
Tcip chi Cong nghe Sinh hgc 9(1): 1-11,2011 
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QUA TRINH PHAN HUY CHAT THAI HUtJ CO GIAU DAU M O TRONG DIEU KIEN KY 
KHI 
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Trucmg Dai hgc Ky thudt cong nghi Thdnh pho H6 Chi Minh 

T 6 M TAT 

Trong so cac ky thuat img diing c6ng nghe sinh hoc trong cong tac giam thiSu 6 nhilm moi trudng, ky 
thuat phan huy sinh hpc ky khi la mot phuong phap c6 nhigu uu diSm nha tinh kinh \& trong ca giai doan dau tu 
ciing nhu van hanh thiet bi ddng thoi lai la phuong phap co kha nang thu h6i lugmg nang luong tii sinh khdi so 
v6i cac ky thuat khac. Mac diu vay, d6i vdi cic chit thai giau diu ma, viec ling dimg ky thuat phan huy ky khi 
lai khong don ̂ an va de dang bdi vi cac vi sinh vat sinh truong ky khi rit nhay cam voi dieu kien moi truong 
chua nhieu chat beo ciing nhu voi chinh cac san pham trung gian ciia qua trinh phan huy chung. Do vay, muc 
tieu ciia bai bao nay nham giiip hieu ro cac giai doan cua qua trinh phan huy ciing nhu cac diem dac trung doi 
v6i tvmg giai doan mpt each co he thong xet tren ca phuong dien hoa sinh hoc va vi sinh vat hoc de tvt do nit ra 
nhung net khac bi$t cua qui trinh phan hiiy ky khi chit thai giau diu mo voi cac loai chit thai thucmg gap 
khac. Do ciing la co so quan trong cho nhung nghien cuu xijr ly loai chit thai chuyen biet nay bang ky thuat 
phan huy ky khi dat dugc hi#u qua nhu mong mudn. 

Tir lihda: phan huy ky, khi, chdt thai giau dau ma, su len men methane, acid beo mach dai 

MCJDAU 

Trong khoang 3 thap ky gin day, xu huomg 6n 
dinh chat thai rSn do thi noi chimg bang phuomg 
phap phan huy ky khi truorc khi chon lip va thu nang 
lugmg duoi dang khi sinh hgc dugc phat triSn manh 
va ap dyng rgng rai (Lusk et al, 1996). Quy dinh cua 
hiu hit cac qu6c gia chau Au gioi han phin kh6i 
lugmg hihi co trong chit thai dem chon Itp khong 
qua 5% la dgng luc thiic diy viec xu ly va tai sd 
dung phin hiru ca nay thay vi dem chon lip ciing vai 
cac chat khong thi phan hiiy dugc. Trong so cac chat 
thai do thi hif n nay, dang luu y la cac chit thai hiiu 
CO CO ham lugmg chit beo cao thai ra tur qua trinh san 
xuit ciia cac nganh cong nghiep che bien thuc pham 
nhu dau an, mi an liSn, banh keo, trai cay siy kho, 
siia va cac san phim siia.. .vai mgt lugng dang ke, co 
Xhk chilm tai 25%. Trong thanh phan cac chat thai 
niy, chit beo hay diu ma luon hien dien vai mgt ti le 
kha cao (ciing vdi cac chit khac) va luon dugc coi la 
"thu pham" cua cac vin dl moi truang c6 lien quan. 
Trong cac be phin huy ky khi, chit beo (diu ma) c6 
thi gay kho khan cho qua trinh van chuyin va phin 
gidi cic ca chat hoa tan bai vi sinh vat do mang te 
bao vi sinh vat da bi diu ma bao phii (Pereira et al, 
2004). Do CO khoi lugng rieng nho hon nuac, diu 
ma luon c6 xu thi n6i tren mat nuac va mang theo 

mgt phin sinh khoi, khien mat do vi sinh vit trong 
bl phin huy giam di (Cammarota et al, 2001). 
Ngoai ra, san phim giai doan thiiy phan - giai doan 
diu tien ciia qua trinh phin hiiy ky khi chit beo - bao 
gom cac acid beo mach dai (Long Chain Fatty Acids 

LCFAs) va glycerine, trong do LCFAs, qua nhieu 
nghien ciiu, da cho thiy co kha nang giy uc che len 
cac loai vi sinh v^t khac nhau trong sudt qua trinh 
phin hiiy ngay ca or nong do thap do LCFAs bi hip 
phu len thanh/mang tl bao lam can tra qua trinh 
khuech tan va van chuyen cua ca chit (Kabara et al, 
1977; Rinzema et al, 1994). Tit ca cac vin de tren 
da han che hieu qua van hanh cua be phin huy, do 
vay phin huy ky khi cac chit thai chua nhieu diu 
mo, cho den nay, vin luon la mgt kho khan va thach 
thiic. Tuy nhien, xet tren goc do thu nang lugng tir 
sinh khoi, chit beo (diu ma), neu phin hiiy ky khi 
dugc, lai la loai ca chat co "tiem nang" Vi trong khi 
1 g carbohydrate hay protein chi giai phong trung 
binh 4 Kcal thi vai miic tuomg duomg, Ig lipid giai 
phong 9 Kcal khi bi oxy hoa hoan toan (Hans, Josef, 
2005). Mgt so nghien cihi da chung to san lugmg 
sinh methane tuc cac chit thai da gia tang mgt each 
dang kl khi bo sung them chat beo vao thanh phin 
ciia ca chat phin hiiy (Tekin, Dalgig, 2000; Li et al, 
2002; Fernandez et al, 2005). Dilu do ciing co nghia 
la qua trinh phan hiiy ky khi cac chit thai chiia nhieu 
diu mo cin dugc tiep tuc quan tam nghien cuu de 
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tim kilm va chi ro cac yeu to cin luu tim nhit doi 
vol loai ca chat dac biet nay. 

