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NGHIEN CUU LOAI BO NITO VA PHOTPHO
TRONG NUGC THAI DO THI DUNG VI TAO CHLORELLA SP.

TRONG HE PHAN UNG MO

STUDY OF REMOVAL OF NITROGEN AND PHOSPHORQOUS
COMPOUNDS IN MUNICIPAL WASTEWATER
USING CHLORELLA SP. INRACEWAY POND

TOMTAT

T6c d6 d6 thi hda nhanh chdng, cling st ra doi cla nhiéu cum dan cw, nhiéu
khu d6 thi méi phat sinh mét lvgng Ion nwée thai xa ra moi truong voi chat 6
nhiém chdi yéu 12 céc hop chét clia nito va phdtpho. Chlorella 1 chiing vi tao phét
trién nhanh va da dang ¢ Viét Nam, ching st dung cac chét clia C, N, va P lam
dinh dutng dé phat trién sinh khdi va lam sach nuge thai. Trong nghién ciu nay,
Chlorella NK duge ding nhw mt téc nhan sinh hoc nudi trong nude thai do thi
quan CAu Gidy nham danh gid sir ting trudng clia tao va kha nang loai b céc hop
chét clia N va P. K&t qua nghién ciiu cho thay, nbng do cc chat 6 nhiém (COD,
NH,*, PO,*) lién tuc gidm, chi mat 17 ngay nuéc thai da cd thé dat tiéu chudn dau
ra theo ct A QCYN14-2008. Mét khac, hiéu suat x&r Iy COD, NH,*, PO,* héi
Chlorella NK cigu dat trén 85%. Tao sau xr Iy dwoc thu hoach mt cach dé dang va
hiéu qua béng PAC véi nong d6 0,2g/L dat hiéu suét thu hoach 1én dén trén 90%.

ABSTRACT

Rapid urbanization as well as the formation of many residential clusters,
many new urban areas arise a large amount of wastewater discharged into the
environment consisting substances of nitrogen and phosphorus as dominant
pollutants. Chlorella is a fast-growing, diversified algae strain in Vietnam that
uses the compounds of C, N, and P as a nutrition to grow biomass and clean
waste water. In this study, Chlorella NK was used as a biological agent cultivated
in the municipal wastewater of Cau Giay district, Hanoi, to assess the growth of
algae and the possibility of removing compounds of N and P. Research findings
show that , the concentration of pollutants (COD, NH,* PO,*) is continuously
reduced, only takes 17 days wastewater was able to reach the standard output
under column A QCVN14-2008. On the other hand, the revmoval efficiency of
COD, NH,*, PO,* by Chlorella NK reached over 85%. The post-processing algae
are harvested easily and efficiently with PAC concentration of a 0.2g/L achieving
harvest performance up to 90%.

1LGp KTMT - K12, Khoa Cng nghé Hoa, Trrong Bai hoc Cong nghiép Ha Noi
%khoa CAng nghé Hoa, Trrdng Bai hoc Cong nghiép Ha Noi

3viénHaa hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam

"Email: docamvan85@gmail.com

Nguyén Thi M§ Hanh?, Dam Thi Minh Hué?!, Viém Blic Dat?,

Lé Manh Cuong?, D6 Thi CAm Van?", Tran Bang Thuan®

1.GIOI THIEU

T6c d6 do thi héa nhanh chéng, cung sy ra doi cla
nhiéu cum dan cu, nhiéu khu dé thi méi phat sinh mot
lvgng 16N nwde thai x4 ra mdi trvdng. Hién nay c6 khoang
hon 40 nha may xt ly nuéc thai dé thi tap trung da di vao
hoat déng véi téng céng sudt thiét ké khoang 800.000
(m*/ngay dém) va gan 50 nha may dang trong giai doan lap
duv an, thiét ké hodc dang xay dwng nang tong cong suét
khoang 2.100.000 m®/ngay dém. Cac nha may dang hoat
dong nhung thuc té chi van hanh chua dén 60% céng suét
thi€t k€. Ty 1& nuéc thai sinh hoat dwgc x ly khoang 12% so
voi tdng lvgng nudce thai phat sinh, con thap hon rat nhiéu
so vGi yéu cau dat ra cho giai doan 2020 theo Chién lugc vé
thoat nwéc doé thi va khu cong nghiép da dwgc Tha twéng
Chinh pht phé duyét.

