24

Trudng Dai hoc Nong Lam TP. H6 Chi Minh

Exploring microalgae (Chlorophyta)-based desalination and open-system cultivation strategies

Viet B. Nguyen, Quyen T. N. Nguyen, Kha D. Nguyen, Thao T.T. Bui, & Vi N. H. Vu*
Department of Chemical Engineering, Faculty of Chemical Engineering and Food Technology,
Nong Lam University, Ho Chi Minh City, Vietnam

ARTICLE INFO

Research Paper

Received: February 14, 2025
June 05, 2025
July 04, 2025

Revised:
Accepted:

Keywords
Desalination
Microalgae
Open system

Water treatment

*Corresponding author

Vu Ngoc Ha Vi

Email:
vivhh@hcmuaf.edu.vn

ABSTRACT

Saltwater intrusion presents a global challenge that adversely
affects ecosystems, depletes freshwater resources, compromises
human health, and hinders agricultural development. Therefore,
the development of efficient desalination methods has become
critically important. Among emerging solutions, microalgae-
based desalination has gained significant attention due to its high
efficiency, cost-effectiveness, and environmental sustainability.
This study summarizes current knowledge on the mechanisms,
influencing factors, and practical applications of microalgae
(Chlorophyta) in desalination. Microalgae desalinate water mainly
through two mechanisms: biosorption and bioaccumulation.
Cultivation of microalgae can be employed in different
photosynthetic bioreactors, in which open pond systems are
particularly promising due to their scalability, low operational
costs, and ability to harness solar energy. The application of
microalgae for desalination addresses salinization and contributes
to sustainable development goals by promoting ecological balance.
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1. it Vin Dé

Xam nhdp mdn 1a hién tugng nudc bién

TPHCM, TP. H6 Chi Minh

TOM TAT

Qua trinh xAm nh4p man da trd thanh mot thach thtic toan cau khi
gay nhiéu tac dong tiéu cuc 1én hé sinh thai, suy gidam nguén nudc
ngot, anh hudng dén stic khoe va kim ham su phét trién ctia ndng
nghiép. Trudc thuc trang nay, viéc nghién ctiu cac giai phap khu
mdn hiéu qua la yéu ciu cap bach hién nay. Trong s6 cac phuong
phdp dang dugc phat trién, kht min bang vi tdo dang nhan dugc
nhiéu sy quan tdm nhd hiéu qua cao, chi phi thdp va co tinh bén
viing v6i mdi trudng. Nghién ctiu nay téng hgp cac co ché, yéu t6
anh hudng va ting dung thuc tién cta vi tdo (Chlorophyta) trong
qua trinh kht mén. Vi tdo khii min béng hai co ché chinh 13 hip
thu sinh hoc va tich liy sinh hoc, trong dé hiéu suat xt ly phu
thuc cac yéu té moi trudng nhu pH, nhiét do, anh sang. Vi tao c6
thé dugc nudi cdy & cac hé thong quang hoc khac nhau, trong dé
hé thong nuoi cdy md dugc danh gia cao nho kha ning mé rong
quy md, gidm thiéu chi phi van hanh va tdn dung ning lugng mat
troi. Cong nghé stt dung vi tdo khtt mén gitp gop phan giai quyét
van dé vé mdi trudng, bdo vé can bang sinh thai va huéng dén muc
tiéu phat trién bén viing.

binh trong nhiéu nam, va tiép tuc ting dén thang
3 ndm 2025 khi d¢ sdu xdm nhép ti 45 - 60 km
tai cac ctia song Ctiu Long (Vo & ctv., 2021).

dang cao xam nhép sau vao trong dat lién va lam
cho ham lugng muodi tang vugt muc cho phép
(Prusty & Farooq, 2022). Hién nay, tinh hinh
xam nhép man & Viét Nam dién ra ngay cang
phtic tap, dic biét 1a cc tinh & ving Pong bing
Song Ctiu Long. Theo nghién ctiu ctia Vo & ctv.
(2021), ndm 2019 - 2020 d6 mén bao phu tinh
Bén Tre da ting tii 3 dén 7%o v6i do sau xam
nhap khoang 85km. Tinh hinh xd4m nhap man
vao ndm 2024 dugc du bao cao hon mtic trung

Hién tugng xam nhdp mén khong chi dién ra &
Dbong bang song Cuiu Long (Viét Nam) ma con
de doa dén nhiéu khu vuc trén thé giéi nhu Dia
Trung Hai, Bic My (Cao & ctv., 2021). Xam nhép
min c6 thé xudt phat tii ty nhién hodc do hoat
dong san xuit cta con ngudi. Vao mua kho, muc
nudc & song thap trong khi thuy triéu dang cao
khién nudc bién chay ngugc dong, gay ngép lut,
nhiém mén va sat 16. Ngoai ra, cac hoat dong san

xudt cia con ngudi nhu viéc khai thac nguon
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nudc ngdm, nudi trong thuy san, khai thac nong
nghiép mot cach qua muc ciing gay nén hién
tugng xam nh4p mdn. Su néng lén toan cau lam
muc nudc bién dang cao cing khién qua trinh
x4m nhap min dién bién phic tap hon (Moore
& Joye, 2021).

