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Tom tat

T30 Spirulina (tdo xoan) duroc biét dén do sinh khéi giau protein va phat trién tét & qui mo Ién. Sinh khéi tdo
c6 thé duwoc dung dé lam thuc phdm bd sung cho bira &n cla ngudi, thirc &n gia stc va nhiéu ng dung
khéac. Nuo6i tréng Spirulina trong nuéc thdi nham tan dung nguén dinh duéng N, P dé téng hop sinh khéi tdo
Spirulina ¢cé gié tri cao, dong thoi gép phan loai bé céc chat 6 nhiém trong nuwéc thai dang rat duoc quan
tam. Nghién ctru nay duoc tién hanh nhadm muc dich xéc dinh ti 1&6 N:P phi hop nhét dé nuéi tréng tao
Spirulina bdng hén hop nuéc thai ba riou gao va chdn nudi, thu sinh khéi tdo giau protein va gitp lam gidm
chét 6 nhiém tir nwéc thai. Két qua khao séat da xéc dinh duoc ti 1é N:P cta hén hop nudc thai tir 16:1 — 20:1
va bé sung 3 g/L bicacbonat nhw la ngudn cacbon Ia diéu kién tét nhét cho tdo Spirulina sp. HH phét trién.
Nang suét sinh khéi thu duwoc cao nhét 1a 0,147 g.L'.ngay!, tng véi ham lwong protein cta sinh khéi dat
duwoc 1a 59,8 %. Hiéu suét xt ly NHs* NOs va PO4% cao nhét dat duoc, tuong tng 1a 97,5 %, 98,1 % va
86,6 %. Nghién ctru nay cho thay loi ich clia tai st dung nuéc thai dé tan dung céc chét dinh duéng, tao ra
sé&n pham cb gia tri gia tang.

Tl khoa: tdo xodn, nwdc thai reou gao, nwéce thai chan nudi, ti 1é N:P, hiéu Xuat xcr ly

Abstract

Spirulina is a blue-green alga, which is well-known as a source of protein-rich biomass and well growth in
mass scales. The algal biomass can be used as a human diet supplement, animal feeds, and many other
applications. Culturing Spirulina in wastewater can utilize nutrients to produce valuable biomass as well as
removes pollutants in wastewater. In this study, Spirulina was cultivated in mixtures of diluted rice wine
stillage and piggery wastewater for determining the optimal ratio of N:P, collecting protein-rich algae
biomass and helping to reduce pollutants in wastewater. The results showed that N:P ratios of wastewater
mixture from 16:1 to 20:1 andadding 3 g/L bicarbonate as carbon source was the best conditions for the
growth of Spirulina sp.HH. The highest biomass yield was 0.147 g.L".day’, corresponding to the protein
content of biomass reaching to 59.8 %. The best removal efficiency of NH+*, NOsz, and PO+* were 97.5%,
98.1% and 86.6%, respectively. The study demonstrates the benefit of the reuse of wastewaters to recover
the nutrients for producing value-added product.

Keywords: Spirulina, rice-wine stillage, piggery wastewater, N:P ratio, removal efficiency

1. Pit van dé

Tao x04n Spirulina dugce biét dén tir 1au nhu 1a
mét nguon cung cip dudng chit cho con ngudi va vat
nudi do rat giau protein (50-70% trong lugng té bao)
[1]. Ngoai ra Spirulina ciing dugc dung vao nhiéu
muc dich khac nhu trong my pham, dugc pham, thirc
an chan nuoi, phan bon hitu co, nhién li¢u sinh hoc,
nhya sinh hoc [2]. Do d6 Spirulina da va dang dugc
nudi trong & qui md 16n, trong do cac dudng chat
quan trong nhat can co trong canh trudng la Cacbon
v6 co (dang CO; va HCOj3Y), Nito (N-NH4", N-NO3)
va Photpho (P-PO4*). Ngudn nudc thuong ding dé
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nudi tréng Spirulina 13 nudce ngot, nudc khodng tu
nhién (vi du nudc khoang Vinh Hao rit giau
bicarbonat) hodc tir nudc thai. Nudi trbng Spirulina
bang nudc thai 1a mot giai phap quan trong thay thé
nude ngot nham giam bét ap luc thiéu nudce ngot khi
nudi qui md 16n. Ngoai ra, nudi tao bang nude thai
dugc quan tim nghién ctru do tan dung dwgc ngudn
dinh dudng N, P trong nudc thai, vira thu dugce sinh
khdi tao giau protein véi gia thanh thap, vira két hop
loai b6 duoc cac chit 6 nhiém trong nude thai.

