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Determination of kinetic
parameters of partial
nitrition/Anammox process
to remove Amonium:in
domestic wastewater

trong nudc thai sinh hoat

Nguyén Thi My Hanh

Toém tat

Cong nghé oxy héa amoni ky khi (Anammox) dugc danh
gia 1a ¢4 nhiéu wu diém nhu tiét kiém nang luong, phat
thai it cacbon, than thién v&i moi trudng. Véi cdc mo hinh
phan &rng khac nhau, véi nhitng diéu kién van hanh khac
nhau thi hiéu qua xur ly va tinh hoat déng én dinh cling cé
nhirng su khac biét nhat dinh. Dua trén co ché chuyén
hoa sinh hoc clia cic chat trong nuéc thai, déng hoc cua
qua trinh xtr ly dugc thiét 1ap. Viéc lua chon duoc mé
hinh déng hoc phli hgp va xac dinh dugc cac théng s6
déng hoc ctia qua trinh 13 rat can thiét dé diéu khién va
ki€ém soat tinh &n dinh va hiéu qua xur ly ctia qua trinh.
Nghién clru nay da dua trén co s& ba mé hinh dong hoc
co ban (mé hinh dong hoc bac 1, bac 2 Grau va mé hinh
Stover Kincannon) va xac dinh duogc mé hinh phl hop
nhat dé€ mé ta déng hoc cla qua trinh nitrit hod ban phan/
anammox nham loai bé amoni trong nudc thai sinh hoat.
Ttr khéa: théng sé déng hoc, nuéc thdi sinh hoat, logi b
amoni, qud trinh nitrit hod bdn phdn/anammox

Abstract

Anaerobic ammonium oxidation technology (Anammox)
is considered to have many advantages such as energy
saving, low carbon emissions, and environmentally
friendly. With different reaction models and different
operating conditions, treatment efficiency and
operational stability also have certain differences.
Based on the biological transformation mechanism of
substances in wastewater, the kinetics of the treatment
process is established. Choosing a suitable kinetic model
and determining the kinetic parameters of the process
are essential to control the stability and processing
efficiency of the process. This study was based on three
basic kinetic models (first-order, second-order Grau and
Stover Kincannon model) to determine the most suitable
model of the kinetics of the partial nitrification/anammox
process for removing ammonium in domestic wastewater.

Key words: Kinetics, domestic wastewater, ammonium
removal, partial nitrification/ anammox process
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1. M& dau

Cung véi su phat trién cha xa hoi, lwvong nudce thai sinh hoat ngay
cang gia ting dit ra nhirng thach thirc déi vai méi trwong. Vi mirc
dd do thi hoa nhu hién nay, dén nam 2035 Viét Nam sé c6 khoang
106,3 triéu ngudi, trong d6 47,87 triéu dan thanh thij (44,87% dan so)
[2]. Lugng nuwéce thai can xtr ly wde tinh [én téi 7,63 triéu m3/ngd. DE
tranh anh hudng dén sirc khoe cong dong va moi trudng, cung véi
viéc xtr ly cac chat hitu co trong nuwdc thai, théng sé nito cling can
dugc ki€ém soat theo Quy chuin ky thuat quéc gia vé nudc thai sinh
hoat QCVN 14:2008/BTNMT. Néng d6 xa cho phép cua nito amoni
déi vai ngudn nudc loai A va loai B [an lugt 1a 5 mg/L va 10 mg/L.
Mot s6 cdng nghé loai bo nito hién nay dua trén qua trinh nitrat hoa/
khtr nitrat con nhiéu nhugc diém can khic phuc nhu tiéu tén nhiéu
nang luong, can tuan hoan bun bén trong, can bé sung ngudn carbon
hitu co v.v.. [6].

