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Isolation and optimization of nitrate and phosphate removal by green algae

isolated from wastewater of food industrial
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Abstract

Green algae are able to remove inorganic nitrogen and phosporus from wastewater. This work aimed to
isolate green algae from food processing industrial wastewater in Phra Nakhon Si Ayutthaya province that has highly
efficient removal of nitrate and phosphate from wastewater. It was found that twenty-one green algae strains were
isolated from wastewater samples. All green algal isolates were grown in sterile wastewater (pH 7) at 30 °C under
light intensity of 30 pmolphoton/mz/s for 18 h per day and shaking at 120 rom for 5 days before measuring chemical
characteristics of wastewater after cultivation. The results revealed that isolate FPI 18 showed the highest nitrate and
phosphate removal and also showed the lowest BOD and COD when compared with other green algae isolates. The
genetics characterization of green algal isolate FPI 18 was classified by using 18S rDNA squence and phylogenetics
tree analysis. The results indicated that green algae isolate FPI 18 showed their similarities comparing to the green
alge in the genus of Tetraspora. Thereby, this strain was named Tetraspora sp. Rmutsb FPI 18. In morphological
characterization under light microscope, Tetraspora sp. Rmutsb FPI 18 has an oval shape and 5-6 pm of diameter. In
addition, single cells and 3-4 cells surrounded by transparent sheath can be observed. Furthermore, some
parameters for nitrate and phosphate removal by this strain such as pH, temperature and light intensity were also
examined. The results showed that the best condition for nitrate and phosphate removal from wastewater by
Tetraspora sp. Rmutsb FPI 18 were initial pH 8, temperature at 30 °C and light intensity of 50 pmolphoton/mzls for 18
h per day. In addition, the reduction of nitrate and phosphate under these conditions corresponded to the increasing
of Tetraspora sp. Rmutsb FPI 18 biomass. The best of each condition was combined and designated as “optimal
condition”. The optimal condition in wastewater was used for cultivation of Tetraspora sp. Rmutsb FPI 18 and
compared with control condition (wastewater initial pH 7, 25 °C and 30 pmolphoton/mz/s for 18 h per day). The
results revealed that Tetraspora sp. Rmutsb FPI 18 showed high capability to remove nitrate and phosphate from
wastewater with removal efficiency of 93.65 and 96.65%, respectively under cultivated cell in optimal condition.

Keywords: green algae, wastewater treatment, nitrate, phosphate, food processing industrial wastewater
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Table 1 Chemical characteristics of wastewater after cultivation 21 green algal strains for 5 days.

chemical characteristics

green algal N 3 , >
DO BOD COD NO, PO, NO, PO,
isolate pH
(mgO,/L) (mgO,/L) (mgO,/L) (MglL) (ug/L) removal (%)  removal (%)

