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Abstract—In order to prove up the influences from Fuhe River to Baiyang Lake and get a clear picture of the water quality 
situation surrounding Fuhe River inlet into Baiyang Lake, kriging interpolation and principal component analysis methods were 
used to analyze spatial variation characteristics of water quality surrounding Fuhe River inlet into Baiyang Lake during the flood 
season. The results show that the values of five water quality parameters decrease from Fuhe river inlet to the lake center. High 
concentration zones are near the Fuhe River intlet, and account for more than half of the study area. The value of ammonia 
nitrogen  and nitrite nitrogen  show large variations, and variable coefficients are greater than 40%; the concentration of total 
phosphorus and ammonia nitrogen is more 2.63 and 0.54 times respectively than those for V grade in surface water environmental 
quality standards, so the water belongs to high pollution area and the concentration of the pollutions taken by Fuhe River exceed 
seriously the standard value; The nitrogen concentration tends to increase, and it mainly results from agriculture non-point 
pollution in the west of Baiyang Lake in flood season. The method could be used to evaluate the condition of water body and the 
findings provide theory basis for improving the water quality in this area. 
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I. INTRODUCTION  

Baiyang Lake is the most important wetland in Daqing 
water system, which belongs to the Haihe Basin. In recent 
years, Baiyang Lake is frequently dry, pollutant load 
increases rapidly and so on. The inflow rate decreased year 
by year into Baiyang Lake. There are nine rivers to drain into 
Baiyang Lake in the past. Now, except Fuhe River, the other 
eight rivers often emerge seasonal stream betrunking[1]. 
Fuhe River is the sewage river throughout the Baoding city, 
nonpoint source pollutants from farmland collect into Fuhe 
River and Fuhe River has an important effect on the water 
quality of Baiyang Lake. At present, there are a lot of studies 
about Baiyang Lake, such as Liu Maofeng [2] and Zhang 
Xiaogui[3] pointed out that the annual runoff of each site in 
Baiyang Lake tends to be downward, which has strong 
sustainability, the storage capacity of the entire Baiyang lake 
is less than 1/10 in 1960s, and water quality continually 
degrades. Zhang Ting [4] has analyzed water quality in flood 
season, normal season and dry season in Baiyang Lake from 
2006 to 2007 by the algebraic superposition method of 
comprehensive pollution index. The results show that 
comprehensive pollution index is maximum value at South 
Liu Zhuang and it is pollution control area. The water quality 
of Baiyang Lake is inferior to the V grade from 2005 to 2011 
and is a serious pollution lake from 2012 to 2014 in China 
environmental Status Bulletin. Therefore, in order to explore 
the impact on Baiyang Lake from Fuhe River runoff, get the 
present situation of water quality, the spatial variability 
characteristics of water quality surrounding Fuhe River inlet 
into Baiyang Lake is analyzed in paper. It is an important 

basis for improvement and protection water environment of 
the Baiyang Lake. 

II. MATERIALS AND METHODS 

A.  Range of Study Area and Layout of Sample Site 

The study area is located in the entrance to Baiyang Lake 
where Fuhe River flows into the lake. According to the flow, 
velocity and pollutant diffusion, the range of study area is 
about 4.33km from east to west and about 1km from north to 
south. 

Based on the preliminary investigation data, the influence 
area of the inflow rate from Fuhe River into Baiyang Lake is 
within the scope of 4km. Therefore, the Fuhe River inlet into 
Baiyang Lake takes as study node.  According to “Water 
Quality-Guidance on Sampling Techniques from Lakes, 
Natural and Man-Mad" (GB/T 14581) [5], the first water 
quality sampling site (D1) is arranged upstream the entrance 
of Baiyang Lake, and five water sampling sites (D2~D6) is 
arranged along the river direction in Baiyang Lake. The 
water quality for D1 represents the water quality of Fuhe 
River; the water quality for D6 arranged outside influence 
area to 0.1km represents the water quality of Baiyang Lake. 
The other sampling sites are evenly distributed; meet the 
requirements of sampling sites. The distribution details of the 
sampling sites are shown in Table I. 

