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Be AR R 5 TR 2B, ) AR A s e B S s o B TSR B, R 44 525000

B K& oum AR OK B m A LY BT R R IR . ARTFIE AR R T AR K SRR 1 SRR
AT 2% Zoni E K i BARE o S50 AE 25 M IR (RO) . WS Fe® 1 4 7 (R1) 1 i R < (R2)3 4
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Macellibacteroides . Longilinea J2&= R 48 /= W) Ab ¥R 7 JG IR /K WP (W AR 35 0 R o i 18 6 38 T ™= PP s 3k 7 T 3R] 4
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SRS (BR AT AL ) TUAL 35 HE A AL T B X 255 15K ) 1 5 205 A R K AT IR & b3 . i T kK
AT FLPD A e o T G SR A D Ak B A A ML B A AR, 4 SR AU T4 BR B T B o Ml T AROR L Ak
REAE & T HL2 A KRR ARG TG U6 o A L r AL 3, DL b3 =X IR %075 Y JK (up-flow anaerobic
sludge bed, "UASB) [ i #ix A AR Y IR A8 A W) A LA GEAEAR . 5 le =it/ . Al =4 eI . it
i B fr A OLEAC W T T R W A LR K Al A T A 2 R A Tl R K
GEPE S (AR IR E AT, iR R U EA (sulfate reducing bacteria, SRB) 2% SO, 8 i b & 1k 9 5 2&
WA BEARH,S, I RUZEYEYE, BEACA DY) ZBRE0%, BUB I TAE N LR . PRI, R4
Ab B TE R R AR G R AR A ZR rh A B AL IR B, FRAITE P HS B iR
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FHUS e S ST Ak BB, AT LU R b T A HS B & i, [ SRB YIS 1
3R G B IR R DR AR I A ST AR, 2 Fh O vE N T TR IR K B DR AR A ) A 3 R O R DL
AHOCHRIE . A5 38 2ok 43 A7 b3 2 B AS ] 48 1) 5 W6t I /K v oG AL A 25 B . Ak 4 4 5 S ROCR A
AP REIR S5 520, R5E T A0 RN S0 SUAE — T R I /K IR 48026 ) Ab 38 ot A r 9 4 FRIL A1
DI R IR A8 AR W Ak B — Je R R K () ke g is AT H ik 2%
1 #MRl5E%
1.1 KRR

SEH T B M BRI B e S S ST, BRIE R 98% UL b, Al 99.995%, Hiid N
300 Ho SO a5 RS Ve B H 10 A ALK iR R Ak, V5 ek B 22.76 gL', VSS/TSS 4 0.64, 7
F 5T T B A 0 IR R K B A VT A L T i T A AL —JoiR ZE [l (b Ab B P50 . R K /K 4R
FRUNF . COD A 3 000~3 500 mg-L™', SO,> & 1 500~4 500 mg-L™', NH,-N & 8.6~11.3 mg-L", Ei#
H3.7~12.5mg- L',
1.2 KBRE

3 41 UASB J I #4359l A X BEZH RO #8001 Fe® Ji if 7 RTFIHLME S s 1 4% R2. UASB J& L 7%
FALBEESHIN, #5100 cm, AR 8cm, AR V. O AR
B4 L, St e 1 s, ! ) ‘
1.3 L HE

HR A FT PS40 25 5, Fe® 5 SO, W EE /R
EE A 0.6 B H,S 9 110 il 5% S f 4 o #4430 d
BN 1R Fe® Rl 7K Hf B B2 AR Y VR BE TR 5 AR
30, 60 190 KAy Hhn = (X (1)), R2 JW ¢k
TR E MR RS, DO & HITE 0.1~03 mgL ',
SEue e FE R, RN A% As AT IR BE R (37+1) °C,
HRT(hydraulic retention time) "4 30 h,

=

A

HF

>4

=i
&

A

c(sor) 30 Bl 1 UASB KR gEnER
X 56V X —x0.6 (1)
t Fig. 1 Structure diagram of UASB

m(Fe) =

X «(SO,7) RHEAK SO MW, mgL™;

m(Fe) y Fe” (IR hdt o g; Vo RIGRE fg??ﬁ . Wmm B

B, Ly e ki emEy d. 1600 F =k COD | : :
EERRARLIOE 2 B, RodE g Lmp RO

793 d, WHEEIM @B L . 0~9d). YL 2roof

(BrBeI . 10~40 d; B Bedll . 41~72 d) Flgs E 8 s00p /

WL BEV .2 73~93 d). Ji shi01 i —n R B Kk 2 T e .