Chlorellala moét chi clatdo luc don bao, thudc vé
nganh Chlorophyta. Chlorella cé dang hinh cau, duong kinh
khodng 2 - 10pum va khdng c6 tién mao. Chlorella la chiing
vi tdo phat trién nhanh va da dang & Viét Nam, ching tan
dung dwgc mot s6 chat co trong nuéc thai giup bao vé moi
treong, hiéu suat x Iy N va P cao. Hon nita, wu diém clia hé
théng nay khong chi ¢6 kha nang st dung N, P cho su sinh
trwdng, ma con loai bé doc chat, kim loai nang nhv chi,
canxi, thdy ngan, thi€c, asen, brom,... qua trinh quang hop
cla tdo con san sinh oxy, tang pH, loai bé coliform.

Thay vi tao ra bun thai trong cac cong nghé xi ly truyén
théng bun hoat héa va xtr ly yém khi, cong nghé xt ly nuwéc
thai dung vi tdo tao ra sinh khdi c6 gié tri st dung cao trong
nhiéu nganh céng nghiép. Vi vay, nghién ctru nay duoc tién
hanh nham thir nghiém nui vi tao Chlorella NK trong nuéc
thai dé thi clia quan Cau Gidy, Ha N6i dé danh gia su sinh
trvdng clia tdo, dong thoi danh gia kha nang loai bd céc
chat 6 nhiém ctia N va P trong hé phan (rng ma.
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2.DU LIEU VA PHUONG PHAP NGHIEN CUU
2.1.Dr liéu

Viéc str dung tdo trong xt ly nwéc thai da cé lich st
khodng 75 nam v&i hai dong chinh la Chlorella va
Dunaliella. Y twdng so khai nay duoc phat trién dau tién &
cac nwoc nhw Uc, My, Thai Lan, Mexico, noi d& c6 nhitng
hiéu biét tién tién hon vé sinh hoc va sinh thai hoc & thoi
diém bay git, dac biét 1a cac nwdc nay cé kinh nghiém vé
hé théng nhan nudi va tan thu sinh khéi tdo dam bao viéc
thi€t ké, van hanh nudi tdo hiéu suat cao va san xuat ra san
pham gia tri cao.

B6i voi nudc thai do thi noi riéng, mot sé nghién ctu da
duoc cong bo dién hinh nhu ding Chlorella dé loai bd chét 6
nhiém (amonia, téng N, téng P, va COD) tir nwrdc thai sau quéa
trinh x® ly hiéu khi nuéc thai a6 thi [1]. Nghién ctu duoc tién
hanh trong thiét bi phan (ring hinh dng (IDxVxH = 19mm x 9L
x 16m) trong khi hén hop tao dwroc bom tuan hoan voi téc dd
1,8L/phat dudi diéu kién cuong do anh sang 50pumol/m?/s va
nhiét d6 25°C [1]. Hiéu suét loai bd amonia, tong N, tong P, va
COD tuong ng la 93,9%, 89,1%, 80,9%, 90,8% sau 14 ngay
nudi cdy. K&t qua thé chirng minh rang, Chlorella sp. ¢ kha
sinh triedng va phat trién tv dudng (autotrophic) va di dudng
(heterotrophic) dong thoi (mixtrophic) bang cach tiéu thu ca
ngudn carbon hitu co va vo co (CO,) [1]. & mdt nghién ciu
khéc, Chlorella sorokiniana dwgc dung dé xt ly & budc cubi
cling ctia qua trinh xt ly hén hop nudc thai ché bién thirc an
va nuoc thai do thi chira carbon hitu co chii yéu la duong [2].
S0 liéu bao cao cho théy C. sorokiniana loai bd COD, tong N va
tong P véi hiéu suat la 58,8 - 62,5%, 75,7 - 82,6% va 92,1 -
95,7% khi nubi cdy duéi den huynh quang, & nhiét dé phong
va xuc hén hop khéng khi va CO, véi ty 1& CO, 1a 2% (v/v)
trong 6 ngay. Vi trong thanh phan COD chu yéu la duong,
nén sy gidam COD sau 6 ngay nudi cdy tdo C. Sorokiniana
chitng minh rang tao déng thoi tiéu tu CO, va dudng trong
qua trinh hdn hop ty dudng va di dudng (mixtrophic) [2]. Vi
tdo Chlorella minutissima cling duoc cong b6 la ching sinh
truéng mixtrophic trong méi trvdng nwéc thai doé thi vi né céd
khd nang tiéu thu carbon hitu co (dwong) va vd co [3].
Chlorella vulgaris va Scenedesmus obliquus ciing dwoc dung
dé nghién ctru xir ly tdng N, tong P va coliform trong nuéc
thdi d6 thi dung phuvong phdp nubi quang di duéng
(photoauthotrophic) trong thiét bi phan ¢ng 3L, du¢i diéu
kién anh sang 135uE/m?/s & 25°C va khudy tron bang thanh
khudy tlr [4]. T6c d6 hap thu N va P clia Scenedesmus obliquus
la cao hon Chlorella vulgaris, trong khi dé hiéu suét loai bé
coliform 14 95% [4].

