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Influence of organic loading rate change modes on PHB production by
halophilic sludge fermenting acetate acid
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(College of Environmental and Energy Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: Polyhydroxybutyrate (PHB) production by halophilic mixed consortia draws a lot of attention because
of its great advantages, such as no sterilization, extraction convenience and high production. In this study,
halophilic mixed microbial cultures were used to investigate the influence of adjusting modes of the organic
loading rate on PHB production. Two adjusting modes were applied including adjusting sludge concentration with
a consistent substrate concentration and substrate concentration with a consistent sludge concentration. The
maximum PHB content in cells, maximum PHB volumetric yield and kinetics were compared to confirm the
optimum OLR and the key difference in the two modes. The experimental results showed that the high OLR led to
a high PHB content in cells and a high PHB volumetric yield. In this study, 0.91 kg «(kg *d)" was proved to be the
optimum OLR for halophilic MMCs. On condition of identical OLR, the high sludge concentration led to high
carbon source conversion ratio and substrate consumption rate. Then, a high sludge concentration can enhance

PHB productivity and depress PHB production cost.
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AL R S ot ) LA S R ), (B, B
A7E PHA MEAS B JEiE b 226 i B8R 5 4
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Table 1 Component of synthetic wastewater/mg * L

Nutrient Concentration Trace elements Concentration
NH,4C1 59 FeSO, * 7H,0 3.0
KH,PO4 26 ZnS0O4 * TH,O 1.5

KCl 7.6 CaCl, * 2H,0 8.0
MgSO4 45 MnSO; * H,O 12

1.2 OLR G XIHEEY MMC & = PHB $200SCL6

OLR 254k 77 A x g 2 MMC 27 PHB §2MH 5K
IR P PHA RS 2 B KB R
FREMEE . RERAESEN MMC 34T KB4~
PHA, %K% OLR X iZHEE KB4 PHA
BE 7o SO0 3@ I [ 2 5 Y TR BE o K R ik
5 0[] 5 3 RS A R SR S R R P T R AR AL
NFEE T 4> OLR B62, Bl 0.55, 0.75, 0.95, 1.50
kg * (kg + d)'. BAASZSHNE 2. BEHKL
BRI FE A MLVSS SE6H, RIBEMIEK LRIk
BEMRHRZE (25004100) mg « L', @iy e ik
FECGAE OLR; [ 52 V5 e ¥k BE LR R T e A £ BRAR i
S ) MLVSS fR£FFFE (14004100) mg « L7,
I AT KRR B R OLR. 8 2H 546 )i 45
RIS 3500 48 ho RRAH SREG# A B 1 2H P47 5256,
PR SESG P AR R i 4 5 R . ARIE R IE W 250
A 77 PHA HIEE 2 35 BR ™ K BRI & & 0 AT
R A R A K SZ I PHA 78 20 i N 1 5 K
2Pk, fEREESE R BIR RS LR
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e, ZUR A BRI e K A AR I Mk (Agilent
7890A S AH A P, PHA & EAEREAZIT ATAL

*2 HRSWEESHRE

Table 2 Parameter applying in batch experiments

Batch Mean acetate acid  Mean MLVSS OLR
experiments /mg + L™ /mg L7 kg + (kg * d)!
a 2509 2391 0.56
b 2472 1766 0.75
c 2417 1410 091
d 2422 865 1.49
e 1410 1404 0.54
f 2005 1411 0.76
2417 1410 091
3992 1453 1.47

B R ARIEEAT SO (il 222 e AT b
BREAE SRR AR FEH 40 ml Je/KiR
AW, 40001+ min”' BOJEFEE BB, A 1ml
YRR AT B DM R A ) R0, KRR S5 AT
T FREUG TR M5 TR RE R 2 25 mg T HLZE
B, RO 2 ml & A5 2 ml K EBRENE, T
105°CIHf# 20 h, AHEEIIA 1 ml ZEFK, #BE.
B0, BUN EANUH T A 0.5 g 24 /KBRBREN
2ml BRI LT, $E4. 80001 « min”! FEEE NS
0 5 min, BEEBCE NIRRT S ERE . BT
IR L ZERERIRY), "B R AT IR A R
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XH, W N PHA JiitE, mg; m N PHA 71
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Xof R TR S B L, SR MR B SRS 4
A~ OLR B o ARSI & K9 FE N (2500 +100)



