Tap chi Céng nghé Sinh hoc 9(1): 1-11, 2011

BAI TONG QUAN

QUA TRINH PHAN HUY CHAT THAI HU'U CO GIAU DAU M3 TRONG PIEU KIEN KY

KHi

V6 Hong Thi

Truomg Dai hoc Ky thugt cong nghé Thanh phé Hé Chi Minh

TOM TAT

Trong sb cac ki thujt img dung cong nghé sinh hoc trong cdng tac gidm t.hleu 6 nhiém méi truomg, ky
thuét phan huy sinh hoc ky khi 14 mdt phuong phap co phiéu ru diém nho tinh kinh t& trong ca giai doan dau tr
cling nhu vén hanh thiét bj dong thoi lai 1a phuong phép c6 kha nang thu hdi lugng ning luong tir sinh khéi so
véi cac ki thuat khac. Mic diu vay, dbi véi cac chét thai gidu du md, viéc img dyng k¥ thuét phan huy ky khi
lai khéng don giin va d€ dang béi vi cic vi sinh vét sinh trucmg ky khi rit nhay cam v6i diéu kién méi trnudmg
chira nhi€u chat béo ciing nhu véi chinh cic san phim trung gian ciia qua trinh phan huy ching. Do véy, myc
tiéu clia bai bdo nay nhim giap hiu 10 céc giai doan clia qua trinh phén hity ciling nhu cac diém dic tnmg dbi
véi timg giai doan mét cach c6 hé théng xét trén ca phuong dién héa sinh hoc va vi sinh vat hoc dé tir 46 rit ra
nhimg nét khac biét clia qu4 trinh phin hiy ky khi chét thai giau ddu m& vdi cac loai chit thai thuomg gip
khéc. D6 ciing 1a co s& quan trong cho nhimg nghién ciru xir 1y loai cht thai chuyén biét ndy bing k§ thuat

phin huy ky khi dat duge hiéu qua nhu mong muén.

Tir khéa: phin hiy ky khi, chdt thai gidu déu m&, su lén men methane, acid béo mach dai

MO PAU

Trong khoang 3 thap ky gin diy, xu huéng én
dinh chét thai rin d6 thj néi chung bang phuong
phép phan huy ky khi truéc khi chén lap va thu nang
luo'ng duéi dang khi sinh hoc dugc phat trién manh
va ap dung rong rdi (Lusk et al., 1996). Quy dinh cua
hu hét cac qudc gia chéu Au gi6i han phan khéi
lugng hitu co trong chét thai dem chén lap khéng
qué 5% la dong luc thic day viéc xir ly va tai sir
dung phan hitu co nay thay vi dem chon lap cung voi
cac chét khong thé phan huy dugc. Trong s6 cac chat
thai d6 thi hién nay, dang luu y la céc chét thai hiru
co ¢6 ham lugng chét béo cao thai ra tir ‘qua trinh san
xult ciia cdc nganh cdng nghiép ché bién thuc phim
nhu diu 3n, mi an lién, banh keo, trai cdy sdy kho,
slra va cac san phim sira...véi mot luong dang | ké, co
thé chiém t6i 25%. Trong thanh phén céc chit thai
nay, chit béo hay diu mo ludn hién dién véi mt ti 1€
kha cao (cung voi cac chat khac) va ludn duge coi la
“thu pham” cia cac van d& méi truong ¢6 lién quan.
Trong cac bé phan huy ky khi, chit béo (dau md) ¢
thé gy khoé khin cho qua trinh van chuyén va phan
gidi céc co chét hoa tan bai vi sinh vit do mang té
bao vi sinh vat di bj ddu m& bao phu (Pereira ef al.,
2004). Do co khoi luqng riéng nhé hon nuéc, diu
m& ludn c6 xu thé ndi trén mit nuéc va mang theo

mot phan sinh khdi, khién mat d6 vi sinh vat trong
bé phan hiy giam di (Cammarota et al, 2001).
Ngoai ra, san phim giai doan thity phan - giai doan
dau tién cuia qua trinh phan hity ky khi chit béo - bao
gdm cac acid béo mach dai (Long Chain Fatty Acids
LCFAs) va glycerine, trong d6 LCFAs, qua nhidu
nghién ciru, d cho thay cé kha ning gy irc ché Ién
cac loai vi sinh vit khac nhau trong subt qua trinh
phéan hiy ngay ca & nong d6 thip do LCFAs bi hip
phu Ién thinh/mang té bao lam cin tré qua trinh
khuéch tan va van chuyén ciia co chit (Kabara et al.,
1977; Rinzema et al., 1994). T4t ca cic van dé trén
d3 han ché hiéu qua van hanh cia bé phén huy, do
vy phan huy ky khi cac chét thai chira nhiéu diu
md, cho dén nay, vin lu6n 13 mdt khé khin va thach
thirc. Tuy nhién, xét trén goc 40 thu nang lugng tir
sinh khéi, chat béo (dau mo), néu phan hay ky khi
duoc, lai 14 loai co chit c6 “tiém ning” Vi trong khi
1 g carbohydrate hay protein chi gidi phong trung
binh 4 Kcal thi véi mirc twong duong, 1g lipid gidi
phong 9 Kcal khi bi oxy hoa hoan toan (Hans, Josef,
2005). Mot sb nghién ciru da ching té san lugng
sinh methane tir cic chét thai di gia ting mot cach
dang ké khi bd sung thém chit béo vao thanh phin
cua co chét phan hay (Tekin, Dalgig, 2000; Li et al.,
2002; Fernandez et al., 2005). Piéu d6 ciing c6 nghia
& qua trinh phan huy ky khi cac chét thai chira nhiéu
diu m& cn dugc tiép tuc quan tim nghién ciru dé
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tim kiém va chi & cac yéu t6 cin hru tim nhét ddi
vdi loai eo chat dac biét nay.

