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Abstract

At present, the low C/N ratio in the sewage is existing in most of the Sewage Treatment, which
cannot guarantee the demand of normal biological nitrogen removal. So in order to ensure the
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normal operation of biological nitrogen removal, we need to add additional carbon source. In or-
der to verify the economic applicability of polynuclear carbon sources, a comparative experiment
was carried out in a water plant in Qinhuangdao using polynuclear carbon sources, sodium Ace-
tate and glucose as additional carbon sources. The results show that the unit denitrification con-
sumption is increased by 49.71% and the cost is reduced by 17.41%. Using polynuclear carbon
source as carbon source is 37.84% lower than using glucose as carbon source, and the cost of
adding carbon source is 20.83% lower. And under the premise of ensuring the water plant to meet
the standard stably, the water plant can reduce cost and increase efficiency, which has high mar-
ket promotion value.
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TR B RE A, A2 7 TR G E AT B A 1 e ZEW M RE ORI, BRI, BRI AE R E I
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EIRUL AN INBRIE AT LA 258 i S A R (0 Bt AR, (B AN FH F) [/ Bt 38 m 1 35 7K Ak 2R
TR E A . A FE R SNIERIEN R SR A R A F 6] [7] (8]0 bk —Mirik GiE A
REMS AR B vt I R A AN BRI 5 7K AL B T 28 R L

FRSERHEA PR A R —F0LR TR EE IR . DIMRACBEZG 70301, R0 . .
BRSS9 — AR PR i BB AT SRR o A S BRI A MBRISAE K A B AE . TR, M B4
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YY), 3T RGP ie 1, FREARAE YD) e AR e PR A R

ZE IR AR HIREL, 1 H COD F&En (2 x 10°~13 x 10° mg/L); & T ANFKE KI5
IKBEACER, sl r= g, $Em KIS 2RI SIS, I BRI e . Bl
TN, AT R RS SN R, B BRI R R AR A, AR/ N Va R, RO
RN G BRI W, B ASEIIK ) 2SS B ARIE 2

N T RIRFEAN S 2 AT IR AR LU A% G — BIRLE B PR RE RIS AT J7 T AL 3, 7 el o S B 1) A 2 ) 5
PR 2T K& BT LU E T, #hERE AR A FER 2555 KAE ) #4177 H
A P ARG o A P AT EE IR, X 2 IR S 2R S A R IR B BOR, RIS
HXF RGFa g 8T IR .

2. K HBER
2.1. KT &1

APRIE K AVAETETS KON, [RIR BRI AL B B ys P A B ) Ays e i THRE 22 J3i/H, W
s, —HIAAR 10 Gni/H. AR TZNMRELZH A0 1T.Z, e 2 K, WERBE L2 NEUT
Ve, s 2 .
2.2, IKJ KR

AKJTHE. HAKKFINTTREE 1:

Table 1. Designed incoming and outgoing water quality of the water plant

1L KRR KRR

KGR CODc, BOD5 SsS NH;-N TP ™N pH
Bt K KR <350 <160 <120 <47 <5 <70 6~9
Sfragt K KR 146~416 83~218 233~286 27~45 1.23~8.62 39~50 6~9
Bt H 7KK <50 <10 <10 <5(8) <0.5 <15 6~9
SEhR H KK 12~26 7.3~9.8 3~8 0.28~0.65 0.03~0.19 6.43~13.31 6.88~7.18

e Rk pH BAOVTERN, HRIENR RN mg/L.

23. TE®™M

KT 5K GRS M5 2 3E K D3 3T 2 vh s Al PRI ORI R HE N A Wi, SR 5 42 — Db ilE,
PR T AR T 2 S e AT A3, PR VERD IR I8, RN B KM, AT .
Hr Bt 2% AO 4, BBt KR AR IO R B RAHACBE - IR - B — SR B - 28— IR UBL -
SRR - B B TS BN R D, AT E SR R e 0 B F =150 1S:
4.8: 7.01: 2.0: 0.63 h, iR HIE SLFR{s BN A2 BETHE R 2 f%. RIS, SISO s AR X e
WIS IR BRI KK 7015 B I TR BODNAE 55— B SR BL S — SR B, BAR T ZRAE AL 1 R

3. BRI MRS R
3.1. BITHRG

1) BIEINZE RSB
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Figure 1. Process flow chart of water plant
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2) 1B17 %M

