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Abstract

The project uses anaerobic fermentation acidification of sewage to
produce volatile fatty acid (VFA) for the synthesis of PHA as carbon
sources. Select two wastewater sources (domestic wastewater, pig
wastewater or other), analyze the wastewater properties (TS, VS, COD
and VFA) to find the source of wastewater suitable for hydrolysis
acidification (such as the impact of VS and COD on VFA).
Development a qualitative and quantitative method for the production of
volatile fatty acids, which includes to establish an analysis method of
volatile fatty acids, adjustment of operating parameters through
anaerobic acidification procedures (HRT, fermentation temperature, pH
and agitation rate), and analysis the distribution and concentration of
fatty acid in acidified products. In addition, VFA was used to acclimate
PHA dominant flora to establish PHA analysis technology, and the SBR
feeding strategy model was established. Establishing the experimental
data of the recycling model of waste water to produce PHA, which will
contribute to the resource utilization of wastewater sludge and achieve
competitiveness in PHA production technology, which not only
conforms to the national circular economy policy but also has industrial
application benefit. Finally, in this study, the effluent from the tank of
VFAs produced from the wastewater of the food industry can effectively
produce PHAs. The yield of volatile soluble solids containing PHA in
the range of PHA / VSS was 30.5-59.3%.

Keywords: Anaerobic Fermentation, Acidification, Volatile Fatty Acid,

Domestic Wastewater, Pig Wastewater, Circular Economy
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L1 LR gL kA BVFAL 1

Acetic Butyric  VFAs/COD

(mg/L) (mg/L) (%)

(A+B)/COD  (A+B)/VS (A+B)/VFAs

(o) (%0) (%)

1406.25 113.12
1.9

+126.56  £13.56

0.23 3.9 12.5

Note: A = Acetic acid, B = Butyric acid, VS = Volatile solids, VFAs = Volatile

fatty acids
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P43 fk VFAs & E Scdpdo 4 3 971  wfips 42 VFAs § 5% ¥ >
WO P PR PN T PG A R AR B o v gk dg
APHA A &2 #Agf- 1 & S o2 "R CE T RALH
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22 &5 E ERF KRR A

k1738 P ER(g/L)
COD 556.48 + 21.86
TS 4379 +£9.75
VS 374.05 £ 8.80
NH3-N 3.61
/n 0.011
574 21.1
Fe 0.09
Cu 0.119
B E 36.49
HRT 2.5 Days HRT 2 Days HRT 4 Days COD 50 g/ L
100 —\/ \/ \\V/ 10000
| HRT3 DaE! | HRT 4 Days |
| =T |
80 { ¢ | e .. Q5 | L 8000
| | O | o |
O I ... : |I O ‘.
60 - - 6000
O O Q O
| | | ® &
( | Q | | O | 5
40 1 | o | | €O | —@— Hydrogen content | ¥d3F 4000
| | | —O— A+B concentration |
511 @ © | |
O Q
20 - NG 20e | M- 2000%
O | | w
8
| | | 3
0 - — T T T } 0 (:,D
60 70 80 90 100 110 120 130 3
Day g.

B 6~7 I HRT 2 5 ~¢ pe 2 ~ paz B T2 BI(A * % ¢ & Acetic acid

% B % 4 7 & Butyric acid)
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%3~ 852 EaFRAIFEVFAL 47 (H P mg/l)

HRT 2 day 2.5 day 3 day 4 day 4 day
CODin 100 g/L 100 g/L 100 g/L 100 g/L 50 g/L
B ¥ 1175.45 1342.32 2093.7 1994.66 1511.14
FUpe 24367.1 16935.9 4027.32 2947.16 1770.62
v fig 0 79.071 4319.59 2855.11 2493.00
¢ fis 2134.48 2129.61 4519.90 4243.2 3239.39
il 0 1736.58 670.99 822.79 614.55
sl 113.61 622.09 2202.08 1683.73 854.98
245854 £k B 7 A AT ACODEA 4 L
R VSl 11 2 BT BRVFASA 47 2. & 5
VFAs (A+B) (A+B)
HRT CODin A B VFA
/CODin /CODin /VFAs
(d) (g/L) (mg /L) (mg/L)  (mg/L)
(%) (%) (%)
2.0 100 2134+ 86 114+ 69 27791  27.8 2.3 8.1
2.5 100 2130+34 622+ 9 22767  22.8 2.8 12.1
3.0 100 4520+ 30 2202+243 13514 135 6.7 49.7
4.0 100 42431160 16841629 14547 145 5.9 40.7
40 50 32401205 8551102 10483 21.0 8.2 39.1

