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ABSTRACT

Piggy wastewater after biogas still contains high organic and inorganic
pollutants and it must be treated before discharging into environment.
Bioflocculation is extracellular polymer, which is produced by microorganisms.
It is safety, strong effect, biodegradable and harmless to human and
environment in comparison to conventional synthesis flocculant. Therefore they
were applied for treating piggy wastewater after biogas system. Bacillus
aryabhattai strain KG12S was isolated from piggery wastewater in Kien Giang
province, Vietnam. The optimal medium for Bacillus aryabhattai strain KG12S
consisted of glucose (1,12%), glutamate (5,7%), and K:HPO4 (0,4%) +
KH2PO4 (0,8%) at pH 6 with kaolin solution after 5 minutes together with
CaCl. solution and 0.2% inoculant (bacterial liquid) increased the
flocculanting activity up to 96.87%. Results from applying this strain
for treating piggy wastewater showed that Chemical Oxygen Demand
(COD), total solid suspension (TSS), total nitrogen, total phosphorus and
ammonium concentrations were reduced 50,85%, 67,21%, 75,00%, 85,42%
and 77,78%; in comparison to initial concentrations, respectively. Especially,
total phosphate parameters met the requirement of Vietnamese standard
(QCVN_ 40/2011/BTNMT).

TOM TAT

Nudc thai chdn nuéi heo sau khi dwoc xir Iy bang hé theng biogas vén con chira
ham leong chat hitu co va v co cao can phdi duwot xie Iy treéc khi thdi ra méi
truong. Chat két tu sinh hoc (bioflocculants) la mot hop chdt cao phan tir dwoc
tong hop trong qud trinh phat trién ciia cac vi sinh vdt. Chiing ¢6 tac dung ldng
tu nhanh chong, co kha nang tw phan huy, an toan cho con nguwoi va moi
trueong nén diege nghién ciru va img dung dé xir Iy nweéc thai chdn nudi heo sau
biogas. Chung Vi khudn Bacillus aryabhattai KGI12S dwoc phdn Igp tir mau
nueéce thai sau hé thang biogas cua trai chan nuéi heo & tinh Kién Giang, ¢é kha
ndng tong hop chdt két tu sinh hoc véi thanh phan méi truong téi wu cho kha
nang tong hop chat két tu sinh hoc gom glucose (1,12%), glutamate (5,7%),
KoHPO4 (0,4%) va KH>PO4 (0,8%) ¢ pH 6 cho ty ¢ két tu 96,87% véi dung
dich kaolin sau 5 phit d@é ldng, bé sung dung dich CaClz va 0,2% dich nuéi
sinh khai vi khuan. Két qua g dung ching vi khuan nay trong xir Iy nweéc thai
sau hé thang biogas cua trai chan nuéi heo di lam giam COD, TSS, Nito tong,
photpho téng va ham lwong Amonium ldn luet la 50,85%, 67,21%, 75,00%,
85,42% va 77,78% so véi chi s6 ban dau. Chi tiéu Photpho tong dat cét A cia
quy chuan QCVN_ 40/2011/BTNMT.
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1 GIOI THIEU

Su két tu trong nudc duoc chia lam 3
nhoém chinh gdm: Két tu v co nhu phén chua
(aluminium sulphate va cloride aluminium), két tu
hitu co tong hop (cic dan xuét tir polyacrylamide
v6i polyethylene imine va cac chat két tu ty nhién
nhu chitosan, sodium alginate) va két ty boi vi sinh
vat (microbial flocculants). Cac chét két tu hoa hoc
tuy c6 gia thanh thap nhung lai anh hudng dén stc
khoe con ngudi va méi truong, chang han nhu cac
hop chat két tu ciia nhom 1a nguyén nhan giy ra
bénh Alzheimer (Kurane et al., 1994), con cac dan
xudt tir polyacrylamide 1a doc t6 cho hé than kinh
va 1a chat gdy ung thu, kho phan huy trong tu
nhién (Yokoi et al., 1996). Tréi lai, chat két ty sinh
hoc (bioflocculants) 14 chit dugc téng hop tir vi
sinh vét, c6 tac dung nhanh chéong va an toan cho
con nguoi va moi truong (Sheng et al., 2006).

Cong nghé két tu (Flocculation technology) d
duoc st dung rong rai trong linh vygc xt ly nudce
thai, dac biét 1a trong cong doan tién xur Iy cua
nhiéu hé théng xir Iy nho wu diém 1a dau tu co s&
ha tang nho va thoi gian xur Iy ngén. Sy két tu sinh
hoc 1a su két tu cac vat chat lo ling trong nudc
gitip 1am giam céc chi tiéu nhu COD, TSS va tur d6
gitip 1am giam mot phan dé duc cua nudc thai
truée khi dugc xir Iy bang phwong phap khac
(Gong et al., 2008). Mot s6 nghién ctru cho thiy
{mg dung chat két tu sinh hoc trong xtr Iy nudc thai
nhu: chat két ty sinh hoc c¢6 ngudn gdc tir vi sinh
vat duge sir dung dé xur Iy nudce thai tir xi nghiép
nhuém (Zang et al., 2002; Deng et al., 2005), céc
chat lo limg vo co (bentonite, dat sét, Ca(OH),,
aluminum oxide), (Shih et al., 2001; Yim et al.,
2007), acid humic (Zouboulis et al., 2004) va céc
chat lo ling khac (Salehizadeh et al., 2000).

