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Abstract: The carbon emissions resulting from the biochemical digestion of domestic sewage in
septic tanks require greater attention. The concept of the “first” biochemical digestion of domestic sewage
was introduced, with Chongqing City, a key town in western China, selected as the research area. By

utilizing 3 389 gas sensing devices, Fick’ s diffusion law was employed to calculate the “first” carbon
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emissions from 2019 to 2021. This study obtained the temporal and spatial distribution characteristics of
carbon emissions from the “first” biochemical digestion of domestic sewage in the main urban area of
Chongging. The carbon emissions of domestic sewage (in terms of carbon dioxide equivalent) from 2019 to
2021 were approximately 4.443x10° kg, 4.554x10° kg and 2.730%10° kg, respectively. It was worth noting
that more than 99% of the methane in each district and county escaped into the external space. The
organic combination of the prohibition of septic tanks and urban carbon emission reduction work , and the
construction of sewage treatment plants necessitated the full exploitation of various values of urban
domestic sewage and methane generated by biochemical digestion. These measures represented inevitable
trends, providing new ideas and impetus for the gradual elimination of septic tanks in future. From 2019
to 2021, the high-carbon emission areas of the “first” biochemical digestion of domestic sewage were
predominantly located in the western and southern regions of the main urban area, as well as in the
central area. Conversely, there was a decrease in low carbon emission areas, an increase in medium
carbon emission areas, and a reduction in spatial distribution disparity of carbon emissions. The climate
exerted a significant influence on the carbon emissions resulting from the “first” biochemical digestion of
domestic sewage. Over the period from 2019 to 2021, there was an observable fluctuation in carbon

emissions, following a pattern of high-low-high-low distribution corresponding to the four seasons of

% 13 4

winter, spring, summer, and autumn.
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Fig.1 Overview of the study area
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Fig.3 Carbon emissions in main urban area of Chongqing
City from 2019 to 2021

3.2 ZES TR

2019 4=—2021 4F 5 P& i 3 3 X sk HE ik 25 8] 43
A B AN E 4 ez . A%, 2019 4E 1 2020 4E 5 P
T XA I T KR R A A i I A e HE T
FLAR TP PR R LA B I X s A 5 B VA
KAT AR AL, A3 A8 (B HE R B/ . 7 2021
A VRN B ATS AR R v Al HE S DX IR, T BH 2 AR

+ 105 -



%405 F 13 H

B oE % K HE K

www. cnww 1985. com

il FIE TR e X ek, P s HE T Xl A S 30 e HE
A

WA g AR g

7

[F) 2 S AE LRI/

A

A

WeHkE kg

o #:492387 o F:438328 o #5:18183.2

110947 406 -ng 138871 -ﬁe mml

— k% KE —

= KILRBHLSRAEK R — KL FBATS KA R — k T BT KA R

FIRK X B A FEIRIK X B FIRKIX Bl A
o ORI KIFSE [ 44000 88 000 m o ok KIS 44000 88 000 m o K KIESE 44 000 88 000 m
a. 2019 4F b. 2020 4F c. 2021 4F
E4 2019F—2021 FEXRTEHRXBHIMZE S IER
Fig.4 Spatial distribution of carbon emissions in main urban area of Chongqing City from 2019 to 2021

3.3 HHEENME

I3 GE i 2019 4E—2021 4E B A 32 3 X (1) i °F-
Byt HEa i, X H SR T/ IN 4 IR, Ry F 5 2=
O Bl HE TR S e R 5 10~23 R (B A —5 H) .
5524~37 8 (6 H—8 1) 55 38~49 & (9 H—11 J1) .
55 50 JA ~ U AEEE 9 B (12 A —IRAE 2 A ) 43 il Xl 434
A

