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TOM TAT:

Nghién citu di ché tao va van hanh md hinh b& phan ting sinh hoc mang quay tio (RAB). Khio

sat kha ning thich nghi clia gidng tdo Chlorella vulgaris tai nhiéu dd min khic nhau nhu 0, 5, 10,
15, 20%o0 va hiéu qua thu hdi cic chit dinh dudng trong b&. K&t qua nghién citu cho thiy, khi ting
dan d6 min, sinh khdi tdo bi 4nh hudng 1 rét bsi sy suy gidm vé kha ning sinh trudng. Tuy nhién,
nghién cttu cling cho thd'y do min trong khodng 0-10%o d tao diéu kién thuan Idi viéc loai bé nito,
phot pho va céc chat hitu cd ma khong anh hudng dédng ké dén kha ning phat trién cla vi sinh.
RAB di cho thiy day 12 mdt cong nghé sinh hoc x{t Iy nudc thai tiém ning bing cich ing dung tio
luc, gitip dAm bao chat lugng nudc thai, gidm thi€u & nhiém moi trudng, han ché phat thai carbon,

phit hop véi xu huSng phét tri€n bén vitng.

Tu khéa: do man, Chlorella vulgaris, mang sinh hoc tdo quay, nuGc théi.

1. Dit van dé

Nhiém min cd moi trudng trén can va dudi
nude 12 mot van dé toan ciu dang gia ting ding
ké trong vai thiap ky qua. Ngoai miic do nhiém
min sd cAp ngdy cang ting do bi€n d6i khi hau,
tinh trang nhi€ém min tht cAp ngay cang trd nén
phd bién do lugng nudc thdi nhiém min ngay
cang ting. Thanh phin va ndng dd nudc thai min
rat khdc nhau va phu thudc vdo ngudn phit sinh
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(Figler et al., 2019). Piéu nay dit ra nhu ciu cip
thi€t vé viéc phat trién cdc phuong phap xitr 1y
nudc hiéu qua va bén virng dé loai bd d6 min va
cdc hat chat hitu co va dinh dudng cdn tr§ qué
trinh 1am sach. Trong nhitng nim gan diy, tdo luc
dugc xem 1a mot gidi phap x& 1y nuGc thai hiéu
qua va than thién v6i méi trudng. Cdc nghién ciu
tru6c day da chi ra riing, tdo luc dic biét hiéu qua
trong viéc thu hdi cdc chat dinh dudng tir nude thai
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(Gross et al., 2013). Ngoaira, tng dung cong nghé
bé phin tng mang quay sinh hoc tdo (Revolving
Algae Biofilm - RAB) 1a m6t gidi phdp hiéu qua
ti€t kiém ning lugng trong qua trinh thu hoach tdo
bdi ham lugng nu6c thap clia sinh khdi sau thu
hoach, gidp qud trinh x& 1y nudc thdi tré nén hiéu
qua hon va mang tinh kinh t€ cao hon. BEé RAB
bao gém hai thanh phan chinh 12 bé chita nudc
nudi tdo vd mang chuyén dong xoay vong danh
cho tdo bam dinh. Pic tinh ndi bat nhit cia RAB
chinh 12 t6i vu dudc khd ning quang hgp cia tdo
khi bdm dinh 1én mang, tdo c6 thé dé dang d6n
nhén dnh sdng va hip phy khi CO, khi dugc mang
dua 1én tié’p xdc v6i khong khi. Nhd vao do, tdo
sinh trudng trén mang mdt cach nhanh chéng,
gitp cho viéc loai bd cdc chat dinh dudng hiéu
qua hon. Dya vao cdc dic tinh uu viét trén, nghién
citu nay quyét dinh thi€t k& va ché tao ra bé phan
trng sinh hoc RAB. Cuing véi d6 1a khdo st su dnh
hudng cia @6 min 1én kh3 ning phat trién sinh
khdi clia gidng tdo Chlorella vulgaris, cling nhu
hiéu qud thu hdi cdc chit dinh dudng va chat hitu
co ctia bé. Thong qua viéc 4p dung bé RAB,
nghién cttu mudn dwa ra mdt gidi phdp cdi thién
chat lugng nuéc thdi sau xit Iy mot cdch hiéu qua,
ti€t kiém, than thién véi moi trudng. Tao tién dé
dé phat trién mot cong nghé hiéu qua gidi quyét
céc van dé lién quan d&€n nudc nhiém min va Gng
dung sinh kh&i tdo 1am ngudn nguyén liéu xanh
va bén vitng nhim phat trién cho nhiéu tng dung
khéc, huéng t6i dinh huéng kinh t€ tudn hoan.

