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Abstract: This paper investigated the effect of solid carbon sources packed columns on nitrogen
removal from low carbon to nitrogen ratio wastewater under different hydraulic retention times (HRT), so
as to solve the problem of insufficient carbon sources in tail water from municipal wastewater treatment
plants(WWTPs). After 20 days of operation, the biofilm on the packing media gradually matured and the
effluent quality was stable. When the HRT was 4 hours, the nitrogen removal rate remained above 90%,
the effluent COD was always below 40 mg/L, and no accumulation of NO, =N was observed. In addition,
NH,'-N was detected in the effluent from the reactor, indicating that there might be a process of
dissimilatory nitrate reduction to ammonia (DNRA). In the process of microbial action and physical
leaching, the release of organic carbon from solid carbon sources accounted for 81.74% and 18.26% of the
total carbon release, respectively, indicating that the main reason of carbon release was caused by
microbial action. The high-throughput sequencing results showed that the genera such as Thauera,
Zoogloea, Cloacibacterium and Macellibacteroides were the predominant bacteria with high relative

abundance. In addition, Desulfovibrio was detected in the reactor, which might be related to the detection
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Tab.1 Inlet water characteristics and operation

parameters of the reactor

i 1a)/d| BB [HRT/h (g_l\iﬂl_{(/i_l) gfgff; JEH/(m-h")
1-30 33| 8 [0.071x0.002 49.35x1.30|  0.05
31~40| 1 6 |0.095:0.002 [49.49+1.11|  0.07
41~50| T | 4 [0.143+0.004 |49.53+1.23|  0.10
51~60| II | 2 [0.285:0.007 |49.29+1.26|  0.20
61~80| IV | 4 [0.143+0.004 |49.39+1.39|  0.10
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Fig.1 Nitrogen removal performance of the reactor
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during operation
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Fig.3 Composition and relative abundance of microbial
community in surface biofilm of carbon source at phylum

and genus levels

MIE3(b) AT LR Y 7E w7k b B8 F 5 Y
J& NI T Thavera Fl Zoogloea . Thauera F2&= 4
22 [ A — R H E SRS TR DL SR IR
YRR D& ERm G . TER KA
B 25T AT LA 2 A A AR A A e 4
OB B . HARHJE I AT fE =2 th T7E L
VE A Sy HL - BEAAR 1 T AR SR AL R e R R T ]
PR CTEFTEL . Zoogloea J& T2 ], Al LA T

<79 -



405 BHS5H

OE 4 K HE oK

www. cnww1985. com

S % SRR, 73 SMEAE T HC AL AR 4 7T Bk 2R
Yy (BDP) 345 19 S AiF Ak 22 48 g i 20 . X 77
Cloacibacterium i 7 , He ) IZ AL T 57K, w]
PRI E W AR TR A K A W I  E
o Macellibacteroides 171 5t A5 WL A0 it , HoAIE S
R R ARG ITR (VEAs) Y7242, AT H K AL &)
MK = AL SRR T IR, IeAh  TERE R L
SCHE R AR R B, Denitratisoma AL S A 1k
W, BEAE S 58 A A AL . (EAS TR Y 2, SO 4%
FRREIN R T Desulfovibrio (N AR E & ) o PEARIE",
LS A Y 5 L I T R T A R R B i TR R I
J A 2, 3% Rl g K FRoR I T NH, N A AL
I35, Hydrogenophaga 94 4 18 1776 T HoAth S il 1k
FZauh, ol LU A H, CH, &8 E 47 1 5% B Al Ak i
A XRUITE S IR AL R ge T B IR I A7 AE
AR S R o BT, LATERS/PV Ay [&] (Al
TR RS R Gt , R Z WU E IR 451 S5 1L 58
A H VAR T 058 S A T A ) 5 i 55 ) S i Ak R
GEAALL, ERESS AR R2E 5+
2.5 WEYFAIEREREIESHEZWL

T WSS SPERIEERZE B R AL, JF PR %R
PR LR W) R FH B, 52 30 45 R % He AT SEM OWLES
SERNIE 4 PR

c. BRELAE P I B 1] (AR 5
B4 EFRERIER SEMBR R

Fig.4 SEM photos of solid carbon sources
Xt AT 4 Ca) A1 (h) AT, A= 0 58 242 6] 3t B 35 7
SPHRIRFK R , WAL, B 36 TERR IR R )= B0 240 T 200
BROIRE AR 2R . O 1 W% SPRRIE Y AZ 1k
1 D0, 38 Ao PR Tk 2R BRI IR )Z B R R R B

SPRRUE [ FRE5 8 & A T B B ARb , B T R &AL
T, G 4 Ce) 7, al USSR 0kt SP i 5 7y % i B
8o R, s s L Ay 40 T 1Y R 5 R0 R i Ak B
TR T AR AR A A

3 &

® R AL T2 3 BE k)T Rk
HEATER BE AL, RB RIS B M A% . 2 HRT=4 h
B SR AR R AE 90% LA |, [A]BT Hi 7K COD JEA fi
FELE 40 mg/LULF AR T —F ARUHERR(E . 1A,
o7 #5721 T NH, -

@ AR 5 R AR A, g 25 1 a2 L 7K
pH #7E [E AR S A 1% e A2 1 N (6. 5~8.5) [+
it , ApH 5 COD Z [MAA7E T A IEAHOCOC &R o IAE
SIHT R A B IR BB () BT 3 R UE )
YEFBIEM .

