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TOM TAT
Nghé nuéi ca ré phi (Oreochromis niloticus) tham canh dang tao ra dp lwc nghiém trong vé chat thdi
rén, de doa si bén viing ciia hé sinh thdi tai cdc viing nudi trong thity san trong diém nhw dong bang song Ciiu
Long. Nham gidi quyét thach thirc ndy, bai bdo ddt muc tiéu tong hop va phan tich cdc phwong phdp xir 1y bim
thdi hién hanh, qua d6 dé xudt cdc chién lwoc quan 1y tich hop theo nguyén 1y kinh té tuan hoan. Théng qua
danh gia phan bién dir liéu tir cdc cong trinh nghién ciru (2006-2025), bai viét lam ré cdc dong vit chat, hiéu
qud céng nghé va riii ro, déng gép mét khung tiép cdn toan dién dé quan Iy bin thai thich vmg véi diéu kién
sinh thdi nuwéc ngot va nudc lo. Két quad chi ra ba nhém giai phdp chién lwoc. Thir nhat, vé an toan sinh hoc,
ché dg quan Iy bun quyét dinh chdt lwong bim thdi; dit liéu hién tai cho thdy tan sudt thu gom bin dinh ky ngdn
han (nhir hang tuan) la giai phép givip han ché s tich tu kim logi ngng (Cd, Pb, Cr, Cu). Thit hai, tity chon vé
cong nghé xir Iy: phan iy ky khi két hop dong phéan hity t6i wu cho thu hoi nang lwong (Biogas), trong khi qud
trinh hiéu khi viett tréi vé khodng héa phét-pho va ni-trat cho hé thong nudi trong thiyy canh. Thit ba, doi véi
nhitng khu vue ven bién bi xam nhdp man, cong nghé UASB cho thdy tiém ndng la mét gidi phdp thay thé cho
ho sinh hoc nho kha ndng khdc phuc irc ché dé man. Bai bdo dé xudt khung quan Iy tich hop, dinh hwéng bién
bun thdi thanh phdn bon va nang luong gia tri cao.
Tir khéa: An todan sinh hoc va kim logi nang, Kinh té tuan hoan, Qudn Iy bin thdi cd ré phi, Thich img
nuoc lo, Thu hoi tai nguyén
ABSTRACT

The intensification of Nile tilapia (Oreochromis niloticus) farming is creating severe pressure from solid
waste, threatening the sustainability of aquaculture ecosystems in key regions such as the Mekong Delta. To
address this challenge, this paper aims to synthesize and analyze current sludge treatment methods, thereby
proposing integrated management strategies based on circular economy principles. Through a critical review
of data from relevant studies (2006-2025), the paper clarifies mass flows, technological efficiencies, and as-
sociated risks, contributing a comprehensive framework for sludge management adapted to both freshwater
and brackish ecological conditions. The results indicate three strategic pillars. First, regarding biosafety, the
sludge management regime determines resource quality, current data suggest that short-term periodic sludge
removal (e.g., weekly) is an important factor in limiting heavy metal accumulation (Cd, Pb, Cr, Cu). Second,
a distinct technological trade-off exists: anaerobic digestion combined with co-digestion is optimal for energy
recovery (biogas), whereas aerobic processes are superior for phosphorus and nitrate mineralization in hydro-
ponic systems. Third, for saline-intruded coastal areas, UASB technology shows potential as an alternative to
stabilization ponds due to its ability to overcome salinity inhibition. Finally, the paper proposes an integrated
management framework that directs the transformation of waste sludge into high-value fertilizer and energy.

Keywords: Biosafety and heavy metals, Circular economy, Tilapia sludge management, Brackish water

adaptation, Resource recovery
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I. MO DAU

Ca r6 phi (Oreochromis spp.) da tré thanh
loai ca nudi quan trong thir hai trén thé giGi
(FAO, 2024) [1], dong vai tro tru ¢t trong an
ninh luong thyc toan ciu nho te do ting trudng
nhanh va kha nang thich nghi méi truong rong
(Steffens, 2024) [2]. Tuy nhién, sy phat trién
noéng ciia nganh cong nghiép nay dang dbi mit
v6i mot thach thirc moi truong nghiém trong:
su phat sinh khong 16 cua bun thai tir qua trinh
nuoi. Tai cac ving nudi trong diém, viéc xa
thai truc tiép ngudn bun giau dinh dudng ra
moi trudng dan dén hién twong phu dudng hoa,
lam suy giam chét luong nude va de doa su bén
vimng ctia chinh hé sinh thai nudi trong (Pereira
et al.,2012; White et al., 2018) [3-4].

O ddng bang séng Ciu Long (PBSCL),
nghé nudi ca rd phi dang dimg trude nga r& quan
trong. Céc dia phuwong c6 dudng bo bién dang
d6i mat voi xAm nhdp min, budc phai chuyén
d6i sang cac md hinh nudi thich émg hodc nuéi
ca trong méi truong nude lo, dong thoi day
manh thim canh héa dé t6i vu dién tich. Diéu
nay dit ra bai toan phurc tap vé cong tac quan ly
bun thai:

- Tai lwong thai 16n: Su chuyén dich tir nudi
quang canh sang thdm canh va si€u tham canh
lam gia tang mat d6 bun thai cuc bd. Pic biét
trong nudi ca rd phi, tai lugng dinh dudng trong
bun thi ao nudi la rat 16n.

- Yéu t& 6 man: Tai cac khu vuc nudi ven
bién, bun thai khong chi chira chit hitu co ma
con ¢6 do man cao. Viéc xt Iy bun nudce lo kho
khan hon nhiéu so v&i nude ngot do d¢ man trc
ché qua trinh phan huy sinh hoc thong thuong.

Trong bdi canh khan hiém tai nguyén tai
DPBSCL va cac quy dinh bao v&€ moi truong ngay
cang thit cht, cac phuong phap quan 1y truyén
thong nhur ao ling hodc x4 thai tryc tiép khong
con phu hop. Pi dén luc can thay dbi tu duy tir
xir Iy chét thai sang thu hdi tai nguyén. Bun thai
phat sinh tir a0 nudi ca ro phi can dugc xem 1a
mot ngudn nguyén liéu dau vao gia tri cho kinh

té tudn hoan. Cac nghién ciru gan day di chimg
minh tiém nang to 16n ciia bun thai tir ao nudi ca
10 phi trong viéc san xuét ning luong va canh
tac nong nghi¢p. Gonzalez-Hermoso & Segovia
(2017) [5] d& ching minh rang thong qua cac
phuong phap tién xir 1y (kiém, nhiét, sinh hoc),
bun tir cac hé théng nudi tudn hoan nuée (RAS
— Recirculating Aquaculture System) c6 thé dat
hiéu suét loai bo ni-trat trén 90% va gia ting
dang ké san lugng biogas. Twong tu, viéc tich
hop nuéi trong thity san véi trong trot - thity
canh (Aquaponics) cho phép tai sit dung dinh
dudng khoang hoa tir bun dé nuéi cdy trong,
gitp giam thiéu chi phi phin bon va bao vé
ngu(‘A)n nudc (Delaide et al., 2018; Monsees et
al.,2017) [6-7].