Ben canh do, tai Viet Nam noi rieng, cac nghien 
cuu ve qui trinh phin huy ky khi nuac thai da fang 
ten dani; ke trong thai gian gan day theo xu the tang 
cuong su dvmg nang lugng tai tao thong qua cac 
cong cu ciia C6ng nghe sinh hgc (Trin Minh Chi et 
al, 2004; Nguyin Phucrc Hoa, 2005; Doan Thai 
Hoa, 2005; Vu Nguyen Thanh, LS Due Manh, 2006). 
Tuy nhien, ung dung ky thuat nay doi voi cac ca chat 
la bun thai vai do am khoang 90% va chiia nhieu diu 
ma la doi tugng thai ra tii mgt so nganh san xuit 
thuc pham da de cap a tren thi hau nhu chua dugc 
nhac den, hoac chi la cac thong tin chua diy du tren 
mgt so phuang tien d^i chung ma chua phai la cac 
bai bao, cac thong ke khoa hgc cong bo tren cac tap 
chi khoa hgc chuyen nganh. Do vay, bai bao nay ra 
dai voi muc tieu he thong hoa lai m6t so van de then 
chot can luu y trong be phin huy ky khi cung nhu 
lam ro su khac biet cua ca chit tuomg doi dac thii la 
chit thai hiiu ca co ham lugng dau ma cao so vai cac 
CO chat khac lam ca so quan trgng cho phin nghien 
ciiu xit ly doi tugng nay trtog thuc tien. 

LLTOC Sir P H A T TRIEN QUA TRINH PHAN HUY 
KY KHI V A XU H U Q N G HDEN NAY 

Qua trinh phin huy ky khi (anaerobic digestion) 
la mgt trong nhiing ky thuat ling dung co xua nhit. 
JChi sinh hgc da dugc sir dimg de lam nong nuac tim 
a Assyria (Iraq ngay nay) tii thi ky thii 10 truac 
Cong nguyen. Cho din thi ky 17, qua trinh moi bit 
diu dugc nghien cuu mgt each khoa hgc. Nam 1776, 
Count Alessandro Volta da khang dinh co mli lien 
he giua lugng chit hiru ca phan huy va lugmg khi 
chay dugc tao thanh. Sau do, nam 1808, da chiing 
minh dugc su thanh tao cua khi methane qua qua 
trinh phin huy ky khi phin gia siic (Lusk, 1997). 

Qua trinh dugc ling dung mang tinh cong nghiep 
diu tien la mgt nha may xay dung a Bombay, An Do 
vao nam 1859 (Meynell, 1976) dl sau do no bit diu 
thim nhip vao Exeter, Anh quoc nam 1895 nhim 
cung cap nang lugng thip sang den duang tii khi 
biogas thu dugc trong he thing xu ly chit thai. 
Nhirng tien bg cua nganh vi sinh vat hgc khi do co 
tac dung h6 trg phat triln ky thuat nay, trong do phai 
ke toi cac nghien curu cua Buswell va cgng su vao 
nhung nam 1930 da dat nIn mong cho viec dinh 
danh cac vi khuin ky khi va cac dilu kien thiic diy 
su sinh khi (Lusk et al, 1996). 

Khi nhiing hiiu biet vl qua trinh day du hom, cac 

ky thuat ap dung trong qua trinh van hanh va dieu 
khiln ngay cang hoan thien vai su ra doi ciia nhirng 
be u kin ciing cac thiet bi him nong va khuiy dao 
nhim tdi uu hoa qua trinh phin hiiy. Tuy nhien, vi 
thai gian do gia than da kha re va tru lugng diu mo 
con rit Ion cgng them su phat trien manh me cua cac 
he thdng phin huy hiiu khi nen khi sinh hgc va ky 
thuat phan huy ky khi a cac nuac phat trien nhin 
chung chua dugc quan tim. Tai cac quoc gia nay, 
qua trinh cong nghiep hoa va dd thi hoa nhanh chdng 
ciing voi gia di^n re da dan toi ket qui la cac ky 
thuat phin huy hieu khi chi biln compost va chdn 
lip tro thanh su lua chgn de xu ly chit thai cho toi 
ngay nay. Trong khi dd, tai cac nuac chim phat trien 
hom nhu Trung Qudc va An Do, cac he thdng len 
men ky khi loai nhd xuat hien rit nhieu vai myc dich 
chu yeu de thu khi sinh hgc nau an va thap sang 
trong hd gia dinh tii cac phu phim ndng nghiep va 
chat thai sinh hoat. 

Sau do, hai cugc khung hoang nang lugng tren 
the gioi vao cac nam 1973 va 1979 lai c6 tac dung 
tich cue khi phat ddng tra lai mdi quan tam tai ky 
thuat phin hiiy ky khi thu methane lam nang lugng. 
Diu tien la tai An Do, Tnmg Qudc va Ddng Nam A 
va sau do la Bac My, Chau Au va Lien Xd. Hoa Ky 
cung da thiet lap chuang trinh phat trien nang 
lugng tai tao trong d6 nhin manh vai tro ciia nang 
lugng sinh khdi thu dugc tit cac be phin huy ky 
khi. Tuy nhien, nhung hieu biet ve qua trinh nay 
con han che da din tai sir that bai cua 50% him u a 
An Do, Trung Qudc, Thai Lan va 80% him u d My 
va chiu Au (Lusk, 1997). Tuy nhien, do lai chinh la 
ddng luc thuc diy su nghien cuu sau hon ve qua 
trinh. Cung vai thai gian, ky thuat phin huy ky khi 
khdng chi dugc ap duhg de thu khi sinh hgc ma con 
la mdt ky thuat chi phi thap de dn dinh cac chit thai 
ndng nghiep hay chin nudi va tham chi de xu ly 
chit thai do thi hay cdng nghi?p (che bien hda chit, 
san xuat thuc phim cac loai...) (Ye Chen et al, 
2008). Gin diy, dudi ap luc cua gia dau md tang 
cao va nhiing quy dinh ngay cang chat che vl mdi 
truang de kiem soat khdi lugng phin chit hiiu ca 
trong chit thai dem chdn lap, ky thuat phan huy ky 
khi dugc lua chgn ngay cang nhieu hom. Di6n hinh 
la hai qudc gia Due va Dan Mach da cam ket tang 
sin lugng khi sinh hgc gip ddi vao nim 2000 va 
gip ba vao nam 2005 (Danish Ministry of Energy 
and Environment, 1996). 

d Viet Nam, sin xuat khi sinh hgc da dugc gidi 
thieu va ap dung tii hem 20 nam qua de thip sang do 
thilu dien a mdt sd khu vuc ndng thdn. Mgt losit cic 
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him u sinh hgc vit li^u xi mang vdi thilt kl khac 
nhau da dugc dua vao thu nghiem d cac vimg ndng 
thdn dudi su tai trg ciia Chinh phii Viet Nam va qudc 
te, tir cac him ii kilu An Do din kilu Trung Qudc. 
Tuy nhien, vi him u xi mang cd gia cao, khd lip dat 
ik sira chiia nen thuc te cdn it dugc ap dung. Su ra 