Bén canh d6, tai Viét Nam noi riéng, cac nghién

clru vé qua trinh phan hiy ky khi nudc thai di ting

Ién dany: ké trong thoi gian gin day theo xu thé ting
cuong sir dung ning lugng tii tao théng qua cic
cdng cu cia Cong nghé sinh hoc (T rin Minh Chi et
al.,, 2004; Nguyén Phuéc Hoa, 2005; Dodn Thai
Hoa, 2005; Vii Nguyén Thanh, L& Bitc Manh, 2006).
Tuy nhién, img dung k¥ thuat nay déi vdi cac co chat
12 bun thai véi 6 4m khoang 90% va chita nhiéu diu
m& 1a dbi tuong thai ra tir mot s6 nganh san xuit
thuc pham da dé cap ¢ trén thi hiu nhu chua dugc
nhic den hoic chi 13 céc théng tin chua diy da trén
mdt s6 phuong tién dai ching ma chwa phai 1a cae
bai bao, cac thong ké khoa hoc cong bb trén céc tap
chi khoa hgc chuyén nganh. Do vy, bai bao nay ra
doi véi muc tiéu hé théng hoéa lai mét sé vAn dé then
chét cin hru ¥ trong bé phan hay ky khi ciing nhu
lam rd sy khéc biét cila co chét twong d6i dic thu la
chit thai hiru co c6 ham luong diu m& cao so véi cac
co chét khac 1am co s¢ quan trong cho phin nghién
ciru xir Iy d6i twong nay trong thuc ti&n.

LUGC SU PHAT TRIEN QUA TRINH PHAN HUY
KY KHI VA XU HUONG HIEN NAY

Qua trinh phin huy ky khi (anaerobic dlgestlon)
1a mdt trong nhimg ky thudt ing dung cd xua nhat
Khi sinh hoc di dugc sir dung dé lam néng nudc tim
& Assyria (Iraq ngay nay) tir thé ky tha 10 trude
Cong nguyén. Cho dén thé ky 17, qua trinh méi bit
dAu duoc nghién ciru mdt cach khoa hoc. Néam 1776,
Count Alessandro Volta d4 khing dinh c6 méi lién
hé giita luong chit hitu co phan hay va luong khi
chay duoc tao thanh. Sau d6, nam 1808, di chimg
minh dugc sy thanh tao cia khi methane qua qua
trinh phan huy ky khi phan gia sac (Lusk, 1997).

Qué trinh dugc (mg dung mang tinh céng nghlep
dAu tién 1a mot nha may xay dung & Bombay, Anbd
vao nim 1859 (Meynell, 1976) de sau d6 no bt dau
thdm nhdp vao Exeter, Anh qubc nim 1895 nhim
cung cip ning luong thip sang dén dudng ti khi
biogas thu dwoc trong hé théng xir 1y chat thai.
Nhimg tién bd cia nganh vi sinh vét hoc khi dé ¢
tac dung hd trg phat trién k¥ thudt nay, trong d6 phai
ké t6i cac nghién ciru coa Buswell va cong su vao
nhimg nim 1930 di dit nén mong cho viéc dinh
danh cac vi khudn ky khi va cac didu kién thac day
su sinh khi (Lusk et al., 1996).

Khi nhitng hiéu biét vé qua trinh ddy du hon, cac
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ky thuat ap dung trong qua trinh vén hanh va diéu
khién ngay cang hoan thién véi sy ra ddi cia nhimg
bé 1 kin cing cac thiét bi hdm néng va khudy ddo
nhim t5i wu héa qua trinh phan hay. Tuy nhién, vi
thoi gian d6 gia than da kba ré va trir luong diu mo
con rat 16n cong thém su phat trién manh mé cia cac
hé théng phan hay hiéu khi nén khi sinh hoc va ky
thuit phan huy ky khi & cac nudc phat trién nhin
chung chua dugc quan tdm. Tai cidc quoc gia nay,
qua trinh cong nghiép hoa va d6 thi héa nhanh chéng
cling véi gia dién ré da din toi két qua 1a cac ky
thust phan hiy hiéu khi ché bién compost va chén
lap tr& thanh sy lya chon dé xir 1y chét thai cho toi
ngay nay. Trong khi do, tai cic nudc chim phat trién
hon nhu Trung Quéc va An bg, cac hé théng 1én
men ky khi loai nhé Xuét hién rit nhiéu véi muc dich
chii yéu dé thu khi sinh hoc niu 4n va thip sing
trong ho gia dinh tir cac phu phdm néng nghiép va
cht thai sinh hoat.

Sau dd, hai cudc khing hoang ning lugng trén
thé gidi vao cac nim 1973 va 1979 lai c6 téc dung
tich cuc khi phat dong tr& lai méi quan tim t6i ky
thuat phan hay ky khi thu methane 1am ndng lugng.
Piu tién 13 tai An D9, Trung Qudc va Péng Nam A
va sau d6 1a Bic My, Chau Au va Lién X6. Hoa Ky
cling da thiét 1ap chwong trinh phat trién ning
luong tai tao trong dé nh4n manh vai trd coa ning
lugng sinh khéi thu duqc tr cac be phan huy ky
khi. Tuy nhién, nhitng hiéu biét v& qua trinh nay
con han ché d3 dan t6i su thit bai ciia 50% hdm 1 &
An Do, Trung Québc, Thai Lan va 80% him u & My
va chiu Au (Lusk, 1997). Tuy nhién, d6 lai chinh l4
déng luc thic ddy sy nghién ciru sdu hon vé qua
trinh. Cung voi thoi gian, kS" thudt phan hay ky khi
khéng chi dugc 4p dung dé thu khi sinh hoc ma con
14 mét k§ thuét chi phi thép dé én dinh cac chat thai
nong nghiép hay chin nudi va thim chi dé xur ly
chit thai d6 thj hay cong nghiép (ché bién hoa chit,
san xuit thuc phim cac loai...) (Ye Chen et al,
2008). Gan day, dudi ap luc coa gia diu mo tang
cao va nhimg quy dinh ngay cang chat che vé moi
truong dé kiém soat khdi luong phin chét hiru co
trong chit thai dem chén lap, ky thuat pbén huy ky
khi dugc lya chon ngay cang nhiéu hon. Dién hinh
1a hai quoc gia Pirc va Pan Mach di cam két ting
san lugng khi sinh hoc gip -d6i vao nim 2000 va
gép ba vao nim 2005 (Danish Ministry of Energy
and Environment, 1996).

