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TOM TAT

Trong $ céc K thuat tng ding céng ngh sinh hyc trong cong tac gn thiéu 6 nhém moi trong, ky
thuat phan iy sinh ke ky khi 1a mt phrong phap cé nléi wu diém nhy tinh kinh € trong @ giai doan dau tu
ciing nhr van hanh thét bi ddng thoi lai 1a pheong phap c6 kining thu Bi luong ning leong tir sinh kii so
véi cac Il thuat khac. Mic diu vay, dbi véi cac chit thai giau diu m, viéc ung ding ki thudt phan iy ky khi
lai khéngdon gian va & dang i vi céc vi sinh 1t sinh trong ky khi ft nhay cam vai didu kien méi tnrong
chira nhéu chit béo ding nhr véi chinh cac & phim trung gian 6a qua trinh phandy chang. Do @y, muc
tiéu aia bai bao nay ritm gitip héu rd cac giaitoan cia qua trinh phantly ciing nhr cacdiém dic tnrng doi
véi tirng giaidoan mot cach co B théng xét trén & pheong dién hda sinh bic va vi sinh Wt hoc dé tir do rat ra
nhiing nét khac Bt cuia qua trinh phaniy ky khi chit thai giau diu md véi cac lai chat thai thuong gip
khac.D6 ding 1a @ sy quan tong cho niiing nghién Gu xir Iy loai chat thai chuyén bét nay king ky thuat

phan iy ky khi dat dugc hiéu qua nhe mong mién.

Tir khoa phan hiy ky khi, chit thai giau diu mp, s 1én men methane, acid béach dai

MO PAU

Trong khang 3 thip ky gin day, xu hréng 6n
dinh cHit thai rin d6 thi n6i chung Bng phrong
phéap phan ty ky khi tnrée khi chén dp va thu ing
Iuong droi dang khi sinh bc dugc phét trén manh
va ap uimg 1ong réi (Lusket al, 1996). Quydinh aia
hiu hét cac qiéc gia chau Au dii han phan khbi
luong hiu oo trong clit thai dem chén dp khéng
qua 5% ladong hrc thic day viéc xir ly va tai sr
dung pHin hitu oo nay thay videm chéndp cung i
céc clit khéng ti¢ phan tiy dugc. Trong $é cac clat
thai d6 thi hién nay,dang lru y la cac cht thai hitu
co c6 hamirong chit béo cao thi ra tr qua trinh n
XUat clia c&c nganh cong ngii ché bién thyc phim
nhe dau an, mian lién, banh ko, trai cay 8y kho,
sira va cac&n phim sra...véi mot lwong dang i, co
thé chiém i 25%. Trong thanh pim cac cht thai
nay, clit béo hay u md luén hin dién véi mot ti 1¢
khéa cao (cungéi cac cifi’g khéac) va ludniugc coi la

“thu pham” ciia cac in dé méi trrong c6 lién quan.

Trong céac b phan iy ky khi, chit béo (du md) cé
thé gay kho kkin cho qua trinh an chuyén va phan
giai cAc @ chit hoa tan bi vi sinh vat do mang &
bao vi sinh vt d& b diu m5 bao pla (Pereiraet al,
2004). Do c6 kbi luong riéng nid hon nudéc, diu

mot phan sinh kidi, khién mat do vi sinh \at trong
bé phan ly giam di (Cammarotaet al, 2001).
Ngoai ra, 8n phim giai doan thiy phan - giaidoan
dau tién dia qué trinh phanudy ky khi cHit béo - bao
gom céc acid béo ach dai (Long Chain Fatty Acids
- LCFAs) va glycerine, trongé LCFAs, qua nféiu
nghién ¢u, da cho thy c6 khi ning gayic ché 1én
cac lai vi sinh vat khac nhau trong st qué trinh
phan tiy ngay @ ¢ ndng d6 thip do LCFAs b hip
phy Ién thanh/mangétbao lam én tro qua trinh
khuéch tan va gn chuyén cia @ chit (Kabaraet al,
1977; Rinzemaet al, 1994). Ht ca cac \in dé trén
da han cké higu qui van hanh éa k& phan liy, do
vay phan tiy ky khi cac cht thai chia nhéu diu
md, chodén nay, \in luén la not kho khin va thach
thic. Tuy nhién, xét trén gédd thu ning lrong tir
sinh ki, chit béo (du md), néu phan kiy ky khi
duoc, lai 14 loai co chit c6 “tiém nang”. Vi trong khi
1 g carbohydrate hay proteinicgiai phéng trung
binh 4 Kcal thi %i muc twrong duong, 1g lipid gii
phéng 9 Kcal khi boxy héa hoan toan (Hans, Josef,
2005). Mt S5 nghién ¢u da ching © san lwong
sinh methanet cac clit thai d& gia ing mt cach
dang K khi bd sung thém cit béo vao thanh @i
cia @ chit phan iy (Tekin, Dalgic, 2000; Liet al,
2002; Fernandegt al, 2005).Biéu d6 ding c6 ngite
la qua trinh phandy ky khi cac cht thai chira nhiu

m& ludn c6 xu th ndi trén mit nuéc va mang theo diu md cin duoc tiép tuc quan tdm nghiénuo dé
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tim kiém va ch rd cac ﬁu can leu tm niat doi

v6i loai co chat dac biét nay.