Trong nghién ctru nay, chiing t6i xac dinh cac
yéu t6 cho su téng hop chét két tu sinh hoc cao
nhat ciing nhu ty 18 két ty sinh hoc cia ching vi
khuan Bacillus aryabhattai KG12S duoc phén lap
tir nuGe thai sau biogas cua chudng trai chin nuéi
heo ¢ tinh Kién Giang (Huynh Vin Tién va Cao
Ngoc Diép, 2013) va thir nghiém hiéu suit xir Iy
nudc thai chan nudi heo sau hé thong biogas thong
qua xac dinh cac chi titu COD va TSS, ham
luong Nito tong, ham lugng Photpho tong (P) va
ham lugng Amonium trong thanh phan nudc thai.

2 VAT LIEU VA PHUONG PHAP
2.1 Phuong tién

St dung chung vi khuén Bacillus aryabhattai
KGI12S phén 1dp to nudc thai sau biogas trai chan
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nuéi heo & tinh Kién Giang (Huynh Vian Tién va
Cao Ngoc Diép (2013)), thoi gian nudi sinh khdi vi
khuén sau 96 gio cho ty 1€ két tu cao nhit & c6 mat
s6 vi khuan trén 5 x 10° trong mg ODeso = 1,24 +
0,02.

Nudc thai chian nudi heo sau biogas thu tai trai
heo ho Lé Hoang Minh, ap Dong Hung 2, xa bong
Thanh, huyén Binh Minh, tinh Vinh Long. Ket qua
ham luong céc chi tiéu ban dau cua ngudn nudc
thai (sau biogas) dugc trinh bay ¢ Bang 1.

Bing 1: Ham lwgng cdc chi tiéu ban diu cia
nuwoC thai chin nudi heo (sau biogas) &
trai heo h¢ Lé Hoang Minh

Chi tiéu Pon vi Ham

lwgng
pH 5,67
Amonium (N_NH,*) mg/l 311,022
Phosphate (P_PO,*) mg/I -
Pam tong (TKN) mg/l 369,862
Phospho tong (TP) mg/l 4,542
Nhu cdu oxi hoa hoc (COD)  mgl/l 1.1042
Tdng chét rin lo ling (TSS)  mg/l 153,52

Nguén: L Phan tich tai PTN Vi sinh vdt méi trwdng-Vién
NC&PT Céng nghé Sinh hoc, Truong Dai hoc Can Tho
2 Phan tich tai Trung tam Ky thudt va l'f‘ng dung Cong
nghé, So Khoa hoc va Céng nghé Tp.Can Tho

2.2 Xac dinh ty 18 két tu sinh hoc

Ching vi khuan Bacillus aryabhattai KG12S
dugc nudi cdy trong 50 ml méi truong tong hop
chat két tu sinh hoc polysaccharide (Deng et al.,
2003) v6i thanh phan cac chat gom 10 g Glucose,
5 g KH2PO4, 2 g K:HPO4, 0,1 g MgS04.7H:0, 0,1
g NacCl, 0,5 g Carbamide, 0,5 g yeast extract, 20 g
agar (bd sung khi d6 moi truong thach), nude ct
bd sung du 1 lit va diéu chinh gia tri pH=7 trong
binh tam giac 100 ml. Léc trén may lic xoay vong
& tdc d6 160 vong/phut & nhiét do 30°C.

Dung dich vi khuan sau thoi gian 4 ngy nudi u
dugc sir dung dé kiém tra kha nang két tu bang hon
hop gébm 90 ml dung dich kaolin (5 g/l), 10 ml
dung dich CaCl, 1% va bo sung 100 pl dung dich
vi khuan voi mat s6 >10° té bao/ml (ti 1& 0,1%).
Han hop dugc khuéy déu 60 vong/phut trong 30
giay bang may khudy tir (Yellow may MS7, IKA)
sau d6 dé yén 5 phut, phan trong & trén cach mit
nude 2 cm duge hit dé xac dinh do duc quang pho
(Madison WI 53711,USA) ¢ budc séng 550 nm
(Deng et al., 2003). Mau dbi ching thwc hién
trong ty nhung khong b sung dich vi khuan, ty
16 két tu dwoc tinh theo cong thrc:
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ODdéi chirtng — ODmau
X 100%

OD déi ching

Phuong phap nay duogc st dung dé xac dinh ty
16 két tu sinh hoc ciia ching vi khuén Bacillus
aryabhattai KG12S trong tit ca cac thi nghiém.

2.3 Téi wu héa cic yéu t6 anh huong dén
téng hop chit két tu sinh hoc va hiéu suat két tu
cuia chiing vi khuén Bacillus aryabhattai KG12S

Céc thi nghiém duoc tién hanh b tri khdi ngau
nhién dé khao sat anh huéng cia pH méi truong,
thanh phan méi truong nudi u, cac mudi kim loai
va ndng do dung dich vi khudn bd sung dén hiéu
suat két tu sinh hoc ciia chung vi khuan Bacillus
aryabhattai KG12S. Tur d6, xac dinh dugc cac diéu
kién thich hop dé ching vi khuan cho hiéu qua két
tu sinh hoc cao nhét.

