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T6M TAT 

Bim can va rac sinh hô l̂ la nhung nguon thai huru co dang gay 6 nhicni d mire bdo dpng lai cac Ihanh phd 
Idn nhu Ha Npi, thinh pho Ho Chi Mmh. Trong nghien ciiu ndy, c6ng ngh| len men ky kh! fy nhiet dp cao 
(SS^C) dupe lya chpn dc thir nghidm ket hyp xii ly hai lo^i nguin thdi tren. Thi nghi?m dupe lien hdnh trSn h? 
Ihong xii ly c6 dung tich 1000 1 vdi nguon thai nop ban dau Id hdn hpp biin bi ty hoai vd rdc httu ca nghien nho 
Iheo ty le 1:1 (v:v). Ket qua thi nghiem cho thay qua Uinh tao khi sinh hpc dat ty 1? CHj cao (tren 70%) sau 
khi dieu ki?n pH Uong be phan iing dugc on djnh d mire 7 - 7,2 va c6 sy h6 irg cija nguin vi sinh v|t da dugc 
ihich nghi mioc vdi ca chat va diiu ki?n nhi?t dp cao. Sau 50 n^dy vdn hanh, 80,7% COD frong ngudn thdi da 
dugc lo?i bo. Vl sinh v^t sinh methane frong bi phan ung tang ve mat dO theo thoi gian vd chuyen tir trang thdi 
CO cdc lodi sir dyng hydrogen chiim uu the (nhu Methanomicrobium) d thdi ky dau cua qua trinh xir ly sang 
fr^g thdi c6 cdc lodi sii dung acetate (nhu Meihanothrix) chiem uu ihe d thdi ky sau, Ty I? methane sinh ra a 
thdi ky sau dat miic 60 - 70%. Nhihig ket qua thu dupe tCr nghien cim ndy Id co so khoa hpc cho vi6c kiim sodt 
qud trinh phan huy ky khi d nhi?l dp cao ciing nhu tnin vpng dp dung cua cong nghe nay vao thuc ti frong vi?c 
xii ly bun be ty ho^i vd rac huu co de t^n thu nang lugng va bao v^ moi trudng 

Tir khoa: Len men k^: khi d nhiet dp cao. PCR-DGGE, tan thu nang lugng, vi sinh vgt sinh methane 
(methanogen), xu ly kel hgp bun be t\r hoai vd rdc hOu ca 

MO DAU 

Biin can thu gom tir cac be tu hoai gia dmh ciing 
nhir lir cac he thong \L: ly nude thai lap trung la mdt 
nguon 6 nhiem can phai \u ly tuy niiicn lai chua 
duoc quan tam dung mire o nude la hicn nay. 0 Ha 
NOI men ngay eo khoang 300 m'' biin can duae thu 
gom tir cae be tu hoai. 300 m' duoc nao vet lir he 
thong thoii nuoc chung Trong tirong lai, sc co 
khoang 3000 m ' biin phat smh rii cae he thong xu ly 
nuoc thai lap trung - xu ly nuoc ihai khu vuc noi 
thanh thinh ph6 Ha Noi (Nguyen Viet Anh, 2010) \a 
eon !>6 nay se con tang len dang kc Irony lucmg lai 
gan. Ben canh biin can. rac thai hiru ca cung dang la 
van de noi com doi v6i moi fruong do thi Tong khoi 
luong ehal thai ran trong noi thanh Ha Npi khoang 
2500 tin/ngdy, frong do 6 1 % la rac thai sinh hoat \a 
ty le thu gom dat 90% Mot phin nho rae thai duire 
tai che hay duoc xu ly bang cong nghe u smh hoe tai 
tram Cau Dien, con lai chil yeu dugc chon lap, gay o 
nhiem nghiem frpng cho moi truong khong khi, dat, 
ntrcrc mat vi nuoc ngam (Nguyen Viet Anh, 2010). 

