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ABSTRACT

The study was conducted on intensive algae tanks to determine the
possibility of using domestic wastewater to produce Spirulina sp. biomass,
and evaluate the efficiency of domestic wastewater treatment. Experiments
were implemented at a laboratory scale on two models of intensive algae
tanks added with HCO3™ and without HCOs". The results showed that at the
hydraulic retention time of 1.5 days, loaded water of 2,000 m3.ha™.day*
and loaded organic matter of 343 kg.ha'.day?; the algae tank added
HCOj3 had higher biomass than the algae tank without added HCOj3 (258
and 178 kg.ha.day?) and there was a significant difference. Regarding
treatment efficiency, outflow wastewater from two intensive algae tanks
reached column A of both QCVN 14:2008/BTNMT and QCVN 40:2011/
BTNMT, and there was no significant difference between the two models.

TOM TAT

Nghién ciru dwoc tién hanh trén mé hinh bé tham canh tio Spirulina sp.
voi muc dich xdc dinh kha nang sir dung nuoc thdi sinh hoat dé san xudt
sinh khoi tao, dong thoi danh gid hiéu qua xit Iy nude thai sinh hoat. Cdc
thi nghiém dwoc tién hanh & quy mé phong thi nghiém trén hai mé hinh bé
tham canh tao cé bé sung HCOs™ va khéng bé sung HCOg. Két qua cho
thdy ¢ thoi gian luu nwée 1,5 ngay, tai nap nuée 2.000 m®.ha'.ngay™ va
tai nap chat hitu co 343 kg.hat.ngay™; bé cé b6 sung HCO3 cho sinh khoi
tao cao hon bé khéng bé sung HCOgz (258 va 178 kg.ha™t.ngay™) va khac
biét ¢é Y nghia. Vé hiéu sudt xi Iy, mede thai qua hai bé tham canh tao déu
dat cot A cua QCVN 14:2008/BTNMT va QCVN 40:2011/BTNMT va
khéng khdc biét cé y nghia giita hai bé.

1. GIOI THIEU

¢6 tinh kha thi do c6 thé khai thac dién tich dat con

O Viét Nam, viéc xir Iy nugc thai sinh hoat cho
cac khu dan cu nong thén con gap nhiéu khé khan
do mat do dan cu thua thét, viée dau tu xay dung hé
thong thu gom va xur ly nuéc thai tap trung & cac
cong dong nay rat ton kém. Do 6, xur Iy nudc thai
o nhitng khu vuc nay thuong dinh hudng ap dung
nhiing hé théng xtr 1y nuéce thai phi tap trung. Trong
cac bién phap xtr 1y phi tap trung, ao thdm canh tao
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rong rai, kha niang xur Iy cac chéat 6 nhidm va tai sir
dung cac dudng chét trong nudce thai phuc vu nuéi
trong thuy san, tao nguon thirc in cho gia stc, gia
cam. Trong ao tham canh tao, hoat dong cong sinh
clia tao va vi khuan s& phan huy cac chat hitu co, sau
d6 tao hap thy dudng chat trong nudc thai dé chuyén
@i thanh cac chét dinh dudng cho té bao tao thong
qua qua trinh quang hop (Oswald et al., 1953).
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Tao Spirulina sp. c6 kha nang thich @ng tét véi
cac yéu td moi truong, diéu kién va k§ thuat nuéi
kha don gian, day ciing 1a mét loi thé khi nudi sinh
khéi loai tao nay (Ahsan et al., 2008). Tao Spirulina
sp. sir dung nguon dam chinh 14 nitrate va luong
carbon cha yéu 1a HCO3™ (Boyd et al., 2002) nhung
theo nghién ciru cua Sassano et al. (2007), tao van
¢6 thé sir dung ngudn nitrogen chu yéu trong nudc
thai sinh hoat ¢ dang amoni. Nhu vay, nudc thai sinh
hoat phii hop dé nuéi sinh khdi tao Spirulina sp.
bang ao thim canh tao do c6 thanh phan dinh dudng
da luong (carbon, nitrogen, phosphor) va vi luong
cao (Moraine et al., 1979). Bén canh d6, nong d6 pH
trong nudc thai sinh hoat c6 xu hudng kiém hoa phu
hgp véi sinh treong cua tao Spirulina sp. (Jourdan,
2001). Két qua ghi nhan tir nghién ctu xir Iy nudc
thai sinh hoat bang tao Spirilina Platensis 1a luong
NOs giam 76,1%, PO, giam 98,1%, COD giam
72,5% (Oanh va ctv., 2011). Khi sir dung ao tham
canh tao Spirulina sp. xir Iy nudc thai sinh hoat, &
thoi gian luu nuéc (HRT) 3 ngay, tai nap nuge 1.000
m3.hal.ngay? va tai nap chat hiru co 68,6 kg.ha'.
ngay™, nudc thai dau ra dat tiéu chuan xa thai theo
QCVN 14:2008/BTNMT cot A (Viét va ctv., 2016).

Nghién ctru duoc tién hanh nhiam so sanh hiéu
qua loai bo chat 6 nhiém trong nudc thai sinh hoat
ctia hai m6 hinh bé tham canh tao ¢6 va khong c6 bd
sung HCO3". Bdong thoi, muc dich cta nghién ciu
con xac dinh kha nang san xuat sinh khdi tao
Spirulina sp. bang nuéc thai sinh hoat trong diéu
Kién phong thi nghiém.