Qua trinh oxy hda ky khi amoni (Anammox) [an dau tién duoc
phat hién tai nha may xtr ly nudc thai Gist Brocades & Ha Lan vao
nam 1995 [8] va nhirng ndm sau do, nhiéu nghién cru trén thé gisi
da chirng minh né cé nhiéu wu diém. Cu thé, qua trinh Anammox c6
hiéu suat cao va chi phi van hanh thap do khéng can bd sung nguén
carbon bén ngoai , tiét kiém nang luong suc khi, tao ra rat it bun, tiét
kiem chi phi x ly bun, giam phat thai khi nha kinh va tiét kiem dién
tich xay dung. Vi vay, cong nghé anammox da dugc nghién ciru thanh
céng & quy md phong thi nghiém, quy mé thi diém va/hodc quy md
day du dugc coi |3 giai phap day trién vong dé xur ly nuwdc thai giau
amoni. Tuy nhién, qua trinh anammox van con mét s6 han ché do téc
d6 phat trién cla vi khudn anammox thap, nhay cam véi nhitng thay
d6i cta diéu kién méi trudng, v.v [9]. Hiéu suat loai bd amoni clia qua
trinh anammox sé& khac nhau gitra nghién cru vé cac loai nudc thai
khac nhau, mé hinh phan (ng va cac diéu kién van hanh khac nhau.
Cung vaéi viéc xac dinh mo hinh dong hoc phu hgp, hiéu qua xtr ly va
gia tri nwdc thai dau ra cling cé thé duoc du doan duoc.

Pé ap dung coéng nghé xir ly nito bing quy trinh Anammox can
ti€n hanh danh gia 13u dai hiéu qua xtr ly, xac dinh cac diéu kién van
hanh t&i wu mién la mé hinh déng hoc phu hgp. Do dé, hé théng nitrit
hoa ban phan/anammox (PN/AX) st dung chat mang sinh khéi co
dinh trong 210 ngay da duoc nghién clru dé€ danh gid hiéu qua lau dai
clia viéc xtr ly nito trong nuéc thai sinh hoat va cac hing s& déng hoc
ctia mé hinh phu hgp nhat cling dugc xac dinh trong nghién ctru nay.

2. Co' sé ly thuyét chia déng hoc phan irng

Pong hoc qua trinh xtr ly sinh hoc lién quan dén qué trinh phan
huy co chat, qu trinh sinh trudng t€ bao va qua trinh phan huy ndi
bao. Téc do cua phan rng dugc xac dinh bing phuong trinh:

dt (1)
M@i lién hé gilra tf);c dd phan (rng, ndng dd co chat va bac cla
phan (rng duoc biéu dién qua phuong trinh (2):
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-
r = kS" 2)
trong doé:

r: téc doé phan rng (mg/L/ngay)

S: ndng do co chat (mg/L)

t: thoi gian phan rng hodc thai gian lvu thay luwc HRT
(ngay)

k: hang s6 tdc dd phan tng (ngay-1)

n: bac phan &rng (n = 0,1,2,...n)

Tur phuong trinh (1) va (2), ta c6 duoc:

B s

dt (3)

Mét biéu thirc khac duoc sir dung d€ mé ta téc do lién

quan dén xr ly nuéc thai sinh hoc dua trén cac phan (ng

enzym, ma déng hoc clia ching duoc dé xuat bai Michaelis
va Menten:

N
= rmax o
K +S

trong doé:

Imax: tOC d6 phan (rng t6i da (mg/L/ngay)

S: néng dd co chat (mg/L)

Ks: hdng s6 ban bio hoa (mg/L)

Dong hoc qua trinh lién quan dén cac yéu t6 van hanh
va méi truong anh hudng dén ty 1€ sir dung chat nén. Trong
mé hinh phan &rng, can bang vat chat duoc xac dinh theo
phuong trinh sau:

d(SV)

=0.S,-0S8,-rV
dt Q 0 Q e r (5)
Hay c6 thé viét dudi dang:
SAV VIS oS, -0S. -1V
dt dt (6)

Tuy nhién, do thé tich ctia mé hinh phan (ng 13 khong
d6i nén dV/dt=0 nén phuong trinh (6) dugc viét lai nhu sau:
Vds _os,-0s,-rv
dt 7)
trong doé:
Q: lwu lvong dong (L/ngay)
V: thé tich mé hinh (L)
Sp: ndng dd co chat dau vao (mg/L)
Se: néng dé co chat dau ra (mg/L)
Khi mé hinh & trang thai én dinh thi t6c d6é phan lrng
duorc xac dinh theo cong thirc sau:
r — Q.SU B Q'Se
4 8)
e Phuong trinh dong hoc bac 1
Phuong trinh dong hoc duoc xdy dung trén co s& gia
dinh phuong trinh dong hoc bic 1 trong mé hinh 13 chiém
uu thé va cac co chat trong mé hinh dugc khuldy tron déu
[5]. Khi d6 phuong trinh déng hoc bac 1 dugc biéu dién:

—=k.S

dt 9)

Q‘SO _Q'Se k.S
V

1"*e

(10)

dt (11)
trong do:

