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DANH GIA HIEU QUA KHU' NITRATE CUA VI KHUAN
BACILLUS LICHENIFORMIS CO DINH TREN GIA THE

EVALUATION OF NITRATE REMOVAL EFFICIENCY BY IMMOBILIZED BACILLUS LICHENIFORMIS ON CARRIERS
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TOMTAT

Viéc loai bo nito ra khoi nudc thai c6 do man cao cta nudi tréng thiy san
véi qua trinh khir nitrate dang |a vén dé duoc quan tam, dac biét 1a trong tinh
hinh cong tac quan Iy ngudn nudc chua dugc hiéu qua nhu hién nay. Nghién
cliu nay tap trung danh gid cac yéu t6 anh hudng (thdi gian luu nudc (HRT), do
man va ty 1& (/N) dén hiéu qua khi nitrate cta vi khudn Bacillus licheniformis
trong bé& phan (ng sinh hoc gia thé lo Iing biochip. Két qua cho thdy: &
HRT = 4h hiéu suat kh(r nitrate dat 94,2% sau 24h, khi tang nong d6 mudi thi
hiéu qua kh nitrate gidm, 6 nong do mudi 20%o hiéu suat khir nitrate dat
75,5% sau 24h, ty 1&é (/N = 6 hiéu qua khi nitrate dat 90,6% sau 24h.

Tir khéa: Nudi trong thily sdn; khi nitrate; Bacillus licheniformis; dg mdn.

ABSTRACT

Nitrogen removal from high-salinity aquacultural wastewater applying
denitrification process has attracted considerable attention, particularly under
the current circumstances of ineffective water resource management. This
study focuses on evaluating the factors influencing the nitrate removal
efficiency of Bacillus licheniformis in a suspended carrier biochip bioreactor,
including hydraulic retention time (HRT), salinity, and the carbon-to-nitrogen
(C/N) ratio. The results showed that at an HRT of 4 hours, nitrate removal
efficiency reached 94.2% after 24 hours. However, as salt concentration
increased, the efficiency decreased; at a salinity of 20%o, nitrate removal
efficiency was 75.5% after 24 hours. At a (/N ratio of 6, nitrate removal
efficiency reached 90.6% after 24 hours.
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1. GIGI THIEU

Nudi trong thay san la mét linh vuc san xuat quan
trong cda Viét Nam véi kim ngach xuat khdu hang nam
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Pham Minh Tuan’,
Tran Duc Thao'", Lé Thuy Linh’

hang ty USD [1]. Trong qua trinh nudi trong thay san, moi
trudng nudc ao dan trd nén 6 nhiém véi cac thanh phan
chinh la cac chat hitu co, cac hgp chat chia nita va phét-
pho. Cac hgp chat chia nito cha yéu la cac amino acid,
ammonia, nitrite hodc nitrate dugc hinh thanh tu qua
trinh phan hdy thiic an du thira, phan ma vat nuéi thai ra,
té€ bao tao, vi sinh vat, xac phiéu sinh déng, thuc vat [2].
Nudc ao nudi dugc cung cap day du oxy va co thai gian
luu trong hé théng nudi tuang déi thi nitrate sé la dang
ton tai chu yéu [3]. Tuy nhién, néu nudc c6 ham lugng
nitrate cao dugc tai st dung (nhu trong hé théng nudi
tuan hoan nudc) hodc dugc thai ra nguén tiép nhan bén
ngoai thi c6 kha nang gay phu dudng héa nguén nudéc. Vi
vady ngudi ta can thuc hién qua trinh khi nitrate dé
chuyén lugng nitrate trong nudc thanh khi nito trugc khi
tai sir dung hodc dua ra nguén ti€ép nhan.