Mic du di c6 nhiéu nghién ctru vé xtr 1y chat
thai nudi trong thity san ndi chung, nhung hau
hét cac cong trinh nay con phan tan, chi yéu tap
trung & quy mo phong thi nghiém va hién dang
thiéu cac dit liéu dinh luong dai han vé dong vt
chit khi tai sir dung bun ca ¢ quy mé trang trai.
Pé thu hep nhitng khoang tréng nay, myc tiéu
ctia bai béo 13 tong hop, phan tich phan bién va
dé xuét cac chién luoc quan Iy bun thai ca o
phi thdm canh theo huéng tuan hoan. Pham vi
nghién ctru tap trung vao viéc danh gia sy danh
d6i gitra cac cong nghé xir 1y tai chd va tap trung
(hiéu khi, ky khi), tiém ning thu hdi tai nguyén
(nang lugng va phan bon), va kha nang thich
{mg cua vi sinh vat trong diéu kién xdm nhap
man.

Tinh méi va dong gop khoa hoc ctia bai bao
nam & viée hé thong hoa cac két qua nghién ctru
o1 rac (giai doan 2006-2025) dé thiét lap mot
phuong phap tiép can méi: danh gi4 tinh kha thi
cua cong ngh¢ dudi tdc dong kép cua tai luong
hitu co va te ché 36 man. Khac véi cac danh gia
trude ddy, bai viét nay khong chi liét ké cong
nghé ma tryc tiép giai quyét khoang tréng vé
thiéu hut dir liéu tong thé bang cach xdy dung
mot khung quan 1y tich hop theo hudng tuan
hoan, 1am tién d& 1y thuyét vimg chic cho cac
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nghién cuu quy mo trang trai trong tuong lai.

Vé ¥ nghia thyc tién, cac két qua va phan
tich ctia bai bao cung cp thong tin truc tiép, hiru
ich cho nguoi nudi va nha quan ly thiy san (déc
biét tai DBSCL). Cu thé, nghién ciru dé xuit cac
théng s6 van hanh mang tinh tmg dung cao nhu
t6i wu hoa tan suat xi phong bun hang tuan dé
kiém soat kim loai nang, chi ra cac rui ro tich tu
doc t6, va khuyén nghi cong nghé ti uru nhu bé
phan ung ky khi dong chay nguoc qua 16p bun
(UASB — Upflow Anaerobic Sludge Blanket)
cho viing nuéc lg nham bién ganh ning chit thai
thanh ngudn phan bén va ning luong gia tri cao,
hudng t6i phat trién bén viing.
IL. TONG QUAN CAC KET QUA NGHIEN

cUU

1. Pic diém va dinh rgng bun thai

Trong nudi trong thiy san tham canh, bin
thai 1a mot hon hop phirc tap cua phan ca, thic
an thira, x4c vi sinh vét va cac hat dét léng dong.
D6i voi ca 16 phi, dic tinh bun thay déi dang
ké tuy thudc vao loai ao nudi va diéu kién méi
treong nudi (nuwdc ngot hay nude lg). Vé mit
khéi lwong, Obirikorang et al. (2022) [9] wdc
tinh rang trong cac ao nudi tuan hoan nudc, ham
lwong chét rin lo limg (TSS) sinh ra dao dong
15-25% tong lugng thirc an cung cAp (tinh theo
trong lugng kho). Khi ap dung cong nghé nuoi
Biofloc, TSS chiém khoang 20-28% luong thirc
an dwa vao; riéng ao dét c6 ham lugng TSS trong
bun thai thdp hon, chi khoang 10-15% (Dela
Cruz et al., 2025) [10]. Bbi v6i ao nudi ¢ rd phi
O vung nudc lg, Fahrurrozi et al. (2024) [11] ghi
nhan lugng TSS sinh ra twong duong 12-20%
luong thirc an kho. C6 thé thiy lugng TSS ting
ty 16 thuan voi % luong thire dn cung cép, dic
biét trong ao nudi Biofloc. Piéu nay dong nghia
v6i viée can quan tim dén viée giam luong thirc
an cung cap dé han ché TSS ma van duy tri ting
trudng cua ca.

Theo nguyén 1y can bang vat chat, chi mot
phan cta dinh dudng diu vao dugc ca dong
hoa thanh sinh khéi. Trudong hop nudi ca rd
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phi bang 16ng bé vdi thirc an thuong mai chat
lugng cao, co 28,0% chét hiru co, 15,9% dam,
45,6% phdt-pho khong duoc ca hap thy ma thai
ra moi truong, tich ty trong bun day (Neto &
Ostrensky, 2013) [12]. V&i cac ao nudi dét, Osti
et al. (2017) [13] ghi nhan 62% N va 40% P
tir thirc &n cung cap nam lai trong bun day ao,
trong khi c6 12% TN cung 15% TP duogc thai ra
ngoai qua nudc thai. Mac du bun thai tr ao nuo6i
ca 16 phi dugc xem 1a mot nguon chira chét dinh
dudng tiém tang, nhung ty 1é cac chat phy thude
nhiéu vao cong nghé nudi:

- Cong nghé nudi tuan hoan nude: Bun tir ao
nudi tudn hoan nude thudng c6 ham luong hiru
co cao va giau cac nguyén td vi luong. Monsees
et al. (2017) [7] phéan tich bun thai tir a0 nubi ca
0 phi tuan hoan nudc va ghi nhan sy hién dién
dang ké ctia phdt-pho (P), ka-li (K), can-xi (Ca)
va ma-gié (Mg). Dic biét, nghién ctru nay nhan
manh ring P trong bun chi yéu ton tai ¢ dang
hat kho tan, doi hoi qua trinh phan huy dé giai
phong thanh dang hoa tan ma thuc vat co thé
hap thy trong mé hinh nudi Aquaponics.

- Cong ngh¢ nudi Biofloc va ty 1¢ C/N: Trong
ao nuoi Biofloc, bun c¢6 dic tinh khac biét do su
b6 sung ngudn cac-bon (mat ri duong) dé kich
thich vi khudn di dudng. Chutivisut et al. (2014)
[14] phat hién rang cac hat biofloc ¢6 ty 1& C/N
cao, thiic ddy qué trinh khir ni-trat va khir ni-
trat thanh a-mon dién ra manh mé ngay trong
cAu trac bun. Didu nay 1am cho bun tir ao nudi
Biofloc ¢6 hoat tinh sinh hoc cao hon so vdi bun
lang tir ao dét truyén thong.

- Cong ngh¢ Aquaponics: Trong mo hinh
nudi trong thiy canh, bun day ao nudi chira 6%
N, 18% P, 6% K, 16% Ca, 89% Mg (Delaide et
al.,2018) [6].

Khi lugng dinh dudng du thira nay tich tu
trong bun thai va x4 thai truc tiép, n6 lam thay
d6i nghiém trong cac thong s6 mdi trudng nhu
diép luc td va ham luong chét hiru co, din dén
hién tuong phu dudng hoa toan dién h¢ sinh thai
thiy vuc tiép nhén. Va bat ké mé hinh nuéi nao,
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tai lugng dinh dudng du thira khong 10 trong
bun thai déu khing dinh tinh cp thiét cua viée
ap dung cac cong nghé thu hdi tai nguyeén.

Mot khia canh quan trong thuong bi bé qua
trong cac mo hinh nuéi thity san truyén thong
tai PBSCL 1la sy tich ty kim loai niang trong
bun ling. Nghién ciru méi nhat ctia Habib ef al.
(2025) [15] trén ao nuoi ca ro phi Biofloc cho
thay tan suét loai bo bun anh huong truc tiép dén
nong d6 Cd, Pb, Cr va Cu. Nhém nghién ctru ghi
nhan viéc luu giir bun thai qua 1au trong ao (thu
gom hang thang thay vi hang tuan) khong chi
lam tang ndng d6 kim loai trong bun ma con gy
tich tu sinh hoc trong mo c4, de doa an toan thuc
phiam. Pay 1a dit liéu quan trong dé khuyén cao
nguoi nudi tai DPBSCL can ¢6 ché d¢ thu gom
(xi phong) bun day ao dinh ky thay vi chi xt ly
bun vao cudi vu nudi.

