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Tom tdt: Nghién citu phat trién va lam giau céac vi khudn Anammox tir bun Ky khi
b€ UASB trong hé théng x& nudce thai nubi ion 3 TP H6 Chi Minh d3 dugc thuc hién
thanh céng. Két qua thu duoc sau 9 thang van hanh lién tuc cho thay hiéu qua khir
N-NH, tang dan tir 0 dén 81,5%, khir N-NO, tang dén tir 0 dén 85,6% va mot lugng
nhé nitrat duoc sinh ra (1,0-1,5 mg/l), diéu nay ching t3 cé x3y ra phan ing voi su
tham gia cda cac vi khudn Anammox. Sinh khéi da lam giau dude phan tich béng
ky thudt sinh hoc phan &, boi phan tmg PCR dac hiéu khuéch dai gen 16S rDNA
va két qua thu dugce co dé tuong déng cao vdi vi khudn KOLL2, KU2 va Candidatus
Brocadia anammoxidan.

Summary: The preliminary enrichment of anammox (anaerobic ammonium
oxidation) bacteria from sludge of UASB system treating swine wastewater in Ho
Chi Minh city was successfully carried out. Data from 9 months of continuous
enrichment showed the simultaneous consumption of ammonium and nitrite (0-81,5
% and 0-85,6 % of influent concentration, respectively) and the production of small
amount of nitrate (1,0-1,5 mg/L), which meant anammox reaction had occurred.
Analysis of enriched biomass by PCR and 16S rDNA sequencing techniques
confirmed the existence of anammox bactena with the high similarity with KOLL2a
and KU2 strains and Candidatus Brocadia anammoxidans bacteria, all of which are
well known as microorganisms having anammox activity.

Tirkhda: anammox, nitd amén, bun ky khi, x& ly nudc thdi chan nubi Ign.

1. GIOI THIEU

Ngoai chu trinh bién déi nita théng thuong nitrit hda, nitrat héa, khir nitrat va ¢ dinh nitg
con ¢b sy chuyén ddi ky khi trong qua trinh xy hoa nito amén véi su 6 mat cia mét chiing vi
sinh vat tu dudng (anammox), trong d6 nitrit dong vai tré chat nhan dién tir (hinh 1). Qua trinh

6xi hda ky khi nita amén nay dugc mé phdng bang phuong trinh héa hoc (1) (Van de Graaf va
s., 1995, 1996 Strous va cs, 1997).

Cac hé thng x{ ly nito truyén thong vé co ban dya trén su két hop 2 qua trinh nitrat héa
(nitrification) va kh( nitrat (denitrification).

Nam 1995. qua trinh chuyén hoéa nito mdi chua timg dugc biét dén trudc dé vé cd ly
thuyét va thyc nghiém da dugc phat hién. D6 la phan (ng dxy héa ky khi nitd amdn (Anaerobic
Ammonium Oxidation - Anammox) trong dé nito amon dugc 6xi hda bdi nitrit trong diéu kién ky
khi, khéng cdn cung c8p chét hitu co, dé tao thanh nito phén (I (Strouss va cs.,1995).
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Hinh 1. Chu trinh chuyén héa nito

Nhu da néi g trén, phan (ng anammox da dugc xac nhan la su 6xy hoa nitoc amén bai
nitrit, phan (mg héa hoc dan gian véi ti [& mol NH,": NO, = 1:1,32 nhu & phuong trinh dudi day:

NH,' + 1.32 NO, + 0.066 HCO; + 0.13 H*
= 1.02 N, + 0.26NO; + 0.066 CH,0 5N, 15 + 2.03 H,0 (1)

Trong d6 suf tao thanh lugng nho nitrat tir nitrit duge gia thiét 1a dé sinh ra cac duong
luong khir khi dong hoa CO,. Phuong trinh nay da dugc chap nhan réng rai nhu la dai dién cho
phan (mg anammox khi tinh toan, giai thich,...
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Hinh 2. Co ché sinh h6a qua trinh Anammox
NR: enzyme kh( nitrit (sén phdm gia thiét Id8 NH,OH); HH: hydrazine hydrolase, enzyme xuc tac
tao hydrazyne tif nitd amon va hydroxylamine; HZO: enzyme oxy héa hydrazine

Dén nay da c6 3 chi clia vi khudn anammox dugc phat hién, gém Brocadia, Kuenenia va
Scalindua. V& mat phan loai, cac vi khudn anammox la nhimg thanh vién méi tao thanh phan
nhanh siu cta nganh Planctomycetes, b0 Planctoycetales (Schmid va cs., 2005).

