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Tom tat:

Cong nghé sinh hoc vi tdo dang dugc quan tam nhu mét gidi phdp bén viing trong xii ly nuéc thdi nhd kha
ndng hdp thu, chuyén héa hiéu qud chdt 6 nhiém va tiém ndng thu hoi sinh khéi cao. Muc tiéu cia nghién ciiu
la sit dung ching vi khudn lam quang ty duéng S.salina M8, dvgc phan ldp tix moi truong nudc nong nghiép
Viét Nam, nhdm ddnh gid anh hudng ciia mét sé yéu to sinh héa gom mat dp giong, pH, ty 1é chdt dinh dudng
C:N:P dén sinh trudng va hiéu sudt xit ly nuéc thdi sinh hoat cia S.salina M8 trong quy mé phong thi nghiém.
Nghién citu dp dung phuong phdp ldy mau, phan tich nudc thdi trong phong thi nghiém va phuong phdp ddnh
gid sy sinh truéng ciia S.salina M8. Két qud cho thdy, S.salina M8 c6 khad ndng sinh truéng tot, dat dugc nang
sudt sinh khoi tuong duong khodng 1,6 g/L va hiéu sudt xit ly cdc chit 6 nhiém dat khodng 75% ddéi véi COD va
trén 80% doi véi cdc chdt nhu N-NH *, tong nitrogen (T-N), P-PO * va tong phosphorus (T-P) duéi diéu kién
thich hgp la ty 1é tdo giong 20-25% (v/v), pH=7, nhiét d¢ 27°C, suc khi (0,1 vvm) va khudy tir (150 vong/phiit),
cuong do dnh sang 4500 Lux va ty 1¢ dinh dudng C:N:P = 100:10:1 sau 8 ngay nudi cdy. Nudc thdi sau khi xi ly
dat tiéu chudn chdt ligng theo QCVN 14:2008/BTNMT, cét B. Vi vdy, nghién ciiu khing dinh tiém ndng iing
dung S.salina M8 trong xi ly nuéc thdi sinh hoat nhé khd ndng hdp thu va chuyén héa chdt hiiu co, chdt dinh
duéng, dong thoi tao ra sinh khdi cé thé thu hoi sdn xudt ra cdc san phdm c6 gid tri ving dung trong cdc nganh
cong nghiép. Day la mot hudng di méi mang tinh bén viing, than thién véi méi truong, gép phdn thiic ddy mé
hinh cong nghé xanh va kinh té tudn hoan.
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Research on the effects of biochemical factors on growth and pollutant
removal efficiency from municipal wastewater of cyanobacterium S.salina M8

Abstract:

Microalgae biotechnology is being considered as a sustainable solution in wastewater treatment due to its ability
to effectively absorption and metabolism pollutants and the potential for biomass recovery. The aim of this
paper is to use the photoautotrophic cyanobacteria strain S.salina M8, isolated from Vietnamese agricultural
water environment, evaluation the effects of biochemical factors including inoculum density, pH and nutrient
ratio C:N:P on the growth and domestic wastewater treatment efficiency of S.salina M8 in laboratory scale.
Research on the application of methods for sampling and analyzing wastewater in the laboratory and methods
for evaluating the growth of S.salina M8. The results showed that S.salina M8 achieved dry cell weight of 1.6
g/L with treatment efficiency reaching over 75% for COD and 85% for substances such as NH ', total nitrogen
(T-N), PO,” and total phosphorus (T-P) under the preferable conditions of innoculation rate of 20-25% (v/v),
pH=7, temperature 27°C, aeration (0.1 vvin) and magnetic stirring (150 rpm), light intensity 4500 Lux and
nutrient ratio C:N:P = 100:10:1 after 8 days of culture. The effluent meets the quality standards according to
QCVN 14:2008/BTNMT column B. This study demonstrated the potential of S.salina M8 in treating domestic
wastewater, and providing valuable biomass, contributing to the development of a green economy and a
circular economy.

Keywords: Municipal wastewater, Photo-mixotrophic, Biomass, S.salina M8.

JEL Classifications: P18, Q53, Q55.
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1. MO PAU

Hién nay, 6 nhiém moéi trudng nudc dang la mot
trong nhiing van dé dang quan tdm khong chi & quy
mo toan cdu ma con & cac qudc gia va tling dia phuong,
ddc biét tai cac do thi lén nhu Ha Noi. Su gia tang dan
s0, toc do do thi héa nhanh chéng cung véi hé thong
ha tang ky thuat chua theo kip da lam phat sinh mot
lugng 16n nudce thai sinh hoat hang ngay. Theo thong
ké, trung binh moéi ngudi dan Ha Noi thai ra khoang
100-150 lit nudc thai mdi ngay, trong khi tong lugng
nudc thai sinh hoat toan thanh phé udc tinh 1én dén
gan 1 triéu m*/ngay (Anh, T. T. D., 2022). Bdo céo cua
Bo TN&MT nam 2023 cho biét, dén nay & Viét Nam
mdi chi c6 khoang 18% nudc thai d6 thi dugc thu gom
va xu ly tai cdc nha may xt ly nudc thai tap trung (B
TN&MT, 2023). Nudc thai sinh hoat thuong chtia ham
lugng cao chat hitu co, chat dinh duéng nhu nitrogen
(N), phosphorus (P), vi khuén gay bénh va cac vi chat
doc hai. Néu khong dugc xt ly dung cach, cac chat
dinh dudng nay sé thic ddy hién tugng phu dudng hoa
ngudn nudc, gay suy thodi hé sinh thai thiy sinh, phat
sinh mui hoi, anh huéng dén my quan do thi va de doa
dén stic khoe cong dong. Trong khi do, cong nghé xti ly
nudc thai d6 thi hién tai chti yéu ap dung phuong phap
sinh hoc, hiéu khi, ky khi hodc thi€u khi. Nhugc diém
ctia cong nghé nay la tao ra mot lugng bun rat 16n, yéu
cdu phai c6 cong doan xti Iy bun thai triét d€ va thuong
khong than thién véi mai truong.

