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PHAN HUY RAC THAI HU'U CO BANG PHUONG PHAP
SINH HQC: THi NGHIEM THUNG LEN MEN 10-L

Ha Thanh Toan', Lé Phwong Tram? Nguyén Thi My Dién® va Cao Ngoc Diép®
ABSTRACT

The organic degradation is the activities of microorganisms in carbon and nitrogen cycle.
The six best isolates composed of cellulolytic bacteria, amylolytic bacteria and
proteolytic bacteria together with mesophile and thermophile were evaluated organic
wastes degradation ability in an organic — waste degrading experimental model (10 —
liter bioreactor). The experiment was a randomized completely design with four
replications and the experiment had eight treatments to study organic wastes degradation
ability of the isolates in 22 days; Temperature, pH, % lost waste-volume, % reduced
waste dry-weight, organic matter, N total, C/N ratio, CO,, CH4 gas and bacterial
population were recorded in the different times.

The results showed that mesophylic cellulolytic isolate [C1 treatment] reached to most
appropriate parameters as temperature, pH, C/N ratio for matured compost, high
bacterial population in comparison to control and other treatments. Furthermore, low
amounts of CO2 and CHs gas releasing during the degradation process of these isolates
did not affect to environment; Biowaste degradation process reached to maximum at 16-
18 days after incubation and this isolate will be chosen to study in later experiment.

Keywords: organic wastes, organic-degrading bacteria, mesophylic bacteria,
thermophylic bacteria, composts

Title: Biological treatment of municipal solid waste: 10-litre bioreactor experimental
model

Sw phan huy hitu co la do sy hoat dong cua cac vi sinh vat trong chu trinh cacbon va
nito. Sau dong vi khudn phéan hiy cellulose, tinh bt va protein gom ca nhém di nhiét va
binh nhiét tot nhdt dwoc danh gid khd ndng phdn hity chdt hitu co trong mé hinh thi
nghiém phan huy rac thai hitu co (binh lén men co dung tich 10 lit). Thi nghiém voi 8
nghiém thire, Idp lai 4 lan va kéo dai trong 22 ngay. Cdc chi tiéu nhw nhiét do, pH, % thé
tich sut giam, % trong lwong kho, ham lwong chat hitu co, N tong s6, ti 1é C/N, ham lwong
khi CO2, CHa va mdt s6 vi khudn dwoc ghi nhéan theo tirng thoi diém thich hop.

Két qud cho thdy nghiém thirc CI (ching vi khudn phdn gidi cellulose binh nhiét) dat
duwoc cdc chi tiéu phi hop nhdt trong xir 1y rdc thai nhu nhiét do, pH, ti 1¢ C/N lic rac
hoai, mdt s6 ciia vi khudan phdn iy cellulose tang Ién rdt cao, khdc biét so véi nghiém
thirc ddi chirng va cdc nghiém thike con lai. Hon nita, nghiém thirc nay c6 leong khi COz,
CHq thai ra thap, khéng gdy anh hwéng dén méi truong; qud trinh phdn hiy rac xay ra
manh vao 16-18 ngay sau khi u va dong vi khudn nay dwoc chon dé cho nhitng nghién
ciiu tiép theo.

Tir khéa: rdc thdi hitu co, vi khudn phén hiiy chét hivu co, vi khudn binh nhiét, vi
khudn di nhiét, phén hitu co

! Truong Dai hoc Can Tho
2 Hoc vién cao hoc CNSH K 14 i
3Vién NC & PT Cong nghé sinh hoc, Truong Dai hoc Can Tho
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1 PAT VAN DPE