B. Sampling measurement and analysis methods 

Five kinds of water quality parameters in water sampling, 
including total phosphorus, ammonia nitrogen, phosphate, 
nitrate nitrogen and nitrite nitrogen were determined by 
using the XZ-0142 multi parameter water quality analyzer in 
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laboratory. The flow rate was determined at D1 sampling site 
by SL-50B portable flow meter.  

The experimental data was analyzed by using the Kriging 
interpolation method and principal component analysis [6, 7].  

The five water quality parameters are linear optimization 
and the unbiased interpolation is estimated by the Kriging 
interpolation method with Surfer12.0. The spatial 
distribution map of the five water quality parameters was 
obtained and the spatial variability characteristics were 
analyzed. A comprehensive index without relation to five 
water quality parameters was established by Principal 
component analysis to reduce the dimensions. 
Comprehensive principal component scores for F were 
determined and its expression was put forward. 

TABLE I. THE INFORMATION OF SAMPLING SITES IN THE STUDY 
AREA 

Sampling sites 
Letter 
code 

latitude and 
longitude 

The distance to Fuhe River 
inlet into Baiyang Lake 

Fuhe River inlet 
in Baiyang Lake 

D1 
115.940°E，

38.920°N 
— 

Sites of the 
photography 
building 

D2 
115.957°E，

38.913°N 
L12=1.3km 

Exotic garden D3 
115.969°E，

38.910°N 
L13=2.3km 

Solider Zhang 
Ga exhibition 

hall  
D4 

115.978°E，
38.911°N 

L14=3.1km 

the horse court 
inside Baiyang 

Lake 
D5 

115.988°E，
38.915°N 

L15=4.0km 

Ferris wheel in 
fairground 

D6 
116.000°E，

38.911°N 
L16=4.1km 

 

III. RESULTS AND DISCUSSION  

A. Descriptive statistics of water quality parameters 

The water quality parameters surrounding Fuhe River 
inlet into Baiyang Lake were statistically analyzed, the 
results are shown in Table II. 

The follow conculusions are obtained from Table II: 
(1) the distribution regularity of 5 water quality parameters 
content is obvious, that is to say, it is low near Baiyang Lake 
center and high near the entrance into the lake.  

(2) From the mean value of concentration, the average 
concentration of total phosphorus and ammonia nitrogen are 
1.45 mg/L 3.08mg/L respectively. They are more  2.63 and 
0.54 times than those of the grade V in surface water 
environmental quality standards. It belongs to serious 
contaminated lake. 
(3) From the concentration extreme value, 4 times minimum 
concentrations were found at D6 sampling site; 3 times the 
maximum concentrations were found at D2 sampling site. 
Sampling sites between nitrate nitrogen minimum 
concentration and the other 4 water quality parameaters are 
different, and the extreme position is prominent. 
(4) If the coefficient of variation is less than 10%, called 
weak variation; it is between 10%~30%, called intermediate 
variation and it is more than 30%, then called strong 
variation[8]. Only nitrate nitrogen concentration (Cv NNO 

3
 

=9.38%) is weak variation among water quality parameters 
in study area. The content of total phosphorus (Cv TP  
=18.18%) and phosphate (Cv PPO 3

4
 =17.22%) are 

intermediate variation and, ammonia nitrogen (Cv NNH 
4

  
=41.27%) and nitrite nitrogen (Cv NNO 

2
  =47.06%) 

content were strong variation. The spatial variability of the 
water quality parameters mainly result from water pollution 
and hydrological characteristics of each parameter. 
Ammonia nitrogen and nitrite nitrogen content affected by 
the two aspects were higher than the other 3 water quality 
parameters.  
(5) From the skewness, ammonia nitrogen and nitrate 
nitrogen are larger than zero and belongs to skewed; the 
other 3 water quality parameters were negative and belongs 
to negative skewness. Ammonia nitrogen and nitrate nitrogen 
concentration at sampling sites which is relatively smaller 
account for high proportions, while the other 3 water quality 
parameters which is relatively larger account for high 
proportions. the  content is most prominent.  
(6) From the peak, βTP  <β PPO 3

4
 <β NNO 

2
 <β NNH 

4
 

<β NNO 
3

 <0, the corresponding normal curve of the each 

parameter is scattered and belongs to low kurtosis; total 
phosphorus dispersion is strongest; phosphate, nitrite 
nitrogen, ammonia nitrogen, nitrate nitrogen dispersion 
decrease in turn, kurtosis is more obvious. 

