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7 E R REAMRE B DDG EK AN T ARG Al ARk S TE S K TN HMELLA AR o 3 % A Ak
RGHIRFPAS TR HE , 5 FRIE T YRR UE T X K AL B ARG A AR R, LR R Ak U L e VR i S
W TERI AN . CEERE W R K), 3R IR A B HEAT o il R R 48 pH ORI TN VR B Y AR 4k, X R Ak
RGN BB BT TN JeBRE0R DL R UE 2% 18 RS A7 AR AT 6 b . 25 R 3R . AR i i &
Gii TN PR K, 4 8.33 mg(L-h)™, JEIE W MBI AT 1.1 A% . 85 4500 b RIS (4 118 4% 5 TV AE N
BRIR KB AT IR AS 2 C B R R IR 10 9% . R AHE R B URIN 37% . 2545 %58 Lo S g Ak 450 0 A i) i Y155 0 %) It 280 I o ok
RHBATHRA, DISRAIENRIERAERA T ZREETE. KRG T2ZRIE, Y A0 R4 /K TN 25 300~
600 mg-L™" . HE00 I Bl R K Ff COD/TN Gk #1201 LL B, RTAfARI% ) B K Ab B 2R 48 22 hb AN HE R 7K TN B e
TES0mg L LITF . LiRiFgT 4 al 7 DDG JE /K B A B AL 22 35 A BRI AN 5 0 B, JRRE Al AR fb Ml 1Y
BWEAT KA BRI 2%

X FEAME 2B DDG EAK TN; AL BRI

BB 2 3R E R R BRI —, A K A A B A GEIE AL A AR 52 e Rk S
Pt ) A 7 DAREAY R KL, Zead R TE . RSB RO TR G O T R BY R AR RS, AR R i A TR S
AT RS T2 (distillers dried grains, DDG) AbHR AP, AR K FLM 3 AW mH. 4R
G, HpMED T RN N 279 ZEKERE WS, TN ZZLUNH-N EXF7E, BiRE
Ry — B A 300~600 mg- L' BP Al 25 0o G A Ak B A R AR BB S B AR 4, T HE K TN K [
I3 FZ R T KA A LR S B R R R 25 . O SEI TN SAARHER, W 205
R G0 B ge i K Al I

S SRR R R B L, 16 T5 U A ) 2 B R I 4 5 e e VA ) R B o 7 R R R
R T LRT, WA IR S, WA R R 5 B 0 5 A B 2L 30%, LRSS
HRIEA TS, 5 A0 B RGN AR . AW 5T ISR N 53 5 0 28 5% 1 25 5 40 B LA
VEPEIE FLABRUE , JEbis T4, W T TRSCE b, 485 DDG E /KA FE ) A/O A R G misk
BT o

i BHEA: 2020-03-09; FH EHA: 2020-06-23
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AFF 5% SR FH PR 30 A 12 DU KA R ) CODyy B 1 i DN 36 M T DR TR B 5 3% 308 PRI i /KR v 7Y
pH; R b B R 0 T A7 - 28 A0 0 e 6 BE I TN 2F H shl G AU 2 TNK
1.2 KEBR

TG K o A R R R R K IR MR B R K ROk K o R EE IR UK R SA DDG R K (18 FR B )
IRV B K A B S B K . KA HETE K L BRI BRER K | A e KL AE R K HEAK RN AR 0 X K
KA, Zeat i3S B9 ANHE AR K BT 2 ) AR A8 7 bR i -/K 05 Ge W HETICPRAE ) (DB 44/26-2001) 55 —
BBt — A, TN e R BRSO Tk K35 G HEBORR fE ) (GB 27631-2001)(RP 50 mg-L™")
kR, HERTBOESKE M . KRR 1 iR

*1 KBIERILE

Table 1 Quality and flow indicators of wastewater

IKPERARE  KE/(m’d")  CODAmgL")  SS/AmgL"). TIN/mgL')  NH{-N/(mgL")

T 1800~2100  45000~65000  5000~8 000 . 13 00~16 00 10~23
A K 360~400 100~200 20~80 30~50 5~10
K AR IE — 100 60 50 10
3 N=v
1.3 TERE T