Qua trinh khr nitrate sinh hoc dién ra trong tu nhién
thong thuang trong diéu kién khéng cé oxy (thiéu khi). Vi
sinh vat khir nitrate s&rdung nguén nang lugng la cac hgp
chat vo co hodc hitu cg, nitrate dong vai tro 1a chat nhan
dién t cudi cung. Bacillus la giéng vi khuan c6 qua trinh
trao déi chat kha da dang. Thong thudng ching st dung
qua trinh hé hap hiéu khi st dung nguén nang lugng la
cac hgp chat hitu co va oxy la chat nhan dién tdr. Tuy nhién
trong nhiing méi trudng khac, chdng han bé khit nitrate
cla hé théng xt ly nudc théi, ching cé thé thuc hién qua
trinh hoé hap ky khi véi chat hiru co va nitrate lan luot la
nguén nang lugng va nhan dién t. Cach thuc trao déi
chat nhu vay c6 thé dugc Ung dung dé khit nitrate cho
nudc dau ra cda hé théng nudi tréng thay san, trong do
qua trinh khur nitrate dugc hé trg bang cach cé dinh
Bacillus trén gia thé dé gia tang s6 luong vi sinh vat tham
gia vao qua trinh.

Trong nghién ctu nay ching t6i khdo sat qua trinh
kh nitrate s dung bé phan ng véi vi sinh vat ¢é dinh
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trén gia thé va xac dinh anh hudng clia cac yéu t6 thoi
gian luu nudc, d6 mudi, ti 1é C/N dnh hudng nhu thé nao
dén hiéu qua xu ly cia hé thong.

2. THUC NGHIEM

2.1.Vatliéu

Chang vi khuan kh nitrate dugc dung dé cé dinh 1én
gia thé thudc loai Bacillus licheniformis, dugc cung cap bdi
Céng ty C6 phan CNSH Tién Phong, 16 23 dudng Tan Tao,
KCN Tan Tao, Q. Binh Tan, TP. HCM.

Gia thé st dung trong hé théng sinh hoc la Biochip
Hel-X c6 san trén thi trudng vaéi dién tich bé mat khoang
4.000m?/m3.

Nudc thai téng hgp c6 thanh phan: NaNO; 0,29g/L;
CHsCOONa 0,094g/L (COD 100mg/L); MgCl, 1,59/L;
MgS0s 1,5g/L; KCl 0,2g/L; CaCl, 0,36g/L, ham lugng NaCl
thay d6i theo thi nghiém.

2.2. M6 hinh thuc nghiém

Hé théng bé sinh hoc c6 hinh vuéng lam bang nhua
PVC réng 20cm va cao 20cm cho téng thé tich bé phan
tng la 5L (hinh 1). B6 sung 0,8 kg gia thé (1,2g/cm?,
4,000m*/m?). Nguén cacbon va nitd cung cdp cho bé
phan Ung la acid acetic va nitrate [4]. Nudc thai dugc bom
vao bé theo chiéu tur dudgi Ién véi luu lugng 6n dinh va
diéu chinh dugc bang cach sit dung may bom dinh lugng.
Nudc thai di qua I6p gia thé, mau nudc thai dugc 13y tai
diém 1dy mau, mau 1y dugc dem di phan tich néng do

nitrate.
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Hinh 1. M hinh hé thdng bé sinh hoc

Tang sinh vi sinh vat trong 60mL méi truong Nutrient
Broth, sau 24h cho dich tang sinh vao bé sinh hoc cling
gia thé, dé 6n dinh trong 24 - 36h nhdm giup vi khudn
bam vao gia thé, tao thanh mang biofilm.

Chay khoi dong hé théng véi nong d6 dau vao
56,61mg N-NO;/L, d6 mudi: 10%o, thong sé COD
100mg/L, téc d6 dong vao 20mL/phut, thai gian luu 4h,
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hoat dong & nhiét d6 phong va dugc dat trong diéu kién
yém khi. Ti€n hanh cho nuéc mudi vao bé (khoang 5L) dé
bé 8n dinh 24h sau d6 mdéi tién hanh thi nghiém. Theo doi
nong doé nitrate trong 24h, néng do nitrate dau ra giam so
vGi ndng dé dau vao dugc xac dinh giai doan chay khéi
doéng da két thuc.

2.3. B4 tri thi nghiém

2.3.1. Thinghiém 1: Khdo sdt chay khéi déng bé sinh
hoc

Hé théng bé sinh hoc dugc van hanh 24/24h véi néng
dé dau vao 56,61mg N-NOs/L, 6 mudi: 10%o, COD =
100mg/L, téc d6 dong vao 20mL/phut, thoi gian luu la 4h
hoat dong & nhiét d6 phong va duy tri diéu kién yém khi
trong bé.