Bun can va rac stnh boat la cac nguon thai co 
ham luong huu ca cao, do vay kha nang phin hiiy ky 

khi de thu hoi khi sinh hpc, cung nhu tai su dyng ba 
thai l im phin bon frong nong nghiep l i ri t Ion, vua 
gop phin giii quyet van de moi truong, vira h6 fry 
nong nghipp frong viec tiet kiem san xuat v i nhap 
khau phan bon, done thoi dong gop vio vi$c cimg 
cap dien tu cac nguon nang lupng thay the. Cong 
nghe xu ly ket hyp him v i r ic thii him co bing phin 
huy sinh hpc ky khi 6 nhiet dp cao lan dau tien dupe 
dua vio thir nghiem 6 Viet Nam theo quy mo pilot 
frong dy in hpp tic giua Vipn Khoa hpc vi Ky thuat 
Moi truong (lESE), trucmg D ^ hpc Xay dyng Hi 
Npi v i fruong Dai hoc Tong hpp Ky thuat Darmstadt, 
Cpng hoa Lien bang Diic. Uu diem cua cong nghe la 
xii ly dupe chat thii voi hi^u suit cao, tan thu duoc 
nang lupng du6i d ^ g khi methane, tao it sinh khoi 
phu v i giam dang ke cic yeu to giy benh frong chat 
thai tnroc khi dua ra moi trucmg, 

Trong nghien ciiu niy, qua trinh phan hiiy tao 
khi sinh hpc cung nhu quEin the vi suih vat smh 
methane dupe xem xet o khia canh dpng hpc ve 
chuyin hoa vat chit v i thay doi thanh phin loii vi 
sinh vat theo thai gian van hinh ciia hk phan img len 
men ky khi xu ly h6n hop biin can v i rac sinh hoat 6 
difiu Idpn nhiet dp cao, nhim dua ra nhimg co so 
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khoa hpc ban dau cho vt?c trien khai iing dyng cong 
ngh? vio thyc l^ frong tuong lai g^n. 

VAT LI$U VA PHUONG P H A P NGHlfiN CU"U 

H9 Ihong pilot len men ky khi tV nhi^t d$ cao dung 
tk-h 10001 

H? tliong len men ky khi o iihu-t dp cao dung 
lich 1000 lit do hing Passavant-Roediger (CHLB 
Dire) sin \uai vi l ip d(it t̂ ii Vi^n Khoa hpc va KJ 
Ihu^l M61 tru<ytiK, Tru6ng Dtii hpc Xiy dyng Hi N^i 
(Hinh 1). H? thong duyc vin hinh bin ty dpng, cho 
phdp kiem soil chii chC cic yeu 16 inh huong den 
qui frinh phin hiiy nhu che dp iî ip livu, nhipl dp, dp 
pH. dung tich vi cic thinh phan trong pha khi ciia b^ 
phin img. 

Ch6 dO n^p ll$u v i v in h i n h h$ th6ng 

Nguyen li^u duyc n^ip theo m6 vdi the tich 700 
Hi (70% dung tich cua be phin ung). Qui frmh len 
men dupe tien hinh 6 nhi?t dp on dinh 55''C, pH 6,8 
- 7,2 (di^u chinh bing NaHCOj v i NaiCOj). Dfi rut 
ngin Xhij'i gian 6n djnh qui frinh phan hiiy, nguon vi 
sinh vit sinh methane lAy gdc tir biin cong qua thich 
nghi v6i CO chit bun/ric hOxi co vi nhi?t dp 55"C 
dupe b6 sung vio b^ phin iing (v6i m^t dp te bio 
lO'Vml) tgi thifi diim pH d i on djnh 6 miic >6. 
Lugng vi thinh phin khi t^o ra frong be phin ting 
(CO2, CH4, HjS, O2 vi c ic khi khic) dugc xic djnh 
bing cic thiit bj do khi ty dpng thiet ke gin lien v6i 
bl phin img. Mau de phin tich c ic chi tiSu h6a hpc 
vi vi sinh v^l dugc thu tir be phin ung qua van thu 
miu d miic 20 cm tir d iy b l sau mSi 24 giir vin hinh. 