Miac du vé nguyén tic, vi khudn anammox ton tai trong méi trudng tu nhién va cac hé
théng x{r ly nudc thai c6 ndng dd nitd amén cao, nhung viéc lam giau, nudi cdy rat kh6 khan do
chung sinh trudng cham.

Trong qua trinh tham gia dé tai "Nghién cuu x ly sinh hoc nito amén néng dé cao trong
nudc thai chan nuéi Ign™ va tham khdo mot sd tai liéu, chung t16i da quyét tdm va ti€én hanh
nghién cltu nudi cay va lam giau vi khudn anammox.

Trong nghién clfu nay chang t6i dya vao phuong trinh phan ing (1) dé khao sét kha nang
tdn tai cta cac vi khudn Anammox trong cac loai bun ky khi va higu khi & cac hé thdng x(r ly
nudc thai cé nong dé nito amdn cao nhu bun ki khi § bé UASB cua hé thdng xir ly nudc thai
chan nudi lon, bun ky khi & b UASB clia hé thdng xtr Iy nudce ri rac, bun hi€u khi & bé hiu khi
clia hé thdng xtr Iy nudc thai ché bién thuy hai san. Tif cac két qua khao sat so b tién hanh
nghién ciru 1am giau vi khudn anammox tir bun ky khi cia hé théng xUr ly nuéc thai nuéi lon, dé
oxy hoa ky khi nito amén ¢6 ndng dé cao.
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2. PHUONG PHAP NGHIEN CUfU

2.1 M& hinh thi nghiém

Thi€L bi diing cho thi nghiém lam giau vi khudn anammox & 2 giai doan véi muc dich va
thdi gian khac nhau nhu sau:

Giai doan I: Giai doan thich nghi clia bun dugc thuc hién trong 150 ngay, vai luu lugng 10
L/ngay, trong mét cot hinh tru D 200mm. H 800mm. dung tich cong tac 20 L.

Giai doan II: Giai doan tich luy lam giau nhom vi khudn anammox, van hanh trong thdi
gran 120 ngay, vdi luu lugng 10 L/ngay, trong cot hinh tru ¢ dung tich céng tac 10 L (D 100mm
va H 1000mm).

2.2 Bun géc

Bun g8c ding dé nuéi cdy va lam giau cac vi khudn anammox 1a bun ky khi dugc Iay & bé
UASB tu tram xdf ly nuéc thai nudi lgn Go Sao, Quan 12, thanh ph6 H6 Chi Minh. Bac diém ciia
bun c6 mau nau den va chi s& bun SVI 300-450 mLJL.

2.3 Moi trudng lam giau
Bdng 1. M6i trudng thich nghi va tich luy 1am giau nhém vi khu8n anammox

Thanh ph&n mo6i trudng Néng dé
(NH,),SO, 10-250 mg/L
NaNO, 10-250 mg/L
KHCO, 500 mg/L
KH,PO, 27m g/l
CaCl,.2H,0 0.180 g/L
MgSO#.7H,0 0.120 g/L
Vilugng I* (g/L). EDTA:5, FeSO,:5 1 mU/L
Vilugng 11" (g/L). EDTA:5, ZnSO,.7H,0: 0.43, CoCl,.6H,0: 0.24, 1TmUL
MnCl,.4H,0: 0.99, CuSO,.5H,0: 0.25, NaMoO,.2H,0: 0.22, NiCl,.6H,0:
0.19, NaSeQ,.10H,0: 0.21, H,BO,: 0.014

Ngu6n: Van de Graaf va cs., 1996
2.4 Phuong phéap phan tich

Phan tich thanh phan hoa ly cac
chi tiéu trong nuéc truée va sau mé hinh

- = =

=S¢

nhu: N-NH,, N-NO;, N-NO,, COD, DO,

pH, TDS....). Phan tich cac chi tiéu tién

hanh theo cac phuong phap chudn néu o 9
rong “Standard methods for the ;’ §
examination of water and wastewater’ g §
bing may so mau Thermo Spectronic | g
Moder 4001/4,USA, may TOA, Model —
22, Japan va may do pH (Model 2000

VWR Scientific, USA), tai phong phan

tich Méi truang, Vién Sinh hoc Nhiét d6i. Hinh 3. So d6 mé hinh thi nghiém giai doan I/
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2.5 Phuong phap phan tich xac dinh vi khuin

Mau bun dugc 1dy sau 9 thang tich luy lam giau, bao quan lanh va gui sang Nhat Ban dé
phan tich dinh danh vi khudn anammox bang ky thuat sinh hoc phan tu.