Rac thai hién nay van dugc xem 1a mot van dé nan giai, kho khan va nhtre nhéi dbi
v6i toan xa hoi, dic biét 1a cac qudc gia dang phat trién. Réc thai s& gay ra 6 nhiém
moi truong khong khi, moéi truong dat, nuéc, 1am mat vé my quan do thi, gay
nhiéu bénh tat, taic dong x4u dén sirc khoe con nguoi, moi truong kinh té va du
lich. Thanh phé Can Tho, hién nay tinh trang 6 nhiém méi trudng khu dan cu da
dén muc bao dong trong d6 mdi ngay cong ty Cong trinh d6 thi ddm nhan thu gom
600 tin rac thai tr 4 quan ndi thanh (Nguon: http:/lwww. Unesco-
cep.org.vn/thong-tin/van-hoa-xa-hoi/thu-gom-rac-o-tp-can-tho-khong-le-luc-bat-
tong-tam. htm, ngay10/05/2009). Chinh vi vay ma nhiéu tuyen kénh, rach nhu rach
Ban, rach Tham Tudng, rach Cai Khé... nguon nudc da chuyen sang mau den, boc
mui hdi thdi nhung ngudi dan dang hang ngdy van phai sdng chung véi moi
truong 6 nhiém nay. Tuy nhién, phan 16n lugng rac thai & nudc ta chua dugc xir ly
hodc chi dugc xir 1y theo nhiing cach so sai nhu: quing xudng song hay xudng ao
t, chat thanh déng ngoai troi dé chung ty phan hay, hodc dem d6t, chon lap... Cac
phuong phap nay chang nhitng khong mang lai hiéu qua cao ma con gay 0 nhiém
moi trudng dat, nudc va khong khi. Phan hitu co (compost) la san pham cudi ciing
clia qua trinh hoat dong cua vi sinh vat phan huy chat hitu co trong dé cd nhiing
nhém vi khudn, xa khuin va ndm & ca thé ai nhiét (thermophile) va binh nhiét
(mesophilic)(Nakasaki et al., 1985); ngay nay qué trinh phén huy chat hiru co 1a
mot phuong phap bao trum viée xu Iy chat thai ran (Ryckeboer et al., 2003) va da
c6 nhiéu bao cao dé cap dén sy hoat dong cua tap doan vi sinh vat trong sudt qua
trinh phan hiy chat thai nay (McKinley va Vestal., 1985; Kutzner va Jager, 1994;
Beffa et al, 1996; Hermann va Shan, 1993) nhung lai c6 it tai liéu dé cap dén chét
thai d6 thi (household wastes) nhu phan thira cua trai cdy, rau cai... hay con goi 1a
chat thai sinh hoc (biowastes)(Ryckeboer et al., 2003). Muc tiéu cta dé tai 1a danh
gia kha nang phan huy rac thai hiru co ctia vi khuan phan giai chét hitu co bao gdm
cellulose, tinh bot, protein dugc thuc hién trén qui mé thung I1én men 10-lit, tir d6
chon ra cac dong vi khuan t6t nhat dé ung dung xu 1y rac thai hitu co trong qui mo
16n hon.

2 VAT LIEU VA PHUONG PHAP

2.1 Vatliéu

- Réc thai hitu co [da dugc phan loai] dugc thu gom tir chg Tan An, quan Ninh
Kiéu, Thanh phé Can Tho do Bo phan quan Iy vé sinh ctia Cho Tan An cung
cap véi thanh phan cac chit hitu co trinh bay trong Bang 1 trong d6 thanh phan
chat hitu co thay d6i tir 30,25% dén 44,14% tiy theo ngudn rac sinh hoat tir cac
ho kha gia dén kho khin va cellulose va protein chiém ti 18 cao so vd&i tinh bét.

— Vi khuéan duoc phan 1ap va tuyén chon tai phong thi nghiém Vi sinh vat dat,
Vién Nghién Ciru va Phat Trién Cong Nghé Sinh Hoc (Ha Thanh Toan et al.,
2008) va nhan nudi theo cong thirc moi trueong Delafield (Ryckeboer et al,
2003).

~ Thiing 1&n men ¢6 dung tich 10-L bang nhya (plastic)(Hinh 1) va dugc t6 chire
thuc hién ‘tai Vién Nghién Ciru va Phat Trién Cong Nghé Sinh Hoc, Trudng
bai hoc Can Tho.
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2.2 Phwong phap

Thi nghiém gbém co 8 nghiém thirc nhu sau: DC (d6i ching)[khong chung vi
khuan], C1 = chung vi khuan phan huy cellulose binh nhiét, C2 = chung vi khuan
phan hay cellulose 4i nhiét, A1 = chung vi khuan phan hily tinh bt binh nhiét, A2
= ching vi khuan phan huy tinh bot 4i nhiét, P1 = ching vi khuan phan hay protein
binh nhiét, P2 = chung vi khuan phan huy protein 4i nhiét, CAP = tong hop 6
chung vi khuan C1+C2+A1+A2+P1+P2. Thi nghiém c6 4 lan lip lai, tong sb co 48
nghiém thirc, mdi 1an 1ap lai b tri trong 1 thung 10-L.