control 582+0.04  1.23+0.05  315.00+27.11 1803.00£23.12 2560.16+11.72  959.15£8.12 0.25 0.49
FPI 1 8.42+0.14  9.53+0.35 77.66+2.30 1734.00£12.20  2403.86+11.20  484.80%6.52 6.34 49.71
FPI 2 7.87£1.00 9.74+0.46  72.30+45.20 970.00£36.95  2354.12+10.80  634.38+7.34 8.28 34.19
FPI 3 8.45+0.06  8.26+0.25 51.30+0.00 1261.00£18.47 2161.97£9.15  650.03+8.11 15.77 32.57
FPI 4 9.02£0.11  9.73+0.34 76.30+3.05 1400.00£0.00  2108.76£13.45  540.38+6.45 17.84 43.94
FPI 5 7.88£0.16  9.12#0.42  83.00+28.79 864.00£32.00  2055.45+10.81  692.98+4.56 19.92 28.11
FPI 6 7.93+t0.19  6.91£0.02  90.004#34.77  1,002.00£18.47  2038.68+19.76  494.54+3.89 20.57 48.70
FPI7 8.46£0.10  9.45+0.78 55.66+7.09 1397.30+18.47  2025.16+14.12  579.31+4.11 21.10 39.90
FPI 8 8.52+0.14  9.46+0.52 63.00+6.08 789.33+48.80  2071.12+19.45  451.15+5.98 19.31 53.20
FPI 12 7.76£0.12  9.04+0.44 33.60+8.73 1034.00+18.47  1786.14+12.45  554.17+6.15 30.41 42.51
FPI 15 8.16+0.08  8.70+0.24 69.30+5.85 972.00+18.48  2116.23+21.49  657.1547.32 17.55 31.83
FPI17 8.00£0.46  9.38+0.23 54.70+37.81 981.00+48.88  1908.19+12.65  697.17+3.47 25.65 27.68
FPI 18 8.50£0.34  9.57+0.09 26.30+1.52 405.00+£18.47 954.29+8.41  293.77+1.22 62.82 69.52
FPI 21 8.31£0.18  8.97+0.00 45.66+0.57 725.00£22.00  2149.85£19.11  764.12+3.45 16.24 20.73
FPI 24 8.35+0.15  8.35+0.19 65.00+2.00 1376.00+32.00  1894.56+15.23  786.15+6.54 26.19 18.44
FPI 26 8.34+0.21  8.61+0.16 152.30+9.00 810.00£36.95  2184.60+19.23  765.76+6.42 14.89 20.56
FPI 27 8.36£0.07  8.13+0.18 114.60+8.14 1525.00+36.95  2237.66+11.21  729.81+7.43 12.82 24.29
FPI 29 9.32+0.26  9.32+0.14 42.30+5.50 1013.00£66.61  1921.96+12.18  454.12+6.87 25.12 52.89
FPI 30 8.18+0.26  8.42+0.18 33.30+4.16 1098.00+48.88  2094.35+17.45  524.56+5.67 18.40 45.58
FPI 31 8.30+0.51  8.85+1.29 72.00£6.65 1098.00+48.88  2184.68+15.14  689.76+4.98 14.88 28.44
FPI 32 8.30£0.09  9.70+0.06 48.00+6.08 853.00£36.95  2317.80+15.34  665.67+5.34 9.70 30.94
FPI 34 8.84+0.09  7.71+0.14 78.30£7.50 725.00£18.47  2201.64+12.13  698.97+6.51 14.22 27.49

" Control is wastewater without green algae.

=) o o ] a
HNAMIANATRIN UG IBIANT A L‘ﬂ?;I’JVL@IGI] AN
FPI 18
=) o o ' a A
AMNNITANNANLW U UBIRUTEIA LT enlaloian

FPI 18 Tneinns@neansuTiaaale Mz 18S

rDNA faeimatiaL]izengnitwefiueiss wavinan
FuaadianlpstiaTa wanmaaeswudn linansine
#ianF 2uAazinn 1,500 Aiua T9ReiLauIm

a o caa r::ll % My 2 :/I
raauindenFneaudals (W15 uansdiays) aniiu
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UHARAT NS IEgVE wavasaimsnzt
asuiiapala g tneld forward wawes waannnng
o a & 0 o a al Ty o o a al 3
ganzdiansy doepdaleng lBansuiandlalng
Winu 1,048 fapdlalng tneannnismaaealfasy
a = o = 1 1 :; dl o 1 o
Hord lalnd i esunsduwiniu dee sl Asummauan
ya o R o Ny . k4
fiadeAsedbi1fvaian accession number angdieya
NCBI Ineluswnaniaaelfoneunuiazddinsed
o o a al & k2 'Y ' di ¥
aruilanalalndainnisld reverse Insies iald
THansuilandlnsnanysnl uazaaLas accession
number el wazarnnisnansuiaaalalng
undan iF i uFauauiugudieya NCBI Ineld
Talsuns BLASTN RANNINARBINLaNd@ s ediden
FPI 18 anenusndmesiuanuiediden Tetraspora
sp. CU2551 (KT984853.1) nnfigandsasias 98.93
n&Aeiuanuiediden Coelastrum astroideum
var. rugosum strain UTEX2442 (GQ375393.0) ke
Asterarcys sp. YACCYB527 (MH683929.1) 5agiay
98.73 agelsimuieunarsuianaleng luvin
WNUARAMUINI9592835 neighbor-joining  (NJ)
phylogenetic tree (Fin bootstrap 71w 1,000 replicates)
TnaAmdenaminedidanaing uiiesya NCBI Tnald
a o oA aa =
AATRIA VI ALTE NHAMNNAINTAE LazH
v - o o a P
SeearANNINeuTesaAuaAd e InMileiiey
fiulalman FPI 18 a1nsnsna BLASTN aeflutadatias
98.54 21l el &m9ei@ e Catena varidis clone
KR 914 {11 out group AINNINARBINLIIN AUl
a a 1 1 a A
Adeq FPI 18 wannguaanuiana e @iaien
Atfaaw) agednian (Figure 1) aenglsfimuansiy

