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ABSTRACT

This study aimed to reuse the nutrients of biogas effluents to create liquid
and solid organic fertilizers, contributing to reducing biogas effluents
directly discharged into environments and supplementing nutrients for
crops. Biogas effluent’s physico-chemical compositions were evaluated
for quality. Fish emulsion and beneficial bacteria were added to the
effluent to produce liquid organic fertilizer. For the solid fertilizer, liquid
biogas effluents were absorbed into coal slag and then mixed with a
sugarcane filter. The results showed that the best mixing ratio between
biogas effluents and fish emulsion to create the standards of liquid
organic fertilizers was 60:40 (v/v). For the solid form, a ratio of 30:70
(w/w) between sugarcane filter and coal slag in a combination with the
addition of 16.7% fish meal and beneficial bacteria was the best formula.
The storage temperature to ensure the composition and quality of these
two types of organic fertilizers is 30°C.

TOM TAT

Nghién citu dwoc thuc hién nham tdn dung dinh dwéng cia nuwéc thdi
biogas dé tao phan hitu co dang léng va rdn bé sung dinh diedng cho cdy
trong. Thanh phan ciia meoc thai biogas sau khi thu dwege danh gid vé
Chcft lirong. Dich cd va vi khudn ¢6 ich dwoc bé sung vao torng mieoc thdi
dé tao phén hitu co dang \6ng. DoiVéi phan hitu co rdn, nieéc thai biogas
duwoc hap thu vdo xi than truéc khi phéi tron véi ba bin mia. Két qud
nghién ciru cho thdy ti Ié phoi trén 60:40 (VIV) gitta nwéc thai ham i
biogas va dich cd la tot nhat. PoiVéi phdn hitu co rdn, ti 1¢ phai trén 70%
ba bin mia va 30% xi than dé hdp thu nwéc thdi biogas, két hop bé sung
thém 16,7% bot ca la céng thirc tot nhat. Nhiér dé bao quan dam bao
thanh phan va chat lwong cua 2 logi phdn hitu co nay la 30°C.

1. GIOI THIEU

Hién nay, viéc xdy dung ham u biogas trong
chan nudi ¢ quy md nong ho dé xu ly nudc thai,
phéan va mui héi trong chan nu6i dong thoi tao ra khi

dbt sinh hoc phuc vu nhu cau sinh hoat néng ho da
va dang rat pho bién ¢ nudc ta. Phuong phap nay
clng gilip giam thiéu tac dong cua chat thai trong
chan nudi dén méi trudng séng xung quanh Méc du
viéc xdy dung him u biogas ¢ uu diém 1a cung cép
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khi sinh hoc cho ho gia dinh dé han ché chi tiéu cho
mua nhién liéu dét, nhung viéc xa thai nudc thai
hiam 1 biogas truc tiép ra méi truong xung quanh
dan dén 6 nhiém nguon nudc mat do nuée thai tir
ham u biogas chira ham lugng COD, BOD, dam, lan
va vi sinh vat kha cao (Nga va ctv., 2013). Vi vay,
thay vi xa thai ra ngoai moi truong, ching ta hoan
toan co6 thé tan dung ngudn nudc thai biogas nay dé
lam phéan bon cung cap cho dat va cay trong trong
canh tac ndng nghi¢p (Suong & Diing, 1997; Vinh,
2010; Nga va ctv., 2015; Nir va ctv., 2015).

Trong nudéc thai biogas chira dung nhiéu yéu tb
dinh dudng da lwong cho cdy trong nhu N va P véi
gia tri P-PO* dao dong tr 37,2 — 51,1 mg/L, N-
NOs 14 0,30 — 1,14 mg/L va N-NH4* 105,6 — 217,9
mg/L va déng thoi khong c6 kim loai nang (Nga va
ctv., 2014). Trudc d6, nghién ctu tng dung cua
Vinh (2010) da sir dung nudc thai biogas dé tudi cho
cdy cai xanh va rau xa lach. Gan dy 1a cac nghién
ctru trng dung trén cay 6t (N va ctv., 2015), va cay
hoa van tho (Nga va ctv., 2015) da duogc thuc hién
va cho hiéu qua tot 1én sinh truéng va lam ting ning
Suét cay trong. Trén thé gidi, ngudn nudc thai biogas
da dugc nghién ctru va (ing dung lam gia ting nang
Suit cay linh lang (Koszel & Lorencowicz, 2015) va
gia tang ndng suét cac cy cac cay trong khéc va vat
liéu rén trong nudc thai ham U con ¢6 chirc nang nhu
la chit mang dé chung ndm dbi khang bénh cay
trong Trichoderma harzianum vao trong dat rat higu
qua (Pertiwinin et al., 2016). Nhu vay, nudc thai
biogas c6 thé dugc str dung nhur phan bén cho cay
tréng thay thé mot phan phan hoa hoc.

Mic du tiém nang tan dung ngudn nudce thai ham
1 biogas dé san xuat phan bon hitu co thuong mai 1a
rat cao, nhung véan dé ndy van chua thu hit duoc sy
quan tdm cua cic nha khoa hoc va nong dan ¢ Viét
Nam, dic biét 1a khu vuc Ddng bing séng Cuu
Long.Vi vdy, nghién ctru nay dugc thuc hién nham
muc tiéu danh gia chat luong cua hai loai phan hitu
co 16ng va ran tir nudc thai hém U biogas va mot sd
vt liéu khac voi mong mudn gép phan lam giam 6
nhiém moi trudng va phuc vu cho san XUAt néng
nghiép bén viing & Bong bang song Ciru Long.

2. VAT LIEU VA PHUONG PHAP

2.1. Vit liéu nghién ctru

2.1.1. Nuoc thai biogas

Nuéc thai ham u biogas sir dung trong thi
nghiém dugc thu thap ¢ tinh S6c Trang va thanh pho
Cén Tho ¢ cac hg nong dan nudi heo c6 quy mo tur
50 con tro 1én. Nudgce thai ham u biogas sau khi thu
thap dugc tién hanh phén tich cac dac tinh 1y, hoa va
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sinh hoc lam co s6 xdy dung quy trinh san Xuit phan
htru co dang long va ran sau do.
2.1.2. Dich cd

Dich ca la nguyén liéu phdi tron tao phan hitu co
dang long (PHCL) c6 thanh phan dinh dudng gom
protein thd > 32,0%, md thé‘S IQ,O%, am do <
55,0% cua cong ty hoa chat Tran Tién.