Hiéu qud x{ ly nitrate dugc xac dinh dya trén ty lé
gidm nitrate clia nudc thai trong bé sinh hoc. Thi nghiém
dugc theo déi trong 2 ngay. Mau dugc lay méi gid trong
vong 30h dé xac dinh ham lugng nitrate.

2.3.2. Thinghiém 2: Khdo sat anh hudng cla thoi gian
luu nudc (HRT), d6 mudi vaty lé O/N

Hé théng bé sinh hoc dugc van hanh 24/24h véi néng
dé dau vao 56,61mg N-NOs/L, 6 mudi: 10%o, COD =
100mg/L, téc d6 dong vao 20mL/phat, hoat ddéng & nhiét
dé phong va duy tri diéu kién yém khi trong bé.

Hiéu suat cta xt ly nitrate dugc xac dinh dua trén cac
yéu t6 khao sat: thai gian luu nudc: 2h, 3h va 4h [6, 8];
nong d6 mudi: 0%o, 20%o, 30%o tuong Ung lugng NaCl
lan luot 1a 0g; 0,1g; 0,15g [11, 12]; ty 1& C/N: 3, 6, 10 [13,
14]. Mau dugc 1dy méi gid trong vong 30 h dé xac dinh
ham lugng nitrate.

2.4. Phuong phap phan tich

2.4.1. Phén tich mau va tinh két qua

Néng dé Nitrate dugc xac dinh theo phuong phap
Brucine (APHA 4500-NOs" Q).

Ham lugng mudi NaCl (myac) dugc tinh theo cong
thuc (1):

Mnaci () = D6 Mudi (%) x Thé tich nudc (L) 1)

Hiéu suat khr Nitrate (n) dugc tinh theo cong thic (2):

N (%) _ Nong d6 vao—Nong do ra x100% @)

2.4.2. Phuong phdp xir ly sé liéu

Thi nghiém dugc bé tri theo kiéu hoan toan ngau
nhién 3 1an lap lai va x ly thong ké bang Microsoft Excel.
3. KET QUA VA THAO LUAN
3.1. Két qua chay khéi dong bé sinh hoc

Két qua chay khai dong bé sinh hoc dugc thé hién &
bang 1. Két qua cho thdy néng do nitrate gidam manh dan

Nong do vao
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theo thai gian khao sat. Trong thoi gian dau, nong do
nitrate gidm con 15,95 + 0,14mg/L sau 1h (hiéu suat dat
71,4%), sau d6 duy tri sy 6n dinh khéng tang nhiéu, sau
2h néng d6 con 14,87 + 0,52mg/L (hiéu suat dat 73,3%).
Diéu nay la do su thich nghi clia cac vi sinh vat trong
mang sinh hoc d6i véi dac tinh cla chat anh hudng can
dugc xt ly va cac yéu té méi trudng nén kha nang khu
nitrate thap. Trong thai gian thich nghi, mang sinh hoc
tdng dan kha nang loai bd nito do su gia tang vi khuan
trong mang sinh hoc, chti yéu la vi khuan kh nitrate [5].
Bang 1. Nong do nitrate theo thai gian khi chay khi dong bé sinh hoc

Thaigian (h) | Nong dd nitrate (mg/L) | Hiéu suat xily (%)

0 55,72 +£0,43 -

1 15,95+0,14 71,4
2 14,87 0,52 73,3
3 8,70+1,50 84,4
4 7,62+0,20 86,3
5 6,77 +1,25 87,9
24 5451114 90,2
25 4,98 +0,40 911
26 4,10+1,07 92,6
27 3,641+0,76 93,5

Sau 3h hiéu suat xt ly nitrate tang manh, néng d6
nitrate con lai 8,70 + 1,50mg/L (hiéu suat 84,4%), sau 24h
nitrate gidm xuéng con 5,45 + 1,14mg/L (hiéu suat dat
90,2%) va sau d6 duy tri 6n dinh do lic nay vi sinh da thich
nghi v6i moi trudng nén téc dé xu ly tang nhanh va én
dinh [5].

3.2. Két qua khao sat anh huéng cua théi gian luu
nudc dén kha nang khi nitrate

Két qua khao sat anh huéng cuia thoi gian luu nudc dén
kha nang khr nitrate dugc thé hién & bang 2 va hinh 2.