fiondlansaasanvise® @ FPI 18 Ntinumiusn

AN nTuaFuTa AR AN U198

[%
o o

v ¥ o v a a rall 'S 1 al’/

satiutinlianauianalalndnanysaluanndni
o v o 1 1 o b4 % QI 4’/

e llinednnguaesa e fgniiesanntiea
wenantileAnmdngidnenneliind e ansael
wuI@mediden FPI 18 Janwoue IndiAaeiy
Tetraspora sp. CU2551 (Maneeruttanarungroj,
Lindblad, & Incharoensakdi, 2010) WALTARN I
Wann4n (Figure 2A uaz 2B) Tnaausnediden FPI 18
Hgtlienan mnatlszanns 56 Wlasuns Tneazisiu

flumadiaen visewiuiu 3 uwas 4 1mags A8 lHTn

—

v
v o

1 a a a o A va =2 dl ]
amiedidanluadall aulugideacssioaniie
a a d’jl
Adelaltian FPI 18 191 Tetraspora sp. Rmutsb
FPI 18 uaziiaudsanaiugiliAnmaniosi
winzanlunndaunmuaseginaluwin@esie 1y

oAl 1 o o

HATENATNLRTABNNIN N9 A AT iasNadinmn
lugnuseidlen Tatraspora sp. Rmutsb FPI 18 a1nnng
WNZAENAUINLA TEn Tatraspora sp. Rmutsb FPI 18
Tus@eenun1seind@ends wazulsduA e
Tusin@ewiniu 4, 5, 6, 7, 8 waz 9 Wnziazay

o 1 0’1 al t-dld 1

92821980 5 Ju Han1IAaesnLdn luindenden
= QI b % 1 o Y o o o
Mataufwiniy 8 IaAnisnianlunmuas
WosnANgARAZILANGNANANIOTE ] 889
Had1ATYN19ans 1agl Tatraspora sp. Rmutsb FPI
18 gnunsannan lummuazaawnlisesay 79.74
WAz 80.32 ANA1AL (Table 2) AINNANNINAART
IAaanAdeeLa11uR 819 Sabeti, Hejazi, & Karimi
(2019) RannznwnnzanlunimianlinImuas
Wegln lindalaaausned @en Chiorella vulgaris
TiAnn4n lumsnuaznasimngega luindandan

NATWINTU 8 WANANTNATBINIAAAIUES ATy
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uazeawmndiganadasiudanna (Fnaintnmin
N Y
iraaLiia) Mivaa IneAiie 8 TANT9NIagagn
WAZWANFNRINANNRTEU BRI A ATYNI
and TnadAnTauaawini 0.693+0.045 nFusiaans
(Table 2) BanaINRAANLET 8 1NN AADITDY
Li, Horsman, Wang, Wu, & Lan (2008) i1 l#ianv3a
23219 Neochloris oleoabundans AnNNTaLaNTINIA
4940 Uara11130N4a lummliunigaanon
TnaialiudaAWiaalnamanisiasnyaesaiviig
o = | A A \ a |
aden Tng A WeT NNz aNFBNITLAs YA g
lusgag 6-8 (Larsdutter, 2006) ANNLATNGIVEDA
Nulanagdenamanis WwiylAuln n1snauees