2. PHUONG PHAP NGHIEN CUU
2.1. Thoi gian, dia diém nghién ctru

Céc thi nghiém duoc tién hanh trén hai mé hinh
bé tham canh tio quy mé phong thi nghiém ¢ Khoa
Moi truong va Tai nguyén thién nhién, Truong Dali
hoc Can Tho. Cac théng so chat lwong nuéc gom
pH, DO, anh sang, nhiét d9, SS, MLSS, MLVSS,
BODs, COD, TP, N-NH4*, N-NO3 duoc do dac va
phan tich tai Phong thi nghiém Living Lab, Dy an
INOWASIA, Khoa M6i truong va Tai nguyén thién
nhién, Truong Dai hoc Cén Tho.

2.2. Ddi twong nghién ciru

Nudc thai thi nghiém duoc ldy tryc tiép tir cdng
nudc thai sinh hoat 6 bo ké Mac Thién Tich, phuong
Xuan Khanh, quan Ninh Kiéu, Thanh ph6 Can Tho.
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Nuéc thai duoc lay vao lic 10h00 vi khu vyc ldy
mau chi yéu 1a nhitng quén n va day 1a khoang thoi
gian don Vvé sinh, chuan bi nguyén liéu cho cac hoat
dong kinh doanh nén ngudn nuéc thai cé dong chay
6n dinh cho qua trinh thu mau. Nudc thai dugc lay
hang ngay dé van hanh cac mo hinh bé tham canh
tao.

Nguon tao giéng sir dung trong nghién ctu la
Spirulina sp. dugc nuobi cay tai Phong thi nghiém
Nghién ctru tao cua Truong Thuy sin, Truong Dai
hoc Can Tho. Tao giong dugc nudi trong moi truong
Zarrouk d6 man 20%o (Zarrouk, 1966).

2.3. Chuin bi thi nghi¢m

2.3.1. Nuwoc thdi thi nghiém

Nudc thai sinh hoat thu vé duoc loc qua hé théng
loc cat dé loai bo tao tap, nguyén sinh dong vat va
giam bét ham lwong chat ran lo ling, tranh anh
huong dén sy khuéch tan ciia dnh sang vao nude lam
giam ning suat tao. Cot loc cat co dang hinh try tron,
lam bang ng nhya PVC vaéi 3 16p vat ligu loc dugc
b6 tri 1an luot 1a cat thach anh, ¢4 2 cm x 3 cm va dé
4cmx6cm.

2.3.2. M6 hinh bé tham canh tdo thi nghiém

Nghién ctru duoc tién hanh trén hai mé hinh bé
thdm canh tdo quy md phong thi nghiém véi cung
thiet ke va kich thudc. Hai m6 hinh nay c6 cau tao
tuong tu mo hinh bé trong nghién ctru cua Viét va
ctv. (2016):

— Bé duoc ché tao bang kinh véi kich thudc dai
x rong x cao 1a 0,8 m x 0,6 m x 0,4 m (trong ¢6 myuc
nude cong tac 1a 0,35 m).

— B@ tio chia thanh 6 ranh, mdi ranh rong 0,1
m d¢ tang chi€u dai dong chay trong bé. Van toc
dong chay mat trong bé kiém soat & 7 cm/s.

— Ca hai mo hinh bé thdm canh tao dugc van
hanh véi nguon sang tu nhién.

— Mot bé thi nghiém c6 bd sung thém HCOs".

Ngoai ra con ¢6 cac thiét bi phu tro nhu:

—  Binh Mariotte ché tao tir bon composite 60 L
cung cap lugng nudc 6n dinh cho mo hinh.

- May khuay gié khudy tron, tao dong chay va
cung cap khi cho bé.

— Hé thong nang lugng mit troi 150 W, bg dicu
khién sac 30 A 12 /24 VV LCD (360 W).
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0.60m

-

Hinh 1. Mé hinh bé thim canh tio thi nghiém
M5 hinh duoc bé tri tai Phong thi nghiém Living

Lab - Khoa M6i truong va Tai nguyén thién nhién,
Truong Pai hoc Can Tho (Hinh 2).

=—y —

Hinh 2. B6 tri mé hinh thi nghi¢m
Tir cac kich thuéc cuia md hinh, cac dac trung
cua bé duoc tinh toan nhu sau:
Thé tich hoat dong cua bé 1a:
- Vpi=0,8x0,6x0,35=0,168 m®=168 L
— Ti Ié dién tich/thé tich = 0,48 m?/0,168 m? =
2,86/1.
— Ty I¢ dai/rong = 4,7 m/0,1 m = 47/1.
2.3.3. Tao thich nghi cho tdo giong
_Dé co du lugng tao cdy cho bé thi nghiém, tao
giong dugc nhan ra va ha dan do man cho dén khi
tao thich nghi hoan toan v&i nudc thai sinh hoat
(Viét va ctv,, 2016). Nudc phéi sinh hoa,t duoc st
dung dé ha d6 man, cung cap dudng chat cho tao
cling nhu tao thich nghi cho tao véi moi truong nude
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théi. Luong nudéc thai sinh hoat duoc sir dung dé ha
dan d man dugc tinh toan theo céng thtc (1).

C1XV1:C2><V2 (1)

Trong d6:

C1, C2: Nong @6 mubi trong dung dich nudi tao
trude va sau khi pha loang (%o).

V1, V2: Thé tich dung dich nubi tdo trude va sau
khi pha loang (L).

V2 - Vi: Lugng nudc thai sinh hoat can sir dung.