2. Phuong phap nghién ciu

2.1. Quy trinh thiét k& va vian hanh bé RAB

Mo hinh bé RAB dugc thiét k& vdi thanh phin
bao gdbm mot bé nue d€ nudi vi tdo va xi Iy nudc
thai tdng hop vdi chiéu dai 1 m, rong 0,4 m, cao 0,3
m. Téng thé tich clia bé dugc tinh 1a 100 L véi thé
tich 1am viéc ctia bé 12 90 L. Gian xoay mang dugc
thi€t k&€ vdi 3 truc xoay dudc sip x&p thanh hinh
tam gidc. Pinh nhon cao nhat dugc dit huéng 1én
trén va hai canh duéi ctia tam gidc dugc dat chim
du6i bé cach ddy khoang 10 cm. Vat liéu mang
dudc chon véi chat liéu vai cotton mau sing, do
nhdm cao gidp tdo d& dang bam dinh, gi thanh ré,
bén, it bi hu hai khi hoat dong dudi nudc (Gross et

al., 2013). Tao bam dinh trén mang khi tao thanh
mot 16p di day sé& dugc thu hoach don gidn bing
dung cu cao chuyén dung. Tao sau thu hoach sé
hitu ham lugng nudc thap, vi vay sé& tiét kiem dudc
chi phi khi thu hoach vi tdo so véi cac cach thu
hoach vi tdo thong thudng, do khong cin phai ly
tam hay siy mot thdi gian dai.

Giong tdo Chlorella vulgaris dudc sit dung
trong qud trinh nghién cttu do t6c dd ting trudng
sinh va kha ning thich nghi v6i cing thing moi
trudng mot cich manh mé. Khi bit diu, bé RAB
dudc gieo cdy vi tdo vdi ndng dd 1 g/L, tdo trong
bé dugc luan chuyén déu trong nudc bing cdnh
khuiy, han ch& dé tdo ling. Tdo bit ddu bam
dinh 1&én bé mit mang, sau khodng thdi gian 14
ngay, mdt I6p mang sinh hoc tdo day dugc hinh
thanh va sé dugc thu hoach. Phin tdo con bim
dinh trén mang sau thu hoach sé& ti€p tuc phat
trién cho 1an phdt trién sinh khéi ti€p theo, thdi
gian luu sinh kh&i (BRT) ciia bé 13 7 ngay. Dinh
dudng dung dé€ nudi vi tdo 12 nudc gia thdi tinh
todn dya trén cong thic clia mdi trudng ting
truéng Bolds Basal Medium (BBM) (Zhu et al.,
2019). Nudc gia thdi dugc cap vao va rit ra hing
ngay vdi luu lugng 15 L/ngay, dudc pha theo
ndng d6 véi ty 16 COD/N = 20.

2.2. Phuong phdp phén tich cdc chi tiéu chat
luong nuéc

MAu nudc duge 18y vao lic 8 gid sdng hing
ngay, sau khi ly tim va dudc loc qua gidy loc dé
loai bd cdc tap chat Id litng, miu s& dudc dem di
phan tich céc chi tiéu nhu COD, NH4+-N, TP, tin
suat phan tich 12 mdi ngay ngay, do 1ap mau bing
3. Céc thdng s6 DO va pH sé dugc do hing ngay dé
ki€ém sodt va danh gia.

2.3. Phuong phdp xdc dinh sinh khoi tao

Su phat trién clia tdo trong hé thong RAB dudc
x4c dinh bing cach phan tich két hgp sy phat trién
trén vat liéu bim dinh ciing nhu sy phét trién 1o
Itng trong bé chita. Kha ning ting trudng tdo 1o
ltting dugc phan tich dua trén dién tich bé mit clia
bé chita, kha ning ting trudng (Ppond, g/m?*ngay)
dudc tinh todn qua cong thic (1):

CxV

P =
p()nd Ap()nd XBRT

(1)
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Trong do:

C 12 nong dd sinh khdi (g/L), V 1a thé tich miu
(Lit), Apopg 12 dién tich bé mit céia b€ (m2), BRT 1a
thdi gian luu sinh khoi (ngay).

