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Effects of volatile fatty acids on microalgae growth and N, P

consumption in the advanced treatment process of digested food
waste leachate by mixotrophic microalgae
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ABSTRACT

Acetate, propionate, butyrate are the major soluble volatile fatty acids metabolites of fermented food waste leachates.
This work investigate the effects of volatile fatty acid on the growth rate and NH4-N, PO4-P removal efficiency of mixotrophic
microalgae Chlorella vulgaris to treat digested food waste leachates. The results showed that acetate, propionate and
butyrate were efficiently utilized by Chlorella vulgaris and microalgae growth was higher than control condition. Similar
trends were observed upon NH4-N and PO4-P consumption. Volatile fatty acids promoted Chlorella vulgaris growth, and
nutrient removal efficiencies were highest when acetate was used, and butyrate and propionate showed second and
third. From this work it could be said that using mixotrophic microalgae, in this work Chiorella vulgaris, fermented food

waste leachates can be treated with high efficiencies.
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AF
AZYALE Sl YRR ARG E o] ghon, 53] X2
ol Hole-AR YAk 7HsAdol i o g
d A77E Y=L Qe 'S, vA2Fe st
Ae Aot Ade A4S AT 8 JTERE o8
dh= 712h §-8ste] 2 B Uik nAl2RE o &
o shullar dlmAE] Bl Jo] nMERE o83 o]

et al., 1995;Lee and Lee, 2001;Ruiz-Martinez et al.,
2012). TRA VAERE olgstel S-S Al
Sl Qi At AR Ae] ARsiti g 4 9t

B MR BUAE SL C0nE TSI AR
autotrophic THARED}E o} 2} heterotrophic¥} mixotrophic 2=
oA /d7o] 7kt Mixotrophic microalgae= 71
Bkt U BEkeE B Selo] AR 4 9l ojnet
741 2 S 2:2h)o] wkeh autotrophic} heterotrophic o412
FAlo] ST 4= Qlon, AEH o AR S ik
3} mixotrophic microalgae+= autotrophic microalgae =T}
F Al i, AFES =oF A& o|th(Wang et al,
2012). “12fut, mioxtrophicol] ©Jgt HiFA] 7] gha¢o]
B FH]-8-9] 80%E AFA|ThH= A& deA Qlof, B F
AA ] 7] ghaE BAsjof gk Mixotrophice]] ©f
3t o] A 25 uj9FA|, microalgae”} mixotrophic 7|2}l 2]
3f| glucose, acetate, glycerol =3} 22 {7 ES thalslo]
AAAskcH= B 17} Qlth(Perez-Garcia et al., 2011). 23|
= 7] &3S Fol o] o4k WA,
1 2:0]| acetate, propionate, butyrate”} 2F 80%Z= x}X| gtk
Acetate7} 1] A Z52] heterotrophic®] L} mixotrophic Bl %F
Al R g o o] gH dAte HalE v glon,
propionate®} butyrate s ©]-&3t A= L AHYE 27
o7 A7 o]t (Bouarab et al., 2004;Combres et al., 1994;
Hu et al., 2012;Jeon et al., 2006;Perez-Garcia et al., 2011).

o]o], & ¢5Lof| A= mixotrophic microalgae?] Chlorella
vulgaris’s ©]-§sto] SHSE H7IE a%tE AT
o] AJA &)= acetate, propionate 2 butyrate”} Chlorella
vulgaris®] /g% R A, Q1Y) AA u|X|= FiFol
U erobma} st

2.1 OMIZF HHRS

Al&lo]| AF2-% mixotrophic microalgae= Chlorella

vulgaris©]1l, KCTC(Korean Collection for Type
Culture)of| A £oF ®¥Qkt}. Chlorella vulgaris+= BG 11
mediumof| A HjSFSFGl o, wjx]o] 24 MgSO,-
7H,O 75 mg/L, CaCl,2H,0 36 mg/L, Na,CO; 20 mg/L,
Citric acid 6 mg/L, Ferric ammonium citrate 6 mg/L,
EDTA 1 mg/L, Trace 1 ml/L o]t A4 4 9o &
4= A3kl o] S 1A BG 11 mediumo] 2t
ZF NH4Cl 100 mg-N/L ¥ K,HPO4 20 mg-P/LE 33}
T

