Nghién ciru

NGHIEN CUU ANH HUONG CUA TY LE PHA LOANG NUOC
THAI LEN KHA NANG SINH TRUONG VA XU LY NUOC
THAI SINH HOAT CUA VI TAO CHLORELLA VULGARIS
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2Vién Khoa hoc cong ngh¢ Nang lugng va Méi truong,
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Viéc ing dung vi tdo trong xir Iy nwede thai dang ngay cang phé bién béi nhitng
wu diém va tiém néng to I6n ma né mang lai. Ngodi nhimng loi ich trong xir 1y nudc
thai, sinh khoi vi tdo con c6 kha nang tdi tao thanh nhitng san pham than thién véi
méi trwong, gép phan bdo vé méi truwong va phdt trién bén viing. Nghién citu nay da
ddnh gid anh hwong cua 1y 1é pha lodng nwée thai dén kha nang sinh trieong va hiéu
qua loai bé nito, phot pho, COD trong miede thai sinh hoat ciia ching vi tao Chlorella
vulgaris & quy mé phong thi nghiém. Thi nghiém dwoc bé tri véi ty 1é pha lodng ban
dau la 0,25 v/v; 0, 5v/v; 0,75 v/vva 1,0 v/iv. Théng s6 sinh trieong va cdc thong sé nhuw
N-NH,, N-NO, N-NO,, T-P, P-PO /" va COD da dwoc thu thdp trong qud trinh thuc
nghiém. Cdc thi nghiém dwoc thuc hién voi téc do suc khong khi 1,2 L/L/phut trong
8 h, nhiét do nuoi 20 - 22 °C, cwong do anh sang 5000 lux. Két qua nghién cvru cho thcfy
Chlorella vulgaris c¢é kha ndng sinh truong trong diéu kién 100 % nude thai sinh hoat
1ing voi ty 1é pha lodng miede thai la 1,0 v/v. Tai diéu kién néy, Chlorella vulgaris ting
trudng 16t nhdt véi 0,134 gSKK/L va hiéu sudt xit Iy N-NH,* T-P, P-PO * va COD ciing
dat gid tri cao nhat la 85,22 %, 67,81 %, 74,10 % va 87,10 %, twong ung.
Tw khéa: Chlorella vulgaris; Nudc thai sinh hoat; Xt ly nudce thai; Vi tao.
Abstract

Evaluate the effect of the dilution ratio on the growth and domestic wastewater
treatment of Chlorella vulgaris

The utilization of microalgae for wastewater treatment is gaining widespread
recognitionduetoitsnumerousadvantagesandimmensepotential. Apartfromwastewater
treatment benefits, microalgal biomass can be valorized into environmentally friendly
products, contributing to environmental protection and sustainable development. This
study assessed the effect of the dilution ratio of domestic wastewater on the growth
and the effectiveness of removing nitrogen, phosphorus, and COD in the wastewater
of the Chlorella vulgaris microalgae strain on a laboratory scale. The experiment was
arranged with the initial dilution ratio of 0.25 v/v; 0.5 v/v; 0.75 v/v, and 1.0 v/v. Growth
parameters and factors such as N-NH,", N-NO_, N-NO,, T-P, P-PO /- and COD have
been collected during the experimental process. The experiments were conducted at an
airflow rate of 1.2 L/L/min for 8 hours, with a rearing temperature of 20 - 22 °C, and
a light intensity of 5000 lux. Research results have shown that Chlorella vulgaris can
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grow in conditions of 100 % domestic wastewater at a ratio dilution of 1.0 v/v. Under
these conditions, Chlorella vulgaris showed the best growth at 0.134 gSKK/L, with
the highest removal efficiencies for N-NH ', T-P, P-PO and COD reaching 85.22 %,
67,81 %, 74,10 % and 87,10 %, respectively.

Keywords: Chlorella vulgaris; Domestic wastewater; Microalgae; Wastewater

treatment.