Trudc thuc trang do, viéc tim kiém cac giai phap xt
ly nudc thai hiéu qua, than thién véi mai truong, chi phi
thap va c6 kha nang tdn dung tai nguyén dang la dinh
huéng quan trong. Mot trong nhiing huéng tiép can
dang dugc quan tam hién nay la ing dung cong nghé
sinh hoc dya trén vi sinh vat quang tu dudng, dac biét
1a vi tdo. Vi tdo c6 kha nang hép thu va chuyén hda cac
chat dinh dudng trong nudc thai d€ tong hgp sinh khoi
thong qua qua trinh quang hgp, dong thoi lam giam
nodng do cac chat 6 nhiém nhu COD, N, P trong nudc.
Ngoai ra, sinh khéi vi tao c6 thé dugc thu hoi dé s dung
lam nguyén liéu san xuét phan bén hitu co, thiic an chan
nudi hodc nhién liéu sinh hoc, tii d6 tao ra chu trinh
tai stt dung tai nguyén, hudng t6i phat trién bén viing.
Chang han, chang Chlorella variabilis THO3 dat ning
sudt sinh khdi cao trong cac hé thong nuoi cdy khac nhau
va c6 kha ning loai bo 74.8-89.8% COD, 93.8-96.1%
téng nitrogen va 97.1-99.9% téng phosphorus chi sau
14-17 ngay nudi cdy (Dang Thuan Tran et al.,, 2021).
Bén canh do, theo nghién ctiu ctia Nattawut Krasaesueb
va cong su (2019), chung Synechocystis sp. dugc nuoi
trong nudc thai giau NH,* va PO,* da cho hiéu suat
loai bd chét dinh dudng 1a 96,99% déi véi phosphate,
80,10% doi vdi nitrate, 67,90% doi véi nitrite va 98,07%
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doi véi amoni (Krasaesueb et al.,, 2019). Vi vdy, tng
dung vi tdo trong xt ly nudc thai khong chi giap giam
thiéu 6 nhiém moi truéng ma con tao ra cac hgp chat
sinh hoc ¢ gia tri (nhu lipid, protein, cacbohydrat) tu
sinh khdi ctia vi tao.

Phan 16n cac nghién ctiu trude day tap trung vao
nuoi cdy vi tao theo ché do di dudng, tin dung ham
lugng cac-bon hitu co cao trong nudc thai sinh hoat
(Santos, C. A et al, 2020). Trong ché d¢ di dudng,
vi tdo phat trién dua trén nguén cic-bon hiiu co va
khong cin anh sang, cho phép loai bo hiéu qua cac hgp
chét hitu co, nitrogen va phosphorus khdi nudce thai so
v6i nudi cdy quang dudng thong thudng (Santos, C.
A bet al., 2020). Ngugc lai, vi tdo quang - tap dudng
hién dang thu hat su quan tdm nghién ctu gan day
nho kha nang stt dung dong thoi cac-bon hiiu co va vo
co cung cac dudng chat nitrogen va phosphorus trong
nudc thai, giup lam gidm ndéng do cac chit 6 nhiém
nay (Voulvoulis, N et al., 2020).

Mic du diéu nay da dugc ghi nhin 6 mot s6 loai
vi tdo nhu A. platensis (M. I. B. Pereira et al.,, 2019),
tuy nhién viéc ing dung kha nidng quang tap dudng
cua chung S.salina M8 trong xt ly nudc thai sinh hoat
tai Viét Nam van con mdi va chua c¢é nhiéu nghién
ctiu d€ danh gia mot cach hé thong. S.salina M8 dugc
biét dén la vi khudn lam quang tap dudng, c6 thé sinh
trudng trong ca moi trudng nudc man va ngot. Té bao
¢6 hinh ciu hodc oval (0,7-8 pm), khong c6 dinh dam,
c6 hoac khong c6 16p chdt nhéy trong sudt. Hé sac to
gom phycocyanin (tao mau xanh lam) va chlorophyll-a
gitip hap thu anh sang hiéu qua cho quang hop (Allaf,
M et al, 2022). Nho kha nang quang hgp, ching tao ra
ndng lugng tlii anh sang mat trdi va san sinh oxy, glucose
phuc vu sinh truéng (Meixner, K et al., 2018). S.salina
MS8 c¢6 kha nang loai bo amoni, nitrat, nitrit va photphat
tli nude thai trong khoang tli 6-10 ngay sau khi nuoi céy,
cho thdy kha nang tich lity cac chét nay trong sinh khéi
cua chung (Cepoi, L et al., 2016). Ngoai ra, loai nay cing
da dugc chiing minh 1a c6 kha nang loai bd cac chat
dinh dudng nhu phosphorus va nitrogen tit nudc thai,
v6i hiéu sudt loai bd 1én dén 96% phosphorus va 66%
nitrogen (Trentin, G et al., 2019). Dong thoi S.salina M8
phat trién manh trong mdi trudng giau chat hiiu co va
c6 thé tich lay lugng 16n cac hgp chat co gia tri cao nhu
protein, polysaccharide va polyhydroxybutyrate (PHB)
- mdt loai polymer sinh hoc. Muc tiéu ctia nghién ctiu
1a stt dung chung vi khudn lam quang tu dudng S.salina
M8, dugc phéan lap ti moi trudng nudc nong nghiép
Viét Nam, nham danh gia anh hudng ctia mot s6 yéu t6
sinh hoa gobm mat do giong, pH va ty 1é chat dinh duéng
C:N:P dén sinh trudng va hiéu suat xt Iy nudc thai sinh
hoat ctia S.salina M8 trong quy mo phong thi nghiém.
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Bang 1. Thanh phan trong 1 lit méi truong BG-11

