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ABSTRACT

Project Code: PDF/35/2544
Project Title: Sustainable Treatment/Utilization of By-Products from BMR Septage Treatment
Investigator: Assistant Professor Siranee Sreesai, Mahidol University
E-mail Address: phssr@mabhidol.ac.th
Project Period: July 1, 2001 to June 30, 2003
Factors affecting growth of Chlorella sp. in treated septage and the tertiary treatment

efficiency for effluent from Nongkhaem Nightsoil Treatment Plant were studied. The treated
septage was examined to determine the chemical properties. Batch cultures of Chioreila sp.
were fested at light intensity provision of 3,000, 5,000, and 8,000 luxes. After that factors
effecting Chiorefla sp. removal efficiency by M. macrocopa at starting number of 100, 200
and 300 org./L and light intensity of 3,000, 4,000, and 5,000 luxes were studied.

The treated septage, before the tertiary treatment, contained higher pollutants when
compared to the industrial effluent standard and building effluent standard. It was used for
culturing Chlorella sp. with a starting quantity of 100 mg/L. Results showed that the
statistical significant (p-value<0.05) factor influencing the treating efficiency and algal growth
was at light intensity 8,000 luxes. Culturing Chlorella sp. at this settled laboratory had a
culturing cycle of 8 days. Chlorella sp. had the maximum growth on the fourth day and the
measured amount of algal biomass and chlorophyll were 356 and 5.34 mg/L, respectively. It
could remove to Total Kjeldahl Nitrogen and total phosphorus 85% and 83%, respectively.

The treated septage effluent with concentration of Chforella sp. 300 mg/t. had been
further treated by using M. macrocopa to eat up the Chlorella sp.. The results showed that
the statistical significant {p-value<0.05) factor influencing Chiorella sp. removal efficiency and
providing the highest M. macrocopa production were the starting number of M. macrocopa
100 org./L. and light intensity provision 3,000 luxes. It was counted to a ratio of Chiorella sp.
to M. macrocopa 3:1. The maximum production was occurred at the sixth day of culturing
and received production of 36,600 org/L. This also resulted in 9% of TKN and 6% of TP
additional removal efficiency. The effluent of treated septage after removal of Chlorella sp.
by M. macrocopa had fewer pollutants and met the effluent standard quality. The study
should be continued by running under field condition in order to evaluate Chiorella sp. and

M. macrocopa culturing efficiencies together with effluent treatment as a whole.

Keywords: Septage wastewater, Chlorela sp., Moina macrocopa
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laiifin 40 mg/L
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. A PR
ANBUTAMANTATDINURIAIUG  [AauBannaN  W.A.2542 - @BunIngtaN
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31 90 @289

-pH 6.7-80
- BOD, 630 - 5,500 mg/L
-COD 1,108 - 76,075 mg/L



- 8§ 980 - 43,633 mg/L
-TKN 344 - 4,880 ma/L
-NH,;-N 135 - 1,200 mg/L
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2.2 MEWAStABIdIM T Chiorella sp. Twszumindaninds

#1318 Chiorelia sp.
- - [} - -l o ] J’
Chiorella sp. ¥alWagluaroning Protista, FafanuncAugudsdalud (10, 11)

Division; Chlorophyta
Order: Chlorellales
Family: Chioreliaceae
Genus: Chiorella
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Al 2.1 sauneumalnaunmTues Chiorelis sp.

TNV USume (%)
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nwiadulazesamens Chiorolla sp. (15, 16, 17)
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. A [ A' ] - - 1
uuasfifinadonnAuduinvessmiig  Chioreliz sp. wdanjiidnms wuhdwau
P ' [V B ¢ i w . A
wradiAndwdu 2 rinlunan 1.2 Swdladsefienudiuuas 3,000 uas 5,000 snd uaile
: J L b J A. ] L [} ]
WeafianuiuLgy 1,000 sndasltiag 2 SwRaldmitAvsessmnoidludiuau 2 1

- o o, & v - .
awnnitduiRspAgananTznunIin eIz Igaue aTsvURLIAIa RN

1 u

aunplifiunumédnlunaeigfulawazmsfuiuivasewite lutgmunnil 30 - 34

1 L] hd

paruaaidomilutiwgunpifiwunziuniaeigidulaas Chiorelia sp. thagmnpiien
ni 20 viagendn 37 ssrnradessshivmanziumasdydulaas Chiorelia sp.
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2. @138917 (Nutrient) (10, 16, 17)
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ALGAE
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Co,
New Algae cell
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New Bacterial cell
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1, Facultative Pond #a 1lafillaan@iaudne Seszflanuinvadtiaynnniy
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a 1 J Y - “ ¥
athedtaiflasdroluwadainfifionann awnefiigidulalwlethiedudeszuy
HROP waniinestrsdunendanlinud daflumssassunistassanaaidunidans

wuafiIy (Oxidative Bacteria) ﬁotﬁu".ﬁnﬁiu Facultative Heterothrops Simslfaniuan

unfeesse 50
- AI al L 7
IMIVENLAYINDY

g1 (4) nsEnswuhenumiuinEuduuedsmiig Chiorelia sp. Inada

[ H & - '
m‘mmﬁmm‘lu‘[mmuua:ﬂaavlamluﬂm.ﬁumnmfmamqm dinanunyiuiunal
FMTEFUGUYNY 6 x 10° uaz 3 x 107 [waddaladfay sanTnaalulanawlaianas

85 uR: 77 audeu uRsmunTnaaasnatdTana: 75 uay 56 anudeu

Gantar et al., (19) AnsmIisaSnamsamislwluioanwiindsgnslasld
] . v . w o : v [
W Spilurina plentisis KINTILRAIUWLLY batch landasnnbiiniu 10, 20, 30, 40 uaz
-~ . [ 1 ﬂv -l A s - o
50% WAZLAN NaHCO, 1% lunndasths wuhlwindsfidans 50% fdanmuadigdy

y - : o
Twaemvmuﬁnqﬂ WasnilmsawsulTunafimanssy

Aziz uar Ng (5) l@@nwszuy Activated — Algal Process Warmaniadu
mnqwuuﬂﬂnmuﬁﬂﬂ’uﬂwﬁu Tﬂutgmmuhmmﬁ'uqam‘%ﬁ'ﬁﬁﬂ‘é‘uq T reactor au
FNMITFTINTAIUABINAREY WK 15 Tu Wud EaNToR@s? BOD 80 — 88% ,COD 60 —
70% N 60 — 70% uaz P 50 — 60% ugasi Samaudulldtumsldruuilumsiniei

o ¥ ¥
IRUMIRINTUTU uazi Lﬁ'ﬂ‘i’lﬂgﬂm%ﬂﬁl\l

. . : v ﬂ.} i 1 a L") I‘$ L ")
Tredici et al., (20) AnwnTLREY Scenedesmus sp. T ummiedudu
nnyusw Musnihdalulansuuaswasnainlinanaa Tapldiam 24 galue uazld

Pomamwigdadludininuia 20. 1 ni’miagnmﬂﬁmm@iai'u

Megharaj et al., (21) Mnsdnwa e 2 Tila fa Chiorelia vulgaris WRe
ais A’ L3 - [t . a B 3
Scenedesmus bifjugatus Iﬂmaﬂﬂmm:ﬂﬂagnu Ca — alginale 7U"A 4 YSALUAT ULARZ

bead Hamiey 2 1le wuil aansnantulasawldTass: 71 — 79 uazWeanWeirle



fouar 52 - 82  Chiorella vulgars WusinBnmwnsihdiad@ndn Scenedesmus
bijugatus wazdarmasipdulevssamieiinsdenisaalfinalulasnauus:
NaaWeiw

X : - . ¥
Canizares et al., (22) "MNISWWEREI WY Spirulina maxima lu&oan
: ) g -l 1 + - ]
whinfoagns laovhmadanaluiie 25%uas 50% WUhEuIaaa NH, - N ldinnndi

90% AazAMUMUILUUEM BN RUAD 2 nTudsaaT (wet basis)

Tam et al, (23) lddnwnIeatBanm NH,” - N uaz PO,” - P lasamip
Chiorella vulgaris Woesmhsliimefany Ca - alginate bead NARALAAMURWILLL
TRIRINI 2 TEAY ﬁnm’lmf'lLﬁu':‘m';mﬁmumfﬂﬂﬂ“ﬂ{uﬁuml.ﬁﬁ WU AaTInsiaty
Laufmmzm-:é'amﬂ:ﬁummaqt-nﬂa'mmﬁua:tﬁﬂﬁlwf;ﬂmmmuhnﬁﬁmﬁwmuﬁuﬁau
pueAdaTInIaeSnn: NH,* - N usz PO, - P wihald@lugavasmmieffianammn

WHKINN

Travieso et al, (24) @nmnmsadfanusiswislwhidvonausu laols
fnite 3 oila fa Chlorella vulgaris, Chlorella kessleri WAt Scenedesmus quadricatida
@AY Na — alginate Wunawing Chiorella vulgaris use Chiorella kessleri itlsz&ng

o ol "= L
IAan q@ﬂ.uﬂ"iﬂﬂlﬁlﬂ mmiﬂqﬂ'l{l“ﬂ'l Lﬁﬁiﬂn?};u'ﬂu

2.3 Ml lsuasrndaaming Chiorelia sp.

‘l'mmﬁ'fﬂag;'luagn'm’:mué'oﬁ (25)
Kingdom: Animalis
Phylum:  Arthropoda
Class: Crustacean
Order: Cladoceran
Family: Daphnidae
Genus: Moina

Species: Moina macrocopa



fnsmegiiig

Tsuaatlrsnaudiosauna an us=vied lapudssdaudgnaonaniwllsalu on

v u - o & Y- o - . a4
uﬂ:nﬂdﬂﬂﬂﬂ‘uﬂﬂ]ﬂlﬂﬂﬁn'ﬂqﬂ | “ﬂﬂﬂm:l.ﬂu“ﬂuﬁulﬂﬂq ‘“7"3:”1’“’1@1“{1.! waszdidtan

o o h L ¢ ol A o ] r [ L L [ [
AATIRUINHNOTURUN ﬂmagnnuoazﬁﬂnumqun:magmamumwaam FIUNUIA

-3

- - - a - - - s Y X .
ﬂﬂaﬂu&]“’]ﬂIﬂty U 2 NN NIUMY 4 uan UWRNIfIdd 4 wan ‘TNB%IMIEIGIEJT:WJ'NWJLLR:

ad,

L . 1 1 J ] J = ] :
an Huwaiin & Labrum 1 8%, Mandible 1 § gaufilingunudausaielglunsuaide

[ Sl A 1] gt -l [ 1] 1] A { 1
awT dgliansusdnniduouazinuinswalngind uszangf 1 § Hook et

LA
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whlUfrzvubasaims dufideslildgnidessanmaninamin (25)
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1. 8113 lswassansafiuwmamie, Tislada, a1undd uasuuafiGs nanu
Aepreadan wwrtud (25) wudn lsuasmnantofiuemioaaeisasnlane 0.5 - 1.0 x 10°
LTRA/RYTH

2. um nvluaslwdnafiiuzaiane

3. aoanndl ﬁqquﬁ 14 - 17 saruaaidtos liuassRuiuiunuandbung (27) wa
IMUTHBAITAT IWTTNGL (25) '?'iuﬁumﬁuunma‘%tyté‘lﬂmm'lmm o gannd 25, 30
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4. ey dnsswulsuaslwirfiflenfiies 65 - 8.5 (28, 29) dieresiinadams
tﬂﬁnuzﬂmmau'[mﬁn '[mlLﬂadﬂﬁmﬁimn:qmnqﬁﬁ'q uau'[mﬁu'luﬁw:aglugﬂ
wsnTunflon delifiRusdedatih uvitﬁaﬁaﬁmﬁgoﬁu seimAausulufindadifusedad
v

5. PANTIIURTATY 'l-suﬂammmagieﬂutfﬂﬁﬁaanitaua:ﬂﬂue‘h © - 3 un/a.)
(28) ua:mmma;li'luﬁ"lﬁ‘lﬂﬂaan"ﬁl.imlws:ﬂmmé"‘u 9 & Ton'lruasezaassaiuanun
Al wetldnflenwardelwifensumiy  MldiReeendianszamifisanadanis
witls @7) wannndt mamwiiAeliiAneandeuazaein areriliuaufioana
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Waos wiovhli lsumemeaifisssnmmisnniudalfiemsfaingza paua e

ar a P 4 . R v Y
6. 4 INd FalWalinuann Sulfate Reducing Bacteria mulagnmzlianme lae
- ol - & a4 - . - - el ¥ . o v £t
wuafiFeriad qMadeanuinuesisanniull wialudmmawilutaiiss d8lWad
AudndaInii Tﬂuﬁﬁug\uﬁamﬁm'ﬁmmmgo 'I.-m,mmu’xsnnuag;'lﬁ'lumﬁﬁ‘ﬁ'a‘lﬂﬁ

Uszanm 3 un/a usia:mmma;li'lé’?uﬁaﬁﬁvﬁ‘a’lﬂﬁﬁaunﬁ 0.4 un./a. (27)
7. U7Re uszeavia Vorticella unz Brachionus dzibuwlsdadmitlium laoyiaa
1 : A 1 “ I} - ]

wafarlhimzAwfantedliuay luadliansusonemule sudamsiiad q

i b A -
wdudainnuliuas
nI Y lsuRIndaaving Chiorelia sp

-l - [ & % y P
Imsfnwuipanumawnaies liuasmamniig Chiorella sp LazaItiadu

o - . & v e . s =3 v .
9 TR 23 sanmdnmumanikugaiiulismnads lsuasdisamihe

L) A 1 J L - i
Chiorella sp wanRaliuminldazganimamnzieslsuasdsemriiadu 9

m1ltlsuadlumsmaamiieg Chiorella sp 3allumadanfiirauls namsénm

waedan twssudt (25) fududn Luasdldrdnsnwlunisddasanie Chiorella sp 160

91 - 99% AT 2.4

UANN ISUAIRINNIOAITREMIY Chiorella sp OUaHIRUTORNIRRNTBUNTE
& o ol o o F
m'l.u;lﬂ BOD ua: COD uazuwuafiGFols nansdnsniduvas Kawai H. (8) Tafinwnig
tfaduFemurulanlfemieihuitluas wud fsspsosindiy 6 4 Yssinam

lunmsidaamin Chiorella sp Winfu 99.99% (31N 2 x 10° loaa/ua. tAla 8 x 10° 198



g uasliszinEnmuwlumatinda BOD use Fecal Coliform ¥ty 75% uas 91.2%
déy ussImasmMIAnEAdiveanIet wiuneneg (30) Falddnsmwnzdseliung
'lmi"u.ﬁu'qwu wuin fRanalsueaiudu 13 §2/8a7 sosasinufiy 10 T dszfnd
mWm3rnda BOD, E. Coli uas wuafidorinua (i 83.7%, 98.2% uss 91.2% mudéy
RAAASBINUNANIANEISETaY Las V. (31) finulsuasenansasadt COD uazvaduds

wpusay aifluadne@

o X -
a1TuN 2.3 mInsmMswziassluasdisemssiad 9

9y Taasidsa
o

wunuil and (26) « e cabrels sp AldIINMTABlwhAIvealsa
urdaiwadaniss * wuimmdssesasslwinfieen
Tnnusdaimudandaaiiwae 3 u uddnbhadslsuas
Tanldlsuns 2,520 6,260 10,420 uaz 13,560 e/Aas lu
amnsfianududwmisudu 0D fatsadn 560 wilwuas =
01,02, 0.3 uas 0.4 audey Taglfasudne 56 Tu mnls