Nhan bai: 03/6/2024; Phan bién xong: 10/6/2024; Duyét dang: 26/9/2024
“Tac gia lién hé, Email: dtoanh@hunre.edu.vn
DOI: https://doi.org/10.63064/khtnmt.2024.597

1. it van dé

Trong bdi canh hién nay, Viét Nam
dang trong da phat trién kinh té - xa hoi
dan tdi nhu cau nang luong, tai nguyén,
thuc phdm ngay cang ting. Diéu nay kéo
theo mot loat cac hé luy vé 6 nhiém moi
truong, dic biét 14 6 nhiém moi truong
nuoc do phat thai nudc thai sinh hoat.
Lugng nude thai 16n c6 thé giy thiét hai
nghiém trong dén moi truong xung quanh
va suc khoe con nguodi. Tuy nhién, theo
mot goc do khac, nudce thai sinh hoat chira
céc chat hitu co va chat dinh dudng ciing
c6 thé duge coi 1a mot ngudn dinh dudng
tuyét voi. Cho dén nay, viéc tai st dung
nude thai da thu hut sy quan tdm rdng
rdi ciia nhidu hoc gia. Theo uGc tinh cua
Nguyén Vin Quan va cong su (2021),
dén nam 2050, tai Ha Noi, mdi ngay moi
truong nudce s& phai tiép nhan hon hai triéu
m? nudc thai sinh hoat [1]. Trong nudc
thai sinh hoat, luong chit 6 nhiém thai ra
tir cac ngudn 6 nhiém trong nudc, ching
han nhu nhu cau oxy héa hoc (COD), nito
(N) va phét pho (P), chiém ty trong khé
16n. Viéc xa thai cac ngudn nudc thai trén
néu khong duge xir Iy hop 1y s& din dén
mot luong 16n phdt pho va nito di vao moi
truong, kéo theo hién tugng pht dudng
va mot loat cac van d¢ lién quan 6 nhiém
lién quan khéc [2, 3]. Hién nay, c6 mot sb
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phuong phép xu ly nudc thai sinh hoat,
chang han nhu cac phuong phap hod hoc
(keo tu, dong tu, tuyén ndi), hay mot s6
phuong phap sinh hoc st dung bun hoat
tinh (nhu aerotank, SBR, AAO, AO va
muong oxy héa). Tuy nhién, cac phuong
phap nay thuong c6 chi phi dau tu, chi
phi van hanh, muec ti€u thu nang lugng va
chi phi quén ly bun cao. So vdi cac quy
trinh xtr ly thong thuong, phuong phap
sinh hoc img dung vi tdo trong xtr ly nudc
thai sinh hoat c¢6 nhiéu wu diém, ching
han nhu chi phi thap hon, muc dé loai bo
chat 6 nhiém cao hon [4, 5, 6, 7]. Do nhu
cau can phot pho va nito dé phat trién, nén
vi tao ciing c6 thé xir Iy nudc thai nhanh
chéng. Ngoai ra, vi tdo co thé mang lai
cac san pham co gia tri cao tir sinh khoi
cua chung sau qua trinh xtr ly [8]. Mot
s6 loai vi tao Scenedesmus, Chlorella,
Botryococcus da dugc chirng minh 1a cé
hiéu qua trong viéc hip thu cac chit dinh
dudng, chat gay 6 nhiém mdi ndi va mam
bénh tir nude thai [8]. Chung dugc coi la
cac giai phap xu ly sinh hoc da nang gitip
chuyén d6i cac thanh phan vé co va hitu
co khong mong mudn thanh sinh khéi c6
gia tri [9]. Mot sé nghién ctru cho thiy
nhém vi tao ¢é tiém nang loai bo chat dinh
dudng khoi nudc thai sinh hoat vdi hi¢u
sudt 16n hon 78 %. Mic du, mot s nghién
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ctru cho thdy hiéu qua cua vi tao trong xir
ly nudc thai sinh hoat. Tuy nhién, déi véi
moi mét chung vi tdo khac nhau s& van
phai d6i mat vdi nhing thach thirc khac
nhau, bao gdm su thay doi ctia thanh phan
nude thai, nhu cau dinh dudng, cic yéu
t6 ngoai canh,... Trong nghién ctru nay, vi
tdo Chlorella vulgaris da dugc nuoi trong
nudc thai sinh hoat ¢ cac ty 1€ pha loang
khéac nhau. Muc dich cua nghién ctru nay
la mong muén lua chon duoc ty 1€ pha
lodng nudc thai sinh hoat thich hop cho
sinh truong va xu ly nudc thai sinh hoat
cua vi tdo Chlorella vulgaris.

