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ABSTRACT 

Fluorescence excitation-emission matrix spectroscopy (EEMs) has become a very popular technique in characterization of aquatic 

dissolved organic matter (DOM) coupled with a parallel factor (PARAFAC) model, denoted as (EEMs-PARAFAC). This research 

addresses the poorly researched relationship correlation between dissolved ions and fluorescence in a natural water environment. 

The relationship between the EEMs-PARAFAC components and ionic composition was studied in freshwater lakes, rivers, and 

seawater from locations in China. The natural water environment is different from a simulated environment having a fixed ionic 

composition. We used electrical conductivity (EC) to reflect the ionic strength as an indicator to evaluate the relationship in a series 

of water bodies. Results show that the EC generally had a positive correlation with DOM in natural water environment, but no 

correlation was found with water from the highly saline Yellow Sea. The Chaohu Lake samples contained one component having a 

significant negative correlation with EC, i.e., r > 0.6, p < 0.05, while other surface waters contained components having both positive 

and negative correlations (r >0.5, p < 0.05). The negative correlation with EC also highlighted that humic acid-like components and 
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protein-like materials (c1-c3) were positively correlated with DOM, while the protein-like component (c4) was negatively correlated 

with DOM. The EC equation proposed provided a good fit with the EC values of surface waters. The use of EC would be a useful 

and rapid method for analyzing the variation in the fluorescence component and its effect on water quality. This study highlights the 

need to account for variation in EC when assessing EEMs-PARAFAC of natural waters.  

KEYWORDS: surface water; natural organic matter; electrical conductivity; excitation-emission matrix spectroscopy; parallel 

factor model 

  

1 Introduction 

Dissolved organic matter (DOM) is an important component of aquatic environment which comes from the decomposition of 

organisms and from the synthetic activities of microorganisms [1, 2]. It can be fractionated into variables such as humic acid (HA) 

and fulvic acid (FA) molecules [3, 4] and plays a significant role in the function of water ecosystem. For example, it is provides a 

mechanism for the migration of a variety of substances (such as potentially toxic elements, nanoparticles, ions, nutrient elements), 

causing nonpoint source pollution [5-7], and can also be transformed into thousands of carcinogenic byproducts during water 

disinfection [8, 9]. Many characterization techniques have been developed [10-12] to investigate these behaviors, such as the 

Fourier-transform ion cyclotron resonance (FT-ICR) mass spectroscopy [13], mass spectrometry (MS) [14], homo and hetero-

correlated multidimensional nuclear magnetic resonance (NMR) spectroscopy [10], X-ray photoelectron energy spectroscopy (XPS) 

[15], UV-Vis spectroscopy (UV) [11] and excitation-emission matrix spectroscopy (EEMs) [16] . These methods have greatly 

improved the ability to recognize the characteristics of DOM. However, it is still a challenge to analyze the complexity and 

heterogeneity of DOM and how to detect it quickly. Among them, UV and EEMs spectroscopies are the simplest operational methods 

since they have no complex steps in the pretreatment of samples. UV is an important reference index for water quality analysis, 

such as the absorption value at 254 nm (UV254). Unlike the UV254, EEMs can trace the origin of DOM which is difficult for UV, 

and identify the components and relative concentrations of organic matter qualitatively and quantitatively [12, 17]. EEMs has 

established a correlation with a variety of water quality indicators [12, 18], such as chemical oxygen demand (COD), dissolved 
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organic carbon (DOC), and biochemical oxygen demand (BOD). Little is known of correlation potential of electrical conductivity 

(EC) and fluorescence.  

