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NGHIEN CU’'U PONG HOC QUA TRINH NITRAT HOA SU DUNG
KI THUAT VI SINH TANG CHUYEN PONG TRONG MOI TRUONG
NUG'C MAN

LE VAN CAT, PHAM TH| HONG BUC

1. GIOI THIEU

Xu i va tai sir dung nudc thai trong cdc trai nudi glong hai san ludn phai d6i mat v6i mot
s6 yéu t6 c6 tic dong kim ham téc do nitrat héa ma yéu t6 dau tién phai ké dén 1a do ‘man cua
moi truong nude va ndng d6 amoni thap trong khi mirc do xir If thi doi héi cao. Céc yeu t6 kim
ham téc do lam tang gid thanh va chi phi cho qué trinh xt 1i va tdi st dung cia hé thong xu i
nudc thai.

Vi sinh Nitrifier thyc hién qua trinh nitrat héa (oxy héa amoni thanh nitrit va tiép tuc thanh
nitrat) rat nhay cam véi céc yéu 6 moi truong nhu: nhiét do, néng dd oxy hoa tan (DO), pH, co
chét, céc chét tre ché (46 man, cdc doc td hitu co, kim loai nang) (2, 8, 12]. Hiéu biét thiu ddo vé
anh huong cua céc yéu t6 trén sé& gitip cho thiét ké va véan hanh cdc hé théng xt 1f nude thai dat
hi€u qua cao va 6n dinh hon. Keller va cong su [4] da tong Kkét céc yeu t6 anh huong 1én qué
trinh nitrat hda thong qua cdc mo hinh va kha nang trng dung cdc md hinh d6 dé phét trién cong
nghé xu 1i nude thal trong didu kién twong ung. Hon nita, thong qua cdc nghién ctru vé anh
huéng cua cdc yéu td tic dong 1én hoat tinh sinh hoc ctia ching vi sinh Nitrifier s& ting cuong
thém hiéu biét vé co ché hoat dong cua chiing, dé gép phan kiém soét cic qud trinh xay ra trong
céc hé thong xir 1 nude thai.

Mot trong nhitng yéu t§ anh huong dang ké 1€n hoat tinh cua Nitrifier trong qua trinh nitrat
héa 1a 6 man cua mdi truong nude, thudng xuat hién trong céc h¢ thdng xr 1f nudc théi tai cic
trai nudi glong hai san hoac cic co sé cung cap hang hai san tuoi song hay nudi cé cénh .

Ca loai vi sinh nitrosomonas (oxy héa amoni thanh nitrit) 1an Nitrobacter (oxy héa nitrit
thanh nitrat) déu rat nhay cam véi d6 mudi ciia méi trudng [3, 4, 6, 7, 9, 14]. Muc d6 tic dong
ciia @6 mudi 1én hoat tinh cua cdc loai vi sinh trén con phu thude vao diéu kién thuan dudng
chiing, tirc 12 kha ning “lam quen” véi diéu kién mdi truong sbéng trude do.

Anh huéng cta cic yéu té tic dong Ién hoat tinh cta vi sinh vat thuong dugc dénh gid
thong qua cic nghién ciru vé mit dong hoc cta qud trinh, tic 12 sy bién dong cia céc thong sd
dic trung cho qud trinh dong hoc trong diéu kién dién bién xay ra.

Phuong trinh ddng hoc Monod (1) thuong duoc sir dung dé mo ta mot qué trinh dong hoc
vi sinh, 1a dang bac phan tng hdn hop gilta bac khong va bac mot: tiém can béc khong trong
viing nong do cao va bic mot trong cuing nong do thip. Céch tiép can trén gitp don gian héa khi
phén tich céc 56 liéu dong hoc thu duoc tu thuc nghiém, tuy nhlen n6 chira sai s6 dang ké khi
nghién ciru nhirg hé c6 ndng do trong viing bién (rdt cao hay rat thap) va trong cic ki thuat
phan ting khac nhau (dang tinh, dang lién tuc khudy tron déu, dong chay Ii tuéng, vi sinh vat ton
tai & dang huyén phit hoic dang mang...).
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Dbi véi ving ndng d6 amoni thip nhu trong truong hop xu 1i nude nudi hai san thi phuong
trinh dong hoc thudng duogc gén cho 1a dién bién theo bac mot va st dung lam cdng cu dé phéan
tich so liéu thyc nghiém [11, 15].