Trong qua trinh nhan giéng tao hang ngay, pH
can duoc kiém tra, mudi NaHCO; can bé sung tao
hé dém dé duy tri pH nuéc trong khoang hoat dong
thich hop cua tao Spirulina sp., han ché tao tap; dong
thoi, bd sung mot s6 thanh phan dinh dudng cung
cip ngudn dam cho tao phat trién (Zarrouk, 1966).

Bing 1. Thanh phén dinh duéng cia méi truong
Zarrouk dé nudi tao Spirulina sp.

Thanh phén Ham lugng
NaCl 1,00 g/L
CaCl,.2H,0 0,04 g/L
NaNO; (KNO3) 2,50 g/L
FESO4.7H20 0,01 g/L
EDTA (Na) 0,08 g/L
K2S04 1,00 g/L
MgS04.7H20 0,20 g/L
NaHCO;3; 16,8 g/L
K2HPO, 0,50 g/L
Vi 11IQ‘I1g As: HsBO3, MnCI2.4H20,

ZnS04.4H,0, NaMo0Osa, 1,00 mL

CuS04.5H,0

Khi dat dugc 20 L tao giéng, hai bé tham canh
tao can duoc tién hanh cay (moi bé 10 L) dé tao
thanh quan the tao troi. Tao giong trudc khi cay vao
mo hinh dugc kiém tra bang kinh hién vi dé xac dinh
dang loai tao cling nhu danh gia vé d6 thuan cia tao
thi nghiém.

2.4. Tién hanh thi nghiém

Nghién ctru dugc tién hanh theo trinh ty sau:

— Budc 1. Chuan bj thi nghiém.

Mau nudc thai dugc thu trong 3 ngay lién tiép va
phéan tich cac chi tiéu pH, SS, COD, BODs, TP, N-
NOs, N-NH,* nham danh gia kha niang phan hity
sinh hoc va mare d6 phu hop caa viée ap dung bién
phap xtr 1y sinh hoc, kha nang dap ing véi cic hoat
dong cua hé cong sinh tao va vi khuan trong bé.
Ddng thai, viéc phan tich con 1am co so lya chon gia
tri HRT dé tién hanh céc thi nghiém.
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— Budc 2. Tao thich nghi cho tao gidng va tién
hanh thi nghiém dinh huéng.

Dua trén thanh phan va tinh chét nuéc thai trong
nghién ctru ndy va mot s6 nghién cu ¢ Thai Lan
(Larsdotter, 2006), trong diéu ki¢n nhiét d6i chon do
sau ctia bé 0,35 m, HRT 1,5 ngay, luong BODs nap
336 kg.hat.ngay 1 1a t6i wu cho cac bé thim canh
ta0. Thi nghiém duoc tién hanh dinh huéng trong 3
ngay lién tiép véi hai bé c6 va khong co bd sung
HCOj3 va van hanh ¢ HRT 1,5 ngay.

Khi dat duoc 20 L tao giéng, hai bé tham canh
can duoc tién hanh cdy dé tao quan thé tao troi.
Ddng thoi, mot bé tham canh duoc bd sung HCOs
dé danh gia tac dong cua yéu t6 nay 1én luong sinh
khéi thu dugc va hidu qua xtr 1y nudc thai trong mdi
bé tao.

Ham luong HCO3 b sung cho bé thim canh tao
duogc tinh todn dua trén lugng alkalinity c6 trong
nude thai thi nghiém. HCOs'la dang d6 kiém chu
yéu va trong nudc thai, chung duoc thé hién qua
luong alkalinity (mg CaCOs/L) theo phuong trinh

(2).
CO, + CaCO;3 + H,0 — Ca?* + 2HCOs (2)

Trong giai doan nay, chi hai thong s COD va
N-NH4* duoc theo ddi dé kiém tra mo hinh d3 van
hanh 6n dinh chua va danh gia kha nang phan hay
sinh hoc trong bé tham canh tao. Néu hai thong s6
nay dat tiéu chuan xa thai QCVN 14:2008/BTNMT
thi méc HRT 1,5 ngay dwoc chon cho thi nghiém
chinh thirc, néu khong dat sé& ting HRT dé lya chon
méc thoi gian luu nude thich hop va tién hanh cac
thi nghiém chinh thuc.

— Budc 3. Tién hanh thi nghiém chinh thtc.

Nudc thai sinh hoat dugc Iocﬂqua cot ch cat, sau
d6 bom Ién hai binh Marriote d€ phén phoi vao hai
Bang 2. Cac phwong phap phin tich miu nuéc
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bé tham canh tao véi cac thong sé van hanh di chon
o thi nghiém dinh hudng. Sau qua trinh vén hanh,
mau nuéc thai ddu vao va dau ra duge thu dé phan
tich cac théng sd chat lugng nudc. Trong d6, mau
dau ra 1a mau gop dugc thu & thoi diém 6h00 (thoi
diém tao hoat dong yéu do cudong do anh sang thap)
va 12h00 (thoi diém tao hoat ddng manh do cudng
d6 anh sang cao). Mau dau ra duoc chia thanh hai
phan: mot phan phan tich tryc tiép MLSS va
MLVSS dé d4nh gi4 sinh khdi tao, phan con lai duoc
tach tdo va phan tich cac thong sb pH, SS, COD,
BODs, N-NH4*, TP, N-NO3 dé danh gia hiéu qua xir
1y nuéc thai.