Trong cac ngudn nude ty nhién, tbc do phat
trién cta cac loai thyc vat phu du (phytoplanktons),
trong d6 co6 tdo, thudng phu thudc theo néng do N
hodc P hién dién. Dic biét, ti 18 N:P tdn tai trong
ngudn nudc d6 cd anh huong quan trong dén toe do
bung nd sinh khéi ctia nhiéu loai tao. Theo Redfield,
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ti 1é mol C:N:P ti wu cho thuc vat phu du trong nudc
bién tuong tmg 1a 106/16/1 [3]. Ti 1& N:P= 16/1 dugc
sir dung phd bién dé dénh gi4 tinh trang gidi han cua
chat dinh dudng ¢ nhiéu hé sinh thai nugc. Ti 1& N:P
khong pht hop khién cho Nito hodc Photpho trd
thanh yéu t6 giéi han, can tré hoat dong sinh truong
va phat trién cua cac loai trong nuéc. Nghién ciru
riéng cho tao bién, Geider and Roche cho biét N:P
phu hop tir 5/1 dén 19/1 va 1a yéu td quan trong cho
tang truong quan thé vi né quyét dinh ning suét tiém
ning va duy tri sy chiém uu thé ciia cac loai trong
moi truong [4]. Nghién ctru vé anh hudng cia ti 18
N:P cua nudc thai dén ning suat sinh khéi va hiéu
suét xtr ly nudc thai, Choi va Lee ciing chi ra rang ti
1¢ N:P anh huong kha 16n dén viéc ting truong cia
tao luc Chlorella vulgaris cling nhu hi¢u suét loai bo
dinh dudng trong nudc thai. Theo d6, ti 1¢ N:P phu
hop cho su sinh truong cua C. vulgaris nim trong
khoang tir 10:1 dén 30:1 va ti 1& N:P 1 yéu t6 anh
huong 16n dén hiéu suat loai bo cac dinh dudng trong
nudc thai do tao [5].

Nubi trong tao bang cac loai nude thai giau dinh
dudng sé& cung cap Nito, Photpho dudi dang ion v6 co
cho tong hop sinh khéi tao, qua d6 gitp giam lugng
N, P thai ra méi truong. Tuy nhién ti 18 N:P t5i vu s&
thay ddi tmg voi mdi loai tao khac nhau. Vi vy trong
nghién ctru nay s& tién hanh xac dinh ti 18 N:P t6i wu
dung trong nudi tao Spirulina gibng ban dia. Niu
rugu gao va chan nudi lon 1a cac hinh thic san xuét
kha phé bién & nong thon Viét Nam. Dich 1ong da ép
b6 bi rugu va nudc thai chan nuoi lon sau xir 1y bang
biogas con chira lugng chit hitu co va dinh dudng
kha cao, c6 thé tan dung dé nudi tao. Trong nghién
clru nay tién hanh thir nghiém canh truong nudi tao 1a
hon hop cua hai loai nudc thai trén, (khac voéi nghién
ctru trudce day chi lam véi mot loai nudce thai rugu
hodc chan nudi pha loang), nhdm tao cac canh truong
c6 cac ti 1€ N:P phu hop cho nubi tdo Spirulina. Viéc
phéi tron hai loai nudc thai dé dat duogc ti 1¢ dinh
dudng N:P thich hop s€ gilp tao dat nang sut sinh
khéi cao nhét, dong thoi giam thiéu chi phi hoa chat
kha 16n va gitp loai bo cac chit 6 nhidm trong hdn
hop nudc thai.

