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)P R AR Ao R A I R AT SR A B o AR Y LA PSS T M TR R S 6, X I A AL AR R TR L 2R
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R AL B R VR A2, 45 A T TR K K Ak 2% REAE R 16S tDNA 41 B8 B VK K T R 2 AR M Y 2 AR b
FRAE, LT i 25 5 1 A0 25 VR 09 78 A R 7 R 7K DOM $iy A RO B 52 00 o 45 5 5 TR, 35 5 9 R i)
KU AE B N TR A HLIT R 3 (619%~T7%) , W T 2 51 A 25 15 44 1L T AT 7K i CDOM 't 1% 47 AiF 2% {1k 1Y) 3 2
TR R, W EINEA LB AN, HF WK g AN PR 2 o B R 5T R L RS RIS Y B,
TR T T 22 A 1 R T ) i R TR B =2 A Ak, IR o ) A i AR A PR B I 5 2 b T TR K i
sk () 1 2 & A6 P 5, 81 T AR A P ke A ML ) R I A o R N T %, [l R A A B LA N IR
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7 fift A HLJI (DOM, Dissolved organic matter) J&
IR ARV i A AL B, R S A L AR AR
Yy o 20 LA Ak 2 S A A2 2R A HLY IR A R
DOM J2 /K S 58 A AL 1 = Z R AFE 2K, 700x10” ¢
fic () DOM fi# A7 T ¥V v, i b T0] A ) VA 39 Ji 3% 1)
DOM 2y 0.2x10” ¢, A F R 7, th T 62 FHOE
HPOCAAER, ALk 5 1 5 S m AR, KR
s A %) DOM J& 4 F7 1A /A 25 2 e e e 1 8 2k
S T VAN Sl B S T GG EL 7/ % SNSRI 5 A Ras K
HL Bt (BODC, Biodegradable dissolved organic matter)

FF g 2 (R IR AR 55) #7178 (OSID ):

THFESRIS, 5 A AL A o fige i ) RV Ak, 1) e o fe
YR Ay R e e S N T VA R et /DO S Wi
14 R AA) A FH 2 Wl 7 AT P A 1 Btk T B O
SEIZR . HRT, R AP AT S AR R T
ANTA . H N 1Y 2R B oA, LA SO S s A=
Wk PR PR 14 g 15, X6 8% Al 7R BLRR A PR et
T2 DL R R 7 v e I B 2D o (HUR, T AT
T A PR T AR X AR BILJS e 1, DL KA
BLBE R o3 78 A 5 e A T 3k R AR S 1 b i R 3
R AR 2 AR GBI PR R ) B R4

A {4 3% ff# 47 Bl Jii (CDOM, Colored dissolved
organic matter) J& DOM H 1] L & €2 (1) 4 ML ot & 141,
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X HE S TR A DL 2 20 FE BRI R A 3= 1 R AL ReAIE 457

K HIRIK KM DOM F5 5 ) 40%~60%"", [ 5
PEX AR T EL A B RN, S o VA B 0 A 11 o 2
F Y CDOM EEM YGRS R HE 28 4k & R 4iF
JKAK DOM 4143, HVE LA Keis B AE A B2 ikt
H H X 7CH T /K B 2R BH, #b R 7K CDOM LA

At SRR AN AR &, HB A M IR AE SR EL

TR 53 AR 57 Hb T AT 2R SR AR A7 2 SMIR s A AL
S 168 rDNA I H R R 8
B 1% IR S A T 3, T LA BL A 4 T 1 43 AT AR
BEAE & () 4 A 7% 2 AP . Thompson 45 7 B E
PR A H T 7S Zha 578 T VG R A TR o R B
FEW P2 T REEARSEA . TR HEAR
Y B Sy A AEAE B R Y 22 5, AR TR TR PR L T K R A
BEA R b 32 5 A, TR T A A A TR AR AR
s 2 A 4B ) BE TN 2R, R X R AR
2 GRG0 45 PO, ANRHE — XU AR R L L 4-5%
T I — A BOKEGSED, (R, SNEA L &
T R R Ak 5 IR A T 2R DL R AR i AR
AR Ak 1 A T