K4: hdng s6 t&c do loai bd co chat ctia mé hinh déng hoc
bac mét (ngay-1)

Phuong trinh (11) duwoc biéu dién dudi phuong trinh
tuyén tinh dang y = k.x. Hing s6 toc do loai bé co chat bac
mét k1 duoc xac dinh bang dé déc k cia db thj thé hién méi
quan hé gilra (So-S)/HRT (truc tung) va Se (truc hoanh).

e Phuong trinh dong hoc bac 2 Grau

Sy bién thién néng do co chat dugc biéu dién qua

phuong trinh dong hoc bac 2 Grau [3]:

2
S e[S
dt S,

(12)
das
-2 kXt
5
S (13)
Tich phan hai vé& phuong trinh (13) ta c6:
SyHRT _ o S,
S,—S, k, X (14)
trong dé:

k,: hang s6 tdc dé loai bd co chat ctia mé hinh dong hoc
bac hai (ngay-1)

X: t6ng ndng do sinh khdi trong mé hinh (mg/L)

Trong qua trinh Anammox, lugng sinh khéi tao thanh rat
it, coi nhuw khéng thay déi nén
S, -8

SO e

=const . Datgia tri E =
2" 0
va dua phuong trinh (14) vé dang phuong trinh tuyén
tinh y = a.x + b v&i HRT 13 bién s6 x va HRT/E |a ham phu
thuéc y. Khi dé phuong trinh todn mé t3 dong hoc bac hai
Grau duoc biéu dién nhu sau:

HRY _ o HRT +b

(15)
Hang s6 t&c dé loai bd co chat cia mé hinh déng hoc bac
hai duoc xac dinh theo cong thirc sau:
— S(J
ab.X

2

(16)
e Phuong trinh dong hoc Stover-Kincannon
Phuong trinh dong hoc Stover-Kincannon la phuong
trinh toan duoc sir dung phé bién dé xac dinh t6c do loai bo
co chat va duoc thé hién bang phuong trinh sau [17]:

0.5,
U
_ﬁ B max( V

dt KB +(%j

v (17)

Trong do:

Kg: hing s6 ban bao hoa (mg/L/ngay)

Upnax: toc do tiéu thu co chat Ian nhat (mg/L/ngay)
Nghich dao phuong trinh (17), ta ¢6 thé duogc viét thanh:
_r KV ., 1
O(S,=S.) Uy 0, U,y

max

(18)
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Ta co:
1 . K, Theft b v ot
—— =const va = const Thidt b e skl ]

Phuong trinh (18) duoc dua vé
dang tuyén tinh y = c.x + d viét dudi
dang:

HRT c HRT

=c. +d
(SO_Se) So

(19)

Khi d6, téc dé tiéu thu co chat I6n
nhat U,,=1/d va h3ng s6 ban bio
hoa Kg=c/d véi cac gid tri ¢, d duogc
xac dinh tur d thi thé hién mai lién hé
gitra HRT/(Sq-Se) (truc tung) va HRT/
So (truc hoanh).

Hinh 1. M6 hinh thi nghiém

3. Thi nghiém xac dinh dong hoc
cta qua trinh nitrit hoa ban phan va
Anammox nham loai bé amoni trong
nuwdc thai sinh hoat

PE loai bé amoni trong nudc thai sinh hoat, mot hé
mo hinh PN/AX thuc hién qua trinh nitrit hoa ban phan/
anammox da dugc thiét 13p. Md hinh thi nghiém dugc mé
ta trong hinh 1.

Hé mé hinh PN/AX gébm 2 mé hinh PN va AX ngi tiép
nhau, trong dé nudc thai dau ra ctia mé hinh PN [a nudc thai
dau vao ctia mé hinh AX. Trong mé hinh PN, cac vi khuan
Nitrosomonas sé tién hanh qua trinh oxi chuyén hod mét
phan amoni thanh nitrit, tao ti 16 NO,.-N/NH,4,-N = 1:1 3
tién dé thich hop cho phan (ng Anammox tiép theo dién
ra. Trong mo hinh AX, cac vi sinh vat Planctomycetes bam
gia thé sir dung nitrit trong nudc thai 13 chat nhan dién t,
amoni la chat nhudng dién tir va tién hanh qua trinh oxi hoa
ky khi amoni thanh khi nito. Vat liéu mang Felibendy (san
pham cla cdng ty Kurarray, Nhat Ban) duoc sir dung lam gia
thé cho vi sinh vat dinh bam trong hé mé hinh PN/AX.