Qua trinh xam nhép mén anh hudng tiéu cuc
1én stic khoe va cudc song ctia con ngudi. Viéc
tiép xic thudng xuyén véi nude mén co thé gay ra
cac bénh ly nhu viém da, cac bénh vé gan, huyét
ap cao hay bénh than (Mueller & ctv., 2024).
bt bi nhiém man gay anh hudng tiéu cuc dén
sinh trudng va phat trién cua cac loai cay trong.
Khi thiéu nudc ngot, ndong dan khong thé tudi
tiéu cac loai céy an qua, hoa mau va luong thuc
khién nén nong nghiép phat trién tri tré (Tran &
ctv,, 2012). Do do, can tién hanh cac phuong an
chéng xdm nhap méin d€ bao vé hé sinh thai, stic

khoe va kinh té cia nguoi dan.

Nhiéu bién phap chong xdm nhdp mdn va
cong nghé khi min nudc 6 quy mo 16n va ho
gia dinh da dugc ti€n hanh. Xay dung cong trinh
thuy loi chdng man, cac hé du tri nudc ngot
gitp diéu tiét, kiém soat nudc mdn xam nhép
va luu trii nude ngot thuong dugc thuc hién &
pham vi 16n va tén nhiéu kinh phi d€ x4y dung
lap dit, stia chiia, bao tri. D6i v6i quy mé ho gia
dinh, phuong 4n gia c6 dé bao, nao vét muong
dugc trién khai nhung phuong an nay c6 thé
tang nguy co tich liy muodi trong dat, gay suy
giam chit lugng dat (Nguyen & Nguyen, 2024).
Mot cong nghé khtt man phd bién dugc st dung
hién nay la loc thdm thdu ngugc (RO), cong nghé
nay c6 thé dong thoi loai bo tap chét va chat gay
6 nhiém trong nuéc (Jiang & ctv., 2018). Cong
nghé loc c6 nhiéu uu diém nhu dé vin hanh,

hiéu qua loc tap chat c6 trong nudc mdn cao va

nudc sau loc ddm bao an toan (Kore, 2011). Tuy
nhién, cong nghé loc khd t6n kém vi mang loc

chi phi cao va cin dugc thay déi dinh ky.

Cac két qua nghién ctiu gan day cho thay kht
mén béng vi tdo vi tdo mdt phuong an tiém ning.
Vi tdo 1a loai sinh vat nhan thuc c¢é kich thuée
nho dao dong tui 0,2 t6i 200 pm, da dang vé hinh
dang, thanh phan va s6 lugng loai, sinh truéng
va phat trién trong moéi trudng c6 bé sung mudi,
nguon nito, phospho, chit dinh dudng v6 co
(Jones & ctv,, 2019). Vi tdo c6 thé s6ng dugc
trong moi trudng nudc ngot cling nhu nudc
mdn va thich nghi & cac diéu kién song khac
nhau (Sathasivam & ctv.,, 2019). Nghién ctiu cua
Nguyen & ctv. (2023) cho thdy vi tdo sinh trudng,
phat trién tt & cac noéng do muditu 1 - 30 g/L &
cac diéu kién nuoi cay khac nhau va do méan cua
nudc giam theo thoi gian nudi cdy. Vi kha nang
quang ty dudng, vi tdo hap thu CO, trong qua
trinh quang hgp gitp gidm hiéu tng nha kinh,
tan dung anh sang mét trdi, ngudén nang lugng
dai dao tu ty nhién ma khéng can phai tiéu tén
qua nhiéu nang lugng. Hon nita, hé thong nudi
tdo c6 chi phi van hanh thép va c6 thé tang quy
mo nudi cdy (Esmaeili & ctv.,, 2023). Do do,
phuong an khtt méan st dung vi tao dugc xem la
mot bién phép “xanh” ddy tiém nang thay thé cac
phuong phap truyén thong khi tiéu thu it nang
lugng, giam chi phi va khong gay anh hudng téi
moi trudng.

Bai nghién ctiu tong quan nay danh gia tiém
nang khti médn ctia vi tao, so sanh cac ching tao
c6 kha nang kht mén va phan tich co ché kht
mdn cing nhu anh hudng cta cac yéu t6 ngoai
canh t6i qua trinh sinh trudng va hiéu qua khu
mdn ctia mot s6 chung vi tdo nudc ngot va nudc

mdn. Ngoai ra, bai nghién ctiu cting dua ra nhiing
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uu va nhugc diém ctia phuong phap khiti mén st
dung vi tdo va nhiing thach thic, trién vong ctia

phuong phap xt ly sinh hoc nay.