aafuniuag wuled uazilsfiusne) neluaad

10981318 R1 3819 (Jia, & Yuan, 2306) Wananil

ANNLATEIAINARAON19AATNANT0INT LU
wonTuidle lummuazneaaluumsin lEangae
Tnelnfdleaminefinisstenniuevlaoanlss
azdinmnan OH daainfirnfetluumaaingdu
farnienfigdiluninsensdumsedlusm
waznaawn i1l unadunsniaseginnlu
LLMinfﬁ@ﬂ@ﬂfﬁ (Sayadi, Ahmadpour, Capoorchali,
& Rezaei, 2016) TUMPaena WA e T

winriu 8 iluAMwanzanlunaesuazn1maan

lumsnuaznadwnaesdnia@ilen Tatraspora

A =

sp. Rmutsb FPI 18 fluldlfdnfaetsanane
M liiamsneinsaadnlunsmuaswaams b4
Tuninasaiduiannnae Al lummuas

Woaunanaannign

(3) MH683929.1 Asterarcys sp. YACCYB527

(4) MF039332.1 Asterarcys quadricellulare isolate S2 18S
(10) KM985412.1 Chlorella sp. QUCCCM62

(17) KM985402.1 Chlorella sp. QUCCCM35

(11) AB917099.1 Pectinodesmus sp.

(24)| (5) KP726229.1 Coelastrum pseudomicroporum strain KLL-G006

(23)

(22)

Figure 1

(6) GQ375093.1 Coelastrum astroideum var. rugosum strain UTEX2442
(16) MH166738.1 Tetradesmus obliquus strain UPMC-A0057
(2) KT984853.1 Tetraspora sp. CU2551
(9) KP726226.1 Coelastrum microporum strain KLL-G005
(8) KP726227.1 Coelastrum pseudomicroporum
(7) LC192134.1 Tetradesmus dimorphus
(1) Green algae isolate FPI 18
(12) KX495090.1 Acutodesmus bajacalifornicus isolate SM14-2
(14) KM985413.1 Scenedesmus sp. QUCCCM63
(21) | (13) KX495079.1 Acutodesmus bajacalifornicus isolate SM8-3
(15) KF879582.1 Scenedesmus sp. R4
(18) AH012205.2 Catena viridis clone KR 91 4

Phylogenetic tree using the obtained 18S rDNA sequence of green algae isolate FPI 13

(underlined) and 17 other green algae species. The accession number available in the NCBI

database shows in front of each name.
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Figure 2 Morphological characterization of Tatraspora sp. CU2551 (A) (Maneeruttanarungroj, Lindblad,

& Incharoensakdi, 2010) and Tatraspora sp. Rmutsb FPI 18 (B) under light microscope.

Table 2 Effect of initial pH on nitrate removal, phosphate removal and biomass under cultivated cell of

Tatraspora sp. Rmutsb FPI 18 in wastewater for 5 days.

nitrate (NO,)

phosphate (POf)

- : - - : - biomass
pH NO, concentration NO, removal PO,” concentration PO,” removal
(Mg/l) (%) (Mg/l) (%) ot

4 1186.87+6.56 53.76° 489.45+3.45 49.22° 0.273°+0.128
5 1045.36+8.83 59.27° 402.18+2.69 58.28° 0.347°+0.005
6 997.98+9.39 61.12° 376.78+3.90 60.91° 0.435°+0.017
7 954.29+8.41 62.82° 203.7741.22 69.52 0.517°£0.011
8 520.1245.12 79.74° 189.75+2.23 80.32° 0.693°+0.045
9 852.12+6.09 66.80" 389.52+2.19 59.59° 0.491°+0.037

The lowercase letters in the same column represent significant differences according to Duncan's test (alpha = 0.05).

raneNg N san1nAn lumsuazweamn
luaminedden Tatraspora sp. Rmutsb FPI 18

AR ENEWINER S e Tatraspora
sp. Rmutsb FPI 18 Tutini@efituntsanidous
uaY LLﬂiﬁuﬂquﬁluﬂﬂiLWﬁtLﬁwﬁﬂWﬁﬁ/‘l_l 25, 30,
35 WA 40 B9ALTATE nziAtalusrazioan
5 S HANNINARDINLAN TUAN1IENNTIN LR