 

The influence of the water matrix is rarely considered during EEMs analysis. Natural waters include varying quantities of dissolved 

cations (e.g., Mg2+, Ca2+, Na+, K+) and anions (e.g., Cl−, SO4
2−, NO3

−, HCO3
−) which can interact with the natural organic matter 

(NOM), resulting in the potential to create an abundance of inorganic or metal organic salts [19-22]. Among them, calcium and 

bicarbonate are of great importance in the total dissolved solids in many fresh surface waters [23]. The optical fluorescence 

properties of DOM are predominantly from conjugated double bonds and aromatic rings under visible and ultraviolet light radiation 

[24]. Both metal and nonmetallic ions can affect fluorescence activity including quenching and signal enhancement [25, 26]. For 

example, Ca2+ and Na+ both important components of natural waters have a significant influence by reducing the HA’s fluorescence 

through individual or combined interactions with other ions [12]. The variation in ionic composition and known influence on 

fluorescence intensity should be of concern in applying the technique to monitor water quality. It is feasible that by establishing a 

good relationship between the ionic composition of water and the fluorescence of DOM as well as other related parameters a simple 

method for water quality monitoring can be developed. However, in the surface water environment, the variability of ionic 

composition and the multiple potential interactions has not been evaluated comprehensively in relation to its influence on the 

fluorescence of DOM.  

 

The EC of the solution is characterized by the ionic contribution of the electrolyte dissolved in water, which is directly proportional 

to the salinity that is an important index of natural water. Salinity is usually calculated by the primary cations (Mg2+, Ca2+, Na+, K+) 

and anions (SO4
2−, Cl−, CO3

2−, HCO3
−). The total content of main ion components in natural water accounts for almost all salt 

content. Therefore, the EC is often proportional to the concentration of ionic species in water but depends on the water characteristics 

[27]. The molar conductance of main ions in natural water decreases in the order of K + > Ca2 + > Mg2 + > Na + and SO4
2− > Cl− > 

CO3
2− > HCO3

−, indicating that different ionic composition can lead to the change of EC [27] which led to changes in the 
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fluorescence signal for DOM [12]. However, the effect of ionic composition in a complex surface water environment has limited 

study even though this feature has marked effects on a number of aspects of water treatment. Little is known about the effect of 

ionic composition on optical properties of DOM. For a reverse osmosis membrane, the EC test is an important parameter to evaluate 

performance of the membrane and membrane fouling is closely related to the fluorescent components of DOM [12]. If the 

relationship between EC and DOM does exist, it is of great benefit to the understanding of membrane fouling behaviors. Also, EC 

has relationship with other water quality parameters can be explored through the bridging role of DOM fluorescence properties. For 

example, specific DOM species are closely related to the generation of disinfection by-products during water chlorination [28, 29]. 

A simple scheme as shown in Fig. 1 express the significance of the relationship. 

 

Fig. 1 A simple scheme to express the potential significance of the relationship between EC and fluorescence. The previously 

unrecognized relationship between fluorescence and those ions as expressed by EC was highlighted in this study.  

 

In recent years, the coupling of EEMs and parallel factor (PARAFAC) has led to the EEMs-PARAFAC model, which has become a 

popular technique for analyzing the DOM of surface water and in water treatment processes [12, 30, 31]. In this study, the correlation 
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between EC and the EEMs-PARAFAC model fractioned aquatic DOM of the Xiangjiang River was analyzed, including not only 

the NOM filtered by 0.45 μm membranes, but also those components filtered by the 30 kDa and 10 kDa ultrafiltration membranes. 

This was further assessed in different water environments from locations across China. 

 

2 Materials and methods 

2.1 Sampling sites 

Our sampling sites were fixed along Xiangjiang River, located in Xiangtan City, Hunan, China. Analyses of water quality parameters 

were collected from November 2018 to March 2019. The Xiangjiang River is the largest River in the Hunan Province and an 

important drinking water source, flowing through the city’s center with its direction fixed from south to north. Fig. 2 shows eight 

distributed sites labeled as numbers from 1 to 8. Site 1 was the drainage outlet of the sewage treatment plant in Xiangtan City, Site 

2 drained Xiangtan City’s industrial areas. Sites 3 and 4 were located at the junction points of the Xiangjiang River with its Lianshui 

and Juanshui tributaries, respectively. Site 5 was fixed on the Xiangjiang River’s upstream area. Sites 6 and 7 were located in 

Xiangtan City’s central area. Site 8 was located downstream. Analyses of water quality parameters were collected from November 

2018 to March 2019. 
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Fig. 2 Eight sampling site locations along the Xiangjiang River in Xiangtan City, Hunan, China. Arabic numbers represent sampling 

sites 

 