2.3.1 Khao sat anh huong cua pH méi truong
nuoi u

Anh huong ciia pH méi trudng nudi u dén tong
hop chit két tu sinh hoc ciia ching vi khuan
Bacillus aryabhattai KG12S dugc khao sat trong
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khoang pH tir 2 dén 11.

Thi nghiém duogc thuc hién gém 11 nghiém
thirc twong Uing véi moi nghiém thirc 1a mot gia tri
pH khéc nhau: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11. Mai
nghiém thirc dugc thyc hién vaéi 3 lan lap lai.
Chung vi khuan dugc nudi trong méi truong tong
hop chit két ty sinh hoc polysaccharide (Deng et
al., 2003). Gia tri pH dugc diéu chinh phu hop &
timg nghiém thirc bang dung dich HCl 1M hay
NaOH 3M (Merck). Lic trén may lic xoay vong &
toc do 160 vong/phut ¢ nhiét do 30°C, thoi gian
nudi 4 ngay va dung dich vi khuan s& dwoc danh
gia kha niang két tu theo phuong phap di dugc mo
ta & muc 2.2. T d6, chon duogc gia tri pH moi
truong nudi sinh khdi thich hop cho sy tong hop
chét két tu sinh hoc cao nhét.

2.3.2 Khao sat anh hwéng ciia nguon carbon,
nitrogen va khodng vé co

Céc ngudn carbon, nitrogen va khoang vo co
khao sat dugc trinh bay trong Bang 2. Cac ngudn
dinh dudng nay dugc lya chon vi ching phé bién
Yeast extract (Merck) va cac hoa chat con lai cua
(China).

Bing 2: Cic ngudn carbon, nitrogen va khoang v co dwgc bd sung trong mai truwong nudi sinh khoi
chiing vi khuan Bacillus aryabhattai KG12S

Ngudn carbon Ngudn nitrogen

Ngudn khoang vo co

Glucose (1%) Glutamic Acid (5%)

Sucrose (1%) Yeast extract (0,05%)
Tinh bot (1%) Urea (0,05%)
(NH4)»S04 (0,05%)

KCI (0,5%)

FeCl; (0,5%)

CaCl, (0,5%)

KoHPO4(0,2%) + KH,PO4(0,5%)

Phuong phép tién hanh bang cach nhan sinh
khdi chiing vi khuan trong 20 ml méi truong véi su
phdi hop cia ba ngudn carbon, nitrogen va khoéng
v0 co & trén, vai gia tri pH da chon, nhiét do 30°C,
lic 160 vong/phit, sau thdi gian 4 ngay tién hanh
xac dinh hiéu qua két tu voi dung dich kaolin theo
nhu mé ta & muc 2.2. Phdi hop ba ngudn dinh
dudng (3 ngudn carbon + 4 ngudn nitrogen + 4
ngudn khoang vé co) co 48 nghiém thirc khac nhau
va mdi nghiém thirc duoc thyc hién 3 lan lap lai.

Két qua cudi cing chon ra duoc mdi truong toi
wu co6 ngudn carbon, nitrogen va khoang vo co
thich hop cho vi khuan tong hop chét két ty sinh
hoc cho ty 1¢ két tu cao nhét.

2.3.3 Khdo sat anh hwéng ciia ty 1é nguon
carbon, nitrogen va khodng vé co dén hiéu qua
téng hop chat két tu sinh hoc
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Nuoi sinh khéi chung vi khuén trong méi
truong gdm 3 ngudn carbon, nitrogen va khoang da
dugc chon ¢ thi nghiém trén. Mdi ngudn dinh
dudng s€ dugc chia thanh 3 mirc d§ khac nhau va
phdi hop tao ra 27 nghiém thirc véi ty 1& carbon,
nitrogen va khoang vé co bd sung khac nhau
(Bang 3).

Chung vi khuan dugc nhan sinh khi trong 6ng
fancol 50 ml chtra 20 ml mdi truong to hop tir 3
ngudn dinh dudng véi ty 1& khac nhau, diéu chinh
vé gia tri pH cho ty 1& két tu cao nhét da chon, u lic
160 vong/phut & nhié¢t 6 30°C. Panh gid kha nang
két tu voi dung dich kaolin, phan tich hdi quy
tuyén tinh 3 nhan t6 tir d6 chon ra nghiém thuc co
ty 1& b6 sung thich hop cho vi khuan tng hop chat
két tu sinh hoc cho ty 1€ két tu cao nhit.
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Bang 3: Nghiém thirc bd tri theo kiéu hoan toan ngiu nhién khio sat anh hwéng cia céc ty 1§ carbon,
nitrogen va khoang vé co dén hi¢u qua ket tu sinh heoc

Ngudn nitrogen

Ngudn carbon

Ngudn khoang vé co

N(b1%0) N(b2%0) N(b3%0)

1 4 7 M%)

Ca%) 2 5 8 M(c%)
3 6 9  M(cs%)

10 13 16 M(c1%)

C(a:%) 11 14 17 M(c:%)
12 15 18 M(cs%)

19 22 25 M(c.%)

C(as%) 20 23 26 M(c%)
21 24 27 M(cs%)

* Ghi chit: C: nguon carbon; a: mirc @6 (%); N: nguon nitrogen; b mirc dg (%); M: nguén khodng vé co; c: mirc d (%)