Chlorella vulgaris®] 714 AAs H7HE 3] |
3l glucoseE 7|12 Fol= H9-5 A5, o]
of tfst o+ 7-7]AFQ acetate, propionate X butyrate 2]
aNEES Zgslolad, JASEE ) A¢ BE
1500 mg-COD/L7} 5| ZQlgich wgh, &3k 371
Ao Chiorella vulgaris®) A% W NHy-N A A of w] %]
= 92 Hrlstr] Y8l acetate, propionate L
butyrateS 7+t 500 mg-COD/LY &3}st 710 tf3)
A= AARE s E48 S5 IS tHatelA 2
K3 Frgas B 2404 5 YA NaHCO:=
o]-gstal 1 g-CL= AA(elS At efzoAl
‘Control’2 EHSH ZA)3l| FSith

2.2 2AMHHH

Chlorella vulgaris® A3 =435t7] Y3l dry
weightE =45} t}. Acetate, propionate 2! butyrate 2]
=48 o] ZulE 18 1] (Metrohm, Basic 792, UK)
£ olgstyloen, A7 714t ZH(Metrosep), °]&
AF2 0.5 mmol/L perchlotic acid, suppressore= 10
mmol/L lithium chlorideZ ©]-&3}%th NH,'-N 242
$AEA kit 0|83} Water Analyzer(HS69 3100,
Humas, Korea)= H-418}¢t}h PO -P= 422X 55 A
7] Auto Analyzer(AA3, BLTE Co., KOREA)E ©]-&3}
o B}

Zr 270X Chlorella vulgaris®] %< H|1L3}7]
Q8l v AR 4 (Specific Growth Rate, WS A4
o, AA= HHE Eq. - (1) ¥} Zt}PerezGarcia et
al., 2010().

b =In (X=Xo) / (t—to) Eq. - (1)

A7IA, e v HXolil, X= t A
Chlorella vulgaris®] dry weight, Xo= to A]

(NN
o o
1o 1o
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S g AT A HIEA e S SO
A AR 2 e ol galc

3. Aleddnt 3 nEt
3.1 87| EtAR EF0|| W2 MHEE 2 Chilorella

vulgaris %t

7t 7] gads9 2ese 43E Fig 10 YE
Wtk Glucose= A= o2 F714k=el s w-E
Bal7h Aot s gl Ao mE suHYr
Chlorella vulgaris©l| 23} acetate, propionate X butyrate
9] AMj&EE= ZFZF 9F 750, 370 ¥ 590 mg-COD/
L/day= AF&%|o], acetate, butyrate, propionate =2 %
Chiorella vulgaris®] &St AT =7} 123 & 4= Q)
St Hu ef al.(2012)2] AFNA X Chiorella sp.= ¢
O AIZHAl F714E tiAFE 4= QlaL, mIARR9] A%
2 X7 = Ao 2 E BTk 18, Imase et
al. (2008)9] <1to]l 93}H, Chlorella sorokiniana=
propionate s tHAFE o~ §lil, @35|8 A& Asfish=
Aoz HAUEE=T, ol AMEE Fol| whet thAt
Vs B SebdS ou]gtch ESE Liu et al. (2013)
O] Ao\ A= Chlorella vulgaris®] butyrate WA} E4
of thet Aol Sle=dl, o] Karo| st Chlorella
vulgaris= 7| 2% O 2 butyrateES A 4= JX|T,
butyrate =7} 100 mg/LE Z351H 235]|8 Chlorella
vulgaris©] 442 A l|Skctal Skct Acetate, propionate
5 butyrateE 22} 500 mg-COD/LA &3slo] =917t
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=
S~
E? ——Glu
< 1,500 &
. ——Ac
%]
S
o —+Pr
S 1,000 -
g8 ~ —e—Bu
[s]
Tsu —O— Mixed VFAs
2 500
‘a
Q
3

o

0 1 2 3 4 5 6
Time (day)

Fig. 1. Residual COD variations of glucose and several volatile
fatty acids as an organic carbon source (Glu=Gulcose,
Ac=Acetate, Pro=Propionate, Bu=Butyrate)