2.2 Water collection 

Water samples were collected during a five-month period from eight sampling sites located along the Xiangjiang River in Xiangtan 

City, China. Glass bottles with TFE-lined screw caps were used for water sampling. Prior to use, the bottles were soaked in 1 M 

HCl solution overnight and then rinsed with an ultrapure water. The samples were transported to laboratory for treatment within 24 

hours. Background water matrix measurements included UV254, EC, dissolved oxygen (DO), pH value, temperature and dissolved 

organic carbon (DOC). The EC values at measured temperatures were incorporated into the test values at 25 oC. The UV254 was 

measured on a TU-1901 UV-visible spectrophotometer (Purkinje General Instrument Co., Ltd., Beijing, China). Water quality 

parameters were analyzed after the samples were filtered through a membrane (pore size = 0.45 m, 30 kDa and 10 kDa). pH and 

EC were measured using an Ohaus Starter ST 2100 pH meter and an Ohaus Starter ST10C-C conductivity meter, respectively. The 

DO concentration was determined using a Huanyu JPB-607A portable dissolved oxygen meter (Shanghai Precision and Scientific 
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Instrument Co., Ltd., China). In other aquatic environments, only pH, temperature, and EC values were tested. The DOC was 

measured using an Elementar Vario MICRO Cube (Elementar Analysensysteme GmbH, Germany), respectively. 

 

2.3 Excitation-emission matrix spectroscopy (EEMs) measurement and analysis 

EEMs of DOM of 0.45 µm, 30 kDa and 10 kDa membrane filtered water samples were tested using an FL-4600 fluorescence 

spectrophotometer (Hitachi High Technologies, Tokyo, Japan). A molecular weight cut-off of 30 kDa, 10 kDa, and 3 kDa for 

ultrafiltration membranes was conducted using a 300-ml MSC 300 ultrafiltration cup (Shanghai Mosu Science Equipment Co., Ltd., 

China) under a nitrogen pressure of 0.1 MPa with a magnetic stirring speed of 100 r/min. After water samples permeated the 

membrane, the filtrates were collected for quality measurements using an ultraviolet light at 254 nm (UV254) to measure the 

intensity of attenuated light to obtain the absorbance per path length (abs/cm) and a dissolved organic carbon (DOC) analysis method. 

The excitation wavelengths and emission wavelengths were fixed from 200 nm to 400 nm in 2 nm steps, and from 200 to 500 nm 

in 3 nm steps, respectively. The fluorescence intensity of an ultra-pure water as a blank sample was subtracted. The Rayleigh and 

Raman scatter were removed following the reported procedure as found in [32]. A preliminary experiment ensured it did not cause 

the internal filtration due to the DOC variation among samples using dilution. The corrected EEMs data was fractioned into different 

components using the PARAFAC model [33]. The split-half analysis was used to identify the best number of the factors. The 

maximum fluorescence intensity (Fmax) of each derived component was used to evaluate quantitative and qualitative differences 

between samples. Their correlation with EC was evaluated using correlation coefficient (r) with p-value. The EEMs-PARAFAC 

model analysis was performed on MATLAB using the N-way toolbox. 

 

3 Results and discussion 

3.1 Water characteristics 

Water characteristics included UV254, EC, DO, pH, temperature and DOC with average values of 0.06 cm−1, 480 μS/cm, 10.03 

mg/L, 7.45, 13.43 oC and 4.22 mg/L, respectively. The average 100 times ratio of UV254 to DOC as an SUVA was 1.4 (cm-1.L/mg). 
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The results of DOM EEMs of upstream river site 8 and DOM EEMs of downstream site 5 are as follows: Both the upstream and 

downstream river water had fluorescence characteristics (see Fig. 3a-b), primarily including typical fluorophores of humic acid-like 

material, protein-like material and fulvic acid-like material. These components are often found in aquatic environments such as 

wastewater [34], river water [35] and drinking water [36]. Each category can be divided some other subclasses. According to 

fluorescence region integration (FRI) developed by Chen et al. [37], these EEMs regions were divided into five parts : I) aromatic 

protein-like materials, II) aromatic protein-like materials, III) fulvic acid-like materials, IV) soluble microbial metabolites, and V) 

humic substance-like material. The average intensity ratios of the above fluorescence fractions on upstream DOM to downstream 

DOM were 1.05 for I, 1.36 for II, 0.86 for III, 1.77 for IV and 1.17 for V. These fraction ratios showed higher values except for III. 