2.3.4 Khao sat anh hwéng ciia bé sung cdc
muoi kim loai den ty 1¢ ket tu

Anh huéng cta cac mudi kim loai khac nhau:
KCI, NaCl, CaCl;, MgSQs;, MnSO4 FeCls,
Aly(SOq); dén ty 16 két tu voi dung dich kaolin cua
chung vi khuan Bacillus aryabhattai KG12S duoc
khao sat. Thi nghiém dugc tién hanh bang cach b
sung 1an Iuot 10 ml dung dich 1% mubi kim loai
trén vao 90 ml dung dich kaolin (5 g/1). Sau do bod
sung 0,1 ml (0,1%) dung dich sinh khdi vi khuén,
mau ddi ching thyc hién twong tw nhung khong bd
sung dung dich mudi kim loai. Khuay déu hdn hop
trén trong 30 gidy bang may khudy tir, giit yén hdn
hop trong 5 phut, phén trong & trén cach mat nude
2 cm duge hut dé xac dinh do duc quang pho o
bude song 550 nm. Tir d6, mudi kim loai bo sung
cho hiéu qua két tu cao nhit s& duoc chon dé thuc
hién cac thi nghiém tiép theo. Thi nghiém gdém 8
nghiém thitc va mdi nghiém thirc dugc thuc hién
v6i 3 1an lap lai.

2.3.5 Khdo sat anh hwéng ciia nong dé dich vi
khudn b6 sung

Tién hanh kiém tra kha nang két tu sinh hoc cua
chung vi khuin véi kaolin & nhitng ndng do khac
nhau: 0,02; 0,04; 0,06; 0,08; 0,1; 1,2; 1,4; 1,6; 1,8
va 2%. Danh gia kha niang két tu bang cach bd
sung 10 ml dung dich 1% mudi kim loai di xac
dinh ¢ thi nghiém trén vao 90 ml dung dich kaolin
(5 g/) vao coc 250 ml. Sau d6 thém dung dich vi
khuan tong hop chat két ty sinh hoc & nhitng nong
dd khac nhau. Mau ddi chung thuc hién tuong tu
nhung khong chung vi khuén tong hop chét két tu
sinh hoc. Tron déu hdn hop trén trong 30 gidy bang
may khudy tir, giit yén hon hop trong 5 phit, lay
phan trong cach mat nudc 2 dén 3 ¢m xéc dinh chi
s6 OD & budc song 550 nm. Tinh kha niang két tu
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va chon ndng do vi khuan tong hop chét két ty sinh
hoc c6 kha ning két tu cao nhat img véi timg dong
vi khuén két ty sinh hoc.

2.3.6  Thir nghiém hiéu sudt xir Iy nudc thai
chdn nuéi heo sau hé thong biogas ciia ching vi
khudn Bacillus aryabhattai KG12S

Ap dung cac diéu kién _thich hop vé do pH,
mudi kim loai bd sung, ngudn dinh dudng nudi va
liéu luwong dich vi khuan da tim dugc cho chung vi
khuan Bacillus aryabhattai KG12S dé xir Iy nudc
thai chudng trai chian nudi heo sau h¢ thong biogas
0 quy mo phong thi nghiém (binh 10 lit). Qui trinh
nhu sau: 8 lit nudc thai chudng trai chan nudi heo
sau hé théng biogas dugc chira trong binh co thé
tich 10 lit chira, bd sung mudi khoang kim loai,
dung dich vi khuén thich hop; suc khi trong 5 phut,
dé yén 60 phit. Thu phan nudc trong phia trén dé
xac dinh cac chi tiéu COD, TSS, ham lugng Nito
téng, ham luong Photpho tong (P) va ham lwong
Amonium cua nudc thai sau xu Iy & Trung tdm Ky
thuat va Ung dung Cong nghé Can Tho.

2.3.7 Ghi nhdn két qua va xir Iy

Tét ca thi nghiém 1ap lai 3 1an. Sé lidu duoc
phan tich phuong sai (ANOVA) va so sanh sy khac
biét ¢6 y nghia gilta cac nghiém thire thong qua sur
dung phan mém Statgraphics Centurion XV.I.

3 KET QUA VA THAO LUAN

3.1 Kétqua toi wu héa tong hop chit két tu
sinh hec cua ching vi khuan Bacillus aryhadtai
KG12S

3.11 GiatripH

Nhan t6 pH ciia méi truong nudi cdy dugc cho
12 nhén t6 xac dinh dién tich trao ddi cua cac té bao
v6i nhau ciing nhu 13 cac cau ndi cong héa tri - yéu
t6 anh huong dén su hip thu chit dinh dudng va
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cac phan g cua enzyme (Xia et al., 2008). Moi
truong nudi sinh khdi & cac gia tri pH khac nhau
thi anh huong khac nhau dén kha ning tong hop
chit két tu sinh hoc (Salehizadeh va Shojaosadati,
2001).

