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The presence of organic matter in lakes profoundly impacts drinking water supplies, yet treatment
processes involving coagulants and disinfectants can yield carcinogenic disinfection by-products.
Traditional assessments of organic matter, such as chemical oxygen demand (CODMn) and biochemical
oxygen demand (BOD5), are often time-consuming. Alternatively, optical measurements of dissolved
organic matter (DOM) offer a rapid and reliable means of obtaining organic matter composition data.
Here we employed DOM optical measurements in conjunction with parallel factor analysis to scrutinize
CODMn and BOD5 variability. Validation was performed using an independent dataset encompassing six
lakes on the Yungui Plateau from 2014 to 2016 (n ¼ 256). Leveraging multiple linear regressions (MLRs)
applied to DOM absorbance at 254 nm (a254) and fluorescence components C1eC5, we successfully
traced CODMn and BOD5 variations across the entire plateau (68 lakes, n ¼ 271, R2 > 0.8, P < 0.0001).
Notably, DOM optical indices yielded superior estimates (higher R2) of CODMn and BOD5 during the rainy
season compared to the dry season and demonstrated increased accuracy (R2 > 0.9) in mesotrophic lakes
compared to oligotrophic and eutrophic lakes. This study underscores the utility of MLR-based DOM
indices for inferring CODMn and BOD5 variability in plateau lakes and highlights the potential of inte-
grating in situ and remote sensing platforms for water pollution early warning.
© 2023 The Authors. Published by Elsevier B.V. on behalf of Chinese Society for Environmental Sciences,
Harbin Institute of Technology, Chinese Research Academy of Environmental Sciences. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
arch and Pollution Control of
Sciences, Yunnan University,

hou), qchzhou@ynu.edu.cn

ier B.V. on behalf of Chinese Soci
access article under the CC BY-NC-
1. Introduction

Lakes and reservoirs are important resources for drinking water
for large- and mega-cities, making it imperative to prioritize the
preservation of water quality to safeguard human health. Never-
theless, the water quality of lakes and reservoirs is increasingly
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threatened by the dual pressures of climate change and urbaniza-
tion. Organic matter (OM) in human-impacted lakes is closely
associated with the toxicity and cycling of heavy metals and micro-
pollutants, such as perfluoroalkyl substances, and its presence
directly threatens the safety of surrounding ecosystems and
drinking water supplies [1e3]. Climate change and anthropogenic
disturbances are both key drivers that influence the chemical
composition and biogeochemical processes of OM [4e8]. More
specifically, dissolved OM (DOM) constitutes the vast majority of
OM in aquatic ecosystems and is responsible for the unpleasant
odor and taste of drinking water [9], the formation of carcinogenic
disinfection by-products, and the fouling of the filtration mem-
branes in water treatment plants [10,11]. The excessive production
and degradation of DOM are increasingly influencing the anoxia of
water columns, the bio-lability of micro-pollutants, and the for-
mation of black water blooms in various environments. Thus, they
may threaten the safety of water supplies [1,12]. Therefore, there is
an urgent and pressing need for research to swiftly detect and
facilitate the safe and effective removal of OM during water
treatment.

During wastewater treatment and the evaluation of surface
water quality, chemical oxygen demand (COD) and five-day
biochemical oxygen demand (BOD5) are often used to trace the
dynamics of OM in aquatic ecosystems [13]. However, these two
indices have some limitations. For COD detection, conventional
chemical reagents such as potassium dichromate and permanga-
nate are often employed, but their use can lead to the generation of
chemical residues, thereby potentially causing secondary pollution.
The digestion process for COD measurements is time-consuming,
and the chemical titration method involved in the measurement
often contains prediction errors [14]. The BOD5 method requires
five days of laboratory bio-incubation, which naturally restricts
rapid monitoring of OM, especially during contamination events.
Moreover, it exhibits limited reproducibility due to the necessity of
conducting initial and final measurements of different subsamples
[14]. Additionally, not all bio-labile OM can be utilized by site-
specific microorganisms, potentially leading to errors in the final
BOD5 results. Therefore, operationally straightforward, time-
saving, economical, environmentally friendly, and accurate moni-
toring technologies are needed.

