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Fig. 1 Schematic diagram of sampling points
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1 LB C,HO 461 9417 184.609 1.03974
2 &k CHO 721 8735 155.056  1.061 30
3 T CHO 581 8254 138309 1.11437
4 NRHEE  CH,O, 881 8955 163.429 1.09613
5 1-ME\ CHO 601 10485 250.609 1.11023
6 T CH,O 741 11553 357984 1.18237
7 MEPGREE CH,S 1142 11457 345670 1.12018
8 2J%M  CH,O 861 9943 213.669 1.11852
9 ZWWEE CH,O, 102.1 9885 210221 1.16495
10 2-clfl  CH,O0 1002 1099.6 291983 1.19232
11 2-T Ak CH,O 1242 11069 299.864 1.17491
12 B CH,O 1142 11937 411.908 1.33720
13 R CH, O 1282 13004 585537 1.40607
14 ET#H  CH,O 1422 14044 749931 147511
15 ZWpifs CH,O, 1582 13643 681.681 1.45931
16 1-CF  CH,O 1022 13751 699.426 132684
17 2-B&fl CH,O 1142 1189.6 405951 1.26121
18 2% T CH,O, 1162 10245 233512 122892
19 2—cl  CH,O0 1022 12294 464.167 127951
20 (BE)-2-Hefii C,H,,0 1122 1341.0 644986 1.25565
21 N CHO, 741 15465 1051.664 1.26261
22 LB C,H,0, 60.1 14689 874.283 1.05654
23 W CHO 1061 15023 946.491 1.15582
24 2-ZFCEE CH,O 1302 14945 929224 141810
25 kB CH,O 861 9959 214599 1.19396




556

FEIEMAE . R R XK HP VOCs ) GC-MS 5 GC-IM'S B A I -5 % 511 - BT it

59

222 NIEVRE S R A A LT o A 22 5

ASTA] b XA i o VOCs S 6 i, Herp
Bl A S 2R (43.63% )t AW I i 22 [k B2(32.63% )
e, H2E MR, i B2 A PUR A S
=¥ KT BI,

Sk B LEE R R AR 1 VOCs 122 57, i BUR
) B A G P o e o G SR BT A B2 FR K VOCs 5 &
FHTRD, 35 5o E L, 35 5ok 20 R 3% VOCs W ¥
Bl > B2, % (483 Bl < B2, 15 F| ARl KE 5 1 2% H
XTE (7).

K FHF8 SUIR 3 3 — 20 X He 2 FhRR S VOCs %
i A 8 frn, A X AE Bl PR E T &, &
BA N IR R NR O NS

9
o

-V R M Oh
EUIN

1-

LTI G 0066

1-TH B

1-

coses

2Kl

50 =Bl =B2
45
40
35

= 30

= 25

/\]§20
15
10

43.63

925

713782 S8less | 751

=S S SR EESI > S {27

B 6 ANFFZVOCs ¥ i Lk (GC-IMS)
Fig. 6 Proportion of different types of VOCs
content (GC-IMS)

Hh B XIS ITE B2 R R e, A
P T W PR | LR A

LEES

SEE B-2-

S8R sFooe P las==
88 iTcvoop qos=ay

g 590600
B0 DB8ETccoop qas=hy

-D8Scoce0ng

6“0
=Bbiooooﬁ

7 A[FEES VOCs R EUA
Fig. 7 Fingerprints of VOCs in different samples

+]B1 [+]B2

1600
[26:40]
1400
[23:20]
= 1200
£ [20:01]
g 1000
2 [16:40]
=1
=1
ERE
S 600
2 [10:01]
£ 400
2 [06:40]

S —

200
[03:20]
K0:1.981

K0:1.981[cm”2 Ns]
1.0 25

L5 1.0
drift time/RIP relative

B8 A[FFEE VOCs 1 GC-IMS 22 5%
Fig. 8 GC-IMS difference spectra of VOCs in
different samples

1:5
127V 201V

2.3 VOCs ARAFHES B E 517

454y GC-MS HI GC-IMS PRSI 07 32, IR )2 i
K FR AN H Y VOCs Rl 2k 19 Fi, 3t 228 MMEG W)
CHAr S [RGB 26 1) o HP iR (34) ek
(30) DA K 25 (30) R A X 8 22, I BRI RUJA 42
RS DL R M HRG s 1 A (181 9) o B1AE S P g

K KA A W DL B ) B AN s K L T B2
TR EZE Y AR G S RN T .