2. Cac Giong Tao Co6 Hiéu Qua Khi Man Cao

Nghién ctiu gan day cho thdy tiém nang
tng dung cta vi tdo khong chi d€ san xudt sinh
khéi, ndng lugng sinh hoc ma vi tdo con c6 thé
khtt man (Gao & ctv., 2016). B6n loai vi tao la
Spirulina, Chlorella, Scenedesmus, Dunaliella va
Nannochloropsis da dugc chiing minh cho hiéu
qua khi mén cao (Zarzo & ctv., 2014; Matos &
ctv,, 2015; Moayedi & ctv., 2021).

Spirulina, Chlorella va loai Scenedesmus 1a
céc loai tdo nude ngot c6 thé thich nghi véi moi
truong c6 do man cao. Kha ning kht man cua
cac giong tao nay da dugc danh gia trong nghién
ctiu clia Sahle-Demessie & ctv. (2019). Qua trinh
héap thu muodi ctia cac giong tao nay ban dau tuan
theo mo hinh déng hoc bi€u kién b4c nhat, trong
d6 hing s6 t6c d6 phan ting thay d6i tu -3,58 dén
-7,68 theo ngay, va hiéu qua hap thu dat t6i 30%
trong mot chu ky. Nghién ctiu ctia Gilani & ctv.
(2024) cho thay Spirulina sp. LEB 18 dugc nudi
cdy trong moi truong gom nudc muodi thd (nude
lg khti mdn) pha tron 25% dung dich dinh dudng
Zarrouk phat trién t6t ma con c6 hiéu suét xu ly
dinh dudng du thtia rat cao, dat 96,99% véi NO5”
va 83,11% véi PO,>. Nghién ctiu ctia Barahoei
& ctv. (2021) chi ra rang, Chlorella dugc nudi &
modi truong BG11 cai tién trong hé thdng quang
hoc dang c¢t ding cho toc do sinh trudng va
hiéu qua khti man cao. Kha nang kht man cua
Chlorella c6 thé c6 thé 1én t6i 50 g/L (Matos &
ctv., 2017). Ngoai ra, Chlorella con c6 kha ning
loai bd cac nhém chét hiiu co c6 trong nude thai
s0 cap va thi cdp (Znad & ctv., 2018). El Nadi &

ctv. (2014) bdo cdo tdo Scenedesmus cé thé sinh
trudng tai moi truong c6 do man dao dong tu
2.000 dén 40.000 ppm cuing véi kha nang loai bo
tong chat ran hoa tan (TDS) hiéu suit dao dong
ttt 13 dén 63%. Cac yéu t6 co thé anh hudng t6i
hiéu qua xt ly la nong do TDS ban dau, nhiét
do, thoi gian chiéu sang va thoi gian luu. Nghién
ctu chi ra rang qua trinh vén hanh & ché do
dong chay lién tuc trong diéu kién ty nhién cho
hiéu suat loai bo TDS t6i uu nhat. Dya trén két
qua nay, nhom tac gia dé xuit viéc ting dung hé
théng phan ting lién tuc d€ ning cao hiéu qua
khtt man. Hé théng nay ciing cho thdy nhiéu uu
diém nhu kha nang thiét lap dé dang, chi phi van
hanh va bao tri thép, tiéu thu it nang lugng, dong
thoi han ché phat sinh 6 nhiém thi cip va khong
tao ra phu phdm doc hai.

Dunaliella va Nannochloropsis 1a nhiing giong
tdo dugc tim thidy & moi truong man nhu ho
va dam nuéc man. Dunaliella ¢6 kha ning tang
trudng toi da trong mai trudng cé néong do 1,5 -
3,0 M NaCl va c6 thé song sot & ngay ca ¢ diéu
kién 4,5 M NaCl (Farhat & ctv,, 2011). Moayedi
& ctv. (2021) két luan rang t6i hiéu qua khit man
cla cac giong tao Dunaliella va Nannochloropsis
la khong dang k€ & pham vi do mén tit 50 - 70
mS/cm, tuy nhién 6 mdi truong d6 méan cao hiéu
qua kht man cta giong Dunaliella salina tang
lén ddng ké khi ham lugng ion Na*, CI' va HCO,’
giam & cung diéu kién xt ly. Tao Dunaliella khi
dugc nudi cdy trong moi trudng c6 nong do
NaCl dau vao 1a 1,0 M cho ham lugng lipid lén
70% (Takagi & ctv., 2006). Két qua nay cho thay
anh hudng cua nong d6 muoi doi véi sy tich tu
lipid trong vi tdo Dunaliella, m& ra tng dung
tiém ning cla loai vi tdo nay trong tuong lai.