LAITHaU 100 A/aaT

L 7 . & v
Quiming L. (2) " MRS LIRS © WUIMTREY chiorella sp JUMIATIE Y

. A ﬁl - L4 (¥
Ami — Ami filsuaaSudyu 100 avaas ua 6 % 2zl

Nﬁm‘l‘mmgﬁﬁa 7,499 f/aaT

: L 4 s » A ﬂl L L
srawn lawymuud (27) | @ mawndseliuaedasnedhg - wod Alueaiudu 375 6

a7 fluszpziam 4 T exlinanialsuasgetia 1,935 drfia

& 3 a ' Al -
13 wIuTLETEY (30) " iz luaslwinFuguny - wudy Alsueasudu 27
aARanfluszeziom 6 M alinanfalsunagetla 3,888 @/

fas




a1T97 2.4 UsEAmBnmmsrdamwing Chiorella sp loe'lsuas (25)

Fanuawing

Chlorefla sp (cell/mi )

f g Chlorella

sp
-l
Mwnda (waa/ml. )

HunalueaGudu
(f/aaT)

o
WBunlsuam
wue
(@7 &a)

0.5x10° 1 x10* 1 5.3
1.0x10° 9 x10° 1 6.7
1.5x10° 15x10° 1 5.3
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4. szlinuisian

aanuuLNTIEULULNINA8ed (Experimental Research Design) uazFUuuums
F9uuflunuy Multiple Comparison Groups with Multiple Independent Variables lapfise

a [ 4
azlauanNIINaAf oIy

1. mydnwlssininwmahiahfinnlsiieijpadissmwisans

n a J ] A L 5 e r-\
ITRET lagiINIINeaadineemnieNa Nt uLRs 3 12aU A8 3,000, 5,000 was 8,000
ang ua:‘m:‘:ﬁ:nmﬁ'mﬁuﬁﬁ’flﬁ'mm'ﬂUﬂaan'ai~hﬁﬂizﬁn‘ﬁmw'lunﬁﬂﬂﬂ'mﬁﬂﬁaga

gafanuduumudazszay laoknhfisnnlsidedfoaldadudnlfiton 3 6



WihSinas 3,000 ws. Ymsitameidn CoD, TKN, TP uaz SS riautzuy il
MuuTwABIEmweAfanutuss 3,000, 5,000 us 8,000 §nF g muile-
Hausailn 12 : 12 Flus (Ua:de) ﬁ'qquﬁﬁ'ao WenmeruiluianTeasen 24
Falus Jae pH uszSadmaeiyiiulavasemimniudy 0D, samaTaswin
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@ 100 u8. un:ueia:qﬂmmﬂaan:uﬁ'unLﬁﬂmzﬂumwuﬁnmmmmua'lmmn
20, 30 uaz 40 9. AinTedLFanauaBunid (CoD), Tulatiau, Weanadauasium
. » ¥ d' v.i' 8 [Pt JA‘ [ ]
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1

2. drfisifludrfisenzuuidaduisenlsinuidefalfoanuesuny e

L]
WUBIUTY NTUNWUWIUAT
3. lruae Faannmanglan ANARARIUININT

- ' o . &
AMSINIEIRHIEIMINY Chiorelia sp, tRalHIwiIdaamisaoau

IWnzREaRaT e wIY Chiorelia sp. lﬁl.'ffu'ﬁ’u'lua'lmﬁjm NS Il MuUgaTNas
Pwsarmiudueussiamnfanmeiems  awinmdoineasemgad  mane
@ealuamanduuss 10,000 §nd szozaaniunmiliuse 16 Falusdatn annd 28-30°
waidon uaslinauemansen 24 Talas 1”nn'rsviim§aqn 3 4u Tapsiniada 10% 1d
m'lwnaaﬂmﬂmﬁﬁmmngﬂu%agm NS it fedoulng Raldlumawnzdsaiude
ﬁ%(i‘fﬂﬁ’l%i’ﬂﬂ’ﬁlﬂ’:ﬂllmvﬂﬁﬂ Chlorella sp. ‘ﬁ‘lﬂummmm

Y1 Stock culture VaIRWINE Chlorella sp. wwnzandwihfaialdamnedons
Wudniusrasiam 3 u Arduanuduuss 10,000 80 aanalunsbiuss 16 42lu9
aoiu '?'iqrmnqﬁ 28-30° audnE ussimaduoimeaase 24 Talus FealdBinn
Fwhaanudututsziim 1,000-1,500 Jadniudadar emvialTainuswialasns
NIBIHIUNTLMBNTEY Whatman GF/C auﬁ'qmugﬁ 103-108° waifad 1w 1 4lus

PR [ > - i i - & E o,
m'lmﬂu'luTnﬂﬂmw%u danfivihminnzasnIasssmhsiAntL - antuwi
;W ' i o w - Y & < o &
A ldusmmnUSanmeniie WWarhmiduBussdmihfsnsanuihieis

ufipalildanandudusmie 300 fadnfudefas lasluudazrammenateziiviunas

L]

3 8A7

ﬂ‘li‘lﬂ?ﬂlﬂ‘illﬁdﬁ"l“hﬂ.ﬁﬂ“ﬂ‘lmﬂﬂ 3

i lruasnursanmisda ﬂﬂﬂﬂﬁﬂfﬂ%ﬂgé’ﬂi A NIANNRE SN
nau nawmimesas Lﬁaﬁﬁﬂﬁ'ﬂgﬁmaﬁﬂmﬁ’u61’1‘1mm‘lﬁ1nqﬂaan maiulsuasin
lauld Pasture pipette gavulsuasfiazdalansludafAdelilddwmanluaaSudu 100

200 uaz 300 AINBRAT



qﬂnmfuazmémﬁa

- Operating Reactor

- Reactor unit 1w 3 a7 (&J = 15 cm., AU 30 cm.)

- Materials and Equipment for Wastewater Quality Analysis
- pH meter
- Spectrophotometer (Spectronic 21)

- n3zaenIal (GF/C)

- infaauh
- finina¥ size 250, 500, 1,000 and 2,000 ml.
- wagay size 250 and 500 ml.
- malfudines size 100, 500 and 1,000 mi.
- fe size 25 and 50 ml,
- thaa size 1,5and 10 mi.
- nIzuaNaN size 50, 100, 500 and 1,000 ml.
- Others
- e3esilueme (Aquadine 7500)
- REENURSAITIEEINA
- iedasdaaandaluda (Timen)
- waaalW Fluorescent lamp 36W
- abindu
arnainldlunimasss

1. enuadidmiviamzidl COD awAtaigu (Standard Method)
2. saafidFmivAnmeidn TKN aaiTainasgm (Standard Method)

3. mmafidmivdianzidl TP euiTanasgu (Standard Method)



IFhansimniiimedann g

windaat FFmsiaTzd
CcoD Azide Modification
TKN Kjeldahl Method
TP Ascorbic acid Method and Persulfate
SS digestion
Chiorophyll, OD, Glass Fiber Filter dried at 103 - 105°c
Spectrophotometer

5. HANT5I9E

¥ & o w & a
5.1 anmmirfisonlesminiaialfganuasuns

" e | g s L a - &k "
Tumafivdaedwihifisanlunuidaialios 6 aT1 awud@auunnau fia
- g Y e -4 P
WEBW 2545 HamyiaTiziugeslua e 1 Snepacsnifrenifsnnlssuidai

Ufna wui fnepnzauifvesifaddlndifdnsiu wduandesinniafivluianien
fiquieu - SUAN 2544 (MAKUIN 3) Lﬁmmnﬁwtﬁauﬁqmuu _ Funu 2544 vfiadt
AXNERULIURBBUALAT COD é1 Samdamufudiadndluisuunmay Bauwen 2545
Lﬂmzu:nm?i::uuﬁﬂﬁﬂ‘éqﬂﬁqwumLmuﬁﬂmm fofleznauywialngUzuaanya
doutnaun dlvasnliemedladn Suspended Solid waz COD ga amwﬁwiauﬁwnju
[fiudastinainfia 200 Aas mm‘f’umifﬂnﬁamﬁﬂnﬁuunmaau.ﬁou-u'juﬂaummﬂlviqjaan

J J el A - .y [l Qs
Tasmsiiunies u.ﬂ:Lﬁmm:f’muamﬁumuquqmwgmmnu 4°c

A v oo vy a { - P L . o v
nnmiiniseitinenldldiefadiuGainmanditeimsfingiaslgenmirezdudn 9 4

av A - o - -u oA - ) -,
FeTanaunuuasynnsfnsdandunnreura nuwiTenne 1 las@neSonalanewinén 9 lu

by . . Y = o
WM ua:mm:au'naamstaﬂzﬂunlutﬁaﬁvaamnﬂu HEMTNARDILEFIAIATITIN 2 UATATTHN 3



a3 1 ﬁ‘numauﬁﬁ-uaai’1ﬁ"1a'1n'[1\1\11uﬁ'1m"ﬂﬁ'aﬂﬁqa (1 3.0, 2545 — 30 L4111, 2545)

Parameter Sampling time
(mglL) 1 2 3 4 5 6 | mean | SD.
COD 1,620 | 1,610 | 1,440 | 1,250 | 1,020 | 1,120 | 1,343 | 253
TKN 163 120 122 133 128 135 133 15
TP 1.5 0.5 4.3 3.5 8.9 9.4 4.68 3.7
SS 2,000 | 1,200 | 1,800 | 2,500 | 3,200 | 3,300 | 2,333 | 823
pH 7.7 75 7.7 7.6 75 7.7 7.61 | 0.09

d by :‘ : o _ & a T o
mswn2  UTnolavewinvanhfivanlnnudeasados Gweu 2545)

Parameter Sampling time Industrial Effluent Standard
(mgiL) 1 2
Cr 0.029 0.029 <05
Cd ND ND <0.03
Pb 0.001 0.001 <02
Ni 0.005 0.007 <0.2
Cu 0.092 0.092 <10
Zn 0.329 0.314 <50
Hg 0.002 0.002 <0.005

lumsifivdaadinifisninlaanuida®infnas 2 a3n iarmsienzilan:

minnavua 6 sfia fa lanlioy, waadpy, a=ia, Ana, naduad, §anzf uazlson wu

MEnalaneninuasihfislidlnsifniin uselidlifinnamgusanifisnnlsnu

aamnnNIaY




a4 . . dX 4 ¥ o
@179 3 Banmlaneminluewing Chioretia sp. Aldssluifissnlysnufhdais

uiina
Tausurin Ussrmiinuln Chiorelta sp.
Cr 0.006
Cd ND.
Pb ND.
Ni 0.002
Cu 0.058
Zn 0.217
Hg ND.

WaNEINe ND = @72 LW (non-detected)

. X v s v 2 m
uaNINR et INsAnzIa LY Chiorelia sp. ‘luu’momnﬁu’mn’mﬂaoﬂgqa‘nuao
b o ° - L H [ a F o)
K1Y uMhanaTdeTsitTinalaneninfiacaulusmiomanue 6 «iia fa landow,
unalizy, aznn, Aniia, naduny, FanzR uazdsan Wyl TeeRLRITIANEMINUDY
swholulSumdinnn agrelsfia wudn ﬁﬁmﬁﬂua:'[mtﬁuuﬂut‘ﬂauagﬁﬁo weidla
MuTsudfsutudIanalansninluanine Chiorella sp. daudia (@m17830) 910
- A L Lo ) e J v e £a ﬂ.
Uisn laniuasatias) 90 Fafludnissminsiuuazemniagunw usaaluan
J v .Y - -t A :rd 1 o [] Lr] d.
#i 4 wuhSunadnfsuszlandoufinunnommasssidattasninBumlanewind
1 M L= a J’ g ﬁv
feRUUTMTIY Chiorelia sp. daLIA AINUNNTNIZIREY Chiorefla sp. TwinfisonTsanu
o 4 - - } 4 J’d & g =i g o
idefaljnannansilunimaassasiifimusadunliiuiuvamrdaduazialy

ey
R lTuad e




J -~ () ] ot 4’ - A" & A.
@139 4 Wsanalanzwinluswiie Chioresia sp. fiifinsludriisanlssnudiags
Ufins WisufisuiuFuadanzwinluaming Chiorelia sp. daiiia (a1m1iaTa) 9n

v ldniunaaisadn $1na (www.taiwanchlorella.com)

WSanaiinuln Chiorelta Y3anmiinulu Chiorelia
Tauswvin sp. sp. dausia (8a. /100 n.)
(un. /100 n.)

Cr 0.006 <05

Cd ND. 0.220

Pb ND. 0.67

Ni 0.002 0.68

Cu 0.058 0.081

Zn 0.217 2.82

Hg ND. (non detected) ND. (non detected)

a_ o 1 r & 8w A 1A )
5.2 m3wigidulasasamire chiorelia sp. Tuwnavnlsesminiadelfnafnana

AU 3 TEAU (3,000, 5,000 uaz 8,000 ang)

msdnsnmasigdulevassmig Ghiorelle so.  TwifisnnTssnuthiais
ﬂg“gwuaauwﬁ'mﬂmﬁuum 3,000, 5,000 ua:s 8,000 and leulwaunuiuiuves
sminBuduf 100 mg/L a;ﬂ'ld‘é‘aﬁ

annrrTatsumanalsVasd (chlorophyll) uazd ninuwIzesamine wuqa
am*::'lumnwmﬁmﬁm’imﬁuuamm:ﬁuﬂ'nm'ﬁ'uum #1318 Chiorella sp. inns
tﬁrytﬁn'[ﬂ'i‘fm‘%‘au g ufeiudl 4 maamsmaaa‘fmLﬂui'uﬁﬁnﬁm’srytﬁu'[ﬂgqﬁqﬂ (e
197 5 u.a:gﬂ'?'i 1) v\é’qmmfun"mﬁm_,Lﬁu'[maamm'qm:?iau 9 AATUIUAIDEHIIIA
52 Tasmslanuduusdduntsiwnzdoaiiu 3,000 5,000 was 8,000 and 9xdUSaum
chiorophyll tilw 4.16, 4.59 uaz 5.34 mg/L @avd1aY MNHANTIINARAININHIINY I
TEAUANUTNLRY 8,000 and @i Chiorella sp. anansoaiadulaldd lasanlw

tRanmasals®ad (chiorophyll) annfiga




Iwimaandoanuiudiminissdemiewts wod anazlumawindesd
ANMUTUUTINNTZALANUTULE e Chiorella sp. Imadgdulaindosgeuds
Tut 4 -uaomwmam%mﬂui’uﬁﬁmnﬁmLﬁulngaﬁqﬂ wRITINtuE W ILezdan 98a
$mmasatnead Taslanuduusslunmwnzidoaiu 3,000 5,000 us: 8,000 §nd
wfUFurmawing Chiorella sp. tilw 277.05, 305.68 Uas 356.08 mg/L USRI IINHA
nIneRaIFINEIN LTz duaatuuss 8,000 Snd iy Chiorella sp. B30

- - L =) .‘. » ] g L L d J
WIArlaldd el umdnlminessuds anfige

=l

r d X 4y v A ra A
@151911 5 U3u1m chiorophyll (mg/L) Wanerasidpsluhfisanlsanudedljged

AT LA 9]

AADBUE SLHLLIAINITNARDY (W)
(8nd) 0 1 2 3 4 5 6
3,000 1.15 1.70 2.26 3.65 4.16 1.44 Q.75
5,000 1.44 1.83 2.31 4.17 459 2.01 0.65
8,000 1.49 1.93 2.82 4.40 5.34 2.56 1.00
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muﬂﬁﬁ'ﬂﬁoﬂ;‘maﬁﬂﬂun‘l’uuaaa.ooo 5,000 uRz 8,000 dnd

ALY TLHLIAINTIINARDY (IN)
ua 0 1 2 3 4 5 6
(and)
3000 7679 11340 14954 24306 277.05 9597  50.04
5000 95.84 121.71 154.25 278.27 305.68 134.07 43.57
8000 99.17 128.67 187.83 293.20 356.08 170.98 66.73
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ANULTULES 3,000, 5,000 Wz 8,000 ane