90 1 83.23a
77,89

LSDiy = 2,11
CV% = 2,16

78,09b

Hinh 1: Anh hwéng cia pH moi tru'o’ng nuéi
sinh khéi dén kha ning tong hop chat két tu
sinh hoc chiing vi khuan Bacillus aryabhattai

Ty 16 két ty kaolin cta ching vi khuan Bacillus
aryhadtai KG12S 1a 79,13% ¢ pH 7, sau khi thay
ddi pH moi truong nubi cdy & cac gia tri pH khac
nhau thi ty 1¢ két tu ciing thay d6i khac nhau (Hinh
1). Khi duoc nudi cdy trong moi trudng c6 gia tri
pH tir 5 dén 7 thi ching vi khuan cho ty 1¢ két tu
cao va dat ty 1¢ két tu cao nhat ¢ gia tri pH 6
(83.23%) khéc bict c6 y nghia so voi ¢ cac gia tri
pH khac. Két qua twong dong véi két qua nghién
clru ciia Zhang et al. (2007) 1a chét két tu sinh hoc
MMF1 duoc tong hop tir hdn hop vi khuan MM
gdm vi khuén Staphylococcus sp. (BAFRT4) va
Pseudomonas sp. (CYGSI) cho ty 1¢ két tu cao
nhét khi dugc nudi cdy ¢ méi truong c6 gia tri pH
6. Theo két qua nghién ctru cua Li et al. (2009) 6 vi
khuan Bacillus licheniformis X14 cho thay pH tdi
wu clia moi trudng nudi ciy cho sy tong hop chat
két tu dat ty 1& két tu cao 12 6,5.

Mbi ching vi khudn thich hop v&i khoang pH
nhét dinh va dat ty 16 két tu cao nhat tai mot gia tri
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duy nhét. Theo két qua thi nghiém, pH 6 dugc chon
la pH moi truong nudi cdy dong vi khuan dé thuc
hién cac thi nghiém tiép theo.

3.1.2 Nguon carbon, nguon nitrogen va
khodng vo co

Céc ngudn dinh dudng khac nhau trong thanh
phan méi truong nudi sinh khéi c6 anh hudng khac
nhau dén kha ning tong hop chit két tu sinh hoc
ctia chung vi khuan Bacillus aryhadtai KG12S.

Két qua khao sat sy anh hudng cia cac ngudn
carbon, nitrogen va khoang vé co dén ty 18 két tu
ciia chung vi khudn Bacillus Aryhadtai KG12S
(Béang 4) cho thiy ty 1& két tu cao nhét dat dugc la
88,36% véi ngudn carbon 1a glucose (1%), ngudn
nitrogen 1a glutamate (5%), nguon khoang vé co la
K2HPO4 (0,2%) va KHyPOs (0,5%). Ngoai ra,
thanh phan méi truong gdm tinh bot 1%, glutamate
5%, KoHPO4 (0,2%) va KHoPO4 (0,5%) cling cho
ty 1& két tu cao 1a 81,42%. Theo Zheng et al.
(2008) d6i v6i vi khuan Bacillus sp. F19 thi
ngudn carbon thich hop 1a sucrose (8 g/l) va
nguon nitrogen la dich trich ndm men (0,25 g/l)
Vi khuan Bacillus subtilis MSBN17 cho ty 1¢ két
tu cao nhat 1a 92,07% khi dwgc nudi trong moi
trudng c6 ngudn carbon 1a dudng thdt nbt,
89,04% vé&i nguon nitrogen la NH4NO, va
88,36% vo&i nguon khoang vo co la NaCl
(Sathiyanarayanan et al., 2013).

Qua két qua nghién ctru nay cho thay chung
vi khuan co thé thich tng voi nhiéu ngudn
carbon, ngudn nitrogen va ngudn khoang vo co
khéac nhau. Tuy nhién, chi ¢c6 mot nguén carbon,
nitrogen va khoang vé co thich hgp nhat cho su
téng hop chit két tu sinh hoc cho ty 1€ két tu cao
nhit. Vi vdy, chon ngudn dinh dudng gdbm glucose
(1%), glutamate (5%), K;HPO4 (0,2%) va KH2PO4
(0,5%) 1am moi truong nudi sinh khdi ching vi
khuin dé thuc hién cac thi nghiém tiép theo.
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Biing 4: Anh huéng ciia ngudn carbon, nitrogen va khodng vé co dén ty 18 két tu (%) cia chiing vi
khuan Bacillus Aryhadtai KG12S

Ngudn nitrogen

hIi(gu g%g?l Glutamate Ure (NH2)2SOs Yeast extract Ngudn khoang vé co
: (5%) (0,05%0)  (0,05%) (0,05%)
68,17 46,18 75,17 44,16 MgS04(0,5%)
Glucose 71,34 43,18 46,18 46,18 CaCl,(0,5%)
(1%0) 73,41 75,12 69,08 75,24 FeCl; (0,5%)
KG12 88,36 58,38 79,15 68,31 K HPO4(0,2%)+KH2P04(0,5%)
S 62,34 51,72 70,02 66,19 MgS04(0,5%)
LSDi% Sucrose 66,18 49,17 69,53 68,16 CaCl»(0,5%)
=384 (1%) 69,98 52,18 66,17 69,09 FeCls (0,5%)
CV% = 79,95 53,85 69,09 55,18 K;HPO4(0,2%)+KH,P04(0,5%)
2,76 Tinh 68,17 42,14 71,23 42,39 MgS04(0,5%)
bot 65,87 68,13 70,21 50,18 CaCl»(0,5%)
(10-/0) 71,24 71,28 72,18 54,14 FeCl; (0,5%)
81,42 79,14 78,19 76,16 K;HPO4(0,2%)+KH,P04(0,5%)