Hiui \ .10 

Hlnh 1. H$ th6ng pilot I6n men Iw khi it nhi^t d^ cao. Nguyfin ll̂ u si> dung cho thl nghi$m phdn huy g6m c6 biin bh ty ho î. 
r ^ ihii huu ca duyc xay nhuyen. Biin vd rdc duyc djnh lugng tuong irng ie hai bk n6ng bi$t theo ly t$ 1.1 (v/v), sau do 
duyc trpn d4u ix bk ph6i tr^n Trong mOt sA trudng hyp nu<!rc dugc bo sung Ihdm vao hSn hgp 6k dat d$ im 97%. Tir be 
ph6i trpn, hdn hgp biin vd rdc dugc bcrm vdo bi phdn i>ng, li mOt b^ ky khi, c6 cdnh khuiy vd h$ th6ng gia nhi$t, on djnh 
nhi$td$er55°C(±0,5°C) 

Phan tich c ic yeu to moi trujmg 

COD (Chemical Oxygen Demand, nhu ciu oxy 
hoa hpc): dugc xic djnh theo phuang phip TCVN 
6491:1999. 

VS (Votiled solids, chat rin bay hoi) dugc xic 
dinh thong qua nung lugng chat r in (TS) 6 55''C cho 
den khi khoi lugng khong doi (Greenberg el ai, 
1995). 

Tong Nitrogen dugc xic dinh bing phuong 

phip Kjeldahl, frong do toin bg nifrogen vo co va 
huru CO frong mau phin tich dugc chuyen ve dang 
ammonium bing su dyng sulphuric acid voi chat xuc 
t ic la K2SO,, 6 nhipt dp 420°C frong 30 phiit. Lupng 
ammonium sau do dugc xic dinh qua phuong phip 
chuin dp (Greenberg eM/. , 1995). 

Tdng Phosphorus dugc xic dinh bing phuong 
phip sir dyng xanh molipden, frong do toin b§ 
phosphorus frong mau dugc chuyin v l dang P04^' 
nho xii ly bing hon H2SO4 d ie v i HCIO4 duoi tic 
dyng cua nhi§t d6. Phin iing cua P04''" vori Mo** sau 
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do t^o thinh xanh-molipden, do dupe o buoc song 
725 nm, miic dp cua mau ty le vai him lugng 
phospho CO frong mau phan tich (Greenberg et ai, 
1995). 

Xic dinh hifu s u i t chuyin h i a (Sobotka el ai, 
1983; Chemicharo, 2007): Khi methane sinh ra theo 
ly thuylt dugc xic dinh dya fren lugng COD h\ phin 
hiiy: 

CH, + 2O2 => CO2 + 2 H2O 

(16g) + ( 6 4 g ) = > ( 4 4 g ) + (36g) 

De oxy hoa hoan toin 1 mole CHi thinh CO2 va 
H2O cin CO 2 mole Oi. Nhu viy, cii 16 g CH4 dugc 
tao ra vi chuyen vio pha khi tuong ung vol vipc logi 
dugc 64 g COD hi nguon thii, Trong dilu kipn nhipt 
dp vi ip suat thuong, cong thirc niy cho ph6p udc 
tinh 350 ml CH4 tuong iing v6\ moi gam COD bj 
phin hiiy. Cong thiic chung de xac dinh lugng CH4 
CO the sinh ra theo ly thuylt nhu sau: 

_CODcH. 
y CH. K(l) 

Trong do: VCH4 = the tich methane tao thanh (1); 

C0DcH4 = luong COD nap dugc chuy6n hoa 
thanh methane (gCOD); 

K(t) = he so hieu chinh danh cho nhi?t dp vin 
hinh ciia bl phan iing (gCOD/l). 

K{t)=- P.K 
R.{m-^T) 

Trong do: P = i p suit khi quyen (I atm) 

K = COD hrong img voi 1 mole CH, (64 g 

COD mole). 

R = hang i,6 khi (0.0S206 atm I mole •'Kj, 

T = \h ic t do van hanh cua be phan ung ("(). 

Xac dinh mat do \i sinh \ a t sinh methane banf; 
quan sat duiii kinh hien vi huynh quang 

Do chira eocnzynie F42(,. tc bao ciia nhicu loai vi 
•sink vat sinh methane eo dac linh ty phat .sang dirai 
anil den huynh quang. Miic do phat sang thuinig ly lo 
vai hoal tinh sinh hoc ciia te bao, tuy nhicn muc do 
nay eiing giam rit nhanh khi te bao bi phai ra anh 
sang (Dolflng, Mulder, 1985, Corns el al, 1988) 
Mac dii vay, qua quan sat mau biin duai kinh hicn vi 
huynh quang d l phat hien cac tc bao ur phdl sang, 
nguai ta co th l dinh gia duac mpt each dinh linh 

frang thii hoat dpng ciia vi sinh vat sinh methane 
frong be phin iing. 