Céac két qua cong bd cho thay, Chlorella da dwoc (ng
dung nghién ctru xtr ly thanh cdng nhiéu loai nwéc thai. Vi
vay, viéc rng dung Chlorella trong xt ly nwéc thai can dwgc
nghién ctru thir nghiém & Viét Nam.

2.2. Phuong phap nghién ctu

2.2.1. Quy trinh nudi tdo

Tao giéng: Chlorella NK (CNK) dwgc cung cap béi Phong
Thay sinh hoc - Vién Céng nghé Méi trvong, Vién Han 1am
Khoa hoc & Céng nghé Viét Nam, 10mL tdo Chlorella sp tir
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binh giéng dwgc nudi sang binh tam giac 250mL chia
150mL BG-11, sau dé nudi trong mot tuan, tdo c6 mau xanh
dam ta dirng hé va bat dau tién hanh nudi cdy sang hé 16n
hon dam bao si phat trién clia tdo phuc vu cho nghién ctru
& day ta tién hanh cdy sang hé 5L véi méi truong la nudc
thai d6 thi can xt ly.

Sau khi tao phat trién dén mau xanh dam, ta tién hanh
thi nghiém lan lugt véi cac hé cé dung tich 5L ->50L->500L
(Hinh 1).

Moi treong BG-11 tiét tring c6 thanh phan héa hoc
gbm cac chat cé ham lugng nhu sau: NaNO,, 1,5g/L;
K,HPO,, 0,04g/L; MgSO,7H,0, 0,075g/L; CaCl,2H,0,
0,036g/L; Citric acid, 0,006g/L; Ferric ammonium citrate,
0,006g/L; EDTA (Ethylene diamine tetraacetic acid),

0,001g/L; Na,CO,, 0,02g/L; dung dich vi lwvgng A5, 1mL/L
(dung dich A5 pha san gém cac thanh phan c6 ham luong:
H,BO,, 2,86g/L; MnCl,4H,0, 1,81g/L; ZnSO, 7H,0, 0,222g/L;
0,079g/L;

Na,M00,2H,0,  039g/L;  CuSO,5H,0,

Co(NO,),6H,0, 0,0494g/L).

— e

Hinh 1. Hé thdng nudi cay vi tao

(A) nudi cdy tao gibng trong binh 250ml hé méi truong BG11, (B) tao dugc
nudi cdy trong hé 5-10L chira moi trudng nudc thai, (C) tao tiép tuc duoc nudi cdy
ra hé 100L mdi truong nuoc thai, (D) tdo dwoc nudi trong hé 500L hé thong
muong mé ¢6 canh khudy. Kich thuéc muong, dai x rdng x cao = 4m x 1m x
0,5m; canh khudy duong kinh x rdng = 0,9m x 0,45m; motor ¢6 cong suét
0,75kW véi toc do quay 15 vong/phlit.

2.2.2. LAy mau vathu hoach tao

a) LAy mau nuoc thai

Nguon nuéc thai sinh hoat dung cho nghién ctru duoc
ldy truc ti€p tir cOng thai tai cau Yén Hoa, ndm trén nhanh
song To6 Lich di qua phudng Nghia Tan, Cau Gidy, TP Ha Noi
(vi do 21*1'35” kinh d§ 105*47'52"). Sau d6 nuwéc thai duoc
dem di phe:m tich cac chi s6 dau vao déc biét la cac thanh
phan 6 nhiem (COD, N, P..).

b) Phiong phap phan tich tao va cac théng s6 6 nhiém

- Phuong phap do cac théng so sinh trwvdng cla tao.

oPP ¢0 dién: Nong do sinh khoi tao duoc xac dinh hang
ngay bang cach do khdi lvong tao kho tir mot thé tich xac
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dinh clia mau tao bang cach hat 5 - 10mL mau, sau khi loc
bang gidy loc va sdy kho trong 10 & nhiét dd 105°C trong
vong 24 gio ta thu dugc két qua sinh khéi clia tao.

o PP do d6 hap thu clia tAo/nuéc & budc séng 686nm ta sé
thu dugc mat doé quang OD khac nhau, dong thoi do ndng do
tdo twong &ng. Quan hé tuyén tinh gitta mat dé quang va
nong do sinh khoi tao sé dugc xay dung. Sau dé, théng qua
do méat dé quang, ndng dé sinh khéi sé dwgc tinh chinh xac

- Phan tich cac chi tiéu nuwéc thai.