3.1.3 Ty l¢é glucose, glutamate va khodng vé co

Két qua toi wu hoa ty 18 glucose, glutamate,
K,HPO, va KH,PO,4 bd sung trong thanh phin méi
truong nhan sinh khéi ching vi khuan Bacillus
aryhadtai KG12S dugc trinh bay ¢ Bang 5 cho
thdy o cac nghiém thiac gém glucose (1%) va
glutamate (5%) cho ty 18 két ty rat cao lan lugt la
87.88% , 88,36% va 91,35% va dat ty 18 két tu cao
nhat 1a 91,35% ¢ nghiém thirc gdm glucose (1%)
va glutamate (5%), KoHPO4 (0,4%) va KH2PO4
(1%) va khac biét c6 y nghia so véi cac nghiém
thirc con lai. Trong khi ¢ cac nghiém thic glucose
(0,5% va 1,5%), glutamate (2,5% va 7,5%) cho ty
16 két tu thap hon (tir 60,18% dén 85,47%). Piéu
nay chimg to khi tang ty 18 thanh phan dinh dudng
thi khong lam ting kha nang tong hop chét két tu
sinh hoc. Tir két qua thi nghiém chon nghiém thirc
glucose (1%) va glutamate (5%), Ko:HPO4 (0,4%)
va KH,PO4 (1%) 1a thanh phan méi truong nudi

cdy ching vi khuén Bacillus aryhadtai KG12S c6
ty 1€ két tu cao nhat.

St dung cac sb liéu két qua thi nghiém trén
phan tich tim ra phuong trinh hoi qui nhidu bién
bang chuwong trinh Statgraphics XVI, dwa trén
phuong trinh xac dinh duoc nghiém thuc t6i wu
nhit cho méi truong nudi sinh khdi ching vi khuan
Bacillus aryhadtai KG12S. Két qua phan tich
tuong quan cho thay ty 18 két tu (%) c6 trong quan
v6i 10 bién theo phuong trinh:

Ty 18 két tu (%) = -5,225 + 114,399*Glucose
+ 9,156*Glutamate + 16,367*Khoangvoco -
51,723*Glucose*Glucose-
0,829*Glutamate*Glutamate - 2,531*Khoang vo
co*Khoang vo co + 0,186*Glucose*Glutamate -
10,136*Glucose*Khoang VO co -
1,775*Glutamate*Khoang VO co +
1,767*Glucose*Glutamate*Khoang vo co

Bang 5: Anh hwéng cua sw thay dbi ty 18 (%) glucose, glutamate, K:HPOsva KH2PO4 dén ty 18 két

tu (%) caa ching vi khuin Bacillus aryhadtai KG12S

Nguén nitrogen

Ky hi¢u ;%légg Glutamate  Glutamate  Glutamate ('\(I,%)Jon khodng vo co
(2,5%) (5%) (7,5%)

Glucose 60,18 66,72 63,18 K;HPO(0,1%)+KH;PO4(0,25%)
(0,5%) 62,31 67,18 64,58  KoHPO4(0,2%)+KH2P04(0,5%)

KG12S ! 65,98 68,34 62,19 K HPO4(0,4%)+KH,PO4(1%)
LSDy = Glucose 76,24 87,88 81,10 K HPO4(0,1%)+KH,PO4(0,25%)
13.05 (1%) 77,11 88,36 82,18 KzHPO4(0,2%)+KH;PO4(0,5%)

CV% = 8.06 75,98 91,35 85,47  K;HPO4(0,4%)+KH;PO,(1%)
' Glucose 70,13 75,18 78,19 K HPO4(0,1%)+KH,PO4(0,25%)
(L5%) 71,26 77,98 79,08  K,HPO4(0,2%)+KH,PO4(0,5%)

’ 69,98 76,28 80,01  K,HPO4(0,4%)+KH,PO4(1%)
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Qua phuong trinh hdi quy da bién trén, thay thé
glucose = 1%, glutamate = X (2,5% - 7,5%) va
khoang v6 co KoHPO4+KHPO,4 =Y = (0,35% -
1,4%) thi phan mém Statgraphics XVI s& cho do
thi mat dap tng (surface plotting) & Hinh 2a va d6
thi duong dinh mtc (contour) ¢ Hinh 2b vdi

Ty 18 két tu (%)

Hinh 2a: D6 thi mat dap wng cia ty 1¢ két tu theo

glucose = 1%, glutamate = X (2,5% - 7,5%) va

khoang v6 co K2ZHPO4+KH2P0O4 =Y (0,35% -

1,49%)

Tir @6 thi mat dap ung va d6 thi duong murc &
Hinh 8 va Hinh 9 duoc v& tir phwong trinh hdi qui
khi thay thé glucose = 1%, glutamate = X (2,5% -
7,5%) va khoang v6 co KoHPOs2+KH,POs =Y
(0,35% - 1,4%), cho thy 2 nhén t6 glutamate = X
=5,7% va KoHPO4+KHPO, =Y = 1,2% cho ty 1¢
Kkét tu cao nhét.