Bén @nh do, tai Viét Nam ndéi riéng, cac nghién
ciru V& qué trinh phaniy ky khi nréc thai da ting
lén dang K trong thi gian din day theo xu th ting
cuong sr dung ring lrong tai ho théng qua cac
céng @ cia Coéng ngh sinh e (Tran Minh Chiet

al., 2004; Ngugn Phréc Hoa, 2005; Dodn Thai
Hoa, 2005; \t Nguyén Thanh, L&tc Manh, 2006).
Tuy nhién,ang cing ky thuat nayddi véi cac @ chit
la bun thi véi do am khaing 90% va cha nhéu diu
m& 1a dbi tuong thai ra tr mot s6 nganh $n xuat
thuc phim da dé cap ¢ trén thi u nhr chra dugc
nhic dén, haic chi 1a cac thong tin aka diy du trén
mot 6 phrong tién dai ching ma cha phii la cac
bai bao, cac thng ké khoa bc cong b trén cacdp
chi khoa bc chuyén nganh. Doay, bai bao nay ra
doi voi muc tiéu 18 thbng hoa 4i mot sb van dé then
chét cin leu y trong 8 phan tiy ky khi ding nhr
lam rd s khac bét cua @ chit twong ddi dic thu |a
chit thai hiru co c6 hamirgng diu md cao so i cac
co chit khac lam o s quan tong cho phn nghién
ctru xir ly ddi twong nay trong thc tién.

LUQC SU PHAT TREEN QUA TRINH PHAN HUY
KY KHi VA XU HUONG HIEN NAY

Qua trinh phanty ky khi (anaerobic digestion)
la mot trong nlitng ky thuat tng ding @ xua nrﬁt
Khi sinh hoc da duoc sr dung dé lam néng éc tim
& Assyria (Iraq ngay nay)itthé ky th 10 tuéc
Co6ng nguyén. Chdén thé ky 17, qué trinh i bt
dau dugc nghién ¢u mot cach khoa éc. Nam 1776,
Count Alessandro Voltda khing dinh c6 noi lién
hé gira lwong cHit hitu co phan tiy va krong khi
chay dugc tao thanh. Sawé, nim 1808,da ching
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ky thuat ép dlng trong qué trinh an hanh vadiéu
khién ngay cang hoan i voi sy radoi cia ‘nhing
bé u kin cung cac tlt bi ham néng va kHy dao
nhim ti vu héa qua trinh phanaf. Tuy nhién, vi
thoi gian do gia thanda kha & va tiir luong diu mo
con it 16n odng thém g phat trén manh e cia cac
hé théng phan by hiéu khi nén khi sinhdt va k
thuat phan fiy ky khi & cac méc phéat trén nhin
chung clra dugc quan tam. i cac quc gia nay,
qua trinh cong nghp hda vado thi hda nhanh chéng
clng \6i gia dién ré da din i két qua la cac K
thuat phan iy hiéu khi cté bién compost va chén
lap tro thanh g lya chon dé xir ly chat thai cho Bi
ngay nay. Trong kndd, tai cac nréc chim phat trén
hon nhr Trung Quwc va An B¢, cac I thdng 1én
men ky khi loai nho xuét hién rit nhiéu véi muc dich
cha yéu dé thu khi sinh bc rdu an va thp sang
trong k gia dinh tr cac pl phdm ndng nghip va
chét thai sinh hat.

Saudd, hai céc khang haing ning rong trén
thé giéi vao cac am 1973 va 1979l c6 tac ding
tich arc khi phatdong to lai méi quan tam i ky
thuat phén tiy ky khi thu methane laming hrong.
Dau tién 14 ai An Do, Trung Quc vabéng Nam A
va saudé |a Bic My, Chau Au va Lién Xd. Hoa K
ciing da thét lap chrong trinh phat tdn ning
lwong tai o trongdd nhin manh vai tro Ga ring
luong sinh kidi thu dugc tir cac & phan fiy ky
khi. Tuy nhién, nting hiéu biét vé qua trinh nay
con han ché da din i sy thit bai cia 50% Amu &
An Do, Trung Quc, Thai Lan va 80%am u ¢ My
va chau Au (Lusk, 1997). Tuy nhiéts lai chinh I
dong hrc thicdiy sr nghién ¢u sau bn V& qua
trinh. Cung i thoi gian, Kk thuat phan tiy ky khi
khéng ch dugc 4p ding dé thu khi sinh bc ma con
la mot ky thuat chi phi thip dé 6n dinh cac cht thai

minh dugc sr thanh 4o aia khi methane qua quanéng nghép hay ctin nuéi va tam chi dé xir ly

trinh phan hy ky khi phan gia stc (Lusk, 1997).

Qua trinhdugc ung ding mang tinh cong ngp
dau tién 1a ndt nha may xay gng ¢ Bombay, AnDo
vao rim 1859 (Meynell, 19763¢ saud6 né kit dau
tham nkp vao Exeter, Anh dic nim 1895 nfim
cung ép ning hrong thip sangdén duong tir khi
biogas thuduoc trong & thong xr ly chit thai.
Nhirng tién bd ciaa nganh vi sinh at hoc khi d6 co
tac ding Ib trg phat trén ky thuat nay, trongdd phii
ké toi cac nghién ¢u cia Buswell va éng sr vao
nhiing rim 1930d& dat nén moéng cho vic dinh
danh céac vi khin ky khi va caadiéu kién thicday
su sinh khi (Lusket al, 1996).

Khi nhirng hiéu biét vé qua trinhday du hon, cac

chat thai d6 thi hay cong ngltip (cké bién hoa cht,
san xut thyc phim céac lai...) (Ye Chenet al,
2008). Gin day, drsi ap lrc cia gia du mo ting
cao va nitng quydinh ngay cang ci ché vé moi
treong dé kiém soat kbi luong phin chit hitu oo
trong chit thai dem choén dp, ky thuat phan fay ky
khi duoc lra cton ngay cang nBu hon. Bién hinh
la hai quc giabuc vaban Mach da cam Kt ting
san leong khi sinh bc gip ddi vao rim 2000 va
gip ba vao am 2005 (Danish Ministry of Energy
and Environment, 1996).

