i cac dong thai cong nghiép
hodc nudc ri rac dugc st dung trong cac nghién ctiu
trén. Mat khdc, khi so sanh véi cdc nghién ctiu anam-
mox dong chinh (mainstream) xt ly nudc thai do thi,
gia tri SAA trong nghién ctiu nay nim trong khoing
tuong duong hodc cao hon. Nhiéu nghién ctiu da chi
ra rang SAA trong cic hé PN/anammox dong chinh
thuong dao dong trong khoidng 40-90 mg N,-N/g
VSS/ngay do bi han ché béi nhiét 4o, DO va nong d6
amoni thdp. Do d6, két qua dat dugc trong nghién
ctiu nay cho thiy hat PVA gel c¢6 kha nang bao vé vi
khuén anammox hiéu qua, duy tri hoat tinh cao ngay
ca trong diéu kién bat 1gi cia nudc thai sinh hoat.
Ngoai ra, viéc duy tri SAA tuong d6i 6n dinh khi HRT
gidm xudng 4,8 gid cho théy cdu tric hat PVA gel da
tao dugc viing ky khi bén viing, han ché anh hudng
cta dao dong DO bén ngoai. Két qua nay pht hgp
vGi cdc quan sat vi mo duge bao cdo boi Wang va cong
sy %, trong d6 c4u triic mao quan phong phti ctia PVA
gel gitip ting cudng kha ning luu git sinh khdi va 6n
dinh vi moi trudng cho anammox.

KET LUAN

Nghién ctiu nay da dédnh gid kha nang ting dung hé
SANR st dung hat PVA gel ¢6 dinh AOB va anam-
mox cho xt ly nito trong nudc thai sinh hoat c6 ty 1¢
C/N thép, dai dién bdi nudc thai can tin. Két qua cho
thdy hé thong c6 thé duy tri hoat dong PN/anammox
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trong cling mot bé phan ting duéi diéu kién suc khi
gidn doan va DO thédp, v6i hiéu suét loai bo téng
nito trung binh dat khodng 53% tai tai trong nito 0,34
kgN/m?3/ngay va HRT 4,8 gis. Céc thi nghiém hoat
tinh cho thdy AOB chiém uu thé 16 rét so véi NOB
trong hat PVA gel, trong khi vi khudn anammox duy
tri dugc hoat tinh ¢ muc tuong duong véi cac hé
anammox dong chinh da dugc cong bs. Tuy nhién,
hoat tinh anammox va hiéu sut loai bo t6ng nito bi
anh hudng dédng k€ trong cac giai doan tich lay ni-
trit cao, cho théy su cin bang gitia qua trinh nitrit
héa va tiéu thu nitrit 13 yéu t6 then chét quyét dinh
hiéu qua SANR trong diéu kién nudc thai sinh hoat.
Nghién ctiu ciing chi ra ring cac yéu t6 van hanh nhu
dao dong DO, tai trong nito ting nhanh va giéi han
khuéch tan trong hat PVA gel c6 thé gay sai léch so
v6i dong hoc anammox ly thuyét va can dugc kiém
soat chdt ché. Do d6, cac két qua thu dugc phan anh
kha nang van hanh ctia hé SANR-PVA gel § quy mo
thi nghiém, thay vi dai dién cho dong hoc anammox
thudn. Nhin chung, nghién ctiu nay cung cip thém
dii liéu thyc nghiém v€ ting dung SANR-PVA gel cho
nudce thai sinh hoat C/N thép va lam r6 céc gidi han
van hanh lién quan dén tich lay nitrit.

XUNG POT LOI iCH
Nhoém tac gid khong c6 xung do6t lgi ich v6i cd nhan
hay t6 chiic ndo lién quan dén bai nghién ctu.

PONG GOP CUA CAC TAC GIA

Nguyén Hoang Dang: Phén tich hinh thtc, diéu tra,
viét - ban thdo géc. Nguyén Phuéc Dan: Gidm sat,
Khai niém héa, Quan ly dé tai, Phan tich hinh thuic, Lé
Quang D6 Thanh: Viét - ra sodt & chinh stta, Phuong
phép luan. Tran Ngoc Ha: Quan ly di liéu, Phan tich
di liéu.