Researchers have been looking for newmonitoring technologies
(photometric or spectral methods, optical ormicrobial sensors, etc.)
as potential replacements for established detection technologies
for some time (e.g., TiO2 thin film electrode, 5-sulfosalicylic acid,
and titanium dioxides, etc.) [15e18]. Among these technologies,
optical measurements of DOM are perhaps the most rapid, simple,
and convenient. DOM optical measurements can also be easily
adapted into in situ, real-time monitoring sensor platforms [19,20].
In addition, DOM absorbance spectra can usually be used to char-
acterize the abundance and terrestrial input signals of DOM
[15,21,22]. Similarly, fluorescent spectra can characterize the opti-
cal composition of DOM, detect subtle changes in the DOM pool,
and distinguish between bio-labile and bio-stable organic compo-
nents [13,21e23].

Previous studies have used the absorbance and fluorescent
spectra of DOM as surrogates for water quality indices, including
total nitrogen (TN), total phosphorus (TP), and biological toxicity in
various aquatic environments [24e26]. However, the regression
results between DOM optical indices and TN or TP have been
inconsistent between different water bodies [13]. These in-
consistencies can be attributed to the DOM optical differences due
to the distinct characteristics of catchment landscapes among
different seasons, the trophic status when they were taken, and the
differences in source waters [27,28]. A few studies have applied
DOM optical measurements for tracing the variability of CODMn and
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BOD5 together, but these studies were limited to single rivers or
lakes [10,29,30].

In this study, we aimed to explore the potential application of
DOM optical measurements as surrogates for CODMn and BOD5 in a
diverse set of plateau lakes and to compare the optical measure-
ments prediction capabilities across sampling seasons and trophic
states. To achieve this, we conducted field sampling campaigns in
68 Yungui Plateau lakes in southwestern China from 2017 to 2018
to trace the variability in CODMn and BOD5 using DOM optical
measurements. We validated the linkages between DOM optical
indices and CODMn and BOD5 using a series of laboratory dilution
experiments on different DOM sources (household effluents and
soil leachates). Further validation of our prediction models was
performed using an additional dataset from the six largest lakes on
the plateau seasonally from 2014 to 2016, totaling 12 sampling
events. Using DOM optical measurements to trace the variability in
CODMn and BOD5, our results hold significant implications for the
advancement of water resource management schemes for the
plateau lakes included in this study and possibly in an even wider
environment. We hypothesized that employing multiple models
instead of the single linear model of DOM optical indices would
yield better results in tracing CODMn and BOD5 in these plateau
lakes. Furthermore, we anticipated that the predictive capability
could be largely improved by modeling the results separately for
different seasons and trophic status rather than aggregating all
data.

2. Materials and methods

2.1. Field sampling and laboratory experiments

The Yungui Plateau in southwestern China exhibits distinct dry
(NovembereApril) and rainy seasons (MayeOctober, contributing
more than 80% of the annual precipitation). Numerous lakes at
different elevations can be found on the plateau. The surface area of
the lakes on the plateau ranges from <1 to 310 km2, themeanwater
depth of the lakes ranges from <1 to 89.6 m, and the trophic states
vary from oligotrophic to highly eutrophic [31,32]. The lakes of the
Yungui Plateau are important for supplying water to the sur-
rounding residential areas, controlling floods and drainage,
providing agricultural irrigation water, and providing habitat for
biota. However, the water quality of the Yungui Plateau lakes has
been increasingly threatened by the dual pressures of enhanced
human activities and climate change.

