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Migration and Transformation of '-Dissolved Organic Matter in Karst Water

Systems and an Analysis of Their Influencing Factors
ZHANG Lian-kai""** | LIU Peng-yu', QIN Xiao-qun', SHAN Xiao-jing”*, LIU Wen’, ZHAO Zhen-hua’, YAO
n®, SHAO Ming-yu''’

(1. Key Laboratory of Karst Dynamics, Ministry of Land and Resources & Guangxi, Institute of Karst Geology, Chinese Academy of
Geological Sciences, Guilin 541004, China; 2. Key Laboratory of Karst Ecosystem and Treatment of Rocky Desertification, Guilin
541004, China; 3. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550081, China; 4. School of Environmental Science and Engineering, Qingdao University, Qingdao 266071, China;
5. Shandong Provincial Geo-mineral Engineering Exploration Institute, Ji'nan 250014, China; 6. School of Environmental and Planning,
Liaocheng University, Liaocheng 252059, China)

Abstract: Fluorescent substances are used as good tracers in dissolved organic matter (DOM) to identify the source of DOM and its
geochemical behavior in a hydrological system. However, there are few studies on the karst aquifer system. Many parameters in karst
systems affect the DOM spectral information. A typical karst watershed in Northern China was selected in this research. Excitation-
emission matrices ( EEMs) , parallel factor analysis (PARAFAC), and hydrochemical data were applied to reveal the relationship
between the composition and transformation of DOM fluorescent substances in different karst water-bearing spaces. The source of DOM

and the effect of water chemistry on DOM transfer were also discussed. The results showed that DOM in exogenous surface water and
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karst surface water in the Yufu River watershed were mainly composed of tryptophan-like substances, while the DOM in shallow karst
water and deep karst water consisted of tryptophan-like and tyrosine-like substances. A comprehensive analysis by fluorescence index
(FI), biological index ( BIX), and humification index (HIX) displayed that the DOM in shallow and deep karst water resulted from
microbial decomposition. In contrast, the DOM in karst surface water and exogenous surface water resulted from land-based input and
endogenous microbial decomposition, in which endogenous contributions occupy a large proportion. Due to the chemical parameters of
karst water, these three kinds of fluorescent substances extracted by PARAFAC had obviously different characteristics, i. e. , (D the

2+

tyrosine-like substances had a strong adaptability to Ca™" and HCO; , and the proportion of the tyrosine in karst water was relatively

large; @ the tryptophan substance followed an opposite trend; and @) there was a significant positive correlation between fulvic acid
and TDS, turbidity, Cl~, and SO;~. Observations of the watershed runoff revealed that the DOM in shallow karst water in the upper
reaches came mainly from the soil and microbial degradation. The organic matter underwent a large amount of microbial decomposition
and exogenous input when the water was rejuvenated with springs. After infiltration to the deep karst water in the lower reaches, the
DOM gradually were converted to low aromatic hydrocarbon organic compounds and decreased macromolecules of DOM. Subsequently,
the fluorescence intensity was weakened. The principal component analysis (PCA) extracted three principal components. They were
the water mineralization index, soil leaching index, and hydrochemical/biochemical process index. The water mineralization index
consists of hydrochemical parameters reflecting the water infiltration, transformation, and flow conditions in the karst system. The soil
leaching index contains TOC, NO; , and protein-like indicators relating to the relationship between protein-like substances and soil and
natural leaching. The hydrochemical/biochemical process index is composed of Ca**, HCO; , FI, and fulvic acid indicators that
illustrate the water chemistry and biochemical processes in the karst water system. In addition, the study also showed that total
fluorescence intensity, fulvate-like substances, and protein-like substances can be used as a tracer for rapid seepage, transformation,
and aquifer fragility for karst water, respectively. The results of the study are important in understanding the biogeochemical (ycle of