2L 8718 AALE7}L oF 510 mg-COD/L/day
2 A=EREY|, o]+ acetate?} butyrateE: TEO =
FUe =7 Hop Y, propionateihe TRt =3
Hopbs 2 o=, Abatt ARkl A dxjst
= Aneln @ 4 Ao
ZF 7] ©aol| ©WE Chlorella vulgaris®] A3
W 4 SEE ALY ATk Fig 29} 0 597
87] Brago] ) e ulH2R
HAe §718e] 5ol BARLe] Llekae] ol
et AT Hoh & 222 YERT Glucose,
acetate L butyrate AKX Chlorella vulgaris®| %%
AAFeko \]<=9) 31, Control Rt} oF 238 =9ith 1
Hu, v £ 8 ALRe dat= oa zbo|rt 9l
o], glucose 2719 HIAA &% 7} 1.6 day' & 714 &=
9ril, acetate 2! butyrate 272 12 day' &2 Thh @A
A E QAT o= mAIRR{TL glucoses thASHH=
oA LASk= olJA7F vk 7148 71"l Hls|
o =7] fel Aeg ArRE=d], 1 mole?] glucose =

(1) —&—Control 4 Glu Ac 1 Pr —@-Bu —O—Mixed VFAs
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Fig. 2. Dry weight and specific growth rate variations of glucose
and several volatile fatty acids as an organic carbon
source.
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O

tiAFSE 2.8 kO] o | A7} Hh g == W, 1 mole?)
acetate ! butyrateS TAFSHH 2F 0.8 kI&] of L] #] df
of WAIEX erzthz Aol ol2 s &
(Boyle and Morgan, 2009).

E3F 5U719] vljoF A1), acetate, propionate 2 butyrate
ZANA Chlorella vulgaris® 3352 Controlof] HJ
3 2.3, 1.4 W 23] =931, A £==12, 06 2
0.8 day' © &, acetate, butyrate, propionate <=0 & =2
Aoz Yetyl=t], o]+ Fig. 19 {7]4F &n[&ee)
A2zt Al 7FA] 57142 500 mg-COD/LA] &39hgt
ZANK G Chiorella vulgaris 372 Controlo]| H]
3 oF 1.7vl] =17, acetate, butyrateE THE0 =2 FI3|
& 27 Hrth= Wil propionate THEFY] 27 Hib=
AGHE thd =2 AR YERT

| A 25 9] heterotrophic W+ mixotrophic HJJ2Fo]|
Qlo] acetater= Q- BFAYOoZA ofy EIS FI
AHEEIAL Sl Abdo]  ERIEA|RE,  propionate®t
butyrate s o|F T A ARERE A WiE &
Ertal 8 4= ¢Jth(Bouarab et al., 2004;Combres et al.,
1994;Hu et al., 2012;Jeon et al., 2006;Perez-Garcia et al.,
2011). 2Evy, 2 AFtAdto] oJsHH  butyrate 3
propionate =(E-3|, butyrate) A ZF2O] 7|4 7|2 &
A olgE 4= Qe AR wehdrh E3L Moon et
al.(2013)9] ¢Ato|l ofstH EgE 714t (acetate :
propionate : butyrate = 8:1:1) ©]-&3}o] nA|RXFE
ajeFstal o holrt biofuel®= AYAREE AR 7b Kl
I e} o|EE, Chlorella vulgaris7} 7] AHS Z5-3]
AR 4= Qlthi= AL, heterotrophic E+= mixotrophic
Aol 2la) §olAko] T nEER EgE <
A slole Mgre] s|4elel TaplomA o4

S 9lge ouisitka & 4 glek

3.2 77| EtAH TE N, P ®MHs Bt

Shaglo] the BHZR NHeN AA%SS B7he
A= Fig. 33 Zch REr|etaut F5= Control &
Aol BH, 7] 100 mg/Lo]d NHi-N Hx= 5¢
3 oF 40 mgL7bA] Zastel oF 60%9] AALS B
At} Glucose X acetate % 710]| A4 NHy-NE= 2 wto]
HE AHE O™, butyrater= ©F 2.5, propionate+=
oF 4590 A} Fo| wE AAEGAL A 74A §714
o] 23 2ol = of 3Tt 5 A|AEGS