G KR IR T 208 CSTR+UASB+ B ﬁ%&

(n%*'
AJO+IFT 7K Ab B 5 24 2 800~3 400 m*.d' )
LA 1 RO =—{ CSTR | i5ipspia LJTHhﬁ
1.4 §57Ku57K FRB) 3R 53 M7 R Rk iR A S IR 4% M
P KB AT R | BRIN Ab L HAb A bR K] ] Femonmq
By R B HEHE R . MK TN 0 300~360 !
S s A ] ER o/, UASB A/O
mg L' AR AR, AFZ TG K A/O & o
GiHHE . KoK R HEAT T 40T, SR A 2 I RISKITZRAEE
_ Fig. 1 Process diagram of wastewater treatment plant
FIrom o
M 3% 2 Al 0, %75 KT A/O R G K £2 A0 BGHHKKE
COD/TN % 3.1~4.0, TNK JZ Bt T 7K it NH;-N Fl Table 2 Water quality index of A/O system mg L™
APLARREBL, AR 2R Geab ki SR E 2 B coD ™ TNK  NHI-N

NH,-N FifF LA N F, 8Tk A/O T. 2038 AOHEZK  1530~2300  480~560  476~556  394~462
BRI . IS pORE o R B, SEER A/OHIK 450~610 378~410 1523 SRt

AN B K 48 ok PR T Ak J & 58 BODY
COD Z534 0.5, #EILITH, %i5/Kuh A/O RS E/K BOD/TN 254 1.6~2.0, B AT S filifkid #2 BOD/
TN>3 (5 RO Bk, a] RLA B2 75 7K 2 TN & BR 2K B F A/O A= fk & 4t i 7K ) BOD/TN 2k
PHo 3 TN KBRRHERKR L, X0 LRSS & TR, WX s 4 A8 Wik IR . i e
ALE 1T 41 -

MR P2 by, JEMAR ., CAERME N EE B, EEEKNA . 1) M ERE N R
BRUSES N, TN T BOG kA, BAE T EHZRRE; )% LT FEP RIS
B, AFEENCEREWRIE; 3) XI5 KE KGR S A REEAER . BEMAERFA0Y, 1
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TGRS W5 W BOD/COD — i H 0.4~0.5, Al AEARMEREy, BRIk, W VE e iEm AR A, T
SEIR TG K A L R RESE K R,
1.5 L HE

1) B 400 mL A/O RGeAfbi5 78, LB Tk AT B LABR 25 575 K TN XF S50 i T . %
MRS BRE K it e, B A/O HiK 250 mL 5 Eiki5 IR S, IRAE M5 IR 2 8 500 mg L',

2) B B3R L BIR A 5 (1975 U6 300 mL, 43 0 VS A A 0 . O BRI W, RS B I 3 U AT
B o #E 500 mL BEAR RS, SRl IR LUK TG bR, By ik R R E SR Al 2 i R
SEE AR, Y ROV AR IR 1) COD/TN AN T 20 B, S il Ak o A8 14 e KR g 28 238 AR 32 e Y vk J3E 1) 5%
M, PR, SE6 i) COD/TN MK T 20, Ayt G DR 0B Y545 >k 114 pH T 25 5% 1) B2 1 497 3 1) 2
fEAL TR AR IR IR 5 58— % pH 8 6.9,

3) FEAS [l e Y A AN [R] COD/TN AR O T, 38 axk Wl s o7 R 46 1 95 W pHL T TN 719 28 £k SR F 5%
fif it 72
2 #BRpHEITIR
2.1 HEEAREFENCESRAEZ N

DL 260 W R B R A BIF 9 4 SR AN T 2 TR o R R 2 RIRIL, B R T 4R B B (0~24 h), TN HREE A
2225mg- L7 FRERE 215.6 mg L', T #) 4 pHH 6.90 F& % 6.55. B BE pH AT [ ] fi 2 4 4 b
K= A HLER S B, B BE TN 2B AR/, AT e JE 75 V8 R G0 P A s A W A B o T 2 R 9 A8
R EAEN SR, BB KPR EEER D MAEAERG, 25 RE0E BN RS HMEY®
BLBTMR] 22 3E N o RN AR 2 B B (24~36 h), TN ¥ FE N 215.6 mg' L™ T [% 2 130.9 mg-L™", T1fii pH M

