Nghién ciru
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S két hop dong thoi xir Iy nude thai sinh hoat va san xudt phycocyanin bang vi
khudn lam Spirulina platensis dwoc coi la mét phwong phdp tiép cdn day hira hen theo
hiedng kinh té tuan hoan. Dé ting cwong xir 1y mede thai va kha ndng sinh tong hop
phycocyanin cia vi khudn lam, anh hwéng carbon hiru co doi véi sie phat trién va logi
bo cht dinh dwdng cua Spirulina platensis da dwoc nghién ciru. Két qua nghién civu
cho thay ham lwong phycocyanin dat cao nhdt la 82,54 mg/L & nghiém thire nude thai
sinh hoat gid dinh c¢é bé sung glucose. Hiéu qua loai bé N-NH ., P-PO, T-Pva COD
lan lwot la 92 %, 81 %, 71 % va 81 % sau 12 ngay nghién ciru. Cong trinh nay ciing
cho thdy rang Spirulina platensis c6 thé dwoc sir dung dé dong thoi giam cdc chat 6
nhiém hitu co, loai bo N, P va tich ty phycocyanin.
Twr khéa: Nudc thai sinh hoat; Phycocyanin; Spirulina platensis; Xu ly nudce thai,
Vi khuan lam.
Abstract

The effect of carbon sources on the ability to synthesize phycocyanine and treat
domestic wastewater of Spirulina platensis

The simultaneous treatment of domestic wastewater and phycocyanine production
by the cyanobacterium Spirulina platensis is considered a promising approach
towards the circular economy. To enhance wastewater treatment and phycocyanine
biosynthesis by cyanobacteria, the effects of organic carbon on the growth and
nutrient removal of Spirulina platensis were investigated. The results showed that the
highest phycocyanine content was 82.54 mg/L in the domestic wastewater treatment
with glucose. The removal efficiencies of N-NH 4+, P-PO 43', T-P. and COD were 92 %,
81 %, 71 %, and 81 %, respectively, after 12 days of study. This work also showed that
Spirulina platensis could reduce organic pollutants simultaneously, remove N and P,
and accumulate phycocyanine.
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Nghién ciru
1. D3t van dé

Luong nudc thai sinh hoat ting 1én
cing vé6i su gia ting dan sd. Nude thai
chira mot lugng 16n chét dinh dudng hiru
co va vo co, gdy mat can bang hé sinh théi
v&i nhu cau oxy sinh hoc va hoa hoc cao
(BOD & COD). Su hién dién cua cac chat
dinh dudng du thira nhu nito (N) va phét
pho (P) s€ gay ra hién tugng phu dudng
cac vung nudc. Khi nudc thai sinh hoat
chua qua xu ly thai ra moi truong, nd sé
gdy thiét hai nghiém trong dén moi truong
xung quanh va suc khde con nguoi. Tuy
nhién, theo mdt géc dd khac, nudc thai
gidu chét hiru co va chat dinh dudng ciing
duoc st dung nhu mot ngudn dinh dudng
tuyét voi. Cho dén nay, viéc tai st dung
nude thai da thu hat sy quan tdm rong
rdi ciia nhidu nha nghién ctru. Hon nifa,
lugng chat 6 nhiém thai ra tir cdc ngudn
6 nhiém trong nudc, chang han nhu nhu
ciu oxy héa hoc (COD), nito (N) va phdt
pho (P),... chiém hon 80 % luong nudc
thai qudc gia [18]. Hién nay, cic cong
nghé xir Iy nudc thai do thi truyén théng,
chu yéu bao gém quy trinh bun hoat tinh
thong thuong, quy trinh 10 phan rng mé
tuan tw, quy trinh ky khi - hiéu khi,... ¢6
thé loai bd COD hiéu qud, nhung viéc su
dung N va P thuong khong du [10]. Ngoai
ra, mac du cac cong nghé nay cho phép
loai bd hiéu qua carbon (C), N va P khoi
nudce thai thong qua qué trinh phan huy
oxy héa ctia vi khuan, céc san pham vo
co chita C va N duoc thai ra khi quyén va
P dugc chuyén thanh két tia hodc chuyén
thanh bun hoat tinh, din dén lang phi tai
nguyén va tham chi 1a hién tugong ndéng
1én toan cau [1]. Lam thé nao dé két hop
nudc thai sinh hoat d6 thi vdi viée su
dung toan dién céc ngudn tai nguyén di