 
TABLE II. DESCRIPTIVE STATISTICS OF WATER QUALITY PARAMETERS 

Water quality 
parameters 

ρmax 
(mg/L) 

    Sampling site of 
ρmax  

ρmin 

(mg/L) 
Sampling site of 

ρmin 
Average 
(mg/L) 

Standard 
deviation 

Coefficient of 
variation (%) 

Measure of 
skewness α 

Kurtosis
β 

TP  2.04 D2 0.74 D6 1.45 0.557 18.18 -0.355 -2.005 

NNH 
4

 
4.59 D1 1.51 D6 3.08 1.273 41.27 0.193 -1.671 

PPO 3
4

 
1.82 D2 1.17 D6 1.51 0.259 17.22 -0.403 -1.742 

NNO 
3

 
3.62 D2 2.84 D1 3.20 0.300 9.38 0.131 -1.332 

NNO 
2

 
0.26 D3 0.07 D6 0.17 0.078 47.06 -0.562 -1.700 

Note: ρmax and ρmin is maximum and minimum value. 
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B. The spatial distribution of the water quality parameters 
contents  

The spatial distribution of the water quality parameters 
contents are obtained by using Kriging interpolation method 
with Surfer software. The results were shown in Figure 1. 

 

 
(a) TP  

 
(b) NNH 

4
 

 
(c) PPO 3

4
 

 
(d) NNO 

3  

 
(e) NNO 

2  
Fig.1 the spatial distribution of the water quality parameters contents in 

study area (mg/L) 
Area in which concentration is Equal to or greater than 

the extreme average concentration is called the "high 
concentration zone", conversely called the "low 
concentration zone". The follow conclusions are obtained 
from figure 1. 
(1) Overall, five water quality parameters concentrations are 
relatively larger near the entrance to Baiyang Lake, where 
color is very darker in the picture, and it is a high 
concentration zone. Five water quality parameters 
concentrations tend to be downward near the lake center, 
where color is little light, and it belongs to the low 
concentration zone. High concentration zone of each water 
quality parameter is not less than half of the total area. The 
high concentration of pollutants travels more than 2km, and 
the concentration value tends to be stable near the center of 
the lake which is beyond 4km. The concentration distribution 
of nitrate nitrogen is abnormal, that is, it emerge minimum 
value near the entrance to Baiyang Lake. But it does not 
affect the overall level of concentration distribution. The 
total phosphorus, ammonia nitrogen, phosphate 