Note: A = Acetic acid, B = Butyric acid, VFAs = Volatile fatty acids

14



SRR F 1IN EFE AR EA T HEE R 2
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A 5. : Hitachi Chromaster 5450 Refractive Index RI Detector,
Hitachi Chromaster 5210 HPLC Autosampler, Hitachi Chromaster 5110
HPLC Pump -

# 3] 5L ¢ ICE-99-9861-ICSep Coregel-87H3 Column 7.8x300
mm °

# 1T & : Flow rate: 0.1-1.2 mL/min; Carry: 0.006N H2S04; ¢
1R R35°C -

RS 2 1 L T T T Y R R

B g % fq. 'b. $¥HPUMP2 @ RIET R c. #L P RERE T

B X3 AP o

87 ~ HPLC (Hitachi Chromaster 5450)p&
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B 8~ A47 % HPLC A 47304 fhra spe i § PF RV 2 L% 5 B W 1%
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15.380 i
18.557 s
20.313 o fiE
22.107 T pk
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% 6~ A3 HPLC A 48 i 28 R M4

A S Y
Retention
VFAs Area Slope 7k R (g/mL)

Time ,

Ao e ARALF #E Y =A*S
8.173 # 7k 27359 4.46913E-09 0.000122271
13.087 Uk 325086 7.98499E-09 0.00259581
15.380 L fk 18583 9.87236E-09 0.000183458
18.557 P& 24522 5.8651E-09 0.000143824
20.313 ¢ pg 1626 8.14625E-09 1.32458E-05

22.107 Tk 549 5.16475E-09 2.83545E-06
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KRFAE S TR

(- ) FT-IR & NMR

thfem L L BS54 g Rk 0 R B 250 ml 44
A5 ¢ FAer 100 ml & 0 & 70°CT 3% ¥ 72 0] BF o iEim s
R &P FR FR SR Y 10 ml REAE e STk AR
F},"%‘}ﬂ@j—ﬁvo,y.u%—ijﬁiﬂ"%%’K/’;\’ S g TR A T F
SR EALE - [9][10]

¥ P 4 % % Varian 7000 FTIR sk 3# % ( Perkin-Elmer
Inc. » Wellesley » MA » USA)» A% 8 27°C T iF & 2 £ 4%
KA I S AR L

IHNMR fr I3CNMR - i¢ * %% Smm Varian #5 4~ (ATB
v SW) ¢ Varian Mercury Plus NMR b 3% ik > & * j3 #| 5 ~ &
7 (CDCl 3)» & 7.05T * it {7 NMR &3 - 1H (300 MHz)
kL 45 rdE FPER > 1.36s £AF B 16 R R > o
13C (75.46 MHz) k3§ 12 45°%% firdF S pF fF > 0.28 s & 45 2 &
12300 X #H g 2 & o [10]

(= )GC-FID
Bl S AHESY 06 LT R L U4 BE
Mo T RAR R o 2 R R (35T ph- R 3-E A NE)
febz 2.7 A AR (PH2MV) * 20l ¥ 7 s 478 B (%

20
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15 47 fafe 05 &2 chBpbde » B 2 3 ¢ £ Aokip
100°CT i {7 8 [ PF o /4 4rfs » 4r » 25 mL & ¢ *2fr4mL 42
Bog o dth R p AR g o G BAAES T 15 mL g
F oo de o B o AmLAZM K X HE 11 2500xg s 10 A
4 o B3 WA EH T GC RIS o WiE Al T
FID # ip] % 4= HP-InnoWax 42.( 30 mx0.53 mmx1 pm )7 Agilent
Technologies ( 7820A ) ﬂ? AP R A luL KR HFEFTAT
g F TR AF 0 iRE R LS4 mL min-1 0 IS B SRR G
220°C > B Beanf B 5 275°C » B30 RK T_s 70°CiadF
2 & 4is > 11 10°C/ &~ 2 3 160°Cts 4% 2 A48 0 1T E
PHA ik & - [11]