AUNN 30 avAaLEd 1iAN1IANA A LR

q a

waznadNAANAA WAZULANAINAINYIUUNRE
aeialiednATnn9ania Tne Tatraspora sp. Rmutsb
FPI 18 @unganianlumsnuaznagmnlésesay
88.62 LAY 89.08 MNANFL (Table 3) WaNANT
o o o o g ~ P

flaaanA&eItUTINIaNINTaTANNINNAALND
PNZLARN Tatraspora sp. Rmutsb FPI 18 ﬁfqm‘mqﬁ
30 avAaded IneliiATauaawingy 0.858+0.004

NEUFDARNT (Table 3) NIANAALLAINLAZ WAL A
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Pingnmnil 30 esrnaaides senadesiiaiise
189 Martinez, Sanchez, Jiménez, Yousfi, & Mufioz
(2000) Ainnzideaanvined den Scenedesmus
obliquus Tutin @euTu uazdiannAdediaian
284 Ogbonna, Yoshizawa, & Tanaka (2000) ﬁqux@”m

#"u3eRie9 Chlorella sorokiniana wazlmenTu-

a

N al L . & o A
WLANLIY Spirulina platensis quWL@ﬂwfﬂquﬂu

al

30 a9ANTA A a1NNTanan umamlFDeiesay

45.4 unz 100 mwanay Inavialigunnfinase

maistyiAninresaniedden Wesaingnmni

a

fuasefanssnyevieulaisne uarinase
wUnLRATNFNe Melaad (Taziki, Anmadzaden,
Murry, & Lyon, 2015) Imﬂfqmuﬂﬁﬁmmmm@m@

a

wenyhulmrasamseluwasseutiuazeg Ntlszunng

25 BNALTALT I (Renaud, Thinh, Lambrinidis,
& Parry, 2002) @u318@ilaauN9d18WuELHe
)N NN geTu dRsnnsdansnzifnauasay
P ' = = °
A9UU TIRINARBNITATNAITDINT 99NTIN9UN
Twmsnuazweandingaad liunau (Jiménez,
& Niell, 1991) Taalunisdnuaialingungdl 30
BNATATE @ U8R Tatraspora  sp.
Rmutsb FPI 18 @1:1307140 liasnuaznaginm
o | oA a0 = o
1Hgandnfguungien (25 asATaLTias) uslie
Wingounni Liigeuilu 35 uay 40 asrngaden
AnsnanlulmnazagNANaUARAT Lana i
WU @N1NZAanane NN ZANFAB NN WU

wnlmad wazAizan1daAsidae waalua e

= o et
mmmmﬂwuqu

Table 3 Effect of temperature on nitrate removal, phosphate removal and biomass under cultivated

cell of Tatraspora sp. Rmutsb FPI 18 in wastewater for 5 days.

nitrate (NO,)

phosphate (POAB')

temperature (°C)
NO, concentration (Hg/L)

NO, removal (%)

biomass (g/L)

>
POAS' concentration (Mg/L) PO,” removal (%)

25 954.29+8.41 62.82°
30 292.1142.99 88.62"
35 498.1243.12 80.59"
40 692.15+3.43 73.03°

293.77+1.22 69.52° 0.517°+0.011
105.23+1.33 89.08° 0.858°+0.004
250.12+2.14 74.05° 0.629°+0.045
298.14+2.18 69.07° 0.522°40.017

The lowercase letters in the same column represent significant differences according to Duncan's test (alpha = 0.05).

NALR9A N NLAIARNTTANAA R TNUAY
Wodlnluausnedden Tatraspora sp. Rmutsb
FPI 18

d’/ ] a A

AINNITINILLALIAINTUALTYN

Tatraspora sp. Rmutsb FPI 18 Tuiidefdnunisg

gndandn waznilsdumaiuidnuaslunng

WNZLALNLYINAY 15 30, 50, 100 WAY 200
TulAslua W RaUFADA1I 1N ATAT U T LuAN
18 daluaredn wiziasailuscazioan 5 Ju