We collected samples from a total of 68 Yungui Plateau lakes
during the period from 2017 to 2018 (Fig. S1). According to lake size
and ecological characteristics, the samples were collected from 1 to
4 sites per lake, and the number of sampling sites was determined
based on the surface area of the sampled lakes, yielding a total of
271 samples. Additional field sampling campaigns were carried out
in the six largest lakes on the plateau, with states varying from
oligotrophic to highly eutrophic to validate the multiple linear re-
gressions (MLRs) obtained from the Yungui Plateau lakes. These
included Lake Fuxian (FX), Lake Dianchi (DC), Lake Erhai (EH), Lake
Yangzong (YZ), Lake Lugu (LG), and Lake Chenghai (CH) [32]. Water
samples were collected 0.5 m below the water surface and trans-
ported to the nearest laboratory (e.g., Dali Erhai Lake Research
Institute) following collection. These samples were then filtered
immediately and stored in the dark at 4 �C. A fraction of the water
samples was filtered through 0.22 mm Millipore membranes for
DOM absorbance and fluorescence spectroscopy. CODMn, BOD5, and
other water quality indices were then determined for the remain-
ing water samples.

To determine whether the variability in CODMn and BOD5 can be
traced using optical measurements of DOM from different sources,



Fig. 1. Scatter plots of logarithmically-transformed measured and predicted values of
chemical oxygen demand (CODMn, a) and biochemical oxygen demand (BOD5, b) based
on multiple linear regression models with all samples collected from the Yungui
Plateau lakes in 2017e2018. Grey dot lines: 1:1 lines.
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we conducted a series of laboratory dilution experiments on
different sources of DOM in 2021. Briefly, soil leachate samples
(500 g topsoil, see Fig. S1 for sampling location, and 2.5 L Milli-Q
water were mixed and shaken vigorously at 300 g min�1 for 2 h),
and domestic raw sewage (collected from the sewers in the resi-
dential areas of Kunming City) was also collected. The samples were
then diluted in the following ratios of the raw solution to Milli-Q
water 1:0, 1:1, 1:2, 1:4, 1:9, 1:29, and 1:99 before CODMn, BOD5,
and DOM optical measurements were made.

2.2. Physicochemical indices and DOM optical measurement

Detailed descriptions of the analytical methods of CODMn and
BOD5 can be found in the research conducted by Jiao et al. [14]. The
field and laboratory measurements for other physicochemical
indices, including water depth (WD), water temperature (WT),
Secchi disk depth (SDD), TN, TP, and chlorophyll a (Chl. a), of the 68
lakes sampled from 2017 to 2018 are available in Zhou et al. [31].
The measurement, calibration of DOM absorbance and fluorescent
spectra, and parallel factor analysis (PARAFAC) can also be found in
Refs. [33,34]. Specifically, excitation emission matrixes (EEMs) at
excitation wavelengths below 225 nm and emission wavelengths
below 300 nm and above 550 nm were removed due to deterio-
rating signal-to-noise ratios in these regions [33]. The optical
spectra of the obtained five components were compared to the
fluorophores identified earlier in other ecosystems using the
OpenFluor optical library [35].

The five components (C1eC5) identified by PARAFAC are shown
in Fig. S2. C1 (230 (325)/441 nm) represents terrestrial humic-like
materials and is often closely associated with terrestrial-derived
OM and composed of highly aromatic materials [36,37]. C2 dis-
plays two excitation maxima (at �260 and 350 nm) that corre-
spond to a single emission maximum (at 481 nm), similar to a
humic-like fluorophore. C3 (240 (300)/302 nm) shares spectral
characteristics similar to a tyrosine-like substance [38], and C4
exhibits an excitation and emission spectrum (Ex./Em. maxima at
230 (275)/339 nm) similar to a tryptophan-like substance. Lastly,
C5 exhibits a single excitation/emission maximum (at 275/
<300 nm), consistent with a tyrosine-like fluorophore [38].