JL4E B1 Ml B2 RAE 2 ) BE B AUAH 22 2 m, (2
S HKSCH IR 22 R B35 . B SRR LR
A HL AT e i A B A i R B B S R AL
7 0.015 m/d, & /K2R BE R 400.61 m, 1] B2 (125

28R 0231 m/d, FK)ZEE EIL 99111 me B
14
12
10
SR
= |
s I
0 i l l 1 L . . 1
@if%%WQ@% @&&%@igﬁyﬁ
&
B9 HEKKTVOCs &

Fig. 9 VOCs content in deep brine



60 XLED

334

KRR BB RE K RE 22 53R, B1 R B2 7]
A7 B AR RIK SCHLIT , #MA AR AFE 22 5%, T 534
VOCs 20 A 53 A1 A 7E I 25 ] o3 Sk o

1 F A B 5 2R 46 1 VR J2 i KRR L 240k A LR
1120 m A2 45 TR, 5 KA Bl kb e /K 14 1) ) I 22 48k
AR 35/ i LA YR R A HiL XA T 45 18 A 205 1 Tk /<
BAEX, HILHA VLA S TS HR RGP
SRR K, TR R AR i — 2 45 A X
MR SR Y, B T IRE ik &
FLVOCs B AT ek I .

it 2 W o A o SR BR8P A IR AR TR LA £ TR
P, FEALFEREER A AR KA A R LA
KANEA U A S A2 o X T R AR A W A 114 i
2 BT R BT 2R 4 Ly W AR ST R v i R A
7 A T T H Ve i I Y T AT S T o 5 1
SERHEAL A X 2 ELAT B A R AE 1 TR S )
WESE T A A e memk 1 7E 38 R ER 1K
TRBF ST it MU A 223 20 W 4 S0 s, HoAl:
PER /N K2 TR S DA S G T 1 4 o = R U o
JERNGN S 31 X Bk — A T KA A
XFRIRBES A SRS EH . M T LR KRk
R VRJZ b K PRSI 21 T TR s R S I R AR L TR
T TR LA B HY 3R O 35 20 TR TR 2 R K A TR 28 9 I, G
fe2E R AR AR R 00 o e X SRR A TR 2
&Y, AW — A T A K RS R
YN INFR BRR 5 SCRR M RE , A K BB 4 % 28 e B
Y1k FE 4 e (9 0kt (R HEBR H A Tl ol 72 o
LA TE Yt H AR OR IR i £ 2 — 25 8F 5T
LT 8

T2 K AR A ok U5 2 A 2, Horh
— AN EE ORI T K AN M R K K A
VE RS MR s M 2 P i S i 0 . lan , a A
BE AT 1 Ry 6 B 0 ) L4 2 15 1 K 2R, ] FE R
AR 2A LA A A v S Ao B T A - A R SR A
fA, R 28 R K I 30 2 G0k Ak ) S5 kAR Ak A
TRBEHEZmK Hw, )i Me & 5 —A4
H SRR ATCRE . W PEE ek i LA W i
FABAEE HBR 2 99% TR SR IR T /K , PRIt
VK HP B TR DA O e A PR A R Y R R
i AR A T LG 3 A I O 2R AR, IR TE
KA KA, Fe 2038 13 KA UTIFAE FHR 1]
M, DT 5 0 1 6 K 3t R /KA rp i AR AL & 0 G

AN, AR ER AL R A R FR BRI v R
AT o R rP A 2 R A T 2 R i AU
F P AR 2 — e ER 8 DU ARG ] ) S
e AT HLAEAL ), L R SRR IR AR I
EAERRYEZR AT, ER1 b 9 A= 1y v Al i e HE T A TR
AN LEBURR D AR — DR

K PRI Y BRI A A QT 3l
AR ASNIEA LB AR S . BN, v B AR A
PR B SR 2 URAR R AR EE e i B
JBE 5 UL JI 0w A A0 g I R A R L 2 A R )
RV, DLAERF AR5 2 - . A, ol A R A
I X W o ) A RE D, X L A M RE S A
NaCl £ F iy # Kk v AR ORI  Eh Wl v i A B
JR o A Bl T 2R I B, A A s A L
R PIRE YRR A, & S 2 A LS PR
TR WK T AE A W M Bk AL 2 A B POl A OC B
PR,