6.55 T W% 6.34. X E2 N b1 LRGN £ » .
BACE WK : KRR AL PRI iUt 2ol TN —e-pH 1o
BB, WRIMOK R KT AL < 0] ik
O 7= R, BT BB AR TNE 206 T B 2 0] 10z
B, {H pHABSR T . [ NiEE 3 FrBt (3648 h), Z 100} 14
TN ¥ B M 130.9 mg-L™' FFEZ%E 52.0 mg'L™', i 50t m;;
pH M 634 b TF 2 8.17, 3 /& AR I Al Ak 3 L Sy ———e
B, I LY B 2R G 0 R L 7= Bk 2 Rt
B T A ALK R AL R, R BRI B2 MEEENHRNR R EL
pH BHE FF. Fig. 2 Variation of denitrification system with glucose as
22 ZERBEN LB HR N carbon source

BLZ B AR S B 25 B P 3 TR . R o —TNIIE —o-pll 1y,
1 91 18 v B (0-24 h) B9 TN Hi 225.6 mg-L™' F % ! 44//4-8
Z 210 mg-L ™', 12 B0 EG pH 1 6.97 b & jmw’ : IZE
707 EEW. RAMERERGTESA L | Is
RSN AR R ] 5
SRy U o A Y R AR . [132
B G ) 253 300, o123 4

SR A ) /h
FONiER 2 BBt (24~36h) 1Y TN (1 210.0mg L™ N _
e ”X(ﬁ : 8 B3 MZEABRNE MRS E R
T FE % 1464 mg-L~, 1fi pH M7.07 BTt = Fig. 3 Variation of denitrification system with ethanol as
7310 Ui BHGAE Wy 28— W [B) A9 A N e, RAE carbon source
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Ak 52 % R R B, SN A 3 [ B (36~48 h) F TN H1 146.4 mg-L™' F % % 46.5 mg-L™", 1 pH M
mmiﬂig%,%%%M&ﬁﬁ%ﬁﬁ&ﬁﬁiﬁﬁ?fmm¥o

S EREAE M IEA L, CBERBRUR Y RN AR F v pH (EER T AR TR, 3K AT RE 2 B T SR AR
PEIR K AR R FRAT 5, WA W TR R T 2R 3 IV R T A T 0 A A E Y AE T
23 FRABRETLIEN RS

WS LR R B P, ) S R——" ] L0
RMEBEARY . BT, SHE. R I
S WERT. AU, FALBE. M. BH 5 ool |} Lo e
Rk e SRR BT 24 P20 L ST 2 150 s &
AR, KRR SHE I 4 FiR . 5 RH Z 100 13
i By Bt (0~15 h) 19 TN f 308.1 mg' L' F 4 % 0t 12
2703 mgL, i N pH B A LR R L % ST ‘

WE BRI, R R B R WA, (A Sl
B4 UEBERIBRBEHNRBELCRSET L%

T AEAE IR PLAL . BILRR P IR Fig.4 Variation of denitrification system with raw wastewater
fiF Ak 3k 78 77 AR R R ) BT, R AR &R B pH as carbon Source
JoW AR AL . RONES 2 By BE (15~24 h) /9 TN
2703 mg'L™"' FFERE 179.6 mg'L™', pHH 6.89 LIt = 693, 7EBLF B, TN TR, 1fi pH L Jh 3
NG XOEH TR AR R YY) Ak S 52 th T RO AL AR R, RECR G  pH AR LSS
SCRLE 3 B B (24~36 h) B9 TN H 179.6 mg-L™" FF#EZE 131.9 mg-L™', pH H 6.93 [ F+ = 7.18. %M B
TN B S W 2RI 4R T B, {5 pH LTI EEEEAE 2 B Be e . X nl (6 & i T35 0 O R PE 9 o E 7
FESRR, ZopEHC R EISS, MRS pH B A . [V 4 B Bt (36~48 h) 1) TN 7 132 mg-L™
LEAANTARE TR, (HpH M 7.15 LFF 2 7.65. X W] figJ& th T4 — Bemf Rl py 0L, 5 W i & &
BHVYIFIR T @Ay, A s A iU B 2 Al R 4e i pH i

A A RE A S, WA AR IR, RGN pH k. X AT REZ M TIEW T & A KRR
PEV BB, XA IRV E R FLR . BRIIIR . SR T R AE K WER ) AR o T % B L
LTS Ty R A K S R4k, , ol 45 i 25 W A 0k 5T 2 s A B vy 1 e 26 pH B
24 AERIRER R ZMET TN EBRIEZRSTEE