NANIIN mmwudﬂu@mqzmsmwuﬁmﬁmm

a a

Winnas 50 TulnslualnmausamnisnannsFe W

]
=

lLidrnasiidnlumsnuaznaaiianngn
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o

wazuANFiaNAMNEiNLAtR atelitid ATy

NNADRA LAY Tatraspora sp. Rmutsb FPI 18

gannnsantanlummuazegwnlésasas 77.40

v
o o

LAY 83.39 MNNATAU (Table 4) uUaNANTE
o _— A ~ a
aanAREINUTINIANNNTAzANNINNgALN D
INZLAEN Tatraspora sp. Rmutsb FPI 18 Apanu
v o 1 F = 1 o
inuwagnanang laalfiA@qanqaindy
0.667+0.040 NSNFDAMNT (Table 4) TIRAAARDY
o 1 v d’/ 1 a A
Aunissigaruneuntiitlug nsnad dan
Haematococcus pluvialis (Kang, An, Park, & Sim,
2006) Az Scenedesmus accutus pvuw02 (Doria
et al., 2012) F9@ 181N 19A LRI lAR LN
wnzlasaiAdnwgs 50 ulasTualnnausa
1 a = v o
AN9LNATABAUNN LarlndlAsaiunisTeanuly
av3e@l8a Chiorella vulgaris NANNIIANRNAA
Tunmuarnagmnanninds lFaEemnsiasly
annznnANdnwas 58 lulasiualvinausa
A191NATARAUT (Lau, Tam, & Wong, 1995)
TnevialudauaafluntlasadAny lunnsdansmet
FneilaaadaN NI A Len Tannliausneannne
a a A o A & o o o o
WwinylAulnuaziin@onas anvedanandaeiu
ATTUIUNNTANNARNI9N N IULLAE Tasn19Ls
v o % 1 a a = o
AN uaIazn Wia1 e aaq N30 Tman
uazeamaiingeaduniu denaliflunsmuay
Wogawmluunassinanadld (Taziki, Ahmadzadeh,
Murry, & Lyon, 2015) TIADAARBINLNIINAAD
Tupfell lainaudinuas (15-50 TuinsTualn
ADUABANIINLNATFADIUNN) N1TANIA ULATNILAL
Weadnaesa11nediden Tatraspora sp. Rmutsb

FPI 18 1ingalu atslsfimuiiliaiiiungu

dinuaslfinanawiiu 100-200 lulasTualnneu
AER1TINATARA U n1gnnanluiRInuaY
Wagilnanas anafulllgdniiendnuduuas
Qﬁ”u FARANALAANTELIUNNG photoinhibition
%qﬁﬂﬁmim‘%mlﬁuim UAENITAIATITISILAS
fianas denaliinnasndnlummuazraginaanas
(Markou, & Georgakakis, 2011)
AInnNIInAaadnlsduAiiat guugi
LazANAENLAS T inILaN L RIMEN ZaNTea
winzlade Aswhannsfimnanveusasiade
Wi AR R AT LA T e g A
Ineguie@den Tatraspora sp. Rmutsb FPI 18
Taeignnsiianzantlsznandog ArfieTEu i
Wil 8 qruugivindu 30 asATaITud way
Adnugayingy 50 TulasTualnneusanisna
WAIAEAUNT Fn&n1nzAINaN291 “an1aeT
WINIZAN" 38 “optimal condition® Taainnng
naaesFaufaufuanazlnanlilunis
WziBEAe AnfeEubu 7 quuund 25 an-
waded wazAadnugs 30 lulasiualineu
AEANTINATARIUNT LFUNANIIZAINAI297
“ANNITAILAN" 1#9 “control condition” HANNg
NARBILAAIA (Figure 3) %awudm’ﬁmwwmﬁyﬂq
gauine@len Tatraspora sp. Rmutsb FPI 18
TuiRegnasiimanvan WAnnassalumem
waznaalngandnaniazALAN IneaIu9
AanlunniasneamnlinGesas 93.65 uaz
95.65 MINANAL (Figure 3) TnenilaiFauiieny
n13n9 lumInuazNeawnaes Tatraspora sp.