trg thanh mot van dé cap bach can duoc
gidi quyét. Trong nhitng nam gan day, cic
nha nghién ctru da dua ra khai ni¢m phat
trién bén vitng cac ngudn tai nguyén nudc
thai. Nghién ciru vé xir ly nudc thai sinh
hoat d6 thi da dan tap trung vao viéc tai
ché tai nguyén. Dic biét 1a xir Iy nude thai
bang phuong phap sinh hoc két hop vdi
thu hoi sinh khéi d4 thu hit dwoc su quan
tam rong rai [21].

Spirulina platensis dugc biét dén
nhu mét loai vi khuan lam c6 kha nang
sinh truéng nhanh, dugc Gng dung rong
rdi trong cong nghé sinh hoc, dac biét la
trong xu ly nudce thai. Spirulina platensis
la mot trong nhing loai vi khuan lam
quang tu dudng lau doi nhét, duoc dit
tén theo hinh xodn 6c. Sinh khéi vi khuan
lam chira nhiéu thanh phan nhu protein,
carbohydrate, cac sic td,... ¢ tiém ning
thwong mai ddy htra hen [19]. Tao xo0dn
¢6 nhiéu tng dyng trong nhiéu linh vyc
khac nhau nhu thyc pham bé sung, thirc
an chan nudi, my phim va chit tao mau
tu nhién [13]. Trén thuc té, nhiéu quéc
gia d4 bat ddu cAm hodc han ché san xuat
chét tao mau tong hop do nhiéu tic dong
xdu dén sirc khoe nhu tang ty 1¢ tir vong,
cham phat trién, giam luong thirc an tiéu
thu va ty 1¢ sinh san trong thoi gian dai
[16]. Do dd, cac nganh cong nghi¢p phai
tim kiém nhiéu loai mau ty nhién dé thay
thé mau téng hop. Sinh khéi Spirulina da
dugc thuong mai hoa vi sdc to xanh manh
ciia n6 1a phycocyanin, ¢ thé 1a chat
thay thé cho chét tao mau ty nhién trong
nhidu nganh cong nghiép. Mot trong
nhimg nhuoc diém chinh trong nuéi ciy
Spirulina van nam & chi phi cao cia méi
truong nudi cdy dua trén héa chit. Nhiéu
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cong ty dang st dung moi trudng nudi cdy
dua trén hoa chét hién dai nhu moi truong
Zarrouk, Conway va Kosaric dé nudi cdy
Spirulina. Tuy nhién, tong chi phi ctia méi
truomg nudi cay Zarrouk khong bén vimng
trong thoi gian dai vi chi phi cho méi lit
moi truong nudi cdy 1a khoang 0,08 do
la My, chiém khoang 35 % tong chi phi
san xuét sinh khéi vi khuén lam [22]. Do
do, viéc giam chi phi trong qua trinh nudi
loi vi khuan lam nay 1a van dé dang dugc
quan tam. Tan dung nudc thai sinh hoat
lam ngudn dinh dudng cho vi khuén lam
sinh trudng, sinh tong hop phycocyanin
1a hudng di méi vira cé y nghia trong viéc
gidi quyét van d¢ 6 nhiém moi trudng
nudc, vira gbp phan thu hoi sinh khéi c6
gia tri kinh té. Mat khéc, trong qué trinh
sinh trudng cia vi khuén lam, mot ) yéu
t6 c6 thé anh huong dén su sinh truong
ctia chung, c¢6 thé ké dén nhu: Ngudn va
céc nong do dinh dudng (C, N va P), céc
diéu kién moi truong (pH, anh sang, nhiét
do,...). Mot sé nghién ciru da khic phuc
han ché nay biang cich st dung carbon
hitu co nhu mét chién luge 1am ting téc
do tang trudng. Bén canh do, mot sb tac
gia di bao cao su gia tang dang ké vé toc
do tang truong cua vi khuan lam, sinh
khéi khi bd sung carbon hitu co, nhu
glucose, dextrose, glycerol va acetate
[15]. Chinh vi vay, trong nghién ctru nay,
vi khudn lam Spirulina platensis d dugc
nudi trong nude thai sinh hoat va dugc bd
sung cac nguon carbon khac nhau. Muc
dich cua nghién ciru nay 1a mong mudén
Iwra chon duoc ngudn carbon thich hop
dé Spirulina platensis vira c6 kha ning
sinh t6ng hop phycoanine tt va vira xir ly
nudc thai sinh hoat hi€u qua.