Ciéc sb liéu thu dwoc cua ching t6i cho thdy khi gdn mot gid tri bac phan tmg cb dinh cho
phuong trinh d6ng hoc trong diéu kién nong do thdp va thuc hién phan tng tai cic d6 mudi khac
nhau khi s dyng ki thudt mang sinh hoc tang chuyen dong (Moving Bed Biofilm Reactor -
MBBR) s& dua lai sai s6 ddng ké. Sir dung phuong trinh dong hoc chira ddng thoi ca hiang s6 toc
do phan ng va bac phan tng tuan theo dién bién cuy thé cua hé mang lai két qua phu hgp t6t
hon, mo ta thyc té t6t hon.

Noi dung bai bdo sé trinh bay két qua nghién ciru v& anh huong ciia ¢ mudi 1én hoat tinh
vi sinh cta qué trinh nitrat héa trong diéu kién ndng d6 amoni thip véi vi sinh vat duoc thuin
dudng trong céc diéu kién khic nhau. Pdng thoi nghién ciru anh huéng ciia ndng d6 amoéni dau
vao dén hiéu qua xir 1.

2. PHUONG PHAP PHAN TiCH CAC SO LIEU PONG HQC

Qud trinh oxy héa améni bang phwong phép sinh hoc thudng dwoc mé ta theo phwong trinh
ddng hoc Monod:

v =-d[C]/dt = (knXC)/(K +C) (1)

trong d6 - d [C] /dt 12 tdc d6 oxi héa améni tai ndong do C; ki, 12 tc do tidu thu co chit tdi da trén
mdt don vi sinh khoi ¢6 hoat tinh; K 1a hang s6 ban bao hoa; X 1a nong do sinh khoi.

Mit khic, tbc d6 phan ting héa hoc c6 thé mo ta theo dang téng quat:
v =-d[C]/dt= kC" (2
k 12 hing s6 téc do phan tmg va n 12 bac phan tng.

Khi phan tng xay ra trong vung ndng d6 amoni thap thi phwong trinh (1) ¢6 thé chuyén
thanh phuong trinh dong hoc bac nhat theo phuong trinh (2) ung véin = 1.

v =- d[C]/dt = kC. 3)

Giai phuong trinh (2) va (3) véi néng d6 amoni ban dau 1a C, s& thu dugc:
C = C,exp (-kt) khi n=1 4)
C'™-Cy'™=(n-1)kt véin#l (5)

Tir sb lidu dong hoc thu duogc theo ki thuat phan tng dang tinh (cap gid tri G; vat tuong
{mg) s& tinh dugc tdc d6 phan mg v, tai gi4 tri ndng do C; theo phwong phap vi phan s6 va tir d6
tinh ra k theo (3) khi gén cho n = 1 (phwong phap I) hoic k, n theo biéu thtc (2) (phuong phap
1D).

Tuong tng c6 thé tinh k theo (4) khi gan n = 1 (phwong phép III) va déng thoi k van tr (5)
(phuong phép IV) tu C,, t; theo phuong phép tinh hoi qui thich hgp. [16]

3. PHAN THUC NGHIEM

3.1. Nudi cAy vi sinh
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Vit liéu mang 12 polyuretan x6p, hinh khéi lap phuong véi kich thuée 1 cm x 1 cm x 1
cm. Loai vat liéu nay c6 khdi lwong riéng biéu kién 1a 33 g/, 6 xdp khoang 98%, dién tich bé
mit khoang 6000 m*/ m”".