ALY STHZIIAIAITNARDY (W)
W 0 2 4 6 8
(fnd)
3000 0 31.70 50.86 65.55 73.55
5000 0 31.99 53.62 68.80 04.98
8000 0 31.51 56.70 68.96 85.12
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Wausaluniswrzi@sadin 3,000 5,000 uas 8,000 §nd densliSunureanaiaaaad
1adntey 71.76, 71.66 Uas 83.14 mudey tﬁammtﬁuuﬁuqﬂmuqu wuheadyse
ﬁ‘n%mwmmmﬁmmﬂaaﬂai’aﬁmgan':h'qﬂmuqu'lun‘m:uma'm'nmnm augaslu
a8 ua:gﬂﬁ 4 AadsiasszmIsatunc TP 'lu'tf'aﬁamnhaﬂnﬁﬂﬁaﬂﬁqnuum
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171N 8 AnadsdpaazmIaadTanm TP 'luﬂ'mmenﬁ’mﬂmﬂngummu

AL TTHLIRIMITNARDI (W)
a9 0 2 4 6 8
(and)
3000 0 22.42 36.46 60.49 71.76
5000 0 24.91 44 57 60.29 71.66
8000 0 19.30 41.64 69.88 83.14
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#1719 9 wanFinTeiRDAuee chlorophyll, chiorella sp., TKN Uaz TP

Parameters Variable Kruskrul-Wallis Multiple Comparison
test

Chlorophyll Light Intensity DS 8000 > 3,000 uas 8,000 > 5,000
(p-vaiue = 0.015) 5000 = 3000

Chilorella sp. Light Intensity DS 8000 > 3,000 wRx 8,000 > 5,000
(p-value = 0.015) 5000 = 3000

TKN Light Intensity NS Non — significant difference

TP Light Intensity NS 8000 > 3,000 uaz 8,000 > 5,000

5000 = 3000
NUNELNG : NS = non significant different among the levels, O = 0.05

DS = difference significantly among the level, G0 = 0.05
anlsanimesasuazanlnenanimaass

» J et r - ) [ ‘. - -
duadgdarnissiuduleressming Chiorelia sp. ialdanuduusalunis
naaaadu 3,000, 5,000 uae 8,000 and lapTaillulSurmu chiorophyll tYinfiu 4.16, 4.59
uae 5.34 mgil wazUSuienig Chiorelia sp. NN 277.05, 305.68 uar 356.08 mg/L

o ™ [ A - J ] - L3 - -

@AY FINENILUA1T90 5 ussaTiefl 6 WlatunSiaTziniaafialan 1T Non-

1 q J L 3 ]
parametric test (Kruskul — Wallis test) W1 61 p-value = 0.015 &ariann-dne O = 0.05
Semunanagldn “mwie Chiorella sp. fimnsdgiiulauandwnudialwanaduuas
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; 1] - L4 J L]
MIWILLR uamnﬂﬂlmmmﬂaomﬂmmﬂﬂmnmaﬂ‘lﬂﬂﬁamsamua’ fadnin

& -l J ) - J L )
milivasalWsimamisusiuan (32) ilasnnhgunpiivasusdsziamdninganiy

naam’lﬂwﬂaanmmuﬁ

- - v Y ol ' - - '
mifndarzauanudusfminssudannaiadvlavesemine Chiorefla
sp. HANTINARBIUE I LA INTad YR IR MY Chiorella sp. MIUNTORATIWIRTER L6
NNIEAUANATNLERINNaseY wafiszauaNuuugs 3,000 8N &b Chiorella sp.l

R mantesfiga laonsdin¥vas Droop, MR. (33) TEawissduanuduuga

s o w H ] al o & 1
Uszunoe 1,000 andiiuszduanudyusiduinfiaa Aflaulfluniswizifosgming

1

Chiorelia spu8% Euglena sp. udluszduanuduusafiioulsluninfvinwmiug

ndg

ol - w

lunrmmasesiinisnizidsesmitefiszduaumduuss 8,000 §nd smie
Chlorella sp. mmsmﬁuﬁﬁmumaﬂé’gaqﬂ URSNITNAFAUNIIRD A Multiple
Comparison Test lavld LsD (Least Significant Difference test) lﬁamiﬁ ﬁﬂhﬂaﬂﬂlﬂﬁ.ﬁ
ATMLANANTUTY §10179f 9 wudn mastdulavesmnefissduanaduug
8,000 #nd fianuuandnedulisimdyiunmaeigdulafissduanaduues 3,000
WAy 5,000 and (p < 0.05) kaninaigidulavessnitefiszFuaarauss 3,000 uaz
5,000 and lifanuuandnany felndldsstunanimanessasunindussian (18) il
NN IMARBANIZITIIE MY Chiorefia sp. ATzaLUAMUTULES 3 TeéL fa 1,000 3,000
WAz 5,000 And wudi Aszduanuduugs 1,000 80 snss Chlorella sp.n3iy
ﬁﬁmuﬁauﬁqm grunmafnszauatuuaean 3,000 dnd 11w 5,000 and Wuanda

[} ﬂl : [) 1ol & g o -,
NI Chiorella sp. wamm‘luuuummymmnﬂ

~ ) 1 a s O . A 1
anudnuaIddudrudraglunrsfuarzussvassinine dlwame

Chiorella sp. 23] chlorophyll a uaz chlorophyll b Lﬂuﬁqgﬂ'ﬁ'uLl.m'[’ilﬁia‘l“ﬁlﬂuwﬁomu i



8 & A L :
suaruduursdaduilsdonifidrdgfarrestrunfessufeliluninninges
fnhe

mAweTATedsiesasmmsatiinalulanauussasasluiionnlsanm
thiiafafipalasldoming Chiorelia sp. wuth uwaliumaseyfnodlulasauua:
walEﬁ'ﬁu?iugﬁwﬁamnﬁﬁ'ummmmaawﬁdﬂgaqﬂ'lui'uﬁ 8 YaIN1IMARE: lasms
Wanuduuaslumawnzidsailu 3,000 5,000 uas 8,000 and senslwiBunalulasian
aandadnioy 73.55, 94.98 uny 85.12 muday uszfinuesnaiaaasaaindon
71.76, 71.66 uaz 83.14 mudey Wmhamaseuyasiagas Non-parametric test

(Kruskrul-Wallis test) wui'ﬂaiﬁm'muemei'mﬁu'lqumiwmn’rmmm

ulanauuszWasvaimiumqamsidanusdguasduiugmivnmadgidy

' ' - s -
lawszmasiomadlmivessmie  molulassuieamiegadudussdluplvass
aandlad (Oxidized form) 1iu lwase uszlulasdesdsgmiBougliiinuenludioy

few  intuamneasiuenlndsufletlshaiuendundd  Saiudmlenavvey
iadrwindaly  lwhusadsiuwiumeWamisiadafianumdgydanszuaummans
BENTRITRAE MY Tanawznszuaunmsfifisdemumshand snuuasns
fFuamzinsafiin®in (nucleic acid) Faazifatuluvaumsfaameiusvas
swiwiumes  Tasay efwriiWema $oloun lalalasouramna (H,PO,) uax
lalasiaunasia (H,PO,%) 'luﬁ'n.ﬁm:gmﬂﬁamﬂuzﬂw asda (PO.%) tialfluruoums

Fuamsiums 'lwm:ﬁmiﬁun?ﬁﬂamﬂm:ﬁ‘aagnziaunmu'lﬁtﬂuwamﬂmﬁuﬁau 09z
sunsnthanlsld dnbwdormainaemhadniu ﬁa‘lu'[mwmm:ﬂaaﬂa%‘m:gnmms?
smhelwifolily wﬁﬂﬁ’ﬁmm‘lu'[ﬂmuuazﬂaaﬂai’aﬁagi’lmfﬁﬁaaﬂm Fowaa
ARaINUNWITHYEL gNd wamw (4) AmMIAnm Wi enummukuaIsnie
Chiorelia  sp. GusuiinadamiaaSinaclulanauwasiaanasaluwiidoanfudes
ans WanummwwinsassmieGuduriiiy 6 x 107 usz 3 x 107 i addadafans
santnaalulanaulddasaz 85 uaz 77 mudau uasmanTosaneanaiwlalanas 75
ez 56 MUREU TINRINWITEIRs Aziz wax Ng (5) W@nWITILL Activated — Algal
Process Lﬁaﬁwmsﬁﬂﬂ'ﬂfiu'll.ﬁm'm'qu'nml,a:mnkammfﬂﬁuﬂﬁu Tasidpemnse
ﬁuﬁ’uqaun‘%'ﬁ'nﬁm‘é‘u‘] lu reactor MmugnMensINMAlUdamasauu 15 T4 8NN

anf1 BOD 80 - 88% ,COD 60 — 70% N 60 — 70% Waz P 50 — 60% uaaa danuiiulyl
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'lﬁ'lum:’li’:rzuudtﬂanﬁmuﬂﬂ'lzﬁummnquwuasﬁmﬁumnﬁamuqamﬁnﬁu
Megharaj et al., (21) YhnsdAnwawihe 2 wlla fa Chiorella vulgars WAz

Scenedesmus bijugatus Tﬂmﬁ"m'lﬁlm:ﬁﬂagﬁ‘u Ca - alginate T¥1@ 4 TaAuas uese
bead flemiens 2 rRamurosaiulananlddouas 71 - 79 uasWasneiwlddona: 52
- 82 Chiorella vulgaris TUsz8nSnmw@nin Scenedesmus bijugatus UREBATINITITNY
wulssssmwiheiinadanisamBunaulasiauuazWoanals Tam et al., (23) 1édnm
mIaalinm NH,” - N uaz PO,” - P lasamse Chiorefla vuigaris laslwsmiaimnmizéa
U Ca - alginate bead NaFBLTiEMARKILINIBIEMNE 2 TeAU ﬁnmluﬁmﬁu-qumﬁ

w & W v | A - - - I3 s

UM TN UATUAULIUED wundanmusSgdvlauaznifuamesiussoad
) - » [] ld 1 - ] PR

smhzefiednihluganmesssmmieilnnuiwiwliesnd  anefidanneae

e NH," - N uaz PO,” - P exifialddluganimesnsyassmhsfifiarumuwuiunn

nh

Travieso et al,, (24) fAnsmsaatumasemsiwiudsnngurulesldamie
3 «fiafia Chiorella vulgaris, Chlorella kessleri Waz Scenedesmus quadricauda \Mz@a
Mt Na - alginate WUIN&IWIY Chlorella vulgaris Wae Chiorella kessleri IUszEnTnwad

qﬂ'lummnﬂ%mtummﬂmﬂuﬁﬁt‘s't'mnn-qmu

mmqﬁﬁ‘i'lﬁ’mmﬂﬁ‘s‘mmﬂm'lu'[mmmmzﬂaawa’:‘a’lﬂLLﬂnemﬁ'u'luLm'ﬂ:mf
nasasiu madlsanenemisluhilisannneigduladlndidoeiu Semlins
I lulasauuszaanainllinsTuinalnaidosnu e lvdzdninalunmaaFem
Tulasisuunzasairlifianuuandnuatretaion uanmnﬁwudﬂuymmnsjumu
Ax (control) ﬂ?mm'lu’[mmmm:ﬂaaﬂa%’m:ﬂﬂmL'ﬁmﬁmﬁ'u'luqmaam-mﬂﬂaa g
mn'lmfﬂﬁoe‘fqnﬁi"n:T'mﬁun‘i'z‘fﬁmmmﬁw‘lu‘[mmuua:ﬂ gevaialminfel Sl wanauns
Wwaam eI (metabolism) @19 9 e ua:q‘ﬁuﬂ%’ﬁmmﬁmaLﬂﬁuugﬂmm'lu‘[mwuiﬁtﬂu
falulasion Taunszuaums Denitrfication (34) Fafalulataufitiatuazszivusan

1l u"fluna’lﬁ’ﬁmm‘luTmmulwqﬂmuquaﬂmnimﬁmﬁu'lqumaao

5.3 N3 B lsUAINIIAANINY Chiorella sp.
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mnuanTitEludu 4.2 Mldnmuinemiie Chiorelie sp. aunInsiguaule
L At A L] - r Y - el [] 3
lomgaluiud 4 vosnmmeses lasdifinaemitefady 277.05-356 Tadnfusefias

L] 5 - - a e []
sniulumsfnszinmwlunslilsuasidamuie  Chiorella sp. Senugulidl

-

L] z A - et 1 - - 7]
Wnammieaidufl 300 Nadnsudefas  las@nwnlisfvmBimwmlt lsuaedida
' -l - W “ : . . of
fWTE Chiorella sp. AWK suad3udu 100, 200 Uas 300 @/AaT tNamIdaTEIuN

] ) & h - [ o :
mm:amxmwnﬁmmmnﬂuua:ﬁ'lmu'lmmmau sanmIansniuaii

5.3.1 YsznBnmnisiglsuasnidaamsng Chiorella sp. Tukanasnlssauidade

Uge Asmanlsuasdadu 100 200 uaz 300 @adadns

fnwsetnnmumsltlsuasindamning  Chiorefla sp. lwirfisnnlsanuinde
#fnavussuzn lasiimsanmivimanlue deininmwlumsidasminglugl

[V a o ' s
maan'mﬂmm':gmnﬁuuﬂmm'mm'mau. 560 wilwaes AN OINTINYTURDE

(Suspended solids) Wazfi1 COD uﬂzﬁmﬂ:qumé’nﬁmzmﬁﬁoﬂnﬁ'ﬂmﬂm TKN Wae

TP Nammﬂaaauﬁm'lugﬂﬁ 1 -7 14

o [~ w i & -y o8 m
o 11 dwnluamvee (FRaer) Wenerasdslwihfisinlssewidedalfins

o Y. .
nuaausufidruanlsuaiaasu 100, 200 uax 300 A/AAT

Total number of Mmacrocopa at starting algal biomass
300 mg/L

Total number of M.macrocopa
(org./L)

| 01 23 456 7 8 91011

Detention time (Day)



fnmamheaien 300 Safndudafiey ursdmanlsuadedn 100, 200 uae
300 /BT lTauaslimaAudmauatheth 9 Tutse 2 uumn wazfs I uethITIe
Faludufl 3 vasmmesas wn'::fi'aﬂi’imqugaqﬂ'lui‘uﬁ 6 VOINTINARLY UREMAININIYN
Taadmustatimad: sawdhiummasesfilflauasdadu 100 dr/Ranin wuils
uadtRuswuuatnata 9 w179 4 Juusnvasmmases uastadwanatnarTaialu
ufi 5 wn'::'n’i'aﬁii'm'm‘l'mmgaqﬂ'lui'uﬁ 6 vasmInanss WanBouioudwanlua
goqﬂﬁi‘hmu'lmmsfaﬁ'u 100, 200 usz 300 $/RaT WU Tdwugegarinny 36,600,
26,667 Uay 28,067 W/ART madey Fseniinldin m YRanmsEmie 300 mgil uas

¥ o o - & P
manlsuainiau 100 a/aas 'lﬁ’nauaﬂihmﬂmmmwmgmqﬂ

A (=) a A + ] :’ :
3N 12 UsBvBmwlumaihdammie Chiorella sp. WugLluaamaadin ODg, Twhiis

o A' - d' & L wr
%'m'[ﬂmuﬁwﬂmﬂgganmmu‘huﬂamﬂu 100, 200 usz 300 A/AaT

ODsso decreasing efficiency at starting algal biomass 300 mg/L

90 —e— Control

] T

SN
o . A A

ODséo decreasing efficiency (%)
th
(=]

Detention time (Day)

J 3 1 - ] ] n'
Nt 12 azdiuldhzininmluniaad 0D, fiswanlsuaadudu 100,
o 8 a s ] 1 =~ .“ ] Al
200 uaz 300 /AAT UnasweRinulasdn OD,, zaaasatTIATIRILATIMIMAaRas
4w d. J 1 n‘ [} L "aooA o o
IUNTNITUA 5 10IMINAsasiedn 0D, Gusasiatiwdt 9 Uszininmwlumsida

