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Abstract: In light of the emissions of organized/unorganized waste gases during natural gas extraction, this

study conducted an investigation of the occurrence of exhaust pollutants at 16 natural gas extraction stations in
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the eastern Sichuan region. Subsequently, an evaluation of the health risks posed by the detected waste gas
pollutants to both operational personnel and the surrounding population was carried out. The results indicated
that, in 2020, the concentrations of H,S, SO, and NO, detected during the non-operational state of 13
individual well sites ranged from 0.001 to 0.016, 0.007 to 0.023 and 0.012 to 0.047 mg/m?®, respectively. These
concentrations were comparable to those detected at the JZZ and TD71 wells over a continuous 3-year period
from 2017 to 2019, reflecting the consistent emission levels of fixed-source waste gases in the East Sichuan gas
field in recent years. Additionally, H,S, CS, and NH; were identified as the primary malodorous gases emitted
from unorganized sources, but their concentrations remained low and met the secondary standard requirements
stipulated in the Emission Standards for Odor Pollutants (GB 14554—93). Furthermore, the health risk
assessment results revealed that when the operation of Gas Field Water Tank (GFWT), the Hazard Quotient
(HQ) values for H,S and NO, at the GFWT and Transfer Water Tank exceeded 0.1, which potentially posing
health risks to operational personnel. However, when GFWT was not in operation, the HQ values for H,S,
SO, and NO, at all well sites except TD62, and residential areas were all below 0.1, which indicating minimal
health risks for both operational personnel and residents.

Keywords: natural gas extraction sites; gas field water pond; waste gas pollutants; unorganized emissions;

health risk assessment
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points for JZZ well and TD71 well in Chuandong
Gas Field
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Fig. 2 Distribution of H,S, SO, and NOx at JZZ and TD71 wells in the eastern Sichuan region
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Table 1 Waste gas from 14 well sites in the eastern Sichuan region in 2020

Ak &/ (mg/m?)

b 5 - i) asil=y

AR /(mg/m®) A/ (mg/m?)

min~max mean+SD min~max mean+SD min~max mean+SD
R X 45, K Ak 0.002~0.002  0.0020. 000 ND ND ND ND
G229 v 2 A T Ak ND ND ND ND ND ND
-2020-06-09 gk A J R b 1/2 ND/ND ND/ND ND/ND ND/ND ND/ND ND/ND
A HKM ERE 0.002~1.500  0.183%0.475 0.007~0.011 0.009-0.001  0.015~0. 069 0.042-40.022
M X A H Kt Ak * 0.008~6.150  1.19042.003 0.008~0.030 0.016+0.005  0.012~0.094 0.057+0. 030
G104 SHAKHZE3mat  0.002~0.097  0.01740.025 0.007~0.017 0.01140.003  0.030~0. 093 0.060-0.025
-2020-06-09 f Kkt b * 0.014~7.280  1.428+2.166 0.007~0.018 0.013-0.003  0.031~0. 092 0.064-+0. 023
K34 mAk  0.003~0.024  0.007-+0.005 0.007~0.011 0.00840.001  0.030~0.046 0.038+0.011
A H Kt Ak * 0.005~0.016  0.007=40.004 0.014~0.023 0.016+0.003  0.044~0. 060 0.052+0. 005
TF 9 X 354 R
PR NS ] (0.013~0.014)/  (0.013%£0.000)/
TD62 I ND/ND ND/ND ND/ND ND/ND
4k (0.015~0.020)  (0.017+0.002)
-2020-05-12
i A e R b 0.003~0.004  0.00340.000 0.007~0.010 0.008=+0.001  0.020~0.038 0.0310. 005
A 7Kl Ak ND ND ND ND 0.018~0. 023 0.02-40. 002
TF M DX 35 e ‘
R/ %4 (0.012~0.013)/  (0.012=0. 000)/
TD64 JF ND ND ND ND
i (0.012~0.019)  (0.015-+0.002)
-2020-05-13
sl A Ja R Ak ND ND ND ND 0.012~0.028 0.019=0. 005
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\ . Hifk & /(mg/m®) AR /(mg/m®) HEAEY /(mg/m®)
i A5 -] ] RARIIpSE
min~max mean+SD min~max mean+SD min~max mean+SD
) A Kt Ak ND ND ND ND 0.014~0.023 0.017-0. 003
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QL17 3 ‘ ND/ND ND/ND ND/ND ND/ND
EIRL ND ND
-2020-05-08
sl A B Ak ND ND ND ND 0.015~0.018 0.016=+0.001
S A Kt A ND ND ND ND 0.018~0.027 0.0220. 003
5 M X 3
3542020 gk 0.003~0.004  0.0030.000 0.009~0.012 0.011£0.001  0.030~0.043 0.038=0. 004
o5 -07 ) PR PNEE ND ND ND ND ND ND
5.
s A Ji R Ak ND ND ND ND 0.012~0.017 0.014+0. 002
A K b Ak 0.001~0.001  0.001=0.000 ND ND 0.023~0.032 0.026=0. 003
K X B .
R K11/ ND/ ND/
YH12 9 X ND/ND ND/ND ND/ND ND/ND
ERL (0. 001 1~0.001) (0.001=0.000)
-2020-05-11
sl A R Ak ND ND ND ND ND ND