<ddi ciia tiii ii hinh dng bing vit lieu PE sau dd da 
giam dugc dang ke chi phi dau tu va chi phi van 
6anh nen nhin dugc su iing hd cua nhilu hd ndng 
din ngheo. Trong vdng 10 nam trd lai diy, han 
20.000 tiii il nhu the da ra ddi d Viet Nam va da phan 
do ndng din tu trang trai chi phi, tuy tui ii vai gia 
thanh re cung cdn bdc Id nhieu nhugc diem trong 
cdng tac van hanh va bao tri. Tuy nhien, nhiing 
nghien ciiu ve qua trinh phin huy ky khi ddi vai rac 

thai ndng thdn Viet Nam (vcfi mdt sd die trung 
rieng) dl lam can cii khoa hgc va ling dung con rit 
h^n che (Bui Xuan An, 2002). 

HOA SESfH HOC CAC GIAI DOAN CUA QUA 
TRINH PHAN HUY KY KHI C H A T THAI HUXJ 
CO GIAU DAU M O 

Qua trinh phan huy ky khi ndi chung gom mdt 
chuoi cac giai doan sinh hgc phiic tap nhung dugc 
lien kit ddng bd va chat che vdi nhau de bien Odi 
hgp chit hiru co ban diu thanh khi sinh hgc. Mdt yeu 
td bat Igi ddi vdi bit ky giai doan nao deu cd the giy 
ra su cd va kim ham ca qua trinh. Cac giai doan do 
cd thi dugc md ta bang sa do khdi trong hinh 1 
(Grady e? a/., 1999). 

Upid Protein Carboliydrate 

Acid beo mach dai (LCFAs) Glycerine Amino acid Dip&ng dan 

Hydrogen, Carbonic 

—I ~. 
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METHANE H 6 A 

Hinh 1. Cac giai doan cua quS trinh phan huy ky khi chat thai hu-u co. 

Phan ung tdng quit ciia qua trinh cd thi dugc viet: 

Vi sinh vat 
Hgp chit huu co + H2O -> sinh khdi + CU, + COj + NH3 

Giai doan thuy phan 

Trong budc nay cac chit huu co phiic t^p dugc 
thiiy phin thanh nhung chit dan gian han (de cd the 
tham nhip dugc vao tl bao vi khuin) vdi sir tham gia 

ciia cac enzyme ngoai bao cua cac vi khuin thuy 
phin. Protein bi phin huy thanh amino acid nhd 
protease, carbohydrate chuyen thanh dudng dan nhd 
carbohydrase, va lipid, nhd lipase, dugc chuyen hda 
thanh cac acid beo mach dai tuomg ling (LCFA) va 
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glycerine. 

Vdi md hinh ciu true 3 chieu cua mdt sd enzyme 
lipase dugc cdng bd gin day trong nhiing nghien ciiu 
hda sinh phin tu hien dai, ngudi ta da cd the giai 
thich CO chi thuy phin chit beo ciia enzyme nay. 
Enzyme hoat ddng manh d be mat phin each diu-
nuac. Do ban chit phan tur enzyme la mdt chudi cac 
amino acid cd tinh ua diu ma da cho phep enzyme 
gin chat vdi cac phin tu diu. Trong qua trinh di 
chuyen tit pha nude vao pha dau, tnmg tam hoat 
ddng cua enzyme se md ra de tiep nhan chit nen 
(diu) (Ratledge, 1994). 

Qua trinh thiiy phin chit thii nhieu diu mo khac 
vdi thiiy phin nude thai va khac vdi chit nen khdng 
cd ban chit dau ma d mgt vai dac diem. Khac biet 
thii nhit la tdc do thuy phin chit hiiu ca trong chit 
thai xay ra chim han so vdi trong nude thai. Nhin 
chung, kich thudc va ciu triic hinh hgc cua hat ca 
chit cho dien tich tiep xuc giiia ca chit va vi sinh vat 
cang nhd thi ndng do vi sinh tham gia thuy phin ca 
chit cang thip va tdc do thiiy phin cang cham. Nhiet 
do thip hay pH thip ciing lam giam tdc do thiiy 
phin. Ddi vdi chit thii thi trong tdng sd 4 giai doan 
ciia ca qua trinh, thuy phin trd thanh giai doan gidi 
han tdc do (tdc do chim nhat) (Vavilin et al, 1996). 
Dac biet khi cac hat co chat cd ham lugng dau ma 
cao, qua trinh thiiy phan xay ra cang khd khan do 
diu ma tao thanh cac micelle phan tan trong nude. 
Mdt vai nghien ciiu anh hudng cua ndng do lipid 
trong chat nen den su thiiy phin va tao khi sinh hgc 
da cho thiy giai han ndng do chit beo trong chit nIn 
de qua trinh khdng bi lie che la 18% (Cime et al, 
2007). 

Khac biet tilp theo la cho den nay, pH tdi uu cho 
giai doan thuy phin chit beo vin chua dugc nghien 
ciiu ky luang va cho sd lieu thuc su dang tin cay 
(Lalman, 2000). Tuy nhien, cac nghien ciiu diu cho 
thiy duy tri do pH trung tinh (6,5 - 7,5) thuc diy tdc 
do thiiy phin (Veeken et al, 2000). Chinh san phim 
thiiy phin chit beo la cac acid beo mach dai 
(LCFAs) lai giy lic chi len cac vi sinh vit giai doan 
sau (acid hda, acetate hda va methane hda) khiln rit 
nhieu qua trinh u ky khi chit thii giau lipid bi thit 
bai. Su uc che cd the bi tic ddng bdi hang loat ylu 
td: ndi chung thi pH thip (miic thip nhit la 5,5) 
khiln ndng do acid khdng phin ly tang do dd lam 
tang dgc tinh nhung nhiet do cang cao thi itc chi 
cang manh (Ratledge, 1994). Dgc tinh vdi vi sinh 
ciia cac acid beo chua bao hda Idn han acid beo bao 
hda (Klein, 2002). Mach carbon trong acid cang dai. 