o} Viét Nam, san xuét khi sinh hoc d3 dugc gidi
thi€u va ap dung tu hon 20 nim qua dé thip sang do
thiéu dién & mot sé khu virc ndng thon. Mot loat cac
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ham 1 sinh hoc vat liéu xi mang véi thiét ké khac
nhau da dugc dua vao thir nghiém & cic ving nong
thén dudi sy tai trg caa Chinh phu Viét Nam va quoc
té, tir cac hdm u kiéu An Do dén kiéu Trung Quoc
Tuy nhién, vi him 10 xi maéng c6 gia cao, khé lap dit
va sira chira nén thyc t€ con it dugc 4p dung. Su ra
d0i cia tii U hinh ong biang vt liéu PE sau dé da
giam duogc dang ké chi phi dau tu va chi phi van
hanh nén nhin dugc su tng h$ cia nhiéu hé néng
dan nghéo. Trong vong 10 nim tré lai diy, hon
20.000 tii & nhu thé da ra doi & Viét Nam va da phin
do nong dan tu trang trdi chi phi, tuy tai u véi gia
thanh ré ciing con boc 1§ nhiéu nhuogc diém trong
cOng tac vén hanh va bao tri. Tuy nhién, nhimg
nghién ciru vé qua trinh phan huy ky khi déi véi rac

thai noéng thén Viét Nam (v61 mot s6 dic trung
riéng) dé 1am can cir khoa hoc va Umg dung con rat
han ché (Bui Xuan An, 2002).

HOA SINH HOC CAC GIAI POAN CUA QUA
TRINH‘ PHA}\I HUY KY KHi CHAT THAI HOU
CO GIAU DAU MO

‘Qua trinh phan huy ky khi nodi chung gém mot
chudi céc giai doan sinh hoc phirc tap nhung duge
lién két ddng bb va chit ché voi nhau dé bién ¢oi
hop chét hiru co ban dAu thanh khi sinh hoc. Mgt yéu
t6 bt loi dbi voi bat ky giai doan nao deu c6 thé gy
ra sy ¢b va kim ham ca qua trinh. Céc giai doan do6
¢6 thé dugc md ta bing so d6 khdi trong hinh 1
(Grady et al., 1999). '

Lipid Protein Carbohydrate GIAl DPOAN
: THUY PHAN
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v 4
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Hinh 1. Céc giai doan cla qua trinh phan hiy ky khi chét thai hiru cor.

Phan img tdng quat ctia qué trinh ¢6 thé duoc viét:

Vi sinh vat
Hop chit hiru co + H;O EEEEE—

Giai doan thiy phan

Trong budc nay cac chét hitu co phic tap dugc
thuy phan thanh nhiing chat don gian hon (dé co thé
tham nhap dugc vao té bao vi khuin) véi sy tham gia

sinh khéi + CH; + CO, + NH,

cua cac enzyme ngoai bao cia cac vi khudn thiy
phan. Protein bi phdn hiy thanh amino acid nho
protease, carbohydrate chuyén thanh duong don nho
carbohydrase, va lipid, nh& lipase, dugc chuyén héa
thanh cac acid béo mach dai tuong img (LCFA) va



glycerine.

Véi mé hinh céu triic 3 chidu ciia mot s6 enzyme
lipase dugc cong bb gin day trong nhimg nghién ciru
héa sinh phan tir hién dai, nguoi ta d3 cé thé giai
thich c ché thiy phan chit béo cia enzyme nay.
Enzyme hoat dng manh & bé mit phan cich diu-
nuéc. Do ban chit phan tir enzyme 12 mét chudi cac
amino acid c6 tinh wa diu m& da cho phép enzyme
gin chit véi cac phan tr ddu. Trong qua trinh di
chuyén tir pha nuéc vio pha diu, trung tim hoat
dong cha enzyme s& mé ra dé tiép nhan chit nén
(dAu) (Ratledge, 1994).

Qua trinh thity phan chit thai nhiéu diu m& khac
v6i thiy phan nudc thai va khac vai chat nén khong
c6 ban chit ddu m& & mét vai dic diém. Khac biét
thir nhit 13 t6c d6 thiy phan chét hiru co trong chét
thai xay ra chdm hon so véi trong nudc thai. Nhin
chung, kich thudc va cu trac hinh hoc cua hat co
chit cho dién tich tiép xiic giira co chit va vi sinh vat
cang nho thi ndng d6 vi sinh tham gia thiy phan co
chit cang thip va téc do thiry phan cang chim. Nhiét
d6 thip hay pH thip ciing lam gidm téc do thay
phan. D&i véi chit thai thi trong tng sb 4 giai doan
cua ca qué trinh, thay phan tr¢ thanh giai doan gidi
han tbc d6 (téc d6 cham nhat) (Vavilin et al., 1996).
Pic biét khi cac hat co chit c6 ham luong dau md
cao, qua trinh thuy phin xay ra cang khé khidn do
d?lu md tao thanh cic micelle phan tin trong nudc.
Mbt vai nghién ctru anh hudng cua ndng d6 lipid
trong chét nén dén su thiy phin va tao khi sinh hoc
di cho thiy gi6i han ndng d chit béo trong chit nén
dé qua trinh khong bj tc ché 1a 18% (Cime et al.,
2007).