D I quan sit dupe hipn tupng nay, mau bim tuoi 
dugc nho fryc tiep len mang nitrocellulose (kich 
thudc 16 0,2 |.im) dat fren giay Ipc d l tham kh6, sau 
d6 quan sit du6i kinh hiin vi huynh quang qua kinh 
Ipc budc s6ng 461 nm. 

T ich DNA tong s6 

DNA tong so cua quan the vi sinh vat tit cac mlu 
biin dugc tich chiet tryc tiep theo phuong phap do 
Zhou vi dong t ic gii (1996) mo ta v6i cai biin vl 
nong dp dpm phosphate (120 mM) vi n6ng dp 
proteinase K (14 mg- m l ' ) . 

Phan tich 16S rDNA bing ky thuat PCR-DGGE 

DNA long so tach chiet tryc tiep tir cic mau bim 
dugc sit dung lim khuon frong phin img khuyech 
d^i cac doan 16S rDNA voi cap moi dac hipu dii v6i 
c6 khuin 0348aF (TCCAGGCCCTACGGG) va 
069IR (GGATTACARGATTTCAC) (Wanatabe et 
ai, 2004). De on dinh miic di chuyen ciia cic dogn 
gen frong phan tich DGGE, kep GC (Muezer et ai, 
1993) dugc gin vio dau 5'ciia moi xuoi 0348aF. 

Hon hgp phan iing PCR gom I pi moi xuoi v i 
moi ngugc (ning dp 50 pmol/|il), 5,0 U Taq-
polymerase (Fermentas), 5 yl dem lOX (chiia 20 
mM Mg^^), 5 ill hon hgp dNTP (2,5 mM m6i loai), 3 
(il DNA khuon (khoing 300 pg) vi b6 sung nuoc toi 
the tich 50 pi. Phin img khuyech dai dugc thyc hien 
fren thiit hi Mastercycler (Eppendorf, Due) qua 30 
chu trinh nhiet (gom bien tinh o o 94°C frong 1 phut, 
gin mil d 49°C frong I phiit, keo dii chuoi 6 72''C 
frong 2 phut) v i buoc keo dii cuoi ciing d 72°C 
frong 8 phiit. 

San phim PCR co do dii 350 bp dugc phin tich 
bing dien di biin tinh (DGGE) tien hinh fren gel 
polyacrylamide 8% frong dem TAE voi dp bien linh 
(urea/formamid) l i 25 - 60%. Dien di dugc thyc 
hipn fren miy D-Code (Bio-Rad, My) frong dem 
TAE tgi nhiet dg In dmh 60°C, hieu di^n thl lOOV 
frong thiri gian 16 gia. Gel polyacrylamide sau do 
dugc nhupm frong dung dich ethidium bromide (5 
mg/ml) frong 30 phiit, rira nuoc frong 5 phiit v i chyp 
inh fren bin chilu tia UV sit dung miy Gel-Doc 
(Bio-Rad, My). 

Cic bang chinh dupe cit, thoi gel frong nuoc, 
khuylch dgi, tinh sgch vi giii frinh tu fren miy bf 
dgng 3100 Avant Applied Biosystems (ABI, My). 
Trinh tu gen sau do dugc phan tich so sinh voi trinh 
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ty 16S rDNA ciia cic loii c6 lien quan hi$n di c6ng 
bl fr&i DDBJ/EMBL/GcnBank Database sii dyng 
cong cy BLAST Search. 

KFT QUA VA THAO LUAN 

N9P lifu vi 6n djnh di^u ki^n len men 

H6n hyp biin cin vi ric h(hi ca (ty 1$ 11, v:v) 
dugc dua vao bl phin img theo md 700 I, qui trinh 
|gn men dien ra d 55"C Trong 2 tuan diu, do hogl 
dOng ciia qui frinh ihuy phan vi Ifin men sinh aeid, 
pH frong be phin ling giim mgnh, xuong ldi mire 4.5. 
Trong thiri gian niy kit qui tii thiet bj do khi ty d^ng 
Cling cho ihay hoan loin chua c6 methane dugc sinh 

ra, chimg t6 nhdm methanogen cdn chua bit diu 
hogt dpng (Hinh 2). Qk tgo dieu kipn thu^ Igi cho 
methanogen sinh trudng, pH frong be dugc dilu 
chinh vc 6 - 6,2 bing cic dung djch NaHCOj vi Na2 
(()(, sau dd ngudn methanogen di thich nghi trudc 
dd vdi CO chit vi nhipt dg cao dugc bd sung vio bl 
phin img. 