STT Tén hoa chit Cong thuc phan tu Pon vi (g/1)
1 Sodium nitrate NaNO, 1,5
2 Dipotassium phosphate K,HPO, 0,04
3 Aluminum sulfate ALSO, 0,04
4 Magnesium sulfate heptahydrate MgSO,-7H,0 0,075
5 Calcium chloride dihydrate CaCl,-2H,0 0,036
6 Citric acid CH,O 0,006
7 Ferric ammonium citrate (NH,).[Fe(CH,0,),] 0,006
8 D1sod1'um ethylenediaminetetraac Na.EDTA-2H.O 0,001
etate dihydrate 2 2
9 Sodium carbonate Na,CO, 0,02
Hon hop vi lugng - kim loai (mix A5): H,BO,: 2,86g/L; MnCl,.4H O: 1,81
10 |g/L; ZnSO,.7H,0: 0,222¢/L; Na,MO,.2H,0: 0,39g/L; CuSO,.5H,0: 0,079g/L; 1 mL/L
Co(NO,),.6H,0: 0,049 g/L.
Nguon: (Synechocystis sp. (n.d.). Ccap.ac.uk, 2025)
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Hinh 1. Hinh thdi VKL S.salina M8

Két qud nghién ctu khing dinh tiém niang ting dung
S.salina M8 trong xt ly nuéc thai sinh hoat, dong thoi
tao ra sinh khdi c6 thé thu hoi san xuit ra cic san
phdm c6 gia tri ting dung trong cac nganh cong nghiép
nhu nhuya sinh hoc PHA, phéan bén sinh hoc, nguyén
liéu biofuel, hodc phycocyanin. DPay la mot huéng di
méi mang tinh bén viing, than thién véi moi trudng,

gop phén thic ddy mo hinh cong nghé xanh va kinh té

tudn hoan.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu va dung cu thi nghiém

2.1.1. Nguén tdo giong

Chuing vi khuén lam S.salina M8 tli bd suu tap giong
dugcluu giti va nuoi cdy tai Phong Cong nghé Hoa sinh,
Vién Héa hoc, Vién Han lam Khoa hoc va Cong nghé
Viét Nam, s6 18 Hoang Qudc Viét, Ha Noi. S.salina M8
dugc tién nudi ciy trong moi trudng BG-11 (Bang 1).
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Hinh 2. Nhan giéng tdo S.salina M8 trong binh 250 mL

St dung cdc binh tam gidc 250 mL v6i thé tich lam viéc
100 mL. Diéu kién nudi cdy dugc duy tri tai nhiét do
khoang 25 - 27°C, ngudn sang la 2 béng den huynh
quang véi cuong do anh sang 4.500 Lux, chu ky chiéu
sang la 24 gid sang, suc khi (0,1 vvm) va khudy ti (150
vong/phut).

2.1.2. Nuéc thdi sinh hoat

Nudc thai sinh hoat dugc lay tai 2 cong xa nudc
thai ctia khu dan cu phé Triéu Khic, Thanh Xuén, Ha
Noi. Vi tri diém ldy mau tai cong thoat nudc thai ngod
66 Triéu Khuc, toa do: X1 = 2.321.350, Y1 = 594.921
va ng6 48 pho Triéu Khug, toa do: X2 = 2.345.350, Y1
= 594.823.

2.1.3. Dung cu thi nghiém (Bdng 2)

2.2. Bé tri thi nghiém

2.2.1. Khdo sdt dnh hudng ctia mat do giong ban ddu
lén khd nang sinh trudng ctia S.salina M8

CHUYEN BE 1/2025



Bang 2. Dung cu, thi nghiém

STT Tén thiét bi Model/Thong s6 Nha san xuiit
; ki thuat

1 | Can phén tich JE2204 Labex — Anh
2 | May ly tim Z206A Hermle, Duc
3 | May siéu am Ultrasonic Cleaner Anh
4 | N6i hdp tiét triing LS-75L) Nanbei, Trung Quéc
5 | Tasdy vata dm Heraeus, Ptic
6 | Kinh hién vi Kinh hién vi OLYMPUS, Nhat Ban
7 | May do quang UV-Vis U-2900/2910 Shimazdu, Nhat Ban
8 | DbenLED Rang Dong, Viét Nam
9 | Mdy suc khi HP-400 Atman, Trung Qudc
10 l\lfie;lngiiﬁichinh luu Viét Nam
11 | Bauloc khi 0,22 pm Trung Quéc
12 | Ong day Silicon Trung Quéc
13 g;ni‘ugﬁgnh ding | 4121535051 | SIMAX, Germany
14| Ong dong 135 rrnmLL lE;(())Or(;lII:lL Diic
15 | Binh dinh muc Duran 1000 mL Duc
16 | Binh nén tam giac 50 mL, 250mL brc

2 -
oul)
<y /

Hinh 3. Thi nghiém nudi S.salina M8 trong nuidc thdi sinh hoat

Dé lya chon dugc mét do giong thich hgp cho su sinh trudng cta

S.salina M8, chiing nay dugc nudi trong cac binh Duran 1L véi moi

truong BG-11. Mat d6 tao giong ban dau tai cac thi nghiém OD

=0,1;

680

0,2; 0,3; 0,4 tuong ung vdi ty 1é tao gidng 10%, 15%, 20% va 25% (v/v).
Cac thi nghiém dugc thuc hién trong thoi gian 8 ngay véi diéu kién
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nhiét @6 25-27°C, suc khi (0,1 vvm)
va khudy tti (150 vong/phut), cudng
do chiéu sang 4.500 Lux, chu ky
sang la 24h. Mdi thi nghiém dugc
thuc hién 1dp lai 3 1an.