2.1.3. Bd bun mia

B4 bun mia duoc dung lam nguyén liéu phéi tron
tao phéan hiru co dang rin (PHCR) 14 cin ba sau khi
ling loc nude mia & cic nha may duong day 1a hdn
hop nhitng tap chat nhu bun dat, bi mia nhé, bui,...
ba bun mia di qua @ hoai c6 mau xam dén den.

2.1.4. Xithan

Xi than té ong sir dung dé hip thy dinh dudng
trong nudc thai ham u biogas trong thi nghiém 14 san
pham sau khi d6t than t6 ong dung trong dun nau &
ho gia dinh va cac cira hang ban thtic an ¢ khu vuc
thanh phé Can Tho dwoc thu gom va xir Iy thanh
nguyén liéu phdi tron.

2.1.5. Botca

Bot ca sir dung trong thi nghiém dé bé sung ham
lwong dinh dudng cho PHCR dugc ché bién tir ca
tuoi hodc phu pham tir c4 boi cong ty san xuat bot
ca bién Phi Quan. Céc chi tidu co ban cia bot cé la
protein thd > 60%, chat béo 8% va do am 10%.

2.2. Phwong phap nghién cau

2.2.1. Khdo sdt déc tinh Iy, héa va sinh hoc mau
nuoc thai biogas thu thap

Xac dinh mat sb vi khuan E. coli, Coliform va
Salmonella

Mau nuéc thai ham  biogas duge xac dinh mat
s6 cac vi sinh vét gay bénh nhu E. coli, Coliform va
Salmonella bing phuong phap Most Probable
Number (MPN) (TCVN 6187-2:1996) va phuong
phap dém mat sb khuin lac trén méi truong
Salmonella Shigella agar (ss agar) cua Taylor and
Harriss (1965).

Xac dinh thanh phan 1y hoa trong nuéc thai ham
u biogas

Dua vao két qua muc 2.2.1 tién hanh chon mot
mau nudce thai biogas c¢6 ham lugng vi khuan E. coli,
Coliform, Salmonella dudi ngudng quy dinh dé
phan tich c4c thanh phan 1y hoa nhu: chat rén lo king
(SS), pH, carbon, BOD, COD, dam tong s6 (Nis),
NH4*, NOg’, lan téng sb (Pts) 1an hitu dung (Pna), kali
tong sé (Ks), kali hitu dung (Kng), nguyén té vi
lugng: Mg, Ca, Fe, Zn, Cu; kim loai nang: Chi (Pb),
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cadimi (Cd) va vi khuén hiéu khi,...dé xac dinh chat
lwong nudce thai ddng thoi ciing 1am co sé xay dung
quy trinh san xuit phan hiru co. Cac phuong phéap
phan tich cho cac chi tiéu nay dugc thuc hién theo
QCVN 62-MT:2016/BTNMT.

2.2.2. Phéi trén cdc vat liéu tao PHCL tir nurdc
thai biogas

Xdc dinh ty 1é phéi trén tao PHCL

Nguyén liéu dé phdi tron PHCL duoc chon la
nudéce thai biogas, dich ca va cac dong vi khuan ¢b
dinh dam, hoa tan lan, téng hop TAA va hoa tan silic
lin lwot 1a cac dong vi khuan Bacillus sp.,
Burkholderia  sp., Olivibacter jilunii  sp.,
Paenibacillus sp..

Dich ca dugc phdi tron voi nudc thai him u
biogas theo cac ty 1é€ dugc trinh bay trong Bang 1,
sau d6 phan tich thanh phan dinh dudng dé tuyén
chon lai cac ty 1& pha tron ¢6 thanh phan dinh dudng
dam bao tiéu chuin chit luong phan hitu co theo
Nghi dinh 84/2019/ND-CP. Thi nghiém duoc b tri
hoan toan ngau nhién véi 5 nghiém thirc va 3 1an lap
lai. Céc chi tiéu phan tich bao g6m pH, chét hitu co
(CHC), dam t6ng s6 (Nis), dam hitu hiéu (Nhn), lan
t6ng s6 (Pis), 1an hitu higu (Pnn), kali tong s6 (Kis) va
kali hitu hiéu (Knn).

Bang 1. Ty 1& phéi trn tao PHCL

Nghiém thirc Ty |€ nwéc thai biogas:dich ca
NT1 50:50
NT2 60:40
NT3 70:30
NT4 80:20
NT5 90:10

Ddnh gid thanh phan PHCL thanh pham

Sau khi lya chon duoc ty 1& phéi tron tét nhat,
PHCL dugc ching bd sung cac vi khudn c6 loi bao
gdém vi khuan ¢ dinh dam, hoa tan lan, tong hop
IAA va hoa tan silic (Bacillus sp., Burkholderia sp.,
Olivibacter jilunii sp., Paenibacillus sp.) voi mat s6
cubi dat 107 cfu/mL. Sau d6 tiép tuc tién hanh phéan
tich céc chi tiéu Iy hoa sinh cta dung dich thanh
phim nhu: ty trong, pH, CHC, Nis, N, Pts, P,
Kis va Knn, Magie (Mg), Canxi (Ca), St (Fe), Pong
(Cu), K&m (Zn), mat sé vi khuan hao khi, mat sb vi
khuan c¢6 dinh dam, hoa tan 14an va hoa tan silic.
Ngoai ra, mat s6 vi khuan gy bénh dudng rudt &
nguoi nhu Coliform, E. coli va Salmonella cling
duoc xac dinh. Cac chi tiéu phan tich dugc danh gia
theo Nghi dinh 84/2019/ND-CP cho phan hitu co.
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Anh huéng cia nhiét dg dén chat lwong phdn
hitu co dang long

Phan hiru co 1ong thanh phim dugc kiém tra tinh
6n dinh théng qua thi nghiém anh huéng ciia nhiét
d6 dén PHCL. Cac muc nhiét do dugc chon gom
30°C, 40°C va 50°C. Thi nghiém duoc bd tri trong
céc chai nhua c6 thé tich 1000 mL. Thi nghiém dugc
bd thi theo thé thic hoan toan ngau nhién véi 3
nghiém thirc va 3 lan lap lai tuong mg véi 3 chai
nhya. Cac nghiém thirc dugc trinh bay trong Bang
2.