* Xac dinh amoni (NH,*) bdng phuong phéap Nessler.

® Xac dinh Nitrit (NO,) theo tiéu chuan Viét Nam
6178:1996 - Chat lvgng nuéc - Xac dinh nitrit - Phuong
phéap trac phd phan t.

® Xac dinh Nitrat (NO;) theo TCVN 6180:1996 - Chat
lvgng nudc - Xac dinh Nitrat - Phwong phép trac phé ding
axit sunfosalixylic.

* Xac dinh phosphate (PO,*) bang axit Ascorbic.

* Xac dinh nhu cau oxi hda héa hoc (COD) bang phuong
phap Kalidicromat.

- Danh gia hiéu suét x ly nuéc thai bang tao Chlorella sp.

Hiéu sudt xt ly nuéc thai dwgc tinh theo céng thirc sau:

H(%) =

S —C 100%
CO

Trong dé:

C,.NONng do chi tiéu nuéc thai ban dau (mg/I)

C. NOng do chi tiéu nwéc thai do tai thoi diém (mg/l)

oDo PH bang may

oNhiét do do bang may.

Song song v@i viéc do pH thi do nhiét dé cling duwgc
ti€n hanh 2 ngay/lan véi moi trvong trong sudt chu ky nubi
cdy tao.

b) Thu hoach tao

Sau khi nuwéc thai da dat cac chi tiéu xa thai theo
QCVN14-2008 ta tién hanh dirng hé va bat dau thu hoach.
Cho PAC va tién hanh khudy tron trong 5 - 10 phit va dé
lang tir 4 - 8 ti€ng. HAGt nuwéc trong va thu phan tdo con lai
dé loc.

Hiéu suat thu hoach tdo dugc tinh theo cong thirc:

Ao — A .100%

Thu hoach —
0

Trong dé:

Ay NBng dd sinh khéi tao trong hon hop tao nudce trede
khi thu hoach (mg/l).

A Nong do sinh khéi tao trong hén hop tao nuéc sau
khi thu hoach (mg/l).

Vinéng do sinh khdi tao ty Ié véi dd hap thu quang nén
cdng thirc trén dugc tinh theo cong thirc tvong dwong sau:

M.lOO%

EThu hoach —
0

Trong dé:

0OD,: Mat dd quang do ctia hdn hop tao nuéc trede khi
thu hoach (Abs)

OD,: Mat dé quang do ctia hén hop tao nudc sau khi tao
lang (Abs)
3. KET QUA VA THAO LUAN
3.1. Susinh truéng clia tdo

Hinh 2 cho ta thdy mat do vi tdo bang phuong phap do
guang, mat doé tao (OD) trong 2 ngay dau OD c6 dau hiéu
gidm so véi ban dau do tdo chua kip thich nghi véi mo6i
truong moi sau ngay thir 3 ta co thé thay vi tdo lién tuc
tang trong suét qua trinh x& ly nuéc thai ctia hé véi OD co
thé dat 1,7, cho thay su tidng trwdng on dinh cla vi tao
trong mdi trvdng nudc thai sinh hoat dd thi, mat do tao
cang l6n kha nang xi ly cac chat 6 nhiém trong nwoc thai
cang tang.

: 1.718

15 1.403
1.102

L ]
1 0768 0-8%4

0.548 *
0.477| °-2

QD (Abs)

5 ~
2 012650.201

0
0 5 10 15 20
Thoi gian (ngay)

Hinh 2. St bién ddi mét do quang clia tao

3.2. Su bién d6i ctia thong sb chéat lvgng nwdc thai sinh
hoat
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(D)

. B 044 gag .,

Hinh 3. St bién d6i clia cac thdng s6 6 nhiém trong nudc thai sinh hoat

(A) COD, (B)NH,", (C)NO,, (D) NO;, (E) PO,%.

Hinh 3A cho ta thdy ndng do COD trong qua trinh xt ly
nudc thai bang vi tao, ta ¢ thé thdy COD lién tuc giam
trong subt qua trinh v6i gid tri ban dau COD dat
155,274mg/L va sau khi két thac hé COD dat 15,778 mg/L
dac biét dé dat tiéu chuén dau ra BOD, = 30 tuong (ng vGi
COD = 50 theo cdt A QCVN14-2008 chi can mét 4 ngay. Vi
tao co thé dé dang xir ly COD trong nudc thai sinh hoat &
do thi mét cach nhanh chéng.