O Viét Nam, gn xuat khi sinh hc da duoc gisi
thiéu va ap dng tr hon 20 rim quadeé thap sang do
thieu dién & mot 0 khu wre néng thén. Mt loat cac
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him u sinh hc vat liéu xi ming wi thiét ké khac
nhauda duoc dua vao thk nghém ¢ cac vung ndng
thon dréi sy tai tro ciia Chinh ph Viét Nam va géc
té, tr cac hm u kiéu An B¢ dén kiéu Trung Qibc.
Tuy nhién, vi Bm 1 xi mang cé gia cao, khdip dit
va sra chira nén tiec # con itduoc 4p ding. Sr ra
doi cua tdi u hinhéng hing \at liéu PE saul6 da
giam duoc dang K chi phidau tr va chi phi ¥n
hanh nén nin dugc sr ung W cia nhéu G nong
dan nghéo. Trong vong 10am tré lai day, ton
20.000 tuin nhu thé da radoi ¢ Viét Nam vada phin
do ndng danut trang téi chi phi, tuy tdiu véi gia
thanh & ciing con ¢ 16 nhiéu nhrgc diém trong
cbng tac @n hanh va ho tri. Tuy nhién, niing
nghién @u V& qua trinh phanty ky khi déi véi rac

thai nong thon Vét Nam (Wi mot sb dac tung
riéng) d¢ lam @n ar khoa hyc vatng ding con &t
han ché (Bui Xuan An, 2002).

HOA SINH HOC CAC GIAI POAN CUA QUA
TRINH PHAN HUY KY KHI CHAT THAI HOU
CO GIAU DAU MO

Quaé trinh phanity ky khi néi chung gm mot
chwi cac giaidoan sinh ke phic tap nhing duoc
lién két ddng by va chit ché voi nhaudé bién doi
hop chit hitu co bandau thanh khi sinhdt. Mot yéu
t6 bt lgi ddi voi bat ky giai doan naodéu co tie gay
ra gr ¢d va kim hdm & qua trinh. Cac giatoan do
co tht duwgc md & bing v do khdi trong hinh 1
(Gradyet al, 1999).

Lipid Protein Carbohydrate GIAI DOAN
: : THUY PHAN
S ' v v
Acid béo mach dai (LCFAs) Glycerine Amino acid Puwdng don
P : : ACID HOA
v v v
Al Acid béo bay hoi (VFAs) c6 s6 carbon >2 |-«
: ACETATE HOA
\ 4 v
Hydrogen, Carbonic Acetate
A .
: : METHANE HOA
v
’_‘ Methane (CH,)

Hinh 1. CAc giai doan cla qua trinh phan hiy ky khi chat thai hivu co.

Phan (rng ©ng quéat 6a qua trinh c6 thduoc viét:

) Vi sinh vat
Hop chithtuco + HO ——mm»

Giai doan thiy phan

Trong hréc nay cac cﬁt hiru oo phic tap duoc
thuy phan thanh nimg chit don gian hon (dé co tre
tham nlip duoc vao € bao vi khidn) véi sy tham gia

sinhkbi + CH, + CO, + NH;

cia cac enzyme ngbbao da cac vi khan thay
phan. Protein bphan liy thanh amino acid rh
protease, carbohydrate clinythanhduong don nhy
carbohydrase, va lipid, ahipase,duoc chuyn héa
thanh cac acid béoanh dai trong itng (LCFA) va



glycerine.

Véi md hinh du trdc 3 chéu cia mbt 6 enzyme
lipaseduoc cong tb gin day trong niing nghién ¢u
hoa sinh phanut hién dai, nguoi ta da co tié giai
thich @ ché thiay phan cht béo @a enzyme nay.
Enzyme hat dong manh & bé mit phan céch -
nudc. Do kin chit phan & enzyme |& it chudi cac
amino acid cé tinra diu my da cho phép enzyme
gin chit véi cac phan tir dau. Trong qua trinh di
chuyén tr pha mréc vao pha éu, trung tam hat
dong aia enzyme & mo ra dé tiép nhan chit nén
(diu) (Ratledge, 1994).

Qué trinh tiy phan cht thai nhiéu dau md khac
v6i thity phan mée thai va khac i chit nén khong
c6 hin chit diu my ¢ mot vai diac diém. Khac bét
thir nhit |a tc d6 thay phan cht hitu oo trong chit
thai xay ra clim hon so i trong nxdc thai. Nhin
chung, kich thdc va du tric hinh bc cia hat co
chit cho din tich tép xdc gita @ chit va vi sinh it
cang ni thi ong do vi sinh tham gia thy phan o
chit cang tlp va tc do thiy phan cang ¢im. Nhigt
do thap hay pH thp ding lam gim tic do thay
phan.béi vai chét thai thi trong bng $ 4 giaidoan
cia @ qua trinh, thy phan tt thanh giaidoan giéi
han toc do (tbc do cham nHit) (Vavilin et al, 1996).
Dic biét khi cac ht co chit ¢ ham rong diu mo
cao, qua trinh thy phan xy ra cang kho kin do
diu md tao thanh cac micelle phan tan trongon.
Mot vai nghién é¢u anh hréng aia rdng do lipid
trong chit nén dén sr thiay phan vado khi sinh bc
d4 cho tliy gisi han nbng do chit béo trong chit nén
dé qua trinh khong ibc ché 1a 18% (Cirneet al,
2007).