The aromatic protein-like materials and soluble microbial metabolites showed higher ratio values. As shown in Fig. 3c, the EC 

variations of all samples for each time measurement were relatively stable with the downstream site 1 and site 8 having higher EC 

values. Upstream EC values were relatively lower. In addition, at the intersection of water sources site 3 and site 4, higher EC values 

were recorded. 
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Fig. 3 Results of three dimension excitation-emission matrix spectroscopy of DOM: (a) DOM of upstream river site 8, (b) DOM of 

downstream site 5, and (c) EC distribution of all sample sites after measuring five times during 2018-2019 year. The Roman numeral 

colors represent five categories of EEM data: I) aromatic protein-like materials, II) aromatic protein-like materials, III) fulvic acid-

like materials, IV) soluble microbial metabolites, and V) humic substance-like materials. Signatures of four EEMs-PARAFAC model 

components a-d, denoted as c1, c2, c3 and c4, respectively. These components were identified in 40 filtered waters samples using a 

0.45 μm pore size membrane. Contour plots show the spectral shapes of excitation and emission-derived components (d-g). 

Excitation (Ex.) is shown as a dashed line, and emissions (Em.) is shown as a solid line representing loadings (h-k). 

 

EEMs-PARAFAC-based assessment of DOM in natural and engineered systems has been a high priority and a potential assessment 

method has been investigated [38]. Fig. 3d-g shows four EEMs-PARAFAC-based independent components (denoted as c1, c2, c3 
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and c4), respectively. Fig. 3h-k show their spectral loadings, corresponding to c1-c4 components. It shows the excitation (denoted 

as Ex) and emission (denoted as Em) loadings for each component, which were obtained from EEMs-PARAFAC models on random 

halves of the data array. The c1 exhibits an excitation maximum at a wavelength of 266 nm and a secondary excitation peak at 338 

nm with a maximum emission at 446 nm, which has been classified as a high-molecular weight hydrophobic humic acid-like 

fluorophore [39]. The c2 shows two excitation maxima at 244 and 304 nm with a single emission maximum at 386 nm, which has 

been identified as an intermediate molecular weight fulvic acid-like fluorophore [39]. The c2 is marine and terrestrial humic material 

resulting from possible microbial reprocessing, while c1 is a terrestrially-derived component [40]. The c3 had two main excitation 

maxima at 232 nm and 274 nm, with an emission peak at 338 nm. They all resemble protein-like structures similar to high-excitation 

wavelength tryptophan acid-like materials [40]. The c4 had the stronger peaks at lower excitation wavelengths of 222 nm, with 

characteristic emission wavelengths (nm) ranging between 300 nm and 450 nm, which typically represent low excitation wavelength 

tryptophan acid-like substances [41]. 

 

3.2 Correlation coefficient of components and EC 

We tested the EC correlation with components of the Xiangjiang River. Fig. 4 shows the plots of EC vs. fluorophores filtered by a 

0.45 μm pore size membrane (p < 0.05). It showed that the r values between EC and components (c1, c2, c3 and c4) were 0.54, 0.76, 

0.67 and -0.65, respectively. The positive correlation occurred between EC and the components c1, c2 and c3, as well as the negative 

correlation between c4 and EC. The r value between EC and c2 was the best, followed by c3, and finally c4 and c1. Overall, two 

kinds of correlation characteristics show that both positive correlations and negative correlations can co-exist in the water 

environment. 
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Fig. 4 Results of plots of EC vs. EEMs-PARAFAC model components of dissolved organic matter samples. The results showed that 

three components were positive correlation with EC and one component was negative correlation with EC. Statistical results showed 

that the p-values for correlation of Fmax with EC values are lower than 0.05 for all plots.  