Rmutsb FPI 18 fuaude@ilenaneiigsine
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ﬁﬁiuﬂﬁugﬂmﬂ@ (Table 5) WUAN Tatraspora sp.
Rmutsb FPI 18 use@nininlunisnnanlumam
wasrlagnnlndiAesTua v adiTanfidlesny
wazdaddse@niaanlunisnianluinsnuay
WaamliAndnaiusnadilaaunsanawug
11 Chlorella sorokiniana (Ogbonna, Yoshizawa,
& Tanaka, 2000) Waz Chlorella vulgaris (Gonzalez,
Canizares, & Baena, 1997; Ruiz-Marin, Mendoza-
Espinosa, & Stephenson, 2010; Sabeti, Hejazi,
& Karimi, 2019) iusiu tunsuanaliiiugn
aniediden Tatraspora sp. Rmutsb FPI 18
Fdsz@nsnnlunisiisnlummuazneamnann
deld venaninanaetliainnismazian
gauine@lan Tatraspora sp. Rmutsb FPI 18
TuriiAeAedanaa sagunsotinll s T
Tudausinee] 18 i nasunAuL 81NN

LAaraIu134nT atlelsAmINNIINAARIT
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v C My & o A . .
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winAuinaesauingld seiulunimaans
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pfadnlUgAqE i nsunuRasnnae I zIaL
a1 diden Tatraspora sp. Rmutsb FPI 18
Tt @R it unisi113e uardnAn TKN
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Table 4 Effect of light intensity on nitrate removal, phosphate removal and biomass under cultivated cell of

Tatraspora sp. Rmutsb FPI 18 in wastewater for 5 days.

nitrate (NO,)

phosphate (POf)

light intensity - - - - biomass
) NO, concentration NO, removal PO,” concentration PO, removal
(umolphoton/m®/s) (g/L)
(wglL) (%) (Mg/L) (%)

15 1098.87+12.36 57.19° 389.12+2.33 59.63° 0.326"+0.023
30 954.29+8.41 62.82° 293.77+1.22 69.52° 0.517°+0.011
50 580.15+9.15 77.40° 160.11+1.14 83.39° 0.667°+0.040
100 750.22+6.71 70.77° 256.65+2.59 73.38° 0.598°+0.012
200 940.1545.82 63.37° 390.11+2.45 59.53° 0.413°+0.015

The lowercase letters in the same column represent significant differences according to Duncan’s test (alpha = 0.05).
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Figure 3 Nitrate and phosphate removal by Tatraspora sp. Rmutsb FPI 18 under cultivated cell in

control and optimal conditions.

Table 5 Nitrate and phosphate removal from wastewater by Tatraspora sp. Rmutsb FPI 18 compared

with other green algal strains.

green algae condition NO, removal (%) POA} removal (%) references
Tatraspora sp. Rmutsb food processing industrial wastewater, 93.65 96.65 this study
FPI 18 pH 8, 30 °C and 50 pmolphoton/mz/s
for 5 days
Chlorella sorokiniana high strength organic wastewater, pH 6, 30 °C 45.50 - Ogbonna,
and 100 pmolphoton/mz/s for 3 days Yoshizawa, &
Tanaka (2000)
Chlorella vulgaris wastewater effluent, 25 °C and 135 74.3" 70.2 Ruiz-Marin,
pmo\photon/mg/s for 2 days Mendoza-
Espinosa, &
Stephenson
(2010)
Chlorella vulgaris wastewater, pH 8 and 26.3 °C for 2 days 85 7 Sabeti, Hejazi, &
Karimi (2019)
Chlorella vulgaris agro-industrial wastewater, 20 °C and 60 - 55 Gonzalez,
pmo\photon/mz/s for 9 days Canfizares, &
Baena (1997)
Haematococcus primary treated wastewater, pH 7.5, 23°C 100 - Kang, An, Park,
pluvialis and 50 pmolphoton s for5 days & Sim (2006)
Scenedesmus obliquus wastewater effluent, 25 °C and 152 100 60" Ruiz-Marin,
pmo\photon/mz/s for 2.1 days Mendoza-
Espinosa, &
Stephenson
(2010)

" Ammonium ion (NH;)

“ Total phosphorus
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