3 o 3 Io 5 o o [¥)
awiaseIad lugLasdn 0Dy, Mdmanliuasaadu 100, 200 uas 300 @2/Aa3 T



# 5 YpIMIaREIYIY 73.33%, 78.86% ST 75.80% MAEIG lumﬂwmuqu WU

UrinBnmwlumsandn OD,, iy 48.41%

Urzinmwlumililuasihdammite  Chiorela sp. lujuvasdn  suspended

\ of - s A “ & ' v o

solid (U# 13) fdmanlsuainadu 100, 200 uar 300 FV/RATUN WUEANNARIBAU

- ;. o T n: : N °» 4 -

Tavdrziminmwlunisfdamwing Chiorefla sp. (Rntueet 9 Tutae 3 uuinves
L% 8 F- o ] w“ 4:' J [

mnasnd nassnuulszininmluntidaewie Chiorella sp.  eRadiuatnme
- - Iv o o ' v e o o % a o 1

Fuwssduwibinvaansifeiiuad et 9 naadud 6 vsanrmanad desznBnmwlums

- ) . o o b w

MNAARWINY Chlorella sp. lugﬂ'um suspended solids th JUY1 5 BEINTTNEREY ININU

55.56%, 64.23% W&z 59.04% rhulumhumnquwu:i'uls:ﬁn‘ﬁmwhmwﬁﬁﬂmmhn

WAL 48.42%

A [ ) '] s [] 1]
s 13 dszimBnwlumslsluasidasmng Chioretia sp. Tuglluasdn suspended

. :‘ Av o & -‘ 3 t‘ L] z v -~
solids lwihfisenlssam idaddfnandmanlsuaaasédu 100, 200 uaz 300 M/Aas

Algal biomass removal efficiency at starting algal
biomass 300 mg/L

100 |
E 9 -
] 80 A % | —e—Control
£ & LT
s ;’8 T L —=M100
g g 50 % - M200
- o 20 - . Y /
2 4 —

0 1 2 3 4 5 6 7 8
i Detention time (Day)

o a’ - o o ¥ . a o o & w
mmuﬂ-i:anﬁmw’lumimnﬂmwﬂuluymmm cop (3uft 14) InauRnBwén
navlwinwsnuasmInaaasd uazluwiud 2 sasmmasasnuidrTuniimasasnisnuants

z v .‘-’J - . o bt 1 1} AI
UAINIAW 100 UR: 200 mgil uuﬁm:anumw'lumsmwmmm‘lugjﬂmmm COD (WY

J [+ v Ao e ool a & b =] & = a A
'ﬂuhﬂﬂuﬂEﬂu'ﬂm:ﬂGl'ﬁ'llﬂ'ﬁﬂﬂﬂﬂdﬂlﬁ)’l“’)u1ﬂl@]\1ﬂd@H»L 300 ! yAaTHUlYUTZENTAIWMY
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frzdunmaunduurs 3,000 and UnrBnEnmwlumstdammieden 9 udu
argaTzuzaIMInesey lasfilssininmlumsidaswholugtuesin 0D, Wi
42.98% Wwiufl 6 saImmesns dwfiernduusd 4,000 dnd Suszdnimwlumahda
mwhodstuaiet 9 ussinnufounlsaiosannlutieiudl 2 - 4 v8anImanas
ué’qirmfuﬂ'::’«n‘ﬁmw'lun'nﬁqé‘mmm"lu1u3ﬂ1raad’1 ODyy a:tﬁuﬁmﬁnﬁanwﬁuqﬂ
mmesss laolwiudl 6 vesmmesasfitszimBmwindy 37.16% dmiudiums
neaedflfanmduuss 5000 dnd wud UrzinBmwlunsidasminglugduase
0D golwinuInuaIMINaanIuiadias 9 aaadldniasawiufl 4 1asnmesad wasn
wuerfilrdntmwlunmsrdsammnefads wﬁuqﬂmmmm'lui’uﬁ 6 LEINTMARDY

wuhifitzininmlumsidasmisluzlvesd 0Dy, iy 49.20%

WawSsufsuiuesnimstenuduuss 5000 nd sanslilssinnmiu
alguamhdasmiunnaimasilugoesdn 0D, ga-?'iqﬂ fudiummenasfiaa
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AUANUITILAY 3,000, 4,000 waz 5,000 dnd WiilzdnEnwlumahdasmhelugy
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ninguft 19 finaduuss 3,000 snd uez 4,000 dnd Huwaliuvesmariode
FWTMpzAsanu fie 9sdey 9 Lﬁuﬁuﬁmﬁﬁuqﬂmmmm Farlyzimbmmniaida
gmtoluiufl 6 vesmmesasfiduriniy 40.98% uas 40.92% enuddudIudiums
naseIfilfauduuss 5,000 &nd TlzimEnnlunidamnhisluzivesdeuds
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msmam"ﬁoﬂszﬁnﬁmw’lun’nﬁ'\ﬁ'ﬂmuhﬂ'lugﬂmaafmmuimmuaau'lu".fw?’l 6 89

MIMARBAYNNY 23.48%

nnmafisudisuleinimwlsmaddesmhalupluesdvesuduriusey
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64.49%, 51.79% us: 58.99% mufayu fwddnavaindrezuaadldidiuindriums
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nwaddnu anudiuafidnsiudinalilszdninmlumsida cob uansnaiuating
Liifhivédty (P value > 0.05)
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Tulasiaudas 9 Lﬁ'ugn"lruév‘uuci":’mnnwﬁqwmmmaa dadlaFoudioviuiud 6 vae
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gﬂ'ﬁ 22 usediduindseinimulumardanesWefrudasszauananduuss
fiop 9 w‘imgﬁu ufleiufl 6 vesnrmasssdsfirzininmlunridanasweTariniy
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mifnmadiillWnaasoiumsfnmusmenuth uazame (35) Sldemhok
Wisn (Chiorella sp.) AdplwhmndanGaaiuam 3 3u othundseluasuuuisde
{ias TasliBnmemiodudud 15, 30 uas 45 Satusmnafodluasfittinalua
aae% 1.5, 3 URz 4.5 niw ahwindlon) woimaRurBnalsuasnaduan 3.0 niy
mamofiudin 4.5 n¥u alhwinutiiadwiuiiuiwaulsuearindy 200 w 300 ¢
fn7 i Wnsnaaluastamuauandati wemafivlBinmemiren 30 dhw 45
a7 wIaflsuwiny Wunmewiie 300 uwas 450 Jafinfuesfiay Inadananialiuas
waldunzhinBinmemmsmansaulumamadssluaduiefilfiBunes 150 &3
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du 100 d/RaT slnanfnliunigega 36,600 ARamwisfadlu 366 thpesdmmls
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woslnsrunBanudamiasdmiurnziedlaues nuidlafmssmhodiwam 3 Juaud
inumwhedidwisuius 0Dy, it 0.4 wlikanfaliungege 13520 &
a3 wisAaln 1356 wnuesdwanlsunemady BawfinelisansoSoufisunanda
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wfiuldinssinirmlumridamwhelugluesdn Suspended solids 9zfiaw
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b » J A - v Al J ] -‘ J‘ . L l':
mnmmﬂummqnmnﬂﬂu‘“ﬁm‘:aun":’z‘n’luﬂmwwu el COD RuTuaIn aaulse
#ndnmmtdasmielugluesdn CoD Sadmimiaraialugluesdt 0Dy, uas

suspended solids

mw%‘ué’nﬁmzﬁmﬁ'ﬁ-naeﬁ*aﬁa%aﬁmwmni‘m'lugﬂmauﬁmm‘lu‘[mmuﬁ"’mum
(TKN) uae WarWasaminue (TP) wud smanlsuasssausranulifinadotszinsnn
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Jatumenineg 300 Dadnfuaedas uazdmanlsuassady 100, 200 usz 300 a2/AaAT

Uyzantnmmluniididalulanian a;ﬂ.mi'm 60.73-73.18% @auliz@nTn1wni1Iniie
- I N o - A -l b d‘ 1ol
Naawmmzaglumq 25 60-30.95% sud1ay WailTouAsunuminasadn luil lsuag
-~ ] o -y - o A g Al ;
ufawu Tsuaariclddssdninnlumsinda lulasiauuas Waawads tRudiulszanm 9

WAz 6% ANAAL

L P : o :’ = = J’ . 'y
nalnmimdalulasaulwinrsemauazidsmietuls  lasmairlulasianly
lFuasawing n’m::mu‘lﬂ'lugﬂmmuaﬂmﬁu e luasRaTu-alueifeds  ns
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Spectrophotometric determination of Chlorophyli a and b

1.

Apparatus
1.1 Spectrophotometer
1.2 Centrifuge

Reagent
2.1 Magnesium carbonate (MgCQOs,)
2.2 Acetone 90% {C3HgO)

Procedure

3.1 Placed 5 ml. of sample in 25 ml. vial and added 1 ml. of Magnesium carbonate
suspension (1 g. + Distilled water 100 ml.).

3.2 Concentrated the sample by filtering with GF/C and left it at room temperature until it
dried completely.

3.3 Placed the filtered in a centrifuge tube, added 8 ml. of 90% aqueous acetone, then
mixed it. Covered the vial with aluminum foil to avoid photosynthesis process and fitted
it with rubber plug at the top.

3.4 Stored the samples at 4°C for 20 hours.

3.5 Cleared the extract by centrifuging in closed tube at 500g for 20 minutes. The extract
was decanted into clean tube.

3.6 The combined extract was fransfer to a cuvette and the optical density was measured at

663, 645 and 630 nm.

Calculations

4.1 Calculated the concentration of chlorophyll by inserting the optical densities in the
following equations
41.1 Chlorophyll a = 11.64(ODgg3) — 2.16(ODgys) + 0.10{ODg3q)
41.2 Chlorophyll b = 20.97(0ODg45) — 3.96(ODggs) — 3.66(OD430)

where

Chiorophyll a and Chiorophyll b is concentrations of chlorophyll a and chlorophyli b,

respectively, in the extract (mgfL) and

ODy44, ODgys and ODgyp = optical densities at the respective wavelenghts.



4.2 After determining the concentration of pigment in the exfract, calculated the amount of

pigment per unit volume as follow

Chiorophyll a (mglma) = (Chlorophyll a x volume of extract, L} / volume of sample, m’

Chiorophyil b (mglma) = (Chlorophyll b x volume of extract, L) / volume of sample, m3
5. Dry Weight of Chlorelia sp.
In each 100% of Chlorella sp., there are approxiamtely 1.5 % of chlorophyll.

Algal biomass of Chlorella sp. = [(Chlorophyll a + Chlorophyli b) * 100]/ 1.5
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ABSTRACT

Only few amount of septage from Bangkok Metropolitan Region (BMR) had been second
treated at the central treatment plant. Nongkhaem Nightsoil treatment plant, for example, has a treating
capacity only 600 m*/day. Beside this, the effluent still contained higher pollutants when compared
with the industrial effluent standard and building effluent standard. Reuse of this wastewater through
waste reclamation via algal culture would attract more attention since water resource assimilation
capacities are very limiting. This study was aimed to observe factors, light intensity and detention
time, influencing the nutrients uptake and growth of Chiorella sp. in treated septage effluent from
Nongkhaem Nightsoil Treatment Plant,

From batch cultuning of starting quantity of Chlorelia sp. 100 mg/L, there was a different
algal production under various light intensity provisions, 3,000, 5,000, and 8,000 luxes. Increasing
light intensity could significantly (p-value < 0.05) increased algal growth. At the highest light
provision, the maximum algal production and chlorophyll were reached to 356 mg/L and 5.34 mg/L,
respectively within four days. Results also showed that there was the nutrients, Total Kjeidahl
Nitrogen (TKN) and Total Phosphorus (TP), removal mechanism at that period which 54% and 41%
of TKN and TP, respectively were significantly reduced. A conversion of amount of nitrogen existing
in protein of algal cell indicated that Chlorella sp. was involved for 21% of TKN uptaking in treated
septage. Moreover, the culturing cycle for Chlorella sp. at this laboratory condition was occurred only

0 days. The effluent atter algal harvesting had fewer pollutants and met the effluent standard quality.

Keyword: Chlorefla sp., Light Intensity, Nutrients uptake, Treated septage



1. INTRODUCTION

More than 80% of wastewater that directly
discharged to river was domestic wastewater
especially human excreta. Most of them have
been primary treating with septic tank, the
country whole acceptance approach. It has low
treating efficiency and needs further treatment
such a central wastewater treatment plant.
However, form many studies, it was found that
the effluent from that secondary treatment plants
still contained high pollutants such as organic
matters and nutrients (1). The presence of
excesses nutrients particularly nitrogen and
phosphorus tn the river may cause serious
environmental problems to the natural receiving
water resources. To have a better quality of the
effluent, it needs additional tertiary treatment,

There are several processes to remove
nutrients and organic substances such as
Extended Aeration, Aerated Lagoon, etc (2).
The interesting system is algal pond or high rate
oxidation pond which can remove many
nutrients. Nitrogen and phosphorus are macro
nutrients for cell synthesis of aquatic
phytoplankton. The use of algae for removing
organic matter and nutrients from wastewater
has been done for the last 20 years. The success
of algal system relies on ability of algal cell to
uptake nutrients  from the wastewater and
assimilates them for their growth. Thus, it
accomplishes pollution control together with
production of algal protein (3). Treating etfluent
from sccondary treatment plants with Chlorella

sp. 18 not only remove certain amount of organic

substances and nutrients but also obtain useful

by-product, algal cell for various proposes. They
can be used as a source of protein for animal
feed, soil conditioner, energy and raw material
for some chemical production (6).

The use of green algae, Chlorella sp. as a
tertiary treatment for the septage effluent from
secondary treatment plant, provides high
treatment efficiency. Aziz et al. (4) had carried
out a research on “"Feasibility of wastewater
treatment using the activated-algal process" and
found that it was able to remove 80-88% of
BOD, 70-82% of COD, 60-70% of nitrogen and
50-60% of phosphorus at detention period of 15
days. A study of Nakthon (5) on "Efficiency of
nitregen and phosphorus removal from swine
wastewater by Chlorella sp." found that it was
able to remove 77-86% of nitrogen and 53-75%
of phozphorus at detention pertod of 8 days.

This research then was focused on nutrients
uptake and growth of Chlorella sp. in treated
septage. The study was to investigate the
influence of light intensity and detention time on

growth of Chlorella sp. and nutrient removal

efficiency by this algal treatment.

2. MATERIALS AND METHODS
2.1 Characterization of Treated Septage
Grab samples of treated septage were
collected from Nongkhacm Nightsoil Treatment
Plant, Bangkok during January — April 2002.
They were immediately characterized. In case of
time limitation, fixing with sulfuric acid or
hydrochloric acid was done in order to preserve
the samples. All samples were kept in the

refrigerator at 4°C.



The characterization of chemical properties
was pH, Chemical Oxygen Demand (COD}),
Suspended Solids (SS), Total Kjeldahl Nitrogen
(TKN) and Total Phosphorus (TP)

2.2 Stock culture of Chlorella sp.
The stock culture of Chiorella sp. was

obtained from Institute of Food Research and

Product Development (IFRPD), Kasetsart
University, Thailand.
2.3 Condition of culture for initial

concentration of Chlorella sp.