Ddi voi cac khu vuc ven bién noi mé hinh
nudi ca ro phi nudc lo dang phat trién dé thich
g xam nhap min, dic tinh bun c6 su thay doi
l6n do d6 man. Mirzoyan et al. (2012) [16] chi
ra rﬁng bun nude lg chira ham lugng mudi cao,
giy trc ché qua trinh phan huy sinh hoc ty nhién
trong cac ao ling bun. Pd min cao lam gidm
hiéu suét lang cua cac hat keo va trc ché nhom
vi khuén sinh khi mé-tan, dit ra thach thirc 16n
cho viéc ap dung cong nghé khi sinh hoc truyén
thong néu khong c6 sy didu chinh k¥ thuat.
Ngoai ra, bun thai nudc lg ciing ¢6 dac tinh hoa
1y riéng biét can luu y khi tai sir dung cho nong
nghi¢p (Campos-Pulido et al., 2013) [17].

2. Cic chién lrge quén Iy bun tai nguon

Quan 1y tai ngudn dugc xem 1a tuyén phong
thi du tién trong viéc kiém soét bun thai. Muc
tidu ctia chién lugc nay khong chi 1a giam khdi
luong chat thai phat sinh ma con chu dong diéu
chinh cac déc tinh hoa ly ctia bun tao thuan lgi
cho céc bude xtr Iy hodc tai sir dung tiép theo.
D6i voi nghé nudi ¢4 ro phi tai PBSCL, ba giai
phép chinh ctia quan 1y tai ngudn bao gom: (i)
t6i uru hoa dinh dudng, (ii) tng dung cong nghé
nudi Biofloc, va (iii) thiét 1ap ché do thu gom

bun hop ly.

2.1. Téi wu héa dinh dwing va hé sé chuyén
doi thirc in

Thic an thira va phan c4 la thanh phan chinh
cau thanh bun thai. Theo phan tich dong vat chat
cia Neto va Ostrensky (2013) [12], ca r6 phi
nudi 16ng bé tiéu hoa dugc 71,97% chét hitu co,
84,06% dam va 54,40% phdt-pho trong khau
phén thirc an. Truong hop nudi ao dt, ca ro phi
hap thy 26% N va 45% P (Osti ez al., 2017) [13].
Moyo va Rapatsa (2021) [18] va da ching minh
rang viéc ting cuong tham canh bang bét ky loai
thirc an nao (dang vién hay ép dun) déu lam suy
giam dang ké chat lugng nudc thai so véi nguon
nude cap ban dau, doi hoi cac bién phap kiém
soat chat ché. Do do, viéc cai thién kha nang tiéu
hoa cua thirc an 14 bién phap cin co nhat.

Cac nghién ctru chi ra rang viéc sir dung thirc
an c6 do tiéu hoa cao va quan 1y khau phan an
chiat ché c¢6 thé giam déng ké tai lugng 6 nhiém.
Osti et al. (2017) [13] nhan manh viéc sir dung
cac chi s6 moi truong dé kiém soat lugng thic
an dua vao, qua d6 giam thiéu sy that thoat N va
P vao bun. Dic biét, ddi vai nhiing khu vyc nuéi
tham canh ca r6 phi nuéc ngot, viéc ap dung
cong nghé cho an ty dong dura trén phan hoi sinh
hoc ciia ca c¢6 thé giam hé sé chuyén hoa thirc
an, tir d6 giam tryc tiép khéi luong bun thai phat
sinh trong ao.

2.2.2 Cong nghé Biofloc

Nudi Biofloc 1a giai phap k¥ thuét phu hop
nhét cho bdi canh khan hiém nudc va xam nhap
min tai cac khu vuc ven bién § DPBSCL. Nguyén
1y cua Biofloc 1a duy tri ty 1&¢ C/N cao (thuong
> 10/1) bang cach bo sung ngudn cac-bon (nhur
mat ri dudng), kich thich vi khuan di dudng phat
trién dé chuyén hoa ni-to v co thanh sinh khoi
vi khuan, tr¢ thanh thtrc dn quay lai cung cép
cho ca nuoi (Ogello et al., 2014) [19]. Dilmi et
al. (2021) [20] d& chimg minh viéc diéu chinh ty
16 C/N ¢ mirc 14/1-20/1 gitp chuyén dich hé vi
sinh tr ty dudng sang di dudng, kiém soat hiéu
qué chét luong nude ma khong can thay nude.
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Bén canh d6, Chutivisut et al. (2014) [14]
phat hién rang trong cac hat floc, qua trinh khir
ni-trat va khir ni-trat thanh a-moén dién ra manh
mé. Piéu nay bién ao nudi thanh mot bé phan
g sinh hoc ty nhién, xtr 1y chét thai ngay tai
chd, gitp giam tai ap luc cho cac hé thong xur Iy
tiép theo. Tuy nhién, 4p dung cong nghé Biofloc
doi hoi su can bang tinh té, néu lugng floc qua
day s€ lam tang d6 nhdt cua nude, gy ngat cho
c4 va tao ra luong bun du thira 16n can phai loai
bd dinh ky.

2.3. Ché dé thu gom bin va kiém sodt djc to

Trudc day, ngudi nudi ca ¢ thoi quen dé bun
tich ty 1au (hang thang) méi xa thai dé tiét kiém
nudc va cong lao dong. Tuy nhién, nghién ciru
ctia Habib er al. (2025) [15] da dé xuét thay dbi
théi quen nay. Két qua thuc nghiém cho thiy tan
suat loai bo bun anh hudng truc tiép dén sy tich
tu kim loai nang (Cd, Cr, Pb, Cu). Nhom tac gia
so sanh cac ché d6 thu gom bun (hang tuin, hai
tudn/lan, hang thang) va két luan rang ché do thu
gom hang tuan 13 c¢6 hiéu qua hon. Viéc luu bun
qué 1 thang dan dén: (i) Nong d6 kim loai ning
trong mo ca tang cao do hién tugng tai hoa tan
tir bun; (ii) Chit lwong nude suy giam do hién
tuong gia ting a-mon, ni-trit, ni-trat; (iii) Hé s6
FCR ting cao, 1én dén 1,67 so v6i 1,44 & ché do
thu gom hang tuan.

Ghi nhan nay gitip nguoi nudi ca can nhic
v& tan suét loai bo bun trong cac hé thong thim
canh. Ddi véi cac mod hinh nudi 16t bat mat do
cao & PBSCL, viéc thiét ké hé thong thu gom
(xi phong xa day tu dong hodc xa dinh ky ngan
han hang tuan) duoc khuyén khich dé dam bao
an toan vé sinh thuc phérn va hiéu qua kinh té.

2.4. Sir dung ché pham sinh hoc

Bén canh cong tac quan ly vat ly, viéc s
dung céac ché pham sinh hoc va chat diéu chinh
hoa hoc dé phan hity bun hitu co tai day ao dang
la xu huéng maoi. Nghién cuu ciia Roveda ef al.
(2024) [21] cho thay sir dung két hop chat axit
hoa va vi khuan Bacillus spp. giup giam dang ké
ham lugng TSS va cac hop chét ni-to doc hai.
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Gan déy, Cunha ef al. (2025) [22] ciing khing
dinh hiéu qua cda viéc st dung cac ché phérn
cong sinh dé 1am sach day ao, giup giam thiéu
nhu ciu nao vét co hoc gy x4o tron méi trudng
nuée ao nuoi.

