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Dissolved organic matter composition and key regulatory factors in headwater

rivers on the Qinghai-Tibet Plateau
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Abstract; Dissolved organic matter (DOM) plays a important component in river ecosystems, and its concentration and
composition changes are closely related to ecosystem functions. This study focuses on 27 Strahler 1st order headwater rivers
in the Longcanggou Basin, located in the eastern edge of the Qinghai-Tibet Plateau. We utilizes DOM fluorescence
characteristics to represent component features of DOM, and investigates the geographical characteristics, climate
characteristics and water chemical characteristics of each river to explore the key factors controlling DOM concentration and
composition in headwater rivers. The results indicated that the concentration of dissolved organic carbon ( DOC) ranges from
0.35 to 1.50 mg/L, with an average value of 0.85 mg/L. In addition, the average values of fluorescence index ( FI)

demonstrated an average of 0.91 for agriculture group and 1.11 for forest group, while the average ratio of tryptophan to
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tyrosine ( Trypto/Tyro) is 0.76, and the average value of the freshness index 8/« is 0.61. These specific measurements and
indices collectively indicate a state of limited bioavailability for proteins and a correspondingly low level of microbial activity
within the studied river ecosystems.. The results showed that as altitude decreases, the DOC concentration of rivers
decreases, along with a decrease in allochthonous components of DOM, while microbial activity increases (with statistical
significance at P<0.05). The results further revealed significant positive correlations between FI,8/a, as well as Ca™*/Mg™*
and the concentrations of NO;( P<0.05). The components of DOM exhibit a stability to alterations in topography, watershed
area, and various climatic factors, with statistical analysis demonstrating a lack of significant influence ( P>0.05). Stepwise
regression analysis reveals that elevation, slope, temperature, pH, oxidation reduction potential, DOC concentration, Ca’"/
Mg and NO; concentration all have a significant effect on DOM components ( P<0.05). Furthermore, structural equation
modeling results indicated that Ca®/Mg”* and the concentration of NO; are the primary environmental factor driving the
altitude—related variation of DOM quality in the Strahler 1st order headwater rivers. Based on the above analysis, as the
altitude decreases, intensified rock weathering and increased human activities lead to an increase in NO; concentration,
altering the water chemistry and improving the quality of DOM components. By elucidating the spatial variation and key
environmental factors influencing river DOM, this study significantly contributes to our understanding of the organic matter
metabolism processes in headwater rivers. It provides valuable insights into the ecological dynamics and environmental

factors shaping DOM characteristics, thereby aiding in effective management and conservation strategies for river ecosystems.

Key Words: headwater river; dissolved organic matter; environmental factors; human activities; rock weathering
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Fig.2 Sampling site locations in the Longcanggou watershed
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JENR (Whatman GF/F 3 [5) #3873 =My, — By BRI R 2 pH <2 J5 O/ AF THE S b T BB 5 0 b, — 103
B i 2 R T BA BS T 4387, 53—y 54T DOC ¥R BE FIZECHE B0 AT, T KR O CARAF
1.3 KBS HEE
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EJFEHLAL(ORP) o TESEER 2, SR L B & 45 B8 71K J5L 1 & S35 125 (IRIS Intrepid 11, SE[E) W 5E BH B 1
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1.4, R B AR H DOM 4155 MAMNEMEE S Trypto/Tyro #1{E K 0.76 , Ui B & 5T R4 A R 3 A1
(>0.5 FHARME AR 1 BT LU BIEC R ) BB BE 82 B/ o 1E R 0.61 , R A YT AR

R1 BEREAVNYESGITHERER

Table 1 The descriptive statistics of dissolved organic matter

] . . Rl 22 BREH
2 Rl M T i =
. . .. Standard Coefficient of
Indices Maximum value Mininum value Mean value . .
deviation varliation

TSI
FICHRHLA . 1.53 0.53 0.91 0.22 0.24
Fluorescence index-A
SRR T
OLERE 1.61 0.79 111 0.17 0.15
Fluorescence index-F
S S A e R A T
?@ﬁﬂ@&/%’@@%éﬂ@x 1.37 0.44 0.76 0.22 0.29
Tryptophan/Tyrosine

A
@ﬁﬁﬁ 12.85 1.97 6.32 2.72 0.43
Humic A
}@Wﬁ@i‘c 12.86 2.31 6.46 2.52 0.39
Humic C
JE AR R A
Humification index-A 1519 0 1.47 3.00 2.05

Cxr
}fi‘fﬁﬁﬂﬁ’aéﬂl . 3.27 0.01 0.44 0.62 1.43
Humification index-F
ik PR AL

1.2 .1 .61 . .