B HZE MEME&ZE ERIES, E/NE T
EAEEACLIVIN 0 DN V3§ 1 = o1
I, O AR F AR S (W ARIR G D) o el /NI 43 B
J5 2 BRI, 2019 4E—2021 4F 45— 3 J& 3 247 ] By
43 J5 2 o ERXA IR T, 38 445 A,
3 FESS 8 JB V5 20 JR V5 32 Rl RN 48 Al e A
A AN

¢ 64 STI8
£ 1 / L [
1329 e 3434
3114 1833 508
1007 = 40 1667 & 40 0885
-100 & 32 -1 800 § 32 -17375
-1207 m= -3617 -2397
2314 5433 -3419
3 : b
1529 ~120 3484
~5636 -9 067 s
-6743 ~1.088E+4 24258
-7 850 ~1270E+4 ~9350
0 8 16 24 32 40 48 0 8 16 24 32 40 48 8 16 24 32 40 48
A )/ s )/ A )/
a. 20194 /NI A BTt 2 1 b. 2020 £/ 43 BT (R I c. 2021 4F/ N AT 2
9 30 16
8 14
25
5 | B y 12
== = 20 = 10
o s o 15 g 8
o4 Hd Hd
R 3 R 9 ] 6
> 4
1 5 2
0 0=

1 7 1319253137434955616773
st 1 /)
d. 2019 4= /INBE M 5 24

01 5 9 1317212529 3337414549
st [ /]
e. 202047/ N4 M T 22 1R

1 5 9 13172125293337414549
At e /)
£. 2021 4E/INBE AT T 25

E5 2019F—2021 F/NESTER
Fig.5 Results of wavelet analysis from 2019 to 2021

TE 43 J& I A] JOBE R, 2019 4E—2021 4F 5 K
NEERCRCY SR/ AF AR E: 3 OENLE ]
FIR T J5 I W A 230, LI ) 5 5 5 AE B A
FRARBAE o U0 A FE— 4T A R R BE T B HE i e 3
Rbt4 R DU ZE AR AL S e — - -

K7 B o A A5 3 X — I3 AR AR 5107 e KU X
L A mUTIT 8 e vk JEE R 1] 728 P R AIE g BE AR BL
X5 A IS L T T RRIR B M A RO, e
(4 I B0 95 7K F COD T8 B T 4 Wiz B i iy SR 8
IR T R i SR B0 7 T e A A i A

+ 106 -



www. cnww1985. com E

TR WO T KRB R

oA ¥ A %40 %K H 134

TR 5 R s AR i v R > (O R Y, B 2R R AR 16 V5 7K
¢amﬁHﬁﬁmemmm AT, X L T g

SIS AR HE RO N
4 #Hit

O 2019 4F—2021 4F 5 P T F IR X A 16 157K
T HE T 3 B 29K 4. 443%10° . 4. 554x10° 1 2. 730%
10° kg, Hop 464~ X B389 M d 99% 19 e 25 ik
FEh R LR SRS ]

@ Aok S BAL 2 3t (1) B 4 5 39 11 ik D HE T
YERIA LA G g KRB, 78 042 P 3k i A
T 5 7K B A AR ik S5 7 7 A 1 R e AR 1) 45
MW SRJE KT, B R ARk 2 28 U AL 253t 42
BET B BB 8h 1

@ 2019 4F—2021 4F 5 P TT F2 IR X A= 36 75 7K
R A AT iR I Rl HE TR o e HE R DX 3R 4y
A TE F2 30 X PG L LA B T2 3 X e A IR
3 DX Ik /), v T X 34 T 5 HE i 2 ]
AR 22 /N

@ SR IR X A TG K A
AT i 5 7 i B HE TS 4 ik 2 5 R, 2019 4F—2021
RN A B B I A R B R -

- R A A 25
&% Lk

(1] Abmest, #7305, ARH . ORI /NEAY fh 2% B e e HE

)] PEZKEK, 2017, 33(10): 28-33.