1 5k K B 5 (COD £ 400 mg L) i A2 Ji wof | -

o WA D B I R RS LL 8 2 5 i 7K COD 07570 20 30 40 50 60 70 80 90 100

(800~1 600 mg L"), [m] Hisf % fin e W% Ay %t Bl A IE/d

TR A T 5 A P 0 R A K (BEBE COD 2l 500~ 2 FEIRHAR K COD Ek

800 mg'Lfl); Fa e W A, Rk Fig. 2 Changes of COD in different operational period

i REYIAE 7K (COD i 1600 mg-L™"), {HTE R2 s W17 2 75~85 d B /K i B 2 COD 500 mg-L ™,
55 86 K WK &2 kK e B
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1.4 DA E
COD. SO,” Ffm k¥ fii HI DR1o1oé7\ﬁ'tﬁ'tr“iJr (HACH, Z£[E)M5E ., pH i = pH i (&
Eﬁsls HED) R, AR ERSIE, BEARERBER 100 mL EH#N R, BB F L. Co, Ml
AR 5 A (RIS GC7808, q:‘.){mlji K TCD A 2%, SRR T | B UG 25 15
T;Zéa\wﬂjy 80 °C . 100 °C F1 150 °C . Ak % ] K-600 % fi # 2 AT SR A A A (ff B 22,
)

KA B 4 S ] GC7890B/MSD5977B GC-MS(Agilent, 3% [ ) Wl &, €4 3% 4 {#i Ji| DB-
35 YN @5 A (30 mx0.25 mmx0.25 wm), #EFE TR I 2% 15 BE 43 1) A 50 °C #1300 G a3 A T
BRI N 50 °C fHIE 2 min; 10 °C 'min”' 7+ Z& 100 °C, 1E7E 2 min; 10 C:min' 7+& 200 °C, {H7E 2 min;
10 C-min"' J+ % 280 °C . FJJH 9.4 T Apex-Ultra FT-ICR MS(Bruker, #% ) %f /K i #l 1 G ML HE 47 20
B, BRAGHLIE A -4500 V, HEREHE J 480 uL-h', SRFESIHA Ts, 4F FHREEA 115~1 000 Da, 5[]
BN 64 K, FES AL BIRIE YE 202 19 07 .

K FH 1R 38 S PR 7 B e MR W VR 4, DNA$2HC . PCR §739% | /il 2P Z4E i
LT EY RGP ARA R #4T. PCRY S Y Rk & WA EAH 514, 515FmodF 1 806RmodR,
H 553 3 GTGYCAGCMGCCGCGGTAA Hl GGACTACNVGGGTWTCTAAT, I ¢ 45 i i 55
WA =B #1783 787 (http://www.majorbio.com/).

2 #ER5iTE
21 RMNEBFEBEITHEE

3 Sk 34 B #% Y COD 22 BRAICHE « 76 853 0~9 d, RO, R1 Al R2 ) COD £ iR Fa 4 i
Tb, BITES 9 R HIEE] 77.8% . 73.9% Fil 75.8%. S AYIMLIJG , T HEK R B LB AR, 3 4
J2 Wi 45 1) COD KB FR¥A R, AMEILEE M ZER , R1 A R2 9 COD EprRiE#H#Lm,
5540 KAy H3A F] 84% 1 78%, i RO ALK 14.4%. FifiJ5 HE /K fa far 4k se$2 7, 45 I N4 &8 32 2 T AN [H)
PR i, COD £BFM B T, (HRI & 10d FBITHCRAW BIRE , o 72 K EBRRL
# 70%, i R2 f COD 2 B R A5/NT 40%., B R2 By K pH /N T 7, K COD 25 B3 4 J5 (X AT AE
REANRMR BT, T EMRENS, B R2 #E7KA COD %= 500 mg L™ LUK E R4 Yifie
%5 82 KT+ R2 ¥E/K COD % 5 RO Al R1 — % (COD & 1 600 mg-L™"), faEiz47 /5 RO, R1 A1 R2 1
35 COD £ B0 50 32.0% . 65.2% H156.7%, 159K K R1 etk

R SO E N, S RE YA P T M LA R L BRI A ML . i R, R2 i A
H,S #5 ill J5 ik ¥ 0] DAAE — 2 R B I 2% fit SO 38 J5L 7= W i 35 MR 0., DA T AR 2F X B B A AL (LA
COD 1) MW o AR OB AME AR T 7= B b i 0 AR K B, Sk w5 R A A HLIR LR
HMAESREMI BN, AEzpd)E, wmkEn Rk, RS fiettzs. 5o,
3 AN A AE B BT B COD 2B R A F B BE I AT BEIV , 3¢ B 78 A5 4% 1) 1k 7K 67 7oy 0B IR 6 vk B 4%
W, AT ANIG G B iR SEK T A3 IR FR Eh R R AR R, A P I IR R
i Rl B2 25

