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Abstract
quality indicators, ammonia nitrogen (NH, -N) , nitrate nitrogen (NO, -N) , permanganate index (COD,,, ), total phosphorus (TP), and nitrite nitrogen (NO, -

[ Objectives | This study was conducted to investigate water pollution in the Huanghou Underground River Basin. [ Methods ] Five representative water

N), were selected. The single-factor pollution index ( P;) , Nemerow pollution index (P, ), and water quality index (WQI) were calculated to quantitatively assess
pollution characteristics and evaluate water quality in the basin. [ Results] The overall water quality in the Huanghou Underground River Basin fell within the "
slightly polluted to good" range, with pollution primarily concentrated in the upstream areas. The downstream water quality was generally better, as most pollutants

from the upstream were diluted or degraded during migration, resulting in little impact on the downstream areas. [ Conclusions ] This study provides a theoretical

basis for understanding the pollution characteristics and evaluation of water quality in the Huanghou Underground River Basin.
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Water resources are the foundation of human survival.
Whether in arid regions with scarce resources or regions relatively
abundant in water, water plays an irreplaceable role in maintai-
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ning ecosystem stability and supporting human activities
ever, driven by rapid population growth and accelerated industrial-
ization , water pollution has become increasingly severe worldwide,
with water quality showing a continuous decline. Nitrate, as one of
the key chemical indicators for assessing water quality, has be-
come a prominent global environmental issue due to its excessive
presence in aquatic environments”> ™. In recent years, numerous
studies have shown that nitrate concentrations in surface water and
groundwater have been increasing year by year, with pollution
trends worsening*'. Particularly over the past decade, rapid ur-
banization, industrial expansion and rising population density have
collectively intensified nitrate accumulation in regional water
bodies, further challenging the sustainable utilization of water
resources .

The Huanghou Underground River Basin is a typical karst
drainage basin, where water pollution directly impacts local pro-
duction, livelihoods, and the conservation of the downstream
world natural heritage sites. Taking Huanghou Underground River
Basin where Libo Karst World Natural Heritage Site is located as
the research object, this study aimed to assess the pollution char-
acteristics and spatiotemporal distribution of the water body in the
basin. Based on monitoring data of typical pollutants including to-
tal nitrogen (TN) , nitrate nitrogen (NO, -N), ammonia nitrogen

(NH, -N), total phosphorus ( TP), and organic loads such as
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COD and permanganate index, the single-factor pollution index
(P;), Nemerow pollution index (P, ) and water quality index
(WQI) were adopted to systematically analyze variations in pollu-
tant concentrations at different monitoring points in different sea-
sons, so as to identify key pollutant types and reveal the spatio-
temporal heterogeneity of water quality as well as the driving fac-

tors of pollution.

General situation of study area

The Huanghou Underground River Basin is located at the
border between Guizhou Province and Guangxi Zhuang Autono-
mous Region, within the coordinates of 25°11" to 25°30" N and
107°25" to 107°45" E. It represents a typical karst groundwater
system in southern Guizhou Province. The area spans Dushan
County and Libo County in Guizhou Province, as well as parts of
Nandan County in Guangxi, forming a key component of the Dush-
an karst groundwater system. The study area belongs to a distine-
tive karst landform unit characterized by fragmented terrain, with
dominant geomorphological types including peak-cluster depres-
sions and peak-cluster valleys. The underground karst system is
highly developed, with extensive underground rivers and caves. In
terms of geological structure, the area is situated at the intersec-
tion of three major tectonic zones: north — south, east —west, and
northwest — southeast. The region features a dense fault system
with intense tectonic activity, where structural fractures and faults
significantly influence the storage, flow, and discharge pathways
of groundwater. The stratigraphy primarily consists of carbonifer-
ous-permian limestone, characterized by hard lithology and strong
solubility, providing favorable conditions for the development of
karst landforms. It has led to the formation of a complex and typi-
cal karst underground river system. The area is rich in fractures,
creating highly favorable hydrogeological conditions for precipitati-

on infiltration and groundwater circulation. Although it is a typical



Caixia YANG. Characteristics and Evaluation of Water Pollution in the Huanghou Underground River Basin 81

karst mountain area overall, the the karst valleys possess relatively
fertile soil and gentle terrain, offering superior natural ecological
conditions. Since ancient times, this area has served as one of the
important agricultural zones and grain production bases in southern
Guizhou'®'.

Materials and Methods

Taking Huanghou Underground River Basin where Libo Karst
World Natural Heritage Site is located as the research object, this
study aimed to investigate and assess the pollution characteristics
of the water body in the river basin. Based on monitoring data of
typical pollutants including total nitrogen (TN), nitrate nitrogen
(NO; -N ), ammonia nitrogen ( NH, -N ), total phosphorus
(TP), and organic loads such as COD and permanganate index,
the single-factor pollution index (P;), Nemerow pollution index
(P,) and water quality index (WQI) were adopted to systemati-
cally analyze variations in pollutant concentrations at different mo-
nitoring points in different seasons, so as to identify key pollutant
types and reveal the spatiotemporal heterogeneity of water quality
as well as the driving factors of pollution. All collected samples
were stored in clean sealed containers and immediately refrigerated
at 4 °C to prevent biochemical processes from altering water quali-

ty characteristics.

Results and Analysis
Load levels of typical pollutants

In this study, five representative water quality parameters
were selected; ammonia nitrogen ( NH, -N ), nitrate nitrogen
(NO,; -N), permanganate index ( COD,, ), total phosphorus
(TP), and nitrite nitrogen (NO, -N). The single-factor pollution
index (P;), Nemerow comprehensive pollution index (P, ) and
water quality index (WQI) were calculated for each parameter to
quantitatively assess the pollution status of the river basin.