Bang 2. Nghiém thirc thi nghiém anh hwéng cua
nhiét do den chat lwgng PHCL

_Nghiém thirc  Nhiét d§ thi nghiém
NT1 Phan hiru co 16ng G ¢ 30°C
NT2 Phan hiru co 16ng t ¢ 40°C
NT3 Phan hiru co 1éng t & 50°C

Thoi gian kiém tra tinh 6n dinh cia PHCL & cac
murc nhiét d¢ khac nhau dugc thuc hién trong 30
ngdy. Sau khi két thic thi nghiém tién hanh phan
tich cac chi tiéu chat lwong PHCL nhu sau: pH,
CHC, Nits, Nih, Pts, Prn, Kis va Knn céc chi tiéu vi
sinh gdm t6ng mat s6 vi khuan hao khi, mat s vi
khuan ¢ dinh dam, hoa tan l4n va hoa tan silic dé
danh gi4 anh huong cia nhiét d¢ 1én chét lugng cua
phan.

2.2.3. Phéi tron tao phdn hitu co dang ran tir
nudc thai biogas

Nguyén liéu dé ph01 tron phan hiru co dang rén
(PHCR) 1a nu6c thai hdm U biogas, xi than to ong
sau khi str dung, ba bun mia, bt ca va cac dong vi
khuédn cb dinh dam, hoa tan lan, téng hop 3-Indole
acetic acid (IAA) va hoa tan silic (Bacillus sp.,
Burkholderia  sp.,  Olivibacter jilunii  sp.,
Paenibacillus sp.).

Xac dinh cac ty I¢ phéi tron cho phén hitu co
dang ran

Chuan bi ngudn xi than: xi than dugc siy &
105°C trong 8 gid va nghién nho bang may nghién
sau do ray qua ray voi kich thudc 2 mm. Cho xi than
hép thu nudc him u biogas véi ty 18 1:1 theo khdi
luong (Nghia & Thu, 2017). Xi than sau khi hap phu
nude him 0 biogas duoc dung dé phéi tron voi ba
bun mia & cac ty 1¢ khac nhau. Thi nghiém danh gia
ty 1& phéi tron cac vat liéu khac nhau dé tao phan
hitu co dang ran dugce thue hién & diéu kién phong
thi nghiém PHCR dugc cho vao cac cbe thay tinh 2
L. Thi nghiém dugc bd tri véi 3 nghiém thirc va 3
lan lap lai twong tmg véi 3 cdc thily tinh mdi cdc
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duogc bd tri voi 1 kg PHCR. Céc nghiém thue co
cac ty 1€ phoi tron khac nhau duogce trinh bay trong
Béng 3.

Biang 3. Nghiém thire thi nghiém phéi trén tao

PHCR
Nghiém Ty 1¢ ba bun mia:xi than di hap
thire thu nuée thai biogas (w/w)
NT1 70:30
NT2 80:20
NT3 90:10

Céac nghiém thirc sau khi phdi tron dugce phan
tich cac chi tiéu Iy héa gdm 4m do, pH, CHC, N,
Nhh, Pts, Phn, Kis va Knn. Céc chi tiéu phan tich duoc
danh gia theo Nghi dinh 84/2019/ND-CP cho phan
hitu co rén.

’Bé’ sung dinh duong cua PHCR sau khi dat ty lé
phai trén tot nhat

Sau khi lya chon dugc ty 1€ phéi tron tdt nhat &
muc 2.2.3 va dua vao két qua phan tich dinh dudng,
ham lugng dam tong s6 trong PHCR chua dat luong
dam tong s theo quy dinh cua Nghi dinh
84/2019/ND-CP nén tién hanh bo sung 16,7 % bot
ch (w/w) dé gia ting ham luong dinh dudng cho
phéan hitu co thanh pham dat tiéu chuan quy dinh,
ngoai ra, cac dong vi khuén €0 loibao gom vi khuén
¢d dinh dam, hoa tan 1an, tong hop TAA va hoa tan
silic (Bacillus sp., Burkholderia sp., Olivibacter
jilunii sp., Paenibacillus sp.) v6i mat sé dat 107 cfu/g
cling dugc bd sung vao.

Phén hitu co dang rin thanh phim dwoc phan tich
céc chi tidu 1y hoa gdm: am do, pH, CHC, Nis, Nip,
Pss, Prn, Kis va Knn, Mg, Ca, Fe, Cu, Zn. Céc chi
tiéu vi sinh gdm téng mat s6 vi khuén hao khi, mat
s6 vi khuan ¢ dinh dam, hoa tan 1an va hoa tan silic.
Ngoai ra, mat s6 vi khuén gy bénh dudng rudt &
nguoi nhu Coliform, E. coli va Salmonella dugc
phén tich va danh gia theo Nghi dinh 84/2019/ND-
CP.
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Anh hwoéng ciia nhiét dp dén phan hitu co dang
ran

Thi nghiém duoc bd tri hoan toan ngau nhién véi
3 nghiém thirc va 3 lan lap lai & 3 mirc nhiét d6 1a
30°C, 40°C va 50°C (Bang 2). Thi nghiém dugc bd
tri trong cac cdc thuy tinh thé tich 2 L mdi lan lap
lai dwoc b tri voi 1 kg PHCR.

Thoi gian kiém tra tinh 6n dinh cia PHCR ¢ cac
murc nhiét d¢ khac nhau dugc thuc hién trong 30
ngdy. Sau khi két thuc thi nghiém tién hanh phan
tich cac chi tiéu chat luong PHCR ran nhu sau: pH,
CHC, Nis, Nin, Pts, Pnn, Kis va Knn,

2.3. Phén tich s6 li¢u

S6 lidu ‘thi nghiém ‘du'gc tinh todn va phan tich
ANOVA bang phan mém Minitab 16.2.

3. KET QUA VA THAO LUAN
3.1. Chét lwgng nuéc thai biogas

3.1.1. Thanh phan vi khuan E. coli, Coliform,
Salmonella trong nudc thai ham u biogas

Két qua phan tich thanh phan vi sinh vat gay
bénh trong 2 mau nudc thai thu thap tai huyén My
Xuyén, tinh Sé¢ Trang va quan Cai Rang, thanh ph
Can Tho dugc trinh bay trong Bang 4 cho thay co
sy hién dién ciia nhom vi khuan Coliform va E. coli.
Trong d6, mau nudc thai biogas thu thap & quan Céi
Riang, thanh phd Can Tho c6 mat so E. coli 1a
4,22x10* MPN/100 mL va mat sé Coliform 1a
1,98x10° MPN/100 mL cao hon miu nudc thai thu
& huyén My Xuyén, Soc Trang (mét s6 E. coli 1a
9,75x10' MPN/100 mL va Coliform 1a 8,20x10°
MPN/100 mL). Tuy nhién, ca 2 mau nuéc thai déu
khong c6 sy hién dién cua vi khuén Salmonella. Nhu
vy, ¢o thé thay rang ca 2 mau nudc thai thu thap
déu c6 vi khuan Coliform vuot ngudng cho phép
theo quy dinh cia QCVN 62-MT:2016/BTNMT cho
nudc thai.

