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Abstract:  Volatile organic compounds (VOCs) and methane (CH,), as significant air pollutants
and greenhouse gases, exert substantial impacts on environmental quality and the earth’s climate system.
Implementing effective emission reduction measures is crucial for protecting the ecological environment
and achieving climate goals. To investigate the spatiotemporal distribution characteristics of VOCs and
CH, concentrations in sewage pipes and their key influencing factors, a small drainage network within a
university campus in Xi’ an City was selected for field investigation. Long-term monitoring was conducted
on VOCs concentration, CH, concentration, temperature of inspection well and sewage within the pipes.
Sewage samples were collected for testing. Based on the investigation and testing results, the analysis
revealed the following patterns of gas concentration variation: concentrations of both gases exhibited a
decreasing trend along the flow path within the sewage pipes and were significantly correlated with

changes in inspection well temperature. Finally, employing a combination of principal component analysis
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(PCA) and multiple regression analysis, chemical oxygen demand (COD) and inspection well temperature

were identified as the primary influencing factors for both VOCs and CH,. Furthermore, the degree of

influence exerted by these two factors varied under different environmental conditions.
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Fig.1 Pipe network distribution map of research area
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Tab.1 Total variance interpretation (no external flow)

HE | R LR ORIE SR F-J5 TV e - 5 Al

it | TEAERW%e | BBV | Bt | TEESHe | BBV | B3t izaoath] BRV%

1 | 4318 61.681 61.681 | 4318 61.681 61.681 | 3.106 | 44.369 44.369

1 2 | 1.800 25.717 87.398 | 1.800 25.717 87.398 | 3.012 | 43.028 87.398
3 | 0740 10.568 97.966 — — — — — —

1 | 4346 62.089 62.089 | 4.346 62.089 62.089 | 3221 | 46.012 46.012

2* 2 | 1500 21.435 83.524 | 1.500 21.435 83.524 | 2.626 | 37512 83.524
310792 11.309 94.833 — — — — — —

1| 4134 59.064 59.064 | 4.134 59.064 59.064 | 3306 | 47.229 47.229

3* 2 | 1582 22.596 81.660 | 1.582 22.596 81.660 | 2410 | 34.432 81.660
3 ] 0651 9.296 90.956 — — — — — —
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Tab.2 Multiple regression analysis coefficient (no

external flow)
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i = RS | HR | B
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WAr2 | 4324 ] 0.823 | 0.629 | 0.000

ik | 148130832 | — | 0.000
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CH, | %1 | 4912 1292 | 0513 | 0.002

W2 | 6.645 | 1.292 | 0.694 | 0.000

T B g5 ie it — P 7E 16:00—18: 00, 1%
g VAL IR (0. 962) 7K (0. 952) \DO(-0. 726) ,
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Tab.3 Total variance interpretation (external flow)

ot iEEs | g IR FFEAE PRI Aof - 75 1 T 2 A T I AN
BT | FEAS% | BB% | Bt | FEAESW | BRY% | Bit | AEAS% | BR%
1 | 4797 68.530 68.530 | 4.797 68.530 68.530 | 3.153 45.036 45.036
1* 2 | 1.393 19.900 88.430 | 1.393 19.900 88.430 | 3.038 43.394 88.430
310648 9.258 97.689
1 {3719 53.127 53.127 | 3.719 53.127 53.127 | 2.462 35.166 35.166
. 2 | 1.575 22.497 75.624 | 1.575 22.497 75.624 | 2.308 32.974 68.140
3 | 1.164 16.633 92257 | 1.164 16.633 92257 | 1.688 24.117 92.257
4 | 0234 3.346 95.603
1 | 4357 62.239 62239 | 4.357 62.239 62.239 | 3.400 48.572 48.572
3 2 | 1426 20.374 82.613 | 1.426 20.374 82.613 | 2.383 34.041 82.613
3 | 0.698 9.971 92.584
552,20 112 0L, T o7 4R PR A TR (1) RM(E 3% FICH,, B 2 B sZm B 4 35 (W3R 4) . 45 B4y
fife g 1 R AT, TR IR AR AR IA SR 25 T0 A AH G A A i AR R A DTRRE OO, B 2 VOCs Fil CH, Y = %2

AlEE . 5 R HTARRL, AE 11:00—13:00, % F VOCs

S R Z 8 COD M H %, #£16:00—18:00, Xf
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Tab.4 Multiple regression analysis coefficient

(external flow)

B Kb | FRUE | BRdEfE |
At B TR . . ) i
LR | G5IR | R

W | 41.944 | 3.466 | — 0.000
VOCs | 431 | 20.356 | 3.573 | 0.440 | 0.000
r ;4y2 | 39.353 | 3.573 | 0.850 | 0.000
#& | 16016 | 0383 | — 0.000
CH, | Bi4r1 | 4303|0395 | 0.674 | 0.000
482 | 44821 0.395 | 0.702 | 0.000
Him | 15.038 | 1.084 | — 0.000
A1 | -5.005 | 1.118 | -0.567 | 0.001