VE % R F BT R U ND FOR A

AU HE O BT & A S B i v A H R EE AL T
G101y Ak Wi db , Ky (1. 428+2.166)mg/m*, Hik
Rz I s — Ak YR —— S K AL (1. 19+
2.003)mg/m”) , & T 1 A it X35 A A< 7K 28 5 A B
RS RS HL,S W (0. 14 mg/m*)™ . X nl G &
A G10 FH 119 4 7K St R0 4% K b 7 W 0 s 1 4b T
IBEEIRAS o — el A Ak T DR ARCIR 25 9 A0 K it
Hh B R R I TR 23 R R A K i e R A LA B
VB by - B4R, — 7 1818 3 — 3R 50 A b B R o A
BL) 53 itk SR — AR Bl FIOK 5 55— T 1D H, 5 1% 338 31 4

PR &k ¥ B R R 3 I R B Ak B, TR s 7 A AU
HL -, i R R K R R ALY, /D SO+
SH ' +8e —H,S+4H,0", 1 /< [ 7K /%% 7K it 1
BRI T AL R E MM L, M2 T, s
e ris SRS B i A 134 ol i B Ak &= 4
W JEHRAL T 0.007 mg/m®, ¥ (T lk A lv 33 1
A FRAE) (TT 36—79)HLAE (1 Ja A X KA h A 5 9
f i 25 A5 VPR (0,01 mg/m®) AR o 36 W 3T 4F R
B 5 3% B 2 A 14 el 2k R T 2 Ak SRS B A A

8 2% B ATl



242 + K5 x%E L FHKOP E X

% 46 %

BT AR DU A5 A7 1 S A B AR Ak R
0.007~0.030 mg/m?, L G103 . TD62 H < H /K ith
A G H P X e B B v, 2404 0. 016 mg/m? IR T3
IR 22 37 4 b A DR B A Ak 1] i e RS B e AR Ak
T i K 7% b Mk B (0. 049 mg/m®)®, TD62 Il 4
JiE FRAD 2 e R XA — Gt AR Y R, T U
JEAL R (0. 008+0.001) mg/m?*, 5 2017—2019 4E
A Y R K AR 2 L BT 0. 15 mg/m’,
RE T (A R R AR E) (GB 3095—2012) — 2
P B SR . IR Y AR B HE U B AT R R Ry
S K M R 22 Ab TR AECIR A BIVAE K b R] R A
A0 1 G E 1 LS, AELATS M L AT Ak SR A R
BEAN KRR AR Y 39 A AL T Y v B K S-S R
90.012~0. 094 mg/m?*, H & AU A 1 & 1R
RUALAY Bk A JFM X3 E TD62 I (64 1 .16 I .60
FEFIIE N X B QL7 . C35 9, JF L)L TD62 Jt JH
3 RA K v B SR, (0. 031+0. 005)mg/m’,
AL, R AR B AR TR I AR M DX 4% I sl % J 30 Uk
Qb d5 Ry UL R TS G W, A DR HE R R ARG, 1
KR T (B2 SR AR E) (GB 3095—2012) — 2%
PR 2R (<20, 25 mg/m*) o ZE Bk, 5 A Ak
FRE A AE L B b S0 ACHE R n R OG AR il
JEAE S H Kt iz B i T HE R A SR A
2.3 THRHMERSENRFRE