A FH= propionate®] -9~ Ht} A|AG0] 2 Foz

—&— Control —A—Glu ——Ac [O-Pr —-@—Bu —O—Mixed VF2
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Fig. 3. Residual NH,-N variations of glucose and several volatile
fatty acids as an organic carbon source.

et o)Ake] AaE 2K E Chlorella vulgarisol 2]
gt NH4e-N A A5 o] &H F7]=°] glucose, acetate,
butyrate, =3} 7|4}, propionate <=0 &2 7| UEHdES
% 4 9tk

ghaglo] w2 ulM| 25| POP A5 Boke 2
k= Fig 49F At} 271 20 mg/Lol|l POP = 50
73331 &= Control, propionate W &3+ 37|14 2 AE 5%
o A} s AAE A gkl 747t 6.4, 3.0 4 0.5 mg/L
$EO 7 25351 01, glucose, acetate W butyrate 7] 2
Z2ollA= oF 459 0] gt Aol A Afo] A|AE]
Atk ode] AupE v o= 459 52t AlAE POPY
AALEEE A3l 2™, glucose, acetate, butyrate, &3}t
714k, 18|11 propionate 50 2 W2 ] O & LENG S
o, o]5 Ai= e & NHAN A AGE e

AX = FE AT & Uk

—

—A—Control —A—Glu —-l-Ac -{1-Pr —@-Bu —-O-Mixed VFAs
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20 C

15 A

Residual PO,-P conc. (mg/L)

Time (day)

Fig. 4. Residual PO,-P variations of glucose and several volatile
fatty acids as an organic carbon source.
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Table 1. NH;-N and PO,-P removal rate values according
to glucose and several volatile fatty acids as an organic
carbon source

Organic carbon | NH,-N removal rate PO,-P removal rate
sources (mg/L/day) (mg/L/day)
Control 12.8 2.7
Glucose 64.0 12.0
Acetate 50.0 7.3

Propionate 22.7 4.0
Buytrate 40.0 6.9
Mixed VFAs 33.3 5.6

oo Zt f7] wadol dis gt Chilorella
vulgaris®] NHi-N 9 PO,P A|ALEE Z& A5t
Table 13} At} FojXl ARG 7K o) &=
gk gkl 01% "e‘@“—/u\—*e* /\}Q-ﬂ 35 U]/\ﬂ %——4 o

kel 9 BG-11 WS 0|81 e
2en], Al Su4 skl Abgstel Augh
chpst JROERY opld Ao EL 5
o o3 of mrt AA3| e gro] of
HE, G olol gt S} b auE.

4.2 2

SAEAY 7] Ao HpAor FRbEE SH4
o A& el T =Ue A7 A3rlwol o
gt FE 2 ALEL e, EEe 87148 a3 %

Sl o8] 712wt Rob 27bHel Helrt
ololAiTt. oo ¥ edFAAL EH BlHER
ol Chlorella vulgarisE ©]-&3}o] #2|4=9] FAJEQ]
acetate, propionate 2 butyrate®l| th$t Chlorella vulgaris
o] JAolo] o8& H o]=qt oA Ha o <l
of thgt AAol el 71242l B7HE AysHAT

A A3y, Chlorella vulgaris'= 7]22Z S & glucose
£ ol&ste 7IEAaREE 5 ofY AT, acetate >

butyrate > propionate <~© 2 -8-7]AF2- mixotrophic T

Abll o8l Es] oAbt 4~ Ql%la, I Ay
Chlorella vulgaris= A% 2 A4 Hol A dix

9 SRGY TAgs FYRA Mok AWHOR
B2 AW W APSEES e,

o|Aro| AMERKE], Chlorella vulgarisE ©]-8-5}0]
Sol% Wy aslels A, FR A4kl
acetate, propionate % butyratet= Chlorella vulgaris®] %3
7% 9 mixotrophic thAtoll B a7t 7] Thalo]m, o]
S BAelA] A 9 A3 B YUPFE wIHH
oz AAE 4 U= Aol =k

Jﬂ
%

At Af

o] EEL 2017dE AR (MR FEII) AU
o2 FFATALY A UL wol S AT (No.
NRF-2017R1A2B4008906)
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