Nannochloropsis oculata la vi tdo don bao hinh
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cau c6 c¢6 duong kinh chi tii 2 - 3 pm, giong tao
nay c6 kha nang chiu mén 1én dén 80 g/L va kht
mdn t6t nhat § nong do 70 g/L (Elbarmelgy &
ctv., 2021; Kannah & ctv., 2021).

Qua trinh khti man hiéu qua can lya chon
giong tdo phu hgp, qua trinh hap thu muéi duge
toi uu hod va can cé phuong phap tach tao ra
khoi nudc dugce xt ly. Tuy thudc vao do man ban
dau ctia ngudn nudc va kha ning chiu méan cta
tdo ma muc tiéu clia qua trinh sé la kht man
hodc xu ly nudc truéec khi qua qua trinh loc
thdm thdu dé€ st dung cho qua trinh tuéi tiéu,

Vi tao

M6i truding cé do
man cao

san xudt thiic dn gia suc, thuc phdm hay nuéc
udng (Sahle-Demessie & ctv., 2019).

3. Co Ché Kht Min Sinh Hoc

Co ché kht mén sinh hoc dugc mo ta trong
Hinh 1. Qua trinh kh mdn sinh hoc theo hai co
ché chinh nhu sau: (1) Co ché hdp phu sinh hoc
(bam dinh vat ly) va (2) co ché tich liy sinh hoc
hodc hép thu sinh hoc. Nghién ctiu ctia Gilani &
ctv. (2024) da chi ra rang qud trinh khtt man cta
vi tdo kha tuong dong véi qua trinh khti kim loai

nédng theo cac co ché ké trén.

o 1 0 Lign két véi céic amid
o mang dién tich

dueong .

Lign kEt véi cac nhém
@ -COOH, -OH, -NH, -
CHO

B2 mje 1 bao vi tie

"y

Hép thy thy dgng cac
ion dén bé mat va
khuéch tinwao trang
€ bao

Té bao digu chinh ap
sudttham thiuvs
ditu khign dbng Na+
wa 0- v&o vé lwu trir
trong khing bio

Hinh 1. Co ché ctia qua trinh khtt méan sinh hoc.

Hap phu sinh hoc

Qua trinh hdp phu sinh hoc cta vi tao doi
v6i cac ion mudi (Na*, Cl') dugc thuc hién thong
qua hai co ché chinh: (1) trao d6i ion va (2) tao

phtic hop. Trong co ché trao d6i ion, cac ion Na*

sé thay thé cation khac va lién két v6i cac nhém
chiic mang dién tich 4&m (nhu -COO") trén bé
mat t€ bao, dong thoi ion CI' lién két véi cac vi tri
mang dién tich duong (nhu -NH;*). Trong khi
dé, co ché phitic hgp xdy ra khi cac ion mudi tao
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thanh lién két phoi tri v6i cac nhom chiic déic
biét trén bé mat t€ bao. Theo Patel & ctv. (2021),
cac nhom amin (bac I, II, III) va carboxyl déng
vai tro then chét trong viéc hap phu chon loc cac
ion thong qua tuong tac tinh dién. Trong khi do,
Chojnacka (2010) nhan manh kha nang tao phtic
da phdi tti cia cac nhém chiic nay véi ion mudi.
Do do, c6 thé thdy rang qua trinh hip phu chiu
anh hudng boi nhiéu yéu t6 nhu dic diém ciu
trac té bao cta tung loai tao, cac nhém chtic bé
mit (-COOH, -NH,, -OH, -CHO) trong thanh
phan pectin va protein ctia thanh t€ bao va loai
lién két hinh thanh (tinh dién hoac cong hoa tri).

Tich lity sinh hoc (hap thu sinh hoc)

Qud trinh tich ldy sinh hoc & vi tao la co ché
cht dong stt dung hé théng van chuyén mang dé
duy tri ndng do Na* ndi bao thép, dién ra lién tuc
trong vong doi tao (Gilani & ctv., 2024). Co ché
nay gom hai giai doan: (1) hap thu thu dong ion
mudi trén bé mat té bao nhd chénh léch nong do,
va (2) khuéch tan ion vao noi bao dugc cung cap
nang lugng tit quang hgp (Minas & ctv., 2015).
Protein halorhodopsin dong vai tro then chot
khi st dung nang lugng dnh sang d€ bom CI, tao
diéu kién cho Na* xam nhép qua kénh protein ma
khong tiéu ton ATP. Qua trinh nay dat trang thai
6n dinh khi néng d6 ion dugc can bang. Ngoai
ra, vi tdo cht dong diéu chinh bang cach giam du
trit ATP d€ han ché dong Na* thoat ra, dong thoi
st dung bom Na*/K" d€ kiém soat ap suét thdm
thau va thé tich t€ bao (Pade & Hagemann, 2014;
Chen & ctv., 2019).