M3u dugc chiét xudt DNA, thuc hién phan (ng PCR (Polymerase Chain Reaction) dac
hiéu khuéch dai gen 16s rDNA, giai ma trinh tu va so sach vdi ngan hang gen thé gioi BLAST
NCBI.

3. KET QUA VA THAO LUAN
3.1 Qua trinh lam giau bun Anammox

Két qua thu dugc sau 270 ngay van hanh vdi viéc nap lién tuc moéi trudng cho blun
Anammox vdi ndng d6 N-NH, va N-NO, theo ti I& 1:1 tang dan ndng do tir 10 dén 250 mg/L. vao
mo hinh dugc trinh bay & cac d6 thi 1 va 2. K&t qua cho thay trong giai doan nay da cé xuét hién
suf tiéu thu dong thoi ca N-NH, va N-NO, kém theo sy tao thanh mét Ivgng nhd N-NO,. Hiéu
sudat loai N-NH, tang dan tir 0 dén 81,5%, loai N-NO, tang dan tir 0 dén 85,6% va lugng N-NO,
tao ra tir 1,0 - 5.5 mg/L, nhung dé dat dugc hiéu sudt loai tdng nito khoang 50% thi mat thai gian
la 150 -160 ngay van hanh va cé xuét hién cac phan & mau dod trong bun. Diéu dé chimg td
phan (mg Anammox theo phuong trinh (1) da xay ra trong hé théng.

Sau 150 ngay néng dé bun (MLSS) trong hé théng gidm tir 5.500 mg/L con 3.200mgiL,
d6 la két qua cua su phan hly ky khi sinh khéi vi khudn di dudng trong diéu kién khéng cung
cép nguén dinh dudng cacbon hitu co. Két qua nay phl hgp vdi ndng dé COD dau ra giam dan
theo dé thi 3. Trong giai doan nay bun chuyén tir mau den sang mau nau. Sau 120 ngay tiép
theo néng dé bun gidam tir 3.200 mg/L xuéng con 1.120 mg/L va COD dau ra tiép tuc giam t6i
gan 50% (dé thi 3) va bun chuyén tif mau nau sang mau do, trong thdi gian nay da xuat hién
dau hiéu dac trung cla vi khudn Anammox nhu (Schmidt, va cs., 2003; van Dongen va cs.,
2001) da nghién citu va co két luan 1a vi ion trung tdm clia cac phan t bun nay la ion sét (Fe Il
va Fe Ill), nén vi khnudn Anammox c6 mau dé dic trung khi quén tu § mat dé 1én. Xuat hién mau
dd trong blin hoat tinh ta mét chi thi tét vé su hién dién cba vi khudn Anammox (hinh 4).

Cac két qua nghién clru cho thdy sau 270 ngay nudi cay, tich Iy va lam giau trong moi
trudng tir bun ky khi & bé UASB cla hé théng x{ Iy nudc thai nudi lon, sinh khdi nhoém vi khudn
Anammox da xuat hién va phat trién.
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Hinh 4. Su thay d6i mau séc cua sinh khéi vi khudn Anammox trong qua trinh 18m giau voi méi
trudng (bang 1) theo thoi gian (kinh soi ndi Leica d6 phong dai 1,6)
{a) Bin ky khi & b€ UASB ban déu, (b) Sinh khdi vi khudn Anammox sau 160 ngay lam gidu
(c) Sinh khoi vi khuan Anammox sau 270 ngdy lam giau.
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3.2 K&t qua dinh danh nhém vi khuan Anammox