P 21 0y Jo A AR S B85 v B4 AR ) 0 R B S g
AP0 B RS BR A I 28 AR 55 WF SR W, g £
PR 2ok HRR A A AR AR (A A i 42 4 1L
B RARG) W] FACE LAY, X — i P
PRUK S B BIF S B UE 5 o 2 s PR 2 = D e S
PR, 0T 988 B AE 2118 £ B R & P 220 Y iR 26
B HERE R il e H AR A B — Fh g £
2T, T LR I ) ST S ISR I B R 2R BT
75 [ £ 1 % B — b g Ok T T LIRS b it S A
RSk BE TSRS, WE R AR Wi
JRUAR R P T 218 0 i Ay A 107 o v el ) A A e
7R T REER AR MR G AR S PR I N A N A
P&

AR BT T K )Z R RO R TS e
WIZ MK PR B 2RI Z — & R , BFFEIE
S, AR KM S ey n 22 SR RT LA i R UK
Bz i I UURE R KR b e R K AT i AR
ORI RV N S <055 T 2 e N o e TR E R
BRI RES S R OR XA AR
JRAETR)Z K AP A DURAT o A8 AR AR I 2 22 1) I 03
DURRP 355 T B0 2595 S ) A DL R A 3 5 <DL
BEAT DR RS T R UTRE A F X )2 rp o
TR AR o BRORDLRESL , 2RI Ok PR R R
B Sl E Tl is Je g T REE . i T AR URAG I ok
B ML 22 3R 07 ke W o, 0k T i PAHS HEAE 2>



5561

FEIB A =R K 7K TP VOCs 19 GC-MS 5 GC-IMS B¢ FH #6558 B 45 A iF 9% 61

BT, JE SEHI 5 0T 38 2 e TR I (CAnSE O LS ) A
FEATHT L LA A KA A AL B sl Al V05

ZEAPIE R, R4 B1 5 B2 AR R AR IR AH
AT, {E M P A B R R VR AL AL A A 2
S, RO TR JZ i K Y B SR DA R R TR Y
ZFEME, R BT HEBR A s B R rp B e A T
P15 Y s T E R AT RePE . B1 AR TREESE AR Ak S
Yy B 2 e R s H S M R K RGN S
AAEFAH G T B2 ARSI SR R 0w N S
KRG BB IR A AR FE MG, BT
GC-MS 5 GC-IMS B G H AR 43 TR RE 1, A
WIS T 37 T 45 & M DL R RRAE 5 < K R 25
BEAR Z 1] B ] 13O 2R, $8 7 H IR 2 KB B2
B SRS SHLG S RS R R %A
B AT R WS AE = FR AR R R P B R 4 e
SREEW T, IR )2 M K K ML RRRAE AT S
K SCRM AR U B AL T A AR R S o SR 2k
RIS EE RGP i) 2 N B E T ik Sl

EAR T B2, A58 Bk T GC-MS i GC-
IMS 75 1 FZ I & T VOCs Y 77 A | 33 [ 455 2010 1)
KA i TR AR AIE 22 5 1 b3 o0 B, ) e PR A e
A YOk IR ML TR B . 4y VOCs(dn
Tl AR FR A ) PR i = A T 36 UE , 7T BB A7 A R TR
AN E IR R, TR 4 G R SR g it — D e . R
W, 5 0000 e VG C ) 3 R AE AT T o T2 1 7K
TS R IEE MEM L RE R . 55, GC-
IMS 5 GC-MS B & T XF VOCs 94 55 11, {Hi%
FEARAAFAE—E AR E X . GC-IMS X ik 4 K
I FALE Y RAUE B, T GC-MS e /Ny T4
W75 A7 3 — e PR . AR R K K S R IR
R Z 843 VOCs 1] 8 P4 e MRS I o3 8 A A1
AR . L, K58 h 77 Bk — e ke
s TOLAD BR8N B R R R T 2 A - T S
B FHH A, AT VOCs K0 i) 4 1 5 R

3 45 i

A5 R GC-MS 5 GC-IMS MR- AR
RGSHNT T SR AR B IR 2 ) K 4 R VLY
(VOCs) (A BURHIE L X 3825 5 S T e . GC-MS
LA H 204 Ff VOCs, ik B C, ~ C,y, EEH

F T 24y GC-IMS Al 25 Fh VOCs, Bk i
EHTF C,~ Cyo GC-IMS 4 HE  FEAE F5 S % 1] P
X A3 AS R XA &, BT AT B2 B VOCs 1941 AY,
22 S SO TP XIS [] 4 Joi oA 5L Ay B A TR )22 1 UK
Yy B fR A TR . SRR, GC-MS 5 GC-
IMS 75K L 40 7 2 18R ) A 4 B R 0 45 Tl L
AT BRA N T B E R TR Ak R R R R b vOCs
PR I BE T, A i SRR IR il 1 PR s 0 A 5 TR
FEAT BT ER L T T SR AR S