Details about other DOM absorbance indices (including the
absorbance ratio, a250/a365, and DOM spectral slope, S275e295) and
other fluorescence indices (including the humification index, HIX;
fluorescence index, FI; autochthonous index, BIX; and freshness
index) can be found in earlier studies [33,39,40]. According to the
correlation matrices among our CODMn, BOD5, and DOM optical
indices, we selected a254 and C1eC5 as independent variables to
predict the variabilities in CODMn and BOD5 in plateau lakes.

2.3. Statistical analysis

Weused Primer 6.0 to perform cluster analysis on all lake results
in the rainy season (n ¼ 150) based on water quality indices
(Table S1). The 150 sampling sites were divided into three groups:
oligotrophic, mesotrophic, and eutrophic lakes according to the
SDD, CODMn, TN, TP, and Chl. a (Fig. S3). Additionally, we further
divided our results into dry and rainy seasons relative to the sam-
pling season to explore the influence of precipitation. Since the data
points of measured and predicted CODMn and BOD5 were not nor-
mally distributed, we used log-log relationships to test the validity
of using DOM optical measurements to trace the variability in
CODMn and BOD5, which have been widely used in the field of
remote sensing [41,42].

Statistical analysis in this study was performed using R version
3.6.2, encompassing computations such as ranges, mean values,
standard deviations, and nonparametric tests to assess the
3

statistical significance of differences in independent sample mean.
A significance threshold of P < 0.05 was applied for statistical sig-
nificance for t-tests, linear, and nonlinear regressions. To examine
the predictive capability of DOM spectra in tracing the variability of
CODMn and BOD5, single linear regressions (SLRs) were carried out
using the R basicTrendline package. MLRs were conducted using
Origin 9.1. CODMn and BOD5 were chosen as dependent variables,
and the six DOM spectral indices (a254 and C1eC5) were selected as
independent variables according to the results of redundancy
analysis using the R vegan package in R version 3.6.2 (Fig. S4). The R
ggplot2 package was also used during linear fittings for
visualization.

3. Results

3.1. Linear regression models for all sampled Yungui Plateau lakes

The trophic states of the lakes studied on the Yungui Plateau
ranged from clear oligotrophic to turbid and highly eutrophic
(Table S1). In our study, all selected DOM spectral indices, a254 and
humic-like C1eC2, in particular (R2 > 0.5, Fig. S5), were closely
correlated with CODMn and BOD5 (P < 0.0001). Furthermore,
compared to the SLR models, the MLR models showed markedly
increased prediction capabilities for CODMn and BOD5 using DOM
optical indices (R2 > 0.7, Fig. 1).

3.2. Linear regression models for lakes varying in season and
trophic state

The mean DOM-related indices, including C1, C2, and C4, as well
as CODMn and BOD5 concentrations, were significantly higher in the
rainy season than in the dry season (Table S1), and the predictive
capability of DOM spectra used to trace the variability of CODMn and
BOD5 varied seasonally. Both SLR and MLR models demonstrated
better prediction capabilities for CODMn and BOD5 in the rainy
season than in the dry season (Fig. S6 and Fig. 2). Considering the
seasonal variability in DOM-related indices, we divided our MLR
models into rainy or dry season models, and the predictive capa-
bility was improved bymodeling the results separately in the dry or
rainy season before they were compiled, compared to pooling all
results (Fig. 2).

The DOM-related indices could also be used to trace variability
in CODMn and BOD5 in lakes with varying trophic states. The SLR
predictive capability of tyrosine-like C3 for CODMn and BOD5 in the
mesotrophic lakes was better than in the oligotrophic and eutro-
phic lakes (Fig. S7); and, the MLR model had a better predictive
capability for CODMn and BOD5 in the mesotrophic lakes than in the



Fig. 2. Scatter plots of logarithmically-transformed measured and predicted values of
CODMn and BOD5 based on multiple linear regression models with all data pooled
(samples varying by season) (aeb) and with the sampling results being categorized
into rainy or dry seasons before they were compiled (ced). Grey dot lines: 1:1 lines.
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oligotrophic and eutrophic lakes (Fig. 3c‒d). We further found that
the trophic state classification resulted in the elevated predictive
capability of the MLRmodels, with R2 increasing from 0.84 (pooling
all data for direct modeling) to 0.89 (the classification before
compilation) for CODMn and from 0.83 to 0.88 for BOD5 (Fig. 3).