Bang 2. Bién doi nitrate theo thai gian luu nudc

. Nong d nitrate (mg/L)
Thai gian (h)
HRT=2h HRT=3h HRT =4h
0 54,26 1,71 55,20 £ 0,56 53,891,711
2 2535+0,87 19,88 5,31 19,68 + 4,49
4 20,10 1,76 16,67 + 2,44 6,06+ 1,28
22 17,40+ 2,69 10,77 £0,17 3,30£0,70
24 13,27 +£2,99 10,34 +0,81 312+0,79
25 12,74+ 2,46 9,71+£1,18 3,43+0,56
26 12,45+3,22 746213 3,81+0,84

Két qua cho thdy nong dé nitrate giam theo thai gian.
& 2h dau néng dd nitrate giam manh & cac HRT. Tuy nhién
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sau 4h xur ly thi & HRT = 4h néng d6 nitrate giam manh,
hiéu suat khit nitrate dat 88,8 % trong khi & HRT = 2h va
3h chi dat hiéu suat lan luct 1a 63% va 69,8%. Xu hudng
kh nitrate 8 HRT = 4h tang dan va én dinh theo thai gian.
Sau 24 h xtt ly & HRT = 4 h hiéu suat dat 94,2%, trong khi
@ HRT = 2h chi dat 76% va HRT = 3h dat 81,3% (hinh 2).

Diéu nay chiing té HRT anh hudng dén hiéu qua kha
nitrate. Khi tang HRT thi hiéu qud khu Nitrate tang la do
khi thai gian luu dai sé tang thaoi gian tiép xuc gitia vi sinh
vat va nudc thai qua dé gilp tang hiéu qua kh nitrate
trong bé. K&t qua nay phu hop véi két qua ctiia Ahnen va
cdng su da cong bé khi tién hanh khao sat anh hudng cua
cac ty lé C/N khac nhau va thai gian luu thuy luc d6i véi
qua trinh kht nitrat trong nudc thai ctia hé théng nudi
tréng thuly san tuan hoan, nhiém man cho két qua ty lé
loai bd nitrat tding mot cach nhat quéan khi giam HRT
trong cac HRT dugc thir nghiém 3, 5, 7 va 10h [6].

120
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Hinh 2. Hiéu sudt khi nitrate 6 cac HRT

Nghién ctu ciing cho thay & HRT = 4h, hiéu qua kh{
nitrate cao nhat. K&t qua nay co su khac biét vai két qua
ctia Qinghong Wang va cong su da cong bé khi chirarang
hiéu qua loai bo nita téi da & HRT = 8 gid khi st dung sgi
chilam vat liéu mang vai nguén cacbon la metanol va thé
tich bé Ia 30L [7]. K&t qua cling khac biét véi nghién ciu
clia Zao Chen va céng su da cdng bé khi nghién ctu anh
huéng cGa HRT dén bé phan dng khi nitrate pha rdn
trong hé théng nudi trong thay san tuan hoan vai HRT toi
luu dé khir nitrate la 2h [8]. Diéu nay c6 thé do khac biét
vé chuing vi sinh vat, gia thé st dung trong hé théng so
véi cac nghién cdu trén.
3.3. Két qua khao sat anh huéng cia néng dé mudi
dén kha nang khit nitrate

Két qua khao sat anh huéng ctia ndbng dé mudi dén
kha nang kh nitrate dugc thé hién & bang 3 va hinh 3.
Két qua cho thdy & nong d6 mudi 0%o, 20%o va 30%o Vi
sinh vat khir nitrate véi hiéu suat sau 24h lan lugt 1a 81,5%;
75,5%; 57,0%. G ndng dd mudi 0% hiéu qua khir nitrate
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cho két qua t6t nhat (hinh 3). Nhu vay, ndbng d6 mudi co
anh hudng dén kha nang cda kh nitrate cta vi sinh vat.
Hiéu qua éxy hoda clia vi sinh vat gidm dan khi gia tang
néng d6 mudi trong nudc. Khi @ man tang thi hiéu suat
khur nitrate giam, véi d man cao vi sinh vat can thoi gian

lau hon dé thich nghi v6i méi trusng.