DANH MUC TU VIET TAT

AOB: Ammonia-Oxidizing Bacteria (vi khudn oxy
ho6a amoni)

Anammox: Anaerobic Ammonium Oxidation (oxy
héa amoni ky khi)

CANON: Completely Autotrophic Nitrogen removal
Over Nitrite

C/N: Ty 1é cacbon/nito

COD: Chemical Oxygen Demand (nhu ciu oxy héa
hoc)

DO: Dissolved Oxygen (oxy hoa tan)

FA: Free Ammonia (amoni tu do)

FNA: Free Nitrous Acid (axit nitro ty do)

HRT: Hydraulic Retention Time (thdi gian luu nuéc)

MLSS: Mixed Liquor Suspended Solids (chét ran lo
lting trong hon dich)

NLR: Nitrogen Loading Rate (tai trong nito)

NOB: Nitrite-Oxidizing Bacteria (vi khuin oxy héa
nitrit)

PN: Partial Nitritation (nitrit hoa ban phan)

PN/A: Partial Nitritation/Anammox

PVA: Polyvinyl Alcohol

SAA: Specific Anammox Activity (hoat tinh riéng ctia
anammox)

SAAOB: Specific AOB Activity (hoat tinh riéng ctia
AOB)

SANOB: Specific NOB Activity (hoat tinh riéng ctia
NOB)

SANR: Single-stage Autotrophic Nitrogen Removal
(khti nito ty duong mot béc)

SBR: Sequencing Batch Reactor (bé phan ting theo mé
luan phién)

SD: Standard Deviation (d6 léch chu4n)

TKN: Total Kjeldahl Nitrogen (t6ng nito Kjeldahl)
TN: Total Nitrogen (t6ng nito)

TSS: Total Suspended Solids (t6ng chat ran lo lung)
VSS: Volatile Suspended Solids (chét ran lo liing bay
hoi)
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Nghién ctiu nay nhan dugc sy hé trg tit Pai hoc Quéc
gia Thanh phé H6 Chi Minh (VNU-HCM), ma s6
DA2024-20-01. Béan théo dugc phat trién véi ngudn
lyc va co s6 vat chit do Phong thi nghiém Nghién
ctiu Nudc Chau A (CARE) thudc Pai hoc Bach khoa
Thanh ph6 H6 Chi Minh (HCMUT), Pai hoc Quéc
gia Thanh ph6 H6 Chi Minh (VNU-HCM) cung cép.

TAI LIEU THAM KHAO

1. XuY, XuY, LiT, Wang GP, Dai XH. Two-step partial nitrification-
anammox process for treating thermal-hydrolysis anaerobic
digester effluent: start-up and microbial characterisation.
Journal of Cleaner Production. 2020;252. Available from:
https://doi.org/10.1016/j.jclepro.2019.119784.

2. Yan Z, Zeng R, Yang H. Sustainable Treatment of High-
Ammonia-Nitrogen Organic Wastewater via Anaerobic
Ammonium Oxidation (Anammox) Combined with Effluent
Recirculation/Micro-Aeration. Sustainability 2025; 17(13):
5926. The Science of the Total Environment. 2024;906.
Available from: https://doi.org/10.3390/su17135926.

3. Zhang Z, Xing W, Lu J, Gao X, Jia F, Yao H. Nitrogen removal
and nitrous oxide emission in the partial nitritation/anammox
process at different reflux ratios. Available from: https://doi.
org/10.1016/j.scitotenv.2023.167520.

4. LeTS, Nguyen PD. Application of the CANON-SBR process for
ammonia removal from old municipal landfill leachate; 2019.

5. Nguyen NH, Dang VH, Nguyen PD, Bui XT. Application of Oxy-
gen Limited Autotrophic Nitritation/Denitrification (OLAND)
for anaerobic latex processing wastewater treatment. In-
ternational Biodeterioration Biodegradation. 2017;124:45-55.
Available from: https://doi.org/10.1016/j.ibiod.2017.07.009.