Khac bét tiép theo la chatén nay, pH éi uu cho
giai doan thiy phan cht béo \in chra dugc nghién
ciru ky ludng va cho & liéu thyc sr dang tin @y
(Lalman, 2000). Tuy nhién, cac nghla[rucﬁéu cho
thdy duy trido pH trung tinh (6,5 - 7,5) thiidy toc
d6 thuy phan (Veekeret al, 2000). Chinhan pHim
thay phan cht béo la cac acid béo ach dai
(LCFAS) ki gaytc ché |én cac vi sinh 4 giai doan
sau (acid hoa, acetate héa va methane hoap kiti
nhiéu qua trinhi ky khi chit thai giau lipid b that
bai. Sy trc ché co th bi tacdong boi hang lait yéu
t6: n6i chung thi pH tip (mac thip nhit 1a 5,5)
khién nong do acid khéng phan lyihg dodo lam
téng doc tinh nhing nhit d6 cang cao thirc ché
cang mnh (Ratledge, 1994P¢c tinh \6i vi sinh
cua cac acid béo afa bao hoadn hon acid béo bao
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ngudng gayuc ché cang nb (khi 5 nguyén i C
trong mach nhd hon 11). Tinh cht vat ly, dién tich
bé mit riéng va phandcd hat rin caa chit nén ciing
c6 anh hrong (Hwu, 1997). ¥ ban chit gaydoc, co
ly thuyét cho #ing ar hap thy caa acid béo 1én thanh
hay mang & bao da lam thayddi tinh thim cia
mang, gay nén B&n trong tiéu nguyén sinh
(Galbralthet al, 1971).Néi chung, cac vi khin acid
héa va acetate hoda itayhcam véi acid béo mch dai
hon cac vi sinh § sinh methane (Jeyaseelan,
McCarty, 1995). Trong cacédén men k khi cHit
hitu co giau diu md, luén Hn tai giai doan thich nghi
(lag phase) la o gian dé vi khuan acid hoa (la
nhém vi khidn phan lay acid béo mch dai) thich
nghi din véi mdi truong va phat tén lén & s
lugng (Hwu, 1997).

Nhitng nghién ¢u trénda cho tly giai doan
thiay phan k khi cHit thai giau diu ms khéngdon
gian chi 1a sr chia dt vé mat co hoc phan & chit
béo c6 trong cit thai bandiau, ma la g hinh thanh
vé mit héa ke cac gn phim khéng than loi cho
tién trinh phan ty ky khi tiép dién, khién nhiéu qua
trinh phan by chat thai ran giau du md bj that bai.

Giai doan acid hoa

Nhing hop chit tao ra trong giadoan thiy phan
van qua bn dé co tré duoc vi sinh \it hdp thu nén
can duoc phan gii t|ep Giaidoan acid hoa B diu
bang sr van chu;én chit nén qua mang ngoaé tbao
xuyén qua thantién mang trongdi vao € bao clit
v6i su tham gia @a cac protein an chuyn. O d6
cac amino acidjuong don va acid béo ath daidéu
bién d6i vé cac acid Bu o mach ngin hon
(propionic acid, valeric acid, acetic acid)you
(ethanol), keton, ¥t it khi hydrogen va khi
carbonic... Giaidoan nay throng gip dudi mot tén
goi khac la giaidoan 1én men.

Co ché cua giaidoan acid hoa cac acid béo va
glycerine (1a 8n phim giai doan thay phan chit béo)
trong déi phic tap va c6 th dugc tém it nhr sau:

Glycerine b phan gii thanh ndt s san phim
trung gian nix 1,3- propanediodié tao thanh cac
phim cubi cung la propionate va acetateanSpkﬁm
trung gian ¥n song songdn tai cuing $n ptm cui
(Qatibiet al, 1991).

Trong khido, @ ché phan gii acid béo nch dai
(LCFA) phrc tap hon nh&u (Nguyén Tién Thing,

hoa (Klein, 2002). Mch carbon trong acid cang dai,Nguyén Binh Huyén, 2000) theo caadc nhr sau:
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- Acid béo + CoA~ Acyl-CoA
Phin img hat héa naytugc thre hign nhy enzyme acyl-CoA synthetasinmé mang trong& bao vi khin.

- Acyl-CoA —————  Acyl-CoA mh ngin hon + Acetyl-CoA
oxy hoap
Oxy héap lap
lai lién tuc

Acetyl-CoA + H + ning luong tich Ly (ATP)

l

Acetic acid + CoA (Acyl ky héu cho nhém RCO-)

Ddi véi chit béo, an phim tao thanh ch yéu la  béo dai bantau. Bic bigt, sy irc ché khong tie khic
acid acetic (thay viab ra cac acid c6osC > 2 nfw  phuc king cach pha loande lam giam rong do chat
giai doan 1én men thong ttbng) nénday ciing chinh  nén.

la giai doan acetate hdacua chit nén la diu md. e o AP A it s .
Ngoai s rc che tir cac acid béo ach dai, 4n
Déi voi cac acid béo ata $ C Ik, trong &4n  pham cia giaidoan nay 1a acid béo bayh(Volatile
phim ngoai acid acetic 1a ahyéu, con clta @ Fatty Acids - VFAs), mt mat vira 1a cfit nén cho
propionic acid. Con cac acid béouehbdo hoa, qua cac vi khin acetate hé& giai doan sau, nit khac
trinh no héa (ngay sau khi liérétkesteduoc phan lai gaytic ché 1én céc vi sinh & sinh methan giai
cat) dién ra teée khi trai qua qua trinh oxy hég. doan cwi cung vaanh hrong den toan b qua trinh.
N ) . ) . 3 boc tinh tke hién rd nhat d6i voi acid propionic va
Ngoai acetic acichb ra tr conduong oxy h6aB,  4cig butyrics nhitng rong do cao vainh hrong thé

mot s san pHim phy cia qué trinh nin ruou, keton,  pian cang én khi pH cang thp. Didu nay duoc Iy
peroxide, cac acid trung gian whacid butyric ¢ g b g thp. Die yauot v