Khic biét tiép theo 14 cho dén nay, pH ti wu cho
giai doan thily phan chit béo vin chua dugc nghién
ciru ky hudng va cho s6 liéu thuc su dang tin ciy
(Lalman, 2000). Tuy nhién, cic nghién ciru déu cho
thdy duy tri d6 pH trung tinh (6,5 - 7,5) thic ddy tdc
d6 thuy phan (Veeken et al., 2000). Chinh san phim
thiy phin chit béo 1a cic acid béo mach dai
(LCFAs) lai gay e ché 1én cac vi sinh vat g1a1 doan
sau (acid hoa, acetate hda va methane héa) khién rat
nhiéu qué trinh 4 ky khi chit thai giau lipid bj that
bai. Su uc ché c6 thé bi tac dong bai hang loat yéu
t: no6i chung thi pH thdp (mirc thip nhét 1a 5 ,3)
khién ndng d6 acid khong phén ly ting do d6 lam
ting doc tinh nhung nhiét dd ciang cao thi wc ché
cang manh (Ratledge, 1994). Poc tinh véi vi sinh
cua cac acid béo chua bao hoa 1ém hon acid béo bio
hoa (Klein, 2002). Mach carbon trong acid cang dai,
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ngudmg gy trc ché cang nhé (khi s6 nguyén tir C
trong mach nhé hon 11). Tinh chat vét 1y, dién tich
bé mit riéng va phén b ¢& hat rin cia chét nén ciing
6 anh huéng (Hwu, 1997). V& ban chit giy déc, co
Iy thuyét cho ring sw hip thy cua acid béo 1én thanh
hay mang té bio di lam thay ddi tinh thdm cua
mang, gidy nén hién tugng ti€u nguyéq sinh
(Galbraith ez al., 1971). Néi chung, cac vi khuan acid
hoéa va acetate hoa it nhay cam véi acid béo mach dai
hon cac vi sinh vdt sinh methane (Jeyaseelan,
McCarty, 1995). Trong cic bé 1én men ky khi chét
hiru co giau diu m&, ludn tdn tai giai doan thich nghi
(lag phase) 13 thoi gian dé vi khudn acid héa (1
nhém vi khuin phan hiy acid béo mach dai) thich
nghi din v6i méi trudmg va phat trién 1én vé sb
luong (Hwu, 1997).

Nhimg nghién ciru trén da cho thdy giai doan
thuy phdn ky khi chit thai gidu diu m& khong don
gian chi 13 sy chia cit vé mat co hoc phén tir chit
béo c6 trong chét thai ban de‘lu, ma 13 sy hinh thanh
ve mit héa hoc céc sdn pham khéng thuan lgi cho
tién trinh phan huy ky khi tiép dién, khién nhiéu qua
trinh phan hity chat thai rin gidu du m& bi thét bai.

Giai doan acid héa

_ Nhimg hop chét tao ra trong giai doan thiyy phin
van qué 1én d€ c6 thé dugce vi sinh vit hip thu nén
cin dugc phan giai tiép. Giai doan acid héa bt diu
bang su van chuyén chit nén qua mang ngoai té bao
xuyén qua thanh dén mang trong rdi vao té bao chit
v6i sy tham gia cia cac protein van chuyén. O d6
céc amino acid, duomg don va acid béo mach dai déu
bién d8i v& cic acid hiru co mach ngn hon
(propionic acid, valeric acid, acetic acid), ruou
(ethanol), keton, mét it khi hydrogen va khi
carbonic... Giai doan nay thuong gip dudi mét tén
goi khéc 1a giai doan 1én men.

Co ché cua giai doan acid héa céc acid béo va
glycerine (1a san phim giai doan thuy phén chét béo)
tuong ddi phirc tap va c6 thé dugc tom tit nhur sau:

Glycerine bi phan giai thanh mot s san phim
trung gian nhu 1,3-propanediol dé tao thanh cac san
phim cudi cung la propionate va acetate. San pham
trung gian vAn song song tdn tai cing san phim cudi
(Qatibi et al., 1991).

Trong khi d6, co ché phan giai acid béo mach dai
(LCFA) phirc tap hon nhidu (Nguyén Tién Thing,
Nguyén Pinh Huyén, 2000) theo c4c buéc nhur sau:
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- Acid béo + CoA & Acyl-CoA

Phan tmg hoat héa nay dwoc thyc hién nhd enzyme acyl-CoA synthetase nim & mang trong té bao vi khuin.

- Acyl-CoA ———— Acyl-CoA mach ngin hon + Acetyl-CoA

oxy héa B

Oxy héa B lap
lai lién tuc

Acetyl-CoA + H, + ning lugng tich liy (ATP)

l

Acetic acid + CoA

Dbi véi chét béo, san phim tao thanh chu yéu 1A
acid acetic (thay vi tao ra céc acid c6 s6 C > 2 nhu
giai doan 1én men thong thudng) nén ddy ciing chinh
12 giai doan acetate héa cia chat nén la dau mg.

Déi véi cac acid béo chira s6 C 1€, trong sin
phdm ngoai acid acetic la chi yéu, con chfra ca
propionic acid. Con cac acid béo chua bdo hoa, qua
trinh no héa (ngay sau khi lién két este dugc phan
cit) dién ra trudc khi trai qua qué trinh oxy héa B.

Ngoai acetic acid tao ra tir con dudmg oxy héa B,
maot sO san phém phu cia qué trinh nhu rugu, keton,
peroxide, cac acid trung gian nhu acid butyric
(C4:0), acid caprylic (C8:0), acid capric (C10:0)
ciing c6 thé duogc tao thanh tir cic con dudng khéc
(oxy héa o, oxy héa ) béi mot sé nhém vi khuan va
vi nim (Ratledge, 1994).