Nghién ciru

2. Vat liéu va phwong phap nghién
ciru

2.1. Vat li¢u

2.1.1. Spirulina platensis

Chung vi khuan lam Spirulina
platensis duoc cung cap tir bo suu tap vi
khuan lam cua Vién Khoa hoc cong nghé
Nang lugng va Mo6i truong, Vién Han lam
Khoa hoc va Cong nghé Viét Nam. Trudc
khi tién hanh thi nghiém, vi khudn lam
dugc bao quan va nudi trong moi trudng
Zarrouk. Do pH ban dau cta méi truong
duoc duy tri ¢ gid tri 8,0. Vi khuan lam
dugc nudi cdy trong binh tam giic thuy
tinh 2 L chtra 1,5 L mo6i truong, suc khi
bang khi nén véi nhiét d6 xung quanh
khoang 20 - 22 °C va chiéu sang lién tuc
bang dén huynh quang 4nh sang trang.

2.1.2. Nudrc thai sinh hoat gia dinh

Nudec thai sinh hoat gia dinh cé chira
N-NH,": 50 mg/L, P- PO *: 8 mg/L, COD:
300 mg/L.

2.2. Phuwong phdp nghién ciru

2.3.1. B6 tri thi nghiém

Trong nghién ciru nay, vi khuan lam
duoc bd sung vao 2 L nude thai sinh hoat
gia dinh ¢6 chira N - NH,": 50 mg/L, P -
PO,*: 8 mg/L, COD: 300 mg/L; Mat do
tao ban dau 1,5 g/L, pH diu vao 1a 8, duoc
suc khi trong 8 h, cudng d6 chiéu sing
5000 lux, nhiét d dao dong tir 20 - 22 °C,
thoi gian nudi cdy 12 ngay. Cic ngudn
carbon dugc sir dung trong nghién ctru nay
CH,COONa.3H,0 (CT1), CH O, (CT2),
C3I’{5NaO2 (CT3) va C,HO, (CT4) véi
khoi luwgng 0,12 gC/L.

2.3.2. Phdn tich mdu nudc thai sinh
hoat

Nghién ctru nay da danh gia hiéu qua
xtr ly nudce thai sinh hoat gia dinh thong
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Nghién ciru

qua cac thong 0 NH,", NO,, NO,,, T -
P, P - PO va COD. Trong d6, thong sb
NH," dugc phén tich theo 4500 NH, - F,
SMEWW, 1995; Théng s6 NO, dugc
danh gia theo TCVN 6178:1996; phuong
phap tric quang dung thudc thir axit
sunfosalixylic (TCVN 6180-1996) duoc
sir dung dé phan tich thong s6 NO;, thong
sOT-PvaP-PO . dugc phan tich theo
TCVN 6202:2008, va phuong phap phan
tich COD theo TCVN 6491:1999.

Cong thirc 1 dugc st dung dé danh
gid hidu suat xir Iy nudc thai sinh hoat cia
vi khuén lam:

Co—C

H = .100

(D

trong d6, H: Hiéu sudt xir ly (%)
C,: Nong do cac thong sé cia nudc thai
dau vao (mg/L); C: Nong do cac thong sb
cua nudc thai sau xur ly (mg/L).

0

2.3.3. Phuong phap danh gid sinh
truong cua Spirulina platensis

Sinh truéng ciia cdc mau vi khuan
lam Spirulina platensis dugc déanh gia
thong qua theo doi gid tri OD (Optical
Density) cua dich nudi ¢ budc song 445
nm bang may Ultrospec 2000 UV/Visible
Spectrophotometer [12].