3.3. Validation results of dilution experiments

The predictive capability of DOM-related indices for tracing the
variability of CODMn and BOD5 was differentiated from DOM
sources. For the laboratory dilution experiment, a254 and both
humic-like and protein-like components could be used to predict
Fig. 3. Scatter plots of logarithmically-transformed measured and predicted values of
CODMn and BOD5 based on multiple linear regression models with all data pooled
(samples varying by trophic state) (aeb) and with the sampling results being cate-
gorized into oligotrophic, mesotrophic, or eutrophic states before they were compiled
(ced). Grey dot lines: 1:1 lines.
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CODMn and BOD5 for the domestic sewage samples, but only the
a254 and the humic-like components instead of the protein-like
components could be used satisfactorily to predict CODMn and
BOD5 for the soil leachate samples (Fig. S8). DOM optical mea-
surements for domestic sewage had a high capability to trace both
CODMn and BOD5, but the predictive capability of DOM optical
indices for BOD5 in soil leachate samples was low (Fig. 4).
3.4. Field validation results

We also validated our modeling results using an additional data
set that included samples from the six largest lakes on the Yungui
Plateau and varied from oligotrophic to eutrophic, collected
seasonally from 2014 to 2016. Interestingly, we found that the ob-
tained MLR models of all lakes could be used to trace the dynamics
of CODMn and BOD5 when all data collected from the six lakes were
pooled together (Fig. 5; Table S2).
Fig. 4. Scatter plots of logarithmically-transformed measured and predicted values of
CODMn and BOD5 based on multiple linear regression models developed from the
dilution experiments of domestic sewage samples (aeb) and soil leachate samples
(ced). Grey dot lines: 1:1 lines.

Fig. 5. Validation of the multiple linear regression models to predict the variabilities in
CODMn (a) and BOD5 (b) obtained from additional data sets on samples collected from
the six largest lakes on the Yungui Plateau. FX: Lake Fuxian; DC: Lake Dianchi; EH: Lake
Erhai; YZ: Lake Yangzong; LG: Lake Lugu; CH: Lake Chenghai. Grey dot lines: 1:1 lines.
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4. Discussion

CODMn and BOD5 have been widely used to trace the dynamics
of OM in aquatic ecosystems, and DOM typically represents most of
the variability in OM inmany different environments. Thus, it is not
surprising that the two were correlated in our study. However, few
studies have used DOM optical measurements to examine the
variability in CODMn and BOD5 in lakes or reservoirs across a large
and diverse region. Our study stands as one of the initial assess-
ments aiming to track CODMn and BOD5 dynamics using DOM op-
tical indices in a wide range of lakes and across seasons and trophic
states.

Plateau lakes in deep valleys typically have long water residence
time and are key drinking water sources for medium and large
cities. However, they are highly vulnerable to anthropogenic dis-
turbances. Our MLR models based on multiple spectral indices
performed better than the SLRs in all cases, which is consistent with
our first hypothesis, likely reflecting the complexity and hetero-
geneity of water quality in these plateau lakes (Table S1).
Ultravioletevisible (UVevis) absorbance has been used in waste-
water quality monitoring programs worldwide [13,43], and
compared to UVevis absorbance spectroscopy, fluorescence spec-
troscopy offers a marked increase in optical resolution by enabling
differentiation of optically sensitive DOM fractions that absorb light
at the same wavelength but emit light in different spectral regions
[38]. Due to its high sensitivity and affordability, the single fluo-
rescent peaks of DOM and even the ratios between them have been
used to tracewater quality, including the TN and TP of surfacewater
and municipal wastewater [22,24,44]. However, a single DOM
spectral index cannot provide a complete overview with respect to
DOM complexity and heterogeneity of water quality. Constructing
MLR models using DOM optical indices (including UVevis absor-
bance and several fluorescent peaks) across a range of trophic
states and seasons allowed us to better trace the migration and
transformation of DOM across a range of hydrologic conditions (see
Table S1).

