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Abstract: In-lake dissolved carbon turnover represents a critical yet underexplored component of the global carbon cycle. While previous
studies have predominantly focused on the hydro-chemical characteristics of dissolved inorganic carbon (DIC), the internal linkages and
mutual transformations between DIC and dissolved organic carbon (DOC) remain poorly understood. This study investigates the seasonal

dynamics and interconversion of dissolved carbon components in Lake Lugu, a subtropical alpine lake in southwestern China. We analyzed
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seasonal variations in DIC species (including DIC, HCOs~, COs*", and CO:) and DOC optical properties (Sz75—29s, SUVAzsa, SUV Azso,
URI, BIX, HIX, and FI). Complementary methods, including fluorescence region integration (FRI), excitation-emission matrix parallel
factor analysis (EEM-PARAFAC), measurements of partial pressure of CO: (pCO-), and CO: flux (F), were employed to provide a
comprehensive characterization of the dissolved carbon pool. The results revealed significant seasonal differences in DIC species (P <
0.05), driven primarily by carbonate dissolution dynamics. A marked seasonal shift in the spectral slope (Sz7s—9s, P < 0.05) indicated the
input of allochthonous, high-molecular-weight DOC during the rainy season. Elevated biological index (BIX) and reduced humification
index (HIX) values suggested sustained microbial activity. Soluble microbial by-products constituted the dominant DOC fraction,
averaging between 44.53% and 71.97%, with humic-like and tryptophan-like compounds prevailing throughout the lake. During the rainy
season, Lake Lugu functioned as a distinct CO. source (pCO2 > 470 patm, F > 0), which was attributed to enhanced microbial
mineralization of DOC. Overall, this study elucidates how seasonal microbial metabolism regulates carbon transformation: respiratory
processes dominate in the rainy season, converting DIC into CO, while photosynthetic uptake prevails during the dry season. These
findings provide new insights into carbon fixation mechanisms and sequestration potential in freshwater lakes.
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YERIAL T R L ] i (100°45'—100°51°E, 27°41'—27°45'N) , A BRSE I )RiEE S 55
THEALH (1) o HEKEBAN 171.4km?, HABHKBESTR 50.5 km223, 4 ik W88 T4
FERS MR, FEXRIE 12.8°C, AWRENT 5.6°C (1 H) £ 19.4°C (7 H) A, HMEKEZ 1000 mm,
HHPWZE (5~9) HEPEE 80%LL EIIFK. WK SHHEEI R EET 05 FF (9 HERES
RO KRR, R 2R 7R R S SR AR, B NKYL SRR . Y IR R
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Fig.1 Map showing sampling site and land use information in the Lake Lugu
1.2 #FmRERNE

FEMRAE: TR HMIANE 13 ASREE S, R R TRADMIE, 23 THZE (2022 4 7 A)
MEZ (2023 4F 4 7)) HHTEANRETAE, IRIE 26 MEEF . B THERAWIZ IS HIREERNMIL, B
R s A A 15 LA S5 19 25 A5 ., IR B T 2 NN T IUEER I X 3, 8 H A To KAl 7
R BR300 SR 3 2 T

FI KR R AR B KR 7T KR 2K (GRE 10 em) FFARAET 1000 mL {3 B 2 as b Al
Cyber Scan PCD 650 £ ZhRE/K IS4 (Eutech, ZEED X JEAKIR K pH #EATIE, (K0 +
0.5°C Al £0.002. SFHF (Alk) i8id Mcolortest TM FlE & (Merck, #E[E) #HATIR ENE. F
FH Testo410 -1 RHAX (Testo, FEED X i fr KU BEAT I 2 « A8 AR R RS, JE4EH GC 9790 plus
AMEEN 8, PED BHTIE . FASRES B A AR, WIRAEE L.