()& kkFLI7i2
MERIPFFTEDT ERIFFERRR Y S 600 nm(OB
600) > & 42" 22 PHA 7 % & L k24 > & i
FEEEN A - AR EMBEL D E PR AT
KERRE P BN 38mLIR &R » = TRl 2 OD600
Boez f84er 20UL A Blo PR > kR A1 ELA M

R

oy

7 1 EFsoehk B F k4 (Sigma-Aldrich) > 2 7 @& ¥
kg4t RESF RFE 12 A2 B 7 @5 DW(L)
ER o

PHA Jk & & 3 k3§ 4 4772 BRI AZB4c ] O #ron > d 3%
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PHA-Z 4148 & 4= ende < 5o /38 848 8 5 545/620 nm > * >t %

BHERBROS0V ik TR 1 EH(F97> LengGuang
Technology » Shanghai) % F_gc /8 #+t £ 5 545/620 nm - o
AL AL A L E gjerg]p\ OB R B T b R R
RITIPHA A & R pgek R o - B4e2 TRIERFELE T 4
A E a2k &Y PHA R E BRIk Rk o

Fo £ A4 470 et OD600 ¥ £ 3 B 545/620 0 £_5 7 &
LAY 4P FAE R PHA 09 %L R o e 105°CK
o NEF A BB KPR E (DW) T Ed
it 2R % PHA 5 £ - [12]

PHA » 47 » #-50 mL R & s » 3 #wskd 2 10 mL
L oA mpea (19%w/vepH10) R & » & % 200 rpm » 37°C
THPE IR RREFRE G o R * 20 mL X
# pas (B >69) frd #F Rikiic o ¥ iF & 7000 g &
4 DB EE TR R A B MR AR B 105°CT 559 24 )
o 14T R L5 PHA ¢hE o PHA chim® A1t (wi%) &
PHA 7 i‘_",’f 4 38 DW o PHA 2 47 H = in 4ok 7 9757 o
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1. H3.8mLEVEFLR » & I OD600E{E

2. Z1&NIA20uLfEZEAT Py -4t

eV ERTEL-2457 8 2 [

5. M A ELEHI RIS EIPHA 2R &

Bl O~ PHA k& ¥ £ k3 A 472 Rl IR A2 B

% 7~ PHA 4 47 H i 13

AR R T T8 B4
GC-FID \Y% \Y% [13]
GC-MS \% \% [10]

FTIR \% X [10]
NMR \% X [14]
Rk kR \Y% \% [15]
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v 2 E 2 PHA A 45 34

*F % % = B4 12 GC-FID (Gas Chromatography Detectors-
flame ionization detector) B| & #c2 ¥ B & PHA ¥ %2 2+ 2 &
= /2": o

X & ¢ Al%5.-Thermo TRACE 1300 GC (®] 10), FID (flame
ionization detector), Thermo Scientific™ AI/AS 1310, Chromeleon
7 Chromatography Data System (CDS)

# #.3] 5L : Stabilwax-DA (Crossbond Carbowax polyethylene

glycol) 30 meter, 0.32mmlID, 0.25pum df, Max Prog Temp 260°C,
Min Bleed at 250°C, Cat #11024, Serios #1639245

B 10 Thermo TRACE 1300 GC
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P (FRE 0 F R R 40°C 3 4 4% 10 4 415> 12 10°C/min
e g 250°C > FFadF 10 445 -

Max  temperature:  260°C;  Prep-run  timeout:10min;
Equilibration time: 0.50 min; Ready delay: 0.00 min

o HRIE 2 A WA Fe R 50 B ST B R 1B 0.220 SR
FRIF ~F 4 > & 5 %50 %va“?%wwwmwm '

g -

2LiE Chrom-Card & /f B ¥ &k E<® 1> -

# xis ghiE TRACE 1300 GC# 1 <B] 2> -

IRl TRACE 1300 TRAIZE1IIJ TFIAI:E1JII TRACE 1300 TRACE
Hip #2 #3 #4 #5 TRACE 13...