Mot Iugng nho vi sinh tyr dudng (Nitrifier) da duoc phan 1ap va duoc céy vao mdi truong
nudi chira chat dinh dudng va 10% thé tich chit mang trong diéu kién hiéu khi (DO > 5 mg/l).
Thoi gian danh cho vi sinh phat trién 12 khoang 2 thang & nhiét d6 30 + 3°C. Trudc khi st dung
ching dé khao st trong timg d6 mén khéc nhau thi vi sinh duoc tiép tyc thuan dudng & nhiing
d6 mudi 4n dinh sin trong thoi gian 3 tuan.

3.2. Tién hanh thi nghiém

Céc thi nghiém nghién ciru ddng hoc qua trinh nitrat dugc thyc hién trong binh nhya c6 thé
tich 1am viéc 1 6 lit theo ki thuat mé gidn doan, khudy tron déu. Thé tich vat liéu mang chiém
10% va dugc duy tri ¢ trang thai chuyén dong nho ngudn khong khi cip tir ngoai vao nham duy
tri diéu kién hiéu khi ciia hé phan tng (DO > 5 mg/l).

Néng dd amoni dau vao cho tt ca céc thi nghiém (khao sat anh huong ctua do mudi) 1a
gidng nhau va c6 gid tri 12 5 mg/l tinh theo N. Céc thi nghiém dénh gid anh hudng ciia d6 mubi
1én qua trinh nitrat héa nam trong khoang 0 dén 40%o (phan ngan). Nong d¢6 amoni dugc xdc
dinh sau khoang thoi gian 10 phit. Tong thé tich mau 14y ra tir binh phan tng 12 nho hon 3% thé
tich ban dau nén sai s6 do giam thé tich khéi phan tmg 12 thép.

Miu nuéc thi nghiém dugc pha ché tir nwéc may voi cdc thanh phan héa hoc twong tw nhur
trong céc nghién ctru [10] ngoai trir yéu t6 d6 man. pH khong thay doi trong subt qué trinh thuc
nghiém, nam trong khoang 7,5 — 8.5.

Amodni, nitrit, cling nhu cdc thanh phan lién quan dwoc phén tich theo phuong phép chudn
cia APHA [1].

4. KET QUA VA THAO LUAN
4.1. Phan tich s liéu dong hoc theo cic phwong phap khic nhau

Tir gid tri v tinh theo phwong phép vi phén s tuong (mg véi timg gid tri C thu dugc:
k van tr phuong trinh (2) (phuong phépI).
k van =1 tr phuong trinh  (3) (phuong phap II ).

Tu tap hop cac cap dir liéu (C;, t;) trén duong dong hoc ta tim duoc k va n khi st dung 161
giai dang giai tich ctia phuong trinh (4) va (5):

k khi n =1 tr phuong trinh (4)  (phuong phép III ).
k van tr phuong trinh (5) (phuong phép IV).

Thong s6 dong hoc k va n dugc tinh todn bang nhing cdng cu todn hoc thich hop tir tap
hop s6 liéu dong hoc (Ci; ), 1ap lai cho mdi thi nghiém it nhét 12 3 1an trong diéu kién giong
nhau. Céc thong s6 k, n tinh duoc tir cdc md hinh khdc nhau duge st dung dé tinh cho duong
ddng hoc va so sanh véi cac gid tri thyc nghiém, tir 6 danh gia mucﬂd(.) ‘khd nang mo ta” sqo liéu
thi nghiém cua ting phuong phdp thong qua dai luong d6 1éch chuan. Gid tri do 1éch chuan thu
duoc cho ting phuong phép 1a két quéa khao sat cua chin tap hop so liéu.
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Két qua chi ra rang sir dung phuong phép tinh ddng thoi k va n tir 11 giai dang giai tich
theo phuong trinh (5) s€ phan 4nh sét nhat két qua thi nghiém (bangl, hinhl).