VOCs -
WAr2 | 3303 | 1.118 | 0374 | 0.011
5 Wsr3 | 5.074 | 1118 | 0.575 | 0.001
WE | 14.206 | 0.817 — 0.000
cH 431 | 0.093 | 0.842 | 0.015 | 0.046
SOl Ar2 | 5.182 ] 0.842 | 0.849 | 0.000
MAr3 | 1.068 | 0.842 | 0.175 | 0.004
Wik | 30965 | 2.123 | — 0.000
VOCs | 431 | 21.300 | 2.188 | 0.800 | 0.000
3 w4y2 | 13.722 | 2.188 | 0.515 | 0.000
WE | 20296 | 0.876 | — 0.000
CH, | 8481 | 4476 | 0903 | 0.513 | 0.000
WAr2 | 6.673 | 0903 | 0.766 | 0.000

W2 B 18 ST (R B A el A 1
X2 b BT AR 52 X)) B 3 W 2] VOCs Fll CHy
W B 1 8 35 U B, X Rh 2 [R] AR AR R 4 % F AN i it
B R0 o 24 COD/fRy CHATE 1 1 32 (A& ik
JE K I AR 7K 3 i of 38 Ao 1 B B )Ry 35 COD ¥k
BE3E N VOCs $5 % JE W, [R IsE 3t sl iR 40 R e Wi o
A VOCs S A7 CHLAHL, o BEIG 58 ZE U0l i i A
CH. IR AL, 2 A4 AR B )2 ARA B S
(G0 556 % R KO I AN ARG B & S iR T B
(anE B rEdemsgiC Al ) . PCA 5 [B1E 5 #r ik — 4
T M AT, BUAR VOCs A CHL Y £ F

1553 9 COD 5 IR H = 5 HAh S5 (VOCs &
B ORP/HL 53K, CHL R BE DO ) 1) B M 52 B e B
32 B 5V ) O TR L 11 B0 S a0 1 X 2 S A LB
WEEHE S DO 434 (AT eI 8 CHLAEML) IR shii i
UUAE ORP IR A /KA SZ ) HL 5 38 (R 4% VOCs I
il 4 ST ) AT sl 2 5 M AR A B A %R de
KGHRH . 25 L AT R BE N AN
ZAME T, VOCs HEil i £ %52 COD J##% , 1M CHL AR fk
FEHIFRFES.
2.3 5KEECH, M VOCs iRk BT

W B A O] B =3 B R VOCs
WHET 6 A (Z00) HBGE (Rl e it ¥ %) R A7
H—8 1 (&5 ) WA LAY G A B A i 25 R, B
FZEDUE T COD 9 E 4 1EH ; CHaVR J FL7E 6 J k0%,
7 H—8 H&IARE COD W . T R, ™ B VR R4 3Rk 5
A WS B B R s R TR T R BE IR FRAIG
NS SR, R A 2= (12 H 5 ), ik
RS, PEHRIE RS T HE KA 1 4 ZE CH.
Hesif i (78 ke/d) W AR T H 22 (135 kg/d) , EZRAR
TR I e T A T P TR RIS R K e D
VOCs ¥4 o OTHEA 2R 58 4 B0 FERAR TRk R
8, FLIREE P HIE o 83, IHEIS 5 Guisasola 461
FERIFM AR FT . 28 |, COD £5 VOoCs iR E F &
CHJfER B CAR B 50— 0 Ho3m 23 2
1] VOCs ZR [ M CHAASUE Y BLGA5 LI BT X 43, {H A&
B e B ] 4 A 1 T I, RO T AL A
(%) 57 J AT WA I LA 4 v Ay e ot AR R X A A HE i
FRIE B 45 P 2R 5 8 520

WFFE WL 3] B VO Cs FT CH I B 7 T2 336 Jai i 3
5 Wang %5 238 09 76 & JE 15 K 48 18 R 40 B st
VOCs (AR | FF ) e B B I B R AR I B 42— 3, 3t
[FJHIE S T 44 % (VOCs) Rl 150/ 4k (CH) 1R R W 2
F B HRALE AR, Ho, VOCs e 22
COD 3R 31, 3 5 75 7K A7 LAY B o S L 32 R U 19 3
PUCTOHHLE . Pitiriciu 0 WLEE 3 SLPRAT I VOCs ¥
B T R T, 5 O T A A R S B
iR R VA7 1) E B i — 2D SR T COD R R il Sk
BEARARACHRE . XF T CH., HWe B B2 R 52
M, 1 45 18 $45 Guisasola 25 (IR {IE 12F 7= H e 3
) M Liu 252 (8 iy CHLP= 2) W58 (1 52
R, U0 Y CHLE 22 (6 J1) W (B 5 BRIk i3 i
FHe R TAENS Y E . AN, A THERER
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f, 5 R P AR A A BT E R AR Y v A &