T o7 T 8 R AR e 4y . CDOM
FETERRAE e R B P LR 45 5 o
RO R R R o E, B
B A e Y B, WA PR AFIK — & —
SN AL R & AR AR AR, A Wi B A ML 2R
W] g O 0 T B E— AL IY . ARBRST AL R R T
F Tl Fe RAL FIR F1 AR KR, 438 CDOM EEM 3%
FRAE A LT & AR Ak, T f# AR A AL B i A AR
ks 254 16S tDNA 55 38 1l 77 25 5L, W98 240 1
TR 2 REPE A AL AR 8 2 BE X S HILB i A AR 1k
(IR R o ASHIFGE 45 Xt T it s T 7 AR R A AR
R LKA HLBI TR AL LA B

EZEES b

1.1 RS

% £ i (29°43 '20 "-29°47 00 "N, 107°43 0 "-
107°47'13"E) i T 8 Bt 40 5 e ] R ik sy, 4
K 1 643.97 m, i K4k 233 m, & & 161 R FA7 08
B3I RHETER AT =& R 4l (Ty) B2
HFIRZE K ST, HIE TR 3100 243, {7 Tk A
JZIE 150~250 m, I BB DL S RE T AR E A
R 0~50 cm P, SRAE ST AL S T IR MR ]

£ 1294.05 m, % 3~6 m.

B ERIFEER 16.5 C, FHFEKE 1072 mm, K
B BT R ZE U KR R T N
AT E— MR IR, A7 P4 R 2 U ZR T 2 XA R 52
R K = B4R R AEAFAER) 4-10 A, T EIW 4-9 A FEH
AR BN 85%, LR

1.2 BFSpRtE

P B R K R B, BRARR 10 H BIRAE 4
HRNEERMXMERE,SHEIOHNNWE., T
2018 A 4FEAE H R4S T T WK BE, MHL T Tl
i Ak R KA A A DY AN SR AR A 43000 R
DI K R2, R3 Fll R4, KFE S A WL 1,

FHBR TR B 20 iR 52 /K FE4S 100 mL T I3k
BT, BH B, o BH B A SR S Sr BN 1
1 HNO, FRAL LB 1k PFHES T b . %% B vl B 00
SRAEKEE 10 mL FH TR A R R 02 25, SR AR HERR
S, FHTE 300 °C Kbe 3 h AR (0 B B IR B2 KRR
50 mL H Tk TOC, 55 4R 0.22 pm BETRLF
o B o U8 o 1 K B4 SO mL H T U 3k DOC Al
CDOM JGiEHRAE . 8 0.45 pum TG T 8 B8 3 6 Hb T
K 2 L, WS BE B T 16S rDNA = & 7 . 38
FEE VR G 75 2220 °C UKAE, I —JE N A REI 7

1.3 EFSMNSSIE =S AT

KR pH ., KR (T) . i E (DO) . L FR
(SPC) . ¥ i[4S (TDS ) i FH 7 [ 1) &2 250k
For T (WTW3430) L7, K4 0.01, 0.01 °C.
0.01 mg-L", 0.1 uS-ecm ', 0.1, HCO; Al Ca”'fifi Ff {
[ Merck 2> ] 2k 71 & Bl 37 0 52 , 4% £ 0.1 mmol-L '
F12mg L', EEME 2~3 K, FHHRE<5%,