 

3.3 Correlation result of other membrane fractioned DOM components and EC 

The EC values of 0.45 μm, 30 kDa, and 10 kDa filtered water samples and raw water samples are almost the same. The standard 

errors were lower than 0.013 μS/cm. This shows that it is difficult for ultrafiltration membranes with 30 kDa and 10 kDa to retain 

ions, and the total ions of raw water influenced the whole filtered samples with different-size membranes ranging from a 0.45 μm 

membrane to a 10 kDa membrane. EEMs of water samples filtered by different membranes show similar shapes. Quantitative 

similarities for molecular weight fractionations were analyzed using uncorrected matrix correlation (UMC) as shown in Table 1. 

Uncorrected matrix correlation evaluates the degree of similarity between two-component fluorescent mixtures through the sum of 
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the eigenvalues of the m x n matrices using the following equation [42, 43]: 

(𝐴,𝐵)=(𝐴𝑇𝐵)/‖𝐴‖𝐹‖𝐵‖𝐹                                                               (1)                                                                                                                                               

where A and B are the matrices under comparison. ‖𝐴‖ is [(𝐴𝑇𝐴)]1/2, and ‖B‖ is [𝑡𝑟𝑎𝑐𝑒(B𝑇B)]1/2. 

 

Table 1 Results of uncorrected matrix correlations (UMCs) of EEMs-PARAFAC components of 0.45 μm, 30 kDa and 10 kDa 

membrane fractioned DOM 

Sample Components 
30 kDa    10 kDa 

c1 c2 c3 c4 c1 c2 c3 c4 

0.45 μm 

c1 0.9977    0.9960    

c2  0.9955    0.9940   

c3   0.9938    0.9927  

c4    0.9749    0.9642 

30 kDa 

c1 1    0.9994    

c2  1    0.9986   

c3   1    0.9951  

c4    1    0.9794 

 

The UMC value ranged between 0 and 1 and was used to measure the degree of spectral overlapping between two components. The 

0 and 1 values for matrices indicate null and complete spectral overlapping, respectively. Between the fractionations of 0.45 μm and 

30 kDa membrane filtered samples, it showed that the UMC values of c1, c2, c3 and c4, were 0.9977, 0.9955, 0.9938 and 0.9749, 

respectively. Between the fractionations of 0.45 μm and 10 kDa membrane filtered samples, the UMC values of c1, c2, c3 and c4 

were 0.9960, 0.9940, 0.9927 and 0.9642, respectively. Between the fractionations of 0.45 μm and 10 kDa membrane filtered samples, 

UMC values of c1, c2, c3 and c4, were 0.9994, 0.9986, 0.9951 and 0.9794, respectively. All of the results showed that all components 

have a relatively complete spectral overlapping, which were comparable among all the filtered water samples. 

 

Different ultrafiltration samples produced different correlation results between EC and the DOM fluorophores, as shown in Fig. 5. 
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This variation in correlation results showed that the r values between EC and components c2 and c3 of the 30 kDa fractioned DOM 

were expressed as r = 0.68 for c2 and 0.45 for c3. These r values were smaller than those r values between EC and 0.45 μm filtered 

c2 and c3; then, the r =0.76 for c2 and 0.67 for c3. The 10 kDa fractioned DOM had r values where r =0.75 for c2 and 0.71 for c3, 

suggesting that EC had a higher influence on those organic matter of 0.45 μm–30 kDa, and less influence on 10 kDa fractioned 

DOM, rather than that between 10 kDa and 30 kDa fractioned DOM. The correlation between EC and c1 was slightly different from 

that between c2 and c3. The r between EC and the 10 kDa fractioned fluorophores was smaller than that above the 10 kDa fractioned 

DOM; thus, the EC‘s influence on that organic matter above 10 kDa was significant. The negative correlation between EC and c4 

continued throughout the molecular weight distribution, with values ranging from -0.52 to -0.66. Also, EC was highly correlated 

with components below 0.45 μm to 30 kDa and less than 10 kDa. These results showed that the membrane filtered DOM 

fluorescence with the ionic variations were different. These results also showed the ultrafiltration DOM samples to be varied with 

the ions, and their correlation variations agree with those occurring in 0.45 μm membrane filtered samples, but their correlation 

degree was different. Those results better explained the ionic bonding to DOM, possibly resulting in fluorescent emission. 
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Fig. 5 Results of plots of EC vs. EEMs-PARAFAC model components of DOM filtered samples where (a) 30 kDa pore size 

membrane, and (b) 10 kDa pore size membrane. In this figure, three components were found positive correlation with EC and one 

component was negative correlation with EC. Statistical results showed that the p-values for correlation of Fmax with EC values were 

lower than 0.05 for all plots.  
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3.4 A survey in other water environments 