From the perspective of the mean P, values, the pollution
levels of all parameters were generally. The NH, -N (0.46) and
TP (0.44) showed values closest to the pollution threshold (P, =1),
but were still classified as "non-polluted" (Table 1). It suggests
elevated nitrogen and phosphorus nutrient loads in the area, repre-
senting potential pollution risks. The mean P, value for COD,,, was
0.72, indicating that it did not exceed the standard overall. How-
ever, some sampling sites in the upper reaches of the basin exceed
the standard (from August to November) , suggesting that organic
matter inputs in certain areas still require attention. In contrast,
NO; -N and NO, -N showed significantly lower mean P, values of
0.03 and 0. 01, respectively, demonstrating minor pollution risk
from nitrate and nitrite nitrogen. That is to say, the concentrations
of the two pollutants remain at clean levels in the water body.

As shown in Fig. 1, the P, values further revealed the com-
prehensive pollution status. The results demonstrated that the pol-
lution levels in the upstream areas were significantly higher than
those in the downstream areas. In the upstream section, water

quality ranged from clean to severely polluted. In specific, clean

samples and relatively clean samples accounted for 7.0% and and
19.2% , respectively, and lightly polluted samples, moderately
polluted samples and severely polluted samples accounted for
50.9% , 8.8% and 14.0% , respectively. The elevated pollution
levels upstream may be associated with agricultural runoff, domes-
tic sewage, and tourism-related discharges. Furthermore, the up-
stream areas exhibited higher pollution levels during the dry sea-
son, likely due to reduced river flow and consequently weaker self-
purification capacity. In the downstream section, the vast majority
of water samples fell within the clean to lightly polluted range, in-
dicating overall better water quality. It suggested that pollutants
from upstream underwent significant dilution and degradation dur-

ing migration, resulting in little effect on downstream areas.

Table 1 Calculation results of P;

Index NH, -N NO; -N CODy, TP NO; -N
Mean P; value 0.46 0.03 1.35 0.44 0.01
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Fig. 2 Distribution map of water quality index at different sam-

pling points in different periods
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Water quality index levels

The water quality index ( WQI) was calculated for various
monitoring sites in different months using a multi-parameter weigh-
ting method. The WQI values were classified into five grades; ex-
cellent water quality (WQI <50), good water quality (50<WQI
<100), poor water quality (100<WQI <200), very poor water
quality (200 <WQI <300), and water unsuitable for drinking
(WQI=300). Fig. 2 shows the heatmap for monthly WQI distri-
bution at various sampling points throughout the year.

The overall distribution results indicated generally good water
quality conditions in the study area. Statistical analysis revealed
that 90. 77% of samples fell into the " excellent water quality"
category, demonstrating that the vast majority of sampling points
maintained safe water quality indexes in different seasons. Sam-
ples classified as " good water quality" accounted for 6. 15% and
were primarily concentrated at local monitoring points such as W2
and W3, reflecting the local time periods of pollution interference.

" poor water quality" or

Notably, no samples were categorized as
worse, indicating that the underground river system maintains
strong environmental carrying capacity under current climatic and
land-use conditions. Additionally, the data missing ratio was
3.08% , primarily caused by sampling vacancies due to equipment
failures at individual sampling points or extreme rainfall/drought
conditions, which did not significantly affect the representative-
ness of the assessment results.

The figure further reveals that monitoring points W2 and W3
represented high-value zones, frequently exhibiting WQI values >
50 (classified as " good water quality" ). Notably, some monthly
values approached or exceeded 90 (e. g. , W3 in January, May,
and November; W2 in November). These elevated values might
be correlated with point-source pollution from domestic wastewater
discharge, transportation hubs, or high-density tourist areas up-
stream. Point W5 also showed a mild water quality decline (WQI
=53.7) in November, suggesting certain organic matter accumu-
lation or non-point source scouring residue during the post-flood
season.

Temporally, some monitoring points showed slightly elevated
WOQI values during the rainy season ( May-October ), suggesting
that stormwater runoff or surface flow may enhance pollutant trans-
port into the underground river system. Particularly during August
— November, significant water quality fluctuations at W2 and W3
indicated potential risks arising from combined effects of rainfall
and land-use changes. In contrast, other monitoring points (W11-
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W13) in hydrologically stable mid-downstream areas maintained
excellent water quality throughout the year, with WQI consistently
below 30.

Conclusions and Discussion

The results of single-factor pollution index demonstrated that
TP, NH, -N, NO, -N and NO, -N maintained clean levels over-
all, while COD,;, exhibited certain organic pollution characteris-
tics. The Nemerow index analysis revealed that the upstream pol-
lution was greater than the downstream pollution. In upstream are-
as, the water quality ranged from clean to severely polluted, with
lightly polluted samples predominating (50.9% ), and the down-
stream samples were mainly within clean to lightly polluted levels,
indicating overall better water quality and limited upstream pollu-
tion impacts on downstream areas.

The multi-index evaluation involving WQI demonstrated gen-
erally favorable water quality conditions in river basin, with over
90% of samples classified as " excellent water quality". Local wa-
ter quality deterioration was observed only at upstream monitoring
points including W2 and W3 during late rainy seasons or low-water
periods, revealing vulnerabilities driven by land use and precipita-
tion in specific areas.

In summary, the Huanghou Underground River Basin maintained
overall water quality within the "slightly polluted to good" range, and
the pollution was primarily concentrated in upstream areas.
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