Theo d6 thl d hinh 2, khi methane bit diu dugc 
sin sinh khi pH trtmg mdi frudng dgt miic = 6. Cin 
luu y li trong cic hgt biin vi sinh vgt sinh methane 
dugc bio v$ bdi vi khuin d cic Idp ngoii, do viy pH 
Ihyc tl frong vi mdi truimg c|ln ke nhdm vi sinh vat 
niy thudng cao hem so vdi pH do dugc frong bl 
phin img(Bitton, 1999; Chemicharo, 2007). 

20 30 40 50 

Then giaii (iigay) 

Hinh 2. DiSu kî n pH vi qud Irlnh sinh CH4 trong bi phin irng ky khi b nhi$l d? 55=C. 

Xic djnh thinh phan khi sinh hfc 

Thanh phan khi biogas tao ra frong bd phin iing 
(Hinh 3) cho thiy dieu kipn ky khi cho qui frinh len 
men dugc dam bao vi khi tao ra chu yeu gdm CO2 
vi CH,. Cd the thiy ring dudng cong khi CO2 va 
dudng cong khi methane li 2 dudng cong gin doi 
xiing qua tryc ngang 45% khi (Hinh 3), thl hipn mdi 
tuong quan giiia nhdm methanogen sii dyng H2 (nhu 
Melhanobaclerium, Methanomicrobium) vi nhdm 
methanogen sii dyng acetate (nhu Meihanothrix, 
Methanosarcina) frong be phan iing thay dii theo 
thdi gian xii ly. 
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Trong 20 ngiy diu thinh phin khi CO2 lien tuc 
ting, frong khi do CH4 chua xuat hipn phin anh qui 
frinh I6n men sinh acid va dieu kipn pH thip frong he 
phin img. Trong 20 ngiy tiep theo, % COi giam 
vi % CH, ting (theo ty Ip gin tuong duong), chimg 
td nhdm methanogen sii dyng H2 chilm uu the, su 
dyng CO2 dl san sinh CH4 (theo phuong frinh phan 
ling C02 + H2 -» CH4 + 2H2O). Trong pha tilp sau, 
tir ngiy 40 din ngiy 60, % CH4 frong khi tao ra giam 
vi % CO2 ting (ty 1$ tuong duong), chiing td nhdm 
sir dyng acetate da chi£m uu the, tgo CO2 tir phin 
ling smh CH4 (theo phucmg frmh phan iing 
CHjCOOH ^ CH4 + CO2), theo diing quy luit ciia 
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be ISn men ky khi (Chemicharo, 2007). Tir ngiy thii Hî u suat chuyen hda COD 
60 frd di, xu hudng ting cua nhdm sir dyng H2 lai bit 
diu (ty 1? CH4 ting va ty Ip CO2 giim), tuy nhien Tdng the tich khi tgo ra ting deu theo thdi gian, 
tdng thl tich khi sinh ra giim din, chiing td qui frinh song song theo dd COD ciia nguySn lipu thii frong 
len men da di vao giai dogn cudi. be xir ly giim din (Hinh 4). 

Thdi gian (ngay) 

Hinh 3. Th^nh phin khi biogas tao ra trong b i phin il'ng theo thdri gian. 
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Hinh 4. ChuySn h6a COD thanh biogas (CO: vS CH.) trong h i phSn »ng ky khi. 
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Theo ly thuyet, trong qui trinh len men ky khi, 
khoang 70 - 90% COD dugc chuyen hda thinh CH4. 
tiiy thupc bin chit nguon nguyen lipu can \\x ly 
(Bitton, 1999; Chemicharo, 2007). TrSn co sd thl tich 
khi thu dugc vi kit qui phan lich COD trong hon hgp 
biin bl ty hogi va ric hChi co d thdi diim ban dau vi 
thdi diem sau 50 ngiy xu ly (Bing I), hipu suit logi 
bo COD trong thl nghipm dgt 80,7% (cich tinh dugc 
frinh biy d phim vgt lipu vi phucmg phip), li ly Ip khi 
cao doi vdi cic hp xii ly ky khi Igo biogas. 