Based on the identified knowledge from investigation of Xiangjiang River, a survey was conducted to see if the knowledge could 

also be used to other aquatic environments. Surveys of other aquatic environments were based on water quality from the Yellow Sea 

in Dalian City in the Liaoning Province, Chaohu Lake in Hefei, Anhui Province, the Yangtse River in Nanjing’s Jiangsu Province, 

and the Zhujiang River in the Guangzhou Province, where 0.45 m membranes were used to filter water samples and were analyzed 

using EC and EEMs. The samples providing data were collected between Oct. 2019 and Nov. 2019. The Yellow Sea sampling point 

was located in Dalian City in eastern China and included 12 sites and 42 samples supporting the data used in this study. We measured 

the EC values of seawater, which is much higher than that of other surface water. Chaohu Lake provided 18 samples tested in eight 

sites. It is located in Hefei City, Anhui Province, China, with an area of 2,063 square kilometers. It is the fifth largest freshwater 

lake in China. Eutrophication in the Chaohu lake has been very serious for decades with an overabundance of algae. The Yangtse 

River is the longest river in Asia. From this river, we obtained 42 samples from 42 sites with data located in Nanjing, downstream 

of the Yangtse River. The Zhujiang River (also known as the Pearl River) is the second largest river in China. We obtained samples 

from its 46 sampling sites to generate the data needed for this study. The sampling sites for the Zhujiang (Pearl) River were located 

in Guangzhou City, China.  

 

In this study, we conducted a short-term 2-month water sample collection to observe whether the correlation characteristics between 

EC and the components of the Xiangjiang water samples collected in our long-term (November 2018 to March 2019) study as 

presented in this paper are also suitable for other waters. There are eight kinds of ions distributed widely in typical China natural 

water environment, including Ca2+ (mg/L), Mg2+ (mg/L), Na+ (mg/L), K+ (mg/L), HCO3
−, (mg/L), SO4

2− (mg/L), Cl− (mg/L) and 

NO3
− (mg/L). The characteristics of a natural water environment showed that the ionic composition not only depends on the different 

variations of different regions, but also on the water environmental characteristics. Therefore, we observed the correlation 

characteristics of DOM’s fluorescence with EC in other typical water environments, including the highly saline Yellow Sea in 

northern China (test temperature around 20 oC, pH around 7.57), the algae-polluted Chaohu lake in central China (test temperature 
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around 19.2 oC, pH around 7.75), the Zhujiang River in southern China (test temperature around 20.6 oC, pH around 7.34), and the 

eastern Yangtse River (test temperature around 20.7 oC, pH around 7.84). The experimental data was collected from October to 

November 2019 during a short period (around two weeks for each test). The sampling locations in China‘s map and the results of 

EEMs-PARAFAC model components of DOM from different water environments are shown in Fig. 6. 
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Fig. 6 Sampling locations in China’s province map and the EEMs-PARAFAC components of DOM in these water environments. In 

the plots of EEMs and components, x-axes stand for the emission wavelength (Em.) and excitation wavelength (Ex.), respectively, while y- axes 

stand for excitation wavelength (Ex.) and emission wavelength (Em.), respectively. 

 

The Yellow Sea water with its high salinity contained two components, and the correlation coefficient of EC with the components 

was small (r < 0.2) (see Fig. 6 and Fig. 7a): The r values of c1, c2, and EC were r = 0.1, p > 0.05, and r = 0.15, p> 0.05, respectively. 