Bdng 1. So sanh d¢ 1éch chuin ciia cdc phuong phép tinh todn khic nhau tir 9 tap hop dit liéu

Phuong phép tinh I 1I I v
D6 léch chudn 6-75 10 - 45 1-35 <1
mg/l &

—#— s liéu thurc nghiém

phwong phap 1

phuong phap 2

—— phwrong phap 3
phurong phap 4

phnt
o 20 a0 60 g0 100 120

_Hinh 1. So sénh di¥ liéu tinh todn theo 4 md hinh véi céc s liéu thyuc nghiém (céac diém)

4.2. Panh gia do tin cay ciia moé hinh

Str dung gid tri k va n da tinh todn dugc theo phuong phdp t6t nhat (phwong phap IV) dé
tinh toan cho duong dong hoc voi nong dd amoni ban dau nam ngoai khoang va trong khoang
da khao sat 1a 8 mg/l va 3 mg/l tai ba do mudi khic nhau (10, 20, 30%o0). So sanh vai so liéu
thuc nghiém cho thay: trong tat ca céc trudng hop thi dit lidu thu dugc tir thyc nghiém phit hop
t6t v4i gid tri tinh todn tir mo hinh véi d6 1éch chuin nam trong khoang tir 3% - 10%.

4.3. Anh hwéng cia d¢ muoi lén toc d§ oxi hoa amoni

Téc do va hiéu qua oxy héa amoni trudc hét phu thude vao do mu01 cua mdi truong; tic
dong cua yéu t6 trén dwoc ddnh gid thong qua hidu suat xir 1i. Hiéu sudt xir 1i dwoc tinh tir biéu
thure (5):

H (%) = (Co — C)/Cy*100% = [Cy— (Cy'™ + (n-1)kt)" 1/Co*100% (6)
trong d6: H 1a hiéu suat cua phan ung; C, la ndng d6 améni dau vao; C 1a ndng d6 amoni tai
thoi diém phan ung t; k 1a hang s6 toc do phan ing va n 1a bac phan trng; t 1a thoi gian phan tng.

Tir s6 lidu dong hoc tinh duge céc thong s6 k va n, tir d6 tinh hiéu sudt tai cdc thoi diém
tuong ung trong cdc diéu kién cua moi truong phan ing va thuan dudng khac nhau. Két qua thu

dugc vé anh huong cua d§. mudi 1én hiéu suat xir 1i theo thoi gian cla qud trinh nitrat héa tai
diéu kién thuan dudng ngudn vi sinh & d6 mudi 0%o dwoc trinh bay trén hinh 2.
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Anh huéng cta do mudi 1én hiéu suét xir 1 thé hién rat 15 rét, vi du dé dat hiéu qua xu Ii
80% véi @0 muodi 5%o can thoi gian khoang 44 phit va voi do mudi 25%o thi can téi 101 phuit.

t xi ly (%)

éu sua

Hi

250

300

—— Mudi 0%°

—-— Mubi5%:°

—h— Mudi 10%"
== Mudi 15%°
—#— Mudi 20%"
Mudi 25%°
Mudi 30%°
Mudi 35%°
Mudi 40%°

asol'hoi gian (phut)

Hinh 2. Anh huéng ciia @6 mudi 18n hiéu qua xu I amdni theo thoi gian

Anh hudng ctiia 6 mudi 1én hiéu suét cta phan ung ciing c6 thé dénh gid théng qua thoi

gian can thiét dé dat toi mot hiéu suat xu 1f nhit dinh:
t = [(Co - H(%)*Cy/100)" = Co" "]/ [(n-1)*k].

(N

Vi du, v6i ndong d6 amoni ban dau trong nudc thai nudi gidng thay san 1a 5 mg/l, nude sau
xir 1 cho muc dich tai str dung yéu cau mirc ndng d6 khong qua 0,2 mg/, hiéu suit xir Ii cin dat
12 96%. Thoi gian can thiét cho qud trinh xtr Ii (phit) trong mdi truong c¢6 d6 mudi tir 0 dén
40%o cho ngudn vi sinh dwoc thuan dudng tai ¢ mudi 0; 15; 25 va 35%o duoc ghi trong bang 2.