A2 RS D iR GC 4 8<RF 3> > T phagdiE

B R R A - IS > - Method (%75 X% 4 T GC o

+ + 1 & 3] command->Send method to the GC» ¥ = = FID g\

WE Wi @M BF BHH BA1 Chennell,

== B

HERIRIFES 4R oC 2mBEWY
1 (No name)

FHelele]”
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no 5 10 15 20 25 20 35 P P =
Da: o i
Temperaiue HqﬁTima#x {Euwmm [TEU0 mn € Speckcime: [T000 mi
(] (min) e
q = o Max tempersture: [ 600 ‘C
L ol Prep-tun timeout: 1000 min
T e L Equibraion te: | 030 min
Rieady delay: [ 000 min :
<) 5> A R LD AR R A

g }El‘e, y

-3“1;,

¥R BFLT e

et R

i
purg pury prg pury pg pery g =y

1
1
1
1
1
1
1
1

>3

Status | Temperatures Fiolg | Pressures |

Flows (ml/min)

Front camier:
Front spt:

Back canier:
Back splt

Front det. hydiogen:
Front det. air.

Metabolic
Enginsering

Front det. makeup:

Back det. hychoger:
Back det. ai:
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_f ‘Jf"r):% FRE S (S 0 BRI E AN A Tk <B] 7> e

HE AT KW EF BEtE B& 1 (Chennell. R

FE XY ([ SO &
HERIRIFIRS MBEW FFf R LiRAR i |

Chi1 1 (No name) [P #745&[0.00 min_|Waiting external start | Defaul

Ch2

Ch3 1B

ti'

R

1. #% & % Poly(3-hydroxybutyric acid-co-3-hydroxyvaleric
acid)natural origin, PHYV content 8 mol%

2. 99.8%= %

iF

3. 99%7 s
4. 95%Fnfik

1. M= & 9= 5 %85 F & 3% & Poly(3-hydroxybutyric
acid-co-3-hydroxyvaleric acid)natural origin, PHV content
8mol% » M X FE R A B2 BMAT A KR 2K
i

2. 7 95%FEpk & B E 0 99%:0 T R S AR 0 fied) 10%:h°
AL RSN R B

3. £ 2 100°C 2 4B Bow | pFo it PHA fin i = 3HB
% 3HV i 4% > PHA % 3HB+3HV -

4. B~lEE Ol T RR S SRR B R A K

SUE Lt BRkAp o AT R R ARFRITERF R
Wi -
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DR A e 0.22um N BBR S R A B 3 GC
£ #* Sample g ° 2 GC-FID #& | -
s E (R 13 Q)L RE e FH LB
w2k B (mg/L) - & 7] 3HB(H 11)2 3HV(R] 12)2 & &t

§HSAEN (R 9) o e

3HB: f(x)=0.0085x; R* = 0.9807

3HV: f(x)=0.0005x; R* = 0.8954

12000

10000

8000 “”n,u-‘ y =0.0085x
- R?=0.9807
6000

3HB mg/L

4000

2000

0 200000 400000 600000 800000 1000000 1200000 1400000

Bl 11 3HBFEM

1400
1200 _
e

ey =0.0005x
800 e R? = 0.8954

1000

3HV mg/L

600
400

200

0 500000 1000000 1500000 2000000 2500000

B 123HV &R
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1

B 13 ~ GC-FID 4 #t % 4

4 8~ 253 GC A~ 47 PHAs P2 F TR

Time Name
9.4483-10.2400 3HB
12.6517-14.1533 3HV

% 9~ 277 GC ~ 17 PHAs 2 & it M %

A S Y
Retention
PHAs Area Slope F %k R (mg/ L)
Time
Ao FE T AL #EY=A*S
9.8067 3HB 1285166 0.0085 11800
13.3733 3HV 900700 0.0005 664.5