2. Vat liéu va phuong phap nghién
ciru

2.1. Vit liéu

2.1.1. Chlorella vulgaris

Chung vi tdo Chlorella vulgaris
dugc cung cip tir B suu tip vi tao cua
Vién Khoa hoc cong nghé Nang lugng
va Moi truong, Vién Han 1am Khoa hoc
va Cong nghé Viét Nam. Trudc khi tién
hanh thi nghiém, vi tdo dugc bao quan va
nuoi trong moéi truong BG11 (Blue-Green
Medium) bao gém: (1) NaNOs 1,5 g/L;
(2) 10 mL trén mot lit moi trudng nudi cdy
v6i cac hoa chat sau: K, HPO,.3H,0 (4
g/L), MgSO,.7H,0 (7,5 g/L), CaCl,.2H,O
(3,6 gL), CeHsO-.HO (0,6 g/L),
Fe(NH4)3(C6H507)2 (0,6 g/L), EDTA.
Naz (0,1 g/L), Na.COs (2 g/L) va (3) 1
mL trén mot lit moi trudng nudi cdy véi
cac héa chat sau: Na:M004.2H,0 (0,39
g/L), H,BO, (2,86 g/L), CuSO,.5H,0
(0,08 g/L), MnCl..4H.O (1,81 g/L),
ZnSO,.7H,0 (0,22 g/L). B pH ban dau
cua moi truong dugc duy tri & gia tri 7.
Vi tao dugc nudi cdy trong binh tam giac
thuy tinh 2 L chtra 1,5 L moi truong, suc
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khi bang khi nén véi nhiét d6 xung quanh
khoang 20 - 22 °C va chiéu sang lién tuc
bang dén huynh quang 4nh sang tring.

2.1.2. Nucc thai sinh hoat

Nudc thai sinh hoat duogc léy tai toa
nha chung cu phuong Xuan Dinh, quan
Bac Tir Liém, thanh phé Ha Ni.

2.2. Phwong phdp nghién ciru

2.2.1. B tri thi nghiém

Céc mau nude thai thu thap dugc dé
ling trong yén tinh 30 phit. Sau d6, phan
nudce thai trong cdc mau nudce thai dugc
loc bang bo loc GF/C ¢6 kich thude 16
loc 1,2 mm. Thao tic loc mau giup loai
b6 chét rin lo ling va han ché anh huong
dén su phat trién cua vi tao. Sau do, dich
loc dugc bao quan va dem di phan tich dé
x4c dinh céc théng s6 N-NH,*, N-NO.,
N-NO,, téng P, P-PO,*va COD. Ty 1é pha
lodng dugc xac dinh la thé tich cuia nudc
thai sinh hoat (dd khtr tring) so vdi tong
thé tich lam viéc 2L (v/v). Trong nghién
ctru ndy, nuéc may di duoc st dung dé
pha loang nudc thai sinh hoat. Trong do,
téng thé tich 1am viéc duoc tinh béng thé
tich nudc thai sinh hoat va thé tich nudc
may. Bon ty 18 pha lodng nudc thai sinh
hoat khac nhau da dugc nghién ctru, bao
gém 0,25v/v;0,5v/v; 0,75 v/vva 1,0 v/v.
Do pH cta méi trudng nudi cay 1a 7. Sau
do, cac binh nuoi céy duoc suc khi lién
tuc bang khi nén va chiéu sang bang den
huynh quang tring trong 8 h.

2.2.2. Phdn tich mdu nwéc thai sinh
hoat

Cac thong s dugc phan tich bao
gém pH, NH ,»NO,,NO_, T-P,P-PO *va
COD. Trong do, pH dugc phan tich bang
thiét bi do nhanh, thong s6 NH," duogc

5

Tap chi Khoa hoc Tai nguyén va M6i truong - S6 52 - nam 2024



Nghién cuu

phan tich theo 4500 NH,-F, SMEWW,
1995; thong ) NO," dugc phan tich theo
TCVN 6178:1996; thong $b NO, dugc
phan tich theo phuong phap tric quang
ding thudc thir axit sunfosalixylic theo
TCVN 6180-1996, thong s6 T-P va P-PO >
dugc phan tich theo TCVN 6202:2008 va
phuong phép phan tich COD theo TCVN
6491:1999.

