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Abstract The natural recirculation carbon-based (NCC) system is developed from the natural recirculation system technology, using
bioenzyme charcoal as a carrier, and has good treatment effects on COD, , ammonia nitrogen and TP in domestic wastewater. In this study,
the NCC system was used to treat domestic wastewater in a town, and the influent and effluent quality were monitored for one year, and the
independent treatment effects and contributions of cyclic activated sludge system (CASS) and NCC units in the system were analyzed. The
results showed that the removal rates of COD, , ammonia nitrogen and TP of domestic wastewater entering the river reached 86. 33%, 99. 00%
and 97.30%, respectively, and the effluent quality indices steadily reached and were much higher than the first class A criteria of Discharge
Standard of Pollutanis for Municipal Wastewater Treatment Plant ( GB 18918—2002). In the combined process, CASS contributed about
70.00% of the average reduction, the independent treatment effect of NCC system on ammonia nitrogen and TP reached more than 95. 00%,
and COD, and TN also could reach 60. 00% ~76.00% , which improved the CASS effluent quality to the “ground standard IV” (other indices
can meet [V grade standard except TN), and it is suitable for the deep treatment of domestic wastewater.
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Tab. 1 Designed Quality of Influent and Effluent

KA R pH {i COD,/(mg-L™") SS/(mg-L™") HA/ (mg-L7") TN/ (mg-L™") TP/(mg-L7")
HEIK K T 6~9 50~ 500 150~300 25~50 30~50 10~15
HK K R 6~9 50 10 5 15 0.5
2 TITZARFE H COD,, Jo ¥k B2 Fe i T 35 500 mg/L, 8 i1 NCC
2.1 HAR®E ARGME TR IG5 R F) NCC REHHAS

HT TR AR 15 15 KK BRI 9 AR AR BOK

ARG TR R CASS RGEAE by i b
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Fig. 4 Phosphorus Removal Carbon-Based Packing (40 Times)
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Fig.5 Changes of COD, in Influent and Effluent of

Purification Facilities
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Fig. 6 Changes of Ammonia Nitrogen in Influent and
Effluent of Purification Facilities
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TN/ (mg-L™") 37.22+3.26  18.00£2.75  6.410.72

& L ARITH LBR DTk 7 L an (&l 8 o, 7E%E
ARG KI5 98 (COD,, (Z A TP TN B 2%
Frr, CASS BT 43 il 5T Bk T 72.6% ., 76.4%
71. 9% ,62. 4% 1) F- Y H i, NCC BT/ ] otk 1
27.4% 23. 6% 28. 1% 37. 6% -2 I8 &

1 CASS EZZINCC

100%—7 7— 7 o

80% 2 4 _4
-

=N
3
=i

SRR B

%

5 40% |

P

20%

cop, &&E TP IN
FEKFEIER

B8 & T ZHIni LRt
Fig. 8 Removal Contribution of Each Process Unit

and Total Process

4 g

4.1 NCC &4 xt/E CASS TZHiRFA
CASS /KAEFE T 22 —F it R AR SBR T.2,

FE RN AR A R ZOR AL RS R

BT5 gL oK AR w38 AR 1 TS K RS A Tl %

KR CASS AR B B AT R G | n] SRk

RS A, L I st A7 A A 0 53R A 3 SR e DA T

(TR Ik Ah , CASS 18 SEBRIZ AT H s EAG A 8
SR B KA Bl 2 KB T AR P R 55
o BRI —BLAR TR R R Rt R ke R 22 b SR
Hofl T 25 CASS IZHE T2,

