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Abstract Surface water quality is vulnerable to pol-
lution due to human activities. The upper reach of the
Hun River is an important water source that supplies
52 % of the storage capacity of the Dahuofang Reser-
voir, the largest reservoir for drinking water in Northeast
China, which is suffering from various human-induced
changes in land use, including deforestation, reclama-
tion/farming, urbanization and mine exploitation. To
investigate the impacts of land use types on surface
water quality across an anthropogenic disturbance gra-
dient at a local scale, 11 physicochemical parameters
(pH, dissolved oxygen [DO], turbidity, oxygen redox
potential, conductivity, biochemical oxygen demand
[BOD5], chemical oxygen demand [COD], total nitro-
gen [TN], total phosphorus [TP], NO3

−-N, and NH4
+-N)

of water from 12 sampling sites along the upper reach of
the Hun River were monitored monthly during 2009–
2010. The sampling sites were classified into four
groups (natural, near-natural, more disturbed, and seri-
ously disturbed). The water quality exhibited distinct
spatial and temporal characteristics; conductivity, TN,
and NO3

−-N were identified as key parameters indicat-
ing the water quality variance. The forest and farmland
cover types played significant roles in determining the

surface water quality during the low-flow, high-flow,
andmean-flow periods based on the results of a stepwise
linear regression. These results may provide incentive
for the local government to consider sustainable land
use practices for water conservation.

Keywords Water quality . Land use . Anthropogenic
disturbance . Forest land . Hun River

Introduction

Surface water is susceptible to pollution from natural
processes, such as precipitation inputs and erosion, and
from anthropogenic disturbances through agricultural,
industrial, and urbanization activities that increase the
consumption of water resources (Shrestha and Kazama
2007; Singh et al. 2004). Anthropogenic disturbance has
received much attention due to landscape modifications
and ecosystem alterations (Maloney and Weller 2011).
The change of land use types, including deforestation
(Walling and Fang 2003), river channelization and re-
alignment (Tong et al. 2009), and the fragmentation of
continuous habitats (Miserendino et al. 2011) has
resulted in soil erosion, a decline in aquatic biodiversity
or scarcity, and water quality degradation.

Studies have demonstrated that the relationship be-
tween land use change and the alteration of water phys-
icochemical characteristics is influenced by numerous
factors and varies from local to basin or eco-regional
scales (Brion et al. 2011; Mehaffey et al. 2005; Tong
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and Chen 2002; Wear et al. 1998; Williams et al. 2005).
Tong and Chen (2002) found a significant relationship
between land use and in-stream water quality. They
showed much higher concentrations of nitrogen and
phosphorus in agricultural and impervious urban land
than that in forest land surfaces. Wear et al. (1998) noted
that the level of urbanization was the most relevant factor
of water quality degradation along the rural–urban gradi-
ent in a southern Appalachian watershed in the United
States. Likewise, Brion et al. (2011) observed that agri-
cultural practices and rapid urbanization had altered the
natural hydrologic conditions of rivers and increased the
possibility of water quality degradation. Mehaffey et al.
(2005) suggested that total nitrogen (TN) and total phos-
phorous (TP) are significantly positively related to agri-
cultural land. However, no significant correlations
between urban or agricultural lands and TN and TP were
found in the Ipswich River watershed (Williams et al.
2005). The different effects of land use types on surface
water may reflect different watershed characteristics and
pollution sources (Tong and Chen 2002).

With its rapid economic and industrial growth, envi-
ronmental degradation is widespread in many regions of
China. Most monitored rivers in China were found to be
heavily polluted with ammonium nitrate, permanganate,
and petroleum in 2007, reflecting the poor water quality
of the rivers (Fu 2008; Zhang et al. 2010a). Although
there have been some studies on the impacts of human
activities on water quality within different watersheds in
China, such as the catchments of the Fuxian and Qilu
Lakes in Yunnan Province (Wu et al. 2008), the Chenqi
and Dengzhanhe catchments in Guizhou Province (Zhao
et al. 2010), and the Grand Canal in the Taihu watershed
(Wang et al. 2011b), studies on the intrinsic relationships
of land use and water quality in Northeast China are
scarce (Zhang et al. 2009). The Hun River is situated in
Liaoning Province, Northeast China. The discharge of
the upper reach of Hun River is large, contributing more
than 52 % of the storage capacity of the Dahuofang
Reservoir, which has a maximum storage capacity of
2.2 billion m3. As an important source of drinking water,
the Dahuofang Reservoir sustains 23 million residents
in Liaoning Province, Northeast China (Wang et al.
2011a). However, there is great concern about the sur-
face water quality in the upper stream region because of
rapidly occurring land-use changes, including defores-
tation, increased agriculture and mining, and urbaniza-
tion. Therefore, it is urgent that the effects of land use
types on surface water quality, relative to the different

intensities of anthropogenic disturbances, be inves-
tigated for safety of use and to identify key factors
for the further recovery of the aquatic ecosystem.