P4 RT3 AN SN 2 A 7K SO2 1k B AN K B AL 9 & B i A8 A o BB T Rk SO J i vk
JE7E 620~1 900 mg-L™' N5, 3%tk SOFME T ik, BEHA#EK o SO M3 T [ v 2%
1 SRB 4K, KAET SO IR . 3 A K 7 H 7K Hh S5k I BA R = P e Ak, {2 R1 AT R2 i)
K B AL W B R ik B SF 4 R 0.83 mg LT AT 1.64 mg- L', KT ROAY 8.27 mg L', HE AKX
M5, BEE KA P EE 1S 2, COD/SO MR & 2.5, ULWIHRIE 75 & 05 A F T 5 8 45 19 38 J5
5B KB R AR R B T — 2B R AR, 3 AN RN AR B R AR LB R I AT T 80%. BLRBY B RO H K
FR ALY E ik 27.8 mg' L', {H R1I A R2{UN 1.6 mg L' Al 4.9 mg- L', € Wi#k/K SO MR EE
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Fig.3 COD concentration In influent and effluent and COD removal rate of each reactor during operational period

i —25 Ft 1R %22 200~2 850 mg-L™', COD/SO,” PR 24 0.6, Bk ki Jit BAR — & B FE L A2 BB I,
(B e 1) A 2K e B2 A ROB N7 i H1 /K B AL 7 b3 0 %2 92.2 mg- L™, R17E4S 85 K /K it Ak 4y . 34
Nz 475 mg L7 #hst Fe' Ji B A BT AP BE 5 & AE V5. 3K T A2 B Fe® Btk B8 i R (R T
B R AR A TR R, B IR 8 30 I 7= A () B B8 R & 2B AR 2= DU UE BV H /K O Hh R B AR 3R o R2 N 4 7
55 85 K JE i H K B Ak Wy g W sy, HSF I TR B 203 mge L', fiRF RO AT R1. Z5 TR,
MiE K SO i e BE/INT 1900 mg L™ B, 5 Fe® FIR A0 I A0 40 T i 38 R AIK LR /K B AL 1 1) 35 2
AR TR HIR R0 HLS W6, (R 7R SR EE SO KA T, 2 ol o4 ol 55 s 227 % £k 0 19 25 B A
AR .

3R ASIBAT B 40 REFFRICERA, BA"F X H,S. CO,. H,. CH, M IARMEEILL I
KI5, 52 3B RR R 3 i TR 1Y 38 S R BR A6 ) B PEVE TR 52 R, 3 AN By i B 7 UPERE Y 80 2%, H, &2 3
R . X U IR A B R AT T A IR B B, BRI pH AR T H,S AR Y B
RO. R1 FI R2 fF1 H,S AL A3 51K 3.19% . 2.12% F10.59% ., A 3 AN i s B 77 F B e e S A
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Fig.4 Concentrations of influent and effluent sulfate and effluent sulfide in each reactor during operational period
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REAR S I A4 2R IR R AR TR LA, 7 B BE B 1 A AR A T BB AR I IR B 45 1
2.2 KB ERS T

A 5% 350 K GC-MS il FT-ICR MS Xt 2f 93 K 5 v g ikt /K B A MLAL B4 7 1 43 #r . —ot
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UASB &bBRJ5 , A4 B s 0 oK A ML 238 & A e 358 Ak, PR3 1o K A A HIL I P st 1
A A AR S B, OB PRON B | A HLER W AR X 5 & AR DR A AR W R i, R K AR
YIME A ) o AN 55 F AL S B2 R P2k A SR T

M 6 T BB B A G5 AT UL, K TR ML LA C12 A1 C13 S 3, AHXT 3 54351 ol 42.029% Fil
17.26%, HF B RAEF R+ 8 eI AT =5k —ICER > S ER AW . RO HKAH HLYBR B A BN
Y5y, K E$ L C15 LT /N T . X AT B85 RO S I 4 X IR 7K HR A 1L 1 DR S8 % Al AN TS
AR, —MAEOLT, AP EREOR T 10 B, Bl 2 b S5 55 0 38 in JHE R A P i R B AR B R BEDS,
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Fig. 5 Biogas yield and gas volume ratio of each reactor in
operating phase

*1 BREHFJHEDKBHIEK

Table 1 Organic composition of influent and effluent in each

reactor %

BHERTT APLIRZE BERREEANZE DY EIE ATk Lok HAh

i\ 51.3 18.4 7.6 21.9 0 07
RO 7K 20 6.2 132 59.2 0 14
R1iH7K 147 13.8 115 59.7 0 03
R2iH7K 16 11 15.5 55.6 0 19