1481


https://doi.org/10.1016/j.jclepro.2019.119784
https://doi.org/10.3390/su17135926
https://doi.org/10.1016/j.scitotenv.2023.167520
https://doi.org/10.1016/j.scitotenv.2023.167520
https://doi.org/10.1016/j.ibiod.2017.07.009

VNUHCM Journal of Environment and Earth Sciences 2026, 10(2):1468-1484

6.

20.

Huynh TV, Nguyen PD, Phan TA, Luong DH, Truong TT, Huynh
KA, et al. Application of the CANON process for nitrogen re-
moval from anaerobically pretreated husbandry wastewater.
International Biodeterioration Biodegradation. 2019;136:1-7.
Available from: https://doi.org/10.1016/j.ibiod.2018.09.010.

. Wang B, Wang Z, Wang S, Qiao X, Gong X, Gong Q, et al.

Recovering partial nitritation in a PN/A system during main-
stream wastewater treatment by reviving AOB activity after
thoroughly inhibiting AOB and NOB with free nitrous acid.
Environment International. 2020;139. Available from: https:
//doi.org/10.1016/j.envint.2020.105684.

. Wang Z, Zheng M, Duan H, Yuan Z, Hu S. A 20-Year Journey

of Partial Nitritation and Anammox (PN/A): from Sidestream
toward Mainstream.  Environmental Science Technology.
2022;56(12):7522-31. Available from: https://doi.org/10.1021/
acs.est.1c06107.

. Choi M, Chaudhary R, Lee M, Kim J, Cho K, Chung YC, et al.. En-

hanced selective enrichment of partial nitritation and anam-
mox bacteria in a novel two-stage continuous flow system us-
ing flat-type poly (vinylalcohol) cryogel films. Available from:
https://doi.org/10.1016/j.biortech.2019.122546.

. Isaka K, Kimura Y, Matsuura M, Osaka T, Tsuneda S. First full-

scale nitritation-anammox plant using gel entrapment tech-
nology for ammonia plant effluent. Biochemical Engineering
Journal. 2017;122:115-22. Available from: https://doi.org/10.
1016/j.bej.2017.03.005.

. Ali M, Song Y, Zheng P. Performance and characteristics of a

nitritation air-lift reactor under long-term HRT shortening. In-
ternational Biodeterioration Biodegradation. 2016;111:45-53.
Available from: https://doi.org/10.1016/j.ibiod.2016.04.003.

. Zhang L, Okabe S. Rapid cultivation of free-living planktonic

anammox cells. Water Research. 2017;127:204-10. Available
from: https://doi.org/10.1016/j.watres.2017.10.029.

. Dosta J, Vila J, Sancho |, Basset N, Grifoll M, Mata-Alvarez J.

Two-step partial nitritation/Anammox process in granulation
reactors: Start-up operation and microbial characterization.
Journal of Environmental Management. 2015;164:196-205.
Available from: https://doi.org/10.1016/j.jenvman.2015.08.023.

. Cao X, LiuT, Li X, Huang Y, Nie Q, Li M. Full-scale simultaneous

partial nitrification, anammox, and denitrification for the ef-
ficient treatment of carbon and nitrogen in low-C/N wastew-
ater. Water Research X. 2024;26. Available from: https://doi.
org/10.1016/j.wroa.2024.100288.

. Wang XT, Yang H, Wang JW. Gel-immobilized partial ni-

tritation/anammox achieves reliable nitrogen removal under
varying nitrogen concentrations and during reactivation pro-
cesses. Bioresource Technology. 2023;370. Available from:
https://doi.org/10.1016/j.biortech.2022.128561.

. Wang X, Qin S, Zhao L, Wang J, Yang H. Mechanism of gel

immobilization driving efficient anammox in mainstream par-
tial nitritation/anammox process: structural characterization
and multi-perspective microbial analysis. Bioresource Tech-
nology. 2024;395. Available from: https://doi.org/10.1016/j.
biortech.2024.130375.