FEMTALEE: FE SRS KA AL 3B AR R TRAL B S I B £ 4538 (GF/F 47 mm, 0.7 pm,
Whatman) X KEEFEAT IS 38, HAEET SOmL @ R LAA RN S TR ELRE JURPUA I T 4°CUKAEH,
FAE 1 P OSSR 6 B Pt AT 5

S AT UK B OB HR S, I 5 AR AT IR R RN = 4R SRR N KRR G 2 S B
TM5E . I UV - 1500PC E40-TT WA 6T (Macy, ED , LA Milli - Q B4 /KIE AT AXIE,
10 mm AL AILTE 200 ~ 700 nm BASTEE A, [HBE 1 nm FAT7HERME. H RF - 6000 28415

(Shimadzu, HZA) MEKRERASH: HAMUEE: MREK Ue) 5200~450nm, RFEEK Q) H
250~ 600 nm; FFEAIRG: BORPEKAN Snom, RPN [ nm; J5 SR AR 777 I 3 R BOR A 25U
HEATWBR, FELL Milli - Q EAKAENT HXTHR .

1.3 HUEAIE
1.3.1 £ EKRKK-ARE CO 50 E (pCO2) A i@ F a9+t H HF7E X3k DIC 5 pCO2 A CO2SYS #
PRHHERO, 8RR B T RRER 25 P58 R (Alk. DIC. pCO» Ml pH), BT A AFm, A5



Btk S AP, [FIRASH COs> . HCOs Ml CO2 Wk FZH . iz, KAk pCO2 th A (1) #EATIH
B

_pic [4)2
pCO; = Ko x [H*]24+K, x[HH]+K; XK,

x 1.003 (1)

pKo = =7 x 1075T2 + 0.016T + 1.11 (2)

pK; = 1.11 x 107*T? — 0.012T + 6.58 (3)

pK, =9 x 1075T2 + 0.0137T + 10.62 (4)
K, Ko /& COz MM HL Ko Al Ko 23 B BRIR A — 0N — i B w4, FUE SKIRAHSS, AT 23 slid
FAR (2) ¢ (3 M 4) BHTIFE, Hd pK=-IgK.
KAHERHA AR R K- CO K HiE (F) -

F=kxKp X (pCOzwater — PCO2ir)  (5)

Ky = 10~ (1.11+0.016xXT~0.00007xT?) (6)
X,k FoR COx HAUMAL RS, m-d's pCOir ARV CO2 73, patm, ¥k A & 8
470 patm; Kn AEIE AR (6) KRIEH CO2 FHEH, mmol (m’patm) 1y T RHEREBEKEKIER, °C.
PGHE A FZMEEE kS AR, APFFRIAX (7) PR

_ 1.7 Scr)*
kr = [2.07 + (0215 x viD] x (32)° (7)

Scr = 1911.1 — 118.11T + 3.4527T2 — 0.04132T3 (8)
W, krdd T RHEN kB Scr NHEERFEE, TTEN; vio &K L7 10m AFRGE (mes) 5 x Bk
T vio, WHR vio<3.7ms! N x B-2/3, Hvio>3.7ms! N x B-1/2,
132 RFARSAM EIDEFSHERI SUVAss. SUVAso0. Sazs20s Ml URI SKHEIWTEE S DOC 850 F1 431
KAME R HA SUVA2ss Ml SUVA2s0 43 53R 78 DOC H 55 FPEFIZRER A i 7 AR ST £ BR8], Sa75.005 FI1 5
DOC HIAHRT 7T R/ LEPY; URT RAEAAL S IARRS &7 b, EROS, WARMRIG S & LR .
FHRVS R T:
ay = 2.303A,/L  (9)
az95 = apgse”S (29572750 (10)
URI = Az10/Azss (11)
SUVA,s4 = a354/DOC  (12)
SUVA,go = az50/DOC  (13)

Xf, AAPEK (am) , e BIEKR A REIBROE R, ACARORREEE, LONHEILTERE (m) o Sasaes A
BAIXE] 275 ~295 nm IR REFREE, KPS SER (oD, (295-275) K 295 nm
M 275 nm 2 E.