Mg, Na™| K% FH & 7 ffi i ICP-OES( Optima
2100DV, Perkin-Elmer, 3&[E )l % ; NO; . SO; . Cl %%
B B i Aquion B F €& 3% AL I %2 , 5 N
0.01 mg-L", TR 2 <5%; A VLK (TOC). ¥k
A Bk (DOC) fiff FH B 223 B A 2 (MultiN/C3100,
Analytik Jena AG, &, K54 0.001 mg- L), LI
IR T AR 78 P4 R R M BR Ak 27 5 [R) o 3R S0 36 28 58
Bo PCre AR Z Hf E AL B M ER L 2F A 5% BT R85 b
Bk 2% E 5 L &= Al T R S A AL R
FiiEIL (EAIRMS), S & Gas Bench 11 #%4% Delta V
Plus S AR 22 [A) {37 Z 3% 1L (Gas bench-IRMS)
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Fig. 1

(UIHriRZE/INT 0.15%0) . &°H F1 8"°0 HEFEZ P K2
TR -5 PRBE 2 g [ 5K 280 4 0 7 45 A e A 2 G ) 35
H, SRS KA BT (LWIA; GLA431-TLWIA
(912-0052); Los Gatos Reseaech, USA )73+ HT, (VSMOW,
S7H 1 550 (kS FE 4351 H£0.5%0 F1£0.2%0 ) 22

2240 — Al DGR IS 1 (5 48 40 nT Lo e B
1T (UV-2450, B34, HA), 200~800 nm % £ X 8] P
FH, AR 0.5 nm. = 48980615 R 9865
J6OGEE T (RF-5301PC, &, HAY), Mill-Q 4tk
A AL, ER R PO . IR R R E R Fast, 3%
KK (Ex) 5l 220~500 nm, [8] B& 5 nm; & 5% K
(Em) 220~600 nm, [a] % 1 nm, i & M & 5k K B
oA Snmo LA TAEYS7E VG f R oA
B PR S = e A

1.4 5% 416S rDNA JUF 534

16S rDNA Ml J77 3% #f 2 1 96 35 A 9 1= 25 Bl 4
AR FE F illuminaMiseq S &5 58, 514 338F(5'-
ACTCCTACGGGAGGCAGCA-3 ") fil 806R(5 '-
GGACTACHVGGGTWTCTAAT-3") il 5 V3-V4 X
B, W0 e B A A 56 AR AR e il 2 124>
FEMARAT T 578 784 55741, I KIFFNECH 537, /s
FPIVECH 241, “F Y7505k 440, 16S rDNA (i &t

Profile and location of Xueyu Cave and the distribution of sampling sites

D7 B8 AE B 355 0 ) 3635 A0 = F 5 78
(https://cloud.majorbio.com) . {#i FH§ Pecrust2 Tl 16S
rDNA (= 38 5t I 77 B8 Sl i S P D e B R 434 -
BRI ZR 5 25 40 BT T LU A7 B 2 2% S KEGG )
fE =F B 38 #% (P<0.05, Turkey ‘b) .

1.5 ZitohAE

TRAR 2 1 1% B4 43 #7148 F Matlab DOMFluor
T HA%, SPSS22 Hil Origin 2018 52 i/ HrfI& ], 4
Ah — ] UL OGRS ECHE B 1155 AR IE 2 | Bricaud
SRR AT, = AE DT B 2 Il MATLAB
BT AT 48, FEIAS A 28 6 AR MR A =
A MATLAB ##f, 2% Stedmon “F#( 2, iz H
DOMFluor T E58 Xt 40 B4 20 WE 4747 R 740 i - 2%
AP AR UE A3 Hr sl i o] 5 B2,

SHMTIETE R RFES BN & IR 1,

2 RS

21 EERERMTISEBEERMEMAKLFET

A=
AERER M EZRM LR LN, B0 T

80 AL I91H M —5.93%0; 1 2= T 7] 80 fACE
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Table 1 Indicators calculated from ultraviolet-visible absorption spectrum and 3D fluorescence EEMs of DOM