Chlorella sp. stock from 2.2 was cultured in
treatcd septage at 10,000 Juxes of light intensity.
The lighting was provided by a constant
attificial source for 3 days (16 hours/day). The
dry weight (mg/L) concentration of Chlorella
sp. was determined by filtered the liquor through
GF/C paper and oven dried at 103 — 105°C for 1
hour. The initial 100 mg/L. concentration of
Chiorella sp. was obtained by adjusting the

volume with treated septage wastewater,

2.4 Affect of light intensity on growth of
Chlorella sp. in treated septage

The treated septage was inoculated with
Chiorello sp. and batch cultured in the reactor
with capacity 3 liters under laboratory condition.
The lighting source for culturing Chlorella sp.
was fluorcscence lamp (36 W) and three levels
of light mtensity, 3.000. 5,000 and 8,000 luxes.
were provided  to cach  treatment  for 12
hoursiday.
daily

The  offluent  was analvzed  for

determinimg, production of algal biomass and

chlorophyll. After filtering algae, it was
analyzed every 2 days to determine the
concentration of Total Kjeldahl Nitrogen (TKN)
and Total Phosphorus (TP).

2.5 Statistical Analysis

Kruskal Wallis test at 0.05 level of
significance was used to compare the
differential growth of Chlorella sp. and removal

efficiencies of TKN and TP.

3. RESULTS AND DISCUSSION
3.1 Treated septage characteristics

The treated septage effluent had brown to
yellow pale color and quite turbid. The analyzed
characteristics (Tablel) expressed that it still
contained high organic pollutants. Most of the
raw wastewater came from the septage and even
the high
concentration of COD, §§ and TKN were found.
The characteristics of COD, SS and TKN were
exceeded the Thai Industrial Effluent Standard
of 120, 50 and 100 mg/L, respectively (13). To

passing the treatment processes

have a better quality of the effluent, it needs
additional tertiary treatment before discharging

to natural water.



TABLE 1
Characteristics of Treated septage

Paramcter Mean value Standard*
PH 7.61 0.09
Total Kjeldahi 133 15
Nitrogen
(TKN), mg/L
Total Phosphorus 4,68 37
(TP). mg/L
Suspended Solids 2,333 823
(SS), mg/L
Chemical Oxygen 1,343 253

Demand (COD), mg/L

Note: * = Thai Industrial Effluent Standard (13)

3.2 Growth of Chiorella sp.

The experiment was aimed to determine the
influencing of hght intensity on growth of
Chlorella sp.. Thus, the three treatments were
done under of light
provisions at 3,000, 5,000 and 8,000 luxes,

condition intensity
respectively. The results are shown in Figure |
and Figure 2. The statistical analysis was run at
0.05 level of significance. Statistical analysis of
mean amounts of algal biomass and chlorophyll
production at different light intensity provisions
are shown in Table 2.

It was cvidently observed that the different
light intensity could effect the different growth
of Chlorella sp. The highest light intensity could
significantly mcrcasc both amounts of algal
biomass and chlorophyll. The Chlorella sp. had
maximum  growvth at the fourth day. At this

penod. the amount of algal biomass production

from culturing conditton at 3,000 5,000 and
8,000 luxes of light intensity was 277, 305, and
356 mg/L, respectively. This was accounting for

around 2.8-3.6 times increasing of algal

production.
Growth of chiorella sp.
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FIGURE 1

Amount of algal biomass (mg/L) production
under various light intensity provisions.

After the fourth day, the amount of algal

biomass and chlorophyll were continuing
decreased until Chlorella sp. was dead at sixth
day.

Light intensity is an mmportance factor for
photosynthesis, a process for convert substances
Chlorophyli

chlorophyll b are light absorbent and use light as

to organic substrates, a and
energy source for photosynthesis. Thus light
intensity was considered as an influencing factor

for Chlorella sp. culturing.



Growth of chiorella sp.
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FIGURE 2

Amount of chlorophyll {(mg/1.) production under

various light intensity provisions.

TABLE 2
The amount of chlorephyll and algal biomass
at different light intensity
(Kruskal — Wallis test)

Light Dependent Mean* S.D. X* P-value
Intensity Variable

(luxes)

3,000 416" 012 9.679 1000

Chlorophyll
5 . X
000 (mg/L) 4.59* 0.16
8.000 5.34° 0.17
3,000 277 8.27 8.734 000
Algal
5,000 biomass 305 943
8.000 (mg/L) 356" “11.80

* Mean of the treatment using light intensity of
3,000, 5,000 and 8,000 Iuxes in the column
followed by same letter is not significant
diiference at P<0.03.

As the finding that the more supplying of
light intensity, the more growth of Chlorella sp..
it was smlar to a study of Assavarce and
Pechmanee (7). They indicated that Chlorelia
spr. had higher growth at provision 8,000 luxes

than 3.000 luxcs of light intensity (p-value <

0.05). In addition, Gates and Borchardt (8)
reported that a mixture of Chlorella sp. and
Scenedesmus sp. could grow at their maximum
at 6,700 luxes of light intensity. However, in
this study, it was not statistical different between
algal production at provision of light intensity
3,000 and 5,000 luxes. The reason was due to a
high turbidity from suspended solids of treated
septage which light could not penetrate into the
lower strata of treated septage. Photosynthesis
varies in proportion to the light intensity up to a
limit at which plants become light saturated and
further increases of illumination produces while
no further increase of photosynthesis. Fogg (9)
reported that as the concentration of algal cell in
the water increase, light penetration decrease, so
that the phvtoplankton becomes self-shading.
The ability of algae to absorb and »tilize light in
photochemical reactions is due to therr
possession of chlorophyll and certain other
photosynthetic pigments.

This pointed out that, aithough, increasing
light intensity provision could enhance algal
growth but it is happen for onlv some
circumstances, Thus, a design criterion for an in-
house algal culture base on a consideration of
energy consuming versus algal production
should be a light intensity of 3.000 lux which
give a satisfactory vield. The successful of algal
production would depend on a sutficient light
provision and management practices such

prevention of self-shading via occasionally algal

harvesting.

3.3 Poliutant removal efficiency



There was an investigation of pollutants,
Total Kjeldahl Nitrogen (TKN) and Total
Phosphorus (TP), removing from the wastewater
during algal culture. Figure 3 and Figure 4
showed the change of pollutants removal
efficiencics. Then the statistical analysis of
mean TKN and TP removal efficiencies at

different light intensity provision are shown in

Table 3.
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TKN removal efficiency
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Pollutant removal efficiencies were
consistently increased in all treatments. At
fourth day of culture where the maximum algal
growth occurred, the TKN and TP removal
efficiencies at 8,000 luxes of light intensity were
54% and 41%, respectively.

The pollutant removal efficiencies were
depended on growth of Chlorella sp. and
microorganisms in the treated scptage. The
increasing of light intensity could increase
pollutant removal efficiencies because higher
light intensity could significantly increasc the
growth of Chlorella sp. It was then being a
major factor to remove pollutants from this
treated septage. These results are agreed with a
study of Gonzales et al. (10) whose found that
the microalgae (Chlorella sp. and Scenedesmus
s5p.) could remove 95% of ammonium-nitrogen

and 50% of phosphorus in wastewater.

TABLE 3
TKN and TP removal efficiencies
at different light intensity
(Kruskal — Wallis test)

% Rclﬁm'al of TP

FIGURE 4

TP removal efficiency

Light Dependent  Mean” S.D. x: P-value
Intensity Variable
(luxes)
3,000 65.6 1.81 3348 000
TKN [
5,000 removal 68.0 1.43
2,000 efficiency 69.2" .86
3.000 60.6° 1.67 14 00 i3}
TP removal . o\
3,600 elficiency Bl 2 237
8,000 739" 197

* Mean of the treatment using light intensity of
3,000, 5,000 and 8.00{ luxes in the column
followed by same letters is not significant
difference at P<0.035

Although the growth of Chlorella sp.

started to drop out. both TKN and TP removal



efficiencies still continuing increased until the
end of operation. At this period, microorganisms
play the major role in waste treatment. These
similar to a study of

results  were

Weerawattanapong  (11), who  culturing
Chiorella sp. in poultry wastewater at 10,000
luxes of light intensity and detention time of
eight days. It found that the TKN and TP
removal efficiencies were 72 — 85% and 57 -
77%, respectively. Nakthon (5) reported that
culturing Chlorella sp. in piggery wastewater at
8,000 luxes of light intensity at detention time of

days, the TKN and TP
around 83% and 75%,

eight removal

efficicncies  were
respectively.
Beside the treatment without algal culturing
(control), a degree of TKN and TP removal
efficiencies was quite lower. Lighting provision
in this study did not significantly raise the
system temperature. The native microorganisms
could utilize nitrogen and phosphorus for their
metabolism activities (1). Then, some amount of
TKN and TP were reinoved from the treated

septage.

4. Nitrogen Uptake by Chlorella sp.
4.1 Growth of Chlorella sp.

There was some amount of nutrients (128-
240 mg/L TKN and 8 9-28.3 mg/L TP} in the
studied treated septage. Chlorella sp. utilized the
nitrogen and accumulated in a form of protein
products. By this rcason. if a whole of TKN m
treated septage had been utilized. it can forecast
o o0y - 3000 my/L of algal biomass

production {Algal biomass. mg/L = TKN. mg/L

x 6.25 (nitrogen to protein conversion factor) x 2
(50% of protein contained in algal biomass))
(1,10). However, the experimental result shows

that there was only 277 — 356 mg/L. of algal

biomass concentration, which accounted to only

17% - 21% of the total estimated production

volume.
The growth of Chlorella sp. depends on
factors

many such as population density,

lighting, temperature, and pH. A very
importance factor is the potential growth rate
under the environmental conditions prevailing
outdoors. Some other internal limiting factors
such as concentration or forin of carbon in the
culture medium. or a lack of vitamins or other
organic growth faciors are also affecting the
algal biomass production.

In this experiment, there was no addition of
sufficient carbon, phosphorus or some trace
clement into the treated septage for enhancing
the growth of Chlorella sp.. Then, Chlorella sp.
was slightly grown because a mineral nutrient
and some trace clement (Cu. Fe. Bo. Zn, etc))
are the factor limiting algal production
Moreover, carbon and phosphorus are the major
nutrient elements required for normal growth of
Chlorella sp.. It plays a major role in most
cellular processes, particularly those involved in
energy transfer and in nucleic acid svnthesis.

Therefore, a study which considering
septage waste management together with the

economic algal production is further needs to

meet the sustainable environment.



4.2 Nitrogen uptake by Chlorella sp.

The TKN removal efficiency increases as a

result of algal growth, microbial activities and
nitrification process. The overall TKN and TP
removal efficiency in this study (as shown in
Figure 3 and 4) was around 54% and 41%,
respectively.

A calculation from estimating amount of
TKN in algal biomass produced in this study
point out that there was only 21% of TKN in
septage wastewater uptaking by Chlorella sp..
Thus, the microorganisms and others removed
most of TKN in treated septage.

The results prove that this culturing system
could successfully treat the treated septage and
return beneficial products to the environment.
The characteristics of the effluent were also
under the level of the effluent standard (13).

5.'Conclusion

3.1 Growth of Chlorella sp. depends on the light
intensity. Chlorella sp. had maximum
growth on fourth day of treatment. The
amount of chlorophyll and algal biomass at
8,000 luxes of light intensity was 5.34 mg/L.
and 356 mg/L, respectively.

3.2 There was no statistical different between
algal production at provision of light
intensity 3,000 and 5.000 luxes. Thus, the
light intensity provision of 3,000 luxes
would better serve the purpose of algal

production and cconomic as well.

5.3 At the maximum growth of Chlorella sp. at
fourth day, the TKN and TP removal
efficiencies were 54% and  41%,
respectively.

5.4 Nitrogen uptake by Chlorella sp. was
counted only 21% of TKN in treated
septage.

5.5 The TKN and TP removal efficiencies in
treated septage were depend on the growth
of Chlorella sp. but they were not depend on

the light intensity.
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ABSTRACT

Treated septage from Bangkok Metropolitan Region (BMR) still contained higher pollutants
when compared with industrial effluent standard and building effluent standard. Reuse of this
wastewater through waste reclamation via algal culture could remove organic substance and nutrients.
In contrary, the effluent from algal treated could deteriorate water resources if the algae does not
properly harvested. Using zooplankton, M macrocopa is easily harvested from the effluent to be a
natural harvester for Chlorella sp. Would be attractive since the removal of algal cell from the effluent
have quite high investment cost and require operational skills. M.macrocopa focused this study in the
suitable conditions in the Chlorella sp. removal efficiency included suitable ratio of algal biomass and
starting number of M. macrocopa, light intensity.

From batch culturing of starting algal biomass 300 mg/L there was a different Chlorella sp.
removal efficiency under various starting number of M.macrocopa 100, 200 and 300 org/L. Starting
numbcr of M. macrocopa 100 org/L gave highest Chlorella sp. removal efficiency and total production
of M.macrocopa 36,600 org/L at detention time of 6 days. The Chlorella sp. removal efficiency in
terms of ODsg. SS and COD were 73.73%, 57.56% and 43.35%, respectively. The result also showed
that M. macrocopa cause an increase of 9% of TKN and 6% of TP removal cfficiency. Light intensity
affected the Chlorella sp. removal efficiency. Provision of light intensity 3,000 lux gave the highest
Chlorella sp. removal efficiency in term of suspended solid 42.98%. The harvesting of M.macrocopa
production should be dong at the sixth day of culturing time. The cffluent after removal of Chlorella

sp. by M macrocopa had lower pollutants and met the standard quality.

Keyword: M macrocopa | Chlorella sp. Treated septage Wastewater



1. INTRODUCTION

More than 80% of wastewater that directly
discharged to river was domestic wastewater
especially human excreta. Most of them have
been primary treating with septic tank, the
country whole acceptance approach. It has low
treating efficiency and needs further treatment
such a central wastewater treatment plant.
However, form many studies, it was found that
the effluent from that secondary treatment plants
still contained high pollutants such as organic
matters and nutrients (1).

The use of algae for removing organic
matter and nutrients from wastewater has been
done for the last 20 years. The success of algal
system relies on ability of algal cell to uptake
nutrients from the wastewater and assimilates
them for their growth. Thus, 1t accomplishes
pollution control together with production of
algal protein (2). The use of green algae,
Chlorella sp. as tertiary treatment for the treated
septage from the secondary treatment plant, can
provides high treatment efficiency. The dead
algal cells could also harm water body by
increasing organic matter. Algae can also alter
the value of surface water for growth certain
kinds of fish and other aquatic lLife, for
recreation and for other beneficial uses. The
harvesting the microalgac has usually been
taced from the point of view of eliminating them
from the medium that they are colonized. as they
constitutc a great nuisance in water surface.
Biological harvesting of algal cell after uptake
of nutricnts by using M.macrocopa is an
harvest algal ccll

alternate  treatment 1o

efficiency. It attains pollution control together
with production of M.macrocopa.

Using zooplankton, M. macrocopa, which is
casily harvested from the effluent to be a natural
harvester for Chlorella sp. presents a challenge
(3). Chlorella sp. is a suitable feeding for
M. macrocopa due to their small size and high
protein value (about 64.15%), rapid growth, able
to treat wastewater and build up oxygen for
M.macrocopa (4). A study of Pechmanee (5)
shows that M.macrocopa consumes a lot of
Chlorella sp. (0.5-1.5 x 10° cells/day/organism).
A study of Kawai et al (6) found that in the
zooplankton pond, the algae concentration was
reduced from 2 x 10° cells/ml to 8 x 10°
ceils/ml, which corresponds to a removal
efficiency of 99.99%, and the
efficiency were 95-97% BOD, 79-88%COD, 42-
59%TKN, 37-48%TP and 99.9% total coliform

bacteria.

removal

M. macrocopa then focused this research on
removal of Chlorefla sp. in effluent of treated
septage. In order to increase septage treating
¢fficiency, the suitable conditions that provide
high Chlorella sp. removal efficiency and/or
produce high production of M. macrocopa.

2. MATERIALS AND METHODS

2.1 Characterization of Treated Septage
Grab samples of treated septage were

collected from Nongkhaem Nightsoil Treatment

Plant, Bangkok during January — Aprii 2002

They were immediately characterized. In casc of

time limitation, fixing with sulfuric acid or

hvdrochloric acid was donc in order to preserve



the samples. All samples were kept in the
refrigerator at 4°C.