ARHFFRE CASS Al NCC RGEHILE A, X A
TG KA TR B — 2D 4R T 1T X ek ik i &
TP .COD, Wy RBRIR . AT H () SEPRIE T3
RFE,COD,, Ak BRALHEAT 38 0 7K BT i Wk B R
50. 00~ 150. 00 mg/L F&Z 15.00 mg/L LT, A&
b PRAKRE i /K BT MR EE A 5,00 mg/L FE 2 1. 00
mg/L LA, TP By &b B 3% 68 47 7K B & vk B o0
0. 50~ 1. 00 mg/L P& ZF-H{EH 0. 30 mg/L LT, 1
HACFERE IF R , 3#F 7KK BT (A 38 Sl o0t HH 7K 7K BT 5% el
BN,

A AL 3BT 9 A R R L DL R A S5 e
B ) STk T AR 2, CASS R 48 51k 70. 00% £
A I, NCC RS TTHR 30. 00% 2247 1 HI 8
ZER R, NCC ARG HUR B AL B 7 /KI5 4L 9y
YR EEAAVRINT (BR TP &b, S47905 J2 Il V5 7K Ak 3 — 2 A
BRAE) , 2 A TP 1 R BRBA AT AR RE 95. 00% LA
,COD, 1 TN £ BR#F 7] i5 3] 60. 00% ~ 76. 00% ,
H KK BT T 28 i 2K« MEIV 287 i (BR TN A1,
HABFEARITIEF] IV AR ) |
4.2 IREBEFMEIT NC KA BR ARREA

F5E 82072 Je W] NC AR A 1 32 B4 2 Ak
AL TP RO &, LK bl O RE i, AR
TRAFFE W R RETE BT T NC 7K &b 33 4 A i 3 2o 34
TESAT T HE WA % 19 T2 ik 2 )5 ,NCC RS2 1)
L FRRE A5 B — 2 PRI A TP B b B RE
ABFE B HERFLE 90.00% LA I, T HL, 7Eizf1id fE
RYAEHRE I FT LB R G2k — D1 4
T B TR RS T A G R AR TP 1
AbPRBE T AT LAAEFRFTE 99. 00% VI I,

HR AT I 732 1 TR B AL 2 B, #E NCC
Z Y5 e K W) 4k 5 v kb B AR B9 B IR AT RE AR T
(1) SEORE2R 1H0 [ 22 A= W 6, AR T OR 4 DR G Ak 2
TP PRK B AR A i 1 o ek B /N5 (2) DRI
FLBBE FRR () 78 R0 AT R G P AR Y
ARV TR LU 17 O T B0 i, &R 4 R
BA @ WK, vl DAfEis 17 5 B it — 2 $2 54k
B &



FEBERL , B

FIARIEEA I 22 280 R G0 0 T IR 6 5 7K A B A 1

CilICS A I

Vol. 41,No. 11,2022

4.3 NCC R rEi#tEI A [

(1) ARHEATH Bz 1745 58 ,NCC RGN TN 1Y
A PRSLRET A A B A A TP /K, XAl figJE R 40
U AR S B R RREL AU AL B RE ) R, BURAR
T H 5 54— L RE 11 CASS T2k 7 T4
A A0 CASS T2 HE (445 2R G T B b 3t 7 A 1
HMRER A RS 2P AL, NCC RET — 2] LLTE
TN 22 BRBE S Bk fTekt

(2) R NCC R G0 3 80 3R 9 B I G i
PERE T, EX ELAR Bl A 0 A D % T R L AT R 2
FLDUT o R DR Ak B 5 7K 8 AR [ i 7= A 1) g
REATSJE AL, TG 7K A B A W i 5 AR L 2
B T2 A0RE M BT 76 T i AR LA S, T L
FHBCREB R RS F2 05 S I RERUE M i A 2
NCC R4 T — Al LUITE 3R 48 Y1 e i A 9 1 4
R IR R, LAt — 25 X £F Wy K e F 2R
SE AT
5 H#itERE