AR AW AR E W A TN TR RE Xt
T ST T 18 T T €, (5 SCA T w3
PL$E @ SCA ] 52, r {9 T2 8 OpenAl (1)
ChatGPT(GPT-4.0 £ 7) . AIGC ¥ {f PN 25 A 45 K Hiff
FEBTT LR A R B ot R AR A . B
LN RAE B TAS AL N TAB L, 0 B S
R Z Y SI PE LS T

S 3k

(1] ZEuta AR 1 . Sk R 4 1 v R J2 s K B b 0 B b o
FRELT]. 87 PRHLRT,2014,33(S1): 935-936.

(2] ZEytE KRLRF  BElikAE , 55 . Sk A BRL U] b 47 5 S 5 7
R 2 b K KA ZRHAE 5 LA [T ], st 3R A% (b [ b BT R
%41 ,2014,39(10) : 1433-1442.

[3] #0720t im-F, 5 . SRk ARG Z kK A SR8 KK
I AT ST, 2022,51(5):54-58.

(4] #REL, VPEEH, BB, A5 S8R 42 b g 3 v B K oK Ak
2 R A A RO MR 2R AE LT ). SRR 5T, 2021,29(4)
43-51.

[5] Jiang W J,Sheng Y Z,Shi Z M, et al. Hydrogeochemical charac-
teristics and evolution of formation water in the continental sedi-
mentary basin: A case study in the Qaidam Basin, China[J]. Sci-
ence of The Total Environment,2024,957:177672.

[6] Nath N, Kumar A, Chakroborty S, ef al. Carbon nanostructure
embedded novel sensor implementation for detection of aro-
matic volatile organic compounds: An organized review [J].
ACS Omega,2023,8(5):4436-4452.

[7] Carabineiro S A C,Konsolakis M, Marnellos G E N, et al. Ethyl
acetate abatement on copper catalysts supported on ceria doped
with rare earth oxides[J]. Molecules,2016,21(5) :644.

[8] Sha Q,Zhu M, Huang H, et al. A newly integrated dataset of
volatile organic compounds (VOCs) source profiles and impli-
cations for the future development of VOCs profiles in China
[J]. Science of The Total Environment,2021,793:148348.

[9] LuX,Ma Z,YiL,et al. The composition and distribution of
volatile organic compounds in sediments of the East Taijinar
Salt Lake in Northern Qinghai-Tibet Plateau[ J ]. Frontiers in En-
vironmental Chemistry,2021,2:653867.

[10] Silva I,Rocha S M, Coimbra M A. Headspace solid phase mi-



62

L

334

croextraction and gas chromatography — quadrupole mass spec-
trometry methodology for analysis of volatile compounds of ma-
rine salt as potential origin biomarkers[J]. Analytica Chimica
Acta,2009,635(2):167-174.

(1] ¥R FRLLEs TEH I A T AR T T S X R B AL Bt o

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

KA WA :2022012029ke001 [R]. P55 : T4 835 K
ST A B, 2022:233.

Selvarajan R, Sibanda T, Tekere M, et al. Diversity analysis and
bioresource characterization of halophilic bacteria isolated from
a South African Saltpan[J]. Molecules: A Journal of Synthetic
Chemistry and Natural Product Chemistry,2017,22(4) :657.
Avula S G C, Belovich J M, Xu Y. Determination of fatty acid
methyl esters derived from algae Scenedesmus dimorphus bio-
mass by GC-MS with one-step esterification of free fatty acids
and transesterification of glycerolipids[J]. Journal of Separation
Science,2017,40(10) :2214-2227.

Xu X W,Ren P G, Liu S J, ef al. Natrinema altunense sp. nov.,
an extremely halophilic archaeon isolated from a salt lake in Al-
tun Mountain in Xinjiang, China [J]. International Journal of
Systematic and Evolutionary Microbiology,2005,55(3) : 1311-
1314.

Liu B B, Salam N, Narsing Rao M P, et al. Haloterrigena gelati-
nilytica sp. nov., a new extremely halophilic archaeon isolated
from salt-lake[ J]. Archives of Microbiology ,2022,204(3) :176.
Leenheer J A, Noyes T I, Rostad C E, et al. Characterization and
origin of polar dissolved organic matter from the Great Salt Lake
[J]. Biogeochemistry,2004,69(1): 125-141.

