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Abstract ; Inland-water dissolved organic matter (DOM) plays a key role in global and regional carbon cycling. However,
DOM component and source characteristics in karst rivers have yet to be reported. Here we explored aquatic DOM during
rainy season in a typical karst river—Furong River. Three-dimensional matrix fluorescence with parallel factor analysis
(EEM-PARAFAC) was employed to reveal dominant components ( Cl1, C2 and C3) of riverine DOM. Spatial variability
and Spearman'’s correlation coefficients of optical parameters (SUVA,,,, SUVA,,, E2:E3, S, ., BIX, FI, Fil, HIX,
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Cl, C2 and C3) were analyzed. The results indicated that riverine DOC ranged between 1.08—3.89 mg/L. The DOC-
normalized absorbance coefficients (SUVA,,, and SUVA ) were lower than the other tributaries in the Yangtze River and
varied between 1.89—6.63 and 1.64—5.14 L mg™' m™" | respectively. This could be explained by the know “dilution effect”
during rainy season. Riverine E2:E3 and S, ., served as proxies for DOM molecular size, which exhibited the similar
tendency and were in the ranges of 0.85—3.25 and 0.002—0.012 nm™', respectively. Indeed, the concentrated rainfall
triggered soil flushing of high molecular weight (terrigenous) DOM, and appropriate ambient temperature caused the rapid
consumption of low molecular weight ( endogenous) DOM, which collectively led to the existence of high molecular weight
compounds but low E2:E3 and S, ,,, values. The PARAFAC deciphered 3 principal fluorescent components (i.e., humic-
like, tryptophan-like and tyrosine-like DOM) in the Furong River, accounting for (35.3£13.8)%, (33.5+11.0)% and
(31.2+£21.7) % of the total F

(% F ), respectively. This was consistent with most tributaries of the Yangtze River,
indicating that large contributions of biological processes were previously underestimated in karst rivers. Surface water BIX
and Frl represented the recently produced DOM from autochthonous sources, which were high (0.91+0.07 for BIX and
0.75—=0.94 for Frl) in the Furong River. Similarly, FI ranged from 2.14 to 2.39 and suggested a high potential in
endogenous inputs. However, relatively low HIX values (0.54+0.16) underlined low humification in surface waters. Human

activities greatly responded to DOM dynamics, and thus the highest F__ was observed in a densely populated town.

max

Meanwhile, the F,was also mediate by land use type, for instance, F values showed frequent fluctuations when rivers

max

flowed through urban and farmland. Humic-like DOM ( C1) abundance tightly linked to humification ( HIX ), while
tryptophan-like DOM ( C2) abundance was positively correlated with endogenous DOM production. This suggested that DOM
components and origins exhibited the consistent variability. This study revealed the homogeneity of ecohydrological

characteristics between DOM component, molecular size and origin in the karst river.

Key Words: karst rivers; dissolved organic matter; optical parameters; component and source; EEM-PARAFAC
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Bt BRI | oy — B R B A I 2SS SRR AR | L 3 o e 2 YR (AR B SR AR W UR (TR AR, 2 X
B AR K SGE R TGS MR R SRS W A R R IR, DOM A F AR
IR 5 (AN 75 SR R T 4 TR 45 ) 3k A, e L T iz | B AAEAE I Zh g L IR, T 9 DOM
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Fig.1 Location, land use and distribution of sampling sites in the Furong River, China
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HELERMES D N R RIS B K R R, A H R FER AR B E (9:00—12:00) K R4 (14 00—
18.00) , PREEAFE s i AT B KBTI T /K A SR B, 45 M S5 S A 55 . /K Ml S 3 & T i
Je YREEE T K LS RIS, R ARIE 10 km SRAERIRE . KB AT 0 22 KR (10—20 em) , (R 47T
50 mL B 100 mL 5% B 5 S SBPR , >R 88 I AT 204G 20 o 2 75 ™ [W) I 3kt O th IR T00 2 25 <, TH T ek
A B (DOC) 43 BT (FE A S S5 2 mol/L R AR R 1L

e FAL B . SRAE Y KA FH B S - 4R ( GE/F 47 mm, 0.45 pm, Whatman ) X JEKEEFEA TR BEAL B | IF4
TEVRRS BB LK I PRI Y 50 mL BE 100 mlL =% B R SIS RDI AT ANk AR 26 S 0 2s 28 SR, SR 2k
TAh B IS RE S AF LT 4°C VKA R O AE— FA LN IZ 26 2 S0 = i T