The characterization of chemical properties
was pH, Chemical Oxygen Demand (COD),
Suspended Solids (SS), Total Kjeldahl Nitrogen
(TKN) and Total Phosphorus (TP)

2.2 Stock culture of Chlorella sp.
The stock culture of Chlorella sp. was

obtained from Institute of Food Research and

Product Development (IFRPD), Kasetsart
University, Thailand.
2.3 Condition of culture for initial

concentration of Chilorella sp.

Chiorella sp. stock from 2.2 was cultured in
treated septage at 10.000 lux of light intensity.
The lighting was provided by a constant
artificial source for 3 days (16 hours/day). The
dry weight (mg/L) concentration of Chlorelia
sp. was determined by filtered the liquor through
GF/C paper and oven dried at 103 — 105°C for |
hour. The initial 300 mg/L concentration of
Chlorella sp. was obtained by adjusting the

volume with treated septage wastewater.

2.4 Preparation of M.macrocopa

M macrocopa were brought from Jatujak
market. They were rinsed with distilled water to
prevent protozoa. They were count by using
pasture pipette to get the starting number of 100,
200 and 300 org/L..

2.5 Determination the suitable ratio of algal

biomass and starting number of M.macrocopa

M macrocopa 100, 200 and 300 org/L were
inoculated into treated septage, which had algal
biomass 300 mg/L.

The effiluent was daily analyzed for
determining algal biomass in terms of ODsg,
suspended solids (SS) and COD. Total Kjeldahl
Nitrogen (TKN) and Total Phosphorus (TP)
were analyzed every 2 days. M. macrocopa were

daily counted.

2.5 Effect of light intensity provision on the
removal of Chlorella sp. in treated septage by
M.macrocopa

The suitable ratio of algal biomass and
starting number of M. macrocopa, which had the
highest in removal efficiency of Chlorella sp.
and total production of M macrocopa was
sclected. The intensity
provision 3,000, 4000 and 5,000 lux were

experimental light

provided for 12 hours/day.

The effluent was daily analyzed for
determining algal biomass in terms of ODsg,
suspended solids (SS) and COD. Total Kjeldahl
Nitrogen (TKN) and Total Phosphorus {TP)
were analyzed every 2 days. M.macrocopa were

daily counted.

2.6 Statistical Analysis

The oneway ANOVA and Kruskal Wallis
test at 0.05 level of significance were used to
compare the removal efficiencies of Chlorella
sp. in treated septage by M macrocopa. the
removal efficiencics of TKN. TP and total

number of M.macrocopa.



3. RESULTS AND DISCUSSION
3.1 Treated septage characteristics

The treated septage effluent had brown to
yellow pale color and quite turbid. The analyzed
characteristics (Tablel) expressed that it still
contained high organic pollutants. Most of the
raw wastewater came from the septage and even
passing the treatment processes the high
concentration of COD, SS and TKN were found.
The characteristics of COD, §S and TKN were
exceeded the Thai Industrial Effluent Standard
of 120, 50 and 100 mg/L, respectively (7). To
have a better quality of the effluent, it needs
additional tertiary treatment before discharging
to natural water.

TABLE 1
Characteristics of Treated septage

Parameter Mean value Standard*
PH 7.61 0.09
Total Kjeldahl i33 15
~ Nitrogen
(TKN), mg/L.
Total Phosphorus 4.68 37
(TP), mg/L
Suspended Solids 2,333 323
(SS), mg/L
Chemical Oxygen 1,343 253

Demand (COD), mg/L

Note: * = Thai Industrial Effluent Standard (7)

3.2 Determination of suitable ratio of algal
biomass and starting number of M.macrocopa
At starting algal biomass 300 mg/L. total

number of Momaerocopa 100, 200 and 300

org/L were slightly increased in the first 2 days
of culture. At the reaction time of 3 and 4 days,
the total number of M macrocopa of treatment
with starting number of M macrocopa 200 and
300 org/L were

treatment with starting number of M. macrocopa

rapidly increased while
100 org/LL was slowly increased. At reaction
time of 5 days, the total number of
M. macrocopa 100 org/L. was swiftly risen until
the sixth day of the operation while treatment
with starting number of M.macrocopa 200 and
300 org/l. were not changed. After that, total
numbers of M. macrocopa of all treatments were
rapidly decreased.

The result showed that at algal biomass 300
mg/L and starting number of M. macrocopa 100,
200 and 300 org/L could give the maximum
total number of M macrocopa 36,000, 26,667
and 28,067 org/L, respectively at the reaction
time of 6 days (Figure 1).

Totat number of M.macrocopa at starting algal biomass
300 mg/L
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FIGURE 1
Total number of M.macrocopa {(org/L)

under various starting number of M macrocopa.

Algac. protozoan. organic detritus as well

as bacteria arc  very  important  food of

M macrocopa and commonly trom the great



bulk of material Complex

ingested (4).
movements of the highly setose thoracic legs
produce a constant current of between the
valves. These movements further serve to filter
food particles from the water and collect them in
a median ventral groove at the base of legs. This
stream of food is fed forward to the mouthparts
where the particles may be ground between
surfaces of the mandibles before being taken
into the mouth (3).

Yamalee Y. et al (9) did a study on
culivating Chlorella sp. in soy cake solution.
They found that the increasing of starting
amount of M macrocopa from 3.0 to 4.5 grams
(wet weight) which corresponded to 200 to 300
org/L was not effect to the highest vield of
M.macrocopa, while the increasing of food from
30 to 45 liters which could corresponded to
starting algal biomass 300 to 450 mg/L was
effect to the growth of M.macrocopa. They
suggested that amount of food for culturing
M.macrocopa in 150 liter pond should be 300-
450 mg/L with starting M macrocopa 3 grams
dry weight (200 org/L) which could give the
highest yield of M.macrocopa 100-137 grams
(6,667-9,134 org/L) at reacfion time of 4 days.
This recommended ratio of starting amount of
Chlorella  sp. and starting number of
M macrocopa

The growth of M.macrocopa in batch
culture was maximized only one time, then
decrcased. This could be explained that the lack
of food and crowded of M.macrocopa lcad them
to  decrcase  a  vield,  Under  adverse
environmental conditions, males are produced

and  sexual reproduction occurs  resulting 1o

resting eggs (ephippia) (10). Thus the harvesting
should be done at the maximum yield of
M. macrocopa. The ratio 3:1 of algal biomass
300 mg/L and starting number of M. macrocopa
100 org/L could give the greatest total number
of M macrocopa 36,600 org/L or 366 times of
the starting, Compare to a study of Yamalee et
al (11) on utilization of Chlorella sp. from
wastewater in  soil-milk for feeding on
M macrocopa, shown that fresh algae from
waste after growing for 3 days from algal
suspension of optical density at wavelength 560
nanometer was 0.4 gave the highest yield 13,520
org/L or 135.6 times increasing. Although the
maximum total number of M macrocopa could
not obviously compared due to the factors of
food, environmental conditions were different.
but it may conclude that maximam total number
of M.macrocopa at ratio 3:1 of algal biomass
300 mg/L and starting number of M. macrocopa
100 org/lL in
satisfactory in M. macrocopa production. This

treated septage gave the
ratio would be used in the further study.

For the ODsg decreasing efficiencies of
treatment with starting number of M. macrocopa
100 and 200 org/L wcre slightly increased at the
first day of operation while treatment with
starting number of M. macrocopa 300 org/L. was
rapidly increased. At the reaction time of 2 days,
the ODsqo decreasing efficiencies of treatment
with starting number of M macrocopa 100 org/L
was not much changed After that ODq
decreasing efficiencics of all treatments were
slightly increased until the last day of opceration,
result.  the OD..

From the decreasing

cfficicncics for algal biomass 300 mg/L and



starting number of M. macrocopa 100, 200 and
300 org/L. were 73.73%, 78.86% and 75.80%,
respectively at reaction time of 5 days. At the
identical day, the ODsq, decreasing efficiency of
the treatment without M macrocopa, was
48.41% and it was fluctuated through the

operation (Figure 2).

O, decreasing cfficlency at startiag alga) biomass 300 mg/L
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FIGURE2
ODs;, decreasing efficiency under various

starting number of M.macrocopa.

Algal biomass removal efficiency in term
of SS at starting number of M.macrocopa 100,
200 and 300 org/L were similar and stable in the
initial phase (1-3 days). Then they were rapidly
increased at reaction time 4-5 days until the end
of operation. On contrary, a treatment without
M macrocopa had reduce algal biomass removal
efficiencies of SS at the fith day of the
experiment were 55 56%. 64.23% and 59.04%
for the treatment with starting number of
M macrocopa 100, 200 and 300 org/L.
respectively. (Figure 3)

For algal biomass removal cfficicncy 1n

COD at
M mgcerocopa 100, 200 and 300 org/L. were
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FIGURE 3

SS removal efficiency under various

starting number of M. macrocopa.

experiment. At reaction time of 2 days. the COD
removal efficiency of treatment with starting
number of M macrecopa 100 and 200 org/L
were contingous increasing while those of the
treatment with starting number of M. macrocopa
300 org/L and treatmeni without M. maccrocopa
were decreased. The removal efficiencies were
similarly increased again after reaction time of 3
days and were maximum at reaction time of 6
days, then they were slowly decreased except
that of treatment without M macrocopa . The
COD removal efficiency at starting number of
100, 200 and 300 org/L at reaction time of 6
days were 43.35%, 45.72% and 38.38%,
respectively. For the treatment without
M.macrocopa, the COD removal efficiency was
34 .12%. (Figure 4)

The removal efficiency of Chlorella sp. by
M macrocopa was indicated in terms of ODs,
SS and COD. As the result. starting number of
M. macrocopa 100, 200 and 300 org/L could not
give the significantly different in algal biomass
removal efficicncy. They were 73.33-78.86%,
55.56-64.23% and 3%.38-43.353% for the algal

biomass removal cfficicncics m terms of ODs,...



COD removal efficeincy at starting slgal biomass 300
mg/L

COD removal efficiency (%)

FIGURE 4
COD removal efficiency under various

starting number of M.macrocopa.

SS and COD, respectively at the reacticn time of
5 days. For the
M.macrocopam the algal biomass removal
efficiencies in terms of ODss, SS and COD
were 25-30%, 7-16% and 20-27%, respectively.

treatment  without

This could be occurred by phenomenon of self-
purification. Bacteria in the aerobic degradation
of organic matter, which included dead aigal
cells. use the oxygen released by algae through
the process of photosynthesis. This could result
in decreasing of algal biomass in terms of
ODs¢o, SS and COD.

The algal biomass removal efficiency in
term of suspended solids was quite lower than
the term of ODsq, the reason was that treated
septage had several matenals 1.¢. algal biomass,
bacteria, protozoa, organic matters and others
which could be mixed in the Afiltrated.
M.macrcopa can consume onlv small particles.
Zooplankton cfficieney filter feed particles 25
micron and smaller (12}, Therefore, the larger
particles, which cexisted in the suspended solids

was lower than that in term of ODs., which

perform only the optical density for Chlorella
sp. by the absorption at wavelength 560
nanometer.

When Chlorella sp. presented in the pond,
it could deteriorate water resource by increasing

OD550 and COD

concentration. Las Virgenes Municipal Water

of suspended solids,
Distric’s (13} experiment found that the effluent
from algal pond caused increasing of suspended
solids and COD concentration. However, ODsq,
suspended solids and COD concentration from
crustacean pond were less than that in algal
pond. Thus, using M macrocopa for Chlorelia
sp. temoval would reduce ODsg, suspended
solids and COD concentration

A study of Asawasinsopon (3) found that
Chiorella sp. removal efficiency in treated swine
wastewater by M.macrocopa with starting algal
biomass 260 mg/L and starting number of
M macrocopa 3,000 org/L in terms of ODseo,
suspended solids and COD were 84.85%,
84.11% and 70.52%, respectively at reaction
time of 2 days. Comparison to this study, it was
found that Chlorella sp. removal efficiency in
terms of ODse was similar to the treated septage
wihich had starting algal biomass 100 mg/L and
starting number of M. macrocopa 300 org/L.
Because hoth experiments had a vicinity of
starting algal biomass which cffected to the
Chlorella sp. temoval cfficiencv. The algal
biomass removal efficiencies 1n terms of 8§ and
COD in treated septage were less than that in
ttreated swine wastewater. The reason was that
the influent of treated septage had high turbidity
and COD. could not

which  M.macrocops

consumg all of them. High concentration of



suspended material can interfere with the uptake
of their food particle (14). When undesirable
material or large tangle masses are introduced
between the mandibles, they might removed by
spines at the base of the first legs and then
kicked out of the shell by post abdomen (8).
However, it may concluded that starting number
of M.macrocopa could not affect Chiorella sp.

removal efficiency in treated septage.

TKN and TP was observed every 2 days to
determince the characteristic of treated septage
after removal of Chlorella sp. by M.macrocopa.
TKN removal efficiencies at starting number of
100, 200 and 300 org/L were slightly increased
until the end of operation. They were 60.73%,
73.18 and 74.26%, respectively at reaction time
of 6 days
M. macrocopa was 51.70% (Figure 5).

whereas treatment  without
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TKN removal efficiency under various

starting number of M. macrocopa.

TP removal  cfficiencics  were  slightly

increased at the second day of operation. After

that. the trend was not changed until the end of

operation. TP removal efficiency at starting
number of M macrocopa 100, 200 and 300
org/L. were 28.53%, 30.95% and 25.60%,
respectively at reaction time of 6 days (Figure
6). At the same time, it was 22.86% for the
treatment without M. macrocopa. The statistical
analysis showed that starting number of
M.macrocopa 100, 200 and 300 org/L could not
give the significantly different in TKN and TP

removal efficiency.
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TP removal efficiency under various

starting number of M. macrocopa.

M macrocopa was indirectly effected the
decreasing of TKN by consuming aigal celis.
The reducing of nitrogen could be occurred by
algal-bacterial system. The partway of nitrogen
removal in wastewater pond and natural water
included uptake. ammonia

bodies algal

volatilization, mitrification-denitrification.
retention in benthic sludge, ammonia adsorption
and combinations (15).

Nitrogen climination cfficicncy of 72% was
reported in algal-bactenal svstem (163, In such a
nitrogen  and

process. phosphorus  were

converted to solid organic forms by algae and




then M macrocopa remove nitrogen and
phosphorus principally by feeding on algae and
bacteria. According to the treatment without
M macrocopa. which algal biomass was also
reduced together with decreasing of TKN. This
may indicated that nitrogen might not be uptake
by algae. It was probably that M macrocopa
consumed some bacteria, which functioned to
the degradation of mitrogen. Since M.macrocopa
consume algae, protozoa, organic detritus and
bacterta (4.17). Calculation of TKN removal
efficiency the selected ratio 3:1 with algal
biomass 300 mg/L and starting number of
M.macrocopa 100 org/L, TKN in the treatment
without M.macrocopa was removed 51.70% by
algae and bacterial mechanisms. Treatments
with M. macrocopa caused an increasing 9% of
TKN removal efficicncy.

Phosphorus uptake by algae is lower than
nitrogen uptake because the nitrogen content of
algae is approximately ten times more than the
phosphorus content, which is approximately one
percent of the 100 to 300 mg/L algal dry weights
in high-rate algal pond (18). Correlation to the
result, starting algal biomass was 300 mg/L, so
one percent of phosphorus 'uptake by algae
would be 1-3 mg/l.. A study of Kawasaki {19)
was tound that only 10% of phosphorus
removed was incorporated within the algal cells.
If treated septage contained 8.4 mg/L of TP. ten
percent of phosphorus removed would be 0.84
mg/L. TP removal cfficiency of treatment with
M omacrocopa at starting  algal biomass 300
my/l. was 25.60-30.95% or 2.15-2.60 mg/L.