Belsito D, Bickers D, Bruze M, et al. A toxicologic and dermato-
logic assessment of cyclic acetates when used as fragrance in-
gredients [J]. Food and Chemical Toxicology, 2008, 46 (12,
Supplement) : S1-S27.

Jiang L, Worden R H, Cai C F. Thermochemical sulfate reduc-
tion and fluid evolution of the Lower Triassic Feixianguan For-
mation sour gas reservoirs, northeast Sichuan Basin, China [J].
AAPG Bulletin,2014,98(5) :947-973.

Salameh E, Tarawneh A, Al-Raggad M. Origin of high bromide
concentration in the water sources in Jordan and in the Dead Sea
water[ J]. Arabian Journal of Geosciences,2016,9(5):414.
Neidhardt H, Lemke E, Epp T, ez al. Impact of abiotic and bio-
geochemical processes on halogen concentrations (Cl, Br, F,1)
in mineral soil along a climatic gradient[J]. Environmental Sci-
ence: Processes & Impacts,2022,24(9) :1330-1342.

Cadoux A, Tegtmeier S, Aiuppa A. Natural halogen emissions to
the atmosphere: sources, flux, and environmental impact[J]. El-
ements,2022,18(1):27-33.

Eggenkamp H. The geochemistry of stable chlorine and bromine
isotopes[ M |. Cham : Springer Nature Switzerland,2025.
Miyazaki Y, Yamashita Y, Kawana K, et a/l. Chemical transfer
of dissolved organic matter from surface seawater to sea spray
water-soluble organic aerosol in the marine atmosphere[] 1. Sci-
entific Reports,2018,8:14861.

[24] Al-Adilah H, Feiters M C, Carpenter L J, et al. Halogens in sea-

weeds: Biological and environmental significance [J]. Phycol-
0gy,2022,2(1):132-171.

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Grigorian E. Biological role and structure/function characteriza-
tion of enzymes related to halogen metabolism during alga-
bacteria interactions: Studies in the marine model bacterium, Zo-
bellia galactanivorans[ D ]. Sorbonne Université,2021.

Rhew R C,Miller B R, Bill M, et al. Environmental and biologi-
cal controls on methyl halide emissions from southern Califor-
nia coastal salt marshes[ J]. Biogeochemistry,2002,60(2) : 141-
161.

Ruecker A, Weigold P, Behrens S, et al. Predominance of Biotic
over Abiotic Formation of Halogenated Hydrocarbons in Hyper-
saline Sediments in Western Australia [J]. Environmental Sci-
ence & Technology,2014,48(16):9170-9178.

Ruecker A, Weigold P, Behrens S, et al. Halogenated hydrocar-
bon formation in a moderately acidic salt lake in Western Austra-
lia - role of abiotic and biotic processes [J]. Environmental
Chemistry,2015,12(4) : 406-414.

Weber C, Farwick A, Benisch F, ef al. Trends and challenges in
the microbial production of lignocellulosic bioalcohol fuels[J].
Applied Microbiology and Biotechnology, 2010, 87 (4) : 1303-
1315.

Dickson D M J, Kirst G O. Osmotic adjustment in marine eu-
karyotic algae: the role of inorganic ions, quaternary ammo-
nium, tertiary sulphonium and carbohydrate solutes: i. Diatoms
and a rhodophyte[J]. The New Phytologist, 1987, 106(4) : 645-
655.

Pal S, Biswas R, Misra A, et al. Poorly known microbial taxa
dominate the microbiome of hypersaline Sambhar Lake salterns
in India [J]. Extremophiles: Life Under Extreme Conditions,
2020,24(6):875-885.

Lee C J D, McMullan P E, O’ Kane C J, et al. NaCl-saturated
brines are thermodynamically moderate, rather than extreme,
microbial habitats [J]. FEMS microbiology reviews, 2018, 42
(5):672-693.

Liu Y H, Mohamad O A A, Gao L, et al. Sediment prokaryotic
microbial community and potential biogeochemical cycle from
saline lakes shaped by habitat [J]. Microbiological Research,
2023,270:127342.

Piechulla B, Degenhardt J. The emerging importance of micro-
bial volatile organic compounds [J]. Plant, Cell and Environ-
ment,2013,37(4):811-812.

Ndwigah F I, Boga H, Wanyoike W, et al. Enzymatic activity,
and secondary metabolites of fungal isolates from lake sonachi
in kenya[J]. 2017.