WA TR 15K 23 CASS REE+NCC R G4
AT LA, COD,, ZBRREF] 95.00% , A A
TP LBRFIEE] 99. 00% , 78 1 7K 67 far 7 80 8 K 9 1
BUF K FZOK B AR 2kt B, A6 T
2o, CASS REETTHK T 24 70. 00% 1 2 11 Uk £,
NCC RGEMIAEH IR - i — 2 F 6% 60. 00% LA 11y
COD, \90. 00% VA I By Z & A TP, tik it 7 it
KB —2 A BRifE iR B bR IV IOK bRt

BATH IR NCC RGN AE T 15K BAT R4
A EE AL B SR B NCC R4 5 CASS  SBR 45 1i
W T AR A, BAT A PERCR i B A T4 B 2R
i X JE BRI SRR i /s A S S A o, P AR
T KALEE SRR K ARYA B A T IV

S 3k

MRS, sFAKIARK BT RGeS B (7], KRR
T, 2018, 39(2) : 69-72.

Vi, $180%. FIIRETE o SR A S A 15 5 7K Z Ak R
TEMZ PIATHERTELT]. Aol TAREFR, 2020, 66(4) : 14-20.
NARAIN-FORD D M, BARTHOLOMEUS R P, DEKKER S C,
et al. Natural purification through soils: Risks and opportunities
of sewage effluent reuse in sub-surface irrigation[ J]. Reviews of
Environmental Contamination and Toxicology, 2020, 250, 85—
117. DOI. 10. 1007/398_2020_49.

[ 4] MATSUMOTO S. The conception and execution of improved river

[10]

[11]

[12]

[13]

[17]

[18]

[19]

[20]

[21]

water quality using a newly developed purification method: The
Shimanto-gawa system[ J]. UNEPIETC Newslett, 1997, 8. 3-
7.

NIU S Q, FUKUSHIMA J, JIANG Y, et al. Analysis of bacterial
community structure in the natural circulation system wastewater
bioreactor by using a 16S rRNA gene clone library [ J].
Microbiology and Immunology, 2006, 50(12) ; 937-950. DOI.
10. 1111/j. 1348-0421. 2006. th03870. x.
Institute for International Cooperation, Japan International
Cooperation Agency. Approaches for systematic planning of
development projects: Water resources| R]. Tokyo: Institute for
International ~ Cooperation , International
Agency, 2005.

WL BSRIER G KA BIE R B S R0 [T, FRIEFRLE
57, 2012, 31(2): 56-57.

AREER. IR RS 7K Kb B AR A8 32 3 K AL PR A T
[J]. BB TREZEBE2AR, 2010, 29(4) : 67-70.

RA, WTT. A RIEIR A T5 KA B R 5 B v 92 45 F 52
[J]. HEGHGAMEOR S84, 2005, 6(3) : 79-84.

VLT, FAZRTE. — ] T 75 7K Ak B A e P A= 00 T A S R
CN104528947A[ P]. 2015-04-22.

VKA. IRBTT5 K AL BREE B i N T 5 R [T ] P E 2
AKHEK, 2020, 36(2) : 1-6.

T, EARNI, PMREL, &5 30T BRI iU S A
TrkttgcE e [ 1], B A 824, 2016, 27(4): 1331-
1340.

FERu, BN, sETE, F TR IE G WK R g R
TS YRR R [J]. AR, 2018, 46(17): 14~
19.

ORI, T PR BRI AR 1 S R A T A T B XU, 5 0
[J]. @7kHEK, 2019, 55(4) : 44-49.

A, M. PRI RAE R A= 3 X 75 7K OK BURR AiE 43 BT
[J]. HEER2ES5HA, 2012, 35(8) : 117-119.

HUGGINS T M, HAEGER A, BIFFINGER J C, et al. Granular

Japan Cooperation

biochar compared with activated carbon for wastewater treatment
and resource recovery [ J]. Water Research, 2016, 94. 225-
232. DOI: 10. 1016/]. watres. 2016. 02. 059.

AT, TR & 2 KRG & B 727 2 W
BB A S o Al 2w T ()], MERIREE, 2003, 8
(1):97-104.