By Hik TX
asss 355 nmAbOGIE CDOMI i fr
Sas0-290 250 nmA1290 nmZ [A] W' EE A FAECDOM1 43 B A G AL R g 77
E>5/Eny 253 nm #1203 nmAh MG E Y HoAi FAEDOMAERZE ) - By RE (44 BURRAED"
M 250 nm 1265 nmAb IR Hfi™ DOMIf53 Tt
W 370 nmit, & B K 9470 nmAn S » ‘ ‘ e
Fl 520 nmE IR Y L (E FAE S IETERRY) FURE PIXT DOMPY e A 2
TR WA 9254 nmitd, S 534~480 nm 1 . o
e 300~346 LY LA HAE AR
BE WK N310 nmi, K GHIEK 380 nmAN o N
BIx 430 I EHR 9 H (1 HAEPHEDOMEY Fik

YIMH J—7.45%0. 2= W 8D S ACF ¥ (EH K
~39.98%o; FZ=HIL T-17] 8D HIACTF-HHEA—49.10%0, K] 2
i 43R Y] 80, 8D T IE AR Y £k P T AR (SS),
BV KA IK Lo A, 2 B R T KR I8 F RS
KA o

I I MR I K AR A SRy SR ) HCO,-Ca #Y,
HA W pH. & DIC, & Ca FRE, SCHRZ5 KM,
R A KR pHAE V- BIME A 7.87, HCO; i i i
TCHLEK (DIC) B FE (1) 90% LA |, BHES 7+ Ca™' &
R

SRR H 4 A SRBE R B KA 2E 5080 B (8 DARR
FEEV AR, NP 3 Fis, BN A Z 1 AR fh i
Tl 7K A A AR, 1 5 R R ] K K A2 R AE AR AL
pH. 8" Cpc fHFN (KT, SPC. HCO; (DIC) ., Ca™
AR R I N R TR BRI, R R A )T
ARGk — R — 5 — L — AR A TR R BRIR SR
e e B, (HR, 25 T I K A T oA LR Y A R 2
MBEREA DA, 5K RIS SR
T K M T TOC i iR B A T 1.50~3.67 mg-L
Z [, DOC J& ¥k BE A T 1.41~3.46 mg-L ™' 2 Ji]
DOC Jii i ¥ 1 1) TOC i ¥R A9 24 89% ., Hirf
BZDOC WM 1.41~3.46 mg- L' HfE K 2.23 mgL ',
MW EE 1.42~2.90 mg-L ™" ¥ K 2.37 mg- L™,
2.2 FEERAMTAAKCDOM HiEi5H4F4E

AAFGE R 355 nm Ak i I 1R 2R £R (a(355)) Sk %
7k CDOM MY, a(355) 5 DOC 5 B A7 7E i 35 1E
X5 Z (K 4) (R*=0.29, P<0.01), ¥ B Al LA F] FH
CDOM Xt DOC e 5 Fl 5314 WA S5 A 7 5 35

WS E S PN SEAT R W I 1 R Tk

DOM 77 7E P 537 A= A5 AL TR A5 Bk 25 A HIL IR 5
(REAE, B LL/NGF PR BILISE A 5 5 T 2R B U
KT T8 B B 25 W) o e AiE 384 i, CDOM. 55 i i g
K 3 P R AR BB B (B 5) o Sasom W T R AE
CDOM Y JE 5 AL RRAE, BUA 5 8 S AL FRIE S ROM 56
BRI MR AK T, Shsee0 BIME A T2 0.036, F 2
0.016, T JL TR 2 4t el 7K 8 Ak AR B e 0 M(E
 H T RAE CDOM 4312, BUE /N A X
K I R K MAE I A2 2,35, B
2.85, % CDOM 43 T K TR, E,/Ey (A% H
FH5/% CDOM % A 8 £ Y 2R3 1 I W 1 25 A e v
HREA, BUEMA, HKPEREEE, WSS R
7K Eysy/Engy ¥I1H K 0.032, B 5 T 52 0.020, A
ULRN ZR7K K DOM RIS R EE R0k . Ik &
FE A R A 0 P, R 2R K A LR Y 8
KA FTIdE5 . SUVA, [HH H T 1578 CDOM ()55
B, BUE B R 5 & P IR, W2 SUVAL, (8
2.24 Wi & T2 1.56, R ZE/KIK DOM 145 &
P BT