This study was performed to explore the effects of
land use types relative to the different intensities of
anthropogenic disturbances (forest, grassland, farm-
land, mining industry, and urban expansion) on the
physicochemical characteristics of the water in the
upper reach of the Hun River. The aims of this study
were as follows: (a) to analyze the spatial and temporal
distribution characteristics of the surface water quali-
ty; (b) to identify the key factors determining the water
quality variability during the low-flow, high-flow, and
mean-flow periods; and (c) to clarify the effect of land
use on water quality across the gradient of anthropo-
genic disturbance in the upper reach of the Hun River.

Materials and methods

Study area and sampling sites

The Hun River, a major tributary of the Liao River, is
situated in Liaoning Province, Northeast China. The
river, which originates from Qingyuan County, has a
length of 415 km and a drainage area of 11,400 km2

(Yao et al. 2011). Known as the “mother river,” the Hun
River flows through seven cities including the provin-
cial capital Shenyang. The river provides a large amount
of water resources for domestic, agricultural, industrial
and other purposes. This region is subject to the temper-
ate continental monsoon climate and its annual mean
temperature ranges between 4 °C and 8 °C. The average
annual precipitation ranges from 700 to 900 mm, and as
much as 70–80% of annual precipitation falls from June
to August (Zhang et al. 2009). According to the monthly
mean precipitation, three distinctive periods were deter-
mined: low-flow (April and May), high-flow (June–
August), and mean-flow (September and October).

On the basis of Digital ElevationModel (DEM) data,
the boundary of the upper reach of the Hun River was
extracted using ArcGIS 9.3. The upper reach of the Hun
River (from 41°47′52″ to 42°28″25″N, 124°20″06″ to
125°28″58″E) (Fig. 1) covers a large area of forest,
grassland, farmland, town and copper mining areas in
Qingyuan County before discharging into the Dahuo-
fang Reservoir.

Twelve study sites were identified on the riverside
along the upper reach of the Hun River to represent
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different land use types. Sites S1–S4 were near the
headwater region, and sites S5 and S6 were situated at
a famous driftage tourism resort. S7 and S8were located
upstream and downstream of Qingyuan County, respec-
tively. S9 and S10 were seated at the confluence of two
tributaries, the Yinge and Hong Rivers. S11 and S12
were situated in the copper mining area (Fig. 1).

Water sampling and determination of physicochemical
parameters

Water samples were collected at monthly intervals from
July 2009 to October 2010 from 12 sampling stations
except during the freeze period from November 2009 to
March 2010. The turbidity, pH, conductivity, dissolved
oxygen (DO), and oxidation reduction potential (ORP)
were measured in situ with a HORIBA W-20 series
multi-parameter water quality meter probe (Horiba Ad-
vanced Techno Co., Ltd, Kyoto, Japan) at approximately
30 cm below the water surface. To quantify the chemical
analyses, three polyethylene bottles were used to collect
water samples, which were kept at 4 °C and transported
to the laboratory for advanced analysis. The chemical
parameters were performed following standard methods
(State Environment Protection Bureau of China 2002).
These parameters included nitrate-nitrogen (NO3

−-N),

ammonium nitrogen (NH4
+-N), total nitrogen (TN), total

phosphorus (TP), biochemical oxygen demand (BOD5)
and chemical oxygen demand (COD).

Land use analysis

Each sampling site was delineated according to the lon-
gitude and latitude and circled within a radius of 400m to
decide the land use type. The land use types within the
given scope were extracted from Advanced Land Ob-
serving Satellite (ALOS) images of 2009 (2.5 m spatial
resolution) using ArcGIS 9.3 Desktop GIS software. The
five land use categories were forest land, grassland, farm-
land, mine and built-up. These data were used to calculate
LandUse Stress (LUS) scores based on the weighted sum
of the percent land cover in forest land (no weighting),
grassland (weighting factor01), farmland (weighting
factor02), mine (weighting factor03), and built-up
(weighting factor04), according to Collier (2008). The
values varied between 0 for sites draining only forest to
400 for sites of entirely urbanized built-up land.