@ ;g R R 2 2 A W R R
& W JE N IEH 1) Thauera(20. 56% ) Fl Zoogloea
(15.67% ) o Bt 25 #E Al U5 3% 2% 110 4 17 3= 222 R Btk
W AR BRI Z2R T . DA W R 22 0 e U
FLERZ BT KA AL, AT A 240 0 A B 2 RS A Ak
AT I 17 TSR il SR A B

SE -

[1] WANG J L, CHU L B. Biological nitrate removal from
water and wastewater by solid-phase denitrification
process [J]. Biotechnology Advances, 2016, 34 (6) :
1103-1112.

WL, RS . SRR IR AL G R ) 5 SR T i
TOKRRRER S GBS BT ST ] KA BRI, 2013,
39(4): 75-79.

YANG Fan, WANG Heli. Preparation of slow-release

(2]

carbon source composite materials and their use for
groundwater nitrate pollution restoration [J]. Technology
of Water Treatment, 2013, 39 (4) : 75-79 (in
Chinese).

XA . 5 A R S0 BEAR A 15 7K Ak B v £ 5 g AF 5
[J]. M5, 2019, 31(3): 82-84.

LIU Huajie. Strategic research on enhanced nitrogen

(3]

removal technology in sewage treatment [J].
Environment and Development, 2019, 31(3) : 82-84
(in Chinese).

(4] JuMeT, TEIL M, % SRR A AL B0 I

ALK B R RCR BT T ()], SRR 2241, 2018,

« 80 -



www. cnww 1985. com

) FH BT T EL B R R AT R T R K8 R R

FH40% FHSH

(5]

6]

[10]

38(1): 251-258.
FAN Pengyu, YU Luji,

Denitrification performance of low C/N ratio river water

BAI Yisheng, et al.

with artificial slow-release carbon source [J]. Acta
Scientiae Circumstantiae, 2018, 38 (1) : 251-258 (in
Chinese).

BRI R, T AU, GE L BT R R RE 1 4
BRIFT A B A BRBER BT () ). ThE g KR, 2017, 33
(9): 69-72.

ZHONG Liyan, HAO Ruixia, WAN Jingjing, et al.
New slow-release organic carbon source coupling sponge
iron for denitrification and phosphorus removal (1]
China Water & Wastewater, 2017, 33(9): 69-72 (in
Chinese).

SEIEAL, FU, XV 5 1A G e ik DAL BRATG B A LE TS
KB ST ] PRBE TR %242, 2014, 8(6) :
2423-2428.

WANG Bo, LIU Huan.

removal and mechanism of low C/N wastewater processed

PEl Tingquan, Nitrogen

by solid sustain-released carbon [J]. Chinese Journal of
Environmental Engineering, 2014, 8 (6) : 2423-2428
(in Chinese).

LI P, ZUO J E, XING W, et al.

alcohol blended materials used as solid carbon source for

Starch/polyvinyl

tertiary denitrification of secondary effluent [T]. Journal
of Environmental Sciences, 2013, 25(10): 1972-1979.
MASSARA T M, MALAMIS S, GUISASOLA A, et al.
A review on nitrous oxide (N,0) emissions during
biological nutrient removal from municipal wastewater
and sludge reject water [J]. Science of the Total
Environment, 2017, 596/597.106—123.

NOGARO G, BURGIN A J. Influence of bioturbation on
denitrification and dissimilatory nitrate reduction to
ammonium (DNRA)
Biogeochemistry, 2014, 120( 1/3): 279-294.

HEALY M G, IBRAHIM T G, LANIGAN G J, et al.

Nitrate removal rate, efficiency and pollution swapping

in freshwater sediments [J].

[11]

[12]

[13]

[14]

[15]

[16]

potential of different organic carbon media in laboratory
denitrification bioreactors [J]. Ecological Engineering,
2012,40:198-209.

XU ZS, DAI X H, CHAI X L. Effect of influent pH on
biological denitrification using biodegradable PHBV/
PLA blends as electron donor [J].
Engineering Journal, 2018, 131:24-30.

SUJF, BATY H, HUANG T L, et al. Multifunctional

Biochemical

modified polyvinyl alcohol: a powerful biomaterial for
enhancing bioreactor performance in nitrate, Mn ( II )
and Cd( I ) removal [J]. Water Research, 2020, 168:
115152.

LVLY, LIWG, WU CD, et al. Microbial community
composition and function in a pilot-scale anaerobic—
anoxic—aerobic combined process for the treatment of

1.

traditional ~ Chinese = medicine  wastewater
Bioresource Technology,2017, 240:84-93.

SHE Y C, HONG J M, ZHANG Q, et al. Revealing
microbial mechanism associated with volatile fatty acids
production in anaerobic acidogenesis of waste activated
sludge enhanced by freezing/thawing pretreatment [J].
Bioresource Technology, 2020, 302:122869.
SHEN Z Q, ZHOU Y X, LIU J, et al.

removal of nitrate using starch/PCL blends as solid

Enhanced

carbon source in a constructed wetland [ J]. Bioresource
Technology, 2015, 175:239-244.

XU Z S, CHAI X L. Effect of weight ratios of PHBV/
PLA polymer blends on nitrate removal efficiency and
microbial community during solid-phase denitrification
[J]. International Biodeterioration & Biodegradation,

2017, 116:175-183.

- 81 -

EHE B X ZH (1999 ), Lo, INAS A, i LA
g, EEBEE T R KA RIS SRR
E-mail:874971691@qq.com
5 HHA :2020-07-01
& B BH#:2020-07-21
(i AE5E5)