Trong moi truong dé mdn cao, vi tdo tdng
cuong tich lity Na* va Cl* chu yéu trong khong
bao thong qua co ché diéu hoa thdm thau (Figler
& ctv,, 2019). Su chénh léch nong do ion ban

dau thac day hép thu thu dong, sau d6 hé thong
bom Na*/K" hoat dong dé can bang néi méi. Khi
ap sudt thdm thiu tang, t€ bao hinh thanh thém
khong bao mdi, noi tap trung dén 80% ion mudi,
giam tac dong 1én t€ bao chat (Patel & ctv., 2021).
Qua trinh nay di kém véi sy diéu chinh nhanh
thé tich t€ bao thong qua hdp thu/gidi phdng
nudc, dong thoi ting tong hop chit tan tuong
thich d€ thiét 1ap can bing thdm thiu méi. Nho
dé, vi tao duy tri dugc hoat dong sinh ly t6i uu
ngay ca khi d6 mdn moéi trudng bién dong manh
(Gilani & ctv., 2024).

Cac yéu t6 anh huéng dén qua trinh khi man

sinh hoc

Cac yéu t6 moi truong nhu do pH, nhiét
do, thai gian tiép xuc va cac loai ion c6 thé anh
huéng dén qua trinh hdp phu sinh hoc. Qua
trinh hdp phu sinh hoc ting lén & pH kiém
nhung néu pH ting qua cao co6 thé giy ra hién
tugng két tua. Nhiét do cling la mdt yéu t6 quan
trong khi nhiing thay d6i nho vé nhiét do c6 thé
thay d6i nhiét dong luc hoc va anh hudng dén
qua trinh hap phu sinh hoc. Trong qua trinh thu
nhiét, su hdp phu ting khi nhiét d¢ tang, nhung
trong qua trinh tda nhiét thi ngugc lai. Thoi gian
tiép xuc gitia cac ion kim loai va té€ bao tao ciing
anh huong dén qua trinh hép phu sinh hoc. Vi
du khi thai gian tiép xtc tang, qua trinh hdp phu
sinh hoc tang 1én, nhung sau mot thoi gian, no
tré nén khong déi vi khong con vi tri hoat dong
nao dé€ hdp phu (Gilani & ctv., 2024). Nghién ctiu
cta Chojnacka (2010) da chi ra ring, hiéu qua
hép phu sinh hoc khdong khéc biét dang ké gitia
t€ bao tdo sdng va chét. Viéc sti dung vi tdo c6 chi
phi thap 1a mot lgi thé 16n trong ting dung khi

min sinh hoc.
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Déi véi qua trinh tich luy sinh hoc, cac yéu t6
nhu anh sang, chat dinh duéng va mat d¢ té€ bao
c6 thé anh hudéng dén hiéu qua cta qua trinh.
Tao can dat mat do cao trudc khi st dung nang
lugng d€ diy Na* ra ngoai. Ca t€ bao tao séng
va kho déu tham gia vao qua trinh loai bo mudi
(Patel & ctv., 2019).

4. Ung Dung Vi Tao Khit Min Trong Hé Thong
Nudi Cay Mé

D€ dam bdo qua trinh khtt man dat hiéu qua
thi phai chon lya dugc giéng tao phu hgp. Theo
Pan & ctv. (2024), 6 man cao lam han ché kha
ning quang hgp cing nhu lam gidm dang ké
ham lugng chat diép luc tong cb trong vi tdo. Do
do, viéc can tim hiéu kha ning thich nghi véi do
mdn moéi chiing vi tdo khac nhau 13 quan trong
va can thiét (Skifa & ctv., 2025). Mot s6 giong tao
dia phuong c6 thé€ dugc sang loc va danh gia so
bo kha nang khti méan trudc khi dugc nghién ctiu
sau va chi ti€t hon v€ hinh thai, quy trinh thu
hoach va tai st dung sinh khdi tao.

Moi trudng nudi tdo c6 d6 man cao nhu nude
bién c6 thé b sung cic ngudn dinh dudng bé
sung la chat hitu co, ngudn carbon, vitamin va
cac nguyén t6 vi lugng cd vai tro nhu nhan t6
sinh truéng. Korbee & ctv. (2005) nghién ctiu
tac dong ctia anh sang va nhiét do 1én qua trinh
phat trién cta tdo nudc man, cho thdy raing moi
trudng nudi cdy voi chi phi thdp cling c6 thé dat

hiéu qua cao khi san xuat vi tdo & quy mo thuong

mai (Korbee & ctv., 2005). Nghién ctiu ctia Figler
& ctv. (2019) cang cho thdy anh hudng ctia cac
thong s6 qua trinh c6 anh hudng dén kha ning
quang hgp, t6¢ do phat trién cta tdo, kha ning
chiu mdn, hiéu qua khi médn va kha nang hap

thu CO, ctia céc giong vi tao.