Béng 4. Thanh phan vi khuin E. coli, Coliform, Salmonella trong nwéc thai biogas

Nuéc thai biogas (Cai

Nuéc thai biogas (My

Chi tiu bonvi Ring, Can Tho) Xuyén, Séc Trang) QCVN-2016
E. coli MPN/100 mL 4,22x10* 9,75x10!
Coliform MPN/100 mL 1,98x10° 8,20x10° 5x10°
Salmonella CFU/mL KPH KPH

*Ghi chii: KPH: Khéng phat hién; QCVN 62-MT:2016/BTNMT: Quy chudn ky thudt quéc gia vé nwde thai chan nudi

Két qua nghién ctru nay phu hop véi cac két qua
nghién ciru cia Hong va Liéu (2012); ham luong
Coliform trong nudc thai dau ra ciia ham u biogas 1a
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107 MPN/100 mL va vuot ngudng an toan cho phép
theo quy dinh cua QCVN 62-MT:2016/BTNMTV.
Tuwong tu, Vi va ctv. (2020) da cong bo vi khuan
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E.coli trong mau nudc thai biogas & cac hd chin
nuoi dao dong khoang 6,0x10° — 9,0x10* MPN/100
mL, trong khi mét s vi khuan Coliform dao dong tir
1,2x10* dén 1,6x10* MPN/100 mL va ca hai déu
vuot ngudng an toan cho phép theo quy dinh danh
cho nudc thai biogas xa ra ngudn nude khong ding
cho ngudn cung cap nudc sinh hoat.

Nhu vay, ca 2 mau nudc thai duge danh gia trong
nghién clru nay deu khong dat tiéu chuan xa ra
ngudn nude cung cip nudce sinh hoat. Tuy nhién, do
quén Céi Rang 1a dia diém thuan tién trong vi¢c thu
mau nén duoc chon dé ding cho cac nghién ctru tiép
theo.

3.1.2. Thanh phan nuée thdi biogas

Két qua duoc trinh bay trong Bang 5 cho thdy
thanh phan héa hoc trong nudc thai biogas kha cao,
dic biét cac chi sé COD, BOD, chét rin lo limg, nito
tong s6 cao hon rat nhidu so véi quy dinh vé chét
lugng nude thai chan nudi xa ra thuy vuc. Cu thé,
nhu cau oxy héa hoc COD cao 2,87 14n va nhu ciu
oxy sinh hoc BOD cao gip 2,2 lan so véi quy dinh
vé nuge thai chan nuéi. Pang luu y 1a thanh phén
chat ran lo ling trong nude biogas cao gap 4,45 lan
80 Vi tiéu chuan cho phép theo quy chuan ky thuat
Qudc gia vé nudce thai chin nudi.

Bén canh d6 két qua phan tich con cho thay
ngudn dinh dudng N, P, K trong nuéc thai him u
biogas 1a kha cao. Trong d6, dam tong s6 va lan tong
s6 trong nude thai ham 1 biogas 12 220 mg/L va 41,9
mg/L, vuot chudn cho phép. Ngoai ra, trong nudc
thai ham 1 biogas con ¢6 cac thanh phan dinh dudng
trung luwgng va vi lugng nhu Ca, Mg, Fe, Zn, Cu,
cao, nhung khong chira cac kim loai nang nhu Pb va
Cd. Do d6, nuéc thai ham 0 biogas 1a ngudn cung
cap dinh dudng cho cay trong néu duoc tan dung.

Két qua nghién ciru cia Koszel and Lorencowicz
(2015) ciing cho thay nudc thai biogas c6 chira nhidu
nguyén t6 dinh dudng da luong cho céy trong, dong
thoi khong chira kim loai ning va c6 thé duogc sir
dung nhu phan bon long cho céy linh lang, cay bap
va cac cdy ngii cdc khac nhim thay thé mot phan
lugng phan bon hoa hoc (Herning, 1999; Rodhe et
al., 2006; Smith et al., 2007; Moller & Stinner,
2009; Pertiwinin et al., 2016; Sigurnjak et al., 2017).
Ngoai ra, két qua nghién ctru ciia Nga va ctv. (2014)
cling cho thdy nuéc thai dau ra cua ham u biogas
khong dii tiéu chuan thai vao méi truong do ¢ PO>
dao dong tir 37,2 — 51,1 mg/L, N-NOs~ dao dong tir
0,30 — 1,14 mg/L, N-NH." dao dong tir 105,6 —
217,9 mg/L va COD dao dong tu 464,4 — 2.552
mg/L. Do vay, néu truc tiép xa thai vao thuy vuc s&
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¢6 nguy co gay 6 nhiém nguon nudc, suy giam chat
lwong madi truedng cia nguon nudce tiép nhan. Trong
d6, nguy co gy ra hién tuong pha dudng ngudn
nuée 13 rat Ion va mat s6 vi khuan gy hai nhu
Coliform trong nudc thai biogas cao ciing ¢6 thé 1a
mbi nguy hai cho strc khoe con nguoi va gia stc.
Tuy nhién, ham luong dinh dudng trong nudc thai
ham biogas cao nén hoan toan c6 thé tan dung dé
lam ngudn cung cap dinh dudng cho cay trong (N ga
va ctv., 2014; Viét va ctv., 2017), ddng thoi c6 thé
sir dung nhu ngudn phén hiru co dang 16ng lam phéan
hiru co cho céy trong.