Data analysis

Differences in physicochemical parameters for the dif-
ferent sites were tested by a one-way analysis of variance

Fig. 1 Location of study area and sampling sites in the upper reach of the Hun River, Northeast China
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(ANOVA) within the SPSS 16.0 package, depending
upon the results of the test for the homogeneity of
variances. Factor analysis (FA) and stepwise linear re-
gression were applied to extract the most important
physicochemical parameters of the water during the dif-
ferent rainfall periods using the SPSS 16.0 software
package. Multiple analyses of variance within cluster
analysis (CA) and principal component analysis (PCA)
within the PC-ORD 5.0 package (McCune and Mefford
1999) were conducted to determine the spatial/temporal
variations of water quality across the anthropogenic dis-
turbance gradient. TheMonte Carlo permutation test was
used to verify the significance.

Results and discussion

Land use composition and site similarity

Analysis showed that the proportion of forest land was
greater than that of other land-use types at S1–S6,
while farmland occupied the largest areas at S7–S12
except for S11 (Fig. 2, Table 1). An obvious feature
was that natural landscapes, including forest land and
grassland, were dominant at S1–S6, with the sum of
proportions varying from 78 % to 100 % (Table 1).
Conversely, farmland, mine, and built-up areas, the
three types of anthropogenic landscapes, dominated
at S7–S12; the sum of these three land use types varied
from 71 % to 84 % (Table 1).

The dendrogram from the CA based on the water
physicochemical parameters from the 2-year data (to-
tal of 432 samples) significantly discriminated the 12
sites into three clusters, with 82.5 % of the variance
explained (Fig. 3). Based on the analysis of the LUS
scores (Table 1), these three clusters were divided
again into four groups. Sites S1–S4 (cluster 1), which
were located in the headwater region, formed Group I.
S5 and S6 (cluster 2), which were adjacent to the
location of famous driftage tourism resort, constituted
Group II. Sites S7–S12 (cluster 3) could be divided
into two sub-groups. One sub-group, named Group III,
consisted of S7, S9 and S10 and had LUS scores
below 200. The other sub-group, named Group IV,
consisted of S8, S11, and S12 and had LUS scores
over 200. Therefore, these 12 sites were divided into
four groups representing the increasing intensity of
anthropogenic disturbance: Group I (S1–S4, natural
landscape), Group II (S5 and S6, near-natural land-
scape), Group III (S7, S9, and S10, more disturbed),
and Group IV (S8, S11, and S12, seriously disturbed).

The results based on the CA indicated that this
procedure was useful in offering reliable classification
of the surface waters in the upper reach of the Hun
River. The procedure made it convenient to further
analyze the anthropogenic disturbance gradient in a
facile and credible manner. Other reports (Shrestha &
Kazama 2007; Singh et al. 2004) had shown that a
similar approach can be successfully applied to water
quality programs.

Fig. 2 The land use type for
the upper reach of the Hun
River in Qingyuan County
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Spatial and temporal variations of physicochemical
parameters

The major parameters tend to increase significantly
from Group I to Group IV and from upstream to
downstream (p<0.05, n0432, Fig. 4). The lowest
values of conductivity, turbidity, TN, TP, NO3

−-N,
and NH4

+-N were all found in Group I, while the
highest concentrations of these parameters were found
in Group IV, except TP (Fig. 4). The water samples at
Group I and Group II were remarkably better than
those of Group III and Group IV, according to the
concentrations of TN, NO3

±-N, and NH4
+-N. The

water quality parameters showed obvious temporal
variations. The surface water in the high-flow period
had a lower concentration of nutrient-related parame-
ters (TN, NO3

−-N, and NH4
+-N) than that of the low-

flow and mean-flow periods (Fig. 4). The apparent
decline in N-related concentrations in the high-flow
period was caused by the dilution effect, and the high-
est concentrations in the low-flow period most likely
indicated inadequate dilution due to the lowest runoffs
and slowest flow velocity (Ahearn et al. 2004; Sigleo
and Frick 2007). However, the TP concentration
exhibited a different trend, with the lowest value in
the low-flow period and the highest value in the mean-
flow period. The variation of the TP concentration in
the rivers may be explained by the trade-off between
erosion and the dilution effect in the given rainfall
periods. A previous study showed that hydraulic ero-
sion played a major role in determining the concentra-
tion of TP when the rainfall and runoff were not
abundant in the low- or mean-flow periods (Absalon
and Matysik 2007).