SEIGE AT R i DOC ¥ BE R F varioTOC cube select Sl 23 MY ( Elementar, {55 ) M & . £E4h-1] IL5%
TEFIF UV-1500PC 2L4M-AT WA G ( Macy , L) 78 200—700 nm ( [8]F% 1 nm) PR F 3, =4E506%
K—REFFEFE (EEMs) FIFH F-7000 26635 A0 2 (Hicachi, H AS) Ml Hi & (Ex.) #1248 S K (Em.) $1
FEYE 53971 200—450 nm ([B]F7 5 nm) F1 250—600 nm ( [A]fF 1 nm) .
1.3 SEESHOT

RS 8 T A E R XA # S K (SUVA,,, \SUVA,, \E2:E3 Sy 50 BIX FI Frl Al HIX) , H
IR ST BT EER 1,

&1 DOM XRESHITHE 7 ERIEMEIR
Table 1 DOM optical parameters and the corresponding calculation and description

28 i filiig

Parameters Calculations Descriptions

SUVA, = 2.303A(,,/ (L * [DOC]) %Ak SUVA 5k
SUVA, WEFRE/L mg™ m™ 5 A ) BB N IO 51
WEER A2 /m; [ DOC] A DOC ¥ /mg/L,

Wk Ay N F B A OE AR B N HRE D 254 nm il 280 nm
IF, 73 1 IO AL TR 2K F1 2 DOM. AT o 2 11

E2E3=A (350 /A (35) , %40 E2:E3 HIGHEZ s A 50

E2:E3 A (365 53 90 R 7R WK S 250 nm Rl 365 nm B B W WO HE AR, HAE S DOM M4 T i i S L2

M

Asso = Agge 0P A Ay I A sy 535 B Sy 290 FETERER XK X 8] 290—350 nm PN TS SIS, HEH 5
S 200350 o 350, o B 9 0 JE5 S IR AR T

F/nm™' :

Ex. 4 310 nm i, Em. £ 380 nm 1 430 nm Zb (2 638 B AA MRS /DT 0.7 RREEEA KT 128 A4 B A
BIx . g
. Ex. 4 370 nm A, Em. 7 450 nm F1 500 nm b A5 CaE B PEGH AL, ZME/N T 1.4 RBEIER A, KT 1.9 AN A
f Heff F: 5127

X 3 +,Em.7E 1 420— b iy - 25

o Bx. % 310 nm B, Em. 7 380 mn fl 420435 nn AEAFE) s seom 1w DOM £ BB BU RIS 5 25

PR E AR,

Ex.’& 254 nm HﬂL,Em.T'jE 435—480 nm Fi1 300—345 nm ALY " ok N T IE S [29]
HIX AR H FERACAS B RN T 4 GLOIK A A D SR 0 5

DOM . A f# A HLIT Dissolved organic matter; SUVA, R N BB BRUEAL IO 22X Normalized UV-visible absorption coefficient at wavelength
of N3 E2:E3 . OGBE FU{H Absorbance ratio; Sy 350 : YIS A% Spectral slope; BIX ; H ZEIHFE 4L BFiological index; FI. 9% tH5 %X Fluorescence index; Frl;
et FEFE R0 Freshness index ; HIX L JEBEALTE %L Humification index

EEM-PARAFAC T2 C 8 B AR 404 , 045 LA R 2238 . (1) EEMs (130 & b2 5 vn ke ; (2) AEfik
FRAFLIH; (3) FF 5 TR 7 2 Al (4) BEREE A1 BR; (5) ¥ 2 40 B 2k BGE 2 09 i 70 B, 4, EEM-
PARAFAC % 4% = B0 o045 5 S AR N (e KPS EERBE (F ) , T RAEEE 5 DOM S5 R ke H AR %)

A~ L[ 30
a0,

1.4 Stk
A B 10 IE 255304 - Kolmogorov-Smirnov test fz 5 , % 2P FH Levene's test #E175HIE HBEATFEIE
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OB BARHEAT B ARXTECE e . T DOC W JE J 24 B 50 (SUVA,,, SUVA,, (E2:E3 S, 5 Frl [FI BIX
A1 HIX) #3035 1 22 55201 K FH Mann-Whitney U test 5536, DOC K242 50 i A A Al Spearman 1 5¢ &
BYAE, EEM-PARAFAC FIH] DOMFluorvl.71 T HAf7E Matlab 2018a #4730 #Hr, SiitHET SPSS 19.0 #il
OriginLab OriginPro 2020b, i 4 % F H SigmaPlot 14.0 1 OriginLab OriginPro 2020b 5¢ A%,

2 EREH

2.1 R DOC K hh-n] WOt 24k
SAIE SRR DOC S8 Ah-1T WYG2EBB(SUVA, SUVA, E2:E3 I Sy o) W 2 iR, 4 S 507E
T 5 A RA B WG 2 57 (P>0.05) .