nguong gay uc che cang nhd (khi s6 nguyen tit C 
trong mach nhd han 11). Tinh chit vat \y, dien tich 
bl mat rieng va phin bd ca hat ran cua chat nen ciing 
cd anh hudng (Hwu, 1997). Vl ban chit giy ddc, cd 
ly thuyet cho rang su hip thu ciia acid beo len thanh 
hay mang te bao da lam thay ddi tinh thim cua 
ming, giy nen hien tugng tieu nguyen sinh 
(Galbraith et al, 1971). Ndi chung, cac vi khuin acid 
hda va acetate hda it nhay cim vdi acid beo mach dai 
hon cac vi sinh vit sinh methane (Jeyaseelan, 
McCarty, 1995). Trong cac be len men ky khi chit 
huu ca giiu diu md, ludn tdn tai giai doan thich nghi 
(lag phase) la thdi gian de vi khuan acid hda (la 
nhdm vi khuin phan huy acid beo mach dii) thich 
nghi din vdi mdi trudng va phat trien len vl sd 
lugng (Hwu, 1997). 

Nhung nghien ciiu tren da cho thiy giai doan 
thuy phin ky khi chit thii giau diu md khdng don 
giin chi la su chia cat ve mat co hgc phin tu chat 
beo cd trong chit thii ban diu, ma la su hinh thanh 
ve mat hda hoc cac san phim khdng thuin Igi cho 
tien trinh phin huy ky khi tiep dien, khien nhidu qua 
trinh phin hiiy chat thai ran giau diu md bi thit bai. 

Giai doan acid hoa 

Nhiing hgp chit tao ra trong giai doan thuy phin 
vin qua ldm de cd the dugc vi sinh vat hip thu nen 
cin dugc phin giii tiep. Giai doan acid hda bat dau 
bang su van chuyen chit nen qua mang ngoai te bao 
xuyen qua thanh den mang trong rdi vao tS bao chit 
vdi su tham gia cua cac protein van chuySn. Ci do 
cac amino acid, dudng dom va acid beo mach dai deu 
bien ddi vl cac acid hiiu ca mach ngin hon 
(propionic acid, valeric acid, acetic acid), rugu 
(ethanol), keton, mdt it khi hydrogen va khi 
carbonic... Giai doan nay thudng g^p dudi mgt ten 
ggi khac la giai doan len men. 

Co che cua giai doan acid hda cac acid beo va 
glycerine (la sin phim giai doan thiiy phin chit beo) 
tuomg ddi phiic tap va cd the dugc tdm tit nhu sau: 

Glycerine bi phin giii thinh mgt sd sin pham 
tnmg gian nhu 1,3-propanediol de tao thanh cac san 
pham cudi cung la propionate va acetate. Sin phim 
tnmg gian van song song tdn tai cimg san phim cuoi 
(Qatibiefa/., 1991). 

Trong khi dd, ca ehl phin giai acid beo mach dai 
(LCFA) phiic tap hom nhilu (Nguyin Tiln Thing, 
Nguyin Dmh Huyen, 2000) theo cac buac nhu sau: 
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- Acid beo + CoA <^ Acyl-CoA 

Phan ung hoat hda nay dugc thuc hien nhd enzyme acyl-CoA synthetase nim d mang trong tl bao vi khuin. 

- Acyl-CoA 
oxy hda P 

> Acyl-CoA mach ngin han + Acetyl-CoA 

Oxy hda P lap 
lai lien tuc 

Acetyl-CoA + H2 + nang lugng tich luy (ATP) 

1 
Acetic acid + CoA (Acyl ky hieu cho nhom RCO-) 

Ddi vdi chat beo, sin phim tao thanh chii ylu la 
acid acetic (thay vi tao ra cac acid cd sd C > 2 nhu 
giai doan len men thdng thudng) nen day cung cliinh 
la giai doan acetate hoa cua chit nIn la diu md. 

Ddi vdi cic acid beo chiia sd C le, trong san 
pham ngoai acid acetic la chu ylu, cdn chiia ca 
propionic acid. Cdn cac acid beo chua bao hda, qua 
trinh no hda (ngay sau khi lien ket este dugc phin 
cat) dien ra trudc khi trii qua qua trinh oxy hda p. 

Ngoai acetic acid tao ra tit con dudng oxy hda P, 
mgt so sin pham phu ciia qua trinh nhu rugu, keton, 
peroxide, cac acid tnmg gian nhu acid butyric 
(C4:0), acid caprylic (C8:0), acid capric (C10:0) 
ciing cd thi dugc tao thinh tir cac con dudng khac 
(oxy hda a, oxy hda oo) bdi mgt sd nhdm vi khuin va 
vi nim (Ratledge, 1994). 

Nhu da dl cap d tren, ddi vdi chit nIn la lipid 
thi dilu khd khan nhat la su lie chi ciia cac acid beo 
mach dai (ndng do va loai LCFA) tao thanh tir giai 
doan thuy phin cd anh hudng din toan bd cac giai 
doan sau. Do do qua trinh phan giii ky khi chit beo 
cd dac dilm khac vdi qua trinh phin giii cac chit 
khic (protein, tmh bdt...) d tdc do giai doan acid hda 
chim hon (Broughton et al, 1998; Sang et al, 2004; 
Angelidaki, Ahring, 1992). Trong cac nghien ciiu 
nay, cac tie gii diu nhan xet thdi gian diln ra pha 
lag ti 1| thuin gin nhu tuyin tinh vdi ndng do acid 

beo dai ban dau. Die biet, su lic che khdng the khac 
phuc bang each pha loang de lam giim ndng do chit 
nen. 

Ngoai su lie che tu cac acid beo mach dai, sin 
pham ciia giai doan nay la acid beo bay hai (Volatile 
Fatty Acids VFAs), mgt mat viia la chit nen cho 
cac vi khuin acetate hda d giai doan sau, mat khac 
lai giy lie che len cac vi sinh vit sinh methane d giai 
doan cudi cung va anh hudmg den toin bd qua trinh. 
Ddc tinh the hien rd nhat ddi vdi acid propionic va 
acid butyric d nhung ndng do cao va anh hudng the 
hien cang ldm khi pH cang thip. Di6u nay dugc ly 
giai bdi su lie che gay ra chu yeu do phin acid khdng 
phin ly (pH cing thip thi lugn§ khdng phin ly cang 
ldm). Khi pH ben ngoii ming te bao qui thip se din 
den su chenh lech ldm giua pH trong vi ngoai mang 
te bao, khien bom proton bi lie che va ngung tre qua 
trinh trao ddi chit qua mang te bao (Fukuzaki et al, 
1990). 