Hiéu sudt xir Iy nude thai sinh hoat
clia vi tao dugc tinh bang cong thirc:

Co—C

H = .100

(M

trong d6: H - Hiéu suét xu 1y (%); Co -
Nong do céc thong sé ciia nude thai dau
vao (mg/L); C - Nong do céc thong sb cua
nudc thai sau xu ly (mg/L).

0

2.2.3. Phuong phap danh gia sinh
truong cua Chlorella vulgaris

Sinh truéng cua cdc mau vi tio
Chlorella vulgaris dugc danh gia thong
qua cac thong sé sinh khéi kho (SKK),
don vi g/L & cac thoi diém nudi ciy
khéc nhau. Sinh khéi kho vi tdo dugc
xé4c dinh theo phwong phap say khé mau
6 105 °C [10].

3. Két qua nghién ciru

3.1. Thanh phin nwéc thdi sinh
hoat ddu vao

Céc dit liéu phan tich nudc thai sinh
hoat dau vao (sau qua trinh lang va loc)
duoc thé hién trén Bang 1. Nudc thai
sinh hoat trong nghién ctru nay c6 d6 pH
trung binh khoang 7,5 + 0,5. Bén canh
d6, nude thai sinh hoat c6 dic diém giau
nito va phét pho. Diéu nay thé hién & ham
lwong N-NH," khoang 50,56 + 3,12 mg/L.
N-NO; va N-NO, ciing dugc tim thay
v6i nong do khé thap, nho hon 0,1 mg/L.
Ham lugng phét phat P-PO * 1a dang hop
chat phot pho chu yéu dugc tim thay trong
nudc thai sinh hoat v6i nong d6 dao dong
trong khoang 8,0 £ 0,7 mg/L. Tong phdt
pho T-P trong nudc thai sinh hoat nim
trong khoang 10 + 1,3 mg/L. Nhu cau
oxy hoa hoc (COD) cua nudc thai sinh
hoat dau vao 1én t6i 306,3 = 7,8 mg/L.
Mat khac, so sanh voi QCVN 14:2008/
BTNMT cho théy gia tri pH, N-NO,- va
P-PO’- nam trong khoang cho phép dong
thoi tao di€u ki€n moi truong phu hop
cho sy sinh truong va phét trién cua vi tao
trong nudc thai sinh hoat. Bén canh do,
ham Iwgng N-NH," cao hon 5 lan so véi
nong do quy dinh ¢ cot B trong QCVN
14:2008/BTNMT.

Bing 1. Dic diém nwdc thdi sinh hoat (sau qud trinh ling va loc)
trwoc khi nuoivi tao (n = 3)

Théng sb Don vi Két qua QCWVN l?é%‘:"lf;BTNMT
pH - 75+0,5 5-9
N-NH,* mg/L 50,56+ 3,12 10
N-NO, mg/L 0,08 0,01 -
N-NO, mg/L 0,048 + 0,013 50
Tong P mg/L 10+£13 -
P-PO> mg/L 8,0+0,7 10
COD mg/L 306,3 7,8 -
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Nhin chung, két qua phan tich cho
thdy nudc thai sinh hoat ¢ chira céc
nguyén t6 thiét yéu bao gom cacbon, nito
va cac hop chit phdt pho day 1a céc thanh
phan can thiét cho su phat trién cua vi tao.