Bdang 2. Bang t6m tit thoi gian can thiét (phit) dé xii If dat hiéu suat 96% véi nong do ban dau
5 mg/1 tai cdc A muoi khic nhau (PKTN) va ché do thuan dudng khéc nhau (PKTD)

DKTD
BKTN 0%o 15%o0 25%o0 35%o
0%o 64 68 70 72
5%o0 77 78 80 81
10%o0 101 96 93 90
15%o 115 108 104 99
20%o 140 119 116 109
25%o 168 155 143 134
30%o 192 190 173 167
35%o 235 223 196 193
40%o0 285 256 197 205
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S6 liéu tir bang 2 chi ra:
bo muéi ciia mdi truong phan Ung tic dong rat lon dén thoi gian xur 1i: khi thay do6i do
muoi tr 0 dé‘:n 40%o thoi gian tang 4,4§ lan (285/64, thuén dudng tai 0 %° d6 muoi); 3,76 I@n
(256/68, thuan dudng tai 15%o); 2,81 lan (197/70, thuan dudng tai 25%o); 2,84 (205/72, thuan
dudng tai 35%o).

Ngudn vi sinh vat duoc thudn dudng ¢ ndng d6 mudi cao ¢6 “strc chiu dung ” tét hon khi
hoat dong trong mdi truong man, thé hién & ti 18 thoi gian thap dé dat dén mot hiéu suat khi ting
d6 muoi cua moi truong phan {mg (2,84 50 vdi 4,46 khi thuan dudng tai 35 va 0%o d6 mudi).

Trong viing d6 mubi cua moi trudong phan tng thap (0 va 5%o) hoat tinh cua vi sinh vat it
bi anh hudng, tuy nhién néu thuan dudng ching tai 6 mudi cao thi hoat tinh ciia ching d bi
giam trude do.

Véi nguodn vi sinh duge thuan dudng & do muoi cao dung dé xir If cho méi truong c6 do
muoi thap thi hi€u qua kém va nguogc lai, véi nguon vi sinh duge thuan dudng ¢ d6 muoi thap
dung d¢€ xt li cho m6i truong c¢6 do muoi cao thi hi¢u qua sé thap.

4.4. Anh hwéng cia nong do diu vio

Téc dd va hi¢u qua oxy héa amoni khong nhirng bi anh hudng boi do mubi ma con phu
thugc vao ndng d6 dau vao: tbc d6 phan tmg cham trong vung nong do thap. Tac dong cua yéu
t6 trén duoc danh gid thong qua gid tri xdc dinh cua ndng d6 amoni sau xtr 1i (tiéu chuin thai)
hodc hiéu sudt 7xu’ Ii (%) tir cdc nong do ban dau (dau vao) khic nhau. Nong d tai thoi diém t
duoc tinh tir biéu thire (5):

=[Co'" + (n-1)*k*(]" ®)

Str dung céc théng sb k va n dé tinh todn cdc duong dong hoc twong ng, tr d6 xdc dinh C

theo biéu thirc (8). Hinh 3 la cdc duong dong hoc mg v6i cdc nong do dau vao lan luot 1a

8 mg/l 5 mg/l; 3 mg/l v01 nong d6 muoi cua mdi truong 1a 10%o, st dung nguon vi sinh duoc
thuan dudng tai do mudi 12 35%o.

E2E 2
e’ =img 1
e
i C=5mg/l
C=3mgl

/ C=02mg/

Hinh 3. D4 thi biéu din anh hudng ctia ndng d6 dau vao t6i tdc d6 xir 1i amoni theo thoi gian

103

Thoi gian { phiit)|

. pé n?)ng d6 dau ra 12 0,2 mg/l dat tiéu chuan chat luong nude nudi thiy san ung voi cic
nong 46 dau vao 1a 8; 5; 3 mg/1 thi can thoi gian tuong ung la 101; 83; 66 phuit.
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Dé dat téi mot hidu suat xir 1f nhat dinh can mot thoi gian phan ng twong tng vdi cic ndng
d6 dau vao khic nhau. Tir s6 liéu dong hoc tinh dugc thoi gian can thiét (phiit) dé dat toi hiéu
sut xtr If nao dé, ung véi cac nong d6 dau vao bat ky duoc tinh theo (7):

t = [(Co - H(%)*C¢/100)""™ — Cy'™)/ [(n-1)*K].