Béng 3. Bién doi nitrate theo ndng dd mudi

tuc tang lén 55ppt, chling gan nhu mat kha nang khu
nitrate [10].

Nghién cttu cia Wang va cong su cling chiing minh &
dé man thap < 20g/L néng do nitrate giam tuong doi
73,73% d6i vai NaCl, tuy nhién déi véi nudc thai cé do
man cao 20 - 100g/L hoat ddng clia vi sinh vat khir nitrate
hoan toan bi tic ché ngay ti dau, ty |é té bao séng tuong
déi c6 tuang quan nghich véi néng dé mudi, cho thay
rang d& man cao Uc ché hoat dong khi nitrat va giét chét
cac té bao khu nitrate [11].

Dua vao cac nghién clu trudc dé va két qua cda thi
nghiém nay cho thay khi d man cang tang thi kha nang
XU ly nitrate cang gidm. Va trong nghién cttu nay vi sinh
vat c6 thé chiu dugc dd man cao 30%o0 ma khong bi tic
ché, moi loai vi sinh vat déu c6 d6 man tang trudng téi uu
va vi sinh vat sé mat hoat dong vuct qua gidi han chiu
dung [12], day c6 thé la mét trong nhiing nguyén nhan
tao nén su khac biét gilta nghién ctu nay véi nhiing
nghién clu trudc do.

3.4. Két qua khao sat anh huéng cua ty 1& C/N dén kha
nang khr nitrate

Bang 4. Bién doi nitrate ¢ cac ty 18 (/N

. Nong d6 nitrate (mg/L)
Thei gian (h) - - -
PO muodi0%o | DO mudi20%0 | Do mudi30%o

0 55,16+ 1,90 55,44+ 2,26 55,53+0,74

1 27,84+ 0,59 34,37+1,02 41,19+0,70

2 16,30 £ 0,62 31,52+3,14 33,55+0,90

3 13,53 +£0,79 29,77+ 4,17 32,99+ 1,69

4 17,83 £0,53 19,77 £ 2,48 35,67x2,77

22 10,86 + 0,34 13,92 +1,88 26,62+ 0,28

24 10,19+ 0,34 13,60 £ 1,25 23,84+ 0,53

25 12,60 +1,71 15,48 +£2,40 21,70+3,79

26 15,26 £0,73 13,53 +£233 17,36 £3,29

27 12,09+1,29 11,03 £3,63 18,63 £ 6,07

28 10,57 + 0,67 10,31+0,90 19,43+ 1,62

29 9,06 £1,54 12,24+ 3,41 19,67 £2,83
100
90

"
d‘] TI q 2 Do mudi 0 %o
¥ Do mudi 20 %o

Do mudi 30 %o

Hiéu suat, %

80
) T
© W ]I I LI
50 &
s (kg 1
30 L
.

1 2 3

4 23 24 25 26 27 28 29

Thoi gian xit Iy, h
Hinh 3. Hiéu sudt khi nitrate 6 cdc ndng do mudi

D6 man déng vai tro quan trong trong qua trinh trao
déi chat va hoat déng cla vi sinh vat. D6 man thich hop
giup vi sinh vat duy tri 4p suat tham thau va cung cap cac
nguyén té thiét yéu dé phat trién. Tuy nhién, d6 man qua
muc c6 thé dan dén mat can bang ap suat tham thau cda
té bao, Uc ché enzym chd chét va réi loan chuyén hoa tir
d6 lam gidm kha nang kh nitrate. Chinh vi vay, d6 man
la mot yéu t6 can phai duoc kiém soat lién tuc dé hé
thong biofilter x( ly nitrate va hoat dong t6t nhat [9].