Tir két qua trén, thay thé glutamate = Y (2,5% -
7,5%), glucose X (1,5% 2,5%) va

Ty Ié két tu (%)

Hinh 3a: Do thi mit dap &ng cia ty 1é két tu theo
khoang vé co = 1,2%, glucose = X (0,5% - 1,5%)

va glutamate =Y (2,5% - 7,5%)

Tir db thi mat dap tmg va dd thi dudong mirc &
Hinh 10 va Hinh 11 dwoc v& tir phwong trinh hoi
qui khi thay thé khoang v6 co = 1,2%, glucose = X
(0,5% - 1,5%) va glutamate = Y (2,5% - 7,5%),
cho thidy 2 nhan t§ glucose = X = 1,12% va

phuong trinh nhu sau:
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TV 18 két tu (%) = -522457 + 114,399%1 +

9,15619*x +

16,3672%y

51,723*1*1

0,829452*x*x - 2,53061*y*y + 0,186333*1*x -
10,1361*1*y - 1,77456*x*y + 1,76748*1*x*y
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Hinh 2b: P6 thi dwong mirc caa ty 18 két tu

theo glucose = 1%, glutamate = X (2,5% -
7,5%) va khoang vo co K2ZHPO4+KH2PO4 =

Y (0,25% - 1,4%)

K2HPO4+KH2PO4 = 1,2 vao phuong trinh hoi
quy, phan mém Statgraphics s& cho d6 thi mat dap
ung (surface plotting) & Hinh 3a va do thi duong

dinh muc (contour) & Hinh 3b véi phuong trinh

nhu sau:

Ty 18 két tu (%) = -5,22457 + 114,399*x +

9,15619*y + 16,3672*1,2-

51,723*x*X

0,829452*y*y - 2,53061*1,2*1,2+ 0,186333*Xx*y -
10,1361*x*1,2- 1,77456*y*1,2 + 1,76748*x*y*1,2
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Hinh 3b: P6 thi dwong mirc cia ty 18 két tu
theo khoang vé co = 1,2%, glucose = X (0,5% -
1,5%) va glutamate =Y (2,5% - 7,5%)
glutamate = Y = 5,7% s& cho sinh khéi vi khuén
tong hgp chat két tu sinh hoc cao nhat.

Tir cac két qua trén cho thay khi bd sung 1,12%
glucose, 5,7% glutamate va 1,2% khoang v6 co
(K2HPO4 (0,4%) + KH,PO4(0,8%)) vio mdi truong
nudi sinh khéi ching vi khuan Bacillus aryhadtai
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KG12S s& cho ty 1& két tu sinh hoc cao nhit va ty 1&
thanh phan méi truong nay duge sir dung cho cac
thi nghiém nghién ctru téi wu hoa kha ning tong
hop chit két tu sinh hoc cua chung vi khuén
Bacillus aryhadtai KG12S va thir nghiém hiéu qua
xir Iy nude thai sau hé théng biogas chudng trai
chén nudi heo.

3.1.4 lon kim logi b6 sung

Céc cation c6 tac dung ting cuong hoat tinh két
tu do ¢ thé trung hoa va 6n dinh cac nhom chirc
ning bang cach hinh thanh cau ndi giita cic hat
phan tir kaolin vdi nhau (Salehizadeh et al., 2000).
Theo két qua nghién ctru cua Sheng et al. (2006)
cac cation khi cho vao dung dich kaolin s& lam
tang dién tich am cua vat thé tir d6 lam ting kha
nang hap thu cac chat lo limg thong qua cic cau
nbi va lam tang su két tu sinh hoc.

Két qua ¢ (Hinh 4) cho thdy su khac biét vé ty
1é két tu cua chung vi khuan Bacillus aryhadtai
KGI12S khi ¢6 va khong bd sung mudi kim loai.
Khi b6 sung mudi kim loai vao dung dich kaolin da
duoc bd sung dich vi khuén s& cho ty 1€ két tu cao
hon miu dbi chimg (chi gom dung dich kaolin va
dich vi khuan) tir 2 d&én 3,8 lan. Mudi kim loai cho
ty 1€ két tu voi dung dich kaolin cao nhét 1a Ca?
(91,87%) va khac biét c6 ¥ nghia so v6i cac mubi
con lai. Két qua nghién ctru ctia Zufarzaana et al.
(2012) cho thay chat két ty sinh hoc

100 ¢ 91,87a

9 - o 86,23b 83,12¢ 38,26b
80 - :

70 |t
60 |
50 | %
40 7
30 |
20

LSDyg = 2,18
CV% =1,27

Ty 18 két tu (%)

c>” S &P
(o %\% , & < ?9,\
Muoéi kim loai
Hinh 4: Anh hwéng ciia cac mudi kim loai dén
hi¢u qua ket tu sinh hoc cia chiing vi khuan
Bacillus Aryhadtai KG12S

UPMBI3 cho ty 1¢ két tu cao khi bd sung mubi
kim loai la CaCl, (87.2%) va MgCly (85.2%).
Ngoai ra, két qua nghién ciru ciing phu hop véi
nghién ctru cia Salehizadeh va Shojaosadati (2001)
va nghién ctru ctia Gong et al. (2008) 1a nhiing kim
loai hoa tri I nhu Ca?* va Mg?* (trir Fe?") s& lam
tang hoat tinh két tu hon cac kim loai héa tri I va
I1l. Qua két qua trén cho thiy anh hudng cua cac
mudi kim loai khac nhau dén hiéu qua két tu cua

> ©
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chung vi kl}uén la khécqnhau. Chon mudi kim loai
Ca?* 1a muf)i kim loai bo sung lam tang ty 1€ ket tu
sinh hoc dé thyc hién céc thi nghiém tiép theo.