, _ , _ giai boi sy wc ché gay ra chi yéu do phn acid khéng

(94:0),, acid caprylic (C8:O), ,aC|d cagrlc (Cl,O:O)phén ly (pH cang #p thi kong khong phan ly cang
ciing c6 tie duoc o thanh & cac condudng khac |5y Khi pH bén ngoai mang bao qua thp < din
(oxy h6aa, oxy hoaw) boi mot so nhoém vi khdn va  4én gr chénh gch 6n giira pH trong va ngoai mang
vi nam (Ratledge, 1994). té bao, khén bom proton b tc ché va ngrng té qua

Nhu da dé cap & trén, di véi chét nén 1a lipid  trinh traodoi chit qua mangd bao (Fukuzaket al,
thi didu kho kHin nhit 1a sr @c ché cia céac acid béo 1990).
mach dai (®ng do va loaai LCFA) tao thanh i giai
doan thily phan céanh hrong dén toan b cac giai N )
doan sau. Dad6 qud trinh phan gi ky khi cHit béo Cac vi sinh 4t tao methane an khong tié sir
c6 dic diém khac Wi qua trinh phan @i cac cht  dung tiec ticp cac n pham cia giaidoan acid hoa
khac (protein, tinh &...) & tdc d¢ giai doan acid hoa (acid hiu v, ruou, keton..) ngai trir acetic acid, do
cham hon (Broughtoret al, 1998; Sangt al, 2004; VAy cac chit nay @n duoc phan gii tiep thanh
Angelidaki, Ahring, 1992). Trong cac nghiémwc Nhing phan & don gian hon nia. Sin pram phan
nay, cac tac gidéu nhin xét thvi gian dén ra pha 9idi cua giaidoan nay la acetic acid, khi hydrogen,
lag ti I& thuan gin nhr tuyén tinh \6i ndng do acid  khi carboniaiuoc tao boi vi khuan acetate héa:

Giai doan acetate hda

CHsCH,OH (ethanol) + O - CHCOO + H + 2H
CHs;CH,COO (propionic) + 3HO - CHCOO + HCQ + H + 3H
CH3(CH,),COO (butyric) + 2HO - 2CHCOO + H + 2H



Déi vai chat nén giau du md, do sr phan kiy
acid béo mch dai cho & phim Ia acetic acid ma
khdng phi la cac acid béo ath cao bon nén giai
doan acetate héaiiag chinh |a giaitoan acid héa.

Dic diém ndi bat caa giaidoan acetate hoa lars
thanh 2o nhiéu khi hydrogen ma khi nay ngajpl
tac duoc vi sinh \it sinh methané giai doan sau &
dung nhr 1 chit nén cuing Wi khi carbonic. Mrc do
phan g:iu cac cht trong giaidoan nay ph thuoc rat
nhiéu vao ap st riéng phn aia khi hydrogen trong
bé phan fiy ky khi. Néu vi ly do naodé6 ma s tiéu
thu hydrogen birc ché hay chm lai, hydrogen tich
liy lam &p st rieng pfn cia n6 &ng I1én thi g
thanh 20 né (Wi vi khuin acetate hda)&sgiam
manh. Khidé acid béo baydi tich tu lai kéo theo s
rc ché phan gii cac acid béo ath dai o thanh day
chuyén. Va nhr da d cap trong nuc giai doan thay
phan, acid béo ach dai tich @ dén mic naod6 &
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(Boone, Xun, 1987).

Ngoai ra, mt conduong acetate hda khac céth
xay ra Wi sy tham gia @éa nhém vi khén
homoacetogenut hydrogen va carbonicytdudng)
hay tr cac clit hitu av (di dudng). Tuy nhién trong
mdi tredng ¢ Bng do hydrogen thp thi i brc Vi
hydrogen da vi sinh \it sinh methane thydrogen)
manh hon cia homoacetogen néndng acid acetic
tong hyp tr con duong nay la khongdang K
(Pereira, 2003).

Giai doan tao methane

Pay la hréc cwi clng trong & qua trinh phan
giai ky khi o ra é4n prim mong man 1a khi sinh
hoc voi thanh pln c6 ich 1a khi methaneihg ©
hop cac conduong sau. Nbi con duong tng Wi
nhém © chit st dung va nhém vi sinh 4t sinh
methane khac nhau (trondng thé cac @ thé sinh

du lon dé e ché cac vi khidn acid hda, acetate hdamethane) (Gerardi, 2003).

va methane hoéa. Ngoai ra, acid tighlam pH moi
truong gim rat bét loi cho sr tong hyp methaneit
hydro va acetate. (€thé, yéu to nay tacdong dén
yeu t5 kia va kin than hi bi tacdong aia nhing yéu
t6 khac ho thanh mt chubi tac dong mang tinh day
chuyén. Va qué trinh phanuy hoan toan “tét bai”
(Klein, 2002).

Quan & cong sinh gira vi khifin sinh hydrogen
(vi khuin acetate hoa) v vi sinh Vit tiéu thy
hydrogen (chinh la vi sinhav tao methane) la vé
cung quan ting ntim duy tri 4p sit riéng ptn cia
hydrogens mac thip (tir 10* atm dén 10° atm) dé
dam bao qua trinh4o methane én trién binh throng
(Gradyet al, 1999).Diéu nay ding hoan toan phu
hop V6i Iy thuyét vé nhigt dong hpc cia cac phn
ung trong giaidoan nay vi plan tng sinh thanh acid
acetic tr propionic, butyric hay ethanol (fh tng
thu nhit) chi cé th xay ra ddng thyi véi cac phan
ung sinh methane trong gidoan methane hoda (jgh
ung a nhiét) (Pereira, 2003).