Nghién cliu ctia Fang va céng su cling da chiing minh
hiéu qua kh nitrate cGa chang khir nitrate hiéu khi di
dudng Barnettozyma californica K1 giam tur 99% xudng
42% khi d6 man tang ti 25ppt [én 35ppt. Khi d6 man tiép

160 | Tap chi Khoa hoc va (dng nghé Trudng Dai hoc Cong nghiép Ha Noi

Nong dd nitrate (mg/L)
Thei gian (h)
UN=3 (N=6 UN=10
0 53,11+0,43 55,72+0,43 53,76 = 0,65
1 32,86 £0,35 15,95+0,14 19,69+ 1,55
2 28,35+ 1,66 14,87 0,52 18,72+ 1,94
3 13,43+2,92 8,70+1,50 14,12+ 1,51
4 16,93 £2,95 7,62£0,20 12,58 £3,23
22 17,70 £1,50 6,21£0,85 8,80 £3,45
24 18,39+1,73 545114 6,34+3,90
25 14,46 £ 1,76 4,98 +0,40 5,74 +1,67
26 1794319 3,86 £1,36 5,07 +£3,54
120
100
: T B
f\; 80 J IiI ﬂ]_ FI I \I rl ECN=3
g o (I FI mCN=6
& 40 CN=10
o |
0 | |
1 2 3 4 22 24 25 26
Thai gian, h

Hinh 4. Hiéu sudt kh( nitrate 6 ty [é (/N
Két qua khado sat anh hudng clia ty 1&é C/N dén kha
nang khr nitrate dugc thé hién & bang 4 va hinh 4. G cac
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ti1é C/N = 3, 6 va 10 déu c6 kha nang khu nitrate, tuy
nhién ti & C/N = 6 va 10 cho két qua kh nitrate tot hon
so v&i C/N = 3. Trong 4 h dau & C/N = 6 hiéu suat x( ly dat
86,3%, C/N = 3 va 10 lan lugt dat 68,1% va 76,6%. Ching
t6 can nhiéu thai gian hon dé vi sinh vat c6 thé khir nitrate
dat hiéu suat xt ly cao & C/N = 3 va 10. Kha nang khu
nitrate clia vi sinh vat tét nhat la & ti 1é C/N = 6 vai hiéu
suat khir 90,6% sau 24h (hinh 4).

Trong qua trinh khur nitrate di dudng, ban chat cla
nguon carbon va tinh san c6 cta né vé ty 1é C/N da dugc
ching minh la c6 anh hudng dén ca con dudng khi
nitrate va mé hinh st dung carbon, dan dén hiéu qua loai
bo nitrate khac nhau. Ty 1& C/N thap sé han ché viéc cung
cap dién t cho cac phan tng khti, do d6 dan dén sy tich
tu cac chat trung gian khir nitrate (NO,, NO va N,O) [13].

Mat khac, viéc sirdung du thita nguén dién tir dan dén
lang phi nguén dién t& dat tién va lam tang COD nudc.
Mathis von Ahnen va céng su da tién hanh khao sat hiéu
suat ctia bé phan ting & bon ty 1& C/N dong vao khac nhau
(3,5,7va10) HRT ¢ dinh la 3,64h, hiéu qua loai bd nitrat
dat 100% khi ty 1& C/N tdng lén [14].

Bén canh d6, Mohan va cong su cling da tién hanh
khdo sat khd ndng khif nitrate v&ity 16 C/N1a 1,5, 2 va 3
trong cac bé phan ling theo mé tuan tu bun dang hat, két
qua qué trinh khr nitrate hoan toan va 6n dinh dugc quan
sat thdy ca 3 ti Ié nghién ctu [13]. TU két qua cla cac
nghién ctu trudc va thi nghiém da thuc hién cho thay kha
nang xU ly nitrate anh hudng béi ti 1é C/N.

4. KET LUAN

Chang vi khuan Bacillus licheniformis dugc cung cap
b&i Cong ty C6 phan CNSH Tién Phong (16 23 dudng Tan
Tao, KCN Tan Tao, Q. Binh Tan, TP. HCM) c6 kha nang khu
nitrate & nong d6 muodi cao. Qua trinh thi nghiém da
chiing t6 HRT, d6 mudi va C/N anh hudng dén hiéu suat
kh(r nitrate cGa chung vi khudn Bacillus licheniformis.
Sau 24h, & HRT = 4h, hiéu suat khur nitrate dat 94,2%,
ndng d6 mudi 20%o hiéu suat kh{ nitrate dat 75,5% va ty
[& C/N = 6 hiéu qua kh nitrate dat 90,6%. Can c6 thém
nhiing nghién ctiu d€ danh gia vé kha nang chiu man cao
cta chang vi khuan kh nitrate.
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