Table 1 Proportions of land use
types and Land Use Stress
(LUS) scores at the 12 sampling
sites in the upper reach of the
Hun River, Northeast China

Site Forest (%) Grassland (%) Farm (%) Mine (%) Build-up (%) LUS score

S1 100 0 0 0 0 0

S2 99 0 0 0 1 4

S3 87 0 8 0 5 36

S4 88 0 0 0 12 48

S5 56 26 18 0 0 62

S6 78 0 0 0 22 88

S7 5 18 65 0 12 196

S8 6 10 60 0 24 226

S9 0 22 72 0 6 190

S10 29 0 71 0 0 142

S11 29 1 18 15 37 230

S12 20 0 44 24 12 208

Fig. 3 Dendrogram from
the cluster analysis of the
12 sampling sites
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The results of the principal component analysis
showed similar trends (Fig. 5). The first three PCs with
eigenvalues >1 accounted for 37.8 %, 22.1 %, and
15.2 % of the total variance. From left to right of Axis
1, there was a gradually increasing gradient of anthro-
pogenic disturbance from Group I (S1–S4) to Group II
(S5 and S6) and a blending of Group III (S7, S9, and
S10) and Group IV (S8, S11, and S12). In addition, Axis
1 showed the sampling locations along the river direc-
tion from the headwater region to Qingyuan County and
to the copper mining area. Axis I was significantly
positively related to NO3

−-N (r00.94), conductivity
(r00.78) and TN (r00.78). From top to bottom of Axis
2, the samples showed an obvious time series from low-
flow to high-flow to mean-flow periods. Axis II was
significantly negatively related to TP (r0−0.86) and DO
(r0−0.82).

The surface water in the upper reach of the Hun
River exhibited good water quality with lower con-
centration of TN, NH4

+-N and TP and lower values of
EC (Fig. 4) compared with those of a tributary of the

Daliao River in Northeast China (Zhang et al. 2009),
the Han River (Li et al. 2009), the Xiangjiang River
(Zhang et al. 2010b), and the Changjiang River (Liu et
al. 2003). Due to anthropogenic activities, including
agriculture, urbanization, and especially the use of
chemical fertilizers and pesticides with abundant nitro-
gen and phosphorus, the water quality of many rivers in
China has been affected by heavy pollution loads. The
upper reach of the Hun River is primarily located in a
mountainous area and subjected to relatively less an-
thropogenic disturbance. In this study, the four intensi-
ties of anthropogenic disturbance based on the results of
LUS scores (Table 1, Fig. 3) exhibited different water
quality levels, in accordance with the clean water quality
standard from Collier (2008). In our study, the sites with
LUS scores less than 100 were affected by fewer an-
thropogenic disturbances, whereas LUS scores of more
than 200 indicated the sites were suffering serious an-
thropogenic disturbances. With the increased intensity
of disturbance from Group I to Group IV, the concen-
tration of TN, NO3

−-N, and NH4
+-N increased.

Fig. 4 Comparison of a conductivity, b turbidity, c TN, d TP, e
NO3

−-N, and f NH4
+-N of different groups during the low-flow,

high-flow, and mean-flow periods. Different lowercase letters

on the error bars represent the existence of significant differ-
ences among groups at p<0.05 (n0432)
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Moreover, the surface water had better quality with
lower nutrient concentrations (Fig. 5) during the high-
flow period than the other periods, most likely a result of
the diluting effect of rainfall.

Identification of important seasonal water quality
parameters

The most important water quality parameters were
chosen with an absolute correlation coefficient value
>0.95 for the first two factors during the low-, high-,
and mean-flow periods in the upper reach of the Hun
River (Table 2). In the low-flow period, the mineral-
related parameter of conductivity and inorganic nutri-
ent parameter NO3

−-N were more sensitive to water
quality variation than the other parameters. Turbidity
and NO3

−-N showed the most variation during the
high-flow period. In addition, conductivity, turbidity,
and NO3

−-N were key parameters for determining the
water quality variation during the mean-flow period.
The nutrient-related parameter NO3

−-N was the most
sensitive parameter for characterizing the water qual-
ity variance throughout the year.