T 96 S BURFE s 2 B0 H AR (] 4 5k a) A Ak
FEF. FIADOEEEL, FERAFKIA CDOM FRIE,
R A FUE A T 1.58~1.95 Z [0, $4{E K
1.73, 32 i Y5 A N IS SR R 52w o 2R A FLME Ak
1.66 W& A% T 1117 5 2= B1{A 1.80, 136 B 5 2= I CDOM
WAy Z . HIX WIE A S50, FAE KK CDOM 11y
Ji i AL R ST KR R HIX fE A T 1.79~
2.37 Z ], ¥{E K 2.00, &b T 55 JE 5 AL A 5 X [a], 2
A BA 043 3 R ML RRAE o T 2 HIX (H Y
HR 2.10 W% = F 5 2= ¥ (H 1.89, Ui BH W 2% /K {&
DOM 1) J& 5 Ak A i 38 5%, ki U5 BB A1 2 0 BIX
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] 9 3.0 ¢ ol E g
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Fig.3 Temporal variation of hydrochemical parameters in the

karst water of Xueyu Cave
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Fig. 4 Correlation analysis between DOC and a (355)

810 (%o, V-SMOW) 9 0.81 WA T 5 2= X1 0.88, YR 2= A AR IR AR

B2 £HENHASHEKE(LMWL) 5SEEFTEE SR
i T3k 5°0/8D HIAE KM 2.3 FEEREMTACDOM A HHEEN

Fig.2 Local Meteoric Water Level (LMWL) of Fengdu county
and §"*0/8D correlation of the Xueyu Cave underground river il PARAFAC - 17 Tathk#A, =4
in the dry and wet seasons > CDOM 4 53 REL 2 99.8% L) I ) EEM Y& 3% s A2
e (6, 2% 2), 23 5% R C1( <250, 300/360 nm) |
{60 AL RS AL, IRWOK iR CDOM HEg AR STIR  2(280/446 nm), C3(<250/450 nm) ., AR SCRkARIE,
FeB™, 35 i R K BIX A F 0.78~0.99 2 C1 41400383k [ F A F i N 5 26 (6 S R
6], B 0.84, RZAIERT 0.8 BFERIA, WM B " C2 A4 AR AFFE U W W e ol AR 119 250
Mo R CDOM 7 A4 N IR o TRl 2= 4 BIX H4{E FHIR 4 53 B /N oy -k ) B LR s €3 440 AR



Fa2k H3W

X HE S TR A DL 2 20 FE BRI R A 3= 1 R AL ReAIE 461

AR T I3 TR/
504 ¢, CRE RS
L (eSS - el
- N, / ﬂ
[ | \, / o
g 40 N ; fEiul
i % i E

N\ |

Z‘ 301 \\ /‘ #q
o B\ am /ull Pr
F i 2 ~
V?‘ 204 8 A-/:‘QA_. M_AZ o =
w| & =
104 s N | e 484 N
» //A R

08 12 1.6 2.0 24 20 24 28 32
SUVA,;,/L-(mg-m)! M

HNBRFAE ] fi

224 .. ¢

HIX
B>
>,§

2.0+

1.8 X R N

6
JETEACRRREE TS, A A A U4

16 17 1.8 19 20080 090  1.00
FI Bix

B 5 SERRASHSEASHNERTENIHE

Fig. 5 Variation characteristics of light absorption parameters and fluorescence parameters of Xueyu Cave in the dry and rainy seasons

ok A B TR A FIR AL 43 1,

AT RO R 12.42-38.81 QSU, i 2
TR, (R C3 7 RO B BE R T AR AL B
35 (B 7a) o M =AN2H 53 B ARXS TTRRTEAS [] 7Y 5 [7]
W S 5 96 S 2 AN R AL (] 7b) . Cl
IR DRk e 5 T R (P<0.01), C3 5 HAH
B2, W2 ARG BTk T (P<0.01), C2 FYAHXT Bt
RIS B 0% 5 R X
2.4 WHEYBTREEE