3. Cac cong nghé xir ly bun thai

Viéc lya chon cong nghé can dua trén viéc
phén biét rd hai hudng tiép can cot 16i: xir 1y tai
chd va xir 1y tap trung & noi khac. Xt 1y tai chd
(nhu sir dung cong nghé Biofloc hodc d4nh ché
pham sinh hoc tryc tiép vao nén day) c6 uu diém
16 1a tiét kiém chi phi van chuyén bun va kha
nang ap dung linh hoat & quy md trang trai nho.
Tuy nhién, phuong an nay doi hoi sy kiém soat
nghiém ngit vé chit lugng nudc dé tranh gy
soc cho ca. Nguoc lai, xir Iy tap trung & noi khac
(van chuyén bun thai sang hé thong riéng biét
nhu bé UASB hoidc ham U biogas) doi hoi yéu
cau k¥ thuat cao hon, tén kém chi phi thu gom
va van chuyén, nhung lai 1a phuong an t6i wu dé
khoang hoa triét dé va thu hdi tai nguyén ning
lugng ¢ quy mo trang trai 1on.

3.1. Tach rin — long va cé diic bin

Trong cac hé théng nuéi tudn hoan nudc,
bun thai c6 dic diém 1a thé tich 16n nhung ham
lwong chat rin thap. Obirikorang et al. (2022)
[9] wdc tinh re"lng ham lugng TSS sinh ra chiém
khoang 15-25% luong thirc dn dau vao, nhung
thuong bi pha loang trong dong thai véi ham
luong nude trén 95%. Do d6, thach thirc dau
tién 1a c6 ddc bun dé giam chi phi van chuyén
va ting hidu qua xir Iy cho cac bé phan img sinh
hoc phia sau.

Cac phuong phap loc co hoc va ling trong
Iy céi tién dang cho thay hiéu qua cao trong xir
ly bun. Bun ef al. (2017) [23] d4 phat trién quy
trinh két hop léng va loc da vét li€u (cat va than
anthracite) dat hi¢u suét loai bo TSS 1én ti 92%
d6i v6i nudce thai ao nudi ca ro phi. Tuy nhién,
dbi véi cac hat keo min kho 1éng, viéc st dung
héa chat keo ty 14 can thiét. Ermukdakul et al.
(2013) [24] da chung minh sir dung phén nhom
c6 thé dat hiéu suét loai bo TSS t6i 99,25%.
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Mic du vdy, nhom nghién ctru ciing canh béo vé
viéc giam pH va gia ting thé tich bun héa hoc,
didu nay co thé gay trc ché vi sinh vat trong qué
trinh phan hity sinh hoc tiép theo. Day 1a mot
yéu t can can nhéc k§ dbi voi cac hd nudi ca
tai PBSCL muén tai st dung bun lam phan bén
hitu co.

Ngodi ra, Helal Uddin et al. (2007) [25] d&
XUuAt sir dung bd loc than hoat tinh dang bdt cho
giai doan xu ly tinh giup loai béd 90% COD va
93% phdt-phat. Tuy nhién, néu xét dén bai toan
kinh té cho quy mé nuéi dai tra tai DPBSCL, cac
phuong phap ling loc co hoc két hop vit lidu loc
dia phuong (nhu cét, xi than) van 1a giai phap
khd thi nhét.

3.2. Phan hiiy ky khi thu hoi ning lieong

Phan huy ky khi 1a cong nghé chuyén héa
chit thai hiru co thanh biogas, dong thoi gitip on
dinh bun. Tuy nhién, bun c4 r6 phi thuong co ty
1¢ C/N thap va chira cac hop chat kho phan huy,
doi hoi cac chién lugce ki thuat cu thé dé tdi uu
hoa.

Hiéu suét sinh khi mé-tan c6 thé dugc cai
thién dang ké thong qua cac budc tién xir 1y bun
thai. Trong mdt nghién ctru trén bun thai ao nuodi
ca 16 phi tudn hoan nuéc, Gonzalez-Hermoso
va Segovia (2017) [5] d3 so sanh bdn phuong
phép tién xir 1: kiém, co hoc, nhiét va sinh hoc.
Két qua cho thay tién xir 1y sinh hoc sir dung
enzyme/vi sinh dat hi€u qua vuot trdi, tao ra san
luong khi sinh hoc cao nhét (45,18 cm’/L). Bang
chiy, nghién ctru nay ghi nhan kha néng loai bo
ni-trat 1én dén hon 90% thong qua qua trinh khir
ni-trat, giai quyét moi lo ngai vé 6 nhidm ni-to
trong nguén nudc tiép nhan,

Dé khic phuc han ché vé mat can bang
dinh dudng trong phan huy ky khi bun thai don
thuan, giai phap dong phan huy da dugc chimg
minh 12 hi€u qua. Campos-Montiel et al. (2022)
[26] nghién ciru phdi tron bun thai ao nudi ca
6 phi véi phan bo theo ty 1€ 1 : 1 va ghi nhan
hdn hop 1 sén sinh lugng khi mé-tan cao hon va
luong CO, thap hon so vé6i khi U riéng 1é¢. Hon

nita, phy pham thu dugc sau qua trinh phan hity
c6 kha ning kich thich nay mam co Alfalfa tot
hon, goi mé mé hinh kinh té tuan hoan bén ving
cho cac nong hg.

Déi véi cac khu vuc ven bién noi nudi ca rd
phi nuéc lg dang phat trién, d6 mén 1a rao can
16n cho cac cong nghé truyén thong. Mirzoyan
et al. (2012) [16] chi ra ring cac ao ling xir ly
bun thai thuong kém hidu qua do d6 mian tic ché
qua trinh phéan huy tu nhién. Thay vao d6, nhom
tac gia dé xuét s dung cong nghé UASB gitp
dat hiéu sudt giam BOD lén téi 91% va giam
dén 97% chét hitu co d6i véi bun théi tir a0 nudi
ca nudc lo. Pay la luan cir khoa hoc quan trong
cho thdy UASB 1a mét giai phap thay thé tiém
nang tai cac vung xdm nhap man. Tuy nhién,
dé c6 thé khuyén nghi 4p dung rong rii cho cac
vung nudi tai PBSCL, can thiét phai c6 thém
cac nghién ciru thye nghiém va danh gia chi tiét
bai toan kinh té - k¥ thuét trong diéu kién dia
phuong.

Cong nghé¢ phan hity ky khi thu hoi ning
lwong nay pht hop dé xtr Iy phan bun dic sau
khi d tach pha rin — long hdn hop bun thai thu
duogc tr ao nudi ca ré phi. Theo do, bé biogas
duoc st dung dé 1 bun dic, tuwong ty nhu 4 xt 1y
cac loai phén gia suc da kha pho bién & PBSCL.
Phan 16ng tach riéng dugc can nhic xir 1y hiéu
khi dé tai st dung dinh dudng.