2.3.4. Phuong phap phdn tich
phycocyanin cua Spirulina platensis

Dé xac dinh phycocyanin, 5 mL nudi
cdy tao da duogc lay ra va loc. Cac mau
sinh khdi dugc déng lanh ngay lap tic
cho dén khi phan tich. Sau khi rd déng,
céc té bao duogc pha v& bang cach ra dong
va phycocyanin dugc chiét xuit bang
céch tai huyén phu sinh khdi trong 5 - 10
mL dém phosphat 0,1 M (pH = 6,8) vau
trong 24 gio' & nhiét 6 phong. Huyén phu
thu dugc duoc ly tdm (3000 vong/phut, 10
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phut) va mat do quang hoc cta phan chat
long trong dugc do ¢ 615 va 652 nm.

Nong d6 phycocyanin (mg/mL) duoc

tinh bang cach sir dung cong thire (2) do

Bennett va Bogorad (1973) [2] thiét 1ap:
C",.(mg/mL) = (0D, - 0,474 x
OD,,,)/5,34

C,.(mg/g)=C",..V/m

trong d6: V 1a thé tich mau phan tich

(mL); m 14 khéi lugng mau phén tich (g).

2

3. Két qua nghién ciru

3.1. Anh hwéng ciia nguon carbon
dén khd ndng sinh truéng ciia vi khuin
lam Spirulina platensis

P61 v6i vi khuan lam Spirulina
platensis, ngudn carbon déng vai trd quan
trong ddc biét trong qua trinh sinh trudong.
Trong nghién ctu nay, nhom nghién
ctru da danh gia anh huéng cua ngudn
carbon 1én kha nang xu ly nudc thai sinh
hoat gia dinh va kha nang sinh tong hop
Phycocyanin cta vi khuan lam Spirulina
platensis.

0.7 1 —m—CT1
—e—CT2)
—A—CT3|

—w—CT4

06 -

05

OD 445

04

031

Onlgéy 2nlgéy 4nlgéy 6nlgéy 8nlgéy 10r;géy 12 r;géy
Thoi gian
Hinh 1: Sw sinh trwéng ciia vi khuén lam
Spirulina platensis ¢ cdc
nguon carbon khdc nhau
DPuong cong tang trudng cua chung
Spirulina platensis trong nudc thai sinh
hoat gid dinh c6 b6 sung véi cac ngudn
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carbon khac nhau dugc thé hién ¢ Hinh
1. Céc dit liéu nghién ctru cho thdy tt ca
céc ngudn carbon bd sung déu thuc day su
phat trién sinh khdi va ndng do té bao cao
hon 1,5 - 2 1an so véi ngay dau tién. Trong
d6, & nghiém thirc CT2 bd sung glucose,
sinh trudng cta vi khuan lam dat mirc cao
nhat (OD,,, = 0,639), cao hon khodng 1,4
lan so v&i CT4 sir dung ngudn carbon 1a
glycerol (OD,,, = 0,457). Khong co su
khac bi¢t vé sinh truong cua vi khuan
lam Spirulina platensis & hai nghiém thirc
CT1 va CT3 (p > 0,05). Nghién ctru cua
[4] cling cho thdy téc do ting trudng cao
nhat cua S. platensis dugc quan sat thdy
sau 4 ngiy nudi cdy trong diéu kién c6
glucose, fructose va succinate. Mot sb
nghién ciru cling cho két qua twong dong
khi b6 sung glucose vao méi trudong nudi
cling nhan duoc su sinh truong tot nhat
ctia vi khuén lam Anabaena [6, 17].

3.2. Anh hwéng ciia nguon carbon
dén kha néng sinh tong hop phycocyanin
ciia vi khudn lam Spirulina platensis

Céc két qua nghién ctu cho thiy
ham lugng phycocyanin (PC) sau 12 ngay
nghién ctru & cic nghiém thic bd sung
glucose, natri axetat, natri propionat va
glycerol ¢6 su khac biét. Nong d6 PC cao
nhat thu duoc d6i voi nghiém thire bd sung
glucose, dat 82,54 mg/g. Nguoc lai, nuoi
cdy trong nghiém thirc bd sung glycerol
CT4 can trd qud trinh san xuat cia no,
ham lugng PC chi dat 35,29 mg/g, thap
hon 2,3 1an so CT2. Céc nong d6 PC dang
ké khac thu duoc tir natri axetat (CT1) véi
49,78 mg/g va natri propionat (CT3) voi
58,90 mg/g. Ham lugng PC ghi nhan tir
hai nghiém thic CT1 va CT3 khong cho
thay su khic biét dang ké.