Giai doan acetate hoa 

Cic vi sinh vat tao methane vin khdng the sir 
dung true tiep cac san pham ciia giai doan acid hda 
(acid hiru co, rugu, keton..) ngoai trii acetic acid, do 
vay cac chit nay cin dugc phin giai tiep thanh 
nhiing phin tu dan giin hom niia. Sin phim phin 
giai ciia giai doan nay la acetic acid, khi hydrogen, 
khi carbonic duac tao bdi vi khuin acetate hda: 

CH3CH2OH (ethanol) + H2O -^ CHjCOO" + H" + 2H2 

CHjCHzCOO" (propionic) + 3H2O ^ CHjCOO" + HCOs" + H^ + 3H2 

CH3(CH2)2COO- (butyric) + 2H2O -^ 2CH3COO- + H" + 2H2 



vdiidng ini 

Ddi vdi chit nen giau diu mo, do su phin huy 
acid beo mach dai cho san phim la acetic acid ma 
khdng phai la cic acid beo mach cao hom nen giai 
doan acetate hda ciing chinh la giai doan acid hda. 

Da: diem ndi bit cua giai doan acetate hda la su 
thinh tao nhieu khi hydrogen ma khi nay ngay lip 
tiic dugc vi sinh vit sinh methane d giai doan sau su 
dimg nhu li chit nIn cung vdi khi carbonic. Muc do 
phan giai cac chit trong giai doan nay phu thugc rit 
nhieu vao ip suit rieng phin ciia khi hydrogen trong 
be phin huy ky khi. Neu vi ly do nao dd ma su tieu 
thu hydrogen bi lic che hay chim lai, hydrogen tich 
liiy lam ip suit rieng phin cua nd tang len thi su 
thinh tao nd (bdi vi khuin acetate hda) se giam 
manh. Khi dd acid beo bay hai tich tu lai keo theo su 
lie che phan giii cac acid beo mach dai tao thanh diy 
chuyen. Va nhu da de cap trong muc giai doan thiiy 
phin, acid beo mach dai tich tu den muc nao dd se 
du ldm de lie che cic vi khuin acid hda, acetate hda 
va methane hda. Ngoai ra, acid tich tu lam pH mdi 
frudng giam rit bit Igi cho su tdng hgp methane tir 
hydro vi acetate. Cii thi, ylu td nay tic dgng din 
yeu td kia va ban thin lai bi tac dgng cua nhiing ylu 
td khac tao thanh mgt chudi tic dgng mang tinh diy 
chuyin. Va qua trinh phan huy hoan toan "thit bai" 
(Klein, 2002). 

Quan he cdng sinh giua vi khuan sinh hydrogen 
(vi khuin acetate hda) vdi vi sinh vit tieu thu 
hydrogen (chinh la vi sinh vit tao methane) la vd 
Cling quan trgng nham duy tri ap suit rieng phin ciia 
hydrogen d miic thap (ttr 10^ atm din 10'* atm) dl 
dam bao qua trinh tao methane tiln triln binh thudng 
(Grady et al, 1999). Dieu nay ciing hoan toan phu 
hgp vdi ly thuylt vl nhiet dgng hgc cua cac phan 
ling trong giai doan nay vi phan ling sinh thanh acid 
acetic tii propionic, butyric hay ethanol (phan ling 
thu nhiet) chi cd the xay ra ddng thdi vdi cac phin 
ling sinh methane trong giai doan methane hda (^hin 
ling tda nhiet) (Pereira, 2003). 

Trong khi acetate (sin phim giai doan acetate 
hda) la co chat mi vi sinh vit tao methane su dung 
true tiep thi chinh su tich tu cua nd ciing se gay lic 
ehl su phin giai cic acid beo bay hai khac, vi du 15 
mmol acid acetic lie che su phin giai propionic acid 
(Fukuzaki et al, 1990) va 100 mmol acetic acid uc 
che su phan giai acid butyric (Ahring, Westermann, 
1988) va do do lam cham tie do acetate hda. Ban 
than acetic acid d ndng do qua cao (6.000 mg/l) 
(Zehnder, 1988) cung khiln pH thip va anh hudng 
tdc do phan giai acid beo bay hoi. Ndi chung, pH va 
nhiet do tdi uu giai doan nay la 6,8 - 7,8 va 35 - 42°C 

(Boone, Xun, 1987). 

Ngoai ra, mgt con dudng acetate hda khac cd the 
xiy ra bdi su tham gia cua nhdm vi khuan 
homoacetogen tii hydrogen va carbonic (tu duang) 
hay tii cac chit huu ca (di duang). Tuy nhien trong 
mdi trudng cd ndng do hydrogen thap thi ai luc vdi 
hydrogen ciia vi sinh vit sinh methane (tii hydrogen) 
manh han ciia homoacetogen nen lugng acid acetic 
tdng hgp tir con dudng nay la khdng dang kl 
(Pereira, 2003). 

Giai doan tao methane 

Diy la budc cudi cung trong ca qua trinh phan 
giii ky khi tao ra sin phim mong mudn li khi sinh 
hgc vdi thanh phin cd ich l i khi methane bang td 
hgp cac con dudng sau. Mdi con dudng ling vdi 
nhdm co chat sir dung va nhdm vi sinh vit sinh 
methane khac nhau (trong tdng thi cac ca thi sinh 
methane) (Gerardi, 2003). 

Con dudng 1: 

CO2 + 4H2 -^ CH4 + 2H2O 

Loai vi sinh vit Hydrogenotrophic Methanogen 
su dung CO chat la hydrogen va carbonic dl tdng hgp 
CH4. Dudi 30% lugng methane sinh thinh bing con 
dudng niy. 

Con dudng 2: 

CH3COOH -^ CO2 + CH4 

4CO + 2H2O ^ CH4 + 3CO2 

Loai vi sinh vit Acetotrophic Methanogen 
chuyen hda acetate thanh methane va carbonic. 
Khoing 70% lugng methane sinh ra la qua con 
dudng nay. Tuy nhien, nang lugmg giai phdng tii con 
dudng nay tuomg ddi nhd. Carbonic tao ra lai dugc 
khu thanh methane bing con dudmg 1. Chi cd mdt sd 
loai vi sinh vit sinh methane sit dimg dugc ca chit la 
carbon monoxide (CO). 