Trong subt qua trinh thi nghiém, cuong d6 anh
sang, nhiét d trong va ngoai bé tao, pH va DO ciia
nudéc trong bé duge theo doi 1 gio/lan.

2.5. Tinh toan sinh khéi tio

Céc chi tiéu MLSS va MLVSS cua nudc thai
duogc phén tich dé danh gia sinh khdi tao thu dugc
tir qua trinh nudi tham canh tao bang nudc thai sinh
hoat (khong qua loc). Sinh khéi tao dwoc danh gia
bang cach gia sir toan bd lugng SS dau vao 1a lugng
chat chua kip phan hiy sinh hoc ¢6 trong nudc thai
sinh hoat v&i ham lugng 1a 30,67 + 4,51 mg/L. Qua
d6, lwong sinh khéi tao thu dugc bang lwong MLSS
& hai bé tham canh tao trir cho SS dau vao.

2.6. Phwong phap phan tich miu nuéc

Cac thong sé pH, DO, anh sang, nhiét 6 duoc
do truc tiép tai noi bé tri thi nghiém bing cac thiét
bi do dac hién truong. Cac thong sé SS, MLSS,
MLVSS, BODs, COD, TP, N-NH4*, N-NOj3™ dugc
phan tich tai Phong thi nghiém Living Lab, Dy an
INOWASIA, Khoa M6i truong va Tai nguyén thién
nhién, Truong Pai hoc Can Tho, tuan thu cac tiéu
chuén kg thuat hién hanh (Bang 2).

Chi tiéu Phuong phap phén tich

pH Do tryc tiép bang may HI 9812-5 (TCVN 4559:1988)

DO Do truc tiép bang may HI 9814 (TCVN 4559:1988)

Anh sang Do tryuc tiép bang may LX107 (TCVN 4559:1988)

Nhiét do Po tryc tiép bang may TAYLOR 1441 (TCVN 4559:1988)
SS TCVN 6625:2000 (1SO 11923:1997)

COD Phuong phap Dicromate dun hoan luu kin (TCVN 6491:1999)
BODs Phuong phap Winkler cai tién SMEWW 5210B (TCVN 6001-1:2008)
TP Phuong phap Amino acid (TCVN 6202: 2008)

N-NH4* Phuong phap Nessler (TCVN 5988: 1995)

N-NO3z Phuong phap khir Cadmi (ISO 10304-1: 2007)

MLSS Phuong phap x4c dinh khéi lugng

MLVSS Phuong phap xéc dinh khdi lugng
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2.7. Phwong phap xir Iy s6 liéu

Két qua phén tich céc thong sO chat lugng nudc,
sinh khoi tao... cua hai bé c6 va khong bo sung
HCOj3 dugc so sanh thong ké sur dung kiém dinh T-
test.

Céc thong s chat luong nude dau ra so sanh véi
QCVN 14:2008/BTNMT Quy chuan ky thuat quéc
gia vé nudc thai sinh hoat, riéng thong sé TP, COD
so sanh voi QCVN 40:2011/BTNMT Quy chuan ky
thuat qudc gia vé nudc thai cong nghiép.

) 1C

{ﬂ g

N7
\'_\ vat kinh x4

Hinh 3. Tao Spirulina sp. chup dwéi kinh hién vi Olympus CX 21

3.2. Pic diém ciia nwée thai thi nghi¢m

Céc thong s6 6 nhim trong nuéc thai sir dung
cho thi nghiém dugc trinh bay trong Bang 3. Qua két
qua phan tich, nudc thai sinh hoat & mirc 6 nhiém
nhe theo thang tinh diém cua Metcalf and Eddy
(2003).

Bang 3. Pic diém ciia nwéc thai thi nghiém

STT Chitiéu Pon vi Nong d9 6 nhiém

(n=3)
1 pH - 7,13 £0,06
2 SS mg/L 35,53 +£5,61
3 COD mg/L 324,78 £ 25,48
4 BODs mg/L 200,67 + 46,69
5 TP mg/L 2,27+0,26
6 N-NH4* mg/L 30,40 + 3,89
7 N-NOy  mg/L 0,35+0,14
8 Alkalinity mgCaCOas/L 283,33 + 7,64

Gia tri pH cua nuoc thai khéng nam trong
ngudng thich hop 8,5 - 11,0 cho tao Spirulina sp.
sinh truong (Zarrouk, 1966). Tuy tao c6 kha nang su
dung ngudn CO,va HCO;3™ trong nudce dé quang hop
lam ting dan pH cia nudc, nhung trong qua trinh
van hanh nén theo ddi thuong xuyén tranh dé pH
giam quéa thdp anh huéng dén sinh truéng cua tao.

-
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3. KET QUA VA THAO LUAN
3.1. Kiém tra sy thich nghi cia tio gidng

Sau thoi gian gy nudi tao Spirulina sp., Mmau
nu6ce trong bé dugc lay va quan sat dudi kinh hién
vi. Qua két qua quan sat, tao Spirulina sp. chiém uu
thé trong thi truong; cdc soi tao dai, van gilt dugc
hinh dang xoan dc dic trung ciia tao va c6 nhiéu tao
doan xuat hién chung to chiing dang phat trién va
sinh san tt. Moi truong nudi tao co cac manh chat
hiru co nhd, vi sinh vat la 1an vao nhung khong
nhiéu va van dam bao duoc tinh troi cua quan thé
tao (Hinh 3).