%415 %21

A T A SRHR PP T 4000 55556 T IR T HE/K
EIE L HIE R ) E Ry B2 H AR 1) CHAHE
ISR ™ T AR G 10 S PR i S

3 #i#

@©  VOCs e CH, Y& FE I & 2238 08, VOCs Ik JiE
1E 11:00—13:00 5% /5 , CH, W& FE7F 14:00—16: 00 %
i, HHTE 6 A ik s(E

@ LM R FF T, VOCs Wk R 8 Y
15 K H R COD e B2 AH ¢, COD R, VOCs 3% Bl
22 5 CH M B AE — B[] Y 52 1 PR 28 222 S 0l

@ FEAMIMFREICA AT, K o
2T R &R COD Ve B AR ST DU 3 s K 1A 25 5
22973, T3 VOCs Al CHa¥ B H B R0 38 9% 30, IF ]
e 5 B B0 K1~ (41 ORP DO | B 5 3% ) Sl i
B Ak, AL, PCA 5 A3 W, i
K HA LY B far (COD) RIS T8 A EE (ORI ) 1R &4y
FE VOCs Fll CHaVe BE Y fie 2K 2K

@  WFFEAFAE—TE SR R, BRIV 00 el B3 o 7 25 5
AR (U2 ) il 20 T XS HE K 0 1 A
T8 iy = A7 107 P4 AT 5 AW DX 3AN Ay B — = A /N
T, BRI T FT A SR A AN s 2 AR SRR
KEERG M BAR VOCs B2 . IR, R SR BIF 53 1
TF I A 3% 252 WA L 488 7 5 AT B/ 28 B , 95
Jiti 22 DX 35k (S [ 0y i X/ I 4% 4 ) 6 L TR iRE R 4k
VOCs 41530 ke 5k A7 B A A% i 7t Ak AT 2
B FETRIL AT, B R AT o A8 D) T i ek 2>
DOBUIRR B2, AE DB 1 A A s T (i 3558 IR g
B s it ), 4 sl IR Sk s b R A WL A

SE Wk

[1] SUN J, HU S H, KESHAB R S, et al. Stratified
microbial structure and activity in sulfide- and methane-
producing anaerobic sewer biofilms [J]. Applied and
Environmental Microbiology,2014, 80(22):7042-7052.

[2] LIUY W, TUGTASA E, KESHAB R S, et al. Sulfide

and methane production in sewer sediments: field survey

and model evaluation[J]. Water Research, 2016, 89:

142-150.

GUISASOLA A, DE HAAS D, KELLER J, et al

Methane formation in sewer systems [J]. Water

Research, 2008, 42(6/7): 1421-1430.
[ 4] BR¥:. KA E CH, = HE K& HS m R P 5t 4k

[5]

(6]

(7]

[8]

(9]

[10]

[J]. BEVRIREEMD,2020,34(6) : 14-20.
CHEN Hao.

emission and influencing factors of methane in municipal

A research overview on production,

drainage pipeline[J]. Energy Environmental Protection,
2020,34(6): 14-20 (in Chinese).

S BEF IR A RIE AR BRUE : 3T HE K
I CHHEL )], 27K HEK ,2022,48(9) : 139-146.
YUAN Xin, LI Xuan, HU Yanwu, et al. Potential
carbon emission source underground: fugitive methane
emission in the urban sewers[J]. Water & Wastewater
Engineering,2022,48(9) : 139-146(in Chinese).

NIUZ G, XUSY, GONG Q C. Health risk assessment
of odors emitted from urban wastewater pump stations in
China [J].
Pollution Research, 2014, 21 (17): 10349-10360.
RAMIREZ N, MARCE R M, BORRULL F.

volatile

Tianjin, Environmental ~Science and

Determination  of organic compounds in

industrial wastewater plant air emissions by multi-
sorbent and  thermal

adsorption desorption—gas

chromatography—mass spectrometry [J]. International
Journal of Environmental Analytical Chemistry, 2011,
91(10): 911-928.

WANG B, SIVRET E C,

PARCSI G,

Characterising volatile organic compounds from sewer

et al.
emissions by thermal desorption coupled with gas—

chromatography—mass  spectrometry [J].  Chemical
Engineering Transactions, 2012, 30: 73-78.
PITIRICIU M, TANSEL B. Volatile organic contaminants
(VOCs) emitted from sewer networks during wastewater
collection and transport [J]. Journal of Environmental
Management, 2021, 285: 112136.
TRIEE, ), TEOESS, 45 PEAL R FEHUIX K BT
5 BB PR [T ] b B 250Kk K, 2023, 39
(11):42-48.

ZHANG Guozhen, GAO Guanghui, WANG Guangzong,
et al. Water quality assessment and heavy metal health
risk evaluation in northwest alpine pastoral area [J].
China Water & Wastewater, 2023, 39 (11) : 42-48 (in

Chinese).

e 45 -

TEE B AT (1992- ), 5 HOM IR T L WF 5%
e, NS KA B A SRS RIS
E-mail: zhaohang@xauat.edu.cn
s H 85 :2025-06-28
& B H#:2025-07-18
(S 27698