Theretore. the excess of TP removal cefficiency

may occur by other mechanism, such as
bacterial mechanism and precipitation.
Consideration to the treatment without
M. macrocopa was 22.86% while treatment with
starting number of M.macrocopa 100 org/L was
28.53%.

M. macrocopa could give increasing of TP

It was found that treatment with

removal efficiency around 6%. The increment
was probably due to M.macrocopa consumed
some bacteria and particulate matter, which
contained phosphorus.

A study of Kawai et al (6) found that using
M macrocopa for Chlorella sp. removal could
remove TKN and TP in the effluent to 59% and
44%, respectively. A study of Asawasinsopon
(3) . found that the TKN and TP removal
efficiencies after removal of Chlorella sp. in
treated swine wastewater by M. macrocopa were
55.56% and 67.02%, respectively at reaction
time of 2 days. Comparison to these studies, the
TP removal efficiency of the treatment with
starting algal biomass 300 mg/L. and starting
number of M. macrocopa 100 org/L was lower
than those studies. This might due to this
experiment was done without aeration, high
population density of M macrocopa may lead to
decreasing of oxygen. Release of phosphorus
would occur under anoxic condition. The
decreasing of oxygen bv M macrocopa could
reduce the adsorption of phosphorus by
microorganisms {20). Howcver. Navanarasct
(20) suggest that the amount of nitrate nitrogen
and total phosphorus fluctuated sporadically and

was indirectly related to A mvcrocopea activities.



3.3 Effect of light intensity on the removal of

Chlorefla  sp.in  treated  septage by

M.macrocopa

The selected ratio of algal biomass 300
mg/L and starting number of M.macrocopa 100
org/L was carried out at different light intensity
provision, 3.000, 4,000 and 5,000 lux by using
fluorescent lamp,

The growth of M.macrocopa, represented
by total number of M macrocopa, at light
intensity provision 3,000, 4,000 and 5,000 lux
were slightly increased in the initial phase of the
experiment (1-4 day). After that, they were
rapidly increased, then started to decrease from
the rcaction time of 8 days. The highest growth
of M.macrocopa at light intensity provisions
3,000, 4,000 and 5,000 lux at reaction time of 7
days were 28,803, 30,167 and 30,953 org/L,
respectively  {(Figure7). Statistical analysis
showed that total number of M. macrocopa at
each light intensity provisions were significantly
difference (p < 0.05). This may indicated that
light intensity provision affected to the total

number of M.macrocopa.
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FIGURE 7
Total number of Momacrocopa (org/L) under

various tight imtensity provisions.

Behavioral adaptations to the utilization of
light are also common. M.macrocopa uses light
as a cue in body orientation while swimming.
The long axis of the body is oriented with the
vector of maximum light energy, which affects
directional swimming of these crustaceans
during  vertical migrations. Hence the
distribution of M.macrocopa within the lake is
light dependent (21). There 1s possibly a direct
effect of light on growth and reproduction of
some Cladocera. At greater light intensities, a
negative  photokinesis  or  inhibition of
movement, or a negative phototaxis involving a
change of postures relative to the light and
swimming away from the source, apparently
dependent on a general photosensitivity of
nervous system. The most important is the
dorsal light reaction, by which any animal
illuminated from above will alter its posture if
the direction of light is changed so that its
relation to the illumination is maintained (22).

From the result, it was found that treatment
with light intensity provision 5,000 lux gave the
lower production of M.macrocopa than that in
treatment of 3,000 and 4,000 lux. This could be
a result of temperature was 36 ° C in treatment
with light intensity 5,000 lux, while The
optimum temperature for the growth of
M.macrocopa was around 24-31 ° C (10). A
study of Wara-asawapati M (23) on the effect of
light intensity to the growth of M.macrocopa
was found that the trcatment with light intensity
provision 64 ft-candle/fi™ (689 lux) gave higher
M. macrocopa production than that treatment
with light intensity provision 230 ft-candle/t”

(2.691 Jux) It was concluded that excess



lighting (250 fi-candle/ft’) would inhibit the
growth of M.macrocopa. Comparison to this
study, the treatment with light intensity 5,000
lux gave lowest M. macrocopa production. The
difference was due to different type of artificial
light source. That study used incandescent light
bulb. which provided more heat than fluorescent
lamp used in this study. The temperature affects
the frcquency of molting and hence the
frequency with which young is produced (24).

This pointed out that, although, increasing
light intensity provision could enhance algal
growth but it is happen for only some
circurastances. Thus, a design criterion for an in-
house algal culture base on a consideration of
energy consuming versus algal production
should be a light intensity of 3,000 lux which
give a satistactory yield. The successful of algal
production would depend on a sufficient light
provision and management practices such
prevention of self-shading via occasionally algal
harvesting.

Algal biomass removal efficiency in term
of ODs at light intensity provision of 3,000 lux
was slightly increased throughout the period of
experiment. It was 42.98% at reaction time of 6
days (Figure 8).

In case of light intensity provision 4,000
lux. The ODsg

slightlv increase at first day of operation. The

decreasing  efficiency  was

trend was not changed at the next 2 days. After
reaction time of 4 davs. ODs,, deccreasing
efficieney continued slowly inercasing until the
last dov of the expertment. It was 37.16% at

reaction time of 6 days.
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FIGURE 8
ODsg decreasing efficiency under various light
intensity provisions.
At light intensity provision 3,000 lux.
ODs¢o

increased at the first day of the experiment, then

decreasing  efficiency was rapudly
the trend was slightly decreased until the
reaction time of 4 days. After that, it was started
to increase again, until the end of operation. The
ODsy, decreasing efficiency was 49.20% at
reaction time of 6 days.

Statistical analysis showed that algal
biomass removal efficiency in term of ODs, at
various light intensity provisions 3,000, 4,000
and 5,000 lux were significant difference {p <
0.05).

For the algal biomass in term of suspended
solids at light intensity provision 3,000 and
4,000 lux were slightly increased until the end of
experiment. At reaction time of 6 days. algal
biomass removal efficiency of treatment with
light intensity provision 3,000 and 4.000 lux
were 40.98% and 40.92%. respectively. The
algal biomass removal efficiency of treatment
with light intensity provision 5,000 lux was
quitc low i the initial phase (1-4 day). After
that it was rapidly incrcased tifl the ¢nd of

operation. The algal biomass removal cfficicney



in term of suspended solids was 23.48% at

reaction time of 6 days (Figure9).
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FIGURE 9
SS removal efficiency under various light

intensity provisions.

The statistical analysis indicated that the
removal efficiency in term of suspended solids
were significantly different at various light
intensity provision 3,000, 4,000 and 5,000 lux.

For the algal biomass removal efficiency in
term of COD at light intensity provision 3,000,
4,000 and 5,000 lux were similar (Figure 10).
They were rapidly increased at the first day of
oﬁeration. After that, COD removal efficiencies
were not changed until the forth day. They were
rapidly increased again at reaction time of 5
days, then they were slightlif increased until the
end of operation. The COD removal efficiencies
of treatment with light intensity provision 3,000,
4,000 and 5.000 lux at the reaction time of 6
days were 64.49%. 51.79% and 58.99%,
respectively. The statistical analvsis showed that
algal biomass removal cfficicncy in term of
COD were not significant difference at Jight
intensity provision 3.000. 4. 000 and 5,000 lux (p
- 0.05)
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COD removal efficiency under various light

intensity provisions

Light intensity plays an important role, but
requirements vary a great deal with the volume
and the density of algae in the culture, at higher
volume and concentration of cells the light
intensity must be increased to penetrate through
the culture. It has been shown that 1,000 lux
illumination is suitable for Erlenmayer flasks
culturing, but 5,000-10,000 lux is required for
higher volume (25). The algal biomass removal
efficiency for this study was described in term
of ODse, suspended solid and COD. It was
found that in the treatment with light intensity
provision 5,000 lux had the highest algal
biomass removal efficiency in term of ODsg
(49.20%). The reason was that light intensity
5.000 lux was nearest to the optimum range for
algal culture. For the agal biomass removal
efficiency in term of suspended solid, it was
found that treatment with light intensity
provision 5000 lux was lower than that
treatment ot light intensity provision 3.000 and
4,000 lux. This mayv occurred from the total

number of M macrocopa n the treatment with



light intensity provision 5,000 lux was lower,
small particles may be less consumed. The
reason for the decreasing of Chlorella sp. was
by the consuming of M macrocopa and
sedimentation, The filter-feeding activities of
M macrocopa involve the removal of finely
suspended material from the water would be
expected to result in a reduction in turbidity
(26).

Comparison to  the study of
Asawasinsopon R (3), it was found that the
removal efficiency of Chlorella sp. in treated
swine wastewater by M macrocopa at reaction
time of 2 days were 84.85% for ODsg, 84.11%
for algal biomass and 70.52% for COD. This
study had lower in removal efficiency of
Chiorella sp. The reason was that the studied
treated septage was quite turbid. Since
M.macrocopa seem to be non-selective filter
feeder, they do not discriminate between

individual food particies by taste, high

concentrations of suspended material can
interferc with the uptake of food particles (14).
However, the results could be indicated that the
removal efficiency of Chlorella sp. in treated
septage by M.macrocopa varies in different light
intensity provision.

The characteristic of treated septage after
removal of Chlorella sp. by M.macrocopa were
described in term of TKN and TP removal
efficiency. They were analyzed every 2 days.
The results are presented in Figore 11-12,

AL light tensity provision 3,000 lux, TKN
removal cfficiency had a trend of increasing. At
reaction time of 2, 4. 6 and § davs. the removal

cificicncies of TKN were 27.28%. 53.11%.

62.72% and 68.77%, respectively. For the
treatment with light intensity provision 4,000
lux, it was found that TKN removal efficiencies
were 26.64%, 50.60%, 63.00% and 74.50% at
reaction time of 2, 4, 6 and 8 days, respectively.
As light intensity provision 5,000 lux, the trend
of TKN removal efficiency was also increasing.
Regarding to reaction time of 2, 4, 6 and 8§ days,
the removal efficiencies of TKN were 29.57%,

53.66%, 69.48% and 78.44%, respectively.

TKN removal fTickency = different Uz intensity

| =9 4000kux
J g S000hw

TKN removal eificiency (%

Reaction tine (Duy)

FIGURE 11
TKN removal efficiency under various light

intensity provisions

‘The statistical analysis showed that TKN
removal efficiencies of each treatment of light
intensity provision were significant difference (p
<0.05).

For TP removal efficiency at light intensity
provision 3,000, 4000 and 5,000 lux was
slightly increasing though the experiment. The
TP removal efficiencies at reaction time of 6
days were 9.98%. 11.03% and 10.86% at light
intensity provision 3.000. 4.000 and 5.000 lux.
respectively. The statistical analysis showed that

TP removal cfficiency at varied light intensity



provision were not significant different (p >

0.05).
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FIGURE 12
TKN removal efficiency under various light

intensity provisions

The increase of light intensity increases the

microalgae  activity  (27).  Mmacrocopa
indirectly involved the decreasing of TKN by
consuming algal cells, bacteria and also some
TKN removal

efficiency in treatment with light intensity

sediment. From the result,
provision 5,000 lux was highest. This may the
result of the temperature of treated septage in
the reactor 36°C, which higher than that
treatment of light intensity provision 3,000 and
4,000 lux (31.5 and 32.0°C).

As the result, it was found that all treatment
with different light intensity were quite low in
TP value. This could be explained by phosphate
refeasing from of the excretion of M macrocopa.
wastewater activated algal

In a process.

chemical  precipitation  was  predominant
mechanism for phosphorus removal, Only 10%
of the phosphorus removed was incorporated
within  the algal cclls (19). M macrocopa

removed phosphorus principally by feeding on

phytoplankton and bacteria, some phosphorus is
returned in fecal pellets. Mmacrocopa lose
phosphate to the media four times faster than
uptake rate (19).

The results prove that this culturing system
could successfully remove Chlorella sp. in
treated septage by using M macrocopa and
return beneficial products to the environment.
The charactenistics of the effluent were also
under the level of the effluent standard (7).

5. Conclusion

5.1 Starting nomber of M. macrocopa was not
affected the algal
efficiency and total

biomass removal

production  of

Mmacrocopa. The ratio 3:1 of algal

biomass 300 mg/L and starting number of

M. macrocopa 100 org/L: or 0.02 gram wet

had highest production of M macrocopa

36,600 org/L or 2.44 gram wet weight. The

algal biomass removal efficiency n terms

of ODsg, SS and COD were 73.73%,

57.56% and 43.35%, respectively at
reaction time of 6 days.

5.2 M. macrocopa cause an increasing 9% of
TKN and 6% of TP removal efficiency.

5.3 Light intensity provision could effect the
total production of M macrocopa and algal
biomass removal efficiency. The light

intensity provision at 3.000 lux was suitable

to be used for culturing in laboratory by the
reasons of M.macrocopa production and
gconomic as well Although it could not

give the maxinum algal removal ctficiency.

but the difference was not exceeding 10%



from that of the maximum removal

efficiency.

54 In batch cuituring, high population of
M macrocopa leads to a decline in amount
of food as well as an accumulation of
metabolic wastes in the medium. Harvesting
of M.macrocopa should be done at the
highest production on the sixth day of;

culturing.
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anvpInNIduREIdan IR YAyl avasamiIe chiorella sp.

ot Y [
@1319 21 15315 chiorophyll (mg/L) Ainnaiduuss 3,000 nd

Sample DAYS
0 1 2 3 4 5 6

¢ | 0oz | o004 | 004 | o002 | o007 005 | 005
M| 100 | 149 | 212 | 334 | 410 140 | 084
2 | 120 | 151 | 226 | 343 | 400 142 | 083
1 | 119 | 149 | 221 332 | 398 149 | 075
21 | 093 | 200 | 193 | 363 | 4418 1.48 0.75
22 | 107 | 172 198 | 364 | 4419 1.41 0.71
23 | 126 | 190 | 188 | 363 | 428 150 | 070
31 | 136 | 174 | 264 | 391 4.05 142 | 079
32 | 128 | 174 | 246 394 | 437 1.42 0.68
33 | 099 | 171 | 271 397 | 425 1.41 0.71
Mean | 115 | 170 | 226 | 365 | 4.16 144 | 075

by o a . P o o
A998 B2 UNBINURIVBIRIATIY chiorella sp. (mg/L) NAMUITULES 3,000 &ne

Sample DAYS
0 1 2 3 4 5 6

c 1.53 2.78 278 1.53 4.55 3.06 3.06
n 72.76 | 99.64 | 141.39 | 22277 | 273.64 93.49 55.82
112 80.11 | 100.59 | 15052 | 228.87 | 266.99 94.64 55.30
113 79.08 | 99.04 | 14734 22108 | 26525 99.35 49.92
21 61.79 | 133.30 | 128.59 24219 278.85 98.60 49,91
212 7141 | 11487 | 13188 | 24284 | 279.114 93.80 47.16
2/3 83.95 | 126.91 | 125,54 | 24229 | 285.27 | 100.31 46.93
N 9069 | 1 E&‘Tﬁ 175.99 260.36 269.92 94.35 52.42
EL__ \3!7* 8562 | 11592 | 163.68 262 42 291.14 94 .83 45,57
) -SI;— E_T;lﬂ;ﬂ 406 | 180.96 264.69 283.32 94.31 47.35
?n;;n— 76.79ﬂﬁ 113.40 | 14954 243.06 277.05 | 95.97 50.04