4o il 70\\\\\\
[ u\\m\nn\m\\\m\

vat kinh x10

Ham luong SS khong cao, dao dong trong khoang
35,53 + 5,61 mg/L nhung van co thé giam kha nang
khuéch tan ctia anh sang vao bé; do do, can loc nudc
thai trude khi cho vao bé. Trong nghién ctru nay, cot
loc cat dwoc sir dung dé loai bo mot phan SS, dong
thot gitp loai bo sy hién dién cua cac loai tao, tao
diéu kién phu hop gay nuéi tao Spirulina sp. thuan.

Ti I¢ BODs/COD = 0,56 > 0,5 chung to luong
chat hiru co co kha ning phan huy sinh hoc trong
nudéce thai cao (Viét & Ngan, 2015), thich hop dé ap
dung bién phap sinh hoc xt Iy nudce thai. Gia tri N-
NH,* cao va N-NOj3thap cho thiy nudc thai chwa bi
anh huong béi qua trinh nitrate hoa. Mac du tao
Spirulina sp. sir dung chu yéu nitrate nhung chung
van ©6 kha nang su dung amoni, vi vy ddy s¢ la
ngudn dam chinh cho tao phat trién.

Dé dam bao chu trinh cong sinh giita tao va vi
khuan hoat dong tot thi ty 1¢ BODs: N : P ciia nuéc
thai phit hop 13 100 : 5 : 1 (Viét & Ngén, 2015). Ty
1€ duoc ghi nhan tir nudc thai thi nghiém la 100 : 13
- 1, ty 1é nay cho thiy nuéc thai du dudng chét, dam
bao cho vi sinh vat hoat dong ma khong can phai bo
sung thém.

V6i thanh phan va tinh cht nhu trén, nuéc thai
thu thap phu hop dé xtr 1y sinh hoc bang bé tham
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canh tao Spirulina sp. ma khong can phai diéu chinh
hay bé sung thong sb nao.

—

sﬂé

.
v, |
A

Hinh 4. Nwéc thai thi nghiém truéc va sau khi
loc qua cdt loc cat

3.3. Két qua thi nghiém dinh huéng

Bang 2 cho thiy ham luong alkalinity trong nuéc
thai dat 283,33 + 7,64 mg CaCOs/L. Dua vao
phuong trinh (2), ham lwong HCOs dugc tinh bd
sung hang ngay cho bé tham canh tao 13 0,63 g/L.

Két qua phan tich COD va N-NH,* trong nuéc
thai dugc trinh bay ¢ Bang 4.

Bang 4. Két qua thi nghi¢m dinh huéng

Pon
vi

Nong d¢ 6

Mau nudce thi nghiém nhidm (n = 3)

Théng sé6 COD
Nudec thai sinh hoat mg/L 297,33 +£48,5
Bé b6 sung HCO3 mg/L 46,33 +3,21
Bé khong bd sung HCO  mg/L 51,67 +4,73
gs\c/(:\tl é;) :2011/BTNMT (cot mgiL 26 1150
Théng soé N-NH4*
Nudc thai sinh hoat mg/L 29,27 +3,16
Bé b6 sung HCO3 mg/L  1,98+0,18
Bé khong bo sung HCO  mg/L  2,15+0,25
QCVN 14:2008/BTNMT (cot mg/L 510

A/ cot B)

Trong thi nghiém dinh hudng, gia trj COD & bé
¢6 bd sung HCOs giam tir 297,33 + 48,50 mg/L
xudng con 46,33 + 3,21 mg/L va & bé khong bé sung
HCO5 giam xubng con 51,67 + 4,73 mg/L. Mic du
COD ciia nudc thai dau vao kha bién dong nhung
dau ra van dat QCVN 40:2011/BTNMT (cot A) & ca
hai bé tham canh tao. Gia tri N-NH,4* trong bé giam
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manh tir 29,27 + 3,16 mg/L xudng con 1,98 + 0,18
mg/L ddi véi bé c6 bd sung HCOs™ va con 2,15 +
0,25 mg/L d6i véi bé khong bd sung HCOs™ va dat
cot A theo QCVN 14:2008/BTNMT. Dua trén két
qua nay, cac hoat dong sinh hoc trong bé nuoi tao da
chuyén hoa cac chat hitu co va nitrogen trong nudc
thai thanh cac chat dinh dudng trong té bao tio. Xét
vé hiéu suit xtr 1y, bé c6 bd sung HCOz cho hiéu
suat xir Iy COD va N-NH,* twong dwong bé khong
bé sung HCO3 va khong khac biét co y nghia ¢ muc
5%. Nhu vay, hai bé duwgc van hanh chinh thirc véi
HRT 1,5 ngay.

3.4. Két qua thi nghiém chinh thirc

3.4.1. Pieukién kiém sodt thi nghiém

Cuong do anh sang theo thoi gian trong ngay

Cuong do anh sang anh huong dén nhiét 46 cua
nude, dén qua trinh quang hop, tir d6 anh huong dén
DO va pH trong bé. Do thi nghiém tién hanh vao
mua mua nén cuong do anh sang bién thién giita cac
thoi diém do trong, burc xa mat troi bi anh huong boi
may, cdy cdi va goc chiéu sang. Cuong do anh sang
¢6 gi4 tri trung binh dat cao nhat trong khoang thoi
gian tir 11h00 dén 13h00, tham chi 1én dén 64.022
Lux lac 12h00 (Hinh 5). Trong khoang thoi gian ban
ngdy, khong bao cua tao Splrullna sp. s& nap khi day
ta0 noi 1én trén bé mat bé dé nhan anh sang cho qua
trinh quang hop (Vonshak, 1997). Tao Spirulina sp.
hoat dong tét trong khoang cuong do anh sang 5.400
- 90.500 Lux (Charenkova et al., 1975) va hoat dong
t6i uru trong khoang 25.000 - 30.000 Lux (Vonshak,
1997).