Cic kcl qui phin tich hda hgc thyc hipn doi vdi 
nguyen lipu ngp ban dau (Bing I) cho thiy ty Ip dinh 
dudng trong be phin img li COD:N:P = 158:1.18:1, 
tuc li nita bj thieu hyt (hay ndi cich khic li lugng 
cacbon fron^ nguyen lipu qui cao) dc qui trinh phan 
hiiy cd the dien ra mpl cich loi uu. Theo 

Chemicharo (2007) thi ty Ip toi uu cho cac qui trinh 
len men ky khi dii vdi cic nguon thii giiu 
hydratcarbon nhu trong thi nghidm niy li COD;N:P 
= 350:5:1. 

Cd the thay mic dii qui frinh tao khi biogas 
trong thi nghipm van dien ra dn djnh vdi hipu suit 
khi cao vi cho ty If methane frong biogas cao, hiy 
nhiSn kit qui cd thl sS cdn tit hon neu dilu chinh 
dugc lygng dinh dudng trong nguyen lipu nap theo 
ty Ip toi uu dinh cho qui frinh len men k^ khi. Cic 
bipn phip dilu chinh cd the li bo sung ngudn nita vo 
CO vio bl phin img (Akunna et ai, 1992; Bitton, 
1999), dieu chinh ty If phdi frgn giira bun bl ty hogi 
(thudng cd him lugng nita cao) vi ric hihi co 
(thudng cd him lugng cacbon cao) (Bing 1) de dgt 
ly Ip dinh dudng mong mudn, w... 

Bdng 1. Thdnh phin hda hpc cua nguyAn ll$u Ihil trong bi phin irng. 

T«n M i u 

Bun b i l y hogi 

R* ; hj>u CO 

Hon hgp b i i n / r ^ (ty 1$ 

ban dau 

H6n hgp bCin/rdc (ty 1$ 
sau 50 ngdy 

11) 

1:1) 

COD 

(mg 0,/i) 

14500 

118450 

48175 

(33.722 kg) 

8460 

(5.922 kg) 

vss 
(mg/l) 

1916 

111420 

28908 

3952 

Cic chi t l iu hda hgc 

N t6ng sA 

(mg/l) 

1751,3 

769,5 

413 

409 

P lAng s6 

(mgfl) 

863,6 

916.8 

261 

96.4 

ThAtfchkhf 

(1) 

0 

0 

0 

8729 

(70% CH«) 

Chu thich: Gid tri bilu hi$n trong ngoic d cOt COD d6i v6l mlu h6n hgp bun/rdc d thdi diim ban diu vd sau 50 ngdy -ai ly 
Id long lugng COD linh cho todn bP thl tich nguydn Hiu (700 I). Thi tich khf Id thi tich thyc ghi dugc trdn thiit bj do khi t?i 
b i phan irng 

Bien doi ve so lugng vi cau true quan the vi sinh 
v^t sinh methane trong be phin ung 

Len men ky khi cd the dugc coi nhu mgt hp 
sinh thii, frong do nhieu nhdm vi sinh vgt cung 
tham gia chuyen hda cic hgp chat huu eo phirc tap 
thinh cic sin pham cuoi ciing nhu CH4, CO2, H2S, 
H2O va NH4 ciing vdi sinh khoi vi sinh vgt. Toan 
bg qui frinh cd the dugc phin chia thinh nhieu 
budc trao ddi chat khic nhau vdi sy tham gia cua 
bdn nhdm vi sinh vgt chinh la (i) nhdm thiiy phan, 
(ii) nhdm len men sinh acid, (iii) nhdm sinh acetate 
vi (iv) nhdm sinh methane. Cic nhdm vi sinh vat 
niy hoat dpng dya fren mdt quan hp cpng sinh phy 
thupc vio hogt tinh sinh hgc ciing nhu sin pham 
frao ddi chat ciia nhau (Archer, Kirsop, 1991), trong 
dd methanogen la nhdm cudi cung quyet djnh tdc 
dp xir ly ciia toin bp hp thong. Tinh frgng cua quan 
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the methanogen (the hipn qua sd lugng vi thinh 
phan loii) cd the phan anh tinh frgng hogt dpng cua 
be phin iing. 