®2 FEETTHTHR DOC K DOM 50 -7T It 25255 % (8 TL 45 1E
Table 2 Spatial variations of DOC concentrations and DOM UV-Vis parameters in the Furong River

o7 1 H e/ ME R e S {E it 22
Positions Parameters Min Max Median Mean Std. Dev
F3 Mainstem DOC/ (mg/L) 1.08 3.85 2.89 2.65 0.85
SUVA,5,/ (L mg™' m™") 1.89 6.33 2.87 3.39 1.29
SUVA,g/ (L mg™ m™") 1.64 5.14 2.31 2.76 1.04
E2:E3 0.85 3.23 1.36 1.87 0.90
S100-3507 (nm™") 0.002 0.012 0.010 0.009 0.003
S Tributaries DOC/(mg/L) 1.48 3.89 2.58 2.54 0.85
SUVA,s,/(Lmg™ ' m™") 2.20 5.17 3.12 3.51 1.16
SUVA,/(Lmg™' m™") 1.83 4.05 2.53 2.85 0.92
E2:E3 1.08 3.25 2.66 2.25 0.93
S200-3507 (nm™") 0.007 0.012 0.011 0.010 0.002

DOC : % 4 7G HLB% Dissolved organic carbon

R DOC ¥ FEAE (1.08—3.89) mg/L Y il , 355 St P44 B2 73591 4 (2.65+0.85) mg/L H1(2.54+0.85)
mg/L, SUVA,., 78 T FSRK VR JE 58 5 25 (95 725 ) DOM BIAH X 32 88 | 2548 VT SUVA ., {75 (1.89—6.63) L
mg™' mYEE AR T HE KT SRR CY  RREHL, SUVA, /R T JE% T K4 b 8 115 2¢ DOM. 48 X 3=
FEP HAEBAR B T3 5 304 3R (2.76+1.04) L mg™' m ™ F1(2.8520.92) L mg™' m™', E2.E3 X It T DOM
AR F it (R 1) , HABAE (0.85—3.25) Ju I N Ak . ZEALAY, Sagpsso [AIFERAE T DOM AHXS 43 1 i H H.
A W R HAEAE (0.002—0.012) nm ™ W EIN, T 5 30 A B A %21 (P>0.05) ,

2.2 i DOM 51 1) EEM-PARAFAC %%

T DOM B/ A HA 23] 2% 5 (P>0.05,3 2) ,EEM-PARAFAC X 4 i A #E17 G0 11400, g i
FEITIE DOM SEMEHT T 3 T 2 ZEH 0 A A1, AN B R Ex. Al Em. AL 19568 W E 2 Fis

ALY 1(C1) B9 BRAE Ex./Em. =255/432 4b , Sy B0 80 () il 58S 7 b fik 0 > =S B (96.6+
24.3)au H i %W F G %F, ) }(35.3+13.8) %, 4y 2(C2) BAT 2 96, 7T Ex./Em. =230
(275) /338 4k B F FI%E, 53500 (97.8+24.3) a.u. F1(33.5£11.0) %, 1284015 {0 S R 169 16T 7Y
S AR P Y 3(C3) BFEOLIETE Ex./Em. = 254/306 Ab, HSF-2 F, 8K N (127.3+
162.1) a.uH%F, HB/INH (31.2221.7) % , BEBI & FE G B ZE R B A AN 5] SERTATSE s iRk g 32
Fih DOM 25 GRS A Tgese Y L BB UL, JERVTIRI K 1 DOM F= B340 55 1 2 i VRIS 78 A 2 K4
IR (O RRMER) LAY .

2.3 TS
SLAIE IR DOM 2240 ( BIX FI Frl A HIX) Q& 3 iR, & S8R BA B3E 123 8] (T 5 32
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Fig.2 Spectral characteristics of three components identified by EEM-PARAFAC modeling in the Furong River
DOM . i% A HLJE Dissolved organic matter; EEM —PARAFAC; = 4 %¢ Y6 4 [ 47 [ 743 #1 The combined excitation-emission matrix with
parallel factor analysis;R.U. ; $i 8 BA{i/ Raman units;C1;/84> 1 Component 1;C2; )14} 2 Component 2;C3; i} 3 Component 3

i) 25 (P>0.05)

FOLSEBIX Won T ASAKIR DOM By H A IRFRE (3£ 1) , 48 TL BIX {HAE(0.77—1.11) Ju il HFH)(E
J9(0.910.07) , UEBABE I & F AR IRIIXT DOM 3145 5Tk, FI FIFERAE T KRS B, 2L FIEAR L5
BUN(2.14—2.39) iZ45 IR T IR DOM BT 5 e l3e k. Frl A] LARAEFZE DOM BYAHXT s K/, B 5 5
BLA Dy AN 2 B R AR A O, S8V Frl fB7E (0.75—0.94) S, Horb AL 80h 0.86, HIX JE7R 1 /KK
DOM s AL R B, LB 5 SUVA,,, BA B 5656 R D) JE5 T HIX HAE (0.14—0.79) Yo [l , HoF {8k
(0.54+0.16) , PEHH S AL FE BE K, K AR DOM A RE R IR T K A= A= W WA 3