@919 @3 U3 chlorophyll (mgiL) finauidauuas 5,000 and

Sample DAYS
0 1 2 3 4 5 6

Cc 0.04 0.04 0.04 0.02 0.07 0.05 0.05
N 1.47 1.78 245 406 482 2.1 0.65
112 1.37 1.78 2.28 3.97 4.75 1.69 0.64
113 1.34 1.76 2.40 3.98 4.57 212 0.66
2/ 1.35 1.90 2.14 4.39 4.38 2.06 0.69
2/2 1.47 1.65 2.20 412 4.47 2.06 0.65
2/3 1.47 1.84 215 394 4.46 1.93 0.68
3N 1.49 1.89 219 4.34 452 2.09 0.65
312 1.49 1.93 2.63 4.34 474 1.94 0.61
33 1.49 1.90 2.39 4.42 4.56 2.10 0.66
mean 1.44 1.83 231 4.17 459 2.01 0.65

by a w ‘ e a au
1719 4 WIRUNLWRITB8IaWI Y chiorella sp. (mgIL) NOMULENILRS 5,000 'ﬂﬂ‘E

Sample DAYS
0 1 2 3 4 5 6
c 278 2.78 278 1.53 4.55 3.06 3.06—
n 97.89 | 118.56 | 163.66 | 270.84 | 321.06 | 140.46 43.15
12 91.38 | 11856 | 15202 | 26464 | 316.92 | 112.77 42.83
113 89.32 | 117.45 | 159.82 | 265.12 | 30459 | 141.49 44.08
21 89.79 | 126.63 | 14246 | 29271 | 28190 | 137.15 4580
212 98.08 | 11014 | 146.51 27474 298.08 137.19 43.06
213 08.23 | 12242 | 14343 | 262.91 29756 | 128.98 45.10
3N 99.12 | 126.27 | 14572 289.28 301.46 139.27 43.57
312 99.41 | 12859 | 17504 | 28943 | 31572 | 129.26 40.79
3/3 9937 | 12674 | 15960 | 29478 | 303.84 | 140.02 4378
mean | 9584 | 121.71 | 15425 | 278.27 | 30568 134.07 43.57




71519 #5 13Ut chiorophyll (mgiL) fAnnuduuas 8,000 and

Sample DAYS
0 1 2 3 4 5 6
Cc 0.02 0.02 0.02 0.02 0.05 0.05 0.02
i 1.43 212 2.70 4.19 5.45 217 1.16
112 1.44 1.77 2.56 420 5.40 2.65 1.11
113 1.42 1.72 2.68 4.07 5.58 2.43 1.14
21 1.39 215 2.95 4,32 563 2.90 0.91
2/2 1.35 1.91 275 4.34 526 2.84 0.91
213 1.47 213 2.76 4.71 5.09 2.36 0.97
n 1.65 1.91 293 4.49 5.29 2.53 0.92
3/2 1.66 1.84 2.92 453 519 2.67 0.92
313 1.58 1.81 3.10 4.71 5.17 2.54 0.95
Mean 1.49 1.93 2.82 4.40 534 2.56 1.00

bl r o« 1 :‘ s
A5 A6 UAUNLRIVIRIAINLY chlorella sp. (mg/L} NaULTNLRY 8,000 luxes

Sample Day (8000 luxes)

0 1 2 3 4 5 6
c 1.53 1.53 1.53 1.53 3.29 3.06 1.53
in 95.54 | 14110 | 180.22 | 279.65 | 363.57 | 144.70 77.52
112 9598 | 118.23 | 171.00 | 279.89 | 36025 | 176.49 7432
13 9444 | 114827 17883 27135 | 371.87 | 161.82 76.12
21 9259 | 14354 | 19683 | 288.27 | 37559 | 193.40 60.95
212 89.75 | 12716 | 183.07 289.66 350.59 189.50 60.92
B 2/3 97.95 | 14227 | 18413 | 31427 | 33943 | 157.12 64.62
an 11012 | 127.53 | 19543 | 299.25 | 352.69 | 168.68 61.63
3/2 110.80 | 122.58 | 194.40 302.23 345,92 177.98 61.12
3/3 105.36 | 120.72 | 206.56 | 314.23 | 34480 | 169.17 63.37
Mean 99.17 | 128.67 | 187.83 293.20 356.08 170.98 66.73




AnsmeANUAYaIUINg (TKN, TP, COD and SS)
b A 4 B
@199 97 301 TKN (mg/L) uas3apazpaanisaadiunm TKN nanuiuusas 3,000 ane

Sample TKN {(mg/L) % Removal of TKN
0 2 4 6 8 0 2 4 6 8

C 104.8 | 8430 | 73.49 | 60.52 | 57.28 | - | 19.56 | 29.88 | 42.25 | 45.34
1/1 1047 [ 71335296 | 3891 [ 2486 | - | 3187|4942 62.84| 76.26
Ya 1038 | 71.33 | 51.88 3567 |23.78 | - |31.28|50.02 | 65.64 | 77.09
1/3 1048 | 7025 | 49.72 | 3459 | 22,70 | - | 3297 | 52.56 | 66.99 | 78.34
21 103.7 [ 69.17 | 5080 [ 35.67 | 2594 | - |33.30 51.01| 65.60 | 74.99
212 1037 | 68.09 | 50.80 | 3675 | 2486 | - | 3434|5101 | 64.56]| 76.03
2/3 1044 [ 69.17 | 49.72 | 3891 | 2594 | - [3375|5238| 62.73| 75.15
31 103.7 | 72.41 | 52.96 | 3459 | 23.78 | - ! 30.17| 48,93 | 66.64 | 77.07
3/2 1045 [ 67.01 | 51.88 [ 3242 2378 | - |3588]5035| 6898|7724
3/3 107.0 | 7133 | 5188136752378 | - | 3334|5151 ) 6565|7778
Mean | 1046 ' 7144 15140 3603 2767 - | 31.70  50.86 | 65.55 | 73.55

@151 98 USanme TKN (mg/L) uaziauazvasniaad3snm TKN Aenudnugs 5,000 ang

Samplc TKN (mg/L} % Removal of TKN
0 2 4 6 8 0 2 4 6 8§ |

C 1124 1 96.73 | 76.74 | 62.15 | 5944 | - | 13.94 | 31.73 | 44.71 | 47.12
1/1- | 1140 [ 74.58 | 51.34 | 36.75 | 486 | - |34.58 5496 | 67.76 9574
V2 1145 | 75.68 | 51.34 | 36.75 | 472 | - | 33.90 | 55.16 | 67.90 | 95.88
1/3 108.6 | 76.74 | 56.74 | 36.75 | 468 | - | 2934|4775 66.16 | 95.69
21 114.0 | 75.66 | 49.72 | 3540 | 540 | - [33.63]|56.39 | 63.95| 93.26
212 108.6 | 72.41 | 51.34 {3483 | 544 | - 3332|5273 67.93| 9499
2/3 1156 | 7241 | 56.74 | 33.65 | 490 | - | 37.36|50.92 | 70.89 | 95.76
3n 103.6 | 76.74 149.72 | 3513 | 712 | - 2934|5422 | 67.65| 93.44
312 1156 | 75.86 | 49.72 [ 3658 | 7.20 | - | 3438|5699 | 6836 | 93.77
3/3 1216 | 7458 | 51.34 [ 3264 | 6.89 | - | 3867|5778 | 73.16 | 94.33
Mean | 1i3.4 | 77.12 | 5260 | 3538 | 569 | - | 31.99 | 53.62 | 68.80 | 94.98

@1719 29 USunon TKN (mg/L) uazdatazvainisaad3unos TKN finsnduuss 8,000 sned

Sample TKN {mg/L) % Removal of TKN
0 2 4 6 8 0 2 4 6 8

C 111371973 | 7674 | 6539 | 5728 | - | 13.09| 31.05| 4125 | 4854
1/1 1118 | 7458 | 4972 | 3675 | 1081 | - | 33.29] 3553 67.13 | 90.33
111 1129 | 7566 | 48.10 [ 35.13 | 11.89 | - | 3298 | 5740 | 6388 | 89.47
1/3 1124 | 76.74 | 48.10 | 36.21 | 1061 | - | 3173 | 57.21 | 6778 | 90.56
2/1 1119 | 7566 | 5026 | 35.13 | 11.88 | - | 3239 35.08 | 68.61 | 89.38
2/2 116 | 7201 | 4908 [ 3188 | 1513 | - [ 3512 5593 [ 7143 | 86.44

23 [ 1125 ] 7240 [ 4810 [ 3567 | 1405 [ - | 3564 3724 [ 0829 | 87.5]
3N 1140 [ 7673 ] 4810 | 73459 | 1297 | - | 3268 ] 3781 69.66 | 88.02

|3 1142 [ 75068 | 4918 | 3405 [ 11.89 | - | 33.73 | 5694 | 7018 | 89.59
3/3 1130 | 7458 [ 4810 | 3513 | 1081 | - | 3458 | 5781 69 1& | 90352

L Mean | 11206 [ 7702 [ 4876 [ 3495 [ 1675 | - [ 3151 | 5670 | o890 | 8512




[ — q g
@151 #10 USuoe TP (mgiL) waz3anazuasmsaaisanm TP INULTULES 3,000 ana

[ Sample TP (mg/L) % Removal of TP
0 2 4 6 8 0 2 4 6 8
C 8.32 7.09 6.68 494 4.12 - 14.78 | 19.71 | 40.63 | 50.48
1/1 8.12 6.37 5.14 3.40 (.33 - 21.55 | 36.70 | 58.13 | 89.78
1/2 8.01 6.37 5.24 340 2.17 - 2047 | 34.58 | 57.55 | 72.91
1/3 8.12 6.27 5.35 3.19 2.58 - 22,78 | 34.11 | 60.71 | 68.23
2/1 8.32 6.27 524 2.99 2.58 - 2464 | 37.02 | 64.06 | 68.99
2/2 8.32 6.68 5.14 3.19 2.47 - 1971 | 38.22 | 61.66 | 70.31
2/3 8.53 6.06 5.04 3.30 2.68 - 2896 | 4091 | 61.31 | 68.58
3/1 822 6.47 524 3.19 2.37 - 21.29 | 36.25 | 6119 | 71.17
3/2 8.12 6.47 524 3.30 247 - 20.32 | 35.47 | 59306 | 69.58
3/3 8.01 6.27 5.24 3.19 2.68 - 21.72 | 34.58 | 60.17 | 66.54
Mean 8.20 6.36 521 3.24 2.31 - 22.42 | 36.46 | 60.49 | 71.76

@171 211 U3unm TP (mg/L) uaziasazuainsaalSano TP finnatiuuad 5,000 ang

Sample TP (mg/L) % Removal of TP
0 2 4 5 8 0 2 4 6 8

c 9.04 7.71 699 | 5.14 | 4.63 - 1471 | 2268 | 43.14 | 48.78
1/1 8.94 7.09 2.8% | 3.91 2.06 - | 20,69 | 67.67 | 56.26 | 76.96
172 2.35 7.30 5.35 3.81 2.89 - | 21.93 | 42.78 | 59.25 | 69.09
1/3 8.63 6.68 5.24 3.71 2.78 - | 22,60 ) 39.28 | 57.01 | 67.79
2/1 8.83 6.99 545 | 340 | 247 - | 20.84 | 3828 | 6149 | 72.03
212 9.04 6.08 5.35 3.30 | 2.68 - | 26.11 | 40.82 | 63.50 | 70.35
2/3 9.14 | 6.58 504 | 3.60 | 268 - | 28.01 | 44.86 | 60.6] | 70.68
3/1 924 | 658 | 524 | 350 | 247 - | 2879 | 43.29 | 62.12 | 73.27
32 9.14 6.99 5.35 3.50 | 2.58 - | 2352 | 4147 | 61.71 | 71.77
3/3 9.14 6.27 5.24 3.61 2.47 - [ 3140 | 4267 | 60.50 | 7298
mean 9.05 680 | 502 | 359 | 2.56 - | 2491 | 4457 | 60.29 | 71.66

A9 212 U310 TP (mglL) wazspaazusinsantIuio TP finuduwgy 5,000 and

Sample TP (mg/L) % Removal of TP ]

0 2 4 6 8 0 2 4 6 8 |
c 8.94 8.12 | 6.37 5.24 5.04 - 9.17 2875 | 41.39 | 43.62
1/1 873 771 5.35 2.37 1.86 - 1168 | 3872 | 72.85 | 78.69
1/2 9.14 7.40 524 2.27 1.86 - 1904 | 4267 | 75.16 | 79.65
1/3 9.04 7.50 5.24 2.37 1.24 - 1704 | 4204 | 73.78 | 86.28
21 394 7.30 5.34 5.87 1.45 - 18.34 | 4027 | 3434 | 83.78
2/2 9.14 7.40 5.45 2.47 1.35 - 19.04 | 4037 72.98 | 85.23
2/3 9.35 7.40 3.55 2.68 1.45 - 2086 | 40.64 71.34 | 84.49
N 9.45 7.30 3.45 217 1.65 - 2275 | 4233 77.04 | 82.54
3/2 9.35 7.50 5.35 2.37 1.45 - 1979 | 42.78 74.65 | 84.49
3/3 9.65 7.30 5.35 2.37 1.65 - 2435 | 44.56 75.44 | 82.90
mean 9.20 7.42 537 2.7 1.55 - 1930 | 41.64 OGY.R8 | 83.14




@1919 @13 1510 COD (mg/L)uaz3auazusimsant3ano COD NNNLTILEY 8,000 And

Sample COD (mg/L) % Removal of COD
0 2 4 6 8 0 2 4 6 8
C 1020 | 580 320 160 155 - | 43.14 | 6863 | 8431 | 84.80
/1 1220 | 340 280 120 95 - | 7213 | 77.05 | 90.16 | 92.21
1/2 1050 | 360 280 120 105 - | 65.71 | 73.33 | 88.57 | 90.00
1/3 1130 | 350 240 i10 55 - | 69.03 | 7876 | 90.27 | 95.13
2/1 860 300 260 120 105 - | 6512 | 69.77 | 86.05 | 87.79
22 920 320 260 110 95 - | 65.22 | 71.74 | 88.04 | 89.67
23 1020 | 320 240 120 85 - | 68.63 | 76.47 | 88.24 | 91.67
n 1300 | 340 270 120 105 - | 73.85 | 79.23 | 90.77 | 91.92
32 1130 350 280 120 105 - 69.03 | 7522 | 89.38 | 90.71
3/3 1140 | 330 270 120 85 - | 71.05 | 76.32 | 8947 | 92.54
Lmean 1086 334 204 118 93 - 6924 | 7569 | 89.13 | 91.44

@1518 *14 U SS (mg/L) wazsauazvasmsant3ntos SS Anuiiuugs 8,000 and

Sample SS (mg/L) % Removal of §S ]
0 2 4 6 8 0 2 4 6 8

C 3200 | 1600 | 1560 | 560 | 335 | - | 50.00 | 51.25 [ 82.50 | 89.53

1 4400 | 1300 | 1240 | 530 | 295 | - | 70.45 | 67.27 | 88.18 | 93.75
12 4300 | 1200 | 1440 | 520 | 275 | - [ 70.45 [ 6727 | 88.18 | 93.75
1/3 4500 | 1400 | 1640 | 510 | 285 | - | 7045 | 67.27 | 88.18 | 93.75
21 4000 | 1100 | 720 | 470 | 155 | - | 69.23 | 76.41 | 88.21  96.03
2/2 3900 | 1200 | 920 | 460 | 165 | - | 6923 | 76.41 | 88.21 | 96.03
2/3 3800 | 1300 | 820 | 450 | 145 | - | 6923 | 76.41 | 88.21 | 96.03
3N 4000 | 1180 | 970 | 370 | 275 | - | 6634 | 73.90 | 91.22 | 93.54
3/2 4100 | 1380 | 1070 | 360 | 265 | - | 6634 | 73.90 | 91.22 | 93.54
3/3 4200 | 1580 | 1170 | 350 | 255 | - | 66.34 | 73.90 | 91.22 | 93.54

| mean | 4133 | 1293 | 1143 | 447 | 232 | - [ 6872 | 7234 | 89.18 | 94.39
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