IEEL S50 FI. BIX A HIX #W7 DOC RIS AR EE R, FIN Aex=370nm B, Aem 7E 450
nm 5 500 nm ALRFOGEREELLAA, 2 FI < 1.4 BEORRIERIN, FI> 1.9 B TEHRIABY: BIX A Aex = 310
nm B}, Jem7E 380 nm 5 430 nm AL POEIRE LUE, ZER RN B AU DOC AN Tk, 24 BIX < 0.7 B
NANESRIN, 2 BIX > 1 WA EAEFEESPN HIX A Je=254 nm I, Aem ££ 435 ~480 nm 55 300 ~ 345 nm
AR T AR LU AR, A KR B TEA TR, 24 HIX <4 IN 2o BT TR AR, /KA YiE 5h B35 B2,
1.3.3 RARBMAS (FRD FOEXEF S (FRD HFHIB DOC BSapi s A EFEB3-34, 2 EEM XI5
UL 5 AKX, KERE X (ex: 220~250nm; em: 280~330nm) ; G I X (ex: 220~250
nm; em: 330~380nm) ; KEBESIIIX (ex: 220~250nm; em: 380 ~550nm) ; &M YIE]
P IV X (ex: 250 ~450nm; em: 280 ~380nm) ; FEEHR V X (ex: 250~450nm; em: 380~ 550
nm) . REVH—{b EEM AR (Uin) » RSSO E S (P -
1.3.4 EEM-PARAFAC 447 AHF 7515 1 513K )2 /K 44k DOC 31T EEM-PARAFAC 73T ‘B4R L2 —Fp A
T, AERRCEIEN G AR, BT EE: (1) VI EEMs BUR: (20 Qe ft &4



(3) PHHERER TR AR (4D BIBREHEE: (5 ProirieHl FRE. %758k e 0 s o 5o
R HHEATIR T 5T AR BEM 0 o 1 3 B 2 30 B B KDL (Fma) HEATAEHNT, MG
HEWTRE 5 o DOC [ -

1.4 Gtk

AW FTEHE 1) 1E 255345 14 L Kolmogorov-Smirnov test #EATUIE, 75 22 57 K P FH Levene's test #ET 36 1IE,

Bt AR IERS A0 I BE HEAT B AR B B, W1 DIC 12y COx Xl . AN S HM DO S H BE
AL B T 25087 (ANOVA) #6536 . FIF Spearman AHICPE4M 4T DIC B4y 5 DOC Y623 %2 1) 1038
GRFR BHERS P (PCA) SHTBIAEMAIER R S5 VPSS E R AR BARRERE, JRimid #r
S MTRRRE S RO TR R AG R B H A K HAHXS 518k . EEM-PARAFAC 2T DOMFluor v1.71 T EAA7E
MATLAB R2023b _Liz4705), % 4iit /0 Hr%T SPSS 21.0 F1 Origin 2021, Fifg 4 #IF]H Origin 2021 A1
MATLAB R2023b.

2 FR51TE

2.1 R FE S

VS E SRS R | o, S8R kMBS, BHEFERESTHER (P <005 o ¥
FZHITH T (21.00+0.57) °CRESTEZE (16.90+2.23) °C. [AK, 52 pHH 8.28+0.28 T Mz
7.67+0.34, FEKEFIIIEILEE (pH>7.00) . WZ Alk (1133.41+434.62) peq L' EZ LT EFE (1862.72
£219.64) peq-L!, BAAJLEN (797.5~2107.27) peq-L's Z KnfH (0.039+0.001) mmol-(m?-patm)! 5
Scr {8 572.30+ 15.85 B EZEMLTEFE (0.0438 £ 0.003) mmol-(m3-patm)! 1 709.66 + 78.68. ik k {HTE
(1.70~4.05) m-d' 5, EEEMZSFHHERL (P>0.05) , XAl fEe i FHIm 2 RE L sh /N S8,