Cuong d6 4nh sang giam dan vé chiéu chi con
khoang 5.573 Lux luc 18h00. Trong khoang thoi
gian tir 19h00 dén 5h00 sang hom sau cuong d6 anh
sang giam xudng thip nhat chi con khoang vai chuc
Lux. Tir cubi ngay tro di 1a lac té bao tao tao ra mot
luong 16n carbonhydrate, lac d6 cac soi tao sé tu tap
lai va tao ra mot 4p sudt tham thiu cao bén trong co
thé. Sau do, cac khong bao khi s& khong thé duy tri
4p suat tham thiu bén trong té bao va chung s& v,
giai phong khi 1am cho sgi tao chim xudng day
(Vonshak, 1997). Pay 14 khoang thoi gian dé tao ho
hap va dién ra qua trinh chuyén hoa carbonhydrate
thanh protein & pha t6i.
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Hinh 6. Dién bién nhiét dd cia bé tao theo gio trong 3 ngay thu miu

Nhiét dg cuia bé theo thoi gian trong ngay

Nhiét d9 1a yéu té quan trong anh huéng dén sinh
truong va phat trién cua tao, vi thé can phai theo ddi
nhiét do trong bé va moi trudng bén ngoai 24/24 gid.
Ngudn nhiét cung cip cho bé tao chu yéu dia vao
anh sang mit troi va mot phan do cac hoat dong sinh
hoc trong bé. Nhiét do ngoai méi truong do duge lic
12h00 14 34,7°C; nhiét do nuéc tai bé co va khong
b6 sung HCOs lan luot 1a 32,6°C va 32,5°C luc
13h00 (Hinh 6). Nhiét do trung binh trong bé dao
dong tr 27,6 - 32,6°C, ngudng nhiét d6 cao ghi nhan
tir 12h00 dén 17h00 14 thoi diém nhan dwoc nhiéu
birc xa mt troi nhat va nhiét do thap nhét ghi nhan
tir 1h00 dén 5h00 gid sang.
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Nhiét do khong khi va nhiét d¢ nudc trong bé co
cuing xu huéng bién thién cao ¢ thoi diém co cuong
d6 anh sang cao va thap vao ban dém. Tuy nhién,
vao ban ngay, khi nhan anh nang mat troi, nhiét do
khong khi s€ ting nhanh hon nhiét 46 nuéce, va khi
khéng con anh sang n6 s& giam nhanh hon. Diéu nay
1a do tinh chat hap thu va nha nhiét cham hon khéng
khi cua nudc nén khi nhiét d6 moi truong ting cao
(lac 12h00) thi nhiét d6 trong bé ciing ting 1én
nhung chdm hon (lac 13h00). Tuong ty khi nhiét 46
moi truong bét dau giam (lac 14h00) thi nhiét do
nuéc trong bé van con cao va bat dau giam lic
18h00. Nhin chung, nhiét 6 nuéc cao nhit va thap
nhat nam trong khoang nhiét do thich hop dé tao
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Spirulina sp. hoat dong tot tir 20 dén 40°C. Nhiét do
nuéc cao nhat van nam trong khoang nhiét do ti vu
35 - 38°C cua tao Spirulina sp. (Gershwin & Belay,
2007). Nhiét d6 nudc thap nhat vao ban dém 16n hon
15°C, day 1a ngudng dudi cua khoang nhiét do ma
tao Spirulina sp. con hoat dong tét.

Gid tri DO trong bé

Két qua do dac trong hai bé ghi nhan gia tri DO
bién dong giira nhitng lan do (Hinh 7). O thoi diém
¢6 anh sang cao, tao quang hop manh, DO ting cao
1a do mét phan amoni trong nudc thai da chuyén hoa
thanh dam nitrate cung vdi qua trinh cong sinh cua
tao va vi khuan dién ra trong bé. Gia tri DO trung
binh cao nhit & bé c6 va khong bd sung HCOs luc
13h00 Ian luot 1a 13,03 va 12,5 mg/L.

16 -
14

12
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Nhin chung, trong sudt qua trinh theo ddi thi
nong d6 DO & bé co bd sung HCO3™ déu cao hon so
v6i bé khong bd sung HCO3'. Gié tri DO thép vao
sang som vi lic nay chua c6 anh sang mat troi nén
tao khong quang hop duogc, thém vao do trong
khoang thoi gian ban dém, vi khuan va tio ho hap
sir dung ngudn DO trong nude. Gid tri DO tang dan
vé trua va cao nhat tir 11h00 dén 13h00 vi day la
thoi gian tao quang hgp manh nhét Tur 13h00 tro di,
gia tri DO cd xu huong giam Xuong 1a do khoang
thoi gian nay tao chuyén sang qua trinh ho hap cung
Vi viéc st dung oxy hoa tan cua vi khuan, do dé
lwong oxy hoa tan s& bi mat di lam giam ham luong
DO trong nudc thai.