Nhiéu cong nghé va thiét bi dugc thiét ké dé
nuoi cdy vi tao, tuy vao diéu kién moi truong va
van hanh ma c6 thé lya chon cac cdng nghé va
quy trinh pht hgp. Céch don gidn nhat dé nudi
cdy vi tdo la st dung hé thong nudi mé (open
system), hé thong dang nay phtt hop & noi c6 khi
héu néng va nang. Hé thong nuoi cdy ma cd thé
la ho tu nhién, ao tinh, ao tron hodc ao muong
(Arutselvan & ctv., 2022). H6 tu nhién cé diéu
kién nudi cdy phu thudc anh sang va khi hiu ty
nhién. Ao tinh, ao tron hay ao muong cé nhiing
uu di€ém nhu chi phi thdp, dé mé rong, dé bao
tri cing nhu c6 thé thiét lap cac cau hinh khac
nhau theo kich thudc, vat liéu xay dung va hé
thong khudy. Mata & ctv. (2020) da st dung mot
ao muong véi kich thudc 2,2 (dai) x 0,9 (rong) x
0,35 m (cao) d€ nudi cdy vi tao Spirulina sp. LEB
18 trong mdi trudng nudc mudi thd thu duge
ti qua trinh kht mén nuéc ngdm giéng khoan.
Matos & ctv. (2021) sti dung hé thong bé raceway
c6 quy mo 16n hon (dién tich 8 m?, kich thuéc
5,0 X 1,6 x 0,5 m) v6i tong thé tich 4 m* (4.000
lit) d€ nuoi Spirulina trong cung loai nuéc mudi
tho. Mot s6 hé thong md phé bién dugc trinh bay
6 Hinh 2.
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HE THONG MO

_C Ao tinh ) -

Hinh 2. Hé thong md& nuéi vi tdo (open system).

Hé thong nudi cdy mé bao gom bé nuodi hd
v6i thiét k€ don gian nhung hiéu qua trao déi
khi cao va tiép xuc truc ti€p véi dnh sdng tii moi
truong tu nhién. Bén canh dé, hé thong con tich
hgp cac 6ng dan nudc man vao bé nudi hodc
thiét bi cung cdp khi d€ vi tdo sinh trudng va
phat trién nhanh hon. Ngoai ra, hé thong mé
khti médn bang vi tdo cé thé dugc trang bi thiét
bi khudly c6 vai tro phén bd vi tdo déu trong bé
nuodi, déng thoi tranh hién tugng ling tdo lam
gidm qua trinh trao ddi khi. Khi két thuc mot
chu ky nuoi vi tao, cac ki thuét ling, loc, ly tim
dugc st dung dé thu hoi sinh khéi vi tdo va Ging
dung trong mot s6 linh vuc nhu dugc phdm, my
phdm, nhién liéu sinh hoc. Phin nudc con lai cd
thé dugc xti ly bd sung d€ tai stt dung trong nuoi

cdy vi tdo hodc ting dung vao cac linh vuc khac
(Skifa & ctv., 2025).

Hé thong nudi cdy ma thuong dugc ting dung
dé xu Iy nudc thai hodc khit man (Matos & ctv.,
2017) va dugc st dung phé bién do uu diém chi
phi thép, viéc thiét ké va x4y dung tuong d6i don
gian. Nghién ctiu ctia Schippe & ctv. (2021) cho
thdy nuoi cdy vi tdo biang hé théng md nhu ao
muong cho hiéu qua kinh t€ cao hon so véi hé
thong phén ting quang hoc dang phéng hoic
dang 6ng, chi phi san xudt sinh khéi chi khoang
2,9 Euro/kg. Tuy hé thong kin cho hiéu suat
quang hgp va nidng suit trén mot don vi dién tich
cao hon hé thong maé nhung chi phi lap dat va

van hanh cao hon nhiéu. Tuy nhién, vi dac tinh

Tap chi Nong nghiép va Phdt trién 25(2)

www.jad.hcmuaf.edu.vn



32

Trudng Dai hoc Nong Lam TP. H6 Chi Minh

hé nén hé thong dé bi con trung xam nhap, kha
nang truyén anh sang bi han ché, khoé kiém soat
diéu kién van hanh va sinh khoi tao thuong thap
(Rayen & ctv., 2019). Thém vao do, nudc c6 thé
bi boc hoi trong qua trinh van hanh va can phai
kiém soat va duy tri muc nudc 6n dinh trong
sudt qua trinh (Arutselvan & ctv., 2022). Mot s6
nghién ctiu da danh gia cao hiéu qua khtt man
ctia vi tdo phat trién trong nudc man & hé thong
mé va cho thdy anh hudng cua cac yéu t6 nhu
cuong do anh sang, nhiét do, pH, moi truong
va giéng tao téi hiéu qua khtt man (Mufoz &
Guieysse, 2006; Maru & ctv., 2021).