2. Vit liéu va phwong phap nghién ciru
2.1. Gidng tio va diéu kign nuéi cdy

Chung tao Spirulina sp. HH 1a gidng ban dia,
duoc phan 18p tor nudc hd & Ha Noi. Giéng duoc
nudi gitr trong méi trudng Zarrouk cai tién, c¢6 thanh
phﬁn nhu sau (g/L): NaHCO; (16), K,HPO4 (0.5),
NaNOs; (3.5), NaCl (1), K»SO4 (0.5), KCI (1),
MgS04.7H,0O (0.2), EDTA (0.02), FeSO4 (0.01),
CaCl,.2H,0 (0.04). Tao gidng dugc duy tri trong cac
binh tam giac 250 ml, lic lién tuc trén may lic &
nhiét do phong, tbc do 85 v/ph va dugc chiéu dén
huynh quang 24/24h, cudng do chiéu sang 2000 lux.
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2.2. Cac logi nuwoc thdai

Hai loai nudc thai duge dung trong nghién ctu
nay 1 nudc thai ba ruou ldy tir dong thai sau chung
cit rugu gao cua xuong thuc nghiém, thudc Vién
cong nghiép thuc phdm-Bo Coéng Thuong va nudc
thai chan nudi chay ra tir bé biogas phu bat cua trai
lon giéng Thanh Hung thugc Cong ty C6 phan gidng
vat nudéi Ha Noi, tai x4 Tam Hung, Thanh Oai, Ha
Noi. Cac loai nudce thai duge loc nhidu lan qua cac
16p vai, bong, dé loai cac tap chat tho trude khi thi
nghiém. Mau nuéc thai duge 1y nhiéu dot, tir thang
2/2018 dén 9/2018.

2.3. Bo tri thi nghi¢m

Céc loai nudc thai ding dé nudi Spirulina sp.
HH duogc chuén bi nhu trong so db hinh 1. Bao gdm :
nudc thai rugu pha lodng (ti 1¢ pha 10 ml/L, mau M1,
M2) va hén hop nudc thai ba ruou (lodng) tron véi
nude thai chin nudi (sau biogas), theo cac ti 18 thé
tich 1:1, 2:1 , 4:1 (mau M3-M8). Cac dich nudi nay
dugc bd sung NaHCO; theo hai mirc 1a 3 g/L va
5 g/L. Cac mau nudc thai riéng biét va hdn hop duoc
phén tich ndng d6 NHs*, NOs* va PO trude khi nubi
tao. Cac thi nghiém dwoc tién hanh trong cic chai
nhya trong 1,5 lit, v6i dung tich lam viée 1 lit, suc khi
lién tuc, ¢ nhiét do 27°C va chiéu sang 24/24 gio
bang dén huynh quang, cudng d6 chiéu sang
2000 lux. Tt ca cac thi nghiém déu duoc tién hanh
1ap 3mau/nghiém thirc.

2.4. Phuwong phdp phén tich, do dac

Theo dbi téc do sinh truéng cua Spirulina sp.
HH théng qua do mat do quang hang ngay, bang may
spectrophotometer UV/VIS  Lambda  EZ210
(PerkinElmer, USA), budc song 680nm. Bén canh do,
sinh kh01 tao ngay dau (ma) va ngay 10 (mai9) duoc
loc, sy kho & 90 °C va can dé xac dinh ning suat
sinh  khdi theo cong thire: P(g.L'ngay™)
(mazo- mag)/10. NHy" duge xac dinh bang phuong
phap TCVN 6179-1:1996(E) - Chét lugng nudc - Xac
dinh amoni - Phuong phap tric phd thao tic bang tay;
NO;: TCVN 6180:1996 Chit lugng nuéc - Xac dinh
nitrat - Phuong phép tric phd ding axit sunfosalixylic
va PO4*: TCVN 6202:2008- Phuong phap quang pho
diung Amoni molipdat. Protein téng cua sinh khdi
Spirulina dugc xac dinh theo phuong phap Nito
Kjedahl theo TCVN 6498:1999, sau d6 nhan véi
6,25.

3. Két qua va thao luin
3.1. Ddc tinh nwoc thdi ruou (R) va chan nuoi (CN)

Trong nudc thai R, lugng COD rat cao so voi
nude thai CN (Bang 1). Diéu d6 cho thdy nudc thai
CN da dugc loai bo hi€u qua chét 6 nhiém hitu co
thong qua xir Iy yém khi trong ham biogas, nhung
COD trong nuéc ra van cao hon tiéu chuan duoc
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phép xa thai. Bén canh COD cao, ca hai loai nuéc
thai con chtra rat nhi€u cac hop chat nito va photpho
chua duoc xur Iy. Lwong cac chét 6 nhidm nay cao