2.4. Phuong phdp xdc dinh hi¢u qud thu hoi
dinh dudng ciia bé RAB

Tdc do loai bd (R, mg/L/ngay) thé hién téc do
céc chat dinh dudng dudc loai bd trén mot don vi
thé tich bé phan tng, dudc tinh todn theo cdng
thac (2):

— (Cin X Vin) B (Ceﬁ‘ X Veﬁ) )
(V x AT)

Hiéu suat loai b (E%) thé hién bao nhiéu phin
traim chat dinh dudng trong nuSc thai dugc loai bd
bdi bé, dudc tinh toan theo cong thiic (3):

R

E=_Cn"Cer) 100 3)
m
Trong d6: Cin 12 nong dd dau vao (g/L), Vin la
thé tich ddu vao (Lit), Ceff 12 ndng dd ddura (g/L),
Veff 1a th€ tich nuc thdi dau ra (Lit), V 1a th€ tich
hoat dong ctia bé (Lit), AT 1a khoang thdi gian giita
hai lan thay nu6c (ngay).
2.5. Phuong phdp xdc dinh nong dp
Chlorophyll-a
PAiu tién, miu dudc ly tAm vdi tdc dd 4000
vong/phit trong 10 phit. Ti€p theo, phan nudc
trong phia trén dudc loai bé va giif lai phan banh
tdo. Thém 40 mL dung dich axeton 90% va 0,05 g
CaCOj; va lic déu trong 1 phit. MAu dudc luu trit
tai nhiét d6 4°C trong 24 gid, bao phi tranh dnh
sang. Cudi cung, miu dudc ly tam & 4000
vong/phit trong 10 phiit va phan dung dich mau
xanh st dung d€ xdc dinh ham lugng Chlor-A. Mau
dugc do tai cac bude song: 630, 645, 663, 750, 772,
va 850 nm bing thi€t bi UV-Vis. Néng do Chlor-A
(ug/L) dudc tinh theo cong thic (4):
Chlor—A=
[11.64(ODgg3— OD750)
—2.16(0ODgy5— OD750) 4)
+0.10(0Dg39— OD75)
—25.2(0D77, — ODgs50)1VI
V.o
Trong d6: V 1a thé tich mdu (mL) va V| 1a thé
tich axeton (mL). OD 1a d6 hap thu tai budc séng
tuong ng va o la d6 day cta cuvet (cm).
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3. K&t qua nghién citu

3.1. Su' tdng trudng sinh khoi tao

Nhu dugc thé hién & Hinh 1. Khi ting dan do
man tir 0 1én 20%o, kha ndng sinh trudng cda tdo
gidm tr 3,8 (g/m%day) xudéng thap nhit 1a 2,1
(g/m?/day). Piéu nay cho thd'y d6 min cao di tao
ra 4p luc cho sy phat trién clia tdo trong bé, nhitng
thanh phan héa sinh nhu protein, lipid,
chlorophyll-a (Chlor-A) trong tdo cling s€ bi dnh
hudng bsi y&u t& nay (Haris et al., 2022). Tuong
ttng v6i k&t qua & Muc 3.3, viéc dd min cao tic
dong d&€n khd ning sn sinh diép luc t& Chlor-A sé&
lam cho qud trinh quang hdp cia t&€ bao tré nén
kém hiéu qua din dén sy suy gidm cla kha niing
sinh trudng va quin thé vi sinh trong bé. Bén canh
d6, kha ning hap thu va van chuyén cic nguyén
t6 vi lugng cAn thi€t cho qud trinh quang hop cé
thé bi gidm, din d&n viéc gidm hiéu suit quang
hgp, tir d6 1am gidm t6c dd phat trién clia tdo. K&t
qud nay ciing ¢6 cing xu huéng vdi nhitng k€t qud
G cdc nghién cdu trude (Haris et al., 2022; Yun et
al., 2019). Tém lai, su gia ting cia d6 min cé thé
giy ra nhiéu bi€n d6i trong hoat dong sinh 1y va
ciu tric cla t€ bao tdo, din dén viéc gidm khd
ning phat trién sinh khdi clia chiing.