. Hu X, Yang H, Fang X, Liu X, Bai Y, Su B, et al. High efficiency

and stable partial nitration achieved via gel immobilization.
Bioresource Technology. 2024;394. Available from: https://doi.
org/10.1016/j.biortech.2023.130262.

. ZhaoY, Zhu B, Yuan R, Chen H, Zhou B. Study on the removal of

nitrogen in landfill leachate by partial nitrification-anammox-
denitrification. Process Safety and Environmental Protection.
2026;206. Available from: https://doi.org/10.1016/j.psep.2025.
108282.

. Hoa TT, Khanh LN, Zhijun L, Fujii T, Rouse JD, Furukawa K. Ni-

trogen removal by immobilized anammox sludge using PVA
gel as biocarrier. Japanese Journal of Water Treatment Bi-
ology. 2006;42(3):139-49. Available from: https://doi.org/10.
2521/jswtb.42.139.

APHA. AWWA, WEF. Standard Methods for the Examination
of Water and Wastewater. Washington (DC): American Public
Health Association; 2017.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

TCVN 6638:2000. Chat lugng nudc — Xac dinh nito - Vé co héa
xUc tac sau khi khr bang hgp kim Devarda. Ha Noi: Bo Khoa
hoc, Cong nghé va Méi truang; 2000.

TCVN 4562:1988. Nudc thai - Phuaong phap xac dinh ham
lugng nitrat. Ha Noi: Uy ban Khoa hoc va Ky thuat Nha nudc;
1998.

&amp; Eddy Inc M. Tchobanoglous G, Stensel HD, Tsuchihashi
R, Burton F. Wastewater engineering: treatment and resource
recovery. New York: McGraw-Hill Education; 2014.
Anthonisen AC, Loehr RC, Prakasam TB, Srinath EG. Inhibition
of nitrification by ammonia and nitrous acid. Journal - Water
Pollution Control Federation. 1976;48(5):835-52.

Bae H, Choi M, Chung YC, Lee S, Yoo YJ. Core-shell structured
poly (vinyl alcohol)/sodium alginate bead for single-stage au-
totrophic nitrogen removal. Chemical Engineering Journal.
2017;322:408-16. Available from: https://doi.org/10.1016/j.ce].
2017.03.119.

Strous M, Kuenen JG, Jetten MS. Key physiology of anaerobic
ammonium oxidation. Applied and Environmental Microbi-
ology. 1999;65(7):3248-50. Available from: https://doi.org/10.
1128/AEM.65.7.3248-3250.1999.

Jin RC, Yang GF, Yu JJ, Zheng P.  The inhibition of the
anammox process: A review. Chemical Engineering Journal.
2012;197:67-79. Available from: https://doi.org/10.1016/j.ce].
2012.05.014.

Wang Y, Liu Y, Lv Z, Liu G, Pan Y, Zhang J, et al. Study of
the treatment of domestic sewage using PVA gel beads as
a biomass carrier. Journal of Water Reuse and Desalination.
2018;8(3):340-9. Available from: https://doi.org/10.2166/wrd.
2017.181.

Bucheli-Witschel M, Kétzsch S, Darr S, Widler R, Egli T. A new
method to assess the influence of migration from polymeric
materials on the biostability of drinking water. Water Re-
search. 2012;46(13):4246-60. Available from: https://doi.org/
10.1016/j.watres.2012.05.008.

Yang Y, Gong H, Zhou Z, Dai X. Characterization and Compar-
ison of Anammox Immobilization in Polyvinyl Alcohol. Pro-
cesses (Basel, Switzerland). 2024;12(7):1442. Available from:
https://doi.org/10.3390/pr12071442.

Wenjie Z, Dungiu W, Yasunori K, Taichi Y, Li Z, Kenji F. PVA-
gel beads enhance granule formation in a UASB reactor.
Bioresource Technology. 2008;99(17):8400-5. Available from:
https://doi.org/10.1016/j.biortech.2008.02.040.