3.2. Anh hwéng ciia ty Ié pha loang
nwdéc thai dén khd ning sinh truéng ciia
vi tdao Chlorella vulgaris

Sy hap thu chit dinh dudng cia vi
tao thuong bi anh hudng boi thanh phan
ctia chét dinh dudng c6 trong moéi truong
nudi cdy. V& van dé nay, ngudn nito (N),

0,14 r
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012 r
0.11 r

01 r
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0.08 r
0.07 F
0,06 r
0,05 r
0.04 t :

Trong lwong kho (g/L)
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phét pho (P) va ngudn cacbon (C) thuong
duge yéu cau trong moi truong nudi cy
dé hd trg su phat trién cta sinh khéi vi
tao [11]. Tuy nhién, c6 mot s6 han ché
can duoc giai quyét khi sir dung nude thai
lam nguon dinh dudng trong nudi ciy vi
tao, chéng han nhu ty 1€ pha loang nudc
thai [12]. Chinh vi vay, trong nghién ctru
hién tai, cac lugng nudc thai da dugc khwr
tring khac nhau di dugc dé vao céc binh
nudi cay 2 L dé nghién ciru tac dong cua
ty 18 pha lodng nuéc thai ddi voi su phat
trién cua Chlorella vulgaris.

Ngay 0 Ngay2 Ngay4

Ngay 6 Ngay8 Ngay 10 Ngay 12

Thai gian (ngay)

= ()25 ViV

()5 Vv elem() 75 vy ] 0y

Hinh 1: Sy sinh truwong cua vi tao Chlorella vulgaris ¢ cdc ty I¢ pha loang nwdc thdi sinh
hoat khdc nhau

Theo Hinh 1, Chlorella vulgaris dugc
phat hién co trong lugng kho cao hon khi
dugc cung cdp luong nudc thai véi ty 18
pha loang 1,0 v/v so véi cac cong thuc
co ty I¢ pha loang nudc thai 0,25 - 0,75
v/v. Quan sat nay kha tuong dong véi hau
hét cac béo cao di cong bd trude ddy cho
thdy lugng nudc thai cao ¢6 xu huéng day
nhanh sy phat trién cta vi tao do lugng
chat dinh dudng c6 san rat In trong moi
truong nudi cay [13, 14].

3.3. Anh hwong ciia ty 1é pha loang
nwdc thdi dén khd néing xir Iy nwéc thai
sinh hoat cua vi tao Chlorella vulgaris

Su hién dién cua néng do chat dinh
dudng cao (vi du nhu nito va phdt pho)
trong nudc thai co thé giy ra phu dudng
néu nude thai nay duge xa truc tiép vao
cac ngudn nudc. Nito ¢o thé cé trong
nudc thai sinh hoat dudi dang amoni (N-
NH,", nito lién két hitu co hodc tham chi
la N-NO,  va N-NO,7; trong khi phét pho
thuong xuét hién dudi dang ion phosphat
P-PO,* [12]. Do dé, céc chét dinh dudng
¢ san trong nude thai ¢ thé duoc sir
dung dé vi tao phat trién. Chorella sp.
da duoc st dung trong nhiéu nghién
cuu do hi€u qua cua no trong viéc loai
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b6 cac ngudn nito va phdt pho khoi cac
dong nudc thai khac nhau [15]. Ngoai ra,
nudi cdy vi tao cé thé duoc dua vao lam
phuong phdp xu ly bac ba trong mgt nha
may xir Iy nude thai thong thudng dé loai
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Hinh 2: Kha ndang xw ly nwd'c thai sinh hoat ciia vi tao Chlorella vulgaris
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Hinh 2. a-f thé hién sy thay d6i vé
ndng d6 cia N-NH,*, NO,, NO,, COD,
Tong P va P-PO . trong thoi gian nghién
ciu 12 ngay. Nhin chung, & cd 4 thi
nghiém vdi 4 ty 1¢ pha lodng nudc thai
sinh hoat khac nhau, vi tdo Chlorella
vulgaris déu c6 kha nang sinh trudng va
xtr ly nude thai sinh hoat. Mac du vay,
c¢6 su khac nhau dang ké vé hiéu suét xir
ly nudc & cac nghiém thic. Déi véi cac
nghiém thic ti 1¢ pha lodng nude thai thap
hon dan dén ham luong dinh dudng cung
cap cho vi tao giam, dong thoi din dén
kha nang sinh trudng cua vi tdo Chlorella
vulgaris kém. Tuong tng véi do 1a kha
nang xt ly nudc thai ciing giam dan. Cu
thé: O nghiém thirc c6 ti 1¢ pha lodng thap
nhat (0,25 v/v), higu suat xt Iy N-NH,",
COD va Tong P chi dat 54,19 %; 65,72 %
va 65,33 %, tuong ung. Khi tang ty 1€ pha
loang nudc thai 1én 0,5 v/v va 0,75 v/v,
hiéu suat xtr ly nudc thai cua Chlorella
vulgaris ciing ting dan. O nghiém thic co
ndng d6 pha lodng cao nhét (1,0 v/v), hiéu
sudt xtr Iy nude thai dat gia tri cao nhét.
Nong do N-NH," giam tir 50,56 (mg/L)
xudng con 7,47 (mg/L), hi€éu suat xu ly
dat 85,22 %. Nong d6 Tong P va COD
trong nudc thai tai nghiém thure nay giam
tir 10 (mg/L) xudng con 3,22 (mg/L), hiéu
sudt dat 67,81 % va 306,3 (mg/L) xudng
con 39,52 (mg/l), hiéu suét dat 87,10 %,
tuong Gng. Hiéu suit loai bo cac nguodn
nito va phét pho trong nghién ctru nay
cling cao hon so v6i cac phat hién trudc
day, trong d6 Chorella vulgaris ghi nhan
hiéu suét loai bo trung binh cua nito va
phét pho 1an lugt 13 72 % va 28 % tir mau
nudc thai [17]. Ngoai ra, két qua ciing cho
thdy rang san luong sinh khéi vi tao tuong
d6i thip thu duoc, c6 thé 1a do nong do
nito ban dau thap trong nudc thai. Tac gia