The longwater residence time of the lakes on the Yungui Plateau
can cause high spatiotemporal heterogeneity of DOM. Moreover,
bioavailable fractions of DOM are utilized as substrate, and there
can also be photochemical degradation of DOM near the surface
[45]. There is general variability in the hydrologic conditions of
lakes in the dry and rainy seasons. The input of allochthonous
substances, water temperature, underwater ultraviolet radiation,
and biological activity caused by seasonal changes can all affect the
various optical properties of DOM [21,46,47]. During the rainy
season, more OM (compared to the dry season) enters lakes due to
enhanced water runoff through the litter and surface soil profiles
that leach dissolved organic carbon. DOM also enters the lakes from
the erosion of soil OM from farmland and the flushing of trash and
organic debris from impervious landscapes [21,48,49].

We found that the fluorescence intensity and contribution per-
centage of terrestrial humic-like C1 and C2 increased with
increasing rainwater flushing (Table S1), and the R2 of linear fittings
between humic-like components and CODMn or BOD5 consequently
increased during the rainy season [48]. Furthermore, higher water
temperatures in rainy summers may promote the accumulation
and degradation of algal cells and hence the release of algal protein-
like C3 (Fig. S9) that often has high bio-lability [38] that leads to
better predictions from of CODMn and BOD5 in the rainy season than
in the dry season. Tyrosine-like C3 and C5 are mainly derived from
biological pyrolysis and release (such as algal pyrolysis and mi-
crobial release), and these two components can be relatively stable
during their biogeochemical cycling in lakes. In comparison,
tryptophan-like C4 has been attributed to mainly amino acids and
linked to microorganisms from domestic sewage, landfill leachate,
5

and other polluted water bodies [50]. Tryptophan-like C4 traces the
variability in CODMn and BOD5 better in the dry season compared to
the rainy season as domestic effluent signals can be significantly
diluted by rainwater during the rainy season. This could also be
attributed to a higher microbial activity during the lower water
(higher wastewater percentage) period than in the higher water
period [10,21,49]. In addition, the strong penetration of underwater
ultraviolet radiation and long water retention time of the plateau
lakes [32,51] can promote photochemical and microbial degrada-
tion of bio-labile DOM and result in stable DOM exported down-
stream [52e54]. The predictive capability can be improved by
modeling the results separately according to the sampling seasons
of the sites than when all of the data were pooled (Fig. 2).

The quantity and quality of DOM typically vary between trophic
states, and our results showed that the protein-like component C3
of mesotrophic lakes traced the variability of CODMn and BOD5
better than other components and that MLR was a better predictor
of CODMn and BOD5 in mesotrophic lakes than in oligotrophic and
eutrophic lakes. In oligotrophic lakes, the bio-stable OM (Table S1)
is the main reason for the relatively weak correlation between the
protein-like components and CODMn or BOD5 [27]. However, the
chemical composition of OM was also strongly affected by the ratio
of humic-like to protein-like components and the proportion of
fluorescent substances to nonfluorescent substances in lakes with
low OM concentrations [13]. Human activities significantly affect
mesotrophic lakes, and allochthonous nutrients and organic
loading increase with increasing anthropogenic disturbances,
which can promote algal proliferation [55]. Hence, high levels of
protein-like OM derived from algal degradation (Fig. S9) can result
in a significant association between protein-like C3 and CODMn or
BOD5. Similar to the seasonal results, the predictive capability was
improved bymodeling the results separately according to sites with
different trophic status than when all data were pooled (Fig. 3),
which largely reflects the heterogeneity of lake DOMwith different
trophic states.