=
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E
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Hinh 8. Dién bién pH theo thoi gian
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Gid tri pH trong bé

Tao Spirulina sp. song trong moi truong pH tor
8,5 dén 11,0 (Zarrouk, 1966) va c6 thé chiu dugc su
tang pH. Do thudc nhém tao hap thu chi yéu HCO3
cho qué trinh quang hop, Spirulina sp. phat trién
manh & méi trudong pH cao tr 9,8 d&n 10,3
(Richmond, 1986).

Gia tri pH & hai bé c6 xu hudng ting tir 6h00 dén
17h00, sau d6 giam dan dén 5h00 sang ngay hom
sau (Hinh 8). Diéu nay 1a do trong khoang thoi gian
¢6 anh sang mat troi tao quang hop manh sg str dung
CO, va HCO3 trong nudc lam tang pH nude. Nguoc
lai, khi khong con anh sang, tao ho hap thai ra CO,
lam cho pH nudéc giam. Hién twong pH nudc cua bé
tdng cao vao ban ngay va gidm vao ban dém cling
da dugc ghi nhan trong nghién ciu cia Viét va ctv.
(2016).

Ngoai ra, gia tri pH cua bé bd sung HCOs™ ludn
cao hon pH cua bé khong bé sung HCOg', diédu nay
gitip cho hoat déng cua tao & bé bd sung HCOs™ dién
ra tot hon. Gié tri pH cao nhét ¢ bé c6 va khong bod
sung HCO3™ lan luot 1 10,2 va 9,7 vao lic 12h00.
Nhin chung, gia tri pH ghi nhan tr hai bé tao thi
nghiém déu nam trong ngudng thich hop dé tao
Spirulina sp. phat trién.

3.4.2. Sinh khdi tdo

Sinh khéi tao thu dugc tir qua trinh nuoi tham
canh tao bang nudc thai sinh hoat duoc ghi rjhan o
Hinh 9. Qua két qua tinh toan da ghi nhan, nong d6
MLSS rong ¢ b€ c6 bo sung HCOs™ (1360,33 +
86,77 mg/L) cao hon nong do MLSS rong ¢ bé
khong b6 sung HCO3 (959,66 + 75,35 mg/L) va
khac biét c6 y nghia thong ké & mic 5%.

1,600 -
[ BE c6 b6 sung HCO3-
1,400 -
018 khdng bd sung HCO3-
1,200 A1
1,000

800 +

600 A

400 4

Gid tri MLSS, MLVSS (mg/L)

200 A

MLSS MLVSS

MLSS réng
H&n hop chat rén lo lirng

Hinh 9. Nong d9 MLSS va MLVSS sau khi qua
bé tham canh tao

Tuong tu, nudc thai d4u ra co ndng d6 MLVSS
¢ bé b6 sung HCOs™ (1104,67 + 109,87 mg/L) cao
hon bé khong bé sung HCOs (762,67 + 113,32
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mg/L). Qua két qua phan tich T-Test, nong do
MLVSS trong nuéc sau khi qua bé co6 bo sung
HCO3 va bé khong bo sung HCO3 khac biét co y
nghia & muc 5%.

3.4.3. Hiéu sudt xit Iy nuweéc thai

Trong thi nghiém chinh thirc, nugc thai sau xu
ly 1a mau gop cia cac mau duoc thu lac 6h00 va
12h00 - hai thoi diém tuong tng c6 cudng do chiéu
sang thap nhat va cao nhit trong ngay thi nghiém
(tng véi hoat dong thap nhét va cao nhét cua tao
trong bé).

Bang 5. Két qua phan tich ndng dd 6 nhiém nwéc
thai diu vao bé thi nghiém

Nong dé 6 nhiém

Chi tiéu Don vi

Nuoc thai Sau khi loc
pH - 7,4+0,1 7,33+0,12
SS mg/L 43,33 +£4,93 30,67 +£4,51
BODs mg/L 171 £9,64 147 £ 14,18
COD mg/L 278 £19,97 208,67 +17,21
TP mg/L 2,17+0,15 1,93 +£0,15
N-NHs*  mg/L 32,07 +£3,84 30,37 £4,90
N-NOs;  mg/L 0,28 +£0,03 0,23 +£0,03

Hiéu suit xir Iy cac thong sé chét lugng nudc
thai sinh hoat bang bé tao thi nghiém duoc tong két
trong Hinh 10. Trong qué trinh xtr 1y, vi khuan da
phan hity chat hitu co dé tao thanh cac chat can thiét
cho qua trinh quang hop cua tao Spirulina sp., gop
phan cung cap cac chat dinh dudng cho tao hap thu
va tao sinh khéi. Vi vy, nudc thai dau ra caa bé tao
¢6 ndng do chét hiru co thédp hon nhiéu so véi dau
vao. Hiéu suat xir Iy BODs (86,2 - 86,9%) ghi nhan
cao hon COD (77,3 - 79,4%), tuy nhién, qua két qua
phan tich T-Test, ndng do chat hitu co sau xir Iy cia
hai bé (c6 va c6 khong b sung HCO3') khong khac
biét c6 y nghia & mac 5%. Trong nghién ctu nay,
hiéu suat xir Iy BODs cao hon nghién ciru twong tw
cia Viét va ctv. (2016), khi d6 hiéu suat xir Iy BODs
chi dat xap xi 75% cho ca bé tao co va khong co
chiéu sang.