Alsafadi D, Alsalman S, Paradisi F. Extreme halophilic alcohol
dehydrogenase mediated highly efficient syntheses of enantio-
pure aromatic alcohols[J]. Organic & Biomolecular Chemistry,
2017,15(43):9169-9175.

Ojika M, Inukai Y, Kito Y, et al. Miuraenamides : antimicrobial
cyclic depsipeptides isolated from a rare and slightly halophilic
myxobacterium [J]. Chemistry - An Asian Journal, 2008, 3
(1):126-133.

Kim S H,Ha T K Q,Oh W K, et al. Antiviral indolosesquiterpe-
noid Xiamycins C - E from a halophilic actinomycete[J]. Jour-
nal of Natural Products,2016,79(1):51-58.



55 610] FEIB A =R K 7K TP VOCs 19 GC-MS 5 GC-IMS B¢ FH #6558 B 45 A iF 9% 63

[39] Batlle-Aguilar J, Brouyére S, Dassargues A, et al. Benzene dis- [42] Johnson S J, Woolhouse K J, Prommer H, et al. Contribution of
persion and natural attenuation in an alluvial aquifer with strong anaerobic microbial activity to natural attenuation of benzene in
interactions with surface water[J]. Journal of Hydrology,2009, groundwater[J|. Engineering Geology,2003,70(3) :343-349.
369(3):305-317. [43] Aronson D, Howard P H. Anaerobic biodegradation of organic

[40] Sun W, Sun X, Cupples A M. Presence, diversity and enumera- chemicals in groundwater: A summary of field and laboratory
tion of functional genes (bssA and bamA) relating to toluene studies[ M ]. Environmental Science Center, Syracuse Research
degradation across a range of redox conditions and inoculum Corporation North Syracuse, 1997.
sources[ J . Biodegradation,2014,25(2) : 189-203. [44] Arinaitwe K,Rose N L, Muir D C G, et al. Historical deposition

[41] Fernandez P, van Drooge B L, Arellano L, et al. Atmospheric of persistent organic pollutants in Lake Victoria and two alpine
deposition of semivolatile organic pollutants in European high equatorial lakes from East Africa: Insights into atmospheric de-
mountains: Sources, settling and chemical degradation[J]. The position from sedimentation profiles [J]. Chemosphere, 2016,
Science of the Total Environment,2021,784:147099. 144:1815-1822.

Combined GC-MS and GC-IMS Analysis of VOCs in Hypersaline
Underground Brine: Detection and Identification Study

LU Xiaohang', HAN Wen*, WANG Zhendong’, SHI Zhen’, MA Ying’",
MA Yungi*, HAN Fengqing”

(1. State Key Laboratory of Plateau Ecology and Agriculture , Qinghai University, Xining , 810016; 2. Seoul
National University , Seoul , Republic of Korea; 3. Qinghai Geological Survey, Xining, 810000; 4. Key
Laboratory of Green and High-end Utilization of Salt Lake Resources, Qinghai Institute of Salt Lakes ,
Chinese Academy of Sciences, Xining, 810008, China)

Abstract: For the qualitative and semi-quantitative analysis of volatile organic compounds (VOCs) in deep
brine systems, this study employed two complementary analytical techniques: Gas chromatography-mass
spectrometry (GC-MS) and gas chromatography-ion mobility spectrometry (GC-IMS). The composition
characteristics and spatial variability of VOCs in complex groundwater samples were systematically ana-
lyzed and compared. Results showed that GC-MS identified 204 medium- to high-molecular-weight organic
compounds ranging from C, to C,,, demonstrating broad compound coverage and strong qualitative capabil-
ity. GC-IMS detected 25 low-molecular-weight compounds (C,-C,) , enabling rapid fingerprint profiling
and clear visualization of differences among samples from distinct hydrogeological units. Comparative
analysis of two deep brine samples (B1 and B2) revealed compositional differences in VOCs spectra, re-
flecting spatial heterogeneity and variations in material sources within the deep brine system. The two tech-
niques exhibited significant complementarity in detection range, molecular weight coverage, and data inter-
pretation, and their combined application substantially enhanced the breadth and depth of VOCs character-
ization. This study highlights the potential of integrating GC-MS and GC-IMS for the characterization of
VOC:s in highly saline and complex matrices, providing a scientific basis for accurate analysis of VOCs in
such systems.

Key words: VOCs; Hypersaline underground brine; GC-MS; GC-IMS; Source tracing