Bang 1: Thanh phin ciia rc thai hitu co tai thanh phé Can Tho

Chit hitu co trong %

Loai rac rac thai sinh hoat* . Tinh

(%) Cellulose  Protein bot

?f;c ho gia dinh tap the 30,25 3932 4550 1518
Réc cac ho gia dinh (2) 38,89 52,25 33,24 14,51
Rac cac ho gia dinh (3) 44,14 49,11 30,18 20,17
Rac bai rac (4) 17,12 27,26 60,51 12,23
Rac chg do thi (5) 35,55 49,09 42,95 7,96
Trung binh 33,19 43,41 42,47 14,12

(1) Réc & Khu tdp thé Pai hoc Cn Tho, (2) Réc thi sinh hogt tir 3 hém ciia phuong An Hpi, Q. Ninh Kiéu, (3) Réc
thai sinh hoat thu tir 3 hém trong phuong An Cu, Q. Ninh Kiéu, (4) Rac o bdi rac Cai Rang, (5) Rac ¢ cho Xudn
Khénh

(Nguon: Phdn tich tai PTN Chuyén sdu, Pai hoc Can Tho)

* thanh phan hitu co so vé6i thanh phan chung

Cac phé phém, rac thai & cho bao gém: rau cai, vo khom, rau muéng, cu cai, vo
khoai, dau c4,...dem vé duoc cit nho, tron déu ngau nhién. Réc thai duoc phun vi
khuan véi timg nghiém thie trén véi ti 18 1% (v/w) va rac duoc cho vao thing
nhya c6 dung tich 10 lit, nhét va nén chat (can trong luong tuoi trudc & tung
thung) dung tAm kim loai d& nén va din da cho chit, day nip thung nhua; bén dudi
day thung duc 1 16 nho cho nuéc chy vao binh sau d6 dung nuéc nay rudi hay
phun lai mé 0 (Hinh 1). Sau do léy mau theo ddi chi tiéu trong vong 22 ngay nhu
nhi¢t do (hang ngay), pH, % thé tich sut giam, trong luong kho, ham luong chat
hiru co, N tong s, ti 18 C/N, dic biét khi carbonic (CO2) va methane (CH4) dugc
thiét ké 6ng thoat khi dé lay khi dinh ky (Hinh 1) va mat s6 vi khuan [dém sbng
theo phwong phap nho giot (Drop Plate Count)] twong tng trong mdi nghiém thirc
cua tirng thi nghi¢m riéng biét.
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Hinh 1: M6 hinh thing xir 1y rac thai hitu co cé dung tich 10-L v6i 16 thoat nwérc ri rac liy
khi tir binh 1én men 10-L

S6 liéu duoc xtr 1y théng ké bang phan mém Excel Microsoft XP, céc tri trung
binh dugc so sdnh bang LSD hay kiém dinh Duncan.

3 KET QUA VA THAO LUAN

Két qua tir hinh 2 cho thiy nhiét d6 trong thung 1 rac thai hiru co dao dong tir
29,7°C dén 34,5°C va dat muc cao nhat (34,5°C) vao ngay 11 va 12 va thap nhat
(29,7°C) vao ngay 16 sau d6 giam dan, diéu ddc biét 1a cac nghiém thirc ¢ ching
nhém vi khudn i nhiét ludén ludn c6 nhiét dé cao nhoém binh nhiét. Tuy nhién,
nhiét do khong cao c6 1¢ thung 1én men nhd (10-L) va luén c¢6 nude dong lai du it
nén nhi¢t do khong thé 1én cao nhu céc thi nghiém c6é mé u véi thé tich 16n hon
(100-L)(Ryckyboer et al., 2003), nhirng thi nghiém trudc day ctia Ha Thanh Toan
et al. (2010)(dang in) dé cho thdy ca hai nhom vi khuan phan huay tinh bot va
cellulose déu c6 nhiét do khong cao hon 40°C.