The correlation was not significant in the Yellow Sea except that c1 and c2 in the Yellow Sea samples represented protein-like 

components, whereas the components in other waters were similar to those in the Xiangjiang River samples. The Chaohu Lake 

water was characterized by severe eutrophication and contained four components (see Fig. 6). As shown in Fig. 7b, the r values of 

c1, c2, c3, c4 as correlated by EC were r = -0.43, p < 0.05, r = 0.04, p > 0.05, r = -0.35, p < 0.05, and r =- 0.71, p < 0.05, respectively. 

Among them, the negative correlation of EC with c4 was the most significant, but with other components the correlation was not 

remarkable (|r| < 0.5). The EC values of the Zhujiang River and Yangtze River were lower than those of the Yellow Sea and Chaohu 

Lake, and the correlation of EC with components was also significantly different from the Fmax of EEMs-PARAFAC components 

shown in Fig. 6 and Fig. 7c-d. There were four components identified in the Zhujiang River. The correlation coefficients of c1, c2, 

c3, and c4 with EC were r = 0.64, p < 0.05, r = 0.73, p < 0.05, r = 0.76, p < 0.05 and r = -0.40, p < 0.05, respectively. There were 

also four components identified in Yangtze River. The correlation coefficients of c1, c2, c3, and c4 with EC were r = 0.51, p < 0.05, 

r = 0.78, p < 0.05, r = 0.34, p < 0.05 and r =-0.44, p < 0.05, respectively. The correlation was dependent on water characteristics. 

For example, the correlation coefficients of EC with c4 in the Zhujiang River and Yangtze River were lower than those in Chaohu 

Lake and Xiangjiang River, while other components in the Chaohu lake water did not exhibit a correlation with EC, which was the 

opposite of what happened in other waters. The monitoring period of other waters was shorter than that of the Xiangjiang River, and 

the dimensions of EC were not large, which may affect the analysis of correlation characteristics. The composition of ions and DOM 

in seawater and surface water is different, and the pollution degree of surface water is different, which may lead to different effects 

of ions on optical properties of DOM. However, in any case, similar trends can be found that coincide with the Xiangjiang River, 

https://www.baidu.com/link?url=CxjLXz7rCMautuNATQHtwu59BDn61SwSHd9oVsKfr8yoLzTnnecSmJAjMQswMX2_eqLtuB7wuRgU5upP-jPnrzkBvcl_xB5zIChfKgk-tm7&wd=&eqid=f12bd4570000a829000000065f60d60e
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which showed that the negative correlation of EC with c4 existed in all of the tested surface waters, and a positive correlation with 

other components was related to the surface water characteristics. 
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Fig. 7 Results of EC vs. Fmax of EEMs-PARAFAC components of (a) Yellow Sea (b) Chaohu lake (c) Zhujiang River, and (d) 
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Yangtse River. A similar correlation characteristics of EC and fluorescence components were also found in other natural water. 

 

3.5 Equation of EC as function of component 

The water samples for the EEMs collections of DOM were always pre-treated with a simple filtration method using a 0.45 μm 

membrane or other membrane if needed. Based on the test results in in this study, the 0.45 μm pore size membrane or ultrafiltration 

membrane pore size (of 30 kDa and 10 kDa), it is difficult to reduce the EC values; thus it has a wide range of influence on the three 

kinds of molecular weight. The EC effect showed a negative correlation of EC with three DOM components c1, c2, and c3, and the 

positive correlation with one DOM component c4, which were found existing in surface water environments. Ions coexist in different 

forms in the water environment. We assumed that all the ions that determine the EC in a natural water environment have an effect 

on the fluorescence properties of DOM, including those that cause quenching and fluorescence enhancement. It can play an 

interactive role of ion quenching and enhancement thereby leading to a decrease or an increase in the level of fluorescence because 

even though some ions have no effect on fluorescence, the amount of ions are proportional to the binding of unaffected DOM. These 

ions are correlated with all of the corrected component values by a factor. Because there was a certain linear correlation between 

components and EC, the following proposed equation presents the EC values correlated with all components as: 

=1

I

i i
i

E cC b k                                         (2)                                                                                        

where b is the EC-related environmental factor constant (μs/cm); I is the number of components; ki is the ith corrected factor 

corresponding to the corrected component (AU), ci, and EC is the electric conductivity (μs/cm). The interaction between DOM and 

ions can also be affected by other factors, which is why the b value was added, which represents the influence of other environmental 

characteristics. The greater the absolute value of b, the higher the influence of other factors. If b is equal to zero, it implies that all 

components can express the EC value adequately. 