FE AL B R GRFEEZRK W 43 87 7 k) s <. KA
BRI AT T M. 4 R Jbat: A EERERLA R
2002.

YANG J, LIANG W L, HUANG F C. Review of SBR process in
effluent treatment[ C]. E3S Web of Conferences, EDP Sciences,
2021.

LIU M M, CHEN M X, QI R, et al. ASM simulation
optimization and practical application on upgrading of urban
sewage treatment plant in cold region[ J]. Chinese Journal of

Environmental Engineering, 2020, 14(4). 1119-1128.
ZEBME. CASS T 7EMUB TS K AL B R[], &Rk



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 41,No. 11,2022
November 25th, 2022

T., 2020, 47(4) . 134-136.

population dynamics and community structure during the

[22] XUBE, Bt , ZEMER, %5, CASS N & P RORE Ak SR Ak formation of nitrifying granules to treat ammonia-rich inorganic
PRAETE SR PERE[J]. B TR %4, 2018, 12(9): wastewater[ J ]. Microbes Environment, 2010, 25(3): 164 -
2483-2489. 170. DOI: 10. 1264/jsme2. ME10107.

[23] Shadsm, EJ M. CASS LR BB a1 [ J]. Tl rg & [27] $MERE, 28 BRMEHAKLEI RGN K [)]. Rl
#F, 2011(4) ; 94-95. RGP, 2010, 24(3) : 20-23.

[24] ZEZEE, 5k¥, sk EAR. 12 HFEIE CASS T2 47 A A 3R s [28] HE Q, SONG Q, ZHANG S, et al. Simultaneous nitrification,
AEFRREIK BTG K WEFE [ T]. HEERl2A 58, 2011, 36 denitrification and phosphorus removal in an aerobic granular
(5).: 115-117. sequencing batch reactor with mixed carbon sources: Reactor

[25] 2K, FEaise, i, 5. S5 XAk LX) CASS £ 5E performance, extracellular polymeric substances and microbial
ABITRIREM[T]. KALFRH AR | 2019, 45(8) : 120-124. successions|[ J ]. Chemical Engineering Journal, 2018, 331;

[26] MATSUMOTO S, ISHIKAWA D, SAEKI G, et al. Microbial 841-849. DOI. 10. 1016/j. cej. 2017. 09. 060.

(L% 21 W)

[14] PRI, AR, XM, 45 58 B A Mok i i & HoR 1 status[ J]. Pedosphere, 2019, 29(1) : 70-81.
WREEN FHS gt 0], ¥okEEAR, 2021, 40(8) . 16-25. [28] X9, EK, BUBAR. 15IR T LR B A AR R G

[15] WELL, ZHU F, LI Q. Development, current state and future PAMERET)]. AEEsh 1 TR, 2020, 35(5) ; 245-252.
trends of sludge management in China: Based on exploratory data [29] LIANG Y, XU D H, FENG P, et al. Municipal sewage sludge
and CO, — equivalent emissions analysis [ J ]. Environment incineration and its air pollution control[ J]. Journal of Cleaner
International, 2020, 144 (3). 106093. DOI. 10.1016/j. Production, 2021, 295. 126456. DOI. 10. 1016/]. JCLEPRO.
envint. 2020. 106093. 2021. 126456.

[16] Z=fh, Z=ik3s, 200, 45, KARTAL BT AN [R] 35 e 14 T M [30] EK, K&, Emifl. MIERETE U5 bk d ORI oY i e
IRETH A PERER SZ R [ 1], AR HLAE =4, 2020, 51(3): [J]. W REEoR ) 2022, 28(3) : 82-94.