KHPATRIG R 7 AT XL, BIFE—IAM 1 A RAVR RN ZAZ0IR, 5 2 D RABIN LRk,
HRES AL, WA RIS se 4 — 5, @B 7T KK R BB IR BB . 55— W BO L 22 ik
V55 AN W B b2 R e A

(U

a) 2 NRFIANE . SRR MALIE T, HKE—EG

b) ZREWIRS SR AR AT TR A RSN ) .
3.2. FIEmMA R

BT S PR AT R IR I RO, R AT BRI BIR A, PR IG K () SR A H KGR B XU
AP RG], 58 5 SR 42 i A A it 4 7K TN
3.3. N AE

1) EEFMFabR

HEH7K COD. BOD. TN, BRIESINE, a7 % H.

2) ZEINFEIR

purpdh A RE T, BRE, MLSS, JHIRKiE, S mMBKERE, KA COD 5%k COD
L, TP, Sefirifb beidi s 1) )7 sRdk 47 5 b

3) HdE e
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Table 2. Periodic table of data measurement

= 2. BRI E AR

5 532 W E FRFR HURE R 5 A 3
1 EZIRIR COD. BOD. TN. 7Kif BHEK. BT b g ) K —R1IK
2 BRI EIEW CODY TN PHALERAE EIE —RA 1k
3 B2 NOs-N PRI It RiER —JH 1
4 ZE gk W, TP P L2 i (i) Hi K —JH 1k
5 AR COD Btk —A 1k
6 R R P 4L B AT VR A TR 1R

3.4. RIEEE

ZWIES RN EL: 20194512 A 17 HE 202041 A 13 H.
LR SRR L 20204E2 A 17 HE 20204F 4 H 27 H, H12020.3.28 H XA

3.5. WIEEKR
A ERER AR, KT KRS — 2 A HEBOhRAE, B K BRI COD < 50 mg/L, TN <15 mg/L.
3.6. HEXIRRIR MK ELIERR

WA 3, R 2 RRIE S RUBRIE O B G, BLHHOK TN S BASAT S RO O, 458
TS T BRI S B IR AR A, PPN K BOEFRAT IR T 5000 2 IR AL BOR M35 75 T 0% -

Table 3. Comparison table of technical parameters of polynuclear carbon source, sodium acetate and glucose

3. ZRBRMCERT. AEERASHIER

E2 13 TN i hE
TiH fatr TiH fatr TiH etz
pH E(1%7K B R) 5.0~8.0 BETR AN & &= 25 WA S & >50%
COD fii(x10* mg/L) >35 COD {#(x10* mg/L) >19 COD {#i(x10* mg/L) >50
BT 1.00~1.05 R 1.1~1.2 FALMI(%) <0.01
IKANEED (%) <0.5 KA <0.03 TRER K 55 (%) <0.25
3.7. BEKRIRS CERPAR FE RV
HA A ity Y AT IRAH AL /NI EE, S5 R L3 4 s
Table 4. Denitrification rate data of multinuclear carbon source and sodium acetate
F 4. ZRRRS OB R EERREE
i ) 78 A 7N E23 3
0 min 25.55 25.18 25.18
30 min 25.45 20.46 20.69
NOs-N (mg/L)
60 min 24.57 18.5 17.45
120 min 243 18.1 13.06
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Continued
180 min 23.8 17.6 10.16
240 min 23.56 17.2 8.27
NOs-N (mg/L)
300 min 23.04 17.2 7.62
360 min 2291 16.9 7.57
360 min TN(mg/L) 23.87 19.3 11.16

1 I 5 P SO AL AN SR T EAAS
1) (EFSEMARZEAE T, 0~30 min N, ZFRENHINS 2 A BIR A BRI ma S (5] 2), X 2R
T ZBRWN NS TEIN, 5 TREFI AR . A ERRIE T, LR LA 2T
YU, 2R AR P T8 P AT R e 1 S A S o
2) 1£30~240 min N, ZZHIEM IR FRREE, 5 Z RG22 58
3) KBEROINEH S COD #hnE, M COD, 38 mg/L. COD.,, ... 70 mg/L, ¥ 0~360 min
ST TS AU FE) NOS N C/AN , G553 5, RBATIART, COD, yy /AN 4 8.05. COD., 4. /AN
791559, RMZ T COD, /AN N 459, COD., 0, /AN 5 3.98, Wl SBEFETRE R L, HA)
BRI 2 BRI N A, (R BLE RIS AT LR A, Hhuk mT DAHEWT /MR IR A BI4G COD Ik
JEEFEASRE R I S AL SRR AR BRI 3R
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Figure 2. Comparison of denitrification rate between multi-nuclear carbon source and sodium acetate