Nhu di dé cap & trén, d6i véi chit nén 14 lipid
thi didu khé khan nhit 1a sy trc ché cha cic acid béo
mach dai (ndng d6 va loai LCFA) tao thanh tir g1a1
doan thay phan ¢6 anh huéng dén toan bd cac giai
doan sau. Do d6 qua trinh phén giai ky khi chit béo
¢ dic diém khac véi qua trinh phén giai cac chit
khac (protein, tinh bjt...) & téc 46 giai doan acid héa
cham hon (Broughton ef al., 1998; Sang et al., 2004;
Angelldak1 Ahring, 1992). Trong cac nghién clu
nay, cac tac gia deu nhéan xet thoi gian d1en ra pha
lag ti 1¢ thuan gin nhu tuyén tinh véi ndng do acid

(Acyl ky hiéu cho nhém RCO-)

béo dai ban dau. Dic biét, sy trc ché khong thé khic
phuc bang cach pha lodng dé lam gizm nong do chat
nen,

Ngoai su trc ché tir cac acid béo mach dai, san
phim cia giai doan nay 14 acid béo bay hai (Volatile
Fatty Acids VFAs), mot mit vira 1a chét nén cho
céc vi khudn acetate héa & giai doan sau, mit khac
lai gdy tc ché Ién cac vi sinh vat sinh methane & giai
doan cubi cing va anh hudng dén toan bd qua trinh.
Poc tinh thé hién ro nhét di véi acid propionic va
acid butyric ¢ nhimg ndng do cao va anh hudng thé
hién cang 16n khi pH cang thip. Diéu nay dugc 1y
giai béi sur irc ché gdy ra chu yéu do phén acid khéng
phén ly (pH cang thép thi luomg kh6ng phén ly cang
16m). Khi pH bén ngoai mang t€ bao qua thip s& din
den sw chénh 1éch 16n gilta pH trong va ngoai mang
té bao, khién bom proton bi trc ché va ngung tré qua
trinh trao d6i chéit qua mang té bao (Fukuzaki ef al.,
1990).

Giai doan acetate hoa

Céc vi sinh vat tao methane van khong thé sir
dung tryc tiép cac san phidm cia giai doan acid héa
(acid hiru co, rugu, keton..) ngoai trir acetic acid, do
vdy céc chit nay cdn dwgc phan giai tiép thanh
nhimg phan tir don gian hon nita. San phim phan
giai cia giai doan nay la acetic acid, khi hydrogen,
khi carbonic dugc tao béi vi khuan acetate hoa:

CH,CH,0H (ethanol) + H,0 — CH;COO" + H' + 2H,
CH,CH,COO" (propionic) + 3H,0 — CH;COO™ + HCOy + H' + 3H,

CH5(CH,),COO" (butyric) + 2H,0 — 2CH;COO™ + H' + 2H,



D6i véi chit nén giau diu md, do su phan huy
acid béo mach dai cho san phim la acetic acid ma
khong phai 1a cac acid béo mach cao hon nén giai
doan acetate hoéa ciling chinh 14 giai doan acid hoa.

Pi: diém ndi bat cia giai doan acetate héa la su
thanh tao nhiéu khi hydrogen ma khi ndy ngay lap
tirc dugc vi sinh vat sinh methane & giai doan sau sir
dung nhu 1} chat nén cung voi khi carbonic. Mirc d6
phan giéi cic chat trong giai doan nay phu thuée rat
nhidu vao ap suét riéng phin cia khi hydrogen trong
b& phan hiy ky khi. Néu vi 1y do nao d6 ma su tiéu
thu hydrogen bi uc ché hay chim lai, hydrogen tich
liy 1am 4p suét riéng phan cia n6 ting lén thi su
thanh tao né (béi vi khudn acetate héa) s& gidm
manh. Khi d6 acid béo bay hoi tich tu lai kéo theo su
{rc ché phén gidi cac acid béo mach dai tao thanh diy
chuyén. Va nhu da dé cap trong muc giai doan thuy
phan, acid béo mach dai tich tu dén mirc nio d6 s&
dii 16n dé e ché cac vi khuan acid héa, acetate héa
va methane héa. Ngoai ra, acid tich tu lam pH méi
truong giam rét bét lgi cho su téng hop methane tir
hydro va acetate. Cix thé, yéu 6 nay tic déng den
yéu t6 kia va ban than lai bi tic dong ciia nhimg yéu
t6 khac tao thanh mot chudi tac dong mang tinh day
chuyén. Va qué trinh phan hity hoan toan “thét bai”
(Klein, 2002).

Quan hé cong sinh giira vi khuan sinh hydrogen
(vi khudn acetate héa) voi vi sinh vat tiéu thu
hydrogen (chinh la vi sinh vét tao methane) 1a vo
cling quan trong nhim duy tri ap suat riéng 6phan cua
hydrogen & mirc thip (tr 10™ atm den 10° atm) dé
dam bao qua trinh tao methane tién trién binh thudng
(Grady et al., 1999). Didu nay ciing hoan toan phu
hop véi ly thuyet vé nhiét dong hoc cua cac phan
umg trong giai doan nay vi phan ung sinh thanh acid
acetic tir propionic, butyric hay ethanol (phén (ng
thu nhiét) chi c6 thé xay ra dong thoi véi cac phan
img sinh methane trong giai doan methane héa (phan
umg toa nhiét) (Pereira, 2003).

Trong khi acetate (san phdm giai doan acetate
héa) 1a co chit ma vi sinh vat tao methane sir dung
tryc tiép thi chinh sy tich tu cia né ciing s& gay trc
ché sy phan giai cac acid béo bay hoi khac, vi du 15
mmol acid acetic trc ché su phén giai propionic acid
(Fukuzaki et al., 1990) va 100 mmol acetic acid irc
ché sy phan giai acid butyrlc (Ahring, Westermann,
1988) va do d6 lam chim téc db acetate héa. Ban
than acetic acid & nong d6 qua cao (6.000 mg/l)
(Zehnder, 1988) ciing khién pH thip va anh hudng
téc do phan giai acid béo bay hoi. Noi chung, pH va
nhiét d6 t5i wu giai doan nay la 6,8 - 7,8 va 35 - 42°C

6
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(Boone, Xun, 1987).

Ngoai ra, mét con dudmg acetate hoa khac c6 thé
xdy ra béi sy tham gia cia nhém vi khudn
homoacetogen tir hydrogen va carbonic (ty dudng)
hay tir cac chét hitu co (di dudng). Tuy nhién trong
mdi truomg c6 ndng d6 hydrogen thap thi 4i luc vé6i
hydrogen ctiia vi sinh vét sinh methane (tir hydrogen)

manh hon cia homoacetogen nén lugng acid acetic
tong hop tir con duong niy l1a khéng déng ké
(Pereira, 2003).
Giai doan tao methane

Pay Ia budc cudi ciing trong ca qué trinh phén
giai ky khi tao ra san phAm mong muén 1a khi sinh
hoc véi thanh phin c6 ich 1a khi methane bing t§
hop cic con dudng sau. Mi con dudng tmg véi
nhém co chit sir dung va nhém vi sinh vat sinh
methane khac nhau (trong tong thé cic co thé sinh
methane) (Gerardi, 2003).