Dua trén 2 cap méi dac hiéu clia ching vi khudn Anammox cac dong dugc khuéch dai &
2 doan gen riéng biét. Trong doan gen 16S rDNA véi cap méi (16S-5'll va Ana-3’) sé khuéch dai
doan gen 1040 bp ndm & vi tri cach diu 5' clia 16S rDNA khoang 300 bp, con cap méi (Ana 5'
va 16S 3') khuéch dai doan gen 691 bp ndm & vi tri cach phan sau 3' khoang 850 bp (hinh 4, 5).
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* Nhan ban 16S rDNA b&ng phuong phap PCR

1kbp  » «040bp

500b »

an phan sau Hinh 5. Su nhan ban phan dau

5va 16S5-3) Gen 16S rDNA (16S-5" 1l va Ana-3)
- M 1khp
R phan sau 165 rDNA 1. Vach PCR phan dau 16S rDNA

* K&t qua giai ma gen va so sach dé tuong déng vdi cac doan gen cda vi khuan Anammox trén
ngén hang dif liéu gen cho thay cac trinh ty thu dugc cé do tuong dong cao véi cac ching dugc
liét k& trong bang 2 va 3 dudi day.

Bang 2. So sanh trinh t doan gen tuong d6ng vdi ving 5'16S rDNA (nifa déu khoang 300bp)

T Ching vi khuén c6 dd tuong déng S6 Accession 00 IU((":/S déng

1 Anaerobic ammoium-oxidizing planctomycete AJ250882 100
KOLL2a

2 Uncultured anoxic sludge bacterium KU 2 AB054007 100

3 Candidatus Kuenenia stuttgartiensis 100

4 Candidatus Brocadia anammoxidans 95

Bang 3. So sanh trinh ty doan gen tuong déng vdi ving 5° 16S rDNA (phan sau khodng 850bp)

T Chung vi khuén c6 d6 tuong déng S6 Accession o M(’;"Cj déng

1 Anaerobic ammonium-oxidizing planctomycete AJ250882 100
KOLL2a

2 Uncultured anoxic sludge bacterium KU2 AB054007 100

3 Candidatus Kuenenia Stuttgartiensis 99

4 Uncultured anoxic sludge bacterium KU1 94

Séan phdm nhan ban 16S rDNA bing 2 cip méi (16S-5'll va Ana-3') va (Ana 5’ va 16S 3))
cla cac dong Anammox 3, 5, 6, 8, 9 va 10 ¢6 dd tuong ddng 1a 100% Anaerobic ammonium—
oxidizing plaactomycete KOLL2a va Uncultured anoxic sludge bacterium KU2 va Candidatus
Kuenenia Stuttgartiensis 99%, véi cip mdi (16S-5'l va Ana-3') va c6 do tuong déng 1a 100%
Anaerobic ammonium—oxidizing planctomycete KOLL2a va Uncultured anoxic sludge bactenium
KU2 va Candidatus Kuenenia Stuttgartiensis 100%, v6i cap méi (Ana 5 va 168 3'). Diéu d6
chimg t cac dong Anammox phan lap tif sinh kh&i biin dugc tam gidu bdi nghién ctu c6 thé 1a
cac ching da dudc biét trén ngan hang dif liéu gen cla thé gidi.
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4. KET LUAN

B Két qua theo déi sau 270 ngay 4 hai giai doan thi nghiém 1am giau tir bun ky khi ctia hé
thong UASB xif ly nudc thai nudi Ign cho thdy cé su hién dién cta phan g anammox, vdi N-
NH, giam khodng 81,5% va N-NO, gidm khoang 85,6% va déng thdi trong nudc dau ra c6 xuit
hién N-NO,.

2. Két qud phan tich vi khudn bang ky thuat sinh hoc phan t&r da xac dinh su hién dién
clia vi khudn anammox, tuong ty vdi cac vi khudn da biét trén thé gidi. Day Ia nhém vi khusn
anammox dugc tim thdy gan day, c6 kha nang 6xy hoa N-NH, trong diéu kién ky khi tu dudng,
dugc dat tén Ho Chi Minh anammox reactor.

3. Day la nghién ciu dau tién d Viét Nam vé anammox, & budc phat hién, tich fuy vi sinh
vat. Trong thdi gian t6i chang t6i s& nghién ciu ti€p vé qua trinh thich nghi, lam giau cac loai
bun khac nhau va kha nang ing dung nhém vi khudn dé x(r ly nudc thai c6 ndng dd N-NH, cao
g Viét Nam.
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