& 34 JZZ - TD71 - K JE i A1 il i) R K
R B . B 30T LA 127 40 R K

THTE HBiifik i
040 1 m HifkE mhik e &
035
030
% 025
< o f
B
¥ 015
0.10
005
0 A )
JZZ3F-E1 1773F-E2
(a) J27.3F
200
04
160 03

HeE g

&

.ol
0
L TD7IH-E2 TD7134-E3 TD713-E4 TD713H-E5
1
0 | A A l

A
TD71H-E1 TD71H-E2 TD71H-E3 TD71H-E4TD71HF-ES

(a) TD713
B3 JIZRSHIZZHEMTDN HEREBMENELS K
&R

Fig.3 Malodorous gases in and around the JZZ and

TD71 wells located in the eastern Sichuan region
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Fig.4 Non cancer hazard quotients of hydrogen sulfide, sulfur dioxide, and nitrogen oxides to operators and residents,

as well as malodorous odor on human health

3 #£ip

S — =

XNZRAH 2wl L A B AR AN A
S AL Wy SRR AR 5 G W) R R SR B9 95 G KR gt
A7 W05 53 B, IFIFAS T IX 26 35 G 0 AR 1 { BRE
RS, 75 2 U0 248

1) i Al S0 = S Ak i B A B ek #1815 98 (RO
JK L) HECRR AL TR AL Y AT RE AT AE 2 KA B0 HE

BRI

2)2020 4 Xt 14 4> FH: 3 57 A A7 1) R S i) &5
IR B ALY AT e IR R, O 68400, 1M
Bt Ak 0 SRR B A A R AR 30 %0, JRAE
W, T K B 2 e 2 B e VR R KT Y
A, B 7 2R 1 5 e T 3

3) T H A HEHOE RS FE s 2 d =
i Ak ik FH 2, v B2 KO- AR, B TE CB RIS k)



244

T KRE5x3 £ FROPE

% 46 %

HEWCbRMEY (GB 14554—93) R HE B R N .

4) S K b a2 e i HE T A B AL SRR AL

] g2 SR AR ML By A o A i B KU o T TR
FE 7K Y G 32 2 I B Ak S — SR TR i A RS A 2
AN 2 XA 5% ] 30 T B85 A A B XU

5) T BE - v TG 41 BUHE R B0 A SR A fe

FEE R T e R T B
5% 3wk
[ 1] s AR SR [ AR VEURNE . b 7 B I 45 2021

—
Do
[

—
w
[a—

—
I
-

—
ol
[a—

—
(o}
[a—

[7]

[R/OL]. (2021-11-05) [2023-05-31]. https://www. mnr.
gov.cn/sj/sjfw/ke_19263/zgkczybg/202111/120211105
2701985.html.

Ministry of Natural Resources of the People’s Republic
of China. China mineral resources report 2021 [R/OL].
(2021-11-05)[2023-05-31]. https://www.mnr.gov.cn/sj/
sjfw/ke_19263/zgkczybg/202111/t20211105_2701985.
html.(in Chinese)

A N RS ] B IR . 2015 HR A BE AR
[R/OL]. (2015-10-29) [2023-05-20]. https://www. mnr.
gov.cn/sj/sjfw/ke_19263/zgkczybg/201510/120151030 _
1997928.html.

Ministry of Land and Resources of the People’s Republic
of China. China Mineral Resources Report 2015 [R/
OL]. (2015-10-29)[2023-05-20]. https://www.mnr. gov.
en/sj/sjfw/ke_19263/zgkezybg/201510/120151030
1997928.html.(in Chinese)

GETZINGER G J, O’CONNOR M P, HOELZER K,
et al. Natural gas residual fluids: Sources, endpoints,
and organic chemical composition after centralized waste
treatment in Pennsylvania [J]. Environmental Science &
Technology, 2015, 49(14): 8347-8355.
KARIBAYEV M, SHAH D.
the

solvents

Comprehensive

computational analysis exploring formation of

caprolactam-based deep eutectic and their
applications in natural gas desulfurization [J]. Energy &.
Fuels, 2020, 34(8): 9894-9902.