°c

35 ~
34
33 A
32
31 A

30 -~

29 -~

28

Hinh 2: Anh hwéng cia vi khudn phan hiy chét hitu co trén sy bién dong nhiét dd ciia mé
rac thai hiru co
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Theo Ryckeboer et al. (2003) trong qua trinh phan htu chét hitu co trong diéu kién
ban ky khi hay hiéu khi khéng hoan toan thi trong ngay 2 hay 3 sau khi t nhiét do
ciia mé u dat tir 45 dén 55°C va ngay thir 9 nhiét do 1én dén trén 70°C va kéo dai
dén ngay tht 15, sau d6 nhiét d6 ha dan dén 30°C vao ngay thir 22; giai doan sau
nhiét do 1én xudng khong dang ké va kéo dai dén ngay 38 thi nhiét do trén dudi
20°C cho dén ngay thtr 84 va nhiét do cao trong giai doan dau nay rat quan trong vi
day 1a diéu kién t6t dé khr tring cac vi sinh vat gay hai (Nakasaki et al., 1985b)

Ttr hinh 3 cho thdy pH ctia mé rac thai hitu co déu trung tinh (>7) trong subt thoi
gian thi nghiém chi trir 2 nghiém thtrc A1 va A2 (vi khuén phan huy tinh bot) co
pH giam vao cudi giai doan thi nghiém; pH ctua mé u rac thai hitu co ciing thuin
loi cho su phat trién cua vi sinh vat. Két qua nay cho thay qua trinh phan huy hiru
co phong thich ra mét lugng ammonia (Zorpas, 1999) nén pH ctia mé rac trung
tinh va chinh lugng ammonia nay con hién dién trong nudce ri rac, gdy nén hién
twong 6 nhiém amoni trong nude ri rac.

PH 90

6.0 t T t T t T t T t T t T t T + 1
1 4 7 10 13 16 19 22
Ngay
Hinh 3: Anh huéng ciia vi khuin phan hity chét hiru co trén thay di pH ciia mé i rac thai
hiru co
Két qua tir hinh 4 cho thay % thé tich rac sut giam cta 2 nghiém thirc C1 va P2 cao
nhat so vdi cac nghi€ém thirc con lai vao ngay thtr 20 va ca hai khong khac biét
thong ké.
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Hinh 4: Anh huéng ciia vi khuin phan hity chét hiru co trén sut giam ciia thé tich (%) mé i
rac thai hiru co

Sau 22 ngay 1, trong lwong kho ciia rac thai hitu co trong nghiém thirc C2 mét di

nhiéu nhat (Hinh 5) ké dén 13 nghiém thtrc C1, va trong luong kho mét di it nhat &

nghiém thirc ddi ching, A2 va CAP; diéu nay cho thdy vi khuan phan huy

cellulose &i nhiét phan hiy sinh kh6i nhidu nhat nhung khong khac biét ¥ nghia véi

cac nghi¢m thuac C1, Al, P1 va P2.

LSD.01 = 8,29 45.86
CV =8,59%

DC C1 Cc2 Al A2 P1 P2 CAP
Nghiém thirc

Hinh 5: Anh hwéng ciia vi khudn phan hity chét hitu co trén trong lwong khd (%) mét di
ctia mé rac thai hiru co
Nghiém thitrc C1 (vi khudn phan huy cellulose binh nhiét) c6 tong lwong khi CO2
thai ra thap nhat nhung khong bi¢t y nghia vdi 2 nghiém thirc A2 va P2; nghiém
thirc CAP (tong hop 6 dong vi khuan phan hay hitu co) c6 tong lugng khi CO2 cao
nhét.
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Hinh 6: Anh huéng ciia vi khuin phén huy ch§t~hﬁ'u co trén tong hrong khi CO, va CH,4
(mg/m?) ciia 3 1an thu mau khi tir rac thai hiru co

Ngoai ra, nghiém thic C1 ciing c¢6 tong lugng khi CHy thai ra it nhét, néu nhu
chon cac dong vi khuén c6 lugng khi thai thap nhat khong anh huong dén bau khi
quyén (gian ti€p anh hudéng sy thay doi khi hau toan cau) va nghiém thirc C1 cling

c6 trong luong kho gidm kha (chi sau nghi¢m thac C2).