2.2.2. Khdo sdt danh hudng cua
pH dén khd ndng sinh trudng ciia
S.salina M8 va hiéu qud xii ly nudc
thdi sinh hoat

Thi nghiém tién hanh trong cac
binh Duran 1L tai cac gid tri pH tu
(5,6,7,8,9), véi mat d6 S.salina M8
ban dau dugc lya chon 1a OD =
0,3 (tuong Ung voéi ty 1é giong 20%
v/v). Cac diéu kién thi nghiém nhu
sau: nhiét d6 25-27°C, suc khi (0,1
vvm) va khuay tu (150 vong/phut),
cuong do chiéu sang 4.500 Lux,
chu ky sang la 24h. Méi thi nghiém
dugc thuc hién lap lai 3 lan. Su sinh
truéng va hiéu qua xi ly nudc thai
sinh hoat ctia S.salina M8 dugc theo
doi trong 8 ngay, cac chi tiéu phan
tich chét lugng nudc thai sau xt ly
bao gom: N-NH .5 T-N, T-P, PO 43',
COD.

2.2.3. Khdo sdt dnh hudng cua ty
lé C:N:P dén khd ndng sinh trudng
cua S.salina M8 va hiéu quad xu ly
nudc thdi sinh hoat

Thi nghiém tién hanh trong cac
binh Duran 1L tai cac ty 1¢ C:N:P =
(100:10:1), (100:5:1), (100:10:0,5),
(100:15:1). Piéu chinh thanh phan
dinh duéng bang cach b6 sung
nguén cac-bon (CO, hodc acetate),
nitrogen (NaNO,) va phosphorus
(K,HPO,). C4c diéu kién thi nghiém
nhu sau: nhiét 3o 25-27°C, suc khi
(0,1 vvm) va khudy tu (150 vong/
phut), cuong do chiéu sang 4.500
Lux, chu ky sang la 24h, mat d¢ tao
giéng OD = 0,3 va pH =7. Mdi thi
nghiém dugc thuc hién lap lai 3 lan.
Su sinh truéng va hiéu qua xu ly
nudc thai sinh hoat ctia S.salina M8
dugc theo doi trong 8 ngay, cac chi
tiéu phén tich chat lugng nudc thai
sau xu ly bao gobm: N-NH*, T-N,
T-P, PO, COD.
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2.3. Phuong phdp nghién ciiu

2.3.1. Phuong phdp ldy madu va
phan tich nudc thdi trong phong thi
nghiém

Nudc thai dugc ldy theo tiéu chudn
Viét Nam TCVN 5999:1995 (ISO
5667/10: 1992) vé chit lugng nudc - lay
mau - hudéng dan 14y mau nudc thai; Bao
quan theo tiéu chuidn Qudc gia TCVN
6663-3:2016 (ISO 5667-3:2012) vé chat
lugng nudc - 14y mau - Phan 3: Bdo quan
va xt ly mau nudc. Nudce thai dung vao
can 5-10 L va dua vé phong thi nghiém
Cong nghé Hoa sinh, Vién Hoa hoc.
Nudc thai dugc xti ly so bo bang phuong
phép loc qua gidy loc c6 kich thudc 16
3 - 7 um trong 30 phut dé loai bo rac,
hat lo lting trudc khi tién hanh cac thi
nghiém. Cac thong s6 dau vao nhu
COD, NH,*, NO,, PO,*, TN, TP dugc
do ngay sau khi mau dugc dua vé phong
thi nghiém; cac thong s6 dau ra cua thi
nghiém dugc tién hanh phén tich sau 8
ngay nudi cdy; phuong phap phan tich
NH," theo TCVN 6179-1:1996; phan
tich NO, theo TCVN 6180:1996 I1SO
7890-3:1998 (E); phan tich phosphorus
theo TCVN 6202:2008 - phuong phéap
do phé dung amoni moliphat; phan tich
COD theo TCVN 6491:1996. Két qua
phén tich chat lugng nudc thai dau vao
sau khi xti ly so bd qua loc: pH =73 +
0,2; COD = 325,6 + 0,3 mg/L; NO, = 3,2
+ 0,1 mg/L; NH,* = 32,12 + 0,42mg/L;
TN = 36,12 + 0,52 mg/L; P-PO,* = 4,24
0,15 mg/L; TP = 5,2 £ 0,2 mg/L, TSS =
1,4 £ 0,2mg/L. Cac thi nghiém dugc bd
tri theo thiét ké hoan toan ngau nhién
v6i cac bién doc lap gom ty 1¢ tao giong,
pH va ty 1é C:N:P véi bién phu thudc
la mat do quang hoc (OD,, ). Méi thi
nghiém lap lai 3 lan d€ dam bao do tin
cdy thong ké va két qua do dugc trinh
bay bang gia tri trung binh + d¢ léch
chudn. S6 liéu tho dugc xt ly trén phan
mém Excel 2016 cua Microsoft. Hiéu
suit xtt Iy COD, N-NH,*, T- N, P- PO}
va T-P dugc xac dinh theo cong thtic:

Ci
H.=(1- c 100

Trong d6 Hi la hiéu suat x ly; C, 1a

gia tri néng do cac thong s6 clia nudc

thai dau vao (mg/L); va C, 1a gid tri ndong do cdc thong s6 ctia nudc
thai sau xti ly (mg/L).

2.3.2. Phuong phdp ddnh gid sy sinh trudng ciia S.salina M8

Vé6i muc dich xac dinh su sinh trudng cta S. salina M8 trong moi
truong nudi cdy, phuong phap do mat do quang hoc (Optical Density
- OD) dua trén kha ning hép thu dnh sang ctia cac sic té Chlorophyll
trong t€ bao dugc sti dung. Su sinh trudng cta S. salina M8 dugc theo
doi biang cach do do hap thu quang tai budc song 680 nm (ODgso)
bang may quang ph6 UV-Vis. Gid tri ODsso ty 1é thuan véi mat do
sinh khoi trong moi truong.