The greater variability observed in both DOM fluorescence and
the concentration of organic carbon within mesotrophic lakes, as
compared to oligotrophic and eutrophic lakes, offers a plausible
explanation for the heightened predictive efficacy of the MLR
model in the former [10]. For eutrophic lakes, the residual errors of
CODMn and BOD5 caused by organic suspended matter, including
algae, particulate algal secretions, and some particulate substances
derived from terrestrial inputs and sediment re-suspension, may
have interfered with the predictive value of the MLRs. Since DOM
optical measurements cannot capture the particulate OM included
in CODMn and BOD5, the predictive capability of the MLR method in
eutrophic lakes may be enhanced by adding organic suspended
matter as an independent variable [30,56e58].

The spectral characteristics of the different sources of DOM also
vary. The organic compounds in our soil leaching solution were
mainly bio-stable humic-like components not easily utilized by
microorganisms, as demonstrated by the low BOD5 concentration
(<2 mg L�1). Therefore, a254, humic-like compounds, protein-like
compounds, and even MLR had a better predictive ability for
CODMn than BOD5 in the soil-leaching solution. Domestic sewage is
rich in protein- and humic-like components, which can be used as
indicators of BOD5 in municipal waters [13,24]. Thus, the SLRs and
the MLR using a254, humic-like components C1eC2, and protein-
like components C3eC5 of domestic sewage showed good predic-
tive ability for CODMn and BOD5.

Our investigation showed that optical measurements of DOM
are a promising tool for both CODMn and BOD5 monitoring in
Yungui Plateau lakes with a wide range of trophic states. The pre-
dictive models we formulated were validated based on an external
data set on the six largest lakes sampled seasonally from 2014 to
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2016. Monitoring and managing over large geographical scales
require new techniques and methods to assess water quality. Our
results are applicable in water quality evaluation for at least the
plateau lakes included here and can be easily adapted into in situ
absorbance and fluorescence sensors. Currently, many fluorescent
online monitoring methods and remote sensing technology have
been applied in real-time and large-scale water monitoring pro-
grams [46,56,59,60]. Furthermore, we found that the pluralistic
parameter acquisition, including the integration of multiple vari-
ables on sensors, should be considered in the actual application.
With advances in artificial intelligence and machine learning
technologies, these predictions may become even more precise,
especially with the accumulation of data from additional lakes. Our
results support our initial hypothesis, indicating that surrogate
models of DOM spectra for water quality vary concerning seasons,
trophic states, and different sources of DOM. Our results strongly
advocate for the improved predictive capability achieved by
developing separate models according to the sampling seasons and
trophic status of the sampling sites rather than pooling all data. The
application of DOM spectral indices thus needs to be adjusted and
optimized according to different sampling times and trophic states.
For example, field observations may be necessary for individual
lakes to enhance water quality modeling [6]. Future research might
benefit from considering other variables, including suspended
particulate matter and the underwater climate, when modeling the
variability of CODMn and BOD5 in clear oligotrophic and turbid
eutrophic lakes.

5. Conclusion

Optical measurements of DOM can be used to trace the vari-
ability of CODMn and BOD5. However, inter-lake and seasonal dif-
ferences also need to be considered due to the complexity of DOM
in the studied plateau lakes in different regions and during hy-
drological periods. More specifically, the MLR framework out-
performs the SLR model at tracing CODMn and BOD5. Furthermore,
the predictive capability of MLRs for CODMn and BOD5, using DOM
optical indicators, exhibits variations between seasons, with better
performance observed during the rainy season compared to the dry
season. Additionally, MLRs demonstrate better predictive capability
in mesotrophic lakes than oligotrophic and eutrophic lakes. Our
validation results also showed that regional-scale prediction
models may not always be applicable to individual lakes. Hence, the
MLR prediction models of DOM spectra for CODMn and BOD5 need
to be adjusted according to different sampling times and trophic
states.
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