Trong khi acetate g8 phim giai doan acetate
héa) la © chit ma vi sinh 4t tao methane s dung
tryc tiép thi chinh s tich 1 caa né d¢ing $ gayuc
ché sy phan gii cac acid béo bayoh khac, vi di 15
mmol acid acetigrc ché sy phan gii propionic acid
(Fukuzakiet al, 1990) va 100 mmol acetic aciat

ché sr phan gii acid butyric (Ahring, Westermann,

1988) va dod6 lam chm tic do acetate hoa.
than acetic acidy nong d6 qua cao (6.000 mg/l)
(Zehnder, 1988)img khién pH tHip vaanh hrong
tbc do phan gii acid béo bay &i. N6i chung, pH va
nhiét do ti wu giaidoan nay 14 6,8 - 7,8 va 35 - A2

6

Conduong 1
CO, + 4H, — CH, + 2H,0

Loai vi sinh vat Hydrogenotrophic Methanogen
sir dung @ chit la hydrogen va carbonité tong hyp
CH,. Dudi 30% hrgng methane sinh thankirg con
duong nay.

Conduong 2
CH;COOH - CO, + CH;,
4CO + 2HO - CH, + 3CO

Loai vi sinh Vit Acetotrophic Methanogen
chuyn héa acetate thanh methane va carbonic.
Khoang 70% Urong methane sinh ra la qua con
duong nay. Tuy nhién,ang lugng gii phong tr con
duong nay trong dbi nho. Carbonic 40 ra ki dugc
khir thanh methaneing conduong 1. Chi c6 ot sd
lo&i vi sinh \it sinh methaneisdung duoc oo chit &
carbon monoxide (CO).

Conduong 3
4(CH)s-N + 6H,0O - 9CH, + 3CG, + 4NH;

Loai vi sinh vat Methylotrophic Methanogen
phan gii co chit chira nhém methyl (-Ck). Chi mot
luong khoéngdang K methaneduoc sinh thanhit
conduong nay.

Nhiéu nghién @u trén cac ¢ chit hoa tan khac
nhau toéc day da cho tly giai doan nay dén tién
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kha cim chap va dodo tirng duogc coi la giaidoan
gii han toc do cia ¢ qua trinh. Phong trinhdong
hoc Monod dugc coi la ®n taing cho Au hét cac
nghién cu véi gia thiét téc do sinh tuong € bao ch
phu thudc vao dng d6 chit nén (acetic acid) trong
bé phan fiy. Tuy nhién, cac md @img nay ch dic
trung dwoc Mot giai doan nhit dinh aia G qué trinh
hoic chra bao quatiwoc trong déi du cac y¥u t6 anh
huong (Graef, Andrews, 1974; Molet&t al, 1986;
Smithet al, 1988). Cac nghiénit gin day da cho

Mot sb loai nam va protozoaing dong gép vao qua
trinh, nhrng vai trd phan iy ky khi chit hiru co cha
yéu thwe V& cac vi sinh gt nhan nguyén iy
(Procaryotes) baodgn vi khuin (Bacteria) va vi sinh
vat ¢d (Archaea).

Giai doan thay phan

Tham gia vao giadoan dau tién @a qua trinh
phan iy ky khi cac cht hitu ao cha yeu la cac vi
khuan ky khi bit busc xen Bn cac vi khdn ky khi

thay gia thiét tréndugc coi la khéng con mang tinh tiy tién. Vi khuin thay phan tedng cé hinh que,

dai dién khi mpt loat cac yu t6 anh hrong khéac
dugc tinhdén lam tén dé cho nting mé hinh nghién
ciru ddy du hon, cin k& hon, phic tap hon rit nhiéu
cung \bi sy tro gidp déc luc coa may tinhdién tir
bao @m ndng do chit nén, sr wc ché boi cac @n
phim trung gian va caning ion @a ching, s
trong tac gita cAc nhom vi khin khac nhau i@
mdi giai doan, ciu tric k& phan fiy (kich thrgc hinh
hoc, két ciu ke, hinh thic tap hop vi khuin), cac
théng $ thay luc (luu hrgng chit thai, anh hrong
cua sr truyén khdi co chit dén haat dong aia vi sinh
vat va sr van chuyén khi sinh ke tir trong long Bn
hop phéan liy ra ngoai)... (Mussatet al, 1998).
Ngoai ra, o chit phan fiy trong thrc t lai la mot
hon hop cia nhitng cHit khac nhau (baodgn ci chit
béo, carbohydrate va protein) cadg@i hoi cac
nghién @u chi tét hon va mé pbng chinh xac én
cac bén ddi xay radé tir d6 dr doanduoc xu hréng
va dén bién caa qua trinh (Angelidalet al, 1999).