8 I M T KRR, 8 A AN Y
F B i DNA JFF 1 719%~84%. *F 4 i & & i 50
FR) 2 T Jrs SR 2 0 B, P A it R RI Z= 0 h  T
TEF AT A SO 2250 . Al 8 iz, R1 Al R2
Qb SR BEAE it P AR ) ) 03 BOREAS TR A W e 7 A5 R AR
BEf s (R1AR 12 A BEAS R 151 ) s S22 3 A Al 12
HPASRAE SR U R R S5 A DL e . T2
R TR TAS 2 1] (Proteobacteria) Y unclassified
f_Comamonadaceae Hydrogenophaga. Acidovorax.
Cavicella. Pelomonas. Duganella. Malikia. Polaro-
monas. Brevundimonas. Allorhizobium-Neorhizobium-
Pararhizobium-Rhizobium. Delftia. TMTa. unclassi-
fied o Saccharimonadales .norank f LWQS8 .norank
f _norank o 0319-6G20,
onas. norank f norank o__Saccharimonadale, J& T
fiil $r ®l] (Pacebacteria) ) norank f _norank o

Candidatus Kaiserbacteria

Comamonas. Sphingom-

norank_f norank o
norank_c__Parcubacteria, 4 ¥T 18 '] (Bacteriodetes)
#J norank f NS11-12_marine_group , £ 41 W ]

(Gracilibacteria) ) norank f _norank o _Candidatus

Peribacteria J& % 400 J@ MY E R & .

i Pecrust2 X il 7 41 16 BE 7% DNA T dE 17
(& 9), & B 365 4 KEGG il i, 69 4% 51015
AH G A T 0.01%, Hirp 20 2B A S ALt 8
B F AR ENFT 2R WRERT, 5k
IRAC A DT . B e R A A AR 25 M o AT
KEGG il #% 4= BF 1 5 T 2 =4 i @A S Bl
2R WO, BTRERDEE SR RS I TR
PRI I B A TR ZERE P T T 30%~57% ¢

3 W it

3.1 EXRRMTAKEREETENRE KL FmA

i 22 SS 4k M 5 2 (5D=8.108"0+11.30) Y 4} %
FIARIE 5 5 PRk LMWL J7F2 (18 2), Al TR
2o Y T VAT K B A 22 MK I R A 2, A
S U Wk ) 2% R ol 2 ke VR R B AR, R4 SS
AN (8D=7.338"0+3.51) By AR AR IE R LMWL
J7 PR B R AN AL AR 22 57 (] 2), AT AR Z= S £
M ] KA E — 2 (R 28 % B AR, b R T K AR
VS T K 2 R 32 Sl AH X0, BRI ] 0 7 e Ak SR A
AR = N ey R R GRS

PCA 77281 (1€ 10), 55 E 1 o 3] 7K pH.,
Hi % W R 4R . Ca’ Rl DIC Yk B LA K% B i &5 7
PC1 | BA# R #f1; TOC F1 DOC ¥ E7E PC2 | A
BRI . PCLIE/RRFEN RS R M AKCE SRR,
SRR L R /K B Ca” il DIC YR . H 3R AR ALY
F R PC2 878 A MUK IR AR 1k, X FpARfb I+ A
5842 7 W W AR AR Y . TR 2R AR K TR K