326-333. [31] RiIL, kM, ke, 55 5IRSHEIBRE IR R 5

(171 Zent, sk SO, Be8E, A% FRE T EA: 16 15 Ve ab & IOk K 2 HERELT]. BiEdIIAEBE R, 2019, 35(2) : 107-110, 148.
BEgE[ )], AkHEK, 2021, 57(s1) ; 94-98. [32] SUNY, CHEN G, YAN B, et al. Behaviour of mercury during

(18] HRIEYS. 1BKALFRT ViR ab PR IR AL A FHE R IR [(J]. 4 Co-incineration of sewage sludge and municipal solid waste[ J].
BESFRE, 2020(3) : 64-65. Journal of Cleaner Production, 2019, 253. 119969. DOI.

(19] B, BF0, #h3C, 45 FRIERTS et R R StR o) 10. 1016/J. JCLEPRO. 2021. 126456.

s emist[J]. HE gk, 2019, 35(20) ; 31-36. (33] i, REH, MAAHM, 55 7 005 K40 15 0™ A4

[20] JH¥, BUGAE. SUREMMAFAMNBURIT]. PEA TS, FALEHIRGFHTLI]. BEIRIRBE LR, 2020, 34(2): 105-
2019, 21(4): 3-6. 108.

(217 WML, SR/NE, BFER, 45 T5UR3ELE K 4B MU Ash Dec T [34] ZEJR, WAEdE. RO HIRI57K) 15 I ab HAL B BUR K
ERHWTHERELT]. REgGKHK, 2022, 38(14) ; 17-24. HA[)]. hEZAKHEK, 2021, 37(18) : 8-13.

[22] XUDLDL, ARBE. FRSESEMRIEAT A AR S 5 ) R R % 5 [35] WRfdkds WO 15 5K 75 087 A i 5 A0 AL B 7 i 3t L
Spr[I]. PEBHRLGSFIN, 2018, 36(8): 139-141. [J]. REBEIREELRY, 2019, 33(1): 6-12.

[23] ELMI A, AL-KHALDY A, ALOLAYAN M. Sewage sludge land [36] XUJC, LIP, CAO H, et al. Application status of co-processing
application; Balancing act between agronomic benefits and municipal sewage sludge in cement kilns in China [ J ].
environmental concerns [ J |. Journal of Cleaner Production, Sustainability, 2019, 11 ( 12 ). 3315. DOI. 10.3390/
2019, 250. 119512. DOI; 10. 1016/j. jclepro. 2019. 119512. sul1123315.

[24] FANG L, WANG Q, LI J S, et al. Feasibility of wet-extraction [37] moir, WMok, AR5, 55 WFIRTS IR A KR L IE R T L
of phosphorus from incinerated sewage sludge ash (ISSA) for SRR B[ 1], BRI, 2019, 40(9): 4169 -
phosphate fertilizer production; A ecritical review [ J]. Critical 4176.

Reviews in Environmental Science and Technology, 2020, 51 [38] WA4EAS. AT KIGIRE BT I FESEFEHE AR M 1]. &
(9): 939-971. DOI: 10. 1080/10643389. 2020. 1740545. E4KHK, 2021, 37(8) : 24-31. .

[25] Wbk, £, . ARSI TR R BRLR 2 55 4% [39] AbWeHh, BRAT, 222, . J5 LR AUNUR E 5 49
WA ], WoKEOR, 2021, 40(6) : 77-82, 99. [J]. TE%KHIK, 2019, 35(10) ;: 8-14.

[26] BXAH, 2278, S, 45 T5leab AL R i R FHAIF ST [40]  REFESG, BRFE, HREK. JE T SOE TR I {5 Y 5E P i 45
L)), AEmaaE, 2021, 37(6) : 50-54. W], hE%KHDK, 2021, 37(10) . 133-137.

[27] JOSEPH C A, KHIARI L, GALLICHAND J, et al. Influence of (417 HUUEIE, S, WBESE, 5. 15K I % i b B 3R 5

sludge incineration ash on ryegrass growth and soil phosphorus

JEYE( )], 4hi7kHEZk, 2019, 55(4) ; 39-43, 49.