VI SINH VAT HOC CAC GIAI DPOAN CUA QUA
TRINH PHAN HUY KY KHi CHAT THAI HOU
CO GIAU DAU MO

Cac cong tac nghiénta vi sinh \at cia qua
trinh phan ky ky khi nhin chung &p phii nhiéu kho
khin do tc do sinh trong vi sinh cAm va nhéu
loai thim chi khéng sinh trong trong moi teong
thudn khiét ma ch ton tai trong diéu kién odng sinh
v6i lodi khac hdc cho cac & phim khac i moi
truong tr nhién. Mdi giai doan trong qué trinh cé
lién quandén mot sb nhédm vi sinh ¥t khac nhau,
mdi nhém hi gdm nhiéu loai khac nhau (Hwu,
1997). Ngoai ra 4n chit cia chit nén cling i diéu
kién tién hanh phaniy ky khi nhr nhiét do, pH, tc
d6 nap chit nén, thyi gian hru... c6 anh hrong rat
I6n dén thanh phn va $ luong loai @a khu I vi
sinh \at. C4c K thuat truyén thing va @n day l1a cac
phuong phap sinh ¢t phan & hi¢n dai da dugc ung
dung dé nghién ¢u ngay ndt sau &c hon V& khu re
vi sinh \at gén lién voi qua trinh phan iy ky khi.

nhuwm Gram drong haic Gram am (Gerardi, 2006).
Ban chit cia chit nén anh hrong rat I6n dén ching
loai cac vi khun nay.Déi voi cac chit nén & phan
huay nhr carbohydrate thi cac lodstreptococcus
bovis, Bacteriodes amylophilus, Selenomonas
ruminatium, Succinomonas amylolytica, Clostridium
thermocellumchiém wu thé. Vi khuin chiu trach
nhiém thay phan du mg quan tong nhit trong diéu
kién ky khi la Anaerovibrio lipolytica saudé la not

sb loai thwe chi Clostridium nhe  Clostridium
botulinum, Clostridium noviy Ching déu c6 kh
ning tiét ra enzyme lipases pha logarithm.
Clostridium 1a chi vi khuin ky khi bit busc, gram
duong, sinh baott, hinh que (Zehnder, 1988). Vi
khuin ky khi tly tén c6 kh nang thiy phan du o
nhiéu nhit & loaiBacillus subtilis(Odunfa, 1989).

Nhin chung, cac vi kHim giaidoan thiy phan c6
thé sbng trong méi teong c6 pH & 5 dén 8, nhing
thich hop nhit 1a pH 5,5dén 6,5 (Cecchi, Mata-
Alvarez, 1991). Chang c6 &tchiu duge sr daodong
vé nhiét @ moéi tredng trong di rong. Ngoai ra con
mot s vi khuan hydro héa cac acid béouzh no
(oleic acid, linoleic acid) nh cac gbng
Ruminococcus albus Eubacterium Butyrivibrio,
Fusocillus(Zehnder, 1988).

Giai doan acid hoa

Khi sr acid héa cacdp chit hiru ao khong phi
la diu my (carbohydrate, protein) thi vi kﬁml acid
hoadong nghia Wi vi khuin |én men. Mt 5 cAc vi
khuin |én men @ng dong thyi dam nhiém ci vai tro
thiy phan o chit (d& dé cap & muc trén) gu ching
c6 khi nang sin sinh emzyme ngb bao trong thich
v6i nhom @ chit ma ching éip xuc.Ddi véi cac ©
chit nay, nhém vi khin Ién men quandng nhiit phai
ké dén Clostridia (Zehnder, 1988; Schwarz, 2001).

DP6i voi chit béo, 4n phim thay phan 1a
glycerine va acid béo anh dai (LCFA)dugc thyc
hien nhy cac vi khidn thay phan. Trong khi
glycerine b phan gii tiép cing chinh nbr vi khuan



thay phandé (khi nay chungiong vai trd 1a vi khén
Ieén men) thi s phan ghi tiép theo da cac LCFA4i
dugc dién ra Wi vi khuan acetate héaibg qué trinh
oxy hoéap lap lai lién tuc (da trinh bay trong mt
Hoéa sinh bc ¢ trén) dé tao thanh acetic acid
(Zehnder, 1988). Cac vi khn acetate hda na s
dugc dé cap dén ngay aréi day.

Giai doan acetate héa

Nhe d& dé& cap ¢ trén, vi khidn tham gia quéa
trinh acetate hoa sinhuting &ng sinh cung &i vi
sinh \at tao methane. Ap g khi hydrogen, éu ting
léndén gisi han nhit dinh, c6 tié 1am ngrng té hoat
dong aia cac vi khén giai doan nay.biéu d6 ding
c6 nghia chang chcé tte sinh trong va phat tén
trong méi trong ma &n phim do ching 4o ra -
hydrogen - phi luén luéndugc tiéu thi. Chinh vi tié
viéc $Hng dng sinh i vi sinh Vit sinh methane (1a
vi sinh \at tiéu thu hydrogen) la thc sr quan tong.
Tbc do sinh @n cia vi khiin nay trong ddi cham
v6i thoi gian th hé thuong tir 3 - 7 ngay, ngayackhi
c6 gr hién dién caa vi sinh it sinh methane. pHt
uu cho cac vi khin acetate hdaam trong khéng 6
- 7 (Gerardi, 2003). thg nhr vi sinh \at sinh
methane, chingir nhay cam véi sy thay doi cia
nhiét d6 mai trong. CAc ghng vi khiin acetate hoa
quan tpng ¢@m Syntrophus Syntrophobacter
SyntrophomonagPereira, 2003)Dugc nghién éu
nhiéu c6 Syntrophobacter woliniia loai vi khuin
phan gii propionic vaSytrophomonas wolféa loai
vi khuan phan gii butyric. Bdi véi chit béo, hai loai
Syntrophomonas  wolfeisubsp. saponavida va
Syntrophomonas sapovoralasnhing vi khiin quan
trong tham gia vaowsoxy héa3 cac acid béo ath
dai ¢ nhiét d6 va 4m (30 - 40°C) (Gerardi, 2006).
Chung 1a niing vi khuin khéng sinh baoit gram
am, thic loai hda drdng hru o, hinh que bi xoin,
dau hoi tron, c6 fr 2 dén 8 tién mao phandbxung
quanh @c theo I 16m aia € bao. Khac @i vi
khuin gram am théng tiong, loai nay co6 thantét
bao day, nkiu lop phic tap nhrng lai nhay cam véi
Penicillin, sinh $n theo kéu phandéi t& bao, di
chuyén chim (Mclnerneyet al, 1981). Con trong
diéu kién wa néng (50- 65°C), vi khuén acetate héa
tuong 1Gng la Thermosyntropha lipolytica
(Svetlitshnyi et al, 1996). Céc loai vi khin nay
ludn dugc phan 4p cung Wi mot hay vai loai tiéu
thy hydrogen 8p V6i o trongdiéu kién phan ky va
am haywa nong.