Bang 1. Pac tinh cua nudc thai chan nu6i (CN) va
nuoc thai ba rugu (R)

hon qui chuan quéc gia vé nuéc thai cong nghiép Thong so | Donvi | Nude ‘thé‘ibg‘cr}m“ Nude thai ,011‘5“1
QCVN 40: 2011/BTNMT nén can phai dugc xir ly gao frvicn -ong | nuOL r trai ‘on
Ve . . X A A R S "\ nghi¢p thuc pham Thanh Hung
tiép trudc khi ra ngudn tiép nhan. Thanh phan NHy (R) (CN)
va PO4> trong nuédc thai c6 thé duoc tao tiéu thy nhu COD L 70.000=100.000 200 - 400
1a ngudn dinh dudng. Giai phap tan dung nuée thai dé me bl -
nudi tdo la mot gidi phap bén viing, vira thu dugc sinh * mg/L 300+500 70 - 300
A . . \ . , k. A X N'NH4
khoi Spirulina vira loai dugc cac chat 6 nhiem. L 0.00-011 02-11
N_NO3' mg ) YU, &= 1y
PO 43' mg/L 300+400 50-100
pH - 4+5,5 4+5,5
Bing 2. Thanh phan dinh dudng dau vao va ti 1&¢ C:N:P clia cic mau nudc thai dung trong nudi tio
M1 M2 M3 M4 M5 M6 M7 M8
NH4* (mg/L) 11,6 11,6 60,7 60,7 87.8 87,8 122,7 122,7
NOs™ (mg/L) 6,6 6,6 7,0 7,5 6,8 7,4 7,0 6,5
PO+ (mg/L) 9,2 9,2 20,1 20,1 23,5 23,5 25,1 25,1
NaHCOs (g/L) | 3 5 3 5 3 5 3 5
N:P 8:1 8:1 16:1 16:1 20:1 20:1 26:1 26:1
C:N:P 369/8/1 615/8/1 169/16/1 281/16/1 144/20/1 240/20/1 135:26:1 225:26:1
Nurdre thai rergru pha
loang v&i ti 1& 10mlAN Nuée thai chan nudi
(N/P=8/1)
1w v | v
4V 2V v
+NaHCO; %
4R:1CN 2R:1CN 1R:1CN
+ NaHCO4 + NaHCO4 + NaHCO4
. 4 Y
¥ Y l ¥ i y l ¥
3g/l 5g/ 3g/ 5g/ 3o/ 59/l 39/ 5g/
M1 M2 M3 M4 M5 M6 M7 Ma
Hinh 1. So d b6 tri thi nghiém va ky hiéu cac nghiém thrc.
3.2.  Anh hwéng ciia i I¢ cic chit dinh dwéng  nhién, néu ding tryc tiép nudc thai nay dé nudi tao