In the present study, among the 11 studied water
physicochemical parameters, three parameters (i.e.,
conductivity, turbidity, and NO3

−-N) exhibited the
most variation, and only NO3

−-N always showed the
most variation when determining the water quality
conditions for all three periods (Table 2). The key
parameters for determining the water quality variabil-
ity were not immobile (Table 2, Fig. 5). One parameter
that was more important in one period may not have
been important in another, a characteristic consistent
with the study of Ouyang et al. (2006). The key
parameters (conductivity, turbidity, and NO3

−-N) in
this study were common indicators of water quality
evaluation as described by Pesce and Wunderlin
(2000) and Singh et al. (2004). Turbidity was associ-
ated with suspended material, which can also be bac-
teriological contaminations (Pronk et al. 2007).
Conductivity could indicate the presence of mineral
acids or similar contaminants discharged to the river
(Ouyang et al. 2006). NO3

−-N may be interpreted as
representing influences from anthropogenic inputs
(Miserendino et al. 2011). The changing trend of the
NO3

−-N concentration was correlated with the

Fig. 5 Principal component
analysis (PCA) ordination
from the physicochemical
parameters of the water of
the 12 sampling sites in the
upper reach of the Hun
River. L low-flow period,
H high-flow period,
M mean-flow period
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intensity of the anthropogenic disturbance, which
could be a good index for monitoring the water quality
variance and the intensity of anthropogenic distur-
bance in the upper reach of the Hun River for all three
periods.

Linkage between water physicochemical parameters
and the intensity of anthropogenic disturbance

The percentages of forest or farm cover played impor-
tant roles in determining the variations of water phys-
icochemical parameters in the different rainfall periods
on the basis of the results of stepwise multiple regres-
sions (Table 3). During the low-flow period, the per-
centage of forest land cover was negatively correlated
to the values of conductivity, NO3

−-N and TN, while
farmland and mine land cover were positively corre-
lated with the variation of water quality. This result
was in agreement with the studies of Mayer et al.
(2007) and Allan and Castillo (2007), mainly because
forested riparian areas could effectively remove NO3

−-
N from the discharges. The common sources of phos-
phorous included agricultural and industrial sewage
and animal waste. Moreover, human-induced distur-
bance of land vegetation increased erosion resulting in
more phosphates being washed out of the soil. The
supply of phosphates was constant throughout the
year, and there was less discharge to dilute them in
the low-flow period. Only farmland played a crucial
role in determining the variations of water quality
during the high-flow period (Table 3). The proportions

of farmland cover were negatively correlated with the
nutrient-related parameters (NO3

−-N and TN) and pos-
itively correlated with the oxygen-related parameters
(DO and ORP). Similarly, these key parameters were
deeply affected by farmland in the mean-flow period.
Our results seemingly disagree with previous studies
in which negative relationship was found between
farmland and the concentration of NO3

−-N in the
high- and mean-flow periods. In the present study,
the sites with the greatest proportion of farmland
(Fig. 1, Table 1) were located at the confluence of
two tributaries, where the dilution effect lowered the
concentration of nutrient related parameters (NO3

−-N
and TN). In addition, agricultural waste produced by
farmland was combined with that from mining and
built-up land, which aggravated the deterioration in
the less agricultural land. Therefore, this contradictory
situation mainly reflects the differences in the specific
sampling sites and the watershed characteristics in
different studies (Tong and Chen 2002). In general,
forest land cover played an important role in deter-
mining the water quality variations in the low-flow
period, while farmland cover had a profound effect on
surface water quality in both the high- and mean-flow
periods.

Forest land is mostly related to good water quality
and it plays an important role in keeping water clean in
different watersheds around the world (Lepers et al.
2005; Neary et al. 2009; Tu 2011). Similar to the
previous studies, negative relationships are also found
between the percentage of forest land and the key

Table 2 Rotated factor correla-
tion coefficients for low-flow,
high-flow, and mean-flow
periods

Bold numbers indicate an abso-
lute value >0.95

Physicochemical
parameters

Low flow High flow Mean flow

Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2

pH −0.05 −0.70 −0.79 −0.05 −0.60 0.38

conductivity 0.97 0.02 0.94 0.06 0.98 0.07

Turbidity 0.90 0.14 0.98 −0.14 0.96 −0.16
DO −0.02 0.23 −0.90 0.18 −0.38 −0.13
ORP 0.02 0.92 −0.90 −0.18 −0.85 −0.08
TN 0.91 −0.14 0.83 0.18 0.85 0.23

TP 0.84 0.37 0.63 0.05 0.47 0.67

BOD5 −0.27 0.70 0.72 0.52 0.87 −0.03
COD −0.35 0.20 0.19 0.85 −0.09 −0.89
NO3

--N 0.95 −0.17 0.98 0.10 0.97 0.16

NH4
+-N 0.57 −0.10 0.48 0.73 0.55 0.01
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parameters (conductivity, NO3
−-N and TN) in this

study (Table 3). The lower concentration of nutrient
loading may be attributable to the deposition and
filtering of forest land, and forest ecosystems are gen-
erally effective at controlling and decreasing the sed-
iment pollutants carried in surface runoff (Lowrance et
al. 1997; Neary et al. 2009; Tu and Xia 2008).