concentration exist the similar spatial distribution and 
decrease gradually from the rounding entrance to Baiyang 
Lake to lake center.  
(2) High concentration zone of total phosphorus is about the 
total area of 2/3. Although the concentration tends to be 
upward towards the direction of the entrance in the zone, the 
coefficient of variation contribution rate is low. Total 
phosphorus low concentration zone is about the study area of 
1/3. The total phosphorus concentration plummets near the 
lake center and the coefficient of variation of the contribution 
rate is overwhelming majority. The total phosphorus 
concentration decreases from the entrance to Lake Center in 
the study area.  
(3) Ammonia nitrogen concentration declines slowly from 
the D3 sampling site surrounding to the lake center. the 
sluggish area of concentration decrease emerges in the study 
area. High and low concentration zone account for the total 
studies area 1/2 respectively. Overall, it shows downward 
trend toward the lake center. 
(4) High and low concentration zone of phosphate is the total 
area of 3/5 and 2/5 respectively. Overall, phosphate 
concentration decreases significantly toward the lake center. 
The   concentration at D1 sampling site is slightly lower than 
the surrounding water. But, the concentration changes slowly, 
still belong to the high concentration zone. The phosphate   
concentration is greatly reduced from the entrance to the lake 
center. The coefficient of variation contribution rate is lager; 
concentration value is basically stable at middle lake and it is 
at a low concentration area. 
(5) The nitrate nitrogen concentration is similar in the study 
area. The peak exists around D2 sampling site; the 
concentration value plummets around the D1 sampling site 
and is lower around D6 sampling site. 
(6) The nitrite nitrogen concentration is slightly higher at D3 
sampling site than the surrounding; the phenomenon of 
equidensity distribution appears near lake entrance and nitrite 
nitrogen concentration remains unchanged. After D3 
sampling site, the nitrite nitrogen concentration shows in "S" 
shape toward the direction of lake center. High and low 
concentration zone distribution is similar to the other 4 water 
quality parameters, and is the total study area of 2/3 and 1/3 
respectively. 

C.  Response analysis of water quality variation and the 
flow into the lake  

The variation of each water quality parameter and the 
flow into the lake were analyzed in flood season. The 
trendline equations are shown in Table III. 

 
TABLE III THE TRENDLINE EQUATIONS OF WATER QUALITY 

PARAMETERS AND FLOW IN THE FLOOD SEASON 

Water quality parameters the trendline equations 

TP  y = -0.055x + 1.64 

PPO 3
4 y = -0.088x + 1.82 

NNO 
2 y = 0.008x + 0.14 

NNH 
4 y = 0.184x + 2.44 
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NNO 
3

 
y = 0.027x + 3.10 

flow y = -21.334x + 256.13 

 
Table 3 shows that the general trend slope of the flow 

into the lake is -21.33, this can be illustrated that the flow 
into the Baiyang Lake changes strongly. The reasons is that 
the flow into the Baiyang lake in June increases significantly 
compared to May, reaches the peak in July, slightly 
decreases in August, and plummets at the end of the flood 
season. Total phosphorus and phosphate concentration 
decreases overall, and the slope is -0.055 and -0.088 
respectively; the concentration of ammonia nitrogen, nitrate 
nitrogen and nitrite nitrogen increases, but the nitrite nitrogen 
concentration changes slightly, the three slope are 0.184, 
0.027 and 0.008.  

It can be concluded that the pollution degree of 
Agricultural non-point source for the West Lake Plain is 
more serious in flood season than in other season in the study 
area upstream. Compound fertilizer is applied widely in 
farmland along the Fuhe River. Expect to removal of the 
nitrogen and phosphorus by crops utilization, phosphorus 
accumulates mainly in the soil, and nitrogen is more active, 
not easy to accumulate in the soil, with runoff into the river 
in the flood season. Compared to the dilution effect of large 
precipitation, influence of agricultural non-point source 
pollution is more prominent for increasing the nitrogen 
concentration. The slope of its trend line is positive. While 
dilution is more prominent role in variation of the 
phosphorus concentration and its concentration tends to be 
downward. This result shows that it cannot be ignored that 
agricultural non-point source pollution has an impact on the 
west of Baiyang Lake Plain. It should strengthen the control 
of chemical fertilizer application. 

D.  Principal component analysis of water quality 
parameters 

Principal components of five water quality parameters 
were obtained by analysis the experimental data with SPSS 
software. The results show that only the first principal 
component eigenvalue (4.028) is greater than 1 and the 
percentage of variance has reached 80.57%. It can well 
reflect the original information [9]. The first principal 
component has been removed to meet the requirements. 

The principal components are relation to the 5 water 
quality parameters. And the correlation coefficient of total 
phosphorus, ammonia nitrogen, phosphate, nitrate nitrogen 
and nitrite nitrogen are 0.983, 0.914, 0.998, 0.579 and 0.946 
respectively. The expression of comprehensive principal 
component score (F0) is as follows: 

0 1 2 3 4 50.983 0.914 0.998 0.579 0.946F x x x x x      
                                                                                           (1) 

Where, 1x , 2x , 3x , 4x , 5x  are the standard values of 

total phosphorus, ammonia nitrogen, phosphate, nitrate 
nitrogen, nitrite nitrogen concentration respectively. 