3.2. Hi¢u qua logi bo Nito

Viéc ting do min din dén hiéu suit loai bd
NH4+-N c6 xu hudng ting theo. Tuy nhién, hiéu
sudt nay van chua dat dugec mic ting mot cich rd
rét d€ k&t ludn 1a ¢6 mdi lién quan dén do6 min.
Hiéu suat loai bd NH,*-N ctia hé thong RAB & cdc
dd min khéc nhau khi so sanh déu dat ngudng cho
phép theo ndng do NH,*N & cot A (5 mg/L) cla
quy chuin vé nu6c thii cong nghiép QCVN
40:2011/BTNVMT, cu thé ndng dd NH,*-N sau khi
xt 1y & @0 mdn 0%o dao dong tir 0,6 - 2,1 mg/L, dd
man 5%o 0,6 - 2,6 mg/L, d0 man 10%o0 1,9 - 2,8
mg/L, d0 midn 15%o0 2,4 - 3,4 mg/L, vd d0 min
20%o 3,2 - 4,1 mg/L. Piéu nay cho thiy tiém ning
tng dung RAB trong viéc xtr Iy NH4*-N trong nuSc
thdi c6 do min cao. Vi khi so sdnh véi cdc két qua
loai bd khéac c6 xu huéng giam thi kha niang loai bd
nito trong bé RAB ting. Ly do, nito chi y&u dugc
chuyén héa thanh nitrate thong qua qud trinh
nitrate héa ctia vi khuin, c6 thé & dd6 min 20%o
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Hinh 1: Téc dé tdng trudng cua sinh khéi tao

A BN N . g A .
thudc nhiéu vao vi khuan cong sinh

5

2yt . 2 e A 2 N 2
vdi tao trong bé, viéc tao va khuan

Téc dé tang trwong (g/m?/day)
o — [§S] w

déu bi 4nh hudng bdi dd min sé
khi€n cho mot s& hién tudng s& xay
ra trong bé nhu tio quang hdp
khong hiéu quéd tr d6 lam gidm
mitc oxy d€ cung cap cho khudn va
cudi ciing 1am anh hudng dén kha
ning xr 1y chit hitu cd cda vi
khudn. Tuy nhién, khi so sanh v&i
ndng dd COD dau ra clia hé thong
RAB tai cdc d6 min hau nhu déu

dat mic cho phép xa thdi tai cot A
(75 mg/L) clia quy chuin nu6c xa
thai QCVN 40:2011/BTNVMT, cu

khong dnh hudng qud nhiéu dén vi khuin chuyén
héa ammonium. Chinh vi th&, nén c6 nhiéu nghién
cttu hon dé kho sét cin k& hon vé kha ning xi 1y
NH,*-N trong mdi trudng nudc min cta dong nudi
cAy tdo khuin.

3.3. Higu qua loai bé phot pho

Khi do min ting 1én, hiéu suit xi ly TP clia bé
RAB c6 xu huéng gidm di. Piéu ndy cho thay viéc
ki€ém sodt do min rit quan trong d€ duy tri hiéu
suat loai bd TP clia hé thdng. C4dc d6 min cao hon
15 - 20%o0 c6 thé din d&n hiéu suat loai bd TP thap
hon so v6i dd min thap 0 - 5%o. Nguyén nhan rd
rang nhat cho viéc loai bd TP kém chinh 1a kha
ning tong hop sinh khéi bi gidm di bdi sy dnh
huéng clia do min, din dé&n sy tiéu thu phot pho
danh cho qué trinh tdng hgp t€ bao ciing gidm theo
nhat 12 khi mic phSt pho yéu cau cho viéc tdng
hop, nén t& bao méi chi tir 0,03 - 0,06% (Ota et al.,
2016; Prochdzkova et al.,, 2014). Tuy nhién, &
nghién citu niy, xu huéng bi€n d6i hiéu suat loai bé
TP bd khong dong déu va khong c6 mdi tudng quan
o rét gifta v8i do man. PO man tir 0 - 10%0 dugc
cin nhic lya chon t8t d€ ddm bao su phat tri€n sinh
khdi tio va hiéu qua xir Iy TP trong bé RAB.