Tién hanh do mét do quang véi tan suit 1 lan/ngay vao cung thoi
diém trong ngay. Trudc khi do can ldc déu binh thi nghiém va dung
pipet 1ay 3 mL dung dich thi nghiém cho vao cuvet sach. Pit cuvet
vao mdy do quang 6 budc séng 680 nm, sau do ghi lai gia tri OD
clia mau. Xay dung duong chuan OD theo thoi gian d€ theo déi su
sinh trudng cta S. salina M8.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Khado sdt mdu nuéc thdi sinh hoat tai khu vic nghién ciiu

Céc s0 liéu phén tich nudc thai dugc thé hién trén bang 3 cho
thdy, nudc thai sinh hoat da qua loc va trude khi dua vao xu ly bang
S.salina M8 c¢6 moéi trudng pH trung tinh. Ham lugng COD dao dong
trong khoang 325,6 + 0,3 mg/L. Nudc thai giau nitrogen trong doé
ham lugng amoni (N-NH,*) cao v6i nong do trong khodng 32,12 +
0,42 mg/L va N-NO, ¢6 ham lugng thap 3,2 + 0,1 mg/L. Ham lugng
photphat (PO,*) 1a dang hop chét phosphorus cht yéu dugc tim thay
trong nudc thai sinh hoat v6i nong d6 dao dong 4,24 + 0,15mg/L.
Tong nitrogen T-N va téng phosphorus T-P ghi nhén trong nghién
cliu nay ndm tuong ting trong khoang 36,12+ 0,52 mg/L va 5,2 + 0,2
mg/L. Téng chit ran lo lting (TSS) sau loc khoang 1,4+ 0,2 mg/L va
khong anh hudng dén kha nang khuéch tan ctia anh sang vao trong
nudc. D€ nudi S.salina M8, gid tri pH trong nudc thai sinh hoat tu
mau thu tai cdng thai 13 phtt hgp véi ching S.salina M8 trong moi
truong chuin BG-11.

Két qua nghién ctiu cho thdy, nudc thai sinh hoat dugc st dung
trong thi nghiém nay chuia cac chit dinh dudng thiét yéu nhu céc-

Bang 3. Nong d cac chat 6 nhiém trong nudc thai sinh hoat sau
khi xti ly so b va trudc khi nuéi S.salina M8 (n=3)

STT | Thongsd Don vi Ham lugng }(32'191\‘171\1/\[1”[} ‘(1(:22:);;

1 pH - 7,3 +0,2 5-9

2 Nhiét do °C 25,67+ 0,21 -

3 TSS mg/L 1,4+ 0,2 100

4 N-NO,- mg/L 32+0,1 50

5 N-NH/* mg/L 32,12 £ 0,42 10

6 Téng N mg/L 36,12+ 0,52 -

7 P-PO> mg/L 4,24 + 0,15 10

8 Téng P mg/L 5,2 40,2

9 COD mg/L 325,6 £0,3 -
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bon, nitrogen, cac hgp chit phosphorus cdn thiét cho su phat trién
ctia tdo. Két qua nay ciing tuong dong véi két qua nghién ctu cua
nhoém tac gia Dang Thuan Tran va cdng sy, 2021 (D.T. Tran et al.,
2021). Do do, trong cac nghién ctu ti€p theo nudc thai sinh hoat
dugc sti dung d€ 1am moi trudng nudi cdy cho S.salina M8.

3.2. Anh huéng ciia mat dé giong S.salina M8 ban ddu lén
kha ndng sinh trudng

Mat do cdp giong ban dau c6 vai tro quan trong va anh hudng dén
sinh truéng cua S.salina M8 trong mdi trudng dinh dudng. Trong
nghién ctiu nay mat do giong ban ddu dugc khao sat véi cac gia tri
0D, lan lugt la 0,1; 0,2; 0,3; 0,4 (tuong ting véi ty 1é S.salina M8 giong
10%, 15%, 20% va 25% v/v). Sinh trudng ctia S.salina M8 dugc theo doi
va do mat do quang 6 cac moc thoi gian T = 0; 2; 4; 6 va 8 ngay (Hinh 4).

S6 liéu khao sat cho thdy, mat do tdo giong ban dau c6 anh hudng
ro rét dén toc do sinh trudng ctia S.salina M8. O céc ty 1€ 10% va 15%,
toc do sinh trudng cham hon, véi gid tri OD, lan lugt dat 1,203+

45 £ ——10% —m—15%

OD680ONM

35 L | 2% 25%

25

15

1-f

05 - THO'I GIAN (NGAY)

o L . L L »
o 2 4 6 8

Hinh 4. Sinh trudng cua S.salina M8 theo mat do giong khdc nhau
sau 8 ngay nuoi

07/01/2025 16:38

Hinh 5. Thi nghiém nudi S.salina M8 trong nudc thdi sinh hoat tai cdc
gid tri pH khdc nhau

NCHIEN CUU ‘

0,026 va 2,058+ 0,009 sau 8 ngay. Diéu
nay c6 thé€ dugc giai thich khi lugng
giong cdp ban dau thdp sinh khoi dat
dugc khong cao dan dén mat do sinh
khoi thap. Két qua nay phu hgp véi
céc nghién ctu trude day, khing dinh
rang mat do giéng nudi ban dau anh
huéng 16n dén hiéu suit quang hop va
toc do tang trudng cua sinh khoi (A.
Vonshak et al., 1982). Trong khi & ty
1€ cac 20% va 25%, toc do sinh trudng
nhanh hon, dat gia tri OD_, lan lugt
la 2,941 + 0,05 va 2,648 + 0,04. Tai ty
1é tao gidng 25% thap hon so vdi ty 1&
20% c6 thé ly giai nguyén nhén la do
mat do tdo 16n dan dén su canh tranh
vé chit dinh dudng va cudng do anh
sang bi giam cho cac té€ bao & 16p phia
dudi. Vi vay, ty 1é S.salina M8 giéng
ban dau la 20% (v/v) cho két qua sinh
trudng tot nhat véi gid tri OD =
2,941 + 0,05 dugc lya chon d€ thuc
hién cac thi nghiém tiép theo.