* 4180 ¢

T

L

66 &

mg <L, FRRIERE R OLR 2 ik F) 0.56,
0.75, 091 A1 1.49kg+ (kg+d)'s K1 (a) ~ (D
IR R I 4 A OLR SR 28 P9 B4R A
PHA A tEHL. MEIH AT ELE H OLR M 0.56
kg * (kg *d) " BK % 091 kg * (kg + d)', PHB &
B B R AT ML 5B N 23.3 %38 189 N 31 37.2%, 1fif PHB
IR =M 557.6 mg « L' 3B W F &3 5242
mg * L™ BT e M7 BRI R 10 461 T ek
TG, it PHB AR R E Rk
PHB 4 & B R GE . RE PHB K40

o 5 B A AH T A5 AR R A 25 5 X 1G0T A2 v
b, ERAEYETIRE PHB B R 1k E .
OLR §1i PCs K5k PHA F1 2 Cakikia™!, &
W50 45 AL B7E MMCs 1K 2 4, FE i B e 4t
e AEYN PHB FIRR R, (H2&, 4R8N

A acetate acid
3000F * PHA content 1800 30
= PHA volumetric yield

acetate acid/mg-L™!

PHA content/%

0 6 12 18 24 30 36 42 48
time/h
(a) OLR=0.56 kg-(kg+d)"

A acetate acid

3000- 700 40
* PHA content
» PHA volumetric yield
R P
T T
2 Ts007 [
g £l
=< . e <
2 T003| 2
s STOE
£ 3005 <
5] Q <
2 g F15 T
1200 £
ZHo
S
100 |5
1 1 1 L L 1 0 Lo
0 6 12 18 24 30 36 42 48
time/h

(c) OLR=0.91 kg~ (kg -d)™

OLR % 1.49 kg « (kg » d)"' I}, 4HMfIpN PHB fix K&
BHTME 23.6%, 1 PHB AR W THE
204.1 mg » L' SZIGSE 2 BRI/ A 1
&, BRI B m i i v R, (R A
KB A RSN R PHB 1 2 &= Al KM
PHB 7= &, i X Pl g i) J5 R n] 82 pH AR )
YRS SEURYFI R ER N TR, SUERIH R
AR AE R R RRERFAE YIS, IR ANEA N
FReese b NI PHB. Ib4h, BT/ PHB 40
T RAFT PHB HEEL, FTLAZEE 4 /> OLR 52
6 48 R LU E S OLR = 0.91 kg * (kg * d) .
M 10T DUE W B A R S & OLR 82
i E] PHB A BRIP4 . 4 4 OLR
T R EE A B K PHB & & I AR O 10,
10, 12 M124h, LBRFFfE5CHI A 537052 8, 12,

A acetate acid
2500 * PHA content 1600 30
= PHA volumetric yield
500~ 25
2000+ I ‘_1
T o0
S 4005120 <
£ 1500¢ 2<
3 E
g 3002115 &
8 1] o
£ 1000f Y -
] 2009 F10 A~
=
500F 100 ~ 5
. . . . . . 0 Lo
0 6 12 18 24 30 36 42 48
time/h
(b) OLR=0.75 kg+(kg+d)™
3000k a acetate acid 1300
* PHA content r30
= PHA volumetric yield
4250
T_] F25
T &n
_
S 4200 E
o0 SH20 o
=t = X
= EI
= =
§ 150 2|5 %
L
= £ <
k51 = <
g 1100210 &
<
=
4150 FS
. . . . . . ! 0 Lo
0 6 12 18 24 30 36 42 48

time/h
(d) OLR=1.49 kg~ (kg~d)"

B RS YRR B R g V& 15 e R 48 OLR SESGY PHB AR 77 g 7 I FLpls A A 150t
Fig.1 PHB production capability and carbon source utilization in batch experiments of changing OLRs by adjusting halophilic

activated sludge concentrations
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Fig.2 PHB production capability and carbon source utilization in batch experiment of changing OLR by adjusting

influent substrate concentration in halophilic system
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i, B OLR 7F 0.55~0.95 kg + (kg » d)' it
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PHB £ 77 A 3 1 o ASHIF FURA 52 (K18 £ MMCs
REEAE OLR=0.91 kg » (kg * d)', XFSipgEAAE
I 1410 mg MLVSS L™, &Y Z.FRVK FE A 2400
mg © L',

3 % W
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Table 3 Parameters of observed kinetics under different adjusting method to change OLR

Batch

Kinetic parameters

experiment gs/mmol C * (mmol C * h)™! gp/mmol C * (mmol C * h)™! Ypas/mmol C + (mmol C)™!
a 0.10 0.023 0.28
b 0.10 0.027 0.28
¢ 0.10 0.030 0.29
d 0.06 0.007 0.12
e 0.13 0.018 0.14
£ 0.13 0.023 0.18
g 0.10 0.030 0.29
h 0.02 0.008 0.35
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