3.1.5 Nong dé dich vi khudn b6 sung vao méi
truong kaolin

Ty 1& két tu cia chung vi khuin Bacillus
aryhadtai KG12S cao nhit & nong d6 vi khuin
0,2% 1a 96,87%, nong do 0,18% la 96,18% va thap
nhit & nong d6 vi khuan 0,01% (42,18%). Ty 1€ két
tu tang dan theo su ting dan nong d6 vi khuan, va
khi & nong dd cao hon 0,2% thi sy khac biét khong
¢6 y nghia thong ké (Hinh 5).

100
96,18a 96,87a

92,98ab 94.28ab

90,16b
90 |

LSD1y = 4,68
CV%=3,01

80,92¢

=)
3

Ty 18 két tu (%)
~
3

60,21e |- -

=
3

51,98f |-

o
3

42,189
40 :
0,02

0.04 0,06 0,08 0,10 0,12

Ndng dj (m/l)

0,14 0,16 0,18 0,20

Hinh 5: Anh hwéng ciia ndng dd dich vi khuan
bo sung dén kha niang ket tu sinh hec cua ching
vi khuan Bacillus Aryhadtai KG12S

Nbng d6 dich vi khuén bd sung 14 0,2% cho ty
1¢ két tu 96,87% dbi voi ching vi khudn Bacillus
aryhadtai KG12S da dat hiéu qua két ty sinh hoc
cao hon so vodi cac nghién cliru khac nhu: chung
Bacillus coagulants As 101 c6 liéu lugng 40 ml/lit
cho ti 1€ két tu 1a 90% (Salehizadeh et al., 2000),
ching Bacillus licheniformis liéu lugng 150 ml/L
cho ti 18 két tu 98,4% (Shih et al., 2001). O nong
d6 0,18% va 0,2% thi ty 18 két tu khac biét khong
¢6 ¥ nghia thong ké nhung dé dam bao hiéu qua két
tu va dé dang trong tinh toan thi ndng d6 vi khudn
0,2% duoc chon dé thyuc hién thi nghiém tiép theo.

3.2 Higu suét xir Iy nwéc thai chin nudi heo
sau biogas

Két qua xir Iy nudc thai trai nudi heo sau hé
thong biogas cia chung vi khuin Bacillus
aryabhattai KG12S thé hién trong Bang 11 cho
thdy ham lugng COD di giam 50,85%, chi tiéu
Nito tong giam 75,00% va ham luong amonium
giam 69,12%. Ba chi ti€u nay so vadi quy dinh nudc
thai dau ra cia QCVN_ 40/2011/BTNMT thi 3 chi
tiéu nay khong dat vi trong thanh phan nudc thai tir
chan nudi heo chira nguon dam cao. Chi tiéu TSS
giam 67,21% dat tiéu chuan B va chi tiéu photpho
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tong giam 85,42% dat tiéu chuan loai A, hai chi
tiéu nay so voi quy dinh cua QCVN_
40/2011/BTNMT dat yéu cau so véi quy dinh nudc
thai dAu ra.
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Qua cac chi tiéu phan tich khi tng dung chung
vi khuén téng hop chit két tu sinh hoc Bacillus
aryabhattai KG12S cho thdy, ngoai kha niang két
tu 1am giam chi s6 COD va TSS con lam giam cac
chi s6 khac nhu nito tong, photpho tong va ham
lugng amonium.

Bang 6: Két qua higu suat xir Iy nwéc thai chin nudi heo sau hé¢ théng biogas cia chiing vi khuin

Bacillus aryabhattai KG12S

Chi tidu Truéc Xir Sau xir Iy QCVN 40 _2011/BTNMT

ly B/C LA51" Ty lé giam % A B
COD (mg/l) 1104,00  542,67+104,46 50,85 75 150
TSS (mg/l) 153,50 50,33+20,04% 67,21 50 100
Nito tong (mg/I) 369,86 92,47+24,912 75,00 20 40
Photpho tong (mg/1) 4,54 0,66+0,332 85,42 4 6
Ham lugng Amonium mg/l) 311,02 69,12+37,842 77,78 5 10

Ghi chii: * Két qud trung binh 3 lan 1ap lai, phan tich tai: Trung tdm Ky thudt va Ung dung Cong nghé, S¢ Khoa hoc va

Céong nghé Tp.Can Tho
4 KET LUAN

Chung vi khuan Bacillus aryabhattai KG12S
tong hop chat két tu sinh hoc cho ty 18 két tu trong
dung dich kaolin 91,87% & cac diéu kién: ngudn
dinh dudng dung dé nuéi sinh khdi 1a glucose
1,12%, glutamate 5,7% va khoang v6 co 1,2%
(K2HPO4 0,4% + KH2PO4 0,8%); pH 6; bd sung
mudi kim loai CaCl2 va nong do dich vi khuan
0,2%. Ung dung chung vi khuin Bacillus
aryabhattai KG12S xt Iy nuéc thai sau hé théng
biogas chudng trai chin nudi heo cho hiéu suét
COD, TSS, nito téng, phospho téng va ammonium
lan luot 1a 50,85%, 67.21%, 75,00%, 85,42% va
77,78%. Trong do, chi tiéu TSS dat cot A QCVN
40 2011/BTNMT, céc chi ti€u con lai chua dat yéu
cau theo QCVN 40 2011/BTNMT. Can tiép tuc
nghién ctru cac diéu kién khac dé ting hiéu qua xir
ly nude thai cia vi khuan nay.
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