Nghién ciru dugc tién hanh trong thoi gian 210 ngay
dugc chia thanh 3 giai doan: giai doan 1 (1a, 1b), giai doan
2 (2a, 2b, 2c) va giai doan 3 (3a, 3b) sir dung nudc thai sinh
hoat (nwdc thai nhan tao) cé thanh phan nhu trong bang 1.

4. K&t qua nghién ciru

Két qua thuc nghiém cho thay, sau 210 ngay thi nghiém
vGi nuéce thai sinh hoat, hiéu suat loai bé amoni va téng nito
cta hé théng PN/AX dat lan lugt 91,4% va 69,8%. Chat
lwong nuwdc thai dau ra dat yéu ciu theo QCVN 14:2008/
BTNMT (cot B).

PE mb ta déng hoc clia qua trinh nitrat héa mét phan

Bang 1. Thanh phan nudc thai trong thi nghiém

va Anammox, nghién clru da str dung ba phuong trinh dong
hoc thuong dugc str dung: bac mét, bac hai Grau va mé hinh
Stover Kincannon. Di¥ liéu d3u vao cho tat ca cac moé hinh
déng hoc nay phai & trang thai 8n dinh cta hé phan &rng. Tir
céc so liéu dugc phan tich trong thi nghiém nhu néng dé
co chat nudc dau vao (Sp), ndng dd co chit nudc thai (S,),
thoi gian lwu thay luc (HRT), thé tich bé phan trng (V), téc
do dong chay (Q), hiéu suat xir ly (E) thiét 13p mai quan hé
tuwong quan gitra cadc tham sé cua phuong trinh dong hoc.
Bang phan mém Microsoft Excel, thiét |ap cac phuong trinh
tuyén tinh md ta qua trinh dong hoc va dugc thé hién trén
Hinh 2 (d6i v&i qua trinh nitrit héa ban phan) va Hinh 3 (d6i
V@i qué trinh Anammox).

S6 lieu thuc nghiém trong md hinh PN va mé hinh AX
duoc ap dung cho déng hoc loai bé chat nén bac nhat dé xac
dinh téc dé thay d&i néng dé amoni nhu trong Hinh 2a va
Hinh 3a. Hang s6 bac mét (K1) ctia qua trinh nitrat héa mét
phan va anammox thu dugc bang cach vé do thi (Sp -S.)/
HRT so v&i (S,) 13 2,66 va 14,001 méi ngay déi véi téc do loai
bé amoni vai R2 lan lugt 12 0,921 va 0,911.

Bang cach vé do thi HRT so v&i HRT/E, cac hé sé déng
hoc ctia mé hinh bac hai Grau duoc xac dinh dua trén dé déc
va giao diém cua dd thj trong Hinh 2b va Hinh 3b. Hé sé xac
dinh R2 ctia mé hinh bac hai Grau 13 0,994 d6i v6i qué trinh
nitrat héa mét phan va 13 0,992 déi véi qua trinh anammox,
cao han md hinh bac mét. Gia tri ctia a va b d6i va&i qua trinh
nitrat héa mot phan duoc tinh twong trng 1a 1,908 va 0,018.
Gia tri cia a va b cho qud trinh Anammox dugc xac dinh [an
lwot 13 1,449 va 0,051.

Sé liéu thuc nghiém trong 16 phan (ng PN va 6 phan
irng AX cling duoc ap dung cho déng hoc loai bd chat nén

Giai Néng dé dau vao (mg/L) Thai gian luu (h)
doan NH4,-N NO,.-N NO,.-N coD Do kiem PN AX
1a 18 12
39,7+4,3 37+07 1,0+0,9 82,1+18,6 85+10,5
1b 12
2a 12
2b 80,9+ 3,8 51+23 2,8+1,9 130,6 + 11,2 105+13,5 9
2c 9 45
3a 9 6
- 115,4+3,5 7,6+1,5 3,610 203+10,6 150+15,5 . .
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Hinh 2. Déng hoc cta qua trinh nitrit hod ban phan:
(a). Bac 1, (b). Bac 2 Grau, (c). Stover-Kincannon

Stover Kincannon dé xac dinh t6c dé thay déi ndng dé amoni
nhu trong Hinh 2c¢ va Hinh 3c. Bing cach vé dé thi HRT/(Sq-
Se) so v&i HRT/Sq, hé sé xac dinh R2 ctia mé hinh Stover
Kincannon 13 0,999 cho ca qua trinh nitrat héa mét phan va
qua trinh anammox, 13 gia tri cao nhat trong s6 ba mé hinh
dugec trinh bay. Gia tri KB va Umax cho qua trinh nitrat hda
moét phan dugc tinh tuwong (rng 13 15,489 va 8,038. Gia tri
KB va Umax cho qua trinh nitrat héa mét phan dugc tinh
tuong (rng 1a 1,738 va 1,241.