Con duomg 1:
C02 + 4H2 4 CH4 + 2H20

Loai vi sinh vat Hydrogenotrophic Methanogen
sit dung co chit 14 hydrogen va carbonic dé tong hop
CH,. Duéi 30% lugng methane sinh thanh bing con
duong nay.

Con duong 2:
CH;COOH — CO, + CH,
4CO + 2H,0 — CH, + 3CO,

Loai vi sinh vat Acetotrophic Methanogen
chuyén hoa acetate thanh methane va carbonic.
Khoang 70% luong methane sinh ra la qua con
duong nay. Tuy nhién, ning lugng giai phong tir con
dudng nay twong dbi nho. Carbonic tao ra lai duge
khir thanh methane bing con dudng 1. Chi c6 mét sb
loi vi sinh vat sinh methane sir dung duoc co chit 1a
carbon monoxide (CO).

Con dudng 3:
CH30H + H2 4 CH4 + Hzo
4(CH;)3-N + 6H,0 — 9CH, + 3CO, + 4NH;

Loai vi sinh vat Methylotrophic Methanogen
phén giai co chit chira nhém methyl (-CH;). Chi mdt
lugng khéng dang ké methane dugc sinh thanh tir
con duong nay.

Nhidu nghién ctru trén cdc co chit hoa tan khéc
nhau truéc diy da cho thay giai doan nay dién tién
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kha chdm chap va do d6 timg duoc coi la giai doan
gi6i han téc do cua ca qua trinh. Phuong trinh dong
hoc Monod dugc coi la nen tang cho hau hét cac
nghién ciru véi gia thiét tic 4 sinh truéng té bao chi
phu thugc vao nong do chit nén (acetic acid) trong
bé phan huy. Tuy nhién, cic mod phong nay chi dic
trmg dugc mot giai doan nhét dinh cua ca gua trinh
hoic chua bao quat dugc trong d6i du cac yéu t anh
hudng (Graef, Andrews, 1974; Moletta et al., 1986;
Smith ef al., 1988). Cac nghién ciru gin diy di cho
thiy gia thiét trén duoc coi la khong con mang tinh
dai dién khi mdt loat cac yéu t6 anh huéng khac
dugc tinh dén 1am tién dé cho nhimg mé hmh nghién
clru diy di hon, cin k& hon, phirc tap hon rit nhiéu
cung voi sy tro gitp dac lyc cia may tinh dién tir
bao gdm ndng dd chit nén, su irc ché béi cac sin
phim trung gian va cin bing ion cuia ching, su
tuong tac gilta cac nhém vi khuin khic nhau cia
mdi giai doan, ciu triic bé phan hiy (kich thudc hinh
hoc, két cdu bé, hinh thic tap hop vi khuin), cic
théng sb thiy lyc (luu lucmg chét thai, anh huomg
ctia sy truyén khéi co chit dén hoat dong ciia vi sinh
vat va sy vin chuyén khi sinh hoc tir trong long hdn
hop phén hay ra ngoai)... (Mussati et al, 1998).
Ngoai ra, co chét phén huy trong thuc té la' 1a mdt
hén hop ciia nhitng chit khac nhau (bao gdm ca chit
béo, carbohydrate va protein) cang doi hoi cac
nghién ciru chi tiét hon va mé phong chinh x4c hon
cac bién ddi xay ra dé tir 46 du doan duoc xu huéng
va dién bién cia qua trinh (Angelidaki ef al., 1999).

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

Cac cong tic nghién ctru vi sinh vét clia qua
trinh phén hiy ky khi nhin chung gap phai nhidu kho
khin do téc d¢ sinh trudng vi sinh cham va nhiéu
loai thim chi khéng sinh truong trong mdi trudong
thudn khiét ma chi ton tai trong diéu kién cong sinh
véi lodi khac hodc cho cac san phdm khac véi mdi
trudng ty nhién. M01 giai doan trong qua trinh c6
llen quan dén mot sb nhom vi sinh vat khac nhau,
mdi nhém lai gdém nhiéu loai khéc nhau (ku
1997). Ngoél ra ban chét cua chit nén cing véi dleu
kién tién hanh Phan huy ky khi nhu nhiét 49, pH, toc
d6 na chit nén, thoi glan Iwu... c6 anh hudng rét
I6n dén thanh phin va sb luomg loai cua khu hé vi
sinh vat. Cac k¥ thuit truyén thong va gin ddy 1a céc
phuong phép sinh hoc phén tir hién dai da dugc ing
dung dé nghién clru ngay mot sau sic hon vé khu hé
vi sinh vat gan lidn véi quéa trinh phan hiy ky khi.

Mot s6 loai ném va protozoa cling déng gép vao qua
trinh, nhung vai tro phan huy ky khi chét hiru co cha
yéu thuoc vé chc Vi sinh vat nhan nguyén thuy
(Procaryotes) bao gbm vi khuin (Bacteria) va vi sinh
vét cb (Archaea).

Giai doan thay phin

Tham gia vao giai doan diu tién cia quéi trinh
phan hity ky khi cac chit hiru co chu yéu 1a cac vi
khuin ky khi bét budc xen 14n cac vi khuin ky khi
thy tién. Vi khuin thuy phan thudng c6 hinh que,
nhuém Gram duong hodc Gram dm (Gerardi, 2006).
Bén chét ciia chit nén anh huéng rét 16n dén ching
loai c4c vi khuin nay. Péi vai cic chit nén d& phan
hiy nhu carbohydrate thi cac loai Streprococcus
bovis, Bacteriodes amylophilus, Selenomonas
ruminatium, Succinomonas amylolytica, Clostridium
thermocellum chiém wu thé. Vi khudn chiu trach
nhiém thity phan ddu m& quan trong nhét trong diéu
kién ky khi 13 Anaerovibrio lipolytica, sau dé la mét
s6 loai thudc chi Clostridium nhu Clostridium
botulinum, Clostridium noviy. Ching déu c6 kha
ning tiét ra enzyme lipase & pha logarithm.
Clostridium 14 chi vi khudn ky khi bét budc, gram
duong, sinh bao tir, hinh que (Zehnder, 1988). Vi
khudn ky khi tiy tién c6 kha ning thiy phan déu co
nhidu nhit 14 loai Bacillus subtilis (Odunfa, 1989).