(N, P) dén kha ning phit trién sinh khéi Spirulina

Hon hop ba sau chung cét rugu gao 1a mot loai
chat thai kha phd bién & cac vung nong thon Viét
Nam, phat sinh tir cac co sO nau ruou tmyen thong
Nudc thai tir bi rugu khong chira cac chét doc ton luu
nén viéc dung n6 dé nudi tao Spirulina, thu sinh khbi
lam thtrc an chan nudi hodc phan bon hitu co 1a mot
phuong an ¢6 loi ca vé méi truong va kinh té. Tuy
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thi khong kha thi do tao khong sdng dugc trong dich
thai ¢6 tai lugng 6 nhiém hitu co rt cao nhu vay. Thir
nghiém nudi Spirulina véi nude thai ba rugu dugce
pha lodng cac mic khac nhau thi thdy tio c6 thé phat
trién t6t nhat & mac 10ml/L. Tiép tuc so sanh voi
nuodi trong hon hgp nude thai rugu-chin nudi cho
thdy Spirulina HH phat trién nhanh hon va cho ning
sut sinh khdi cao hon rd rét so v6i nudi riéng bang
tung loai nudc thai (lodng). Vi vay, nghién cuu nay
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tién hanh khao sat hdn hop nuéc thai véi ti 16 phdi
tron khac nhau, c6 ti 1¢ C:N:P nhu trinh bay & bang 2.
Két qua phén tich thanh phan Nito, Photpho trong
bang 2 cho thdy lwong Nito tir nuéc thai chin nudi
CN lam ting ti 16 N:P cia hdn hop, tir 8:1 1én dén
26:1. Spirulina sp. HH tang trudng nhanh hon trong
khoang N:P thich hop. Tiép tuc khio sat anh huong
cia ti 18 N:P dén ning suat nudi trong Spirulina dé
xéc dinh ving N:P phu hop nhat, nham thu dugc ning
suat sinh khdi Spirulina cao nhit. Theo ddi dudng
cong sinh trudng cua Spirulina trong céac loai canh
truong nudc thai ¢é ti 18 N:P khac nhau (hinh 2), thiy
rang Spirulina HH can hai ngay dau dé thich nghi véi
moi truong nudc thai. Sau d6, nd phét trién nhanh
dan va dat tc do cuc dai vao ngdy 6. Pudng cong
sinh truong cua Spirulina sp. HH dat mat d§ sinh
khdi cao nhit tmg véi canh truong c6 N:P= 16:1 va
20:1 & ca hai mirc bé sung NaHCO; 3g/L va 5g/L.
Tuy nhién, cic mau nude thai bd sung 3g/L NaHCOs
cho tdo phat trién ot hon, thu dugc nang suét sinh
khéi cao hon canh trudng dwoc bd sung 5 g/L
NaHCOs (xem bang 3). Ung véi dich nuéi chi co
nude thai ruogu pha lodng M1, M2 (N:P=8/1), sinh
truong cua Spirulina kém hon mau co6 N:P = 16-20.
Ly do c6 thé do canh trudng co ti 18 N:P thip, tuong
g vo6i lugng NH,* va NO5y™ it, tao bi thiéu dudng
chat dé tang truong va téng hop sinh khdi. D6i véi
dich nuoi c6 ti 1&¢ N:P=26/1, mac du lugng Nito co
trong canh truong du cho tdo st dung, nhung
Spirulina van khong phat trién dugc va tan kha
nhanh. Nguyén nhén do néng d6 NH4" dau vao qua
cao, 122,7 mg/L (bang 2), dan dén gay shock va tc
ché t& bao Spirulina sp.HH. Hién tugng nay tuong
dong v6i phat hién ctia Xin va cs, da tién hanh trén hé
thdng 6ng suc khi v6i nudc thai nhan tao [6]. Diéu
nay cho thdy bén canh ti 1 N: P ¢6 anh hudng 16n dén
sinh tudng cua tao, ngudng nong do NH4" ban dau
cua nudc thai cing la yu t6 quan trong dén qua trinh
phat trién cua tao. Két qua hinh 2 cho thiy, néu xem
xét toi lugng cacbon cung cip, chi can 3 g/L NaHCO;
thém vao cac dich nudi c6 ti 1€ N:P tr 16/1-20/1 la
tao didu kién phu hop nhét cho téng hop sinh khéi
Spirulina sp.HH.

Spirulina sp. HH 1a loai sinh tg dudng, do d6 nd
sit dung chu yéu cacbon vo6 co, nhu CO, va
bicarbonate. Trong mdt nghién cuu truéc cua nhom,
Spirulina sp. HH da dugc khdo sat nudi trong nudce
thai c6 thém va khong thém bicacbonate. Khi nudi
Spirulina khong b6 sung NaHCOs, pH cua dich nudi
ngay dau 8,5. Spirulina chi ton tai dugc trong vong 3
ngay va chét trong ngay thir tr. Quan sat thiy dung
dich tao khong dugc thém bicacbonat c6 mau xanh
nhat, nga vang, khac han véi dung dich Spirulina co
bd sung NaHCO; c6 mau xanh 1a gia. Nhu vay
Spirulina hoan toan khong tiéu thu dugc cacbon hiru
co ¢6 trong hdn hop nudc thai va can cb cacbon vo

co. Vi vy thi nghiém khao st luong bicarbonate bd
sung can thiét da duoc tién hanh, véi cac néng dotur 1
g/L dén 10 g/L, Kkét qua xac dinh dugc lugng
bicarbonate phu hop nhat cho Spirulina nudi bing
nude thai chan nudi 1a tir 3-5 g/L. Két qua do duoc
tiép tuc ké thira trong nghién ctru nay.