Tir cac phuong trinh tuyén tinh dugc thiét 1ap trong
Hinh 3 va 6, cac hang s6 dong hoc ctia mé hinh bac mét,
bac hai Grau va mé hinh Stover Kincannon dugc xac dinh va
trinh bay trong Bang 2.

Két qua nghién clru nay co su twong déng vdi cac nghién
clru trudc day. Su khac biét gitra cac hing s6 dong hoc cua
nghién clru nay va cac nghién ctru khac dugc trinh bay trong

(&) First orcer (AX)
ER
1000 F il
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Hinh 3. Bong hoc ctia qua trinh Anammox:
(a). Bac 1, (b). Bac 2 Grau, (c). Stover-Kincannon

Bang 3 c6 thé 1a do téc dé nap nito dugc ap dung va dic tinh
nudc thai dugce sir dung. N6 cling ¢ thé 1a do su khac biét
vé cau hinh ctia mé hinh phan (ng sinh hoc, thé tich hiéu
dung (V), téc d6 dong chay (Q) va cac diéu kién van hanh nhu
nhiét do va nong dé dong vao [31]. Trong bac mét 13 mo hinh
Grau va Stover Kincannon, mo hinh Stover-Kincannon cé hé
s6 dong hoc R? cao nhat. Diéu dé coé nghia 1a d6 phan tan
cla dir liéu thu duogc trong Stover Kincannon cao hon so vé&i
mé hinh cdp mot va cap hai Grau. Nhiéu nghién clru trén thé
gi6i cling da khang dinh nhan ring Stover-Kincannon cai
ti€n co tinh ng dung cao hon cac mé hinh déng hoc loai bd
amoni duoc dé cap khac. Do do, néng dd amoni trong nudc
thai ctia qua trinh nitrat héa ban phan va anammox trong hé
md hinh PN/AX clia nghién cru ndy co thé dugc dy doan
bing mé hinh déng hoc Stover Kincannon dugc biéu dién
qua phuong trinh (9), (10):
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Bang 2. Thong s6 dong hoc ciia mot sé nghién clru khac
Mb hinh Quatrinh  Nhiét do (°C) N°”g(g‘;f3” vao Théng s6 dong hoc R TLTK
Ky
First order PN-AX 35+1 100-132 0,46 0,49 (7]
AX 25 20-180 7,44 0,756 [4]
AX 25 50-100 2,528 0,883 [1]
PN 30-35 39-115 2,6691 0,921 Nghién
AX 30-35 20-55 14,001 0,911 cuu nay
a b
Grau second PN-AX 35+1 100-132 0,087 1,13 0,93 [7]
order AX 25 20-180 0,0554 1,14 0,991 [4]
AX 25 50-100 0,2983 0,772 0,847 [1]
PN 30-35 39-115 1,908 0,018 0,994 Nghién
AX 30-35 20-55 1,449 0,051 0,992 cuu nay
KB Umax
Stover PN-AX 35+1 100-132 1,019 0,892 0,94 (7]
Kincannon AX 25 20-180 6,41 7,37 0,993 [4]
AX 25 50-100 0,314 0,334 0,956 [1]
PN 30-35 39-115 15,489 8,038 0,999 Nghién
AX 30-35 20-55 1,738 1,241 0,999  cuunay
Qua trinh nitrit hoa ban phan: 5. Két luadn
S_g 15,489 Hé théng PN/AX sir dung vat liéu mang Felibendy da
e 20 S, dugc str dung dé€ nghién clru loai bé amoni trong nudc thai
8,038+ or (20) Sinh hoat. Hiéu sudt loai b6 amoni I3 91,4% sau 210 ngay
o van hanh. Trén co s&@ ba mé hinh déng hoc co ban (mé hinh
Qua trinh Anammox: dong hoc bac 1, bac 2 Grau va md hinh Stover Kincannon),
1,738 nghién ctru da xac dinh duwoc mé hinh phi hgp nhat dé mé ta
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