Hinh 3B cho ta thdy néng d6 NH," trong qua trinh x{ ly
nuéc thai bang vi tao, ta co thé thdy ndng dd NH,* trong 8
ngay dau cé xu hwéng gidm nhanh véi nébng do ban dau
bang 65,737mg/L, ndng dd ngay thir 8 con 9,959mgy/L, tir
ngay tht 8 néng ddé NH," c6 dau hiéu gidm cham véi ngay
thir 8 dat 9,959mg/L dén ngay thi 17 (ngay két thic hé)
néng dé NH," dat 1,86mg/L.

Hinh 3C va 3D cho ta thdy nong dé NO, va néng do
NO; trong sudt qué trinh qua x& Iy nwdc thai bang vi tao,
ban dau néng dd NO, va nong dé NO, cé rét it nhung chi
ngay hém sau trong hé x& ly nuéc thai sinh hoat do thi
bang nudi cdy vi tdo da c6 ddu hiéu tang nhanh (ndng dod
NO, ban dau dat 0,023mg/l nhung chi sau 6 ngay nudi
nong dé NO, da dat 12,956mg/l sau d6 bat dau giam,
tvong tv vay ndéng dd NO; ban dau dat 0,087mg/l sau 8
ngay nudi cdy dat 2,208mg/L va bt dau giam.

Hinh 3E cho ta thay néng do PO,* trong 2 ngay dau cé
xu hréng gidm nhanh nhung tir ngay thiv 2 tré di nong do
PO,* ¢6 xu hwéng giam cham, & day la do néng dé ban dau
ctia PO,* dat murc thap khi sinh khéi tao con it trong 2 ngay
dau néng dé PO,* ban dau con déap (ng da cho nhu cau
sinh trudng nhung ké tir ngay thir 2 sinh khéi tao bt dau
ting nhanh dan dén nhu cau P c6 trong PO, ting cao
nhung ndng dé ban dau trong nudc thai khdng thé dap
tng duoc dan dén lc nay tao s& gidm nhu cau P va thay
vao d6 tang nhu cau cac chat dinh dudng khac I1én lam cho
ndéng do PO,* c6 trong nudc thai sau ngay thtr 2 cé xu
huéng gidm cham.
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3.3. Hiéu suét xt ly cac chat 6 nhiém

Hinh 4 cho ta thay hiéu suét x ly ctia ca qué trinh theo
tirng ngay cta hé théng xt ly nuwéc thai sinh hoat do thi
bang vi tdo Chlorella sp. Ta nhan thay hiéu suét xi ly cac
yéu t6 6 nhiém trong nuwoc thai sinh hoat bang vi tao
Chlorella sp. (COD, NH,*, PO,*) déu dat trén 85% sau 17
ngay nudi hé va tiép tuc tang khi tiép tuc nudi cay wéc tinh
c6 thé dat hiéu sudt I1én dén trén 90%, nhung do yéu cau
chét lugng xa thai da dat chi tiéu do nha nuwéc ban hanh
(QCVN14-2008) bén canh do la tiét kiém chi phi van hanh
cho noi 4p dung céng nghé nén ta tién hanh dirng hé ma
khong dé dén hiéu suat téi da.

120.00

100.00

- 80.00

Higu suat

60.00

40.00

20.00

Thoi g\o'a(ijo (6] 2 4 6 8

= COD (%) 000 4970 6881 7455 7646
m NH4+ (%) 0.00 4609 6681 7323 8485
PO43- (%) 0.00 9431 97.30 9888 9926

5 | 17
7837 8410 8602 8984
8886 9618 97.02 9774
9965 9978 9987 9994

Hinh 4. Hiéu suét xit Iy c4c thong s8 6 nhiém COD, NH,*, PO,*

4. KET LUAN KIEN NGHI

Thi nghiém nudi Chlorela sp trong nu¢c thai sinh hoat
dd thi buéc dau da cho ta thdy dwoc nhiéu kha quan, tdo
sinh trvdng nhanh phat trién khde manh.

T6c do sinh truéng véi gia tri OD dat 1,718 sau 17 ngay
hoat dong clia hé tvong (ng véi ndng doé 0,6g/L.

Nong do cac chét 6 nhiém duoc tao tiéu thu va xi ly dat
chuén xa thai theo cdt A QCVN14-2008 véi hiéu suit rat cao.

T&o sau xi ly duoc thu hoach mét cach dé dang va hiéu
qua bang PAC v&i ndng dd 0,2g/L dat hiéu sudt thu hoach
[én dén trén 90%.
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