3.3. Anh huéng cia pH dén sinh
truéng cua S.salina M8 va hiéu quad
xi ly chdt 6 nhiém trong nudc thdi
sinh hoat

3.3.1. Anh hudng cia pH lén kha
nang sinh trudng ctia S.salina M8

pH la mot yéu t6 chi thi quan
trong, phan anh tinh trang dinh
dudng ctia moi truong nudi cdy, ddc
biét lién quan dén ngudn cung cép
bicarbonat va khi CO, hoa tan la cac
thanh phéan can thiét cho qua trinh
quang hgp cua tdo. Trong moi trudng
nuoi S.salina M8 thi pH doéng vai tro
then choét, vi né anh hudng truc tiép
dén kha nang hap thu dinh dudng va
toc do sinh trudng cua tao. Do do, pH
dugc xem la mot trong nhiing nhén t6
moi trudng co tac dong dang ké dén
hiéu qua nuoi cdy chiing tao nay. Thi
nghiém tién hanh trong cac binh Du-
ran 1L tai cdc gid tri pH: 5,6, 7, 8, 9 v6i
ty 1€ 20% (v/v) tao giong S.salina M8
dugc thém vao mdi binh thi nghiém.

Két qua cho thdy, S.salina M8 sinh
trudng va phat trién t6t 6 pH =7 va 8
tuong ung voi OD = 2,925+ 0,002
va 2,315+ 0,005 so v6i pH = 5,6 va 9
trong cing mot diéu kién nuoi. Theo
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NGHIEN CUU

Bang 4. Anh huéng ctia pH 1én sy sinh truéng ciia S.salina M8

M?t)%s%%a)mg PH=5 pH=6 pH=7 pH=8 pH=9

T0(7/1/2025) | 0,609 +0,064 | 0,603+ 0,057 0,627+ 0,02 0,669+ 0,008 0,615+ 0,025
T2 (9/1/2025) | 0,564+ 0,015 1,070+ 0,03 1,082+ 0,012 1,124 0,011 0,878+ 0,004
T4(11/1/2025) | 0,675+ 0,124 1,284+ 0,061 1,5+ 0,032 1,491+ 0,006 1,329+ 0,002
T6 (13/1/2025) | 0,512+ 0,01 1,836 0,051 2,868 0,041 2,496+ 0,013 2,088+ 0,013
T8 (15/1/2025) | 0,508+ 0,003 1,852+ 0,016 2,925+ 0,002 2,315+ 0,005 2,14+ 0,009

35 5

OD 680 nm

——

0 1 2 3 4 5 6 7 8 9
Théi eian (neav)

Hinh 6. Sinh trudng ctia S.salina M8 & cdc pH khdc nhau,
mdt do tdo giong 20%

nghién ctiu ctia Coutteau (1996) ciing cho két qua pH thich
hgp déi véi su phat trién cta tao tii 7 - 9 (Coutteau, P et al.,
1996). Nhu vay, trong nghién ctiu nay pH = 7 la gia tri t6i uu
cho sy sinh truéng cua S.salina M8 va tiong ting v6i OD, =
2,925+ 0,002 sau 8 ngay nuoi.

Bén canh d¢, gia tri pH ctia mdi truong nuoi S.salina M8 c6
xu huéng tiang lén theo thoi gian trong tat ca cac thi nghiém.
Diéu nay dugc giai thich la do qud trinh tao ra ion HCO,- thong
qua qua trinh quang hgp ctia tao, CO, tif khi quyén dugc tan
vao trong moéi tridng theo phan ting CO,+ H,0 > HCO,- + H".

3.3.2. Danh gid hiéu qud xi Iy NTSH cuia S.salina M8 tai
gidtripH =7

Két qua phén tich nong do va hiéu sudt xti ly cac chat 6
nhiém cua S.salina M8 tai pH = 7 trong nudc thai sinh hoat
dugc thé hién trong Bang 5 va Hinh 7.

Két qua cho thay, sau 8 ngay nudi cy tai pH = 7, nong do
cac chit 6 nhiém trong nudc thai sinh hoat giam ro rét. Hiéu

sudt xt ly cao nhat ghi nhan do6i véi N-NH_*,
dat 80,35+0,33% (tli 32,12 + 0,42 mg/L xudng
6,31 + 0,22 mg/L), chiling t6 kha nang loai bo
amoni hiéu qua ctia S.salina M8. Téng nitrogen
(TN) dat 79,98+0,41% (tu 36,12+ 0,52 mg/L
con 7,23%0,25 mg/L), phan anh kha nang
hép thu dinh duéng t6t. Tuong tu, P-PO,*
va TP lan luot dat hiéu suit 79,23+0,51%
va 79,84+0,28% cho thdy kha ning loai bo
phosphorus ciang rat dang ké. COD giam tu
325,6 + 0,3 mg/L xuéng 86,3+ 0,5 mg/L, dat
hiéu sudt 73,52+0,12%. Mic du hiéu suit xi
ly COD thép hon so véi cac chit dinh dudng,
song van dép tng dugc yéu cdu, khing dinh
tiém ndng cua S.salina M8 trong xt ly dong
thoi cac hgp chét nitrogen, phosphorus va
chat hiu co trong nudc thai. Cac sé liéu
trong nghién ctiu nay la dong nhat véi cac két
qua trong nghién ctiu ctia nhém tac gia Poan
Thi Oanh va cong su (2020), chung Chlorella
vulgaris CNK ¢6 toc do sinh trudng t6i uu
tai pH = 7 va dat OD,, = 0,068 & ngay thu
12 dong thoi hiéu sudt xu ly N-NH,* dat 54%
(Poan Thi Oanh va cong sy, 2020).