=== 8/1 (3g/l) =ill==16/1(3g/l) ====20/1(3g/l)
e 26/1 (3g/l) ==e==8/1 (5g/I) 16/1 (5g/1)
5 ====20/1 (5g/1) 26/1 (5g/1)
15
<1
05 |l
O T T T T T 1
0 2 4 6 8 10

Thai gian (ngay)

Hinh 2. Buong cong sinh truéng cua Spirulina HH
trong nudc thai co ti 1€ N:P khac nhau va bo sung
3 g/L hoac 5g/L NaHCO;

So sanh chit lugng sinh khéi tao dua vao ham
luong protein cua sinh khéi thu dwoc thi mau M3 va
M5 ¢6 protein cao nhat (xem bang 3). Nhu vy diéu
kién dinh dudng phu hop nhat cho Spirulina sp. HH
phat trién tot nhat va cho protein cao nhét 1a nudi
bang canh truong hdén hop nudc thai co ti 1& N:P
trong khoang tir 16 dén 20, bd sung 3 g/L NaHCOs,
tuong duong voi ti 1€ C:N:P trong khoang 169:16:1-
144:20:1 (tham chiéu theo bang 2). Ti 1& N:P ti wu
trong nghién ctru nay tuong dong nhu cong bd cia
Redfield, nhung ti 1€ C:P trong nghién ciru nay cho
két qua cao hon (~C:P=144/1 dén 169/1). Nhu vy ¢6
thé thay chung Spirulina ban dia trong nghién ctru
nay phat trién t5t trong moi truong can nhiéu cacbon
hon so v&i trong nghién ctru cua Redfield. Sinh khéi
thu dugc cé protein cao, c¢6 thé dung cho nhidu muc
dich khéc, 1a san pham gia tri gia ting cta qua trinh.

Bang 3. Ning suét sinh khdi va lugng protein cua
sinh khoi tdo nudi trong nude thai N:P khac nhau.

8 = A | Qe B~

25| 2| Z |85 327+ | EBo

28 S| 2| TS F=ad S <

8 M - < :8 < LS~ & -

! = Z Z %

R M1 8/1 3 0,068+0,010 | 43,0+1,5
M2 5 0,034+0,005 | 23,8+1,4
M3 16/1 0,139+0,008 | 55,6+1,7
M5 | 20/1 0,147+0,013 | 59,8+1,8

R- | M7 | 26/1 0,043+0,004 | 25,9+1,3

CN | M4 | 16/1 0,103+0,008 | 44,9+0,7
M6 | 20/1 | 5 |0,112+0,010 | 52,9+1,4
M8 | 26/1 0,052+0,006 | 34,6+1,0
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3.3 Hiéu qud logai bo cdc chat 6 nhiem

Tao Spirulina st dung N-NHs", N-NOs; va
P-PO,* trong nudc thai nhu ngudn dinh dudng dé
tong hop sinh khéi, qua d6 gitip lam giam thiéu lugng
cac chit 6 nhiém N, P trong nudc thai. Tao phat trién
cang manh, cang tiéu thu nhiéu N va P, twong Gng voi
hiéu suét loai bo NH4", NOs™ va PO4* cang cao. Hinh
3 da thé hién 16 két qua do.

a QCVN 40:2011
26/1 (5g/1)
26/1 (3g/1)
20/1 (5g/1)
20/1 (3g/)
16/1 (5g/)
16/1 3g/l)
8/1 (Sg/l) = 88.8%

8/1(3g/1) = 94.8%

mngay 10 Bngay 0

Ti 1€ mol N:P

0 50 100
NH,* (mg/L)
mngay 10 Hngay 0
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Hinh 3. Nong do NHi'(a), NOs (b) va POs(c)
trude/sau 10 ngay nudi tao va hiéu suat xtr 1y, tmg voi
cac dich nuoi c6 ti 1€ N:P dau vao khac nhau.