F 1 PR E KRB S

Tab.1 Seasonal variations of physicochemical parameters in the Lake Lugu

I 39 ZH He/ME WRAE g HE bRtz

e T/°C 19.90 21.90 21.10 21.00 0.57
pH 7.17 8.06 7.88 7.67 0.34
TA/peq-L"! 797.50 2074.57 961.23 1133.41 434.62
Ky/mmol-(m* patm)! 0.037 0.040 0.038 0.039 0.001
Scr 546.44 602.39 568.00 572.30 15.85
k/m-d! 2.14 4.05 2.26 2.40 0.50

B 7/°C 14.00 21.30 16.30 16.90 2.23
pH 7.71 8.92 8.34 8.28 0.28
TA/peq-L"! 1430.52 2107.27 1895.52 1862.72 219.64
Ky/mmol-(m*-patm)! 0.038 0.048 0.044 0.044 0.003
Scr 562.51 820.91 72431 709.66 78.68
k/m-d! 1.70 3.96 1.83 2.02 0.60

2.2 AiE#H DIC 5T B pCO FEHEUSEAIFE =
KA DIC e Z= iR Lan i 2 o, %240 (DIC,

HCO3. COs*fl CO) A RBEFITHER
(P<0.05) . MiZ= 4k DIC PR E (1170.59 £421.83) pumol-L! 3K F F 2= (1790.30 £214.86) pmol-L-



L, BARJEEDN (798.73 ~2080.66) pumol-L's HCOsfE24 DIC M EZE RSy, HiIREARS DIC &= FHP,
BIFZE (1100.68£412.76) pmol-L'!' &BE K FEZE (1679.41+£225.18) pumol- L. T COsZKE (16.20+
13.30) pmol-L! BE LT 22 (90.80+60.00) pmol-L. RN CO2 ¥ 5 KAH 117.90 pmol-L! LT 7
Z=, HWETHIKE (53.70£39.70) pmol L' HF 52 (20.00 £ 13.50) pmol-L''.
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Fig.2 Seasonal variations of DIC species (DIC, HCO5", CO;* and dissolved CO») in the Lake Lugu

P pCO M F I BAE BENZTMER (3, P<0.05) . #EKIEpCO: RHIEViZER: BN
ZPME (1410.83 £1036.79) patm =T F25 (590.39 +397.00) patm, HIEHEY (89.05 ~3012.40)
patm, B K{H 3012.40 patm HILT W, EHAERRE, WZESS%HA pCO | T KA PHHE, RIMA
CO Bjilt, T FAHA (96.46 +123.49) mmol-(m?-d)'; T3 S4%FEAR pCO T RATHifE, EI N
COx Wi, T8 FAEA (9.65 +36.98) mmol-(m>-dy", B Y 22 35 ik i ) KA HEL COn HIBETET .

IR LA IR S) DIC iR EENLHICT, — ST, Zd RN FAKE COr MR =4
COsZ, T4 COs* X A CaCOs - CO2 - HoO & Z i ftidt#% 4k g HCOs: CaCOs + CO2 + H20 = Ca?" +
2HCOs B8], kI Ca2 R EENEMEZ 008 37.9 mg L FIEZE 7.5 mg L'B9, XEHE T % TR
ERVA R ZE T RIS NGO, R T R, YRR T v A R R R P R R A A KA Y,
BRI B RN, S8 DIC WEFm. A, %IRRT RZE DIC. HCOs
COTREH R E/TWZE (P<0.05, B 2) , XATa8IRTWEMNMBERSN, PLEIEHIEEE A HCOs
[V #E: Ca?" + 2HCOs= CaCOs + CH20 + 0241, JKAEk pCO2 {ERIEAR CO2 B 5 —FAATE L, — M
HIEF LI AFKAE DOC 4k, IRl e & 1E - FIRRIR SRS AR, 2R CO2/ pCO2 7K (] 2
A 3) XREGHAME DOC WRE (F2) , #ilH: (1) MAKMRISE+3E Co A1 DOC KEHENBIA;

(2) BN DOC NAEMA B AL CO &M 7 HEfi. RZEKME CO N ZFET s — B RAE T
KN (3D, RPPIEEIRER KR CO2 R, X5 HARR AN CUndE . $eAlD s i i
—ESL R, ZETTAAL T RER . AR BRER SRR D6A RIBORI R AR MR AR F 3L R i 4% DIC [
4y 5K-[ 5 CO2 ZZ )BT
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Fig.3 Seasonal variations of pCO, and CO; flux (F) in the Lake Lugu