3.4. Anh huéng ciia ty 1¢ C:N:P dén sinh
trudng va hiéu qud xit ly chdt 6 nhiém trong
nudc thdi sinh hoat béi S.salina M8

Két qua thi nghiém khao sat anh hudng
cua ty 1é cac chat dinh duéng C:N:P dén sinh
trudng va hiéu qua xu ly chit 6 nhiém trong
nudc thai sinh hoat bai S.salina M8 sau 8 ngay,
mat do tao giong 20% (v/v), pH = 7 dugc thé
hién trong Bang 6 va Hinh 9.

Bang 5. Nong do cac chit 6 nhiém caa NTSH khi xt ly bang nudi S.salina M8 tai pH =7

pH=7.0 N-NH,* TN PO TP COD
Truée xit ly 32,12 + 0,42 36,12+ 0,52 424 +0,15 52+0,2 325,6 + 0,3
(mg/L)
Sau xi Iy (mg/L) 6,31 + 0,22 7,23+ 0,25 1,08+ 0,05 1,27+ 0,15 86,3+ 0,5
Hiéu sudt (%) 80,35+ 0,33 79,98+ 0,41 79,23+ 0,51 79,84+ 0,28 73,52+ 0,12
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Hinh 7. Nong d¢ cdc chdt 6 nhiém trong NTSH tru6c va sau khi xii Iy tai pH =7, mat d¢ tdo giong 20%

OD 680NM
»
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100:5:1

—+— 100:10:0.5

—+100:15:01
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.
To (8/4/25) T1 T2 T3 T6 17 T8

Hinh 8. Thi nghiém S.salina M8 tai cdc ti 1¢ C:N:P khdc nhau  Hinh 9. Sinh trudng ciia S.salina M8 6 ti 1é C:N:P khdc nhau

Bang 6. Anh hudng cuia ti 1¢ C:N:P dén sinh trudng ciia tio S.salina M8

Ty 1¢ C:N:P
Mat &6 100:10:1 100:5:1 100:10:0.5 100:15:1

quang OD

TO (8/4/2025) 1,03£0,02 0,794+0,23 0,936+0,16 1,1£0,15
T1 (9/4/2025) 1,362+0,012 1,064+0,31 0,652+0,82 0,976 £0,011
T2 (10/4/2025) 1,76+,0,014 1,58+0,16 1,48+0,25 1,504+0,2
T3 (11/4/2025) 2,211+0,01 1,977+0,24 2,037+0,45 1,947+0,23
T6 (14/4/2025) 3,248+0,011 3,188+0,15 2,787+0,12 2,778+0,15
T7 (15/4/2025) 3,750,009 3,950,015 3,716£0,006 3,704+0,003
T8 (16/4/2025) 4,250,015 4,06+0,012 3,695+0,002 3,52+0,001
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¢

Két qua cho théy, & tt ca cac nghiém thiic déu thé
hién xu huéng tang trudng ro rét ctia S.salina M8 theo
thoi gian. Trong do, ty 1é C:N:P = 100:10:1 cho két qua
t6i vu véi OD, dat cao nhét tir T1 tré di va dat gia tri
16n nhat 4,25+0,015 tai T8. Ty 1é 100:5:1 tuy c¢6 ham
lugng nitrogen thdp nhung van dat OD,, = 4,060,012
vao T8, nitrogen & muic trung binh van dap ting cho sinh
truong khi phosphorus dugc cung cap day du. Nguogc
lai, ty 1¢ 100:10:0.5 bi han ché sinh trudng ban dau do
thiéu phosphorus, nhung sau d6 tang dan va dat OD =

3,695+0,002 tai T8. Trong khi do, ty 1¢ 100:15:1 c6 OD,,
cao nhat tai T1 nhung ting truéng cham & cac giai doan
sau, OD, chi dat 3,52+0,001 tai ngay thd 8 va thap
nhit trong cac nghiém thtic, cho thiy du thuia nitrogen
gdy mét cdn bang dinh dudng. Vi vay, ty 1é C:N:P =
100:10:1 tuong ting v6i OD, = 4,25+0,015 la t6i tiu cho
sinh trudng cua S.salina M8 trong nudc thai sinh hoat.
Phosphorus dong vai tro then chét trong giai doan ting
truéng manh, trong khi du thita nitrogen khong cai thién
hiéu qua ma con lam giam t6c d¢ phat trién cua téo.

Béang 7. Nong d cac chit 6 nhiém trong NTSH sau xu ly bang S.salina M8 tai cac ty 1¢ C:N:P

Ty 1é C:N:P NH, (mg/L) Tong N (mg/L) P-PO.*(mg/L) Tong P (mg/L) COD (mg/L)

T1 (100:10:1) 4,82+ 0,11 5,42+ 0,14 0,85+ 0,10 1,14+ 0,56 81,15+ 0,16

T2 (100:5:1) 9,64+ 0,21 10,84+ 0,43 1,19+ 0,20 1,66+ 0,47 97,38+ 0,23

T3 (100:10:0.5) 11,24+ 0,24 12,64+ 0,16 1,70+ 0,16 2,18+ 0,31 113,61£ 0,85

T4 (100:15:1) 8,03+ 0,31 9,03+ 0,62 1,06% 0,08 1,56+ 0,12 90,89+ 0,16
40 r 5 100

Néng a8 N-NHs+ (mafl)

T1(100:10:1) T2 (100:5:1) T3 (100:10:0.5)

EmDiuvio MmPiura —Hidu sudt
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Hinh 11. Ham lugng T-N
trong nudc thdi trudc va sau
khi xit ly tai cdc ty I¢ C:N:P 5

T1(100:10:1)

Hiéu suét (%)

Hinh 10. Ham lugng N-NH *
trong nudc thdi trudc va sau khi
xu ly tai cdc ty 1¢ C:N:P