Bang 2: Anh hwéng ciia vi khuin phéan hity hitu co trén lwgng C hiru co, N tong s6 va ti 18
C/N cua rac thai hiru co vao ngay 18 sau khi a

Nghiém thirc C hiru co (%) N tong s6 (%) Tilé C/N
Dbi chimg 29,23 2,48 11,82
C1 28,43 2,85 9,97
C2 27,23 2,68 10,16
Al 26,83 2,53 10,60
A2 29,73 2,91 10,24
P1 26,63 2,94 9,08
P2 29,03 3,26 8,91
CAP 27,33 3,14 8,72
LSD.01 1,17 0,14 0,72
C.V 1,87% 2,51% 2,66%

Ch thich: BC-Khéng ching vi khudn; C1-Chiing vi khudn phdn hiy cellulose binh nhiét; C2- chiing vi khudn phén

ity cellulose di nhiét; Al-Ching vi khudn phdn ity tinh bot binh nhiét; A2- chiing vi khudn phdn hiiy tinh bét di

nhiét; Pl-chiing vi khudn phan hity protein binh nhiét; P2- Chiing vi khudn phdn hiry protein di nhiét; CAP-

C1+C2+A1+A2+P1+P2.

Két qua tir bang 2 cho thdy ti 1& C/N cua céc nghiém thirc C1, P1, P2 va CAP nho
hon 10 vao ngay thur 18 sau khi u. Hau hét cac lugng C hiru co va N tong so trong
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chat thai hiru co duoc phan huy thanh khi CO, va ammonia trong suét qua trinh
phan hay; ti 16 C/N dugc dung nhu chi tiéu dé xac dinh qua trinh chin cua mé u
hitu co sau 75 ngay (Zorpas va Loizidou, 2008) va thi nghiém ctia ho cho thiy ti 16
C/N dao dong tir 14 dén 17 tiiy vao luong rac thai hitu co nay giau carbohydrat hay
giau protein vao ngay 23 sau khi 0; trong thi nghiém chiing t6i ti 1& C/N bién thién
tir 8,72 dén 11,72 do su hoat dong ctia nhém vi khuan phan huy loai nao hitu hi¢u
nhit trong qua trinh rac hitu co. Iglesias- Jiménez va Pérez-Garcia (1992) cho ring
ti 16 C/N nho hon 12 thé hién d6 chin phu hop trong viéc u phan nén viée bd sung
vao dat nhirng loai phan c6 d6 hoai muc tét (C/N <12) 1a phu hop vi né s& khong
1am thay ddi su c4n bang cua hé vi sinh trong dat (Allison, 1973). Tuy nhién, ti 1&
C/N gitra 9 va 10 dugc xem la phan hitu co ban huy (hemi-compost)(Zorpas et al.,
1999; Bernal et al., 1998).

Nhén xét vé chi tiéu giam trong lwong kho va téng luong khi CO2 va CHa, cho
thidy dong vi khuan phan hiy cellulose binh nhiét (nghiém thic C1) phan huy
cellulose bang con duong vi hiéu khi hiéu qua cao vi chung lam giam trong luong
kho nhanh va lugng khi thai ra thap, két qua tr Hinh 7 cho thidy mat s6 vi khuan
phan hity cellulose néi chung va vi khuan phan hity cellulose binh nhiét cao trong
cac nghiém thirc.

Nhu vay, qué trinh phan hily vao ngay 16 hay 18 sau khi 0 duoc xem la hoan tat
clia qua trinh 0 va nghiém thirc C1 (vi khuan phan huy cellulose binh nhiét) dugc
danh gia la dat cac chi tiéu cia mé u hitu co vi pH=7,5, % trong luong khé mé u
rac hitu co chi con 55% so véi lac ban dau va ti 16 C/N 1a 10,08 & ngay thu 18; dac
biét nghiém thirc C1 phén huy hitu co tich cyc va thdi ra lugng khi CO2 va CHy
thap nhat, két qua nay ciing phu hop véi két qua cua Ryckeboer et al., (2003),
chtng to hiéu quéa phan hily rac ctia nghiém thirc ndy rat tét.

105 1
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Hinh 7: M4t s6 chung vi khuAn phan hity cellulose (logio/g chat khd)[binh nhiét va i nhiét]
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4 KET LUAN

~ Dong vi khuan phan huy cellulose binh nhiét dat nhimng thong sé yéu cau ciia
thi nghiém: pH, ti 16 C/N, % trong luong kho mat di cao nhat, lugng khi thai
thip nhat.

~  Qua trinh 1 rac thai hiru co duéi tac dong cua cac vi khudn phan huy hitu co c6
thé dat yéu cau vao ngay 16 dén 18 thay vi ngay 22.
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