Nhin chung, céc vi khuin giai doan thiy phén c6
thé séng trong méi trudmg c6 pH tir 5 dén 8, nhung
thich hop nhit la pH 5,5 dén 6,5 (Cecchi, Mata-
Alvarez, 1991). Ching c6 thé chju duoc sy dao dong
vé nhiét 46 méi truong trong dai rong. Ngoai ra con
mét s& vi khudn hydro hoa céc acid béo chua no
(oleic acid, linoleic acid) nhu cic gidng
Ruminococcus albus, Eubacterium, Butyrivibrio,
Fusocillus (Zehnder, 1988).

Giai doan acid héa

Khi sur acid héa cic hop chit hiru co khéng phai
1a diu m& (carbohydrate, protein) thi vi khuan acid
héa dong nghia vé6i vi khudn 1én men. Mét sb cac vi
khuin 1én men ciing déng théi dam nhiém ca vai trd
thity phén co chit (43 d& cip & muyc trén) néu ching
c6 khi ning san sinh emzyme ngoal bao twrong thich
v6i nhém co chit ma ching tiép xtic. Bbi véi cac co
chét nay, nhém vi khuén 1én men quan trong nhét phai
ké dén Clostridia (Zehnder, 1988; Schwarz, 2001).

D6i v6i chit béo, san phim thiy phin la
glycerine va acid béo mach dai (LCFA) duoc thuc
hién nhor cac vi khuan thuy phan Trong kh1

.....



thity phan dé (khi nay ching dong vai tro la vi khuin
1én men) thi su phén giai tiép theo ciia cac LCFA lai
dugc dién ra boi vi khudn acetate hoa bang qua trinh
oxy héa P lip lai lién tuc (dd trinh bay trong muc
Hoéa sith hoc & trén) dé tao thanh acetic acid
(Zehnder, 1988). Cic vi khuén acetate hoa niy sé
dugc @& cap dén ngay dudi day.

Giai doan acetate héa
Nhur di dé cdp ¢ trén, vi khudn tham gia qua
trinh acetate hoa sinh tru'(mg cdng sinh cung voi vi
sinh vét tao methane. Ap suét khi hydrogen, néu ting
1én dén gidi han nhit dinh, c6 thé lAm ngung tré hoat
déng cua cac vi khuin giai doan nay. biéu d6 cling
6 nghia chung chi c6 thé sinh truéng va phét trién
trong méi trudong ma san phdm do ching tao ra -
hydrogen - phai u6n ludn dugc tiéu thu. Chinh vi thé
viéc song cong sinh v6i vi sinh vt sinh methane (12
vi sinh vt ti€u thy hydrogen) la thuc sy quan trong.
Téc b sinh san cta vi khuin ndy tuong ddi chim
véi thoi gian thé hé thuong tir 3 - 7 ngdy, ngay ca khi
c6 sur hién dién cda vi sinh vt sinh methane. pH t6i
wru cho céc vi khuén acetate héa nim trong khoang 6
7 (Gerardi, 2003). Ciing nhu vi sinh vit sinh
methane, ching rit nhay cim vé6i sy thay dbi cua
nhiét d6 méi truomg. Céc gidng vi khudn acetate héa
quan trong gbm Syntrophus, Syntrophobacter,
Syntrophomonas (Pereira, 2003). Pugc nghién ciru
nhidu c¢6 Syntrophobacter wolinii 13 loai vi khuén
phan giai propionic va Sytfrophomonas wolfei 1a loai
vi khuén phan giai butyric. D8i véi chét béo, hai loai
Syntrophomonas wolfei: subsp. saponavida va
Syntrophomonas sapovorans 14 nhig vi khuin quan
trong tham gia vao sw oxy héa B céc acid béo mach
dai & nhiét 46 va 4m (30° - 40°C) (Gerardi, 2006).
Chiing 14 nhimg vi khuén khéng sinh bao i, gram
am, thudc loai hoa dudng hiru co, hinh que hoi xoian,
dAu hoai tron, c6 tir 2 dén 8 tién mao phén b6 xung
quanh doc theo by 1dm cia té bao. Khic véi vi
khudn gram am thong thudng, loai nay cé thanh té
bao day, nhiéu 16p phirc tap nhung lai nhay cam vdi
Penicillin, sinh san theo kiéu phan déi t& bao, di
chuyen chim (McInerney ef al, 1981). Con trong
diéu kién wa néng (50° - 65°C), vi khudn acetate héa
twvong tng 1a  Thermosyntropha lipolytica
(Svetlitshnyi et al., 1996). Cac loai vi khudn nay
luén dugc phén l4p cing v4i mdt hay vai loai tigu
thu hydrogen c3p véi n6 trong diéu kién phan hiy ua
4m hay wa néng.