3.4. Hi¢u qua loai b6 chat hitu co

Khi d6 man tr§ nén ting cao lam gidm di kha
ning phat trién sinh khéi cia vi sinh trong bé RAB.
Diéu nay da truc ti€p din d&n kha ning loai bd
COD bi gidm. Vi da phan kha niing xi&t 1y COD phu

thé d6 min 0%o dao dong tir 16 -

48 mg/L, d0 mdn 5%o0 la 32 - 64 mg/L, d0 min
10%o0 12 48 - 80 mg/L, d0 médn 15%o0 1a 64 - 96 mg/L
va do man 20%o 1a 64 - 96 mg/L.

3.5. Swdao dong ciia oxy hoa tan

TAt c& cdc d6 min ludng oxy hoa tan (DO,
mg/L) khdng c6 su bién ddi dang ké tir khoang 1,8
dén 4,3 mg/L. Tuy nhién, khi do min ting din,
khodng DO curc dai c6 xu huéng gidm do sy tic ché
clia tdo bdi dd min, 1am dnh hudng dén qué trinh
quang hgp. Piéu nay minh ching cho kha ning xt
ly nuc ctia bé RAB bi sut gidm nhu da dé cap dén
& nhitng phan trén. Sy bi€n dong ciing c6 thé phu
thudc vio nhiéu y&u t8, bao gdm sy phat trién cia
tdo, nhiét do, 4nh sing, pH,... Vi mic DO yéu ciu
dé qud trinh x 1y cac chat hitu cd hiéu qua tir 2 - 4
mg/L. (Nguyen et al., 2022). RAB lai ¢6 tich hgp
thém mang tdo chuyén dong gitip tdi wu héa qua
trinh hap thu khi CO, va 4nh sing cda tdo, hd trg
cho qua trinh quang hgp, sin xuat oxy, din dé€n miic
DO trong nuéc khong ha thap dang ké d&én mic giy
tic ch& cho vi sinh. Piéu nay cho thdy RAB c6 thé
ddm bdo dugc mdi trudng thich hop cho vi sinh dé
chuyén héa cdc chat hitu cd, ciing nhu x 1y nudc
thdi trong mdi trudng khic nghiét.

3.6. Su'thay doi pH

Y&u t& pH c6 anh hudng ding ké ddi v6i hidu
qua xtt 1y, loai bé dinh dudng va chat hitu cd trong
b€ RAB. O tit ¢ cdc do min, pH ¢6 thé dong vai
trd quyét dinh trong viéc tao diéu kién thich hop
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cho su phét trién cdia tdo va cdc qud trinh sinh hoc
lién quan dén khad niing hap thu dinh dudng. pH
thudng bi€n ddi nhat 12 khi dAn dong nudc thai
mdi vao, do su c6 mit ctia ion NH,*-N trong nudc
thdi. pH dé bi &nh hudng bdi qud trinh nitrate héa
cda vi sinh, khi ma vi khudn sé& sinh ra ion H* va
18y ion HCO5- d€ chuyén h6a NH,*-N sang NO, -
N va NO5-N (Gerardi, 2002). Sau khi chuyén héa
xong NH,*-N, b&€ RAB ¢6 th€ ty can bing pH lai
gid tri trung tinh nhd qu4 trinh ho hap & pha tdi cda
tdo va vi khudn, qud trinh hd hap lam cho ndng do
CO, trong nudc ting, dé chuyén héa thanh ion
HCO5-. Viéc nay cho thdy ring, bé RAB c6 thé ty
diéu chinh pH ma khong nhd dén viéc chim thém
héa chdt hd tr¢g nhu NaHCOj3, ti€t kiém chi phi
van hanh ddng k€.

3.7. Gid tri Chlorophyll-a

G cdc gid tri d6 man tix 0 - 10%o, tho van phin
nao duy tri mitc diép luc Chlor-A trong t&€ bdo va
dam bdo dugc qua trinh quang hgp hiéu qué, nhg
d6 ma kha niang sinh trudng cla tdo bi anh hudng
it & diéu kién moi trudng ndy. PO min qué cao sé
tdc dong tryc ti€p dén sy phat trién sinh, thé hién
o nhat § Hinh 2 chinh 13 hién tudng gidm diép luc
td & tdo. Hé qua 13 khd niing loai bd dinh dudng
va chit hitu co cia bé RAB gidm siit mot cich
d4dng k&. Piéu nay cho thiy viéc ting 6 min lam

Hinh 2: Néng dé chlorophyll-a trong hé théng RAB

4nh hudng tdi kha ning phat trién sinh khoi, lam
gidm hiéu qua loai bé dinh dudng va chat hitu cd
clia hé thdng RAB.