Ali M, Oshiki M, Rathnayake L, Ishii S, Satoh H, Okabe S. Rapid
and successful start-up of anammox process by immobilizing
the minimal quantity of biomass in PVA-SA gel beads. Water
Research. 2015;79:147-57. Available from: https://doi.org/10.
1016/j.watres.2015.04.024.

Banach-Wisniewska A, Cwiertniewicz Wojciechowska M,
Ziembinska-Buczynska A. Effect of temperature shifts
and anammox biomass immobilization on sequencing
batch reactor performance and bacterial genes abun-
dance. International Journal of Environmental Science
and Technology. 2021;18(7):1719-30. Available from:
https://doi.org/10.1007/s13762-020-02957-w.

Hirose K, Kondo T, Saito Y, Isaka K. Individual evaluation of
nitrite and free nitrous acid inhibition on anammox activity.
Journal of Bioscience and Bioengineering. 2024;138(4):345-
50. Available from: https://doi.org/10.1016/j.jbiosc.2024.06.
010.

Lotti T, van der Star WR, Kleerebezem R, Lubello C, van Loos-
drecht MC. The effect of nitrite inhibition on the anammox
process. Water Research. 2012;46(8):2559-69. Available from:
https://doi.org/10.1016/j.watres.2012.02.011.

Majtacz J, Al-Hazmi HE, Xu X, Piechota G, Li X, Kumar G, et al.
Removal of nitrogen from wastewater: unsolved problems
and possible solutions with partial denitrification/anammox
systems. Chemical Engineering Journal. 2024;499. Available
from: https://doi.org/10.1016/j.cej.2024.156131.
Vazquez-Padin J, Mosquera-Corral A, Campos JL, Méndez R,
Revsbech NP. Microbial community distribution and activity
dynamics of granular biomass in a CANON reactor. Water Re-

1482


https://doi.org/10.1016/j.ibiod.2018.09.010
https://doi.org/10.1016/j.envint.2020.105684
https://doi.org/10.1016/j.envint.2020.105684
https://doi.org/10.1021/acs.est.1c06107
https://doi.org/10.1021/acs.est.1c06107
https://doi.org/10.1016/j.biortech.2019.122546
https://doi.org/10.1016/j.bej.2017.03.005
https://doi.org/10.1016/j.bej.2017.03.005
https://doi.org/10.1016/j.ibiod.2016.04.003
https://doi.org/10.1016/j.watres.2017.10.029
https://doi.org/10.1016/j.jenvman.2015.08.023
https://doi.org/10.1016/j.wroa.2024.100288
https://doi.org/10.1016/j.wroa.2024.100288
https://doi.org/10.1016/j.biortech.2022.128561
https://doi.org/10.1016/j.biortech.2024.130375
https://doi.org/10.1016/j.biortech.2024.130375
https://doi.org/10.1016/j.biortech.2023.130262
https://doi.org/10.1016/j.biortech.2023.130262
https://doi.org/10.1016/j.psep.2025.108282
https://doi.org/10.1016/j.psep.2025.108282
https://doi.org/10.2521/jswtb.42.139
https://doi.org/10.2521/jswtb.42.139
https://doi.org/10.1016/j.cej.2017.03.119
https://doi.org/10.1016/j.cej.2017.03.119
https://doi.org/10.1128/AEM.65.7.3248-3250.1999
https://doi.org/10.1128/AEM.65.7.3248-3250.1999
https://doi.org/10.1016/j.cej.2012.05.014
https://doi.org/10.1016/j.cej.2012.05.014
https://doi.org/10.2166/wrd.2017.181
https://doi.org/10.2166/wrd.2017.181
https://doi.org/10.1016/j.watres.2012.05.008
https://doi.org/10.1016/j.watres.2012.05.008
https://doi.org/10.3390/pr12071442
https://doi.org/10.1016/j.biortech.2008.02.040
https://doi.org/10.1016/j.watres.2015.04.024
https://doi.org/10.1016/j.watres.2015.04.024
https://doi.org/10.1007/s13762-020-02957-w
https://doi.org/10.1016/j.jbiosc.2024.06.010
https://doi.org/10.1016/j.jbiosc.2024.06.010
https://doi.org/10.1016/j.watres.2012.02.011
https://doi.org/10.1016/j.cej.2024.156131

VNUHCM Journal of Environment and Earth Sciences 2026, 10(2):1468-1484

38.