Con dudng 3: 

CH3OH + H2 ̂  CH4 + H2O 

4(CH3)3-N + 6H2O -> 9CH4 + 3CO2 + 4NH3 

Loai vi sinh vit Methylotrophic Methanogen 
phan giii ca chat chiia nhdm methyl (-CH3). Chi m^t 
lugng khdng ding kl methane dugc sinh thanh tir 
con dudng niy. 

Nhilu nghien ciiu treii cac ca chat hda tan khac 
nhau trudc diy da cho thiy giai doan nay diln tiln 
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kha chim chap va do dd tiing dugc coi la giai doan 
gidi han tdc do cua ci qua trinh. Phuong trinh ddng 
hgc Monod dugc coi la nIn ting cho hiu hit cac 
nghien eihi vdi gii thilt tdc do smh trudng tl bao chi 
phu thugc vao ndng do chit nIn (acetic acid) trong 
be phin huy. Tuy nhien, cic md phdng nay chi dac 
trung dugc mdt giai doan nhit dinh cua ci qua trinh 
hoac chua bao quit dugc tuomg ddi du cac ylu td anh 
hudng (Graef, Andrews, 1974; Moletta et al, 1986; 
Smith et al, 1988). Cac nghien cuu gin diy da cho 
thiy gia thilt tren dugc coi la khdng cdn mang tinh 
d?ii dien khi mdt loat cac ylu td anh hudng khic 
dugc tinh din lam tiln dl cho nhung md hinh nghien 
curu diy du han, can ke hom, phiie tap hom rit nhilu 
Cling vdi sir trg giup die luc cua may tinh dien tir 
bao gdm ndng do chit nIn, su lic chi bdi cac san 
phim trung gian va cin bang ion cua chung, su 
tuomg tic giura cac nhdm vi khuin khac nhau cua 
mdi giai doan, ciu true be phin hiiy (kich thudc hinh 
hgc, ket cau be, hinh thuc tip hgp vi khuin), cac 
thdng sd thiiy luc (luu lugmg chat thai, anh hudmg 
ciia s\r truyen khdi ca chat den hoat ddng cua vi sinh 
vit va su van chuyin khi sinh hgc tir trong long hdn 
hgp phin huy ra ngoai)... (Mussati et al, 1998). 
Ngoai ra, co chat phin hiiy trong thuc te lai la mgt 
hdn hgp ciia nhiing chit khac nhau (bao gdm ci chit 
beo, carbohydrate va protein) cing ddi hdi cac 
nghien ciiu chi tilt hom va md phdng chinh xac hom 
cac biln ddi xay ra dl tir dd du doan dugc xu hudng 
va diln biln ciia qua trinh (Angelidaki et al, 1999). 

VI SESfH VAT HOC CAC GIAI DOAN CUA QUA 
TRtNH P H A N HTJY KY KHI C H A T THAI HUU 
COGIAUDAUMO 

Cac cdng tic nghien ciiu vi sinh vat cua qua 
trinh phin hiiy ky khi nhin chung gap phii nhilu khd 
khan do tdc do sinh trudng vi sinh chim va nhieu 
loai thim chi khdng sinh trudng trong mdi trudng 
thuin khilt ma chi ton tai ti-ong dilu kien cgng sinh 
vdi loai khac hoac cho cac sin phim khac vdi mdi 
trudng tu nhien. Mdi giai doan h-ong qua trinh cd 
lien quan din mgt sd nhdm vi sinh vit khac nhau, 
m6i nhdm lai gdm nhieu loai khac nhau (Hwu, 
1997). Ngoii ra ban chit cua chit nIn cung vdi dilu 
kien tiln hinh phan huy ky khi nhu nhiet do, pH, tdc 
dg nap chit nen, thdi gian luu... cd anh hudng rit 
Idn den thinh phin va so lugmg loai cua khu he vi 
sinh v|t. Cac ky thuat truyin thdng va gin day li cic 
phuang phap sinh hgc phin tu hien dai di dugc ling 
d\mg dl nghien ciiu ngay mdt siu sic hom ve khu he 
vi sinh vit gin liln vdi qua trinh phin huy ky khi. 

Mdt sd loai nim va protozoa cung ddng gdp vao qua 
trinh, nhung vai trd phan huy ky khi chit huu ca chu 
yeu thudc ve cac vi sinh vit nhin nguyen thuy 
(Procaryotes) bao gdm vi khuin (Bacteria) va vi sinh 
vat cd (Archaea). 

Giai doan thuy phan 

Tham gia vao giai doan diu tien cua qui trinh 
phin huy ky khi cac chit hiiu co chii yeu la cac vi 
khuin ky khi bit huge xen lin cac vi khuin ky khi 
tuy tien. Vi khuin thuy phan thudng cd hinh que, 
nhugm Gram duomg hoac Gram im (Gerardi, 2006). 
Ban chit cua chit nen anh hudng rit Idn den chung 
loai cac vi khuin nay. Ddi vdi cac chat nen de phin 
huy nhu carbohydrate thi cac loai Streptococcus 
bovis, Bacteriodes amylophilus, Selenomonas 
ruminatium, Succinomonas amylolytica, Clostridium 
thermocellum chiem uu the. Vi khuin chiu trach 
nhiem thiiy phin dau mo quan trgng nhit trong dieu 
kien ky khi la Anaerovibrio lipolytica, sau dd li mdt 
sd loai thudc chi Clostridium nhu Clostridium 
Botulinum, Clostridium noviy. Chiing deu cd kha 
nang tiet ra enzyme lipase d pha logarithm. 
Clostridium la chi vi khuan ky khi bat budc, gram 
duong, sinh bio tit, hinh que (Zehnder, 1988). Vi 
khuin ky khi tiiy tien cd khi nang thuy phan dau eg 
nhieu nhit la loai Bacillus subtilis (Odunfa, 1989). 