MURTHY T, NAIDU G K. A sour gas problem in
sweet crude oil storage tanks [J]. Materials Performance,
2015, 54(2): 42-44.

FE I N R AR STT R AT 7 5 R B 15 1 DL ATE
D] INZR 35 By P E AR (1R ZR), 2020,

CUI S. Study on the pollution coefficients pollution
production and discharge in oil and natural gas
exploitation industry [D]. Qingdao, Shandong: China
University of Petroleum (East China), 2020. (in Chinese)
MOORE C W, ZIELINSKA B, PETRON G, et al.
Air impacts of increased natural gas acquisition,
processing, and use: A critical review [J]. Environmental

Science & Technology, 2014, 48(15): 8349-8359.

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

(16]

WA, B, BB, S K A 15 1 18 b
LA [T RAR Tk, 2019, 39(3): 109-115.
WENG B H, YANG J, CHEN C J, et al. Sulfide
control indexes and treatment measures in gas field water
[J]. Natural Gas Industry, 2019, 39(3): 109-115. (in
Chinese)

TARVER G A, DASGUPTA P K. Oil field hydrogen
[J].
Environmental Science &. Technology, 1997, 31(12):
3669-3676.

SUBRAMANIAM R, YASA S, BERTRAND T, et

al. Advanced simulation of H,S scavenging process with

sulfide in texas: Emission estimates and fate

triazine at different depths of gas well [J]. Journal of

Natural Gas 2018, 49:
417-427.

LT Y R, XIE T,

Science and Engineering,

CARDOSO MELO R D,

Longitudinal effects of environmental noise and air

et al.

pollution exposure on autism spectrum disorder and

attention-deficit/hyperactivity disorder during
adolescence and early adulthood: The TRAILS study
[J]. Environmental Research, 2023, 227: 115704.
W, e, B, . AR TEA LY
21 2 HE I B R HE e (7). 4k Tk, 2020, 39(3):
1196-1208.

LILB, LIL, CHENG M T, et al. Current status and
future developments in monitoring of fugitive VOC
emissions from petroleum refining and petrochemical
industry [J].  Chemical
Progress, 2020, 39(3): 1196-1208. (in Chinese)

SAMANO P S G, CAHILL A G, TIMMIS R, et al.

Industry and Engineering

Constraining well integrity and propensity for fugitive
gas  migration in  surficial soils at  onshore
decommissioned oil and gas well sites in England [J].
International Journal of Greenhouse Gas Control, 2022,
119: 103712.

FORDE O N, CAHILL A G, BECKIE R D, et al.
Barometric-pumping controls fugitive gas emissions from
a vadose zone natural gas release [J]. Scientific Reports,
2019, 9: 14080.

Bz, kWl dE, BE, & AU KGR ROIA BRI X
BORPEM[T]. i BRI, 2016, 26(2): 23-26, 61.

ZHAO H, ZHANG M X, LUO Q, et al. Evaluation on
the optimization and effect of the malodor treatment
technology for gas field water escaping gas pool [J].
Environmental Protection of Oil & Gas Fields, 2016, 26
(2): 23-26, 61. (in Chinese)

B DR T X K T A O g o i B XL
M I7 MR SEID] Kt KRS, 2012: 35-37.

GONG Q C. Study on health risk assessment method of
volatile substances in urban regional sewage pumping

stations [D]. Tianjin: Tianjin University, 2012: 35-37.



% 24

EkLF

N AR RE KRR AT R 36 B AT F 09 K A 45 A8 Fo 4 R e 3 F A6

245

[17]

[18]

[19]

[20]

(in Chinese)

fER, UMk, BAME, &5 BRI TENARH
b K P JE R AR [T, 7 R A R A AR (B AR 2
M), 2010, 32(4): 167-170, 209.

REN C Q, GUOM L, CHENG X W, et al. Corrosion
performance of well cement annulus in formation water
of East Sichuan gas field [J].
Petroleum University (Science & Technology Edition),
2010, 32(4): 167-170, 209. (in Chinese)

JEl IS, BRI, RER M, AF L M XA AR AT K BR R
Ak B AR B (7] a5 R AR A T, 2020, 49(6):
125-130.