Bing 5. Thanh phin nwéc thii biogas duwgc thu
thap & quén Cai Rang, Can Tho

Chi tiéu Pon vi N“";ci gg;; R
pH - 7,37 55-9,0
CoD mg/L 860 300
BOD mg/L 224 100
Tong chat ran mg/L 667 150
lo lung

N tong so mg/L 220 150
P tong sb mg/L 41,9 -
N-NH4* mg/L 6,65 -
N-NO3z mg/L 4,81 -
Carbon % 0.01 -
P-PO* mg/L 19,4 -
K* hitu dung mg/L 85,6 -
K tong sb mg/L 111 -
Nguyén té vi lwong

Mg mg/L 32,1 -
Ca mg/L 54,4 -
Fe mg/L 0,170 -
Zn mg/L 0,049 -
Cu mg/L 0,053 -
Vi sinhﬂvét i

Vikhuanhitu o ym 9.7 x 108 .
khi

Kim logi nang

Chi (Pb) mg/L KPH -
Cadimi (Cd) mg/L KPH -

*Ghi chii: KPH: Khong phdt hi¢gn; OCVN 62-
MT:2016/BTNMT: Quy chuan ky thudt quoc gia vé nudc
thai chan nuoi
3.2. Tao phén hiru co dang léng tir nuéc thai
ham u biogas
3.2.1. Thanh phan dinh dudng Ciia phan hitu co
long ¢ cdc ty I¢ phai trén khdac nhau
Két’ qua phén tich dugc trinh bay trong Bang 6
cho thay pH & cac nghiém thuc phdi tron déu dat
tiéu chuan quy dinh d6i véi phan hiru co (=5,0),
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ngoai trir nghiém thirc co ty 1& phdi tron 90:10 (v/v)
¢6 pH chi dat 4,93. D6i véi thanh phan chat hitu co
theo Nghi dinh 84/2019/NB-CP trong phan bon hiru
co 1a > 20%, dya vao két qua phén tich cho thay chi
¢6 2 nghiém thirc dat tiéu chuan nay 1a nghiém thirc
1 ¢6 ty Ié phdi tron 50:50 (v/v) va nghiém thirc 2 c¢6
ty 18 phdi tron 1a 60:40 (v/v).

Ngoai ra, trong 5 nghiém thirc cé ty 1& phdi tron
khac nhau c6 sy khac biét y nghia thong ké (p<0,05)
trong thanh phan N, P, K tong s6 va hitu hiéu. Trong
d6, nghiém thtrc ¢6 ty 1é phan tram dich c4 cang cao
thi ham lugng dinh dudng N, P, K cang cao va khac
biét co y nghia théng ké (p<0,05) khi so sanh vdi
cac nghiém thirc con lai. Didu nay cho thdy dich ca
12 nguyén lidu c6 dinh dudng cao va rat phi hop
trong san xuat phan hitu co. Két qua nay tuong tu
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nhu két qua nghién ctu cua Kién va ctv. (2021) cho
rang dich thily phén c4 c6 the sir dung lam phan bon
la, gitp cay trong phat trién tot va cho nang suat cao
hon.

Nhu vay, két qua phan tich cho thay 2 ty I& phdi
tron cua nghiém thirc 1 (50:50 (v/v)) va nghiém thurc
2 (60:40 (v/v)) dap tmg duoc cac tiéu chuan theo
Nghi dinh 84/2019/ND-CP vé san xuét phén hitu co.
Tuy nhién, dé ting cuong xir Iy nudc thai ham 1
biogas, ty 1& phdi tron 60% nudc thai him u biogas
va 40% dich ca dugc khuyén cao sir dung vi c6 thé
tan dung duoc téi da lwong nudce thai ham  biogas.
Vi vay, ty 1& phdi tron 60:40 (v/v) duoc chon cho
quy trinh tao phan hitu co 16ng & cac nghién ctu tiép
theo.

Béng 6. Thanh phén dinh dudng va chit lwgng PHCL c6 céc ty [é phdi tron khac nhau

" en . Ty 1€ nwéc thai biogas (%) : dich ca (%) (v/v) F Nghi dinh
Chidéu — Donvi 5050 60:40  70:30 80:20 90:10  84/2019/ND-CP
pH - 5,172 5,172 5,11° 5,04 4,930 * >5
Cht hitu co % 27,52 21,4 16,4° 11,49 592¢ * >20
N tong sd % 3,312 2,71° 2,16° 1,479 076 *

N hitu hiéu % 0,710* 0,544 0,329°  0,290° 0,119¢ *
P hiru hidu % 0,559°  0,449° 0,328° 0,243 0,118 *
P tong s& % 0,5832 0,475° 0,370°  0,245¢ 0,136 *
K hitu hiéu % 0,7092 0,587 0,535° 0,343¢ 0,132¢ *
K téng s6 % 0,466° 0,356° 0,219¢ 07211° 0,110¢ *

*Ghi chii: Trong ciing mgt dong nhiing s6 cé chit cdi theo sau khdc nhau thi khdc biét cé Y nghia thing ké ¢ mikc 5%;

theo phép thir Tukey test

3.2.2. Thanh phan dinh duong trong PHCL
thanh pham

Két qua duoc trinh bay & muc 3.2.1 cho thiy ty
16 phdi tron 60% nuée thai ham u biogas va 40%
dich ca (v/v) duoc chon xdy dung quy trinh san xuét
PHCL. Tuy nhién, véi ty 1& phéi tron nay, ham
lwong lan va kali tong s ciing nhu hitu higu van kha
con thap. Vi vay, 5,5% KH;PO, cong nghiép dugc
bd sung vao nguyén ligu phéi tron dé gilp gia tdng
ham lugng 1an va kali dong thoi gitip can bang lugng
dudng chét trong phéan hitu co 1ong. Ngoai ra, cac
chang vi khudn c6 loi nhu hoa tan 1an, c¢b dinh dam,
hoa tan silic ciing dugc ching vao véi tong mat sb
1a 107 cfu/mL. Két qua danh gia cac thanh phan dinh

dudng cling nhu cac chi tiéu khac cia PHCL sau khi
phbi tron duoc trinh bay & Bang 7. Két qua cho thiy
SO Véi tidu chuan quy dinh cua phén hiru co
(84/2019/ND-CP), céc thong sd vé dinh dudng ciing
nhu chit lwong phan bon déu dat tiéu chuan theo quy
dinh caa phan bén hitu co. Ngoai ra, cac yéu té han
ché nhu kim loai niang nhu As, Pb, Cd,... va vi
khuan c6 hai déu khong phat hién trong phan hitu co
lI6ng thanh phém nay. Nhu vay, PHCL duoc tao ra
tir nudc thai him o biogas da dat duoc cac tidu chudn
dinh dudng theo diing quy dinh cta co quan chirc
ning va c6 thé dung dé danh gia hiéu qua cia phéan
hitu co 16ng trén sinh truong va ning suét cia cay
trong.
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Bang 7. Thanh phén dinh dudng va chit lwong cia phan hiru co dang l6ng thanh pham