462 h EA TR 2023 4E
600 0.5
d - = Ex
550 —FEm
0.4 '
500 by
1
1
g oo 0.3 |
E 450 £ ' '\
. 5 :
& 400 Soap i,
!
350 ! ‘|
0.1 |
300 S Cl
0 1
250 300 350 400 450 500 250 300 350 400 450 500 550 600
600 0.5
c.
550
0.4
500
= e
g g r
m 400 = 0.2 'l Vi
\
350 ! Y
0.1{, Sl
300 I b c2
I ~
! . : : , , 0 : , . — : ,
250 300 350 400 450 500 250 300 350 400 450 500 550 600
600 0.7
£
3
550 0.6,
I
500 0.5
|
g 450 20441
£ k= !
UEJ 400 S 0.3 lI
350 0.2 :
1
300 0.1 ‘_‘—“-J,_._-———--\\\1 c3
! . . . : . oLty P : : , .
250 300 350 400 450 500 250 300 350 400 450 500 550 600
Ex./nm Wavelength/nm

El6 ZERMTRIZK CDOM FLH 57 = 4Tt B R 43
Fig. 6 CDOM fluorescence components and split-half test in the Xueyu Cave underground river
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Table 2 Characteristics of three fluorescent components summarized by PARAFAC

Exmax/Emmax " A H1F

A5y

Peak T: 275/340[82]
C1:240(300)/338[83]

C4: <230 (280)/340[84]
Peak M: 290~310/370~420[82]
peak 3: 310-330/420-455[85]
C1:<230(305)/ 400[86]
Cl1: <250 (310)/ 422[87]
Peak A: 230~260/380~460 [82]
C1: 250/452[88]

Cl: <250/448[81]
C1:<c250(345)/460[89]

cl1 <250,300/360 KEALOEIRA Sy, WIEY

2 280/446 T WU BT P Y S TR R 4 T

e <230/430 e A7 B/ 5 RS 5

: a $45 BRI Y B R B B b Exmax/Emmax 7R S R R S (nm)/ B RIUL K (nm),

Note: (a) numeric value in brackets indicates the maximum intensity position of the second peak; (b) Exmax/Emmax indicates maximum emission wavelength

(nm)/maximum excitation wavelength (nm).
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Fig. 7 Seasonal variation of fluorescence intensity of CDOM component in the Xueyu Cave underground river
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Fig. 8 Bacteria abundance heatmap on genus level in the Xueyu Cave underground river
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Seasonal variation characteristics of dissolved organic matter
composition and cycle process in caves

LIU Yugang, HE Qiufang, SHEN Licheng, FAN Jiaxin
( Chongging Key Laboratory of Karst Environment, School of Geographical Sciences, Southwest University, Chongging 400715, China )

Abstract Dissolved organic matter (DOM) is the key part and important carbon source of karst carbon sink. The
migration and degradation of DOM in karst aquifers is an important carrier of material and energy transfer. However,
due to the lack of long-term and in-depth research on the content, composition and migration process of DOM in karst
groundwater, the transfer and metabolism process of organic carbon in cave water system and its impact on karst
carbon sink process are still unclear. Colored dissolved organic matter (CDOM), a colored soluble component in
DOM, is often used to characterize DOM in marine and freshwater systems. It is also used to characterize the
composition and change process of organic matter in the study of karst groundwater. 16S rDNA high-throughput
sequencing, a commonly used method for the detection of non-cultured microorganisms, can comprehensively detect
and analyze the bacterial community composition and species abundance in environmental samples. This study
collected samples from the underground river in Fengdu Xueyu Cave, Chongqing on a quarterly basis, analyzed their
hydrochemical indexes and organic carbon content, and characterized the changes in the composition and structure of
organic carbon using CDOM fluorescence and UV-visible spectrum information. Combined with 16S rDNA high-
throughput sequencing, this study also analyzed the structural characteristics of bacterial communities in groundwater
and the metabolic function genes of microorganisms based on Pecrust2 prediction. According to the metabolism and
transformation process of organic carbon in cave water and its response to the external input of organic matter, we can
understand the migration and transformation process of organic carbon in karst groundwater, and provide scientific
information for the carbon cycle and carbon sink process of karst groundwater system.