DOM in the karst water system and also helpful for controlling organic pollution. It also provides a new tool for (hdrste‘rlzmg the

geochemical processes of organic matter in karst system. / i I

Key words: karst catchment; karst aquifer system; dissolved organic matter (DOM); three-dimensional fluorescénge é-pt;étmscopy;
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Table 2 Fluorescence characteristics of the three fluorophores in water indentified by the PARAFAC model

E RN K/E, KK

B s Al — —
- RB5E SCHRAE
275/310113
S FE P R4S iR .
Cl o 7‘%.' [%?‘@‘ . 300(245) /345 275(220) /315130
Tyrosine-like, protein-like 31 321
270 ~290/300 ~32013"°
KEAOEAR 275,340 13- 33, 3]
c2 Protein-like <225(275) /340 .
(tryptophan-like) 270 ~290/300 ~ 35003 321
240 ~270/370 ~ 44032
235 ~255/410 ~ 45003
i X B 4
c3 SO LR 235/414 235 ~255/410 ~ 45003

UV-Fulvic acid

230/430134]
260/380 ~ 460!

(290 ~310 nm/370 ~420 nm) , PEIA g i 2 A I 1)
JEE BT 43 AR FOBOR K IR T 1% e 1 I
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S DOM 10 1Y) 5 7% 22 IR 3 A 46 5 B 1k 1)
ek, EHUBE R, ThREH anpk AL | R AL | oAk
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Fig. 3 The 3D-spectrum of fluorescence components of DOM in representative samples
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DOM 7K ARG il A= PR IR (IR, BIX ik
PN 310 nm b, KK 380 nm Fl 430 nm
R BYTEEEREE HLME. BIX > 0.8 F8/R R N Tk
PR T AL 48 FR (humification index, HIX) #5758
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Fig. 4 Characteristics of DOM fluorescent substances

for different types of water
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Table 3 Fluorqscen(e mleffsny of DOM fluorescent at dlfferenl sampling points

eeiom P 5 et AR ) HHxT 9%
¥ 7 ‘ Cl @ ' 50 JinFn Cl1 2 3
T F ™ Y01 0. 00 107. 31 1.79 109. 09 0. 00 98.36 1. 64
J Y02 9.20 48.38 3.19 60.77 15. 14 79. 61 5.24
Y04 116. 84 40.31 2.07 159. 21 73.38 25.32 1.30
RIBAEWK Y06 72.20 75.23 1.12 148.55 48. 60 50. 64 0.75
Y08 128. 00 105. 30 4.32 237. 61 53.87 44.32 1.82
Y13 0. 00 94.78 3.82 98. 60 0. 00 96. 13 3.87
Ty 54.37 78.55 2.72 135. 64 31.83 65.73 2.44
Y03 0. 00 129.20 9.58 138.79 0. 00 93. 09 6.91
AR K Y07 2.33 59.93 4.50 66.77 3.50 89.76 6.75
T 1.17 94. 56 7.04 102. 78 1.75 91.43 6. 83
Y05 8.62 52.95 4.07 65. 64 13.13 80. 67 6.20
Y09 1.79 101. 34 4.19 107.32 1.67 94. 43 3.91
Y10 2.39 93. 10 11.70 107. 19 2.23 86. 85 10.92
Y12 6.10 133. 08 12.24 151.42 4.03 87. 89 8.08
UK Y14 1.39 123.25 13.52 138. 16 1.00 89.21 9.79
Y16 0. 86 123.74 13. 31 137.92 0.63 89.72 9.65
Y19 11.38 123.55 19.71 154. 64 7.36 79. 89 12.74
Y20 10. 55 146. 06 20. 65 177.27 5.95 82.40 11.65
1y 5.39 112.13 12.42 129. 94 4.50 86. 38 9.12
Y15 3.26 61.81 3.99 69. 05 4.72 89. 51 5.77
VR K Y17 6.45 92. 07 7.14 105. 67 6.11 87.13 6.76
Y18 9.49 34.56 3.68 47.73 19. 88 72. 41 7.71
Ty 6. 40 62. 81 4.94 74.15 10. 24 83. 02 6.75
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