Chi tiéu Pon vi PHCL Nghi dinh 84/2019/ND-CP
Ty trong g/mL 1,14 -
pH - 5,32 >5
Chat hitu co % 21,1 >20
N-hitu hiéu % 0,40 -
N tong sb % 2,50 -
P-hitu higu % 2,76 -

P téng sb % 2,81 -
K-hitu hiéu % 2,06 -
K téng sb 2,32 -
Trung luong, vi lwong

Magie (Mg) mag/kg 260 -
Canxi (Ca) mag/kg KPH -
Sat (Fe) mg/kg 10,2 -
Pong (Cu) mg/kg 1,26 -
Ké&m (Zn) mg/kg 8,90 -
Vi sinh

Vi khuén hiéu khi CFU/g 2,53x10° -
Vi khuén ¢ dinh dam CFU/g 3,60%10° -
Vi khuén hoa tan lan CFU/g 4,40%10° -
Vi khuén hoa tan silic CFU/g 5,10x10° -
Yéu té han ché

Arsen (As) mg/kg 2,91 <10,0
Chi (Pb) mg/kg 0,356 <200
Cadimi (Cd) mg/kg 0,180 <50
Thuy ngan (Hg) mg/kg KPH <20
Vi khuan Salmonella MPN/100mL KPH -
Vi khuén E.coli MPN/100mL KPH -

*Ghi chu: KPH: Khong phat hién
3.2.3. Anh huong cua nhiét dg dén PHCL

Anh huong cia nhiét do dén thanh phan dinh
dudng va chat lwong PHCL dugc trinh bay trong
Bang 8, ¢ cac nhiét do thi nghiém 30°C, 40°C va
50°C anh huong khong dang ké dén thanh phan dinh
dudng ciing nhu chat lugng phén hitu co 1ong trong
thoi gian thi nghiém. Tuy nhién, nhiét d6 c6 anh
huong dén pH va thanh phan vi sinh cia PHCL
trong qua trinh bao quan. Cu thé, dbi vai cac chi tiéu
nhu Ny, P, Kis va N, P, K hitu hiéu thé hién su khéac
biét khong y nghia thong ké (p>0,05) khi so sanh v&i
cac nghiém thirc c6 nhiét do khac nhau. Piéu nay co
nghia 1a khi nhiét do bao quan PHCL tang tir 30°C
1én 40°C hozc 1én 50°C s& anh huéng khong dang ké
dén thanh phan dinh dudng trong phan hitu co.
Trong khi, pH ¢6 xu hudng giam khi nhiét do tang
va khac biét c6 ¥ nghia théng ké (p<0,05) thi nguoc
lai chat hiru co va 1an tong s tang 1én khac biét y
nghia thong ké (p<0,05) khi nhiét d6 ting 1én. Diéu
nay ciing cho thdy phan hitu co dang long c6 thé
thich nghi v&i nhiét d6 bao quan tir 30 — 50°C ¢ cac
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kho ma khong 1am anh hudng dén thanh phan dinh
dudng cia phan bon.

Ngoai ra, két qua vé mat s6 vi khuan c6 loi trong
PHCL cho thay su khac biét c6 y nghia thong ké vé
mat s6 vi khuan hiéu khi, c6 dinh dam, hoa tan lan
va hoa tan silic gitra 3 nghiém thirc bé tri nhiét do
khac nhau. Trong d6 nghiém thtrc bé tri véi nhiét do
phong (30°C) cho két qua mat s6 vi sinh vat cao hon
va khéc biét c6 ¥ nghia thdng ké (p<0,05) so véi 2
nghiém thirc con lai & 40°C va 50°C. Két qua nay
cho thay khi nhiét d6 cang ting 1én mat sé vi sinh
vat s& giam xudng do nhiét d6 cao anh hudng dén sy
phat trién caa vi sinh vat trong PHCL va nhom vi
sinh vat trong phan hitu co 1ong 1a nhoém chiu nhiét
trung binh. Do d6, dé vira dam bao thanh phan dinh
dudng ciing nhu thanh phan vi sinh vat trong PHCL
dugc duy tri 1au hon trong thoi gian bao quan, nén
bao quan PHCL ¢ nhiét d phong tuwong tng khoang
(30°C) dé dat dwoc hiéu qua téi da cia PHCL phdi
tron tir nudc thai ham  biogas va dich ca.
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Béang 8. Anh huéng caa nhiét dd 1én chit lwong PHCL

nl Nghi dinh
Chi tiéu Pon vi Nhigt dg F 84/2019/ND-CP
30°C 40°C 50°C
pH - 6,272 5,24° 5,220 >5,0
Chit hiru co % 20,6° 22,6P 23,32 * >20,0
N-hiru hiéu % 0,413 0,375 0,426 ns -
N tbng sb % 2,56 2,32 2,66 ns -
P-hitu hi¢u % 2,75 2,84 2,93 ns -
P tong sb % 2,85 2,81 2,99 ns -
K-hiru hiéu % 1,79 1,75 1,77 ns -
K téng s6 % 2,61 2,49 2,54 ns -
Vi sinh
Vi khuan hiéu khi log:0CFU/g 8,082 6,42P 5,30¢ * -
Vi khuén cb dinh dam  logyCFU/g 5,472 3,68 3,11° * -
Vi khuén hoa tan lan log:0CFU/g 6,172 3,40 2,97 %* -
Vi khuén hoa tan silic  logiCFU/g 4,96 3,23 3,09° . -

*Ghi chii: Trong ciing mét dong nhiing s6 c6 chit cdi theo sau khdc nhau thi khdc biét ¢é ¥ nghia thong ké & mire 5%

theo phép thir Tukey test

3.3. Tao phén hiru co dang ran tir nwéc thai
ham a biogas
3.3.1. Thanh phan dinh dudng cia PHCR ¢ cdc
ty 1¢ phoi trén tao PHCR khdc nhau