3.3. Phén hiiy hiéu khi va on dinh khodng
hoa

Néu muc tiéu 1 tai sir dung dinh dudng tir
bun thai cho cdy trong (Aquaponics hodc tudi)
thay vi nang lugng, phan hay hiéu khi nuéc thai
1a lya chon t6i wu nhd kha ning khoang hoa
vuot tri. Monsees et al. (2017) [7] da thuc hién
mot so sanh ddi chimg quan trong giita xtr 1y
hiéu khi va ky khi trén bin ao nudi ca ro phi. Két
qua cho thay xtr Iy hiéu khi (c6 suc khi) lam ting
3,2 1an ndng d6 phdt-pho hoa tan, tir 9,4 1én 29,7
mg/L, phan anh qué trinh khoang hda va huy
dong P trong diéu kién oxy hoa. Nguoc lai, qua
trinh ky khi khong giai phong hi¢u quéa lugng
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phdt- pho nay. Ngoai ra, xir Iy hiéu khi gitip bao
toan ni-to dudi dang ni-trat — dang dinh dudng
ua thich cta thyc vat, trong khi qua trinh ky khi
thuong lam that thoat ni-to thong qua qua trinh
khtr ni-trat thanh khi N..

Delaide et al. (2018) [27] da xay dung
phuong phap luan dé dinh lugng qua trinh nay,
chi ra ring cac bé phan tmg hiéu khi co thé loai
b6 it nhat 50% lwong COD va TSS dau vao,
dong thoi dat mirc khoang hoéa tir 10-60% cho
cac nguyén t6 da luong va vi lugng. Picu nay
bién nudc thai tir mot ganh nang thanh ngudn
phan bon long gia tri cao. Nghién ctu cua
Gichana et al. (2019) [28] ciing khang dinh hiéu
qua cua viée str dung nude thai di qua xir Iy hiéu
khi dé tudi bi ngd va rau dén trong cac hé thong
quy mo nhd, gitp tin dung dinh dudng du thira
va tao thém thu nhap cho nguoi trong.

Tém lai, viéc lya chon cong nghé xir Iy bun

cho ¢4 r6 phi tai PBSCL can duya trén diéu kién
cu thé: cong nghé¢ UASB va dong phan hity ky
khi phu hop cho céc trang trai quy mo 16n hoéc
ving nude lg can nang lugng; trong khi xir 1y
hiéu khi 1a giai phap 1y tuong cho cac mé hinh
Aquaponics hudng t6i t6i da hoa higu qua sir
dung phan bon. Tong hop céc dit liéu cho thay
viéc lua chon cong nghé xur Iy khong c6 mot giai
phép van ning ma 1a sy danh doi giita cac muc
tiéu. Néu ap dung xir 1y ky khi, riii ro 16n nhat
1a su that thoat dinh dudng va nhay cam véi do
man, nhung mang lai gia tri nang lugng. Nguoc
lai, qua trinh hiéu khi t6i wu cho viéc khoéng
hoa phdt-pho va giit lai ni-to hiru ich cho thuc
vat, nhung lai ti€u tén chi phi nang lugng suc
khi 16n. Do d6, quyét dinh 4p dung cong nghé
phéi gin lién voi bai toan kinh té va diéu kién
sinh thai dac thu cua ting trang trai.

Bang 1. So sanh xir Iy hiéu khi va ky khi trong xir Iy bun c4 ré phi

Chi tiéu Xir Iy hiéu khi Xir ly ky khi
Co ché chinh Oxy hoa sinh hoc, qua trinh ni-trat ~ Thay phan — A-xit héa — Sinh mé-tan
hoa, khoang hoa P

COD xtr 1y (%) 50-70% (bun Aquaponics) 40-85% tly thudc cach thirc tién xu ly

BOD xir 1y (%) 60—80% (h¢ suc khi lién tuc) 70-91% (UASB)

Ning suat CH . Khong tao CH, 0,15-0,35 m* CH /kg chat ran pay hoi
(VS - Volatjle Solids) trong diéu kién
gia nhiét (dong phan huy cao hon)

Thanh phan CH , Khong 30-60% CH, trong biogas (tuy ty 1¢
C/N va d6 man)

P hoa tan Tang 23 1an P hoa tan (~ 9-30 Thég; P thuong ¢ dang két tia hodc

mg/L) bun 6n dinh

Dang N déau ra NO.- (6n dinh cho cay trong) NH,+ (co thé gy trc ché néu tich tu)

Ty 1& C/N yéu cau  Khong qua nghiém ngit

Nhay cam véi do
man

Trung binh

Nhu cau ning
lugng van hanh

Cao (syc khi lién tuc)

Phu hop muc tiéu
thiy canh)
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Thu héi dinh dudng (phan bon,

T6i wu 20-30; bun ¢4 thuong < 10 —
can dong phan hay

Cao (vi khuén sinh ‘mé—tan nhay mén;
UASB cai thién phan nao)

Thép — trung ’binh (gia nhiét néu thudc
quy trinh va am)

Thu hdi ning luong (biogas)
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Chi tiéu Xir Iy hiéu khi Xir ly ky khi
On dinh bun Trung binh Cao (giam VS, giam mui)
Rui ro NH, doc Thap néu qua trinh ni-trat hoan Cao néu C/N thap, pH cao

chinh
Kha nang 4p dung Kho do chi phi dién
ho nho

Ph6 bién néu dang ham biogas don
gian

Wguc”;n: T éng hop tir Gonzdlez-Hermoso, 2017 [5]; Monsees, 2017) [7]; Mirzoyan, 2012 [16]; Campos-Montiel, 2022

[26]; Delaide, 2018 [27])

3.4. Xur ly bang thuec vit thity sinh

Dbi véi cac ho nudi thily san quang canh cai
tién hodc ban tham canh tai DBSCL, viéc sir
dung thuc vt thity sinh dé hap thu truc tiép dinh
dudng tr nudc thai/bun long 1a mot hudng di
sinh thai hoc mang lai hiéu qua kinh té cao. Hé
thuc vat dong vai tro nhu mot bo loc sinh hoc tu
nhién, chuyén héa chét 6 nhiém thanh sinh khdi
thuc vat.

Nghién ctru cua Henry-Silva va Camargo
(2006) [29] cho thay cac loai béo phd bién nhur
beo tay (Eichhornia crassipes) va béo cai (Pistia
stratiotes) c6 kha nang loai bo toi 82,0-83,3%
tong phdt-pho va 43,9-46,1% tong ni-to tir nudc
thai ao nudi ca ro phi, bién ngudn nudc nay dat
tiéu chuan dé tai sur dung. Tuong tu, béo tam
(Lemna minor) khi két hop véi vi khuan Bacillus
sp. da dugc chirng minh c6 kha nang gidm manh
BOD, COD va phét-phat, dong thoi cai thién ty
16 séng va tdc do tang trudng cua ca rd phi khi
tai s dung ngudn nudc. Dic biét, rong dudi
chdn (Ceratophyllum demersum) khong chi cho
hiéu qua xir Iy 6 nhiém cao (giam TDS, a-mon,
ni-trat) ma con cai thién 1o rét cac chi s6 st
khoe cta ¢4 r6 phi (chirc ning gan, than va huyét
hoc). Viéc ing dung céc loai thuc vat thily sinh
ban dia nay tai PBSCL khong chi giai quyét bai
toan xir Iy chét thai véi chi phi gan nhu bang
khong, ma sinh khéi beo thu hoach duoc con co
thé tan dung 1am phén bon hitu co hodc thirc an
chin nudi, khép kin vong tuan hoan sinh thai.