Gia thiét hiéu suat xur If can dat 1a 96%, v6i ndng d6 ban dau lan luot 1a 8; 5; 3 mg/l, thi
thoi gian can thiét cho cac diéu kién phan ung khac nhau dugc trinh bay trong bang 3.

Bang 3. Bang két qué thoi gian can thiét dé xir 1f dat 96% khi ndng do dau vao (Comg/l) khic
nhau va khao sat tai cic DPKTD ( mudi %o) khac nhau

Co (mg/l)
DPKTN (%o) 8 5 3
10 92 83 75
20 112 94 78
30 217 179 146

Tir s6 lidu ctia bang 3 cho thdy: ti 16 thoi gian giita ching 1a 1,23 : 1, 11 : 1,00 (d6 mubi
10%o); 1,44 : 1,21 : 1,00 (20%o); 1,49 : 1,23 : 1,00 (30%o); trong khi ti 1¢ néng do dAu vio cta
ching 12 2,67: 1,67:1,00. So sanh hai trudng hop ciia ndng d6 dau vao 1a 3 va 8 mg/l cho thiy:
dé dat hiéu suit 96% thi thoi gian can thiét cho truong hop sau cao hon truong hop dau 1a 23%
(10%o0 30 muo1) 44% (20%o), 49% (30%o) trong khi ti 1¢ nong d6 gitra ching 1a 267% (8/3). Tu
d6 cho thay nong do thip ciing 1a yéu to kim ham tdc d6 xur 1i. St dung ngudn vi sinh dugc
thuin dudng gan glong v&i moi trudng can xir I s& cho hiéu qué cao hon.

4. KET LUAN

Quad trinh dong hoc nitrat hoa trong diéu kién tc ché (nong d6 amoni thap, moi truong nuoce
man) st dung ki thuat tang vi sinh chuyen dong c6 thé mo ta thong qua c4c thong s6 dong hoc k,
n theo phuong trinh v = kC".

C6 thé sir dung cic théng s6 dong hoc k, n dé tinh todn dong hoc qua trinh nitrat & cic diéu
kién khac nhau véi mire dd sai s6 (d0 1éch chuan) khong qua 10% .

Str dung cdc gid tri k va n dé xay dung céc dudng dong hoc trong céc diéu kién khéc nhau
nham danh gid hiéu qua cua qua trinh nitrat héa.

D06 mudi cao va ndng do amoni thap la cic yéu to kim ham toc d§ phan ing..
Nguon vi sinh dugc thuan dudng trong di€u kién gan giong voi dicu kién ciia moi truong
can xur 11 thi dat hiéu qua xu 11 tot.
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SUMMARY

Nitrification by moving bed biofilm reactor (MBBR) involves physical, chemical and

biological processes, that are governed by a variety of parameters such as substrate and
dissolved oxygen concentrations, organic matters, temperature, pH, alkalinity, salinity and
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turbulence level. The impacts of these parameters upon nitrification kinetics make predicting the
performance of a biofilter for a give application an engineering challenge. Knowing the
performance of a biofilter is critical for both designers and managers. This paper presents the
current knowledge the nitrification kinetics are affected by salinity and initial concentration.

In this study, the kinetical data of nitrification process conducted by MBBR under
oligotrophic condition and in saline medium were analysed by the general kinetics model of n -
th order equation and compaired with other data analysis procedures. The established procedure
was used to investigate the influence salinity on the kinetical behaviours of the nitrification
process under oligotrophic conditions in saline water. Low ammonium concentration
(oligotrophic) and high salinity within a system represent the inhibitory factors on the process,
which considerably reduce the nitrification performances.

The general kinetics model of n - th order equation could be use to simulate kinetical
nitrification in circumstance conditions.
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