2.3 iFiE# DOC RO XFEHF T USRI E R
2 PR IZEKE DOC KBS 6 A1 S 4

Tab.2 DOC concentration and optical properties of surface water in Lake Lugu

it 39 ¥ LGN e PR A HE A itk %

WE DOC/mg-L"! 2.58 32.24 5.25 8.12 7.86
S75.205nm”! 0.015 0.038 0.030 0.028 0.007
SUVAs4L'mg'-m! 0.11 243 0.70 0.94 0.66
SUVAss0L'mg ! m'! 0.06 1.81 0.4 0.58 0.49
URI 2.08 5.59 3.81 3.82 0.79
BIX 0.64 8.69 1.42 1.89 2.07
HIX 0.08 5.56 0.96 1.22 1.34
FI 1.23 1.47 1.37 1.36 0.07

B DOC/mg-L"! 1.32 8.67 2.25 2.85 1.88
Sa75.205nm”! 0.014 0.030 0.024 0.023 0.004
SUVA54L'mg ' m’! 0.44 6.84 1.77 1.97 1.57
SUVA5 L'mg!m! 0.32 5.49 1.26 1.45 1.28
URI 2.11 5.02 3.64 3.71 0.65
BIX 0.74 1.25 1.06 1.04 0.16
HIX 0.53 3.63 1.17 1.41 0.84
FI 1.31 1.53 1.37 1.38 0.06

VT DOC R FE LA KOG 22 S BT A NER 2 Far, HP DOC. S275:205« SUVA2ss il SUVA2s0 H
BEiHEER (P<0.05) . W2 DOC FHIKFE (8.12+7.86) mg L' BEHTHEE (2.85+1.88) mgL-
L, HARTNER AN 32.24 mg L LT L1 SREES, 242 4R KR4 DOC ICAN . WZE Sus.
205 (0.028 £0.007) nm ™2 F & T F25 (0.023£0.004) nm's 2= SUVA2s4 F1 SUVA2s0 230519 (1.97 +£1.57)
L'mg!m!fl (1.45+1.28) L'mg!m!, BF&STWZE (0.94+0.66) L-mg!-m!Hl (0.58+0.49) L'-mg' m
I, HA&4BHR, URI (2.08~5.59) . BIX (0.64~8.69) . HIX (0.08~5.56) FlFI (1.23~1.53) ¥R



BEFNZR (P>0.05) o Hir, 11 BIX AR TEERVEZER A SNEMASIEZ.
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Fig.4 Seasonally proportions of DOC fluorescence components in the Lake Lugu
VA DOC %6415 P WK 4 FoR, FEEZRE BER (X)) WZE L (7.51£1.50) %&ETF2 (6.18
£0.90) %, BEHRENETHELN (P <005 . AEEMAEVRIY VX)) £FKZ/KAE DOC 3
Moy (44.53~72.28) %, KEEERE (XD MPBEER AIXD P85 KT 1.50%. KHEHER (V
XD dteAEtRE, MFESREFPE G A (23.55£7.11) %1 (2327 £2.82) %.
VI ZE A R 2RI ] EEM-PARAFAC DA A#AT HA 1R %% 10 2 9% I I PR 85K Aex A Aem G0 5 BT
e W DOC BA 3 fEZR sy, HWREREFEERAMRE—H. WERS5REFERS 1 (CD KK
Fels o AL T A ex/ A Em=275/470 nm F L ex/ A Em=270/452 nm &b, FAEFHIRISHEE A4, sy 2 (C2)
[R5 JE08 73 AL T A ex /2 Em=310/402nm (FHZE) Fl Lex/AEm=215 (310) /410nm (BZ) , HE T
AR ZE IR -2, WS Ry 3 (C3) NEREEIRPY, HRHIEN T Ae/Len=295/340 nm
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