As one of the essential components of human dis-
turbances, farmland is usually considered an important
pollution source that degrades water quality (Filik
Iscen et al. 2008). Numerous studies have shown
significant relationships between the percentages of
agricultural or unban land cover and nutrient concen-
trations in streams and rivers. Lenat and Crawford
(1994) found that agricultural lands worsened water
quality and produced the highest nutrient concentra-
tions compared with forested and urban lands in the
Piedmont region of North Carolina. Mouri et al.

(2011) observed that the urban land type, together with
the effects of increased population, domestic water
use, and industrial wastewater, was positively associ-
ated with increases in water pollution. Similarly, Tu
(2011) found stronger positive relationships between
the percentage of commercial land and the concentra-
tion of water pollutants based on the geographically
spatial data analysis technique. In our study, the pro-
portions of farmland cover were negatively correlated
with nutrient related parameters (NO3

−-N and TN) and
positively correlated with oxygen-related parameters
(DO and ORP). The dilution effect played a major role
for the sampling sites located at the confluence of two
tributaries, and abundant discharge reduced the con-
centration of N-related parameters in the mean/high-
flow periods. Although a negative correlation between
percentages of agricultural land cover and concentra-
tions of nutrients in the streams was found in the

Table 3 Stepwise multiple re-
gression models for physico-
chemical parameters in the upper
reach of the Hun River, North-
eastern China

Forest, farm, and mine in the
models represent the percentages
of each land use type
aSignificance level of p<0.01
bSignificance level of p<0.05

Physicochemical
parameters

Forest land cover Farm land cover Mine land cover

Low-flow

Conductivity 24.84−0.14×foresta

NO3
−-N 3.78−0.02×foresta

TN 2.03−0.02×foresta

Turbidity 8.31+0.53×farmb

TP 0.01+0.01×farma

DO 4.10+0.06×minea

NH4
+-N 0.35+0.02×minea

High-flow

Turbidity 146.42−1.64×farmb

NO3
−-N 3.39−0.02×farma

TN 2.13−0.02×farma

BOD5 4.46−0.03×farma

DO 6.21+0.036×farmb

ORP 200.77+0.57×farma

pH 6.79+0.01×farma

Mean-flow

Conductivity 31.86−0.23×farm+0.65×minea

Turbidity 48.70−0.60×farm −0.26×forestb

NO3
−-N 2.97−0.02×farmb

TN 2.33−0.01×farma

BOD5 8.48−0.06×farma

DO 9.90+0.03×farma

ORP 224.61+0.497×farmb

pH 7.08−0.01×foresta
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mean- or high-flow periods, a more detailed investi-
gation would help clarify the relationships. The results
also indicate that the pollution source mainly comes
from agricultural runoff and less mining industrial
effluents.

Conclusions

In the present study, 12 sampling sites in the upper
reach of the Hun River were classified into four groups
(Group I: natural, Group II: near-natural, Group III:
more disturbed, and Group IV: seriously disturbed)
based on the results of CA and LUS scores. The major
parameters (conductivity, turbidity, TN, TP, NO3

−-N,
and NH4

+-N) tend to increase significantly from
Group I to Group IV, and from upstream to down-
stream. With the increased intensity of anthropogenic
disturbances, the concentrations of nutrient-related
parameters (TN, NO3

−-N, and NH4
+-N) increased

from Group I to Group IV. Conductivity, turbidity,
and NO3

−-N were identified as the most sensitive
parameters in different rainfall periods and only
NO3

−-N was always the key parameter in determining
the water quality variations for all year. These param-
eters make it convenient for local authorities to mon-
itor and assess water quality variations quickly
through a few simple parameters.

The results of this study provide insight into the
associations between the surface water quality and land
use types at the local scale in the upper reach of the Hun
River. Forest played an important role in maintaining
clean water, whereas farmland deteriorated the surface
water quality due to non-point agricultural pollutants in
the low-flow period. The results of the study show that it
is fundamental to preserve sufficient forest land area and
to control agriculture to maintain good water quality in
the upper reach of the Hun River. Finally, sustainable
land use practices and scientific environmental regula-
tions are required for water conservation and manage-
ment in the upper reach of the Hun River.
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