Quan sat mlu him dudi kinh hien vi huynh 
quang (coenzyme F420 cua methanogen) cho thiy tgp 
doin methanogen da dugc thiet Igp vi ton tgi ben 
vimg frong bl phan img d thdi diem him lugng CH4 
frong biogas dgt 50 - 60% (Hinh 5B) so vdi thdi 
diem ban dau khi CH4 chua dugc sinh ra (Hinh 5A). 

Ve cau true, quan the methanogen frtmg be phan 
ling cung biin ddi tuong dng theo thdi gian vgn hinh 
(Hinh 6). Cd the thay rang methanogen sir dyng 
hydro (Methanobacterium sp.) cd mgt frcmg b€ phin 
img tir khi methane mdi bit dau dugc tao ra (thdi 
diSm 20 ngiy), tuy nhifn s6 lugng lai giam din frong 
nhihig ngiy sau dd (bang md d thcri diim 40 ngiy). 
Ngugc Igi, nhdm methanogen sir dung acetate 
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(Meihanothrix sp.) mic dii xuit hipn frong bl phan ciing c6 vl sd lugng theo thdi gian (bing rd ndt d 
dng mupn hon (thdi diem 30 ngiy) nhung Igi dugc thdi diim 40 ngay). 

Hinh 5. Thay dAi mit dO t i bSo methanogen trong b i phin ung theo Ihi'i gian (quan sSl du>6i kinh hiin vi hu^nh quang} A-
thcri diim xuit phdt (0% CH*); B-sau 4 luin (30% CH*) 

MeUianobacterium sp 

i^— h^ethanothrix sp 

Hinh 6. Phan tich cau true tap dodn methanogen trong be 
phan i>ng theo Ihoi gian bing dIdn di biin tinh gen 16S 
rONA Cdc thai diem phdn tich 20. 30 vd 40 ngdy Cac bdng 
dien dl chinh (mui ten chi] dugc cdt, gidi trinh ty vd so sanh 
vm ngdn hang dO" lipu. 

Kit qui niy hoin toin phii hgp vdi ket qui phan 
tich thanh phan khi CO2 vi CH4 frong biogas da trinh 
hiy d fren. Theo mdt sd nghien ciiu, Meihanothrix li 
nhom methanogen thudng xuat hien frong cac qua 
trinh sinh methane d nhiet do cao (Zmder et ai, 
1984; Henson et ai, 1989), frong khi do d nhiet dg 
im (30 - 37 "C) Methanosarcina iai la nhdm chiem 
uu thl (Archer, Kirsop, 1991; Steinberg, Regan, 
2008). Dang chii y li frong qui trinh tao khi sinh hgc, 
fren 70% luong methane sinh ra li do cac nhdm su 
dung acetate nhu Methanosarcina hay Meihanothrix 
dim nhiem (Archer, Kirsop, 1991; Bitton, 1999). 

Nhu vgy, thdng qua cac phin tich ve sd lugng vi 
thinh phan methanogen frong be phan ung cd the 
nhgn biit dugc tinh frgng vin hinh (dn dinh hay 
khdng on dinh, dang d giai doan nio cua qua trinh 
phan huy) cua bl. Lan diu tien frong nghien ciiu niy 
ddng hgc ciia nhdm methanogen frong bl phan iing 

ky khi dugc su dyng nhu yiu tl chi thi dl theo ddi 
qua frinh van hinh ciia be. 