2. SRWIRES B FHCERE R LE

Table 5. Carbon to nitrogen ratio in denitrification process

5. REEEIEREL

2 2. C/ AN 2B C/AN
0 min - -
30 min 8.05 15.59
60 min 5.69 9.06
120 min 537 578
180 min 5.01 4.66
240 min 4.76 4.14
300 min 4.76 3.99
360 min 4.59 3.98
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4) SHT R IR SO Re D I ZEEE IR . BT CRRANN SR — 2 gy, FERTIIR A B TR
Ja, JEIHBAEREA L, RMEFR YR RIS, 5 IR RO A R 25 PR IR, T 2 R IURAE ) 30 it

REHIAEL 1 —Lufii 3.

5) WK —BUs X AF B I (] 4.8 h, “EhSAE R 2.0 ho Bk, BB, LRREAE

BB T Bk A X, PUEEER TN. 12 RRIE0E B BN T — BUR X s — B aIX .
3.8. SRS EEENRFERL

P =]

JUHE B

BT AR Vot TR A W 5 S — e I TR IE Y, DR A B B S 1A], %) B iEe (R ST AT, 1 &
BE15 0 2 IR BN K 77 2O AR P e AT 904 o DA ST TR] AN W s 03 35 e 1 S R A e 2, o ot L )|
A RN B 1) S AR 2R RAE YL [ 2% 1, RIS EE a5 6 A1 3 B
Table 6. Sludge denitrification rate test during glucose domestication
= 6. EEEYICERESR R MEURERIRLE
I B Hi | 0h 2h 4h 6h 8h
% HE(mg NO, /L) 17.50 15.81 14.79 12.56 10.48
% #(mg NO, /L) 17.50 11.22 1.37 0.00 0.00
St g =73 2R MLVSS (mg/L) 5753
(16°C)
HI %M (mg NO, /gMLVSS) 3.04 2.75 2.57 2.18 1.82
% %(mg NO; /gMLVSS) 3.04 1.95 0.24 0.00 0.00
Hi % Hi(mg NO, /L) 23.45 20.99 18.03 14.33 11.85
£#(mg NO, /L) 23.45 16.17 431 0.16 0.00
LW A =ss 200 MLVSS (mg/L) 5742
(16°C)
Hi % i(mg NO, /gMLVSS) 4.08 3.66 3.14 2.50 2.06
£ ¥ (mg NO, /gMLVSS) 4.08 2.82 0.75 0.03 0.00
% B (mg NO, /L) 23.58 21.94 16.54 13.22 10.78
MLVSS(mg/L) 5663
£#(mg NO, /L) 23.58 15.61 3.62 0.08 0.00
s dtm =37 0 DHR
(16C) MLVSS(mg/L) 5663
] %] #i(mg NO, /gMLVSS) 4.16 3.87 2.92 233 1.90
% 1% (mg NO, /gMLVSS) 4.16 2.76 0.64 0.01 0.00
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Continued
Hi % Hl(mg NO, /L) 23.46 18.01 15.31 13.17 11.96
MLVSS (mg/L) 4910
£ #(mg NO, /L) 24.14 15.77 4.29 0.91 0
3.10 /M
T o
(18) MLVSS (mg/L) 4830
T4 B (mg NO_ /gMLVSS) 478 3.67 3.12 2.68 2.44
%1% (mg NO, /gMLVSS) 5.00 3.27 0.89 0.19 0.00
% B (mg NO, /L) 23.69 17.02 14.96 12.86 10.04
MLVSS (mg/L) 3990
£#(mg NO, /L) 23.69 14.95 4.53 0.52 0.06
O 4.05 /M
AP e
(18°C) MLVSS (mg/L) 3696
% B (mg NO, /gMLVSS) 5.94 427 3.75 3.22 2.52
£ #(mg NO, /gMLVSS) 6.41 4.04 1.23 0.14 0.02
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Figure 3. Judging the end point of domestication
3. YL RFIE

ARG A

1) 2.17~3.27, #EYPBEINZAZ0E, 244V Az, A 3 H i 26 0 N 22 4% 1 O A 3
KE, 217 ST, BEEYIGER R RE, PIRRBRIE IR 28O0, 2 3.10 R BIAK,
SR ZR IR FAS, WP e H AN 2 I I FEAR S50, 3,10 & 244 Wit 4= S 4500 # & b
3 Hjg#t AN e BAHD 3.13~3.27),

2) 3.30 BB RRIR RS, T 4.05 M — ORI 2, G FEARININ o 7 47 B R S i Ak e R
IG5, PREES L, e X fE YIRS RN, 2 5 ke e BA(ED 4.13~4.27).