4. Thu hdi tai nguyén va kinh té tudn hoan

Trong bbi canh chi phi thirc an va nang luong
ngdy cang ting, md hinh kinh té tuyén tinh (khai

thac — sir dung — thai bo) trong nuéi tréng thiy
san dang dan tro nén 16i thoi. Viée chuyén doi
sang mo hinh kinh té tuan hoan, noi bun thai tir
ao nudi ¢4 r6 phi duoc xem 1a nguyén liéu dau
vao cho cac quy trinh san xuit khac, khong chi
giai quyét bai toan 6 nhidm ma con tao ra ngudn
thu thr cAp.

4.1. Thu hoéi nang luong: Tiém ning va
thdch thirc ciia biogas

San xuét biogas thong qua phan hiy ky khi
bun thai 1a con duong truc tiép dé thu hdi ning
luong. Tuy nhién, bun thai ao nudi ca rd phi co
ty 16 C/N thip (thuong < 10) do ham lwong dam
cao, dan dén su tich tu a-mén tu do gay Uc ché
vi khuén sinh mé-tan.

Pé khic phuc han ché vé ty 1€ C/N, viéc phéi
tron bun thai voi cac chét thai nong nghiép giau
cac-bon 1a giai phap t6i wu. Nghién ctru cia
Campos-Montiel et al. (2022) [26] da ching
minh déng phan hity bun thai ao ca ro phi véi
phéan bo gitp can bang dinh dudng, tao ra san
luong khi mé-tan cao vuot trdi va 6n dinh hon
so voi u bun don 1é. Két qua nay dic biét ¢6
nghia dé tich hgp vao mé hinh VAC (Vuon — Ao
— Chudng) tai PBSCL, noi néng dan c6 thé két
hop chit thai chin nudi va nudi trong thiy san
dé tu chi ning lugng dun ndu hodc phat dién
quy mo nho.

Hon nita, Jordan et al. (2020) [30] ciing
khéng dinh tinh kha thi cta viéc san xuét biogas
tir chit thai hé théng Aquaponics nudi ¢4 ro phi.
Mic du thé tich chat thai tir cac hé thong tuan
hoan nhé hon so véi ao dét, nhung ndng do hiru
co dam dic sau khi qua bé ling giup hiéu suit
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sinh khi trén mdi don vi thé tich cao hon.

Tai cac khu vyc nudi ca ro phi ven bién,
Mirzoyan et al. (2012) [16] d chi ra ring cong
nghé UASB khong chi xtr Iy nudc thai mén hiéu
qua ma con cho phép thu hoi khi mé-tan, dicu
ma cac cong nghé xtr 1y sinh hoc truyén thong
khong 1am dugc. Nang luong thu hdi ¢6 thé van
hanh va bu dép mot phan chi phi nang lugng suc
khi trong cac ao nudi tham canh.

4.2. Thu hoi dinh dwong: Tir bun théi dén
Pphén bon sinh hoc

Bén canh nédng lugng, bun thai sau xu 1y la
ngudn phan bon hitu co gia tri cao. Phu pham
sau qua trinh phan huy ky khi bun thai khong
chi an toan vé mat vi sinh ma con gilr lai hau hét
cac chat dinh dudng thiét yéu. Thir nghiém nay
méam trong nghién ctru cia Campos-Montiel et
al. (2022) [26] cho thiy dich phan huy tir hdn
hop 0 bun ao nudi cé 16 phi va phan bo kich
thich sy phat trién co Alfalfa tot hon dang ké so
v6i nghiém thire dbi ching. Pidu nay mé ra co
hdi sir dung bun s?iy kho hodc G compost dé cai
tao dat phén mén hoac d4t bac mau tai DPBSCL.

Viéc két hop giita nudi ca va trong rau gitp
thu hoi dinh dudng long cho quy trinh san
xuit. Thuc nghiém cua Gichana et al. (2019)
[28] da chiing minh tinh hi¢u qua cua hé théng
Aquaponic két hop nui ca ro phi va trong bi ngd
va rau dén. Hiéu qua loai bo phdt-pho & nghiém
thirc trong bi ngd rat cao (75,5 + 16,8%), twong
{mg v6i ham lugng phdt-pho trong mé thye vat
cao dang ké & cdy bi ngd. Két qua cho thay nong
d6 dinh dudng tai dau ra thity canh thip hon
dang ké so voi dau vao, ddng thoi cac thong sb
chit luong nudc c6 anh hudng dang ké dén sy
tang trudng cua ca.

Tuy nhién, mdt phat hién quan trong tir
Monsees et al. (2017) [7] cAn duoc nhan manh:
cong nghé xir 1y bun quyét dinh cho loai cay
trong. Néu xtr Iy bun bang cong nghé hiéu khi,
gia tri pH giam gitp hoa tan phét-pho (PO ) va
ka-li (K*), phu hgp cho cac loai cdy an qua hoéc
cdy lay ci co nhu cau dinh dudng cao. Nhung
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néu 4p dung xir 1y ky khi, dinh dudng cha yéu
ton tai & dang a-moén (NH ,) phu hop hon cho
cac loai rau an 1a.

4.3. Dinh hwong chu trinh khép kin

Mot hé thdng quan 1y bun bén vimng cho ao
nudi ¢4 r6 phi tai PBSCL nén di theo hudng tiép
can tich hop. Trude tién cho ling bun trong ao
nudi hodc hé théng loc. Tiép theo tién hanh xir
1y theo nhém:

- Phan bun dic: Pua vao ham biogas (phdi
tron v6i rom ra/phan chudng)  lay khi dét. Ba
thai thu dugc dung bon lta hodc cay an trai.

- Phan nudc bun loang: Xir Iy hiéu khi dé
khoang hoa phdt-pho, sau d6 tudi cho rau mau
hodc ding cho hé thong thity canh.

Céch tiép can nay bién chat thai thanh tai
nguyén, giam chi phi phan bon v6 co cho nong
nghi€p va giam phat thai khi nha kinh tur hoat
dong nuoi trong.

5. Thach thire va hwong di twong lai

Mic du cic cong nghé xir 1y va thu hdi tai
nguyén tir bun thai ao nudi ca r6 phi da dat
duoc nhing tién bo dang ké vé mat 1y thuyét va
thuc nghiém quy mé nhé, viéc ap dung rong rai
chung vao quy trinh nuéi thuwong mai, dac biét
tai cac ving nudi trong diém nhu PBSCL, van
dbi mat voi nhiéu rao can.

5.1. Rao cdn ky thudt va vin hanh

Dé t6i wu héa quéa trinh phan hiy ky khi,
cac phuong phap tién xtr 1y (sinh hoc, nhiét,
hoa hoc) 1a cin thiét d& pha v& cau triic phirc
tap cua bun ca. Gonzalez-Hermoso va Segovia
(2017) [5] da chimg minh tién xtr 1y sinh hoc c6
thé tang san lugng biogas va loai bo ni-trat hiéu
qua. Tuy nhién, viéc van hanh cac bé phan mg
enzyme hoac duy tri nhiét do on dinh cho qua
trinh thuy phéan doi hoi trinh d6 k¥ thuat cao va
kiém soat nghiém ngit, diéu kho kha thi déi véi
phén 16n cic néng ho quy mé nhé va vira tai
DBSCL. Néu khong thé kiém soat cac thong s6
van hanh (pH, nhiét d6) bé ky khi s& bi a-xit hoa,
1am ngung tré toan bo hé thong xir 1y.