3 iTFig
3.1 MR HTEER R TR DOM R A4 1E

H AR DOM A7 8 2= B AR HA LA A IR R R R R RS A Lo = i TR
G151 B A AR T RIRA 1, 2 T YY) 6 78 3R AN 2K 14 R A AF R = B (SUVA L, R SUVA L 1) B4 EL
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Fig.3 Spatial patterns of DOM fluorescent parameters in the Furong River
MRLE LI FEUR R AEUR LA BIREEE T RE BRI A R A IME  25% G L T5% 43 L 5% 53 BL 95 % 431 BRI ES BEAH 5
DOM ; # fitPE A MLER Dissolved organic matter; BIX; [ 42 J 35 %X Biological index; FI; 2¢ Y45 34 fluorescence index; Frl; 7 f B 35 50 Freshness
index ; HIX ; JE 74 b 54X Humification index

ANEA W F W AR (P<0.05,% 2) o X 5T K VT Bz AR FT 4 AR Rl 53 DOC ¥k K
AN —E, AT DOM AT 4> T I (2. E3 Fl Sy oo fH) B T— S8 BGHFI R 7 % g SR B A L
TNPIFRETAE (1) TR RERROISER T W ST Re i K 326 20 1 S0 ki Y8 < 437 DOM (AN JE 5 53 ) 8% o il 328 A Tm]
i s (2) VI (B Z) 16 B AR BE RO IR AR (/N F DOM (AN 3£ AR ) 78 7K SCHivaz i 1 v ol o A W R i, 26
UL DOM Y4 S U A BAT B 45 R 254K (P>0.05) , UL BA K SCHiZ 9 WORTRG BEVE LRI ZL ) AT #E 35 T
DOM PN A= 77 F MR ARG X s 22 5 | [tk — 20 S8 7% 3% DOM. 2 AR Ay 45

[FEF , EEM-PARAFAC A LASRAETT i DOM AA7E S ARARAB I | i — 20K i s DX [ P 1 3222 DOM. #4)
B, FEARIL DOM A il 3 W2l or (1 2) B 1 2SRRI T B R 2 R 5 (B R R ) . X5
F [ B A T S A O 45 AR AL O SR TN DOM. B4 Ak S B FNAEAE B AR AR 38 R AN S B
Jo e 2 [ XE R A DOM, Sk~ vl A Tl Az vh /D B AR I A O, W5 HER 58 B8 M /Ny T DOM'T™ |
0 B R AN 245 B R /K A AR A AR T R (A HILSORIR, DR I i iz 3 A P ) i 2B R A SR A= 1k Sk JE L
B IS ISR B BRI K 5 /N F DOM R AE (L 2) I HOK A At i 3, X 5
e S X e A R A VR R SR IS A1 S5 FRERE /R T ZNRAR DOC W J2 T X B PN 5
U A D RRAE IR , T B A MU FICAH LA s P 54 4k, DA e LA B ) K A7 T A SR )
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3.2 MURIREHTRE TS DOM ke I fig B

PR AN A A S 2Rk R DOM [ FEZR IR Her eI DOM J2& Fh T 77 10 sl M ) 53 386 2% B9 38
FRUHETAE =7 5 — 5 T K Az A A AT 40 Bt % A7 LAY 5 ) FR B 35 K 00 5 b+ W sl Ry — 01 B2 9 DOM
POIEEST AN U] F23 a7 A) wr il B3 9 A4 ey /K — 3 B B 2R DOM 48 A3, th T HIZ2 A B
JERE A DOM, FE8UME DOM £ & —2 RA-FAaHLY . JE8 T BIX {H (& 3) Bt /4K DOM [
BHAFAE TR H R 35 (R 1), X5 AR MR sk A BRI 22 32 5 A b e 00 i X
WA A — e R L ARA, P (A B s 52U A AE R DOM RS (FI>1.9) IRl RE 324 13X — 4 (&
3), Frl (HFRAR MR EA B R B H A MR DOM HL R, SERi i o8 R BB AE DOM & e 8% A4E w4k b Tl
Y R EOE AR AR DOC MR PR 4 A= W e AL AR T L B I 3, 2625 VG Sl AL AR B AR (HIX <4) L {H
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Fig.4 The conceptual framework of DOM dynamics in the Furong River (the dotted line indicates a hydropower station )
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