Xueyu Cave is located in the Longjiang Gorge in Fengdu county, Chongqing, the southwest karst region. The
cave opening is exposed at the mid-mountain elevation of 340 meters. Affected by the subtropical monsoon climate,
there are relatively obvious dry seasons with low precipitation (from October to April of the next year) and rainy
seasons with high precipitation (from May to September). The flow of underground river in the cave is controlled by
precipitation which is much higher in the rainy season than in the dry season. This study collected water samples from
the deep part of the cave and at the mouth of the cave in the Xueyu Cave underground river on a quarterly basis in
2018 and analyzed their hydrochemical characteristics. It is found that the chemical type of the underground river
water is a typical HCO;-Ca type, with high pH, high DIC and high Ca. PCA analysis shows that the hydrochemical
indicators are mainly controlled by precipitation, and present a two-level distribution in the dry season and the rainy
season. 8D and 8O content indicates that the evaporation effect and retention time of groundwater in the dry season
are higher than those in the rainy season. Three CDOM components are found in the underground water of Xueyu
Cave by CDOM three-dimensional fluorescence EEM parallel factor analysis, C1 is an endogenous tryptophan-like
substance of microbial origin; C2 is an endogenous humic acid or fulvic acid of microbial origin; C3 is an exogenous
humic acid component. The results of UV-visible absorption spectrum parameters and fluorescence spectrum
parameters are similar, both of which indicate that the DOM components in the Xueyu Cave underground water are
affected by inputs both from internal and external sources. The internal organic matter is mainly small molecular
endogenous organic matter, accounting for 61%-77%. PCA analysis of organic carbon content and CDOM related
indicators shows no obvious seasonal changes in terms of DOC and TOC content, while CDOM components,
fluorescence spectrum parameters and absorption spectrum parameters demonstrate obvious seasonal differences. The

fluorescence intensity and proportion of exogenous C3 in the rainy season are much higher than those in the dry
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season, while the proportions of endogenous C1 and C2 in the dry season are higher. In the fluorescence parameters,
HIX indicates the humification degree of CDOM, with the average value of 1.89 in the dry season, lower than the
average value of 2.00 in the rainy season. On the contrary, BIX indicates the contribution of endogenous DOM in the
new generation. The mean value in the dry season is 0.88, higher than that in the rainy season. 16Sr DNA analysis of
bacterial community diversity shows that the Xueyu Cave underground water is dominated by heterotrophic
microorganisms, and there is a large difference in the microbial community structure between the rainy season and the
dry season. The gene abundance of metabolic function predicted by Pecrust 2 demonstrates that the functional gene
abundance related to the degradation of aromatic substances in the rainy season is 30%-56%, higher than that in the dry
season. The above analyses show that the input of exogenous organic carbon introduced by rainfall is the main control
factor of organic carbon composition and carbon metabolism process in karst groundwater. During the rainy season
from May to September in the karst area of Southwest China, exogenous organic matter enters karst groundwater with
rainstorms, and hence its content increases. The proportions of exogenous components in CDOM and the indexes of
HIX, FI and other related spectral also increase. The change of organic matter compositions takes place with the
change of bacterial community diversity. The abundance of functional genes that metabolize exogenous aromatic
substances in underground water increases, so does the content of exogenous organic carbon output from underground
water to the outside of the cave. During the dry season from October to April of the next year, the rainfall is about 1/4
of the rainy season. While the input of exogenous organic matter decreases, the retention time of karst groundwater is
longer, and the process of microbial degradation and metabolism is more sufficient. Therefore, the CDOM spectrum of
groundwater reflects stronger endogenous characteristics of microorganisms with higher proportion of endogenous
CDOM components exported by karst groundwater to the outside of the cave. The study results show that the main
source of organic carbon in karst groundwater is controlled by rainfall, and the input amount in the rainy season is
higher than that in the dry season. The full degradation and metabolism of organic matter in groundwater by
microorganisms in the dry season causes the endogenous enhancement in groundwater system, which has an important

impact on the process of karst underground carbon sink.

Key words colored dissolved organic matter , three-dimensional fluorescence spectrum, microbes, karst cave,

groundwater
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