HRAE LR S50 g B, % be 3 iR YR 78 S Ak S R ) TN A BRs R, R A=l (1) FR,
ZER 3 PN

An = M=o (1) . o
AT Fz3 3MBIEN TN XBRIRE
. ANSH TN 2 v % B 78 2R 47 B ] Table 3 Removal rate of total nitrogen with addition of
™ F IW{ZQE | mg/(L- h)f : st]f S g three carbon sources
6] J5 B9 TN ¥ BE, mg-L™'s N, N 7E W 4 4 3 JE—_— TN BRI/ (mg-(L-h) )
9 TN VRS mgrL s AT JyRBA A, o AL i
i 3T, A S R e Y, B = 038 Ho .
3R IR A PF 0T 2 TN % Bt R, 4% “ n0 020 7%
B4 3.55. 3.73 i1 3.67 mg-(L-h) ' X 3 B 78t % s >0 38
48 6.58 8.33 0

o U IRV S DFA L AT 1 2N R 3

R LR AL BRI BB/ o (XS T3 R 23 7 7
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BEN I N R, 3 P IR IS A B X A o AP 3 BB R T (A dR R TN 2 B 3 3 40 1) Oy
k¥ 7.06 mg-(L-h)'. Z B 833 mg (L-h)'. WK 7.56 mg-(L-h)'. 27555 g b =8 2 i T il
A A0 B A e A /N 2 B2 09T A R R AR B 2 A WL, T KRR AL R A . T
15 VR T RE S s Ak 4t TR DR R B /N TR IS W I o LB /N, i AR T RO S RAIR T 2 B AR
TR A . RABAET B 5E B, SR & BEAE b B YR AT RS Ak BN B, R K R A R i
HAHEEAILY)
25 AFFMEERE

R5E A0 RG I BEKZSHCh . i 200m>h'; COD 1800 mg- L. TN 450 mg:L"'; £ ii G
f) COD/TN=20, LASLTT5E 3 P IEHm &4+, AW A B N fis 17 loAs, g5 R 03 4, H
A 26 W I B %) B AN SR T 7 R WA AN A, TR YRS A A YA T4 A DR A s g A 2% 1) 9 ARCR FL IR
KTt

AT R R RS IR R S R GRS AT A RGN 1S e RIS T A e R 4 LR
FrEC bR, FEIZTE K MR R R GEROR S BE Atk [, A0 Y5 /K 0 Ak PR AR 3 in 2 AN #) 0.5 T .
R 4P EAR MM, 2w, TURMESZH B R ATTHERDR, BRI NN
LFERAS ) 9%, F AW AR (19 37% . NG A Bt & g i 30 40 R B K T B A AL Sk AT AR 9
s T 74 A U K b A TRt v] S TS K BRI R A T K AL B AT R A R A T

Fz 4 IMARKIESITRASTLE

Table 4 Comparison of operation costs among three different carbon sources

FOINRIBRIE  PRAITNBRIE o BB KB Ay

BB miien) BnRgke)  ERRAGET) it

Tk 1620 203 243 AT M3 00000t
T 3348 41.9 100.4 LI AE 96 0007t
. 47787 0 0.0 BB R R R s, Z

THWRK LA 4928.670 m TR

3 IREETEERIZEIE

BEINASTR) B PR B S 35 W 00 e K R A A 3 R S SRR 90% 5 W& TF AR 5 1 2% B, %0 i T
PUAAN SZ: L BER 10% 38 3 SR 58 53 AT, 286 T 80 I 3 SR R Is AT AR 22 B MW 7 T % &, LA
TR VRAE R B A At 5 5 AT B T e g I 34

%5 Kl A0 R G HEK R 200 m*hT, RAE A4S B TR R 50 h, P L LGSR 450%, AR 1
b 100%., A8 ISR, A/O #E7K COD My 1792~2 023 mg-L™'. 4M Nk J5 3 W A9 COD A 50 000~
62 000 mg-L ', TN &1 100~1 500 mg-L™", *f A

58 M B R 1Y A/O R 56 TN 2R 3 T o I
Fede, S5SNI S TR o REINTE AT, A/O s

2 4 F K 1) COD/TN 7 5~6, TN % [k R 2 =

41%; AEVR IS WS . COD/TN 7€ 6.0~9.3, TN Zw

LR IR R, X T R 2 H H H

HHLY B S An A H, TN L B8 LA 752 57 60 81 84 90 93 118 12. 12.9I
N . % COD/TN 7 9.3~12.1 it , #E/k COD & CODIN

3 W17 B TR LB KFRE

3 058~5 097 mg‘Lﬂ , TN 1E 378~422 mg'Lﬂ , 5 IMiFHAE D AR[E COD/TN 3T TN B F ) KR =R