Két qua phan tich céc ty & phdi tron khac nhau
duoc trinh bay trong Bang 9 cho thiy cac thanh phan
vé chét luong PHCR gdm chat hitu co, N, P, K tong
s6 va hitu hiéu c¢6 sy khac biét ¥ nghia thong ké
(p<0,05) khi so sanh gira 3 nghiém thic c6 ty 1€
phbi tron khac nhau. Trong d6, nghiém thirc c6 ty 1¢
ba bun mia phdi tron cang cao thi ham lugng cac
thong s6 chat lugng cang cao, khac biét c6 ¥ nghia
thong ké (p<0,05) khi so sanh v6i cac nghiém thuc
con lai. Biéu nay phu hop véi két qua nghién ctu
trude day cua Malik et al. (2001) khi cho thay ba
bun mia 1 ngudn nguyén ligu t6t cho san Xuat phan
sinh hoc vi sinh khdi bi bun mia cung cip ngudn

carbon hiru ich cho vi sinh vét phét trién. Twong tu
nghién ctu caa Vién va ctv. (2006) khi tan dung
nguon chét thai hitu co ba bun mia lam phén hitu co
gitip cai tao dat va giam duoc van dé 6 nhiém moi
truong. Piéu d6 cho thy trong bi bin mia giau cht
htru co, carbon, dam va 1an va la nguyén liéu rat phu
hop cho san xuit phan hiru co rén. Nhin chung, cac
nghiém thirc c6 ty 1& phéi tron khac nhau déu dap
tmg dugc cic tiéu chuin theo Nghi dinh
84/2019/ND-CP vé& san xuat PHCR. Tuy nhién, dé
tan dung duoc t6i da dé xur 1y ngudn nguyén lidu
nuéc thai ham u biogas thi ty 16 phéi tron 70% ba
bun mia + 30% xi than hap thu nudc thai biogas
(w/w) dugc lya chon cho quy trinh san xuit phan
hitu co ran & cac nghién ctu tiép theo do cac thanh
phan dinh dudng dap tmg dugc tiéu chuan quy dinh
va day 1a ty 1& phdi tron hap thu duge lwong nudc
thai ham 1 biogas nhiéu nhat.

Bing 9. Thanh phan dinh dudng va chét luwgng cac nghiém thire c6 ty 1& phdi trgn PHCR khéc nhau

Y en . Bi bun mia (%) : xi than hip thu biogas (%) cv
Chi tiu Donvi 7030 80 : 20 90:10 (%)
Am do % 26,12 26,52 26,7 ns 3,40
pH, - 6,682 6,49° 6,46° * 1,81
Chat htru co % 34,7° 36,78 37,42 * 3,82
N h}ﬁ’u hiéu % 0,063 0,0752 0,075 ns 17,3
N tong so % 1,02b 1,252 1,302 * 11,6
P h}Nru hig:u % 1,69¢ 2,03° 2,27¢ * 12,9
P tong so % 417°¢ 4,63° 5,318 * 11,1
K hfru hiéu % 0,7352 0,619° 0,563° * 12,7
K tong s6 % 1,842 1,55P 1,41b * 12,7

*Ghi chii: Trong ciing mgt dong nhitng sé cé chir cdi theo sau khdc nhau thi khdc biét ¢6 y nghia thong ké 6 mite 5%;

theo phép thir Tukey test
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3.3.2. Thanh phan dinh dwéng va chdt luong
cua PHCR thanh pham sau khi bé sung
thém dinh duong

Sau khi danh gi4 cac thanh phan dinh dudng va
chat lugng PHCR & cac ty 1& phdi tron khac nhau
cho théy ty 1& phéi tron 70% ba bun mia + 30% xi
than hap thu nudc thai biogas (w/w) duoc chon dé
tao quy trinh san xuat PHCR tir nu6c thai ham u
biogas va ba bun mia. Tuy nhién, véi ty 18 phéi tron
nay, ham luong N tong s cia PHCR chi dat 1,02%
con kha thip khi so sanh véi PHCL. Vi vay, bot ca
c6 ham luong protein thd 60% dugc dua vao nguyén
liéu phdi tron véi ty 18 16,7% (w) gitip gia ting thanh
phan dinh dudng ciing nhu chat lwong PHCR, chu
yéu 1a dam téng sb. Bong thoi, cac chung vi khuan
¢6 loi nhu vi khuén hoa tan 1an, ¢d dinh dam, hoa
tan silic ciing duoc chiing vao phan hiru co ran thanh
pham véi tong mat s6 1a 107 CFU/g. Thanh phan
dinh dudng va chét lwong caa PHCR sau khi phdi
tron va u duogc trinh bay ¢ Bang 10. So véi tiéu
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chuin quy dinh cia phan hitu co (Nghi dinh
84/2019/ND-CP). Cu thé, chit hitu co cuia PHCR dat
64,5% vuot mic quy dinh (20%), pH dat 7,6 1a mac
pH tdi hao thuan lgi cho cay trong phat trién cao hon
S0 v&i muc quy dinh (pH>5) va am d¢ dat 29,7%
thip hon mic quy dinh (<30%). Cac thanh phén
dinh dudng nhu N, P, K tong s6 va hitu dung caa
PHCR ciing khé cao c6 thé dap tmg dinh dudng cho
cay trong khi sir dung PHCR. Céac yéu té han ché
nhu kim loai niang gom As, Hg, Pb, Cd va vi sinh
vt bét loi nhu Salmonella, E. coli khong dwoc phat
hién trong PHCR hozc phat hién voi ham luong thip
hon so véi nghi dinh 84/2019/ND-CP vé san xuat
phan hitu co. Ngoai ra, mat s6 vi sinh vat c6 loi nhu
vi khuan c6 dinh dam, hoa tan 1an va hoa tan silic
cling dat (10° CFU/g) déu nay cho thay khi bon
PHCR duoc phdi tron tir ba bun mia va nudc thai
ham 1 biogas khong chi cung cap chat hiru co, ham
luong dinh dudng ma con bo sung thém mot luong
vi sinh vat ¢6 loi cho dat va cay trong gitp cal thién
ddc tinh dat ciing nhu sinh truong cua cay trong.