Freshness index B/« 0 0 0.6 0.36 059
B Aa M . DOC
FRAREEATBLIR DOC 1.5 0.35 0.85 0.36 0.42

Dissolved organic carbon/(mg/L)

2.2 DOM 41435 BRAN M R K 7] 56 5
AE PR R A, W] 1k 59 655X FI-A FI-F Trypto/Tyro , B/« Humic A [HJf£7E B &AM (K 3),
TR AR5 2% F DOM H7r 25000 WA CHE (K] 4) o ARAUR (8RR &R T, KRR S FI-A FI-F
Trypto/Tyro , B/a A . IEASC, /KI5 Humic C .35 IEAHOC, AR Bl OEIRERE 52 A DOM 413 K 7 .
FACME(EL4)
2.3 DOM #4535k 4b#E R ZE EOC R

AFEKACAERZE A, KR N B S F NOS W5 FI-A [ FI-F | Trypto/Tyro, B/ [R5 B 3 IE A ¢, Ca®/
Mg™ 5 FI-A FI-F | B/c [0) i 3 IEAHSE, (Na* +K* ) /Ca™ 5 FI-A FI-F | B/« [8] i & A0, Na'5 FI-A FI-F &
FIEHSE, S0 5 B/a [EFFZER 1, T KT Mg® [Ca® Ca® +Mg® Hl CI™ 5 & Fh DOM 4435000 .35 M0 e
(K4),

DOC ¥ 54k 2 A B E EA 6, 5 B/a FI-A FI-F B 7 AH%, 5 Humic A Humic C EEA X,
Mt4g 3R Chl-a 5% DOM 453 F IR EM XM, pH 5 B/ WEIEAK, 5 Humic A Humic C [/ 77E
WEFAMIE, EC 5 FI-A FI-F [B 4778 23 EAHSE, i DO F1 ORP IS 54 Fh DOM 414y K ¥ JC . 35 #H 5 1
(E4),

2.4 DOM A3 52 K 2 5B

YR AL [ 45 5 (22 2) |, Trypto/ Tyro Z AN, FI-A Fl FI-F 5% Ca® /Mg Fll NO; ¥ FE 5210, Humic A
3% pH FEALE JFUHL A B0, Humic C 32 DOC #kJE (Ca®/Mg® .pH S0, B/a % NO; I Ca® /Mg® $40,

ST B A SE R ATE5H ) RRARL AT, 25 R B, DOM 4170 S8 FI-A FI-F il B/a 3% Ca®*/Mg™ i
NO; E 8T A2 AR (2R Mk B 2@ T Ca>/Mg™ #l NO; P85 FI-A (FI-F Fl B/a (& 5) .
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Fig.3 Linear relationships between DOM and altitude
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Fig.4 The heat map of correlation between DOM quality and environmental index
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Table 2 Stepwise regression analysis between DOM and water quality in river
PRI 7% Jife W% R 7 p
Dependent variable Model Adjust R-squared
—
A . y=0.39+0.15%a( Ca®*/Mg>* ) +0.01xa( NO3 ) 0.641 0.000
Fluorescence index-A
e ek
JOLHREF . y=0.69+0.11xa( Ca>*/Mg** ) +0.09xa( NO3 ) 0.643 0.000
Fluorescence index-F -
Ko TR KRR TR
ROAR KRR y=1.56-0.001xa( ALT) 0.202 0.016
Tryptophan/Tyrosine
Lt T LK
%ﬁﬁg*ﬁﬂ y=-0.11+0.02xa( NO3 ) +0.16Xa( Ca®*/Mg*") 0.435 0.001
Freshness index B/« h
R BT A
ﬁfmijA y=51.43-4.54xa(pH) -0.01xa( ALT) +0.043xa( Ca?* ) -0.11xa( EC) 0.746 0.000
C
ffizﬁc y=24.63+4.47xa(DOC) +1.33xa( Ca**/Mg** ) -2.33%xa( pH) —=0.01xa( ALT) 0.798 0.000
JEFHALTRE A NA
Humification index-A
JESHALAR R ¥ NA
Humification index-F
a(Ca™ +/Mg™ ) GEE B FIRBEZ L ;a(NO3 )  PRAR VR BE ; a (ALT) MG 3R 25 a(pH) TRIBE ;a(Ca®) " 4GB FIRE;a(EC) : FL T % a
(DOC) i At PEAT MUBK R BE s NA : Not available, FRWIRIAR it ok A HA IR 45 R 9820 ]9 Jr 2
Altitude Altitude
—0.625%** —0.625%**
—-0.499* -0.499*
0110 cemg [P Noy ~0.008 caMgr U3 Noy
0.639%** R?*=0.679 0.635%**
0300% n=24 0.414%*
CFI=1
- FI-F 2 —
FI-A RMSEA =0 f: 23‘674
SRMR =0 CFl=1
Altitude RMSEA =0
—0.625%%* SRMR =0
-0.414%
-0.135
-0.124 Ca?*/Mg?* NO;~
" =0.492
0.407%  ,_ oy
Pla CFI=1
RMSEA =0
SRMR =0

Vel b B ) SR S AR B AR 2R B, 7 Sk A KL A0 2 8 R DS AR B 1 R0
s FEAREL; CFL: HER LA 7545 RMSEA

Square ;

* P<0.05; ** P<0.01;

3 g

AT R L
#% % P<0.001

Bl 5 DOM A& RER
Fig.5 Structural equation model of DOM quality
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