T4 (100:15:1)

N
[=]
i8u suét (%)

(2!
Hi
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T4 (100:15:1)
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Hinh 14. Ham lugng COD trong nudc thdi trudc va sau khi xii ly tai cdc ty 1é C:N:P
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¢

Bang 8. Hiéu suit xu 1y cac chat 6 nhiém trong NTSH cua S.salina M8 tai ty 1é C:N:P = 100:10:1

C:N:P = 100:10:1 N-NH,* T-N PO* T-P COD
Trude xit ly 32,12 + 0,42 36,12+ 0,52 424 +0,15 52402 3256+ 0,3
(mg/L)
Sau xii Iy (mg/L) 4,82+ 0,11 5,42+ 0,14 0,85+ 0,10 1,14+ 0,56 81,15+ 0,16
Hiéu suit (%) 84,99+ 0,54 84,99+ 0,62 83,65+ 0,21 81,9+ 0,2 75,08+ 1,20
350 - 100
) 19
£ 300 ¢ v =
) 7 =
6] g
o 250 | 4 70 3
4 >
o 200 | 160 2
§ 1 50
150 | | a0
100 | 1 30
4 20
50
1 10
0 0
T1 (100:10:1) T2 (100:5:1) T3 (100:10:0.5) T4 (100:15:1)
mmDiu vao Paura —Hiéu suét

Hinh 15. Nong d¢ cdc chdt 6 nhiém trong NTSH truéc va sau khi xit ly tai ty 1¢ C:N:P = 100:10:1

Két qua cho thdy, sau 8 ngay nudi cay & ty l¢ C:N:P
=100:10:1, ham lugng N-NH,*, TN, TP, PO 43’ va COD
trong nudc thai déu giam dang ké, cho théy hiéu qua
xti ly téng hop cao ctia S.salina M8. Trong d6, N-NH *
va TN déu dat hiéu suat xt ly 84,99 + 0,54%, phan anh
kha nédng loai bo hiéu qua ca nitrogen vo co va hiiu
co. PO, va TP ciing dugc loai bd véi hiéu suat lan
lugt 83,65 £ 0,21% va 81,9 £ 0,2%. COD giam tti 325,6
+ 0,3 mg/L xudng 81,15 + 0,16 mg/L, tuong duong
75,08 + 1,20%, dap ting yéu cdu xa thai theo QCVN
14:2008/BTNMT (cot B). Két qua nay tuong dong véi
két qua nghién ctiu ctia Nattawut Krasaesueb va cong
su (2019), ching Synechocystis sp. dugc nudi trong
nudc thdi giau NH," va PO’ da cho hié¢u suét loai bo
chét dinh dudng 1a 96,99% doi véi phosphate; 80,10%
déi véi nitrate; 67,90% do6i véi nitrite va 98,07% doi
v6i amoni (N. Krasaesueb et al., 2019). Két qua cling
tuong dong véi Li va cong su (2024), khi thi nghiém
v6i chung Chlorella vulgaris va vi khuén hiéu khi dugc

nuoi cdy dong thai dé€ xu ly nude thai hon hop & ty 1é
C:N = 15:1 da cho hiéu suit loai bo COD, NH,*-N va
TP cao nhit, 1an lugt chiém 60,89 + 1,80%, 43,38 +
1,00% va 68,55 + 0,59% (Li, R et al., 2024). Nhu vay, két
qua ty ¢ dinh duéng can doi gitia C:N:P = (100:10:1)
két hop véi diéu kién ty 1€ tdo gidng 20% (v/v), cudng
do6 anh sang 4.500 Lux, pH = 7 va nhiét d¢ 27°C da tao
moi truong toi uu cho S.salina M8 sinh trudng tot va
xt ly hiéu qua cac chit 6 nhiém dong thoi ting cuong
tich lay sinh khai.

4. KET LUAN

Nghién ctiu nay da hoan thanh viéc khdo sat anh
hudéng ctia mot s6 yéu té hda sinh dén sinh trudng
va hiéu suét cia qua trinh xt ly nudc thai bang vi
khuédn lam S.salina M8. Két qua nghién cttu cho thdy
,S.salina M8 c¢6 hiéu qua cao trong viéc xt ly nudc
thai sinh hoat dudi diéu kién t6i vu dugc xac dinh
gom ty lé giong 20-25% (v/v), pH=7 va ty l¢ dinh
dudng C:N:P la 100:10:1. Sau 8 ngay nudi cdy trong
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moi trudng nudce thai sinh hoat, S.salina M8 da dat
nong do sinh khéi OD trén 4,0 Abs, tuong duong
sinh khoi kho 1,6 g/L. Hiéu sudt xt ly cac chat 6
nhiém nhu sau: N-NH,* (85%), téng nitrogen (85%),
P- PO’ (83,65%), tong phosphorus (81,9%) va COD
(75,08%). Nudc thai sau khi xt ly dat tiéu chuén xa
thai theo QCVN 14:2008/BTNMT c¢ot B. Mac du két
qua nghién ctu méi chi thuc hién 6 quy moé phong
thi nghiém, can tiép tuc nghién ctu va trién khai mé
hinh st dung S.salina M8 trong thuc t€ vao cac hé
thong xt ly nudc thai quy moé nhé nhu ho gia dinh,
khu dan cu, hodc truong hoc, co quan. Hon ntia,
nghién ctiu can tap trung vao viéc giam chi phi van
hanh, thu hoi va tdi st dung sinh khoi tii S.salina M8
bao gom viéc chiét tach va tinh ché cic san phdm c6
gid tri nhu nhuya sinh hoc PHA, phén bén sinh hoc,
nguyén liéu biofuel, hodc phycocyanin, tii d6 dong
gop vao muc tiéu phat trién nén kinh t€ xanh va tuan
hoan bén viing.
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