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Abstract 

Yinfu Reservoir is an important source of water supply of Qingdao. The field investigation was conducted on this 
reservoir in the summer of 2010. Five sampling points were placed on the tributaries around the reservoir. Severn 
sampling sites in 3 layers (surface, middle layer, bottom) to take water samples were arranged. Monitoring objects 
include: T, pH, SD, TP, TN, Chl-a, salinity, TDS, conductivity. The spatial variations of water quality were analyzed. 
The results showed that the salinity, conductivity, TDS, TN concentrations of reservoir monitoring points around the 
tributaries were generally higher compared to the inner monitoring sites. The concentration of TN reached the Four 
water standards; little difference existed in the concentration of TP and DO, up to A water standard; the content of 
Chl-a in the outer monitoring points is lower than that of the inner. The content of total nitrogen in the surface and 
bottom of the reservoir was higher. The content of Chl-a is highest in the surface of reservoir; the content of 
suspended matter increased with water depths, however, no significant changes in conductivity and salinity with 
depth. The analysis of water quality data of years showed that the content of nitrogen in the reservoir is closely linked 
with rainfall. The content of total nitrogen in the dry season is always highest while the content of COD in the wet 
season is highest. 
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Eutrophication is one of the most serious water quality problems in the world. With the social and 
economic development, reservoir was polluted by many factors such as inflow, point source and non-
point source pollution [1]. Now there are many studies in reservoir environment and nutritional status of 
water body[2-4]. Water quality was evaluated including nitrogen, phosphorus, pH, SD and Chla. 

Yinfu Reservoir is an important source of water supply for Qingdao. Its watershed is the primary area 
of construction of ecological security and pollution prevention. However, the water quality of Yinfu 
Reservoir was affected by the unreasonable uses of agricultural fertilizers, pesticides and the 
unreasonable emissions of garbage and sewage in rural areas. It is necessary to analyze and evaluate 
surface water quality in order to provide a scientific basis for the reservoir water quality protection and 
watershed agricultural development. 

In this study, Based on historical data of three monitoring stations in the Yinfu Reservoir Watershed 
and field survey data conducted in the summer of 2010, the reservoir water quality characteristics of 
space-time transformation was analyzed. 

2. Study area and methods 

2.1. Regional overview and data sources 

Yinfu Reservoir is one of the important water sources of Qingdao and Pingdu. It is located in the 
middle reaches of Zhudong River in Pingdu. The total reservoir capacity is 161.3 million m3 and 
Drainage area is 178km2. The climate is semi-humid continental monsoon climate, annual average 
temperature is 12.1  and annual average rainfall is 642.3mm. Seasonal differences of rainfall are 
significant. 78.9% of the rainfall concentrates between June and September. 

According to Yinfu reservoir conditions and flow characteristics of the terrain field investigation was 
conducted in the summer of 2010. Severn sampling points in 3 layers (surface, middle layer, bottom) to 
take water samples were arranged (Fig. 1). Point 3 was taken from the bank of reservoir. Point 7 was 
taken in the inlet of the reservoir. The remaining points were at the center line of the reservoir. Five 
sampling points were placed on the tributaries around the reservoir. 

2.2. Monitoring index and methods 

Monitoring index included: Temperature, Depth, pH, SD, TP, 

Fig.1 Schematic diagram of the reservoir sampling points 



1413 Lin Guoqing et al.  /  Procedia Environmental Sciences   12  ( 2012 )  1411 – 1418 

TN, chlorophyll, salinity, TDS, conductivity and DO. Temperature, conductivity, TDS and salinity 
measured by the CTD. DO was measured by Dissolved Oxygen Meter. pH was measured by the Water 
Analysis Instrument and Transparency was measured by Behcet’s plate. Accordance with "water and 
waste water quality monitoring and analysis methods"(State Environmental Protection Administration)[5]

chemicals indicators were determined. TN was monitored by the method of Persulfate UV 
spectrophotometer. TP was monitored by the method of Molybdenum anti-spectrophotometer. 
Chlorophyll was monitored by the method of Acetone spectrophotometer. 

3. Results 

3.1. Water quality changes in the horizontal space 

Fig.2 Histogram of TN in sampling points 

According to field monitoring data, the average values of TN from the upper, middle and bottom water 
were in Figure 2. The TN concentration of monitoring points around the reservoir was significantly 
higher than that in the center of the reservoir. The TN concentration in point 9 was 8 times more than 
water quality secondary standard. The monitoring points outside the reservoir were obtained from the 
tributaries near farmland. The high content of N in the tributaries was affected by unreasonable uses of 
agricultural fertilizers, pesticides and unreasonable emissions of garbage and sewage in rural areas. These 
N ran into the reservoir through the tributaries, which resulted in the total nitrogen concentration in the 
reservoir became higher, was a major external source pollution of the reservoir[6]. The TN concentration 
in each monitoring point reached water quality third standard. In contrast, the TP concentration of the 
monitoring points kept in 0.01mg/l-0.03mg/l, which reached water quality secondary standard. Therefore, 
the content of TN was the main factor which affected the nutrient content of Yinfu Reservoir. 
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Fig.3 Histogram of chlorophyll in sampling points

Fig.4 Histogram of transparency in sampling points 

Based on field monitoring data, the average chlorophyll content of the bottom, middle, surface water 
samples was calculated (Fig.3). According to Surface Water Quality Standards (GB3838-2002) and 
“Eutrophication of surface water control standards”, the chlorophyll content of the monitoring point 2, 
point 4 and point 6 reached the Middle nutrition level. The chlorophyll content of other points was in the 
Poor nutrition level. The chlorophyll content of the monitoring points in the reservoir was higher than that 
of the points in the tributaries around the reservoir. 

The transparency histogram of the monitoring points in the reservoir is shown in Figure 4. The 
lowest transparency lied at the point of 7 in the entrance of Zhudong River and the rest of the monitoring 
points had higher transparency. The suspended sediment and the garbage debris from the Zhudong River 
made the content of suspended solids higher in the reservoir inlet. In addition, transparency had 
something to do with the depth of water and chlorophyll. The deeper point 1, point 2, point 6 had higher 
transparency. The depth of point 3 was only 2.08m with a low transparency of 0.8m. In general, the 
transparency does not change significantly in space, which locates in 0.8m-1.22m. 
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Fig.5 Histogram of salinity in different sampling points 

Figure 5 which shows that salinity surrounding the tributaries of the reservoir is higher than that in the 
internal of the reservoir. Salinity of the 9, 10 and 12 monitoring stations taken from nearby farmland 
branch is the highest. This may be due to nutrient from agricultural fertilizer and pesticide spraying of 
crops which cannot be absorbed with the surface runoff and crops into water, resulting in increased