Déi v6i chién luge phat trién nudi ¢4 rd phi
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nude lo tai cac khu vuc ven bién, do man 1a yéu
t6 trc ché sinh hoc chinh. Mirzoyan et al. (2012)
[16] chi ra ring mic du cong nghé UASB vuot
troi hon cong nghé xir 1y sinh hoc truyén thong,
nhung hiéu sut sinh khi mé-tan van bi anh
huéng boi ndng do mudi cao do ap sudt tham
thdu gdy sdc cho vi khuan sinh mé-tan. Hién
tai, thiéu cac nghién ctu vé viéc thuan hoa céac
chung vi sinh vat chiu man chuyén biét cho xt
1y bun ca 16 phi, tao ra mot khoang trong k¥
thudt 16n cho ving nuéi nudce lg.

Ca 16 phi 14 loai c6 ph sinh thai rong, dugc
nudi & nhiéu moi truong c6 do man khac nhau.
Tuy nhién, cac nhom vi sinh vat thong thuong
tham gia vao qué trinh xir Iy bun (nhu vi khuan
sinh mé-tan trong h¢ ky khi hay vi khuan ni-trat
hoa trong hé hiéu khi) lai c6 ddc diém sinh Iy rat
nhay cam véi d6 man. Méi truong nudce lo tao
ra ap suat tham thau cao, gay trc ché hoat dong
enzyme va lam suy giam chirc ning té bao cua
cac vi sinh vat nuéc ngot. Do d6, khi ing dung
cong nghé sinh hoc dé xir Iy bun thai ving ven
bién, viéc st dung cac ché pham sinh hoc truyén
thong 1a khong hiéu qua. Doi hoi cap thiét hién
nay la phai phén 1ap, chon loc va thuan hoa cac
nhom vi sinh vat chiu man hoac wa man dic
hiéu. Viéc hiéu rd ngudng chiu min cua timg
chiing vi sinh vét s& quyét dinh tryuc tiép dén kha
nang trién khai thanh cong cac cong nghé xir 1y
bun ¢ tirng vung sinh thai khac nhau.

5.2. Ruii ro tich tu djc té

Day 1 rao can nghiém trong nhat dbi véi
vigc tai st dung bun trong nong nghi¢p, anh
huong dén dinh huéng kinh té tuan hoan.

M0t phat hién mang tinh canh bao tir nghién
ctru cua Habib er al. (2025) [15] cho thay bun
thai tir ao nudi ca ro6 phi trong hé thong nuéi
Biofloc tich tu cac kim loai nang nhu Cd, Cr,
Pb va Cu. Nghién ciru khang dinh rang néu tan
suat loai bo bun qua 1au (trén 1 thang), ndng do
kim loai trong bun s& ting, din dén hién tuong
tai hap thy vao mo ca va rai ro cho cay trong
néu ding bun nay lam phan bén. Didu nay dit

ra yéu cau khit khe vé kiém soat dau vao (thirc
an, ngudn nudc) va quy trinh quan 1y dau ra (tan
sut xi phéng day) ma cac quy dinh hién hanh
(nhu VietGAP) c6 thé chura chi trong ding mic.

Mic du qué trinh 1 ky khi c6 thé tiéu diét mot
phan vi khuan gy bénh, nhung sy ton tai cia
Salmonella va Coliforms trong bun van 1a mdi
lo ngai. Nghién ctru cua Campos-Montiel et al.
(2022) [26] ghi nhan sy giam thiéu mam bénh
sau qua trinh dong phan hity bun thai véi phan
bo, nhung chua khéng dinh dugc su sach khuan
hoan toan dé dap tng céc tiéu chuan xuat khau
nong san khit khe theo GlobalGAP néu sir dung
phan bon san xuat tir bun nay cho rau dn sdng.

5.3. Tinh khd thi vé kinh té

Hién nay, hau hét cic nghién ciru tip trung
vao hiéu qua k¥ thuidt ma bo qua phan tich chi
phi — lgi ich. Delaide et al. (2019) [27] lap luan
rang viéc xtr 1y bun tai chd giup tiét kiém chi phi
phén bon va nudce, nhung chua c6 dir li¢u dinh
luong vé thoi gian hoan vbn cho viée dau tu hé
thong UASB hay cac bé phan tig hiéu khi suc
khi lién tuc. D6i véi ngudi nuoi, néu chi phi van
hanh hé théng xir 1y (dién ning, bao tri) cao hon
gia tri cua biogas hay phan boén thu duogc, ho s€
khong c6 dong luc ap dung.

T nam 2017 B§ Nong nghiép va Phat
trién nong thon di ban hanh hai quy chuan k¥
thuat qudc gia bao gbm QCVN 02-25:2017/
BNNPTNT va QCVN 02-26:2017/BNNPTNT
vé yéu cau k¥ thuat dbi v6i co so san xuat giéng
va nudi ca 1o phi [31]. O goc d6 mdi trudng
QCVN 02-25:2017/BNNPTNT tap trung vao
viéc thu gom, x1r Iy phan ca va nudc thai, dam
bao mdi truong sach dé ca gidng khoe manh,
khong mang mam bénh; trong khi QCVN 02-
26:2017/BNNPTNT chu trong xur ly bun thai,
nudce thai, han ché thirc an du, vira bao vé moi
truong vira dam bao san pham ca rd phi an toan
cho thi truong. Pang cha y nhét 14 yéu cau cac
co so chira tdi thiéu 10% téng dién tich mat nudc
nudi ca dé lam khu/ao xir Iy nude thai, chira bun
thai. Yéu cau nay lién quan dén dién tich nudi ca
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con lai va loi nhuan thu duoce, do d6 cac co so
thuong khong thyc hién ma chuyén sang dung
dién tich nay 1am ao ling dé xir Iy nude dau vao.
Do @6, bun/nuéce thai phat sinh tir cac ao nuoi
khong duge xtr 1y dat yéu cdu ma dwa ra ngudn
tiép nhan bén ngoai s& gay 6 nhiém moi truong.

Tai DBSCL, thi truong kinh doanh phan
bon tir bun ¢4 chua hinh thanh. Viée thiéu cac
tiéu chuan qudc gia cu thé va thiéu cac van ban
khuyén khich sir dung phan bén hitu co tir bin
nudi trong thity san khién san pham nay kho
thuong mai hoa, chi dung lai & mac d6 tu cung
tir cap trong mo hinh VAC.

Mic du bai bao dé xuat khung quéan 1y tich
hop hudng téi viée bién bun thai thanh phan bon
va nang lugng, nhung rao can 16n nhét hién nay
1 thiéu cac phan tich dinh lugng chi tiét vé hi¢u
qué kinh té, chi phi dau tu ban dau va thoi gian
hoan vén cta cac hé théng nhu UASB hay bé
phan tmg hiéu khi. Ddi véi ngudi nudi, néu chi
phi van hanh (dién nang, bao tri) hoac chi phi
thu gom cao hon gia tri tai nguyén thu hdi duoc,
ho s& khong c6 dong luc chuyén doi.

5.4. Khodng trong nghién ciru

Qua trinh ra soat cac tai liéu tham khao lién
quan cho thdy mot sy mét can ddi 16n vé cac
nghién cuu lién quan:

- Chua c6 cac nghién ciru quy mo thir
nghiém: Phan 16n cac dit liéu hién c6 déu dugc
thye hién trong diéu kién phong thi nghiém véi
cac bién sb dugc kiém soat chit chd. Mot sb it
nghién ctru nhu ciia Wang et al. (2016) [32] thuc
hién trén quy md thur nghiém (pilot), nhung cling
chwa dat dén quy mo trang trai thuc té. Viéc nay
dan dén hiéu suat xir Iy thyc té tai a0 nudi ngoai
tro1 & DPBSCL — noi chiu anh huéng ciia mua,
nang, bién dong nhiét d6 ngay dém — co thé thap
hon nhiéu so véi trong phong thi nghiém.