Nhin chung, cac vi khuan giai doan thiiy phin cd 
thi sdng trong mdi trudng cd pH tir 5 din 8, nhung 
thich hgp nhit la pH 5,5 den 6,5 (Cecchi, Mata-
Alvarez, 1991). Chiing cd the chiu dugc su dao ddng 
vl nhiet do mdi trudng trong dai rgng. Ngoai ra cdn 
mgt sd vi khuin hydro hda cac acid beo chua no 
(oleic acid, linoleic acid) nhu cac gidng 
Ruminococcus albus, Eubacterium, Butyrivibrio, 
Fusocillus (Zehnder, 1988). 

Giai doan acid hoa 

JQii su acid hda cic hgp chit huu ca khdng phai 
la diu md (carbohydrate, protein) thi vi khuan acid 
hda ddng nghia vdi vi khuan len men. Mdt sd cic vi 
khuin len men cung ddng thdi dam nhiem ca vai trd 
thiiy phin ca chit (da de cap d muc tren) neu chiing 
cd khi nang sin sinh emzyme ngoai bio tuong thich 
vdi nhdm co chit ma ehiing tiep xuc. Ddi vdi cac ca 
chit nay, nhdm vi khuin len men quan trgng nhat phai 
kl din Clostridia (Zehnder, 1988; Schwarz, 2001). 

Ddi vdi chit beo, sin phim thuy phin la 
glycerine va acid beo mach dai (LCFA) dugc thuc 
hien nhd cac vi khuin thuy phin. Trong khi 
glycerine bi phin giai tilp ciing chinh nhd vi khuin 
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thuy phin do (khi nay chiing ddng vai trd li vi khuin 
len men) thi su phin giai tiep theo cua cac LCFA lai 
dugc dien ra bdi vi khuin acetate hda bang qui trinh 
oxy hda P lap lai lien tuc (da trinh bay trong muc 
Hda siih hgc d tren) de tao thanh acetic acid 
(Zehnder, 1988). Cac vi khuin acetate hda niy se 
dugc de cap den ngay dudi diy. 

Giai doan acetate hoa 

Nhu da de cap d tren, vi khuan tham gia qua 
trinh acetate hda sinh trudng cdng sinh cung vdi vi 
sinh vit tao methane. Ap suit khi hydrogen, neu tang 
len den gidi han nhit dinh, cd the lam ngung tre hoat 
ddng cua cac vi khuan giai doan nay. Dieu dd ciing 
cd nghia chiing chi cd the sinh tnidmg va phat trien 
trong mdi trudmg ma san pham do chiing tao ra -
hydrogen - phai ludn ludn dugc tieu thu. Chinh vi the 
viec sdng cgng sinh vdi vi sinh vit sinh methane (la 
vi sinh vat tieu thu hydrogen) la thuc su quan trgng. 
Tdc do sinh san cua vi khuin nay tuang ddi chim 
vdi thdi gian the he thudng tir 3 - 7 ngay, ngay ca khi 
cd su hien dien cua yi sinh vat sinh methane. pH tdi 
uu cho cac vi khuin acetate hda nam trong khoing 6 

7 (Gerardi, 2003). Ciing nhu vi sinh vat sinh 
methane, chung rat nhay cam vdi su thay ddi ciia 
nhiet do mdi trudng. Cac gidng vi khuan acetate hda 
quan trgng gdm Syntrophus, Syntrophobacter, 
Syntrophomonas (Pereira, 2003). Dugc nghien ciiu 
nhieu cd Syntrophobacter wolinii la loii vi khuin 
phin giai propionic va Sytrophomonas wolfei l i loii 
vi khuin phan giai butyric. Ddi vdi chat beo, hai loai 
Syntrophomonas wolfei subsp. saponavida va 
Syntrophomonas sapovorans la nhiing vi khuin quan 
trgng tham gia vao su oxy hda P cac acid beo mach 
dai d nhiet do ua im (30° - 40°C) (Gerardi, 2006). 
Chiing la nhiing vi khuan khdng sinh bao tu, gram 
im, thudc loai hda dudng hiiu ca, hinh que hai xoin, 
diu hai trdn, cd tit 2 din 8 tien mao phan bd xung 
quanh dgc theo bd ldm ciia te bao. Khac vdi vi 
khuan gram am thdng thudng, loai nay cd thanh tl 
bao day, nhilu lap phiic tap nhung lai nhay cam vdi 
Penicillin, sinh san theo kilu phan ddi tl bao, di 
chuyin cham (Mclnemey et al, 1981). Cdn trong 
dilu kien ua ndng (50° - 65°C), vi khuin acetate hda 
tuomg ling la Thermosyntropha lipolytica 
(Svetlitshnyi et al, 1996). Cac loai vi khuin nay 
ludn dugc phan lap cung vdi mgt hay vai loai tieu 
thu hydrogen cap vdi nd trong dilu kien phin huy ua 
im hay ua ndng. 

Giai doan sinh methane 

Trong he thdng phan loai vi sinh vit hien dai, vi 

sinh vit sinh methane khdng thudc gidi vi khuan 
(Bacteria) nhu cac vi sinh vit ciia ba giai doan tren 
ma thudc gidi vi sinh vit cd hay vi khuan co 
(Archae) do cd cau tao thanh va mang te bio khac 
bi§t (Nguyin Thinh Dat, 2005). Chiing da xuit hien 
tir rit lau, dugc phin thanh nhanh rieng trong ciy 
phan loai nen dugc nghien ciiu khi ky luang. Chudi 
phin giai ky khi chit hum ca dugc kit thiic nhd cac 
vi sinh vat nay. Chung cd nhilu hinh dang khac nhau 
(que, ciu, dia det, ket thanh dam...) va cd loai 
chuyin dgng dugc, cd loai khdng. Cic chi khic nhau 
cd thanh tl bao thugc ca hai nhdm gram im (vi du 
chi Methanococcus) va gram duomg (vi du chi 
Methanobacterium). Die dilm chung cua cic ca the 
nay la chiu dugc nhiet do kha cao (60 80°C, tuy 
loai), sinh trudmg trong mdi trudng cd thi khu rit 
thip (Eh < -300mV) (Gerardi, 2003), rit min cim 
vdi su bien ddng ciia cac yeu td mdi trudng nhu oxy, 
nhiet do, pH... nhung it nhay cam vdi cic chat 
khang sinh nhu penicillin. Coenzyme cua vi sinh vat 
sinh methane rat die biet, bao gdm coenzyme M, 
coenzyme F430 va F420 khien chiing cd kha nang tu 
phat quang dudi vung sdng tu ngoai do dd cd the de 
dang phat hien chung dudi kinh hien vi trong dieu 
kien nay. Thdi gian thi he cua chiing khi dai, 
khoang 1 ngiy d 55°C den 3 ngay d 35°C va tdi 50 
ngay d 10°C (Gerardi, 2003; Zehnder, 1988). 