] RE 5 (SR R B[R] e

HE T e I SR 3 PR B9 A2 K A7 5% . Shannon F A FHIE>R1. R2>RO, 36 B Rl g 19 A 4 2 B
Pedreim o X2 RO AP TS YR IR R R K AL BT K iR At , R AR KA b e R K BT By
BRI A LA, R R R MRS 2R R, T2 T OTRRIBE K WAL IS Z AR T R
R1 Al R2 ) Shannon #5 %W &% T RO, L] RO WYGUZES R R AN, X W5 RO i1
BATRCR—EC, W Fe® AR I G T ALY R BRSO, 8 T REERIBUEM 2R
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Fig. 6 Distribution of carbon number in influent and effluents of different reactors
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Fig. 7 Abundance of class species in the influent and effluent

B8 a4 A FE R I K- g K- B BE R S5 45 R o Horr, A /N T 1% By Fh i 05
“Others” . Fhie £ & & & B9 1) N A JE B ] (Proteobacteria). %k V5 T ] (Chloroflexi). TR FT I ]
(Acidobacteriota) FJEEE T ] (Firmicutes). e 93 d WAk, BB 1] 1) 28 BN AR {H A X =F B &
T AR, Hodr, JERERTTABEA T TAE RO, R1 A R2 H AR XS 5 B 48w, 20 8lis 8 T 23.3%.
11.2% F1 14.1% LA J 6.9% . 15.0% F1 10.2%. T A2 S B ) F0ER AT T8 1] A0 AH X = B2 29 A7 B AR . 3k J2 thy
TIERETR ]2 UASB S I i b 3 ey Bt IR £6 A2 /K O DL 3 1117, BAT BEom A DL A BB O o s Y
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KB R Eh vk B2 AR E T R B v 1) v B IR L 3 i
AR

TEJE KT b, RO A A AR 8 5 e
AR EES . MXFERENET N AUTHM297
(RO M8.9%; R1 “49.5%; R2 }12.7%) . Macellibac-
teroides(RO 47 8.6%; R1 4 5.1%; R2 N 12.0%),
Desulfovibrio(ROﬂSl 6.5%; R1K 10.2%; R2 K
6.2%) #1 Longilinea(RO N 5.4%; R1 A 7.9%; R2
N 43%). AUTHM297 |12 f# 16 T Hi sk % 4k 7
RS SR TN I TR e £ 7 IR Kk 11 25 PR A Ak B F
N Ao Macellibacteroides F1 Desulfovibrio 43
Sk 7K St TR A T R R R R TR, BT R K
T ALY R IR AT 5 R A Longiline J&
— PP DR E B, TR ST K A AL IR A
Ffi, A RUEARK S CODPY, X SE L 4w
Y & 45 7] REAE UASB AP — IR B K Hh & #5 1
BVEH . XT3 AR AF, R EHR IR ER 8
W W0 Desulfatirhabdium Desulfoglaeb #ll
Desulforhabdus () 75 & T8 & o X SE T J& 7] L) Al
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Table 2 Alpha diversity index results
FE SRR Ace Chao Shannon TR/ %
e 998.03 986.13 5.04 99.88
RO 956.94 923.31 431 99.74
R1 939.49 920.79 4.65 99.74
R2 1074.58 1 064.39 4.60 99.70
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Fig. 8 Microbial community structure of different samples
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Abstract Long chain dicarboxylic acid wastewater has the characteristics of high organic matter and sulfate
content. In this study, the anaerobic treatment performance of long chain dicarboxylic acid wastewater under the
condition of controlling effluent sulfite concentration was investigated. Three reactors were set up which were
R1 added with Fe’ and R2 with micro-aeration, RO as control. After 93 days of continuous operation, Fe’
addition and micro-aeration improved the operational performance of UASB. In the stable period, the COD
removal efficiencies of R1 and R2 increased by 104% and 77%, respectively, compared with RO, and effluent
sulfide content was reduced by 48% and 78%. Fe’ improved-the methanogenesis, but micro-aeration reduced
biogas yield and methane content. The dominant genus. in the anaerobic treatment systems were AUTHM297,
Desulfovibrio, Macellibacteroides and Longilinea. Both of sulfate reduction and methanogenic processes
contributed to organic compounds removal from long chain dicarboxylic acid wastewater.

Keywords dicarboxylic acids wastewater; sulfate; up-flow anaerobic sludge bed (UASB); micro-aeration;

valent iron
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