29



s mAEE SBRAK Kk f1A37R > R RS E7 514 H
3 PHA £ 5 15%~20%1 ¢

A7 SBRAEF Kt 2 PHAs 4 A F % %58 B4R 140 &
PAeB 1St o B R BB S 400mL o g AT A B S a Tk
% F R 4L & 5 = L (MMC: Mixed Microbial Cultures) - 4
P B dean g fE TR MMC x> BT RIS 2 A2 R
2 FfE(HA S 200 mL)» X Bw- FE S A X RS RAN
VFAs 2.2, 15 &8 i B RERL 1Y A & 2 917k 200 mL
SHRE > B A PHAs chEfe - (TR Rk 25 35C » * it
FF AR F (F P BE2TL 2 ) 3 % MR T AR TR o
AT 2020 # 1 % 24 pgad($ 1 X)) Fp adkiv23 |
(o Bk AR F o BP0 B R 200mL > 48
BlYFie2 2§ DOt 24 | FF > 4o~ AT VFAs # ) 0
i 200 mL BAE ATEPRAE o0 24 ) PR - H o B EAF R (T
REBEEH G ATHE AL AT =t PEAPH > 2
FlAREFRT@PTOL 1% > BELES &)

512 X0 % 17 = B doie R b //|Q71L§rﬁ,¥ COD ~ 3

C“_*"

R TS M E LF M7 R FM VSS & o &% 17 X (54 BT

oo

A H2 4%z £(PHAs) e g v 3L AM: E
TRIE

(VSS) » # ity ho @ 16 #77 > o W7 0 F 4 40 4
(PHAs) %= & & & ¥ &= "k 2 VFAs 2. # ﬁﬂﬁmﬁ@uﬁ%;
[ 35 L 113 pxing d) PHAs» 24T

7z PHA £ PHAs/VSS 2 & %20 % 22 % £ 7] 46.7%% 82.4% -
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TS, VSS, COD, PHA (mg/L)

50000

40000
30000 -
20000
10000 ~
O T T T T T T T
10 12 14 16 18 20 22 24
Day

Bl 16 ™ & 5 & ¥ a7 kAW VFAs 22 IV i L B A&

iz ik A WA %% PHA
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58 R A RIERE i ST T 3 L EM VSS 5 PHA £
30%~40% 12

TxA e EAEERALARN VFAs 22 AR A9

4 $ 3 5% PHA iR 113 A48 7 3 . FHH VSS 2 PHA

kTR

B 7 30%~40%11 o AR BRI 26 X (S H A H - AR
AL 8 q}q\amg ¥R -k AW VFAs 222§ 1o > Hig it 4
HRT 4 day ~ ie#L AL H 0k & 50 g COD /L~ ¢ fa2r 7 fh g £ 4p $4°
%% COD &4 (A+B) /CODin 3 82 # Z#icdp+c® 17~ 4 10 #7
7 o0 Fﬁ?rzé N2 eRz EPHA) b s &4 a7 kAW
VFAs 24 H§ 4175 ¥ 11§ »eehg 3 PHAs » 2408 17 3 125

2 2 PHA £ PHAs/VSS 2 & #%29-~31 % 32 X £ 3] 593558
%2 30.5% -

20000

Sugary substrate Wastewater
18000 A

16000 -
14000 -
12000 -
10000 -

8000 -
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4000 -
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Bl 17 7 8
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a‘é
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Day DO(mg/L) TS(mg/L) VS(mg/L) VSS(mg/L) COD(mg/L) PHA(mg/L) PHA/VSS(%)

12 0.31 29740 19150 25400

16 0.34 24660 14650
19950

19 0.31 35460 28400 3332

20 0.33 40300 25860 18200 8497 46.7
29200

22 0.31 25740 16740 13300 10966 82.5

29 0.34 13700 8122 59.3
12000

31 0.33 13200 7359 55.8

32 0.31 17000 17300 5181 30.5
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