The higher F0 value is obtained, the worse water quality. 
In this paper F0 obtained is negative, for comparison, 
according to the statistics of 3 Sigma principle, using the 

translation formula 
0FHF   (F is the comprehensive 

principal component score after translation; H is translation 
distance; F0 is the comprehensive principal components 
scores), and select the appropriate H value (0.6000) to 
eliminate the negative influence by coordinate translation, 
the results are shown in Table IV. 

 
TABLE IV THE TRENDLINE EQUATIONS OF WATER QUALITY 

PARAMETERS AND FLOW IN THE FLOOD SEASON 
Sampling sites F0 H F 

Fuhe River inlet in Baiyang 
Lake D1 

-0.2054  

0.6000 

0.3946  

Sites of the photography 
building D2 

-0.3245  0.2755  

Exotic garden D3 -0.4594  0.1406  

Solider Zhang Ga exhibition 
hall D4 

-0.4803  0.1197  

the horse court inside Baiyang 
Lake D5 

-0.5716  0.0284  

Ferris wheel in fairground D6 -0.5955  0.0045  

 

Fig.2 The spatial distribution of the value of F in the study area 
 

Table IV shows FD6<FD5<FD4<FD3<FD2<FD1, and it 
represents that the water quality becomes worse gradually 
from lake center to Fuhe river inlet. The spatial distribution 
of the value of F is obtained arround entrance to Baiyang 
Lake in flood season 2015 by using the Kriging interpolation 
method. We can see from Fig. 2 that F value is highest close 
to the Fuhe river entrance in Baiyang Lake and the color is 
deepest. F value is lowest at Lake Center and the color is the 
shallowest. Namely water quality is relatively the worst 
surrounding D1 and is best relative at D6. Equivalent line 
spacing is 0.02 in Fig. 2. The contour distributions are dense 
in the D1 as center, 0.9 km radius of circular waters and the 
decay rate is 0.1333km-1. The contour distribution is sparse 
from D1 0.9 km outside of the study area, the attenuation rate 
is about 0.082km-1, which shows that the farther the distance 
from Fuhe river entrance into the lake, the smaller self-
purification strength. 

IV. CONCLUSIONS 

Water quality experimental was carried out in Fuhe river 
inlet into Baiyong Lake from June to September in 2015. 
Spatial variability characteristics of water quality were 
obtained by anaysis of experimental data with kriging and 
principal component methods in flood reason. The 
conclusions are as follows: 

(1) In the flood season, total phosphorus and nitrogen are 
inferior to the national surface water standard V grade in 
Fuhe River of the Baiyang lake section. It belongs to severe 
pollution. Water pollutants in Fuhe River exceed seriously 
the standard pollutant content. High concentration of the 
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distance travels more than 2km; the total effect of travel 
distance is not less than 4km. 

(2) Among 5 water quality parameters, variation degree 
of nitrate nitrogen content (Cv NNO 

3
 =9.38%) is minimum 

value. Variation degree of phosphate, total phosphorus, 
ammonia nitrogen content increase in turn. Variation degree 
of the nitrite nitrogen content (Cv NNO 

2
 =47.06%) is the 

highest. 
(3) The water quality is worse surrounding waters from 

Fuhe river entrance to Baiyang Lake in flood season, and the 
comprehensive principal component score is higher. The 
decay rate becomes smaller toward the direction of Lake 
Center and water self-purification strength decrease. 

(4) Comprehensive principal component scores formula 
is obtained by principal component method and the spatial 
distribution map of scores is obtained by Kriging 
interpolation method, which can well reflect the actual water 
quality status and trends in the study area, can be used to 
evaluate the water quality. The findings provide the basis for 
the improvement of water environments. 
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