Nghién ciru

80

60
40 F
20 f
0
CT1

Hinh 2: Anh hwong ciia nguon carbon lén
kha ning sinh Phycocyanin ciia vi khudin
lam Spirulina platensis

Kaushal va cong su (2017) [5], su

dung Nodularia sphaerocarpa, phat hién

Ham lueng Phycocyanin (mg'g)

cT2 T3 CT4

Cong thire thire nghiém

ra rang moi truong nudi cdy co ban (Chu-
10) cong véi 0,5 % glucose ¢ thé 1am
tang nong do PC khoang 1,9 1an so voi
mdi truong ddi ching. Trong cong trinh
do Cottas va cong su (2020) [3] thuc hién
st dung Anabaena variabilis va phan
tich viéc bd sung glucose va natri nitrat,
chtng minh rang méi truong chi bd sung
glucose cé thé dat dugc néng do PC la
77,68 mg/g trong 10 ngay nudi ciy. So
sanh cong trinh nay vdi céc tai li¢u, co
thé thay rang loai vi khuan lam ciing 1a
mot bién s can xem xét khi danh gid san
xudt PC va loai nay c6 thé biéu hién cac
qua trinh chuyén héa khac nhau tiy theo
thanh phan cua méi trudong nudi cdy va
loai ngudn carbon hitu co bd sung [14],
dan dén san xuit cac chit chuyén héa
khéc nhau. Viéc san xuat PC chi véi mot
bién sd, nguén carbon, 13 mot budce tién
t6i cac giai doan trong tuong lai voi su két
hop ctia mot s6 yéu té anh huong dén san
xuit phycocyanin, chang han nhu d6 pH
clia mdi truong, viée bd sung cac ngudn
nito, ngudn phdt pho, quang ky, cuong do
anh sang.
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Nghién ciru

3.3. Anh hwéng ciia nguén carbon
dén khd néng xiv Iy nwéc thdi sinh hoat
cia vi khudn lam Spirulina platensis

Carbon hitu co dudi dang glucose
¢6 anh huong manh dén kha ning loai bo
céc chat dinh dudng vo co khoi nudc thai
sinh hoat gia dinh cia Spirulina platensis.
Trong truong hgp N - NH, ", day la dang
nito doi dao nhat thudng ¢ trong nudc
thai sinh hoat. Hinh 3a thé hién sy thay
ddi cua N - NH . trudc va sau qua trinh
xtr ly nudc thai sinh hoat gia dinh bang
Spirulina platensis. O nghiém thic CT1
va CT2, khong c6 su khac biét co y nghia
théng ké vé hiéu sudt xir Iy N - NH,". O

o 60 100
g s0 d0 &
z 40 60 =
Z 30 =
; e
% 20 il
- =
& 10 20 =
= —
Z 0 0

CT1 CT2 CT3 CT4
Cong thire thyre nghiém

3 D vao (mg/l) SS9 Daura (mg/L) =—e=Higu sudt (%)

a)

= 100

=

E 80

P

z 6.0

Z 40

=

=1

g 20

<

0.0 - -
CTI1 CT2 CT3 cT4
Céng thire thire nghiém
O Dau vao (mg’l) & Paura {mg/L})
9}
~ 12 100,0
- —
= 100 800 <
= o
] 80 60.0 =
£ 60 oy
o 40,0 "8
g 40 -
o 200 Z
25 20 [l
0.0 0.0

CT1 CT2 CT3 T4

Cong thire the ngliém

3 D ra (mgL.) =—we=Hiéu sudt (%a)

e

Déu vao (mg/L)