3) XTEE 4.05 F1 3.10 B SRASAIERZFRGIRATLAE Y, PIRHORIE ) SR A 2R 56 BT I, bR
LR : O NFEE, KEZHTF S, WAEEERSN, SO EEa st @ R RAERT
BR, A5 IR R s T Ve B, BTSRRI TR

4) WAFEEAHIR AN B, e N 2 i i S R 2 M A b 2.8 (5, 2R
A B A E 2

5) HEIPE AR R ITE 0.9 DAE, LRVERUT, B HONE A 0E K75 U8 SRS O FR A R N AR
e, WEEEAREEEANABIRE. B TR EK, BEEERnTF—BHax.

4. E RS BIE S
4.1. SEHRES ZERRWE IR EE

4.1.1. K HAENHK C/N

B 15 4 AT, 200055 RREART LE R A T 42, AN RAAEDIB/KIR 10°C~11°C, *F34 10.3°C,
HE7K C/N AT B/N EL43 510 2.86~13.35 (P34 7.65)s 1.06~6.63 (T34 3.67). MRIEHIERIFL RS B47K]
JEHNZA S, 7K 12°CLL L, BOD/TN > 3 AHNRIE: 7/KiE 12°CELUR, 4% BOD/TN = 4 [f LI #nik
Psio REIE, KIEACT 12°C, #EK B/NWEEHEIK, B/N ¥ 3.67, FAbsmkii LLLRIE TN iAFR .

4.1.2. MHEE
2% AO J5 BEE I SEPRZ BT 8] 4 h, ZR0RIES BB P RR 2470 58 40 2 Ja B ATk, H
15 5 BEVERINAE 784 R IR R K BRIEIE RS, W Z TR ANVR 2 R 1E J5 BB AR T PAT RIS R L

4.1.3. YR AR
ZRIR GBS R AN AR PRI R 0 NI B (12.17~12.26)F1R2 52 BL(12.27~1.07) W 5 43,  BuAd A P ik
RIGVE R 0 T & 5 B
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Figure 4. The carbon-nitrogen ratio of influent water during the comparison of multi-nuclear carbon source and sodium acetate

4. ZREIRS CERIAXT ELEAEI KRR EL
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15.00 Dk 5 ! S
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Figure 5. TN Removal effect diagram of multi-nuclear carbon source and sodium acetate

B 5. ZRBIES R TN KRR E

1) RIS A (D A B R etk A AR R RSP, 3045 S FR A AR it — Bl Kk B RS0 [H],
WA 5 BERREN 5 2 R I I e As e T, 1 Ra e I it K TN P28 15.76 mg/L, 2#E
Vs e I Bt K TN 3578 16.21 mg/L, BB ZE 2.15%, 45675 4 B8, "TIAAXE K &
BATSHORBUHEE

2) KAR AL A R A AR i K TN A R SR, SRexd LB R BN A0 2 A% IR I BN &, K
WA E A, 1#E Y OB R ) A Mith /K TN “F345°4 12.00 mg/L, 2#24E4ith (Fn 2 %505 A Wit
H7K TN P38 11.09 mg/L, HHEH 51 A 2 8.80%, R HIBRIEFHINE U0~ Kl 6 fiR:
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Figure 6. Comparison of carbon source dosage
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4.1.4. BEERABERREFEXTE

SNTEL 7 ATLVE L, AP PR AR R B SRR 6.96 vd, MIKACEERIAN 0.316 JG; A% Ak
TEEINE N 3.67 vd, WK EEA A 0.261 J6; BN ZAZBIR LRI L BRENBE AR 17.41%.

LR RATBRIR LA A 129.68 kgN/t B, 2 A% B S AL i IR 0B H 257.90 kgN/t Bl SR
PR ERTA 49.71%.

Bt Bk Bk kg (N) R B U i A X LE [
120.000 =]

YL

)

100.000

~ 80.000

an

2 60000
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Figure 7. Comparison of carbon source utilization efficiency and economy

Bl 7. BRERBERES X E

4.1.5. %¥% VS BEER MLSS T{t,

1) b 8 1551 12.26~1.09 Z W S EERR AN LU R, 2%k IE MLSS (KT EE RN 6.87%.