Fig. 5 Relationship between different COD/TN ratio and TN
average removal rate in field process regulation

7K COD 7£ 425~504 mg-L™", TN 7E 46~48 mg-L™',
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TN R LIRETE 85% DL b, JEia s 89%, H/KH TNK KK, 60 & 48 b & Ak & A0 il
bR R AT, W TN EZLINOS-N fF4E . 1 24 COD/TN 4k TH s & 12.9 B, TN KBRFE i T
Mo X FEIRFHIE R A BHA —EWEMAILEA, KRR T K TN LB & it
B, N2 T RGEH TN ZER AR

RS /TR U NS e B O R TN B W i o WA = DIV QO B e [ B o LR e 1 i B o 1|
1 450% F1 100% B, K COD/TN=12.1, Bl % kg TN #hniE 20 307 L, %75 K 5 19 A0 HE TN Al 2
FEFESOmg L PLF . 28 LR, DDG I HE /KA T. 2%, A/O R4 i 7K TN £ 300~600 mg-L™
BF, AT SE G I R AE R, LA OR A/O RS JK COD/TN fE 12.1 DLl filf A/O RGIRFFEL S
1) TN ZBRRA R B, X i A 52 mA B .
4 %Hip

1) X5 T S AE Ak I e P 2 PR K AL B, Gl BN A . LBE L TR 3 R AS [k R AT A
S8, S5 RWT . SR AW . BRI VR 4 o A0 B i A B TR B, LR 4 0 R 76.6%
79.4% M 57.2%; [FIET,  DUSH % AR B U B 0 TN R BR R/, IHRIKZ . CEAERIE R TN LB
AR FR R 8.33 mg-(L-h)y ™", S Ak 4 T 0 56 R T/ IN 43 B AR I8 A AL AR S B s A e U

2) X 3 PPl IR SR R T LR AR L, TSN S EEAN Y 9% . A A AR 37% . AR R K
AP ST R, WA G5 KA BT Rk i (7

3) #£ DDG T H /KA HL LA T2, A/O RGE3EIK TN ) 300~600 mg-L ™" i, ] 38 i 4% Jin i
TAE R BRI 1 A/O R GE IR K B9 COD/TN 7E 12,0 LIk, Ml fi A/O B4 508 TN £ BR R A9 R i
XA AT BAS 1Y 52 e A B o

4) SEBR T AR N 988 DDG KB AL BREEAE T 28 30 S 3y i JiAb 7207 58, REM Al AR Ak MR ar
) R TEAT M R K AL B2 2% o SR R AR A ARG, N — PR A R G i b &
i A 5% B BT TR X 52 i 1 580 2 1 )
& E X B
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Optimization of denitrification treatment process of fuel ethanol wastewater

based on carbon source
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Abstract The C/N ratio in the A/O influent of the the rice fuel ethanol DDG wastewater treatment process in a
plant was too low to meet the the discharge standard of total nitrogen for the effluent. In this study, the carbon
sources in the denitrification system were screened, and a suitable carbon source was determined and the
wastewater treatment process was adjusted for the increase of denitrification efficiency. The carbon source
screening test was conducted among the threecarbon sources of glucose, ethanol and clear liquid (raw
wastewater). The changes of pH value and total nitrogen concentration in the the reaction system were
invetigated, then the total nitrogen removal rates and operating costs were compared when different carbon
sources are added to the denitrification system. The results showed that the when ethanol was taken as carbon
source, the fastest removal rate of total nitrogen occurred with a value of 8.33 mg-(L-h)™', which was 1.1 or 1.18
times of the carbon source of glucose or clear liquid (raw wastewater), respectively. The operating cost with the
carbon source of raw wastewater was 9% of ethanol and 37% of glucose, respectively. Through the
comprehensive analysis and comparison of denitrification reaction rate and operating cost among different
carbon sources additions for denitrification, the best choice was to add raw wastewater to adjust A/O
denitrification process in:this wastewater treatment plant. After verification in field process, when the total
nitrogen in the influentt of A/O system was about 300~600 mg-L™" and the COD/TN ratio in the wastewater was
above 12.1 by adding raw wastewater, the effluent total nitrogen concentration could be stablized lower than
50 mg-L™". The research provides an economic and reasonable carbon supplement scheme for DDG wastewater
treatment, and provides a reference for fermentation wastewater treatment with good biodegradability.

Keywords rice fuel ethanol DDG wastewater; total nitrogen; denitrification; carbon source
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