39.

search. 2010;44(15):4359-70. Available from: https://doi.org/
10.1016/j.watres.2010.05.041.

Pijuan M, Ribera-Guardia A, Balcézar JL, Mic6 MM, de la Torre T.
Effect of COD on mainstream anammox: evaluation of process
performance, granule morphology and nitrous oxide produc-
tion. The Science of the Total Environment. 2020;712. Avail-
able from: https://doi.org/10.1016/j.scitotenv.2019.136372.
Chen J, Hai Y, Zhang W, Zhou X. Insights into deterioration
and reactivation of a mainstream anammox biofilm reactor re-

40.

sponse to C/N ratio. Journal of Environmental Management.
2022;320. Available from: https://doi.org/10.1016/j.jenvman.
2022.115780.

Hausherr D, Niederdorfer R, Birgmann H, Lehmann MF, Mag-
yar P, Mohn J, et al. Successful mainstream nitritation through
NOB inactivation. The Science of the Total Environment.
2022;822. Available from: https://doi.org/10.1016/j.scitotenv.
2022.153546.

1483


https://doi.org/10.1016/j.watres.2010.05.041
https://doi.org/10.1016/j.watres.2010.05.041
https://doi.org/10.1016/j.scitotenv.2019.136372
https://doi.org/10.1016/j.jenvman.2022.115780
https://doi.org/10.1016/j.jenvman.2022.115780
https://doi.org/10.1016/j.scitotenv.2022.153546
https://doi.org/10.1016/j.scitotenv.2022.153546

VNUHCM Journal of Environment and Earth Sciences 2026, 10(2):1468-1484

Open Access Full Text Article

Research Article

Application of PVA gel beads for immobilization of AOB and
Anammox biomass in nitrogen treatment of domestic wastewater
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ABSTRACT
This study evaluated the performance of a single-stage autotrophic nitrogen removal (SANR) sys-
tem using polyvinyl alcohol (PVA) gel beads to immobilize ammonia-oxidizing bacteria (AOB) and

o
I

Use your smartphone to scan this anammox biomass for treating low-C/N domestic wastewater. A laboratory-scale reactor (working

volume 10.8 L) was operated under intermittent aeration, with dissolved oxygen (DO) maintained
between 0.1 and 0.8 mg/L. The influent ammonium concentration ranged from 50 to 60 mg NH,4*-
N/L, and the nitrogen loading rate (NLR) was gradually increased from 0.06 to 0.34 kgN/m3/day by
reducing the hydraulic retention time (HRT) from 28.8 to 4.8 h. At an NLR of 0.34 kgN/m?3/day (HRT
4.8 h), the average ammonium removal efficiency was approximately 90%, while total nitrogen (TN)
removal averaged 53%. Nitrite accumulation occurred during transitional operational phases, with
peak NO,™-N concentrations exceeding 40 mg/L, coinciding with reduced TN removal. Batch activ-
ity tests showed that AOB activity (46.2-75.7 mg NH4"-N/g VSS/day) was consistently higher than
NOB activity (3.1-7.1 mg NO3™-N/g VSS/day), indicating effective suppression of nitrite-oxidizing
bacteria. The specific anammox activity increased from 46.5 to 89.8 mg N,-N/g VSS/day as the NLR
increased, but tended to level off at higher loading rates. The results demonstrate that SANR with
PVA gel beads can sustain partial nitritation and anammox under low-strength domestic wastew-
ater conditions at short HRT. However, nitrite accumulation and operational disturbances signifi-
cantly affected nitrogen removal performance, highlighting the need for improved control of DO
and nitrite/FNA levels. These findings provide quantitative insights into the potential and limita-
tions of SANR-PVA gel systems for mainstream domestic wastewater treatment.

Key words: PVA gel, annamox, domestic wastewater, nitrogen treatment, CANON
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