Giai doan sinh methane

Trong hé théng phén loai vi sinh vit hién dai, vi

V6 Hong 1hi

sinh vat sinh methane khong thube gidi vi khuén
(Bacteria) nhu cac vi sinh vét cua ba glal doan trén
ma thudc gidi vi sinh vt ¢b hay vi khuén cb
(Archae) do ¢6 c4u tao thanh va mang té bao khac
bigt (N guyén Thanh Dat, 2005). Chung da Xuét hién
tir rit lau, dwgc phén thinh nhénh riéng trong cay
phén loai nén dugc nghién ciru kha ky ludng. Chudi
phan gii ky khi chit hiru co dugc két thic nh cic
vi sinh vét nay. Chung ¢6 nhiéu hinh dang khéc nhau
(que, cAu, dia det, két thanh d4m...) v c6 loai
chuyén dong duoc, cb loai khong. Cac chi khac nhau
¢6 thanh té bao thudc ci hai nhém gram am (vi dy
chi Methanococcus) va gram duong (vi du chi
Methanobacterium). Dic diém chung cla cic co thé
ndy la chju dugc nhiét dd khé cao (60 80°C, tuy
loai), sinh trudng trong moi truong c6 the khur rét
thdp (Ey < -300mV) (Gerardi, 2003), rit min cam
v6i sy bién dong cuia cac yéu té méi trudng nhu oxy,
nhiét d6, pH... nhung it nhay cam vé&i céc chét
khang sinh nhur penicillin. Coenzyme ciia vi sinh vét
sinh methane rat dic biét, bao gdém coenzyme M,
coenzyme F430 va F420 khléll Chl:lng c6 kha I]é.[lg jaisg
phét quang dwéi viing song tir ngoai do d6 c6 thé dé
dang phat hién ching duéi kinh hién vi trong didu
kién ndy. Thoi gian thé hé cia ching kha dai,
khoang 1 ngay & 55°C dén 3 ngiy & 35°C va téi 50
ngay & 10°C (Gerardi, 2003; Zehnder, 1988).

Céc chét ¢ thé sir dung 1dm ngudn carbon vi
nang lugng cho vi sinh vat sinh methane khi don
gidn. D6 ciing chinh 13 san phim tao ra tir giai doan
acetate hoa. Tuy 70% lugng khi methane dugc sinh
ra tir sw oxy hoa acetate, chi c6 mét s6 loai vi sinh
vat ¢b c6 kha ning phan gidi acetate, trong dé6 cac
gibng quan trong gdm  Methanosaeta,
Methanosarcina, Methanococcus (Pereira, 2003).
Trong khi d6 rat nhiéu loai sinh methane c6 kha
nang tao methane tir hydrogen va carbonic, trir mt
nhom chi phan giai acetic va m§t nhom chi phén giai
hop chit chira metyl. Hai loai Methanosarcina
barkeri va Methanococcus mazei 13 thudng gip nhat
vi chiing c6 kha ning sir dung bat cir co chat nao
(Lopes et al., 2004).

Ngay nay c6 khoang 83 loai vi sinh vit sinh
methane d3 dugc biét dén, déu thudc loai ky khi
bét budc. Dua vao sy khic nhau vé kha ning sir
dung co chit, c6 thé phan loai ching thanh 3
nhém 1ém 1a a) 61 loai st dung COz va H; tao
CHy; b) 20 loai su dung hop chit chira metyl
(trong d6 1a co chét bit budc dbi vai 13 loai) va c)
9 loai sir dung acetat tao ra CH, (trong d6 la co
chit bit budc véi 2 loai) (Garcia et al., 2000).
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Khoang 23% sé loai trong d6 1a vi sinh vt ua
nhiét (thermophilic). Cin phai nhén manh ring
diéu klen vén hanh phan huy ky khi (pH, nhiét do,
tinh chat cia chét nén, thoi gian hru co chit trong
hé théng...) s& quyet dinh nhitng loai vi sinh vét
nao chlem wu thé. Nhu ciu chét dinh dudng thay
doi theo céc loai khac nhau. Gin day d3 phat hién
modt s& loai con co6 kha nang sir dung nitrogen
phin tir & thé khi. Bién d6 pH méi trodng kha hep,
trong khoang 6,5 7,6. Tuy nhién, co6 mot s6 loai
dic biét vén sinh truéng dugc trong didu kién pH
thap (5 - 5,5) hay pH cao (8 9,2) (Zehnder,
1988). Gén day, cac cong cu sinh hoc phén tir hién
dai da cho phép phén loai vi sinh vit sinh methane
chi tiét va tuong tdn hon den trinh tu phén tr DNA
trong té bao. Tuy nhién, vén dé van dang bé ngo
hién nay 14 x4c 1ap méi lién hé nhét dinh gira loai
chat dem phan huy (type of waste) va bién dong
vé quin x3 vi sinh vat sinh methane tuong mg
(Zehnder, 1988).

Ngoai cac giéng vi khuén tuong ung vdi timg
giai doan, con c6 thé tim thiy vi khuén khir sulfate
cung tdn tai trong bé phan huy sinh methane. Bleu
kién méi truong va hinh théi té bao ciing nhu ciu
tric vi khudn khir sulfate ciing tuong tu nhu vi
sinh vit sinh methane. Néu c6 sy hién dién cua
sulfate, vi khudn khir sulfate nhu lodi
Desulfovibrio desulfuricans c6 thé phat trién va
tiéu thu hydrogen va acetate. No6i cach khac, vi
khudn khir sulfate c¢é sy canh tranh véi vi sinl} vat
sinh methane tuy thuéc vao ndng db co chét va
ndng dd sulfate trong bé phan huy ky khi ma lgi
thé c6 thé nghiéng vé mot trong hai bén (Gerardi,
2003).

KET LUAN

Tom lai, khi phan tich kha chi tiét cic khia canh
quan trong va moi llen quan chit ché 1in nhau cua
tirng g1a1 doan trong téng thé qua trinh phan giai ky
khi chét thai hu'u co gidu ddu md, co thé thay dé ca
qua trinh dién tién thuan lq1 nhu mong mudn, can
duy tri mdt cin bing gilra tbc do tao ra acid (boi giai
doan thuy phin, acid héa va acetate hoa) voi tbe do
ti€u thy acid (bdi glal doan tao methane). Sy sdn xuét

qué mirc cac acid din dén su tich tu cac san pham
1én men néu cham dén ngudng gly e ché thi s& tién
t6i chdm dut qua trinh. Bén giai doan duoc phin
chia nhu trén thuc su chi mang tinh quy wéc ma thdi.
Thyc té trong bé phéan huy ky khi cic giai doan xay
ra cung mdt lac va dong by voi nhau dé dat dén can
bang vA hiéu 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 of its 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 solid 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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