2) ZEBIE SRR LI, BT 113 #KRE, SBRGHB, SRS SR S5
RUIHBEAT o

Y MLSSAR AL &

16000 BTN, 265K wE,
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Figure 8. Change trend of multi-nuclear carbon source VS sodium acetate MLSS
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Table 7. Summary table of comparison data between multi-nuclear carbon source and sodium acetate

7. HRRERRES R EERIRIC 2R

86 H 2019.12.27~2020.1.13
it 1#44 24
BRUR AP LA 203
COD ff(mg/L) 19.15 73 3577
7K & (m*/d) 53218
oK (agl) CoD 304.58
TN 45.81
CoD 19.83 12.42
H7K (mg/L)
TN 11.89 10.24
In#jE(vd) 6.96 3.67
PR B T/ 1208 1890
H i & = (Kg/d) 902.58 946.48
JHFE CN 9.87 9.56
FAAL B i B (K g N/t B 129.68 257.90
il 7K Ab B AR (JG/m?) 0.316 0.261
[ B2 (%) 74.04 77.65
BN R AR T (%) 49.71
FEAR (%) 17.41

i FBER = (2K TN — Hk TN) * 7K S53E O/N = [(E7k COD — Hizk COD) * 7k + B * E4 COoD 4]/ H A &;
MRTRRII AR = FUREUR/INZG L MUKABE A = SESesg * Izt kit A = K TN — /K TN)/BEK TN * 100%: #f
BRI U RT3 = (AR R U (AR — MR S (Z T )/ e B S AU (2 AR U * 100%; A = (WK A3 A
(ZTRN) — WK Ab B A (22 AR UR ) )/l K AL 2 B AR (2R 5) * 100%

4.16. FEPRABRKRE~MHRE, SHERRASBERSHT

BERRAN R — R —dloy, HOKIE Yo/ 7905, [H5E COD M AERe &/ b1 itik, AL
SRt peE T B T R R E Y SIS REAOK AR o, SRR AR
e, EZMRERM T AFRCEWER, KR E RS LD, &SNS I DRE 5 9L
IBAT TZVLRCRE R, Bfd th /K e PR IEIE B P A2 0 Bt B RCR «

4.2. BEHRSEERENARERES

4.2.1. NI HAENH KRR AL

ZRBIR S AR LRI A, A RAVAED KR 10.6C~13.8°C, “F#4 12.07°C, #/K C/N Fl
B/N HL43 51 2.07~9.81 (713 4.13). 1.23~4.60 (*F3 2.00). RE&HAN], /KIRZHET 12°C, {HiEK BN
AR, BN “F12.00 (<3), 75 #hFeiidi ARIE TN 55
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Figure 9. The carbon-nitrogen ratio of influent water during the comparison of multi-nuclear carbon source and glucose

9. ZREWIRSAEEX LR kAL

4.2.3. bR AR
ZAGIRIR S A R A PRI R 2 A YL B (2.17~3.12)FIFE B B (3.13~3.27), 3.28 XU, YIthEL
(3.29~4.12), FaE Bt 4.13~4.27 (Fase BA) B AR A P MR IR v A B0E 40 F ] 10 P

A= Wit HE 7K TNAR AL &

18.00 WEN, 2% B WHIERE, 242
= 16.00 i ; i S,
> 14.00 YL F5E Fase
£ 100 i ]

Z 1000
.'% 8.00
3 600

4.00
g 2.00
T 00

AR R R I I R VR T
o\w\\, Q\,"\w Q\q'\w '»0\%\ 'P\%\ Q\,,)\\ Q\q’\\, e\"’\’L o\a’\’» 'L°\V\ '»Q\b‘\ Q\b\\, o\v\\/ o\v\
I PP I I S PP

—— W —e—Z R

Figure 10. The removal effect of multi-nuclear carbon source and glucose TN
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Figure 11. Comparison of carbon source dosage
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4.2.4. BEERABEREFEXTE
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Figure 12. Comparison of carbon source utilization efficiency and economy
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Figure 13. Change trend of multi-nuclear carbon source VS glucose MLSS
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Table 8. Summary of comparison data between multi-nuclear carbon sources and glucose
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COD fH(mg/L) 3557 5347
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