ca hai thi nghiém nay, hiéu suat xur ly
N - NH,* khd cao 88 - 92 %, nong do
N - NH," giam nhanh tur nong do ban dau
1a 50 mg/L xubng 4,1 - 6,2 mg/L. Tiép
theo d6 14 nghiém thirc CT3 bd sung natri
propionat, hiéu suit xir Iy N - NH ,cling
1én td1 82 %. Ngugc lai, trong ¢ nghi€ém
thirc CT4 ¢ bo sung glycerol hiéu suat xtr
Iy N - NH,* dat thap chi khoang 69,73 %.
Diéu nay c6 thé cho thiy su giam dang
ké nong do N - NH . duoc quan sat thdy
trong phuong phap xur ly nudc thai sinh
hoat bang Spirulina platensis 1a két qua
truc tiép cua viéc bo sung carbon hitu co
(dudi dang glucose) vao nudc thai.
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g 30t
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o
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/J
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Hinh 3: Khd néing xir Iy nwéc thdi sinh hogt ciia vi khudn lam Spirulina platensis
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Trong xt ly nudc thai, qua trinh xtr ly
N - NH," cling dién ra thong qua qua trinh
chuyén déi thanh NO,, sau d6 thanh NO,
va N, bang cach nitrat hoa va khir nitrat
twong Gmg. Ca nong do N - NO, va N -
NO; déu lu6n nam trén ranh gidi gi¢i han
phat hién trong tit ca cac mau nghién ciru
tir khi bat dau va kéo dai cac thi nghiém
ndy (Hinh 3b va 3c). Nong do P - PO, da
giam manh trong cdc mau nudc thai sau
xu ly, vdi hiéu suit cao nhat & cong thuc
sir dung natri axetat vdi 83 % va tiép theo
12 nghiém thtrc duge bo sung glucose véi
81 % (Hinh 3d). Bang chu y, day la ty
1€ dugc ghi nhan tuwong tu vdi cac nghién
ctru trwde day st dung vi khuan lam [20].
Hiéu qua loai bo P c6 thé bi anh huong
boi ca céc yéu t6 phi sinh hoc va sinh hoc.
Vi dy, trong méi truong pH khoang 9 tro
lén, PO > két tiia do phan tmg héa hoc véi
céc cation trong dung dich, chu yéu 1a céc
ion magi€ va canxi. Hiéu quéd chinh xac
clia hién tugng nay phu thudc vao nong
do phét pho va cation, cling nhu nhiét d
[7]. Hinh 3f cho thdy sy bién dong cua
ndéng d6 COD ¢ timg thi nghiém sau 12
ngdy nudi cdy. O cong thirc 4 bd sung
glycerol ndng dd chi giam nhe xudng con
tir 300 mg/L con 142 mg/L, véi hiéu suat
thap nhét chi dat 53 %. Tuy nhién, & cac
nghiém thirc bo sung glucose, natri axetat
va natri propionat, ndng d6 COD giam
manh tu néng d6 ban dau 1a 300 mg/L
xubng 58, 61 va 75 mg/L, vé6i hiéu sut
dat 80 %, 71 % va 75 %, twong tng. Diéu
nay cé thé cho thdy rang viéc bd sung
glucose da loai bo dugc dang ké COD.

4. Két luan

Nghién ctou nay nhdm muc dich
danh gia anh hudng cua ngudn carbon

Nghién ciru

1én kha nang sinh truong, sinh tong hop
phycocyanin va xur ly nude thai sinh hoat
ctia vi khuan lam Spirulina platensis. Thi
nghiém xtr ly nudc thai sinh hoat gia dinh
bing Spirulina platensis va c¢6 bd sung
glucose 1am ngudn carbon da ching minh
kha nang loai bo déng ké N - NH,*, P -
PO, T - P va COD véi hiéu suat xur ly
tuong tng 1a 92 %, 81 %, 71 % va 81 %.
Céc két qua nghién ctru ciing cho thay su
sinh truéong va kha niang sinh tong hop
phycocyanin ciing dat gia tri cao nhat véi
OD,,;=0,639 va ndng d phycocyanin d‘at
82,54 mg/L. Viéc lya chon dugc nguon
carbon gitp cho Spirulina platensis dong
thoi sinh tong hop phycocyanin cao va xir
ly nude thai sinh hoat tot 14 tién dé cho
cac nghién ctu tiép theo.

Loi cam on: Cac két qua trong
nghién ctru nay dugc tai trg kinh phi
boi dé tai TNMT.2023.562.05 va dé tai
KHKT&CN-07. Tap thé tac gia chan
thanh cam on Truong Pai hoc Tai nguyén
va Moi truong Ha N6i, B Nong nghiép
va Moi truong da tai trg kinh phi thuc
hién.
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