HAO Xiaodi, YANG Wenyu, LIN Jia. Non negligible
carbon emission with methane from septic tanks [J].
China Water & Wastewater, 2017, 33(10): 28-33 (in
Chinese).

LI M, LIU H, GENG G, et al. Corrigendum to
anthropogenic emission inventories in China: a review
[J]. National Science Review, 2018, 5(4): 603.
ZHENG B, TONG D, LI M, et al. Trends in China’ s
anthropogenic emissions since 2010 as the consequence
of clean air actions [J]. Atmospheric Chemistry &
Physics, 2018, 18(19): 14095-14111.

BiZbng g, kSR, AR TN T IR X IR AL
Fm A AT AT PERE S (1], RERE S EOR, 2007, 30
(10): 53-57.

LU Shaoming, YIN Yupeng, ZHANG Zhongdong, et al.
Feasibility tank in

study: abandonment of septic

Guangzhou’ s old district [J]. Environmental Science &

[5]

L6]

(7]

(8]

(9]

[10]

(1]

+ 107 -

Technology, 2007, 30( 10) : 53-57 (in Chinese).
TBL, BRI, S, INEFH 7 7 A 4 A R

fﬁ/ﬁﬁﬁ’i%ﬂlﬂﬁm@?fﬁi fﬁ&ﬂTE’ﬁEﬁEfi [l

SRS IAM, 2017, 47(1): 271-279.

DING Rui, GUI Taijiang, JIANG Jianming, et al.

b4

Solution of Fick’ s second law in the case of common
diffusion [J]. Mathematics in Practice and Theory,
2017, 47(1): 271-279 (in Chinese).

BOERE, RmPRE, RH, & . FMHAEHE Y B #t
ot B 2 JRE R (). B 4 4% 45 4 R, 2008 (4)
73-75.

DUAN Zhengxiang, YU Jixing, WU Chang, et al.
Thickness of decarburized layer can be calculated by
Fick’ s law of diffusion [J].
Equipment & Manufacturing Technology, 2008 (4) : 73—
75 (in Chinese).

P, ARARRL, Aok, FE v S P 7 3
W] Z PRI e 2 4l (F AR R0 , 2006, 12
(4): 38-39.

HE Longging, LIN Jicheng, SHI Bing. Fick law and the
diffusion’s thermodynamics theory[J]. Journal of Anqing
Normal University (Natural Science Edition) , 2006, 12
(4): 38-39 (in Chinese).

MO, e, AR R 25 0k R AR B 1278
R ——Fick 3 — 4 HUE HAVEE R )] 25
A, 1997(11) - 869-874.

LIN Yaping, LU Weilun.

China Metalforming

A new dynamic model of
release for not-corroded drug system revision and use of
Fick’ s first law [J]. Acta Pharmaceutica Sinica, 1997
(11): 869-874 (in Chinese).

VELLA J R. Fick diffusion coefficients of the gaseous
CH,-CO, system from molecular dynamics simulations
using TraPPE force fields at 101.325, 506.625 ,
1013.25, 2533.12, and 5 066. 25 kPa [J].
Chemical and Engineering Data, 2019, 64(9) :
3681.

Fitg, w80, BRmG, 55 . JE T2 (R i 08 2l 8 8
V5 Y 0] F2 B35 e ) I s AR AR RRAE B SV 43 BT
[J]. BREERARFSE, 2020, 33(4): 809-819.
BAI YANG Jian, CHEN Peng,

Journal of

3672-

Yang, et al.
Spatiotemporal characteristics and relationships of the
main air-pollutants during a typical heavy air pollution in
Xi’ an City based on a spatial interpolation method [J].
Research of Environmental Sciences, 2020, 33 (4) :
809-819 (in Chinese).

ADAMOWSKI J, ADAMOWSKI K, PROKOPH A.