3.8. Gid tri EPS

P min c6 dnh hudng ding ké dén tong ham
lugng polyshaccaride (PS) va protein (PN) trong
EPS. & do miin 15%o, ndng do PS va PN khd cao,
véi gid tri trung binh cia PS khodng 40 mg/gVSS
va PN khoang 31 mg/gVSS. Trong khi d6, 3 @0 man
20%o, ham lugng PS va PN gidm di ddng k&, xudng
con khodng 29 mg/gVSS va 23 mg/gVSS. Su bi€n
ddi nay cho thdy moi trudng d6 min cao lam gidm
ty 1& cdc thanh phan quan trong cta EPS, din dén
lam gidm hiéu qua badm dinh cla tdo. Piéu nay 4nh
huéng d&€n kha ning hinh thanh va &n dinh ctda
mang quay sinh hoc tdo cudi cling lam gidm kha
ning loai bd dinh dudng va chat hitu cd.

4. Kétluan

Su bién ddi ctia @ min dnh hudng d&€n nhiéu
y&u t6 quan trong trong qud trinh x& 1y nu6c thai.
D6 min trong khodng tir 0 dé€n 10%o dugc xem la
diéu kién thich hgp d€ ddm bdo sy phat trién cia
sinh kh6i tdo va hiéu qua trong viéc loai bd TN, TP,
va COD. Viéc do min ting, tric ti€p lam gidm kha
ndng tang trudng cla tdo cling nhu lam gidm hiéu
qud loai bd dinh dudng va chit hitu co. Pic biét &
mic 15 - 20%o, sinh khdi tdo, diép luc t& Chlor-A,

B Miin 0 % B Min 5 % B Nn 10 % 1 Min 15 %. B Min 20 %e
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]
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ndng dd EPS gidm xudéng mot cach ding ké & do
min nay, 4nh hudng dé€n khd ning tao mang sinh
hoc tdo va tuong tac véi moi trudng xung quanh.
Tém lai, bé RAB cho thiy kha ning ddm bdo mdi
trudng sdng cho cong ddng vi sinh & moi trudng c6
dd min cao bing cdch hd trg qua trinh quang hdp,
can bing pH, han ché sy 4nh hudng clia 6 min véi
vi sinh trong bé. Tuy nhién, d6 min thyc t& s& 16n

Loicam on:

hon va con phu thudc vao nhiéu yé&u td khic, bao
gdm cic yé€u t6 sinh hoc, phuong thitc van hanh,
nhiét d mdi trudng xung quanh, thAinh phian nuéc
thai,... Do d6, dé€ khing dinh hiéu qua x{ ly cda
cong nghé RAB nay, hoat dong nghién citu cin
phai thuc hién ti€p tuc d€ dat dugc nhiéu hiéu qua
hon trong viéc loai bd dinh dudng va chit hitu co
trong nudc thai m

Nghién citu nay duoc tai trg béi Truong Pai hoc Nguyén Tat Thanh, Thanh phé” Ho Chi Minh, Viét
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A STUDY ON THE IMPACT OF SALINITY
ON ALGAE GROWTH AND NUTRIENT RECOVERY
IN A REVOLVING ALGAE BIOFILM REACTOR
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ABSTRACT:

This study created and operated a model named the Revolving Algae Biofilm reactor (RAB).
The study investigated the adaptability of Chlorella Vulgaris algae at different salinity levels,
such as 0, 5, 10, 15, and 20%o, as well as the recovery and effectiveness of nutrients. The study
finds that as the salinity level gradually increases, algal biomass is clearly affected by a decrease
in growth ability. However, the study’s results also reveal that salinity in the range of 0-10%o
facilitates the removal of nitrogen, phosphorus, and organic matter without significantly affecting
the microorganism. RAB shows that this is a potential wastewater treatment biotechnology by
applying green algae, helping to ensure wastewater quality, reduce environmental pollution, and
limit carbon emissions, in line with the trend toward sustainable development.

Keywords: salinity, Chlorella vulgaris, revolving algal biofilm, wastewater.
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