ZHOU H A, XIONG Y, KANG Z Q, et al. Discussion

on deodorization treatment technology of sour gas field

Journal of Southwest

water in Gaomo area [J]. Chemical Engineering of Oil &.
Gas, 2020, 49(6): 125-130. (in Chinese)

AR X B AT K IR 28 B AR B R 2 0
PR 8 fd B3L[T]. I ER BT A4, 2023, 33(1): 6-
10, 15.

LIN Q. Application status and optimization suggestions
of flash

technology in sulfur gas fields water in central Sichuan

vapor desulfurization and deodorization
[J]. Environmental Protection of Oil &. Gas Fields,
2023, 33(1): 6-10, 15. (in Chinese)

B BLRR RAR AT R A AU AR R A B B R O
FE[D]. AR : VU A A1l k2, 2016.

LI R. Study on desulfurization agent for removing sulfur
dioxide from tail gas of natural gas purification plant [D].
Chengdu: Southwest Petroleum University, 2016. (in
Chinese)

MISHANINA T V, LIBIAD M, BANERJEE R.
Biogenesis of reactive sulfur species for signaling by
ulfide pathways [J].
Chemical Biology, 2015, 11(7): 457-464.

=) 28R A AR AR R R B v NO AR i s il AL
FE[D] HUM - Wi LKA, 2022: 3-6.

YAN B C. Study on the formation and control law of

hydrogen oxidation Nature

NO during the co-combustion of petroleum coke and coal
[D]. Hangzhou: Zhejiang University, 2022: 3-6. (in
Chinese)

QIN QY, XUJ, WEIB X, et al. Synergistic effect of
alternating current and sulfate-reducing bacteria on

corrosion behavior of X80 steel in coastal saline soil [J].

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Bioelectrochemistry, 2021, 142: 107911.
N, SR, AR PR B E R b
E@‘ [(,]//2018@%&1%%ﬁikiélﬁi%omﬁ
8 EAER LR ). AR, 2018: 216-221.
FENG X B, WU J X, ZENG Y R. Reflection on the
disposal method of desulfurization rich agents in
Chongqing gas mines [C]//Proceedings of 2018 National
Natural Gas Academic Annual Conference (05 Storage
and Transportation, Safety, Environmental Protection
and Integration). Fuzhou, 2018: 216-221. (in Chinese)
Nk, BhE AR, EFER, S BB E AL T A AR Y )
K f ok A i (0], i T R 8 AR A, 2019, 29(4): 12-
16, 68.
LTI X B, ZHONG G C, WANG J, et al. Existing
problems and measures of the disposal of desulfurization
rich agent [J]. Environmental Protection of Oil & Gas
Fields, 2019, 29(4): 12-16, 68. (in Chinese)
il J= A AR BRI B8R 0 A B TR X SR AT LA
KRN KRR i TAR I [D]. PH4: 7522 gt
HRHE R, 2015,
HE C. Study on environmental impact assessment and
countermeasures of gas field construction project—
Taking the construction project of natural gas purification
plant in Changqing Oilfield as an example [D]. Xi’an:
Xi’an University of Architecture and Technology, 2015.
(in Chinese)
ZHANG X X, CUI Z L, CHENG Z, et al. Quantitative
detection of H,S and CS, mixed gases based on UV
absorption spectrometry [J]. RSC Advances, 2017, 7
(80): 50889-50898.
BOUBEL R W, FOX D L, TURNER D B, et al.
Fundamentals of Air Pollution [M]. 3rd ed. Cambridge,
MA, USA: Academic Press, 1994: 99-109, 165-177.
MUILWIK C, SCHRIUVERS P J C, WUERZ S, et
al. Simulations of photochemical smog formation in
complex urban areas [J].

2016, 147: 470-484.
SHAW S, VAN HEYST B. An evaluation of risk ratios

Atmospheric Environment,

on physical and mental health correlations due to
increases in ambient nitrogen oxide (NO,) concentrations
[J]. Atmosphere, 2022, 13(6): 967.

(it HEL)