Trong hdn hop nudc thai ding cho nudi tdo,
Nito ton tai ngay dau chu yéu & dang ammonium, sb
mol nitrat gin nhu khong dang ké. Rat nhiéu nghién
ctru da cho thay tao Spirulina co kha ning dong hoa
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N-NH,* dé tong hop sinh khdi [4,5,6]. Qua trinh dong
hoéa ammonium trong nudi tréng tio da gitp loai bo
lugng 16n N-NH,* trong nude thai. Hinh 3.a. cho thay
sau 10 ngay nuodi tao, lwong NH4" giam gan nhu hoan
toan, dat hiéu suat tir 94-97,5%, tuong Ung voi hai
loai canh truong c6 ti 1€ N:P= 16/1 (M3, M4) va 20/1
(mau M5, M6), cho Spirulina sp. HH phét trién t6t
nhit. Hiéu sudt cao nhat 1a 97,5 % tng véi canh
truong nude thai co ti 1é C:N:P = 144/20/1 (mau MS).
So sanh voi tiéu chudn x4 thai QCVN
40:2011/BTNMT, cac mau déu c¢6 lugng NHs* con
trong nudc thai sau 10 ngay nudi tao thap hon tiéu
chuan, ngoai trir hai mau M7 va M8 (1a mau cé ti 1¢
N:P=26/1). Nhu vay, voi ti 1€ N:P phu hop, tur 16:1
dén 20:1, Spirulina sp. HH ting truong manh nhat
dong thoi tao higu qua cao nhit trong xir Iy N, P cua
hdn hop nudc thai. Két qua nay kha twong ddng so
v6i cac nghién ciru cung loai, vi du nhu so vai nghién
ctru cua Choi va Lee trén tao Chlorella vulgaris, ti 1€
N:P ctia nghién ctru ndy ndm & khoang gitra [4].

Maic du nitrat tdn tai ngay dau véi lugng
khong dang k&, nhung ting dan theo thoi gian, do suc
khi gitp cho qué trinh nitrat hoa dién ra. Nitrat la
thanh phﬁn dinh dudng uu thich cho tdo tiéu thy, vi
thé luong nitrat hinh thanh trong canh truong sé dugc
tiéu thy nhanh, giup cho nudc thai sau nudi tao loai
b6 duoc tdi da N-NOs~. Hiéu qua loai bd nitrat cao &
cac nghiém thirc tir M3 dén M6. Trong d6, hidu suat
dat cao nhit & nghiém thirc M5, 98,1 %, tmg v&i hdn
hop nudc thai co ti 18 N:P 1a 20:1, bd sung 3 g/L
NaHCO; (hinh 3.b).

Hiéu qua xir Iy PO,* trong mau tir M3-M6, ung
v6i hon hop nude thai co ti 1€ N:P = 16/1 va 20/1 la
cao nhét dat 83,1-86,8% (Hinh 3.c). Hiéu suat loai bo
PO4* thép nhat, 55,4% va 58,2%, khi Spirulina sp.
HH phat trién kém nhét, tvong Ung v6i mau ti 18
C:N:P = 135/26/1 va 225/26/1 (M7 va M8). Két qua
nay pht hop voi két luan cia Choi va Lee, khi ti 18
N:P qué cao thi photpho thiéu hut, tr& thanh yéu t6
gi6i han d6i v6i qua trinh phat trién cta tao [4].

4. Két luan

Hon hgp nuée thai ba rugu gao (R) va nude thai
chan nu6i (CN) sau biogas c6 ham lugng Nito,
Photpho cao phu hop cho nudi trong tio Spirulina.
Két qua nghién ciru da xac dinh duoc ti 1¢ dinh dudng
N:P tir 16/1 — 20/1, bd sung 3g/L bicacbonat 1a diéu
kién phu hop nhat cho tiao Spirulina sp. HH phat
trién. Bén canh tao sinh khdi c6 ham lugng protein
cao (55,6-59,8%), diéu kién canh truong nay ciing
cho phép tao hip thu N, P manh nhit, cho hiéu qua
loai bo chit 6 nhidm trong nudc thai cao nhit. Hiéu
suét xir Iy cao nhiat NHs*, NOs™ va PO,* twong tng 1a
97,5%, 98,1% va 86,8%. Nghién ciru cho thiy tinh
kha thi cta viéc tan dung cac nguén nudc thai rat sin
¢6 & nong thén Viét Nam dé nudi trong tao Spirulina,
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thu sinh khéi giau protein, ¢ thé ding cho nhiéu muc
dich khac.

Loi cdm on

Cac tac gia chan thanh cam on sy hd trg tai

chinh cho nghién ctru tir truong Pai hoc Bach khoa
Ha No6i (ma so de tai T2017-PC-014).
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