% 40 %

%13 4

OE 4 K HE oK

www. cnww1985. com

[12]

[13]

[14]

[15]

[16]

Quantifying the spatial temporal variability of annual

streamflow and meteorological changes in eastern
Ontario and southwestern Quebec using wavelet analysis
and GIS[J]. Journal of Hydrology, 2013, 499: 27-40.

GUO T, ZHANG T, LIM E, et al. A review of wavelet
challenges  and

10: 58869-

applications :

IEEE Access, 2022,

analysis  and its
opportunities [J].
58903.

G, IMYF, BT, AR /NN LA A A
BRI R FE S o3 M P BRI L) ). ke 7 R 48, 2019,
44(4) : 40-46.

CAI Fu, SUN Fuping, DAI Hailiang, et al. Application
of wavelet and Fourier transform in time series analysis
[J). GNSS World of China, 2019, 44(4) : 40-46 (in
Chinese).

NI, %, BOCH, 45 SR TN b
7 PM, I 25 50 A R AR B PR 23 A L) . AR A BRI 2
i, 2016, 25(8): 1343-1350.

SUN Chunyuan, LI Lingjun, ZHAO Wenji, et al.
Temporal and spatial characteristic and factors analysis
of PM, 5 on the basis of wavelet transformation in Beijing
[1]. Ecology and Environmental Sciences, 2016, 25
(8): 1343-1350 (in Chinese).

P, XU, BRae, 55 . BRI A R TS KA B
SRS ()], Tk aba, 2022, 42(6): 51-58.
JIANG Bin, LIU Zhongya, CHEN Yao, et al. Current
situation and prospect of wastewater treatment under the
perspective of carbon neutralization [J]. Industrial
Water Treatment, 2022, 42(6): 51-58 (in Chinese).
FEEWE, WZERE, BREAS, 4. SRS K AL BT Bk
AR RS (7], e THEE, 2022, 41(5) : 2662~
2671.

TANG Jiaojiao, XIE Junxiang, CHEN Chongjun, et al.
Carbon neutral technologies and case studies in urban
sewage treatment plants [J]. Chemical Industry and

Engineering Progress, 2022, 41 (5) : 2662-2671 (in

[17]

[18]

[19]

[20]

Chinese).

FUME sk, XA, 4 . TN AR 0 22 T I
TR TG AR BURAE [J]. IR, 2011,
31(5): 1070-1076.

WANG Haipeng, ZHANG Bin, LIU Zuhan, et al.
Wavelet analysis of air pollution index changes in
Lanzhou during the last decade [J]. Acta Scientiae
Circumstantiae, 2011, 31 (5) 1070-1076 (in
Chinese).

Wt , B, Wk, A5 RS A RS R LI Y
CH, W AL LA [T ], BRI SHOR, 2018, 41
(6): 1-7.

YANG Qian, GUAN Li, TAO Fa, et al. Changes of CH,
concentrations obtained by ground-based observations at
five atmospheric background stations in China [1].
Environmental Science & Technology, 2018, 41 (6): 1-
7(in Chinese).

e, JrIREH, AR, AF L I KER RS T B A
HrlJ]. shEZKHEK, 2018, 34(10): 11-16.

HAO Xiaodi, FANG Xiaomin, LI Ji, et al. Analysis of
potential in carbon-neutral operation of WWTPs [J].
China Water & Wastewater, 2018, 34(10): 11-16 (in
Chinese).

BAEE L BT A TR HE K R GER AU HES R BT
58 (D] BB BRI TR, 2013.

HUANG Jianhong.
Calculation of Exhaust Gas Emission from Sewer System
[D]. Kunming: Kunming University of Science and

Technology, 2013(in Chinese).

Study on Production Emission

+ 108 -

EBR- N THIE(1983- ), B ZREEEN, 1L F
Bz, IR TR, 322 A 3 s ] A
TR R RO T A R A )
I A5 5 T e S RHF T

E-mail : wangz{@swpu.edu.cn

Yo#m H#5:2022-10-19

&[5 B #A:2023-07-25

(S - TR