5. Thuan Lgi va Khé Khian

Khtt mén bang vi tdo dang dugc danh gid la
mot giai phap “xanh” day tiém nang nho kha
nang khtt mdn hiéu qua, gép phan thay thé cho
cac phuong phap khtt mén truyén thong (Gilani
& ctv,, 2024). Vi vi tdo c¢6 nhiéu vu diém ndi bat
nhu thich nghi va phat trién nhanh, chiu méan
tot, dé bién ddi thanh phan gen (Patel & ctv,
2021; Ahmed & ctv,, 2023), nén ching c6 thé
sinh trudng va phat trién trong cic hé thdng
phan ting quang hoc khac nhau & ché d¢ nuoi
cdy lién tuc (Sahle-Demessie & ctv., 2019). Qua
trinh nay gidp duy tri sy tang trudéng 6n dinh cta
vi tdo va tang hiéu qua h4p thu mudi. Bén canh
do, sinh khéi tdo thu dugc sau qua trinh nuoi cay
chtia cac thanh phan c6 gia tri cao nhu chét béo,
carbohydrate, protein, chat mau ty nhién va chat
chong oxi héa (Mata & ctv., 2020). Nhiing thanh
phén nay cé tiém ndng ting dung cao d€ san xudt
cac san phdm c6 gia tri cao nhu dugc phdm, my
phém, thuc phidm va thiic dn chan nudi. Ngoai ra,
sinh khoi vi tdo dugc xem la nguon nguyén liéu

mdi va bén viing d€ san xudt nguyén liéu sinh

hoc nhu biodiesel, biohydrogen va bioethanol
(Matos & ctv., 2024). Hé thdng xt ly bang vi
tdo co6 tac dong moi trudng thap vi khéong phu
thudc nguyén liéu héa thach, hap thu CO, qua
quang hgp, va c6 thé trién khai tai cac khu vuc
xa x0i, kho cin, thiéu co sé ha tdng hodc dit dai

canh tac.

Tuy nhién, cong nghé khii min bang vi tdo
van chua dugc ting dung rong rai 6 quy mo l6n
do thiéu cac phuong tién ky thuét can thiét cung
v6i nhiéu rao can trong viéc kiém soat do man
(Patel & ctv., 2021; Aly & ctv., 2024). Qua trinh
khtt min bang vi tdo khong phai la lya chon t6i
uu trén quy mo 16n vi hiéu qua kht mén giam
dan theo thoi gian (Ahmed & ctv., 2023), khong
dap ting dua lugng nudc sinh hoat va can phai két
hgp véi cac cong nghé khac dé€ t6i uu hoa chi phi
va ning lugng (Patel & ctv., 2021). Thém vao do,
hé thong nuoi tréng vi tédo dé bi 6 nhiém bai cac
vi sinh vat, con trung va ton nhiéu chi phi cho
viéc lya chon giong pht hgp va duy tri diéu kién
nuoi cdy 6n dinh. Qua trinh khtt man bang vi tdo
mat nhiéu thai gian, ddc biét kéo dai khi co ché
khtt mén la tich lay sinh hoc, khién hiéu qua xu
ly chua cao. Bén canh d6, khau thu hoach sinh
khoi tdo van con 1a thach thiic 16n vi t€ bao tao
6 kich thu6c nho, mat d¢ thap va dién tich bé
madt 16n, gy kho khén trong qua trinh tach khaoi
moi trudng nuoi cdy (Patel & ctv., 2021; Gilani
& ctv., 2024). Nhiéu ky thuat dugc ap dung nhu
ling, loc, ly tam, keo tu, tuyén néi hay st dung
héa chat, nhung cac phuong phap cé uu va
nhugc diém riéng va phu thudc vao dac tinh cta
tting chiing tao, cAn phai nghién ctiu lya chon dé
sti dung cho phtt hgp (Wen & ctv., 2011; Patel &
ctv,, 2021). Phuong phap bd sung chét két bong
héa hoc tuy ti€t kiém chi phi nhung lam 6 nhiém
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sinh khéi (Huang & ctv., 2023), trong khi do cac
phuong phap sinh hoc an toan va cho hiéu sudt
cao hon nhung mat nhiéu thdi gian hon d€ tao
bong (Walczak & ctv., 2023; Huang & ctv., 2024).