Nghién ciru

Zhou et al., (2014) d3 dé cap dén viéc loai
b6 76,7 - 92,3 % tong nito va 67,5 - 82,2 %
tong phét pho boi Chlorella vulgaris,
Chlorella pyrenoidosa, Chlamydomonas
reinhardtii va Scenedesmus obliquus,
trong qua trinh x1r ly nudc thai [18]. Nhin
chung, két qua cho thay vi tao Chlorella
vulgraris ¢6 tiém ning loai bo chat dinh
dudng khoi nudc thai sinh hoat. Tuy
nhién, can nghién ctru thém cac diéu kién
t6i wu khac nhau dé thu dugc sinh khéi vi
tao toi wu cling nhu hiéu qua xt 1y nudc
thai sinh hoat cao nhat. Cac két qua cua
nghién ciu nay cho thdy tiém ning cua
viéc su dung truc tiép nude thai smh hoat
trong nudi cdy vi tao ma khong can dén
cac bién phép pha loang.

4. Két luan

Nude thai sinh hoat chtra nhiéu chét
hiru co va vo co, néu thai ra ma khong
qua xtr 1y, c6 thé gy ra nhimg tac dong
nghiém trong dén méi trudng. Céc
phuong phap xu ly thong thuong thuong
dat do, ton nhiéu ning luong va khong thé
giai quyét duoc moi van dé do nudc thai
tao ra. Vi tdo Chlorella vulgaris 1a ing ct
vién tiém nang cho viéc xur ly nudc thai
sinh hoat vi chiing ¢6 thé 1am giam nong
d0 nito, phot phét va cac chat co hai khac
nhu hop chét hitu co. Nghién ctru ndy da
danh gid anh hudng cua ty 1€ pha lodng
nudc thai sinh hoat 1én kha nang sinh
truong va xu ly nudc thai sinh hoat cua
vi tao Chlorella vulgaris. Trong diéu kién
thuc nghiém vai ty 1€ pha loang 1,0 v/v,
Chlorella vulgaris tang trudéng tot nhat
v6i sinh khéi kho dat 0,134 g/L. Tai ty 1¢
pha lodng nuéc thai nay, hiéu suit xu 1y
N-NH," T-P, P-PO > va COD ciing dat gia
tri cao nhat la 85 22 %:; 67,81 %; 74,10 %
va 87,10 % va cho hiéu qua xu ly nudc
thai sinh hoat cao nhat.
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Nghién cuu

Loi cam on: Nghién cou nay
dugc hoan thanh trong khudn khd dé tai
TNMT.2023.562.05. Tap thé tac gia chan
thanh cam on B Tai nguyén va Moi
truong da tai tro kinh phi thuc hién.
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