Cac chit cd the su dyng lam ngudn carbon va 
nang lugng cho vi sinh vit sinh methane kha don 
gian. Dd cimg chinh l i sin phim tao ra tii giai doan 
acetate hda. Tuy 70% lugng khi methane dugc sinh 
ra tir su oxy hda acetate, chi cd mdt sd loai vi sinh 
vat cd cd kha nang phan giii acetate, trong dd cac 
gidng quan trgng gdm Methanosaeta, 
Methanosarcina, Methanococcus (Pereira, 2003). 
Trong khi dd rit nhieu loai sinh methane cd kha 
nang tao methane tu hydrogen va carbonic, trir mdt 
nhdm chi phan giai acetic va mdt nhdm chi phan giai 
hgp chat chiia metyl. Hai loai Methanosarcina 
barkeri va Methanococcus mazei la thudng gap nhat 
vi chung cd khi ning sit dung bit cii ca chat nao 
(Lopes ef a/., 2004). 

Ngay nay cd khoing 83 loai vi sinh vat sinh 
methane da dugc bilt din, diu thudc loai ky khi 
bat budc. Dua vao su khac nhau ve kha nang su 
dung ca chat, cd the phan loai chung thinh 3 
nhdm Idn la a) 61 loai su dung CO2 va H2 tao 
CH4; b) 20 loai su dimg hgp chit chiia metyl 
(trong dd la ca chit bit budc ddi vdi 13 loai) va c) 
9 loai sur dung acetat tao ra CH4 (trong dd la ca 
chit bit budc vdi 2 loai) (Garcia et al, 2000). 
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Khoing 2 3 % sd loai trong do l i vi sinh v i t ua 
nhiet (thermophilic). C in phii nhin manh r ing 
dieu ki^n van hinh phan hiiy ky khi (pH, nhiet do, 
tinh chat cua chi t nen, thdi gian luu ca chi t trong 
he thdnp...) se quySt dinh nhung loii vi sinh vat 
nao chiem uu thi . Nhu c iu chi t dinh duang thay 
ddi theo cac loai khic nhau. G in d iy da phat hien 
mdt sd loii cdn cd kha n ing sit dung nitrogen 
phan tir d th i khi. Bien do pH mdi trudng kha hep, 
trong khoang 6,5 7,6. Tuy nhien, cd mdt sd loai 
d ie bi?t van sinh trudng dugc trong di lu kien pH 
thip (5 - 5,5) hay pH cao (8 9,2) (Zehnder, 
1988). Gin diy, cac cdng cu sinh hgc phin tit hien 
dai da cho phep phin loai vi sinh v i t sinh methane 
chi tilt va tudng t in han d in trinh ty phin ta DNA 
trong te bao. Tuy nhien, v in de v in dang bd ngd 
hien nay la xac lap mdi lien he nhi t dinh giua loai 
chit dem phin hiiy (type of waste) va b i ln dgng 
ve quin xa vi sinh v i t sinh methane tuomg ung 
(Zehnder, 1988). 

Ngoai cac gidng vi khuin tuang ling vdi timg 
giai doan, cdn cd the tim thiy vi khuan khu sulfate 
Cling tdn tai trong be phin huy sinh methane. Dieu 
kien mdi trudng va hinh thai te bao ciing nhu cau 
triic vi khuin khii sulfate cung tuomg tu nhu vi 
sinh vat sinh methane. Neu cd sir hien dien cua 
sulfate, vi khuin khir sulfate nhu loai 
Desulfovibrio desulfuricans cd th i phat triln va 
tieu thu hydrogen va acetate. Ndi cich khac, vi 
khuin khu sulfate cd su canh tranh vdi vi sinh vi t 
sinh methane tuy thudc v io ndng do ca chit va 
ndng do sulfate trong b l phan huy ky khi ma Igi 
thi cd thi nghieng v6 mdt trong hai ben (Gerardi, 
2003). 

KET LUAN 

Tdm lai, khi phan tich kha chi tilt cic khia canh 
quan trgng va mdi lien quan chat che lin nhau cua 
tiing giai doan trong tdng thi qua trinh phin giii ky 
khi chit thai hiiu ca giau diu mo, cd thi thiy de c i 
qui hinh diln tiln thuin Igi nhu mong mudn, cin 
duy tri mdt can bing giiia tdc dg tao ra acid (bdi giai 
doan thuy phin, acid hda va acetate hda) vdi tdc do 
tieu thy acid (bdi giai doan tao methane). Su sin xuat 
qua miic cac acid din din sir tich tu cac sin phim 
len men nlu cham din nguong giy lie che thi se tien 
tdi chim diit qua h-inh. Bdn giai doan dugc phan 
chia nhu fa-en thuc su chi mang tinh quy udc ma thdi. 
Th\rc te ti-ong b l phin hiiy ky khi cac giai d o ^ xay 
ra cimg mgt liic v i ddng bg vdi nhau de dat den cin 
bang v i hi?u qui mong mudn. 
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REVIEW: ANAEROBIC DIGESTION OF OIL-RICH SOLID WASTE 

Vo Hong Thi* 

Ho Chi Minh City University of Technology (HUTECH) 

SUMMARY 

Among applications of environmental biotechnology for pollution minimization from organic waste, 
anaerobic digestion has been supposed to be of advantage because ofits cost-effectiveness in initial investment 
as well as operation. Furthermore, capability of energy recovery from biomass thanks to emitted biogas has 
been evidenced. Nevertheless, anaerobic digestion of oil-rich sohd wastes is not always easy and simple since 
anaerobes are very sensitive to lipid-rich matters as well as to intermediate compounds of oily wastes 
degradation process. Therefore, the objective of this paper is to systematically draw a profound understanding 
of steps, the specific characterstics of each step considering both biochemistry and microbial community 
during anaerobic digestion resulting in the differences between digestion of oil-rich substrates and other 
organic wastes. That is also basis on which anaerobic treatment of this type of waste can be successfully 
carried out. 
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