Giai doan sinh methane

Trong ¢ théng phan lai vi sinh vat hién dai, vi
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sinh \at sinh methane khéng tha gisi vi khuan
(Bacteria) nlx cac vi sinh 1t cia ba g|a|doan trén
ma thwc giéi vi sinh vat ¢ hay vi khdn &
(Archae) do c6 &u tao thanh va mangttbao khac
biét (Nguyén Thanhbat, 2005). Chuangta xuit hién
tir rat lau, dugc phan thanh nhanh riéng trong cay
phan lai néndugc nghién u kha K ludng. Chii
phan gii ky khi chit hitu oo dwoc két thac nhy cac
vi sinh \at nay. Chung cé nbil hinh dng khac nhau
(que, &u, dia ckt, két thanh dam...) va co loai
chuyén dong duoc, cé loai khéng. Cac chi khac nhau
c6 thanh & bao théc ci hai nhém gram am (vivd
chi Methanococcys va gram dong (vi di chi
Methanobacteriuth Dic diém chung éa cac o thé
nay la chiu duoc nhigt ¢ kha cao (60 - 8, tuy
loai), sinh téng trong moi trong co th khir rat
thip (B, < -300mV) (Gerardi, 2003), 4 min cm
Vv6i su bién dong aia cac $u t mdi treong nhr oxy,
nhiét d6, pH... nhrng it nly cam véi céac cht
khang sinh nt penicillin. Coenzymet@ vi sinh it
sinh methaneit dic biét, bao @m coenzyme M,
coenzyme I va Fipo khién ching c6 kh ning tr
phat quang @i viing séng i ngaai do d6 co tié dé
dang phat kin chang d@si kinh hién vi trong diéu
kiéen nay. Thi gian ti¢ h¢ cia chang kha dai,
khoang 1 ngays 55°C dén 3 ngays 35°C va ti 50
ngays 10°C (Gerardi, 2003; Zehnder, 1988).

Céc clit co thé sir dung lam ngdn carbon va
nang leong cho vi sinh §t sinh methane khéon
gian. P6 aing chinh la &n phim tao ra tr giai doan
acetate hoa. Tuy 70%dng khi methan@ugc sinh
ra tir sy oxy hoa acetate, tltd mot sd lodi vi sinh
vat ¢ c6 khi ning phan gii acetate, trongié cac
gibng quan ®Wwng ®m  Methanosaeta
Methanosarcina Methanococcus(Pereira, 2003).
Trong khi d6 rit nhiéu loai sinh methane c6 kh
nang ko methaneit hydrogen va carbonic,itrmot
nhém ch phan gii acetic va it nhom ch phan gai
hop chit chira metyl. Hai loai Methanosarcina
barkeri va Methanococcus maz&i throng gip nhit
vi ching c6 kh ning sr dung kit cir co chit nao
(Lopeset al, 2004).

Ngay nay c6 khang 83 loai vi sinh §t sinh
methaneda dugc biét dén, déu thuwc loai ky khi
bit bupc. Dya vao s khac nhau & kha ning sr
dung o chit, c6 tit phan lai ching thanh 3
nhém bn la a) 61 loai & dung CQ va H, tao
CH,; b) 20 loai & dung hyp chit chia metyl
(trong do la @ chat bat buyc d6i vai 13 loai) va c)
9 loai gr dung acetatdo ra CH, (trongdo la o
chat bit busc voi 2 loai) (Garciaet al, 2000).
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Khoang 23% $ loai trongdd la vi sinh it va
nhiét (thermophilic). Gn phai nhin manh ring
diéu kién van hanh phanty ky khi (pH, nhét do,

tinh cHit cua cHit nén, thyi gian lru co chit trong
hé théng...) $ quyét dinh nhing loai vi sinh it
nao chém wu thé. Nhu du chét dinh drdng thay
ddi theo céc loai khac nhau.46 day da phat hén
mot sb loai con cé kh ning sr dung nitrogen
phan fr ¢ thé khi. Biéndo pH mdi tirong kha kep,
trong khaing 6,5 - 7,6. Tuy nhién, c6ansd loai
dic biét van sinh tuong dugc trongdiéu kién pH
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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 biotechnoldgy pollution minimization from organic waste,
anaerobic digestion has been supposed to be ofid)@abecause of its cost-effectiveness in initiatstment
as well as operation. Furthermore, capability afrgg recovery from biomass thanks to emitted biduyzs
been evidenced. Nevertheless, anaerobic digestioit-ich solid wastes is not always easy and sergince
anaerobes are very sensitive to lipid-rich mat@sswell as to intermediate compounds of oily wastes
degradation process. Therefore, the objective isfghper is to systematically draw a profound usideding
of steps, the specific characterstics of each stpsidering both biochemistry and microbial comryni
during anaerobic digestion resulting in the diffemes between digestion of oil-rich substrates atiro
organic wastes. That is also basis on which anaetoBatment of this type of waste can be succégsfu
carried out.

Keywords anaerobic digestion, oil-rich solid wastes, metadermentation, LCFAs
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