 

Because the equation used MATLAB (Version R2010B) to fit the experimental data, the equations and plots of the predicted 

measured vs. predicted values are given in Table 2. The results showed that the fittings had high r values, as high as 0.86 for 0.45 μm 
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filtered membranes and 0.75 for 30 kDa filtered membranes to test samples from the Xiangjiang River, 0.84 for 10 kDa filtered 

membranes in Xiangjiang River, 0.77 for Chaohu Lake, 0.79 for Zhujiang River, and 0.81 for the Yangtse River. Compared with 

other surface water, it showed the highest b value of 359.8507 in the seriously polluted Chaohu lake, implying a significant influence 

of other factors in the accuracy of the EC equation using components as independent variables. In short-term monitoring of the latter 

surface water, the dispersion of the EC range was not wide, but it was still in good agreement with the equation. Combined with the 

good fit of the Eq. 2, the result demonstrated that EC is dependent on DOM’s fluorescence components, which supported our 

assumption. 

Table 2 Description of EC as function of component and plots of EC vs. components 

Type Equation Plots of measured EC vs. predicted 

Xiangjiang River, 0.45 μm 

membrane 

EC=228.8201+0.0077xc1+0.02

53xc2+0.0253xc3-0.0654xc4; 

r=0.86 and p-value<0.05 

 

Xiangjiang River, 30 kDa EC=212.2093+0.0148xc1+0.03

38xc2+0.0129xc3-0519xc4; 

r=0.75 and p-value<0.05 
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Xiangjiang River, 10 kDa 

 

EC=212.1993+0.0117xc1+0.02

60xc2+0.0212xc3-0.0647xc4; 

r=0.84 and p-value<0.05 

 

Chaohu lake EC=359.8507-

0.0035xc1+0.0427xc2-

0.0012xc3-0.0143xc4; r= 0.77 

and p-value<0.05 

 

Zhujiang River 

 

 

EC=285.3008+0.0113xc1+0.01

91xc2+0.0066xc3-0.0041xc4; 

r=0.79 and p-value<0.05 

 

 

Yangtse River 

 

 

EC=215.4844+0.0225xc1+0.04

14xc2-0.0004xc3-0.0112xc4; 

r=0.81 and p-value<0.05 
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4 Conclusions 

This study discussed the relationship between the EC values and aquatic dissolved organic matter’s fluorescence components. The 

correlation plays significant roles: It can reveal the interaction characteristics of strength of ions and DOM; it can provide added 

knowledge to support the use of EEMs in the evaluation of variations in DOM. The results led to the following conclusions: Even 

though no correlation could be found between highly saline seawater’s EC and its two protein components, an EC correlation was 

found with the components of Xiangjiang River showing that EC is positively correlated with c1, c2, and c3, and negatively 

correlated with c4. The evaluation of EEMs on the DOM of an ultrafiltration system may be affected by the ions. 30 kDa and 10 

kDa filters cannot be used to filter the ions of raw water samples, so the EC effect on DOM throughout the whole molecular weight 

of DOM showed that they were better correlated well with c2–c4 of a 10 kDa filtered water sample (r > 0.6) and with c2 and c4 

using 30 kDa filtered water samples (r > 0.5). The surface water environment is different from the sea water with high salinity. The 

correlation between EC and DOM in the surface is universal, and they have different characteristics; thus, the negative correlation 

between EC and c4 existed in all of investigated surface waters, whereas the positive correlation between other three components 

was dependent on their water characteristics. An assumed EC equation is the function of components that fit well with surface waters 

with a correlation coefficient, r, greater than 0.75, making it a potential monitoring tool to indicate the variations of fluorescent 

components showing water quality. In addition, it also advocates not using EEMs-PARAFAC to investigate component variations 

without considering the EC values. These findings were successfully tested in this study and can accurately and rapidly evaluate the 

variations of aquatic DOM, which can help researchers better understand its monitoring value in water and water remediation and 

can lead to convenient management of water and water remediation. 
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