BBéE c6 b sung HCO3-

E18& khéng b8 sung HCO3-

Hidu sudt xir Iy (%)
o
g

BODS N-NH4+
Céc théng s8 6 nhiém

sS TP

Hinh 10. Higu suit xir Iy nwéc thai ciia cac bé
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Nong d6 TP sau khi xu 1y cua hai bé tham canh
tao giam di so voi ban dau 1a do hé cong sinh gitra
tao va vi khuan trong bé da sir dung cac dang
phosphor dé tao thanh ca thé mai. Hiéu suat xur 1y
TP ghi nhan 1a thap nhat (54,9 - 58,6%) trong céc
thong s6 chét lugng nude nghién ctru. Tuy nhién, két
qua nay cao hon nghién ctru trudc diy ciua Viét va
ctv. (2016) voi hiéu suat xi 1y TP chi 1a 46,6 -
48,3%. Qua két qua phan tich T-Test, nong do TP
sau xir Iy cua hai bé (co va co khong bd sung HCOy)
khong khéc biét c6 y nghia & muc 5%.

Nong do N-NH4* dau ra cua hai bé thap va 6n
dinh véi hiéu suat xtr Iy khong khéc biét c6 ¥ nghia
lan lwot 14 93,7% va 92,8% cho bé c6 bd sung HCO3
va bé khong b6 sung HCO3". Dya trén két qua nay,
qué trinh nitrate hoa cua hai bé thi nghiém dién ra
t6t, do d6 ndng a6 N-NH,* dau ra cua ca hai bé déu
giam so véi dau vao. Bén canh d6, ham luong N-

a
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NOs trong nudc thai du ra ting 1én 14 dau hiéu cho
thay tao sir dung dam va c6 qua trinh nitrate hoa xay
ra trong bé. Diéu nay cho thdy tao Spirulina sp. da
sir dung ca hai dang dam nay dé tong hop té bao mai.
Viét va ctv. (2016) cling da ghi nhan hién tuong
tuong ty khi tién hanh xtr 1y nudc thai bang tao
Spirulina sp. trong diéu kién c6 va khong c6 chiéu
sang.

Nhin chung, nudc thai dau ra cia hai bé tham
canh tao c6 cac théng s6 SS, COD, BODs, N-NO3,
TP, N-NH,4* déu dat tiéu chuan xa thai ra nguon tiép
nhan theo c6t A cia QCVN 14:2008/BTNMT va
QCVN 40:2011/BTNMT. Riéng pH cua nudc thai
sau xir Iy tiang cao (dat 11,00 va 11,33 cho bé c6 va
khong bd sung HCOs') va vuot qua gidi han cho
phép xa thai cia QCVN 14:2008/BTNMT, can phai
diéu chinh pH < 9,0 dé dat quy chuan xa thai cho
phép.

Hinh 11. Miu nwéc trong qua trinh thi nghi¢m
(a) bé b6 sung HCOg', (b) bé khéng b6 sung HCOg

Dua vao s liéu do dac luu lwong nudc thai nap
cho bé tao va két qua phan tich gia tri BODs dau ra,
tai nap nudc va tai nap chat hiru co cho bé dugc tinh
toan nhu sau:

Tai nap nudc:

67 (mL.phit™1) x 24 x 60 X 107°
Wi =
0,48 (m?2)
=2.000 m3.hal.ngay?
Tai nap chét hiru co BODs:
_ 112 (m3.d™1) x 147 (mg.L™%) x 107°
B 0,48 (m?) *
10.000 = 343 kg.hal.ngay
4. KET LUAN
4.1. Kétluan

% 10.000

WBOD5

Nudc thai sinh hoat véi nong d6 céac thong sb 6
nhiém pH, SS, BODs, COD, TP, N-NOs, N-NH4*
lan luot 1a 7,4, mg/L, 43,33 mg/L, 171 mg/L, 278
mg/L, 2,17 mg/L, 0,28 mg/L, 32,07 mg/L sau khi xur
ly bang bé nudi tao Spirulina sp. c6 HRT 1,5 ngay,
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tai nap nudc 2.000 m3.hat.ngay?, tai nap chét hiu
co 343 kg.hal.ngay cho nuéc thai dau ra dat cot A
cia QCVN 14:2008/BTNMT ¢ cac thong s6 SS,
BODs, N-NOs, N-NHs* va dat QCVN
40:2011/BTNMT (cot A) & cac thong s6 COD, TP.

Bé c6 bd sung HCOs cho hiéu qua xir 1y nuéc
thai khong khac biét c6 y nghia v6i bé khong bd
sung HCOs. Tuy nhién, luong sinh khi tao thu
dugc & bé c6 bd sung HCOs™ cao hon 1,45 14n so voi
bé khong bd sung HCOz. Do vdy, trong qua trinh
van hanh bé thdm canh tdo nén bd sung HCOs™ dé
thu duoc sinh khdi tao cao hon.

4.2. Kién nghi

Dé tang hiéu qua xir Iy nuéc thai va tao sinh khdi
tao Spirulina sp., cac nghién ctru can tién hanh thém
V6i tai nap nudc, tai nap chat hitu co khac nhau
nham tim ra nhimng théng s6 van hanh phii hgp hon
cho bé tham canh tao.

Nude dau ra sau khi thu hoach tao cé thé dua vao
a0 nudi ca tiép tuc Xt ly va lam thic an cho ca hay
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tai sir dung cho myc dich tuéi tiéu dé tan dung nguon
dudng chat con lai trong nudc.

LO1 CAM ON

Nhom tac gia cam on sy hd trg b tri thi nghiém
va phan tich mau ctia nhom sinh vién Nguyén Thi
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