- Thiéu dir liéu v& dong vat chét dai han:
Céc nghién ctru thudng dién ra trong thoi gian
ngn (vai tuan dén vai thang). Chua c6 dénh gia
dai han vé sy tich tu dudng chét trong dét khi
str dung bun ¢4 lién tuc trong nhidu nam (Osti
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et al., 2017; Coldebella et al., 2020) [13, 33].
Li€u viéc tudi bun long c¢6 gy man hoa hay phi
dudng hoa dat néng nghiép vé lau dai khong?
Pay 1a cau hdi con bo ngod cho viéc xay dung
quy trinh chuan dé tai str dung bun an toan.

1. KET LUAN VA KIEN NGHI

Bai viét dd phan tich cac dic tinh, cong nghé
xir Iy va tiém nang thu hoi tai nguyén tir bun thai
trong nuodi tham canh ca r6 phi (Oreochromis
niloticus). Dua trén tong hop dit lidu tir nhiéu
cong trinh nghién ctru va ddi chiéu vai diéu kién
thyc tién tai PBSCL, cac phat hién chinh bao
gom:

Thtr nhét, chuyén doi tu duy quan 1y tir cudi
dudng 6ng sang kiém soét tai nguon. Chat lugng
bun thai va an toan sinh hoc phu thugc mat thiét
vao ché do quan 1y ao nudi. Ché do thu gom bin
dinh ky ngén han (nhu hang tuan) 1a mot trong
nhiing giai phap quan trong dwoc dé xuat nhim
han ché sy tich tu kim loai nang (Cd, Pb, Cr)
trong md ca va giam thiéu sy tai hoa tan cac hop
chit ni-to doc hai. Pay 1a khuyén nghi k¥ thuat
quan trong cho cac mo hinh nudi tham canh 16t
bat tai PBSCL, gitip san pham dép tmg cac tiéu
chuén xuit khau.

Thér hai, sy danh ddi giita ning luong va
dinh dudng trong lua chon cong ngh¢. Khong
¢6 mot cong ngh¢ xur Iy don 1€ nao 1a van nang;
su lua chon phu thugc vao muc dich thu hoi tai
nguyén:

- Pé thu hdi ning lugng: Phan hay ky khi 1a
lya chon chu dao, tuy nhién, bun ca rd phi can
duoc tién xir Iy sinh hoc hodc dong phan hiy
v6i cac loai phu pham néng nghiép (nhu phan
bo, rom ra) dé can bé'lng ty 1€ C/N va tdi wu hoa
san lugng biogas.

- Pé thu hoi dinh dudng: Phan huty hiéu khi
vuot trdi hon nho kha nang khoang hoa giup hoa
tan pht-pho va bao toan ni-to dudi dang ni-trat,
tao ra ngudn dinh dudng long pht hop cho cay
tréng.

Thir ba, giai phap thich img cho bdi canh da
dang sinh thai cia PBSCL. Bai bao dé xuit mo
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hinh quan ly phan hoa theo ving dia ly:

- Déi v6i nhitng khu vire ven bién xam nhap
min: Céc ao ling xir Iy chét thai truyén thong
khong con phu hgp. Cong nghé¢ UASB 1a mot
giai phap thay thé tiém ning cho phép xir Iy hi¢u
qua bun nudce lg voi hiéu suat giam BOD lén
dén 91%, khic phuc dugc sy uc ché cua d0 man
dbi v6i vi sinh vat.

- Péi véi ving nude ngot: Khuyén khich
mo hinh kinh té tuin hoan khép kin (VAC kiéu
moi), tich hop gilra nudi ca — u biogas (tir bun
dic) — va trong trot thiy canh (tir nude bin sau
xtr 1y hiéu khi).

Bun thai tir ao nudi ca r6 phi khong nén dugc
xem 1a mot ganh ndng moi trudong ma 1a mot
mit xich quan trong trong nén kinh té tudn hoan
néng nghiép. Tuy nhién, dé hién thyc hoa tiém
ning niy, nganh thiy san PBSCL can vuot qua
Cc4c a0 can vé ky thuat van hanh va thiéu hut
khung phap 1y cho phan bon tir bun. Bai viét dé
xuét cac chién luoc va dinh huéng cu thé sau:

- Vé kha ning ung dung thyc té va cong
nghé: Can ca nhan hoa cong nghé theo quy mo.
Dbi voi cac nong hd quy mé nho, wu tién tmg
dung cic giai phap xir 1y tai chd hoic 1 phan
compost don gian véi chi phi thap. Ddi vai cac
trang trai thwong mai quy mo 16n (xtr ly tap trung
& noi khac), can phat trién cac hé thong lai, két
hop tach ran co hoc va phan hity ky khi/UASB
dé t6i uru thu hoi nang lugng. Dic biét, trudc khi
khuyén cao nhan rong, cac du 4n chuyén giao
cong nghé bt budc phai di kém bai toan phan
tich chi phi - 1¢i ich va tinh toan thoi gian hoan
von dé dam bao tinh kha thi vé kinh té cho nguoi
nudi.

TAI LIEU THAM KHAO

- Vé dinh huéng nghién ctru tiép theo: Nham
lap day cac khoang trng dir liéu hién hanh, cac
nghién ciru trong twong lai can tap trung vao hai
hudng trong tam. Thir nhat, tién hanh phan lap,
chon loc va thuan hoa cac chung vi sinh vét va
man/chiu min dic hiéu dé ning cao hiéu suat
cho hé théng UASB tai ving sinh thai nudc lo
ven bién. Thir hai, can chuyén dich tir quy md
phong thi nghiém sang cac thir nghiém thyc tién
& quy mo trang trai; dong thoi tién hanh quan
trac dai han vé su bién dong hé sinh thai dat va
mirc d¢ tich tu dudng chét khi tai sir dung bun c4
1am phan bén lién tuc qua nhiéu vy mua.

- V& quan 1y van hanh: Pua ché d6 thu gom
bun dinh ky ngan han (t6i thiéu hang tuan ddi
v6i h¢ thong tham canh 16t bat) thanh quy chuan
van hanh bt budc. Diéu nay gitip ngin ngira riii
ro tai hoa tan kim loai nang, ddm bao bun dau
ra dat tiéu chudn an toan sinh hoc dé tai sir dung
lam phan bon.

- V& chinh sach: Cac co quan quan Iy can
som thiét 1ap khung phép 1y, ban hanh céc tiéu
chudn qudc gia dé cong nhan bun thai thiy san
(sau khi xir 1y dat chuan) 14 mot loai phan bon
hitu co thuong mai héa. Pong thoi, can c6 co
ché hd trg von va quy dét cho cac duy an thi diém
mod hinh kinh t& tudn hoan Aquaponics/ VAC
quy md cong nghiép dé tao dong Iyc chuyén doi
cho doanh nghiép.

Chi khi giai quyét dong by dugc bai toan an
toan sinh hoc, hiéu qua kinh té va 1ip day cac
khoang tréng thuc nghiém, bun thai tir ao nudi
¢4 16 phi méi thyc sy tré thanh ngudn nguyén
lidu d4u vao bén vimg cho nén kinh té tuan hoan
tai DPBSCL.
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