KET LUAN 

Len men ky khi d nhiet dg cao da duyc thu 
nghiem thinh cdng frong be phan iing 1000 I ddi vdi 
hdn hgp bim be tu hogi vi ric thai hiiu ca nghien 
nhd (theo ty le the tich 1:1), vdi sy hd fry tir nguon vi 
sinh vat sinh methane da dugc thich nghi trade vdi 
dieu kien len men (co chat vi nhifit dd cao) cung vdi 
viec dieu chinh pH. Ty Ip methane frong khi sinh hoc 
di tang deu sau 2 tuan va dgt miic on dinh 60 - 70% 
sau 5 tuan van hanh. Hieu suit xu ly cua be dgt 
80,7%, la gia fri kha cao doi vdi cac qui trinh xii ly 
ky khi. Mat dp ciia methanogen frong be phan img 
tang din theo thdi gian, thinh phan cung chuyen din 
tir nhirng loii sii dung hydrogen (nhu 
Methanomicrobium) d giai doan dau sang cac loii sii 
dung acetate (nhu Meihanothrix) d giai doan sau cua 
qui trinh xir ly. Nhihig ket qui thu dugc rat cd y 
nghia, cho thiy kha ning kiem soit dugc qui trinh 
xu ly, cung nhu tnen vpng ip dung cdng nghp len 
men ky khi d nhiSt dp cao vio xir ly bun can vi rac 
hihi CO, hipn dang la van 6t nan giii tai cac do thi 
Idn d nude la. 

Ldi cam on: Nghien cuu ndy dugc thuc hien trong 
khuon kho Dif dn hgp lac quoc te ' 'Nghien cdu gidi 
phdp xir ly long hop chat thdi d quy md bdn tap 
trung d cdc do thj Viet Nam. Vi du dien hinh a thdnh 
phd Hd Npi (Semi-San)", do Bp Khoa hpc vd Cdng 
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nghe ' •'(•' i^om vd Bg GD&NC Due BMBF tdi trg. 
Cdc tdc gid xin trdn trgng cam an Vn'-ii Khoa hgc vd 
Ky ihiigl Mot trifdng. Dgi hpt Xdv dinig dd Igo dieu 
kien cho tien hdnh tdc nghien ci'ru vd l'i(-ii Vi sinh 
vol vd Cong nghe sinh hgc. DHQGHN da Igo dieu 
ki('n vc ca sd vgt chat trong qud Irinh thtfc hien cdc 
phdn tich VI sinh vgt 
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D Y N A M I C S O F B I O G A S P R O D U C T I O N A N D M E T H A N O G E N I C P O P U L A T I O N IN 
T H E T H E R M O P H I L I C A N A E R O B I C D I G E S T E R FOR C O - T R E A T M E N T O F SLUDGE 
A N D O R G A N I C W A S T E 

Thai Manh Hung', Ta Manh Hieu', Pham Van Anh', Nguyen Huu Tuyen*, Nguyen Viet Anh^ Dinh 
Thuy H a n g " 

'institute of Microbiology and Biotechnology. Vietnam National Univer.sin: Hanoi 
^Institute of Enviromental Science and Engineering (lESE). Hanoi University of Civil Engineering 

SUMMARY 

Sludge and organic solid waste are significant pollutant sources thai cause much concern in big cities such 
as Hanoi and Ho Chi Minh city. In this study, thermophilic anaerobic digestion at 55''C was choosen for co-
ireatmcnt of the above two types of wastes. The experiment was carried out in a 10001 volume reactor fed with 
a mixmre of septic sludge and organic waste at 1:1 ratio (vol/vol). The obtained results showed that the 

' Author for correspondence: Tei 84-972 523 466; E-mail, dlhang&ivnu.edu.vn 



produced biogas contained high ratio of CH,, (above 70%) as soon as pH in the reactor was stabilized at 7 - 7.2 
and microbial seeding previously adapted to the fermentation conditions was added. After 50 days of operation, 
80,7% of COD from the waste was removed. Density of methanogens in the reactor increased over tlie time, 
and the methanogenic community changed from that dominated by liydrogenotropliic species (such as 
Methanomicrobium) at early stages of the treatment to that dominated by acetoclastic species (such as 
Meihanothrix) at later stages. The ratio of methane in biogas at later stages of the digestion reached 60 - 70% 
Output from the present study would serve as the scicnlillc arguments for confrol of anaerobic digestion 
process, as well as for potential application of thermophilic anaerobic digestion in the irealment of sludge and 
organic solid waste, aming al energy production and environmental proleclion in the near fiirture. 

Keywords: Thermophilic anaerobic fermenlalion. methanogens. energy rccoveiy. PCR-DGGE 