6. Co Hoi va Thach Thiic

Cong nghé khit man bang vi tdo khong chi
go6p phan giai quyét van dé khan hiém nudc ngot
ma con md ra nhiéu co hoi phat trién trong linh
vic moi trudng va kinh té€. Nhu cau ngay cang
cao vé nhiing giai phap nudc bén viing va cac
san phadm c6 gid tri tu vi tdo dang gép phan gia
tang su quan tam cua giéi nghién ctu doi véi
cong nghé nay (Patel & ctv., 2021; Ahmed & ctv,,
2023). Viéc ap dung cac hé thong phan ting quang
sinh hoc tich hgp gitp duy tri sy ting trudng 6n
dinh cua vi tao, tii d6 ting cuong kha ning hap
thu mudi (Sahle-Demessie & ctv., 2019). Sau
khi xt 1i, sinh khéi tdo c6 thé dugce tan dung
dé€ san xudt cac san phim gia tri cao, dong thoi
thac ddy viéc mo rong thi truong va ting dung
trong nhiéu linh vyc nhu nhién liéu sinh hoc, my
phdm, dugc phim va thuc phdm (Matos & ctv.,
2024). Hé thdng nay c6 thé dugce trién khai tai
cac khu vuc thiéu nudc hodc khong phu hgp dé
canh tdc, dong thoi gidm phat thai CO, va gop
phén giam thiéu bién d6i khi hau nh kha ning
quang hgp. Bén canh do, su tién bd trong nganh
cong nghé khti méin dua trén vi tdo con c6 thé
md ra nhiéu co hoéi viéc lam trong cac linh vuc
nhu ky thuét, ndng nghiép, sinh hoc va quan ly
tai nguyén nudc. Theo thoi gian, nhiing tién bo
ky thuat va viéc md rong quy mo san xuét co thé
gitp giam chi phi van hanh, tif 46 nang cao tinh
canh tranh ctia cong nghé nay so véi cac phuong
phap truyén thong.

Tuy nhién, cong nghé khii min béng vi tao
van d6i mat véi nhiéu thach thic dang ké. Pau
tién 1a kha nang m& rdong quy mo bi han ché do
yéu ciu nghiém ngdt vé diéu kién nuoi cdy toi
uu (nhu anh sang, nhiét do, dinh duéng) va quy
trinh thu hoach t6n kém. Bén canh do, hé thong
dé bi nhiém bdi vi sinh vét ngoai lai va lam giam
hiéu suat xu ly nudc. Co ché hap thu mudi cua
vi tdo dién ra cham, doi hoi thoi gian dai, dan
dén chi phi van hanh cao. Do d6, d€ ting dung
hé thong khti mén béng vi tdo & quy mo nghiép,
can danh gia toan dién hai yéu té: (1) tinh kha thi
ky thuat - kinh t€ ctia hé théng, bao gom t6i uu
héa nang suit va gidm thiéu ning lugng tiéu thy;
va (2) tiém ndng tan dung sinh khoi tdo sau xt
ly (nhu san xudt nhién liéu sinh hoc, phan bon
hoédc dugc phdm). Nhiing phén tich nay khong
chi gép phéan phat trién kinh t€ tudn hoan ma
con nang cao hiéu qua giai phap bén viing cho
van dé khan hiém nudc ngot va 6 nhiém moi
truong.

7. Két Luan

Khti man vi tdo la mét phuong phap sinh hoc
day tiém ning. Cac giong tdo Spirulina, Chlorella,
Scenedesmus, Dunaliella, Nannochloropsis da
dugc chiing minh cho hiéu qua kht mdn cao
thong qua cac co ché nhu hip phu sinh hoc va
tich lay sinh hoc. Bén canh dé, hé théng nuoi
cdy m& c6 thé dugc ap dung cho qua trinh khu
mén bang vi tdo c6 nhiéu vu diém nhu chi phi
thip, dé m& rong, dé bao tri, dong thoi lugng
sinh khoi tdo thu dugc c6 thé dugc st dung lam
nguyén liéu cho nhiéu nganh cong nghiép, gép
phan vao nén kinh té tuin hoan. Mac du van con
nhiing thach thic vé hiéu suét va quy trinh nudi

trong, nhiing tién bo trong cong nghé di truyén
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va toi uu hé théng nudi cdy sé maé ra co hoi nang
cao nang suat khii man va chat lugng sinh khoi.
Phuong phap st dung vi tao khti man khong chi
gop phén giai quyét van dé cip bach ctia moi
truong nudéc ma con phu hgp véi cac muc tiéu

phét trién bén viing toan cau.

Loi Cam Poan

Chung t6i cam doan bai bao do nhém tac gia
thuc hién va khong c6 bt ki méu thuén gita cac

tac gia.

L&i Cam On

Nhom nghién ctiu tran trong cam on truong
bai Hoc Nong Lam Thanh ph6 H6 Chi Minh da
ho trg kinh phi va tai diéu kién co s& vat chat dé
ching t6i hoan thanh nghién ctiu nay véi ma s6
dé tai CS-SV24-HHTP-01.
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