Béng 10. Thanh phan dinh duéng va chét lwong ciia PHCR thanh phim sau khi b sung thém bat ca

Chi tiéu Pon vi PHCR Nghi dinh 84/2019/ND-CP
Am do % 29,7 <30
pH - 7,46 >5
Chét hiru co % 44,5 >20
N-hiru hiéu % 0,558 -
N tong sb % 2,81 -
P-hitu hiéu % 2,92 -

P tong sb % 5,0 -
K-hiru hiéu % 2,83 -
K téng sb 5,55 -
Trung luong, vi lwong

Magie (Mg) % 0,639 -
Canxi (Ca) % 7,68 -
Sét (Fe) % 1,62 -
Pong (Cu) mg/kg 83.5 -
Kém (Zn) mg/kg 271 -
Vi sinh

Vi khuan hiéu khi CFU/g 3,93 x 10° -
Vi khuan cb dinh dam CFU/lg 3,65 x 106 -
Vi khuén hoa tan 1an CFU/g 8,16 x 10° -
Vi khudn hoa tan silic CFU/g 2,97 x 10° -
Yéu té han ché

Arsen (As) mg/kg KPH <10,0
Chi (Pb) mg/kg 39,9 <200
Cadimi (Cd) mg/kg 2,64 <50
Thuy ngén (Hg) mg/kg KPH <2,0
Vi khuan Samonella MPN/g KPH -
Vi khuan E.coli MPN/g KPH -

*Ghi chii: KPH: Khéng phdt hién; Nghi dinh 84/2019/NB-CP: Nghj dinh ciia chinh phii vé qudn Iy phdn bén
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3.3.3. Anh huong cia nhiér dg dén chat heong
phan hitu co dang ran thanh pham

Két qua khao sat anh huong cua nhiét 6 dén
phan hitu co dang rin duoc trinh bay trong Bang 11.
Nhin chung, két qua cho thiy co sy khac biét thong
ké (p<0,05) gitra cac nghiém thuc X Iy ¢ cAc nhiét
d6 khac nhau, do d6 c6 thé thdy duoc sy anh huong
cta nhiét do 1én thanh phan dinh dudng cua phan
hitu co dang ran tao ra tir nwéc thai ham u biogas va
b bun mia théng qua su thay doi cac chi tiéu nhu
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N, P va K tong sb trong phan hitu co ran. Cu thé khi
nhiét d6 cang cao 1én thanh phan dinh dudng cua
phan hiru co rin nhu ham lwong chat hiru co, ham
lugng N, P va K tong s6 bi giam di dang ké, thip
hon va khac biét c6 y nghia thong ké (p<0,05) khi
so sanh véi nghiém thac bao quan ¢ nhiét 46 phong
(30°C). Két qua nay c6 thé giai thich rang khi nhiét
d6 1én cao thi ham lwong chét hiru co va N tong sé
giam di do 1 phan carbon va nitrogen trong phan hitu
co dugc khoang hoa va dugc chuyén hoa thanh COy,
N2, N20O, NO,, va mét khi ¢ dang khi.

Biang 12. Anh hwéng ciia nhiét @9 1én chét lwgng phén hiru co dang rin

Nhiét do

Chi tiéu Pon vi 30°C 10°C 50°C F CV (%)
pH - 6,94° 7,20 7,08? * 1,68
Chit hiru co % 41,5° 36,5 37,7 * 6,42
N-hitu hiéu % 0,128 0,157 0,188 * 17,7
N tong sb % 2,312 2,15%® 1,99 %* 7,01
P-hitu hiéu % 4,79 4,70 454  ns 5,84
P tong sb % 5,038 4,95%® 4,77 * 2,87
K-hiru hiéu % 2,49 2,470 2,46 s 3,42
K tong sb % 3,38° 3,412 3,22° * 2,94
Vi sinh

Vi khuan hiéu khi log:0CFU/g 7,262 6,08P 5,33¢ * 11,1
Vi khuén ¢ dinh dam log1oCFU/g 6,492 4,14° 3,48¢ * 26,5
Vi khudn hoa tan 1an log1oCFU/g 6,39° 4,520 3,99¢ * 17,2
Vi khuén hoa tan silic log1,CFU/g 3,13 2,66° 2,530 * 7,10

*Ghi chii: Trong ciing mot dong nhitng s6 c6 chit cdi theo sau khdc nhau thi khdc biét ¢6 y nghia thong ké 6 mike 5%;

theo phép thir Tukey test

Tuong tu, két qua vé mat sé vi sinh vat trong
PHCR ciing cho thay c6 su khac biét y nghia thong
ké (p<0,05) vé& mat sé vi sinh vat co lgi giira 3
nghiém thac. Trong do, nghiém thac xu Iy & nhiét
d6 phong (30°C) cho két qua tong mat sb vi khuan
dat 7,26 l0g:0CFU/g, vi khuan cé dinh dam dat 6,49
logiocCFU/g, vi khuan hoa tan lan dat 6,39
logioCFU/g va vi khuan hoa tan silic dat 3,13
l0910CFU/g cao hon va khac biét c6 y nghia thong
ké (p<0,05) so voi 2 nghiém thac xu Iy ¢ nhiét do
40°C va 50°C. Piéu nay cho thiy khi nhiét do cang
1én cao thi mat s6 vi sinh vat s& giam xubng do nhiét
d6 cao lam PHCR bi mit 4m d¢ lam anh huéng dén
su sinh truéng va phat trién cua vi sinh vt trong
PHCR va ngoai ra, nhom vi sinh vat trong phan hitu
co rén 1a nhom chiu nhiét trung binh. Do d6, dé duy
tri thanh phan dinh dudng ciing nhu thanh phan vi
sinh vat trong PHCR duoc 1au hon trong thoi gian
bao quan, can bao quan PHCR ¢ nhiét d6 phong
tuong g khoang 30°C.

4. KET LUAN

Nuéc thai ham @ biogas 1a nguon nguyén ligu
gidu dinh dudng co thé dugc xir Iy va tai st dung
lam ngudn phéan bon cung cip dinh dudng cho cay
tréng. Phdi tron nudc thai hdm u biogas va dich ca
VGi ty 18 60% : 40% (v/v) va bd sung cac vi sinh vat
c6 loi tao ra phan hiru co dang long c6 thanh phan
dinh dudng va chét lugng dat tiéu chuan vé san xuat
phan hiru co theo Nghi dinh 84/2019/NDB-CP. Ty 1€
phdi tron 70% ba bun mia va 30% xi than hap thu
nuée thai ham u biogas (w/w) két hop bd sung
16,7% bot ca (w) va chung mot s6 vi khuan co6 loi
cho cay trong da tao ra phan bén hiru co dang ran co
thanh phén dinh dudng va cac yéu t6 han ché dat
tiéu chuan quy dinh vé phén hiru co cia nha nudc.
Nhiét do bao quan t6t nhat dam bao cac thanh phan
dinh dudng, chat lwong va vi sinh vét ¢6 lgi cho
PHCR va PHCL tir nu6c thai ham i biogas 1a 30°C.
Sy tai st dung cac nguyén liéu nhu nudc thai him u
biogas, xi than, bd bun mia giup giam thiéu luong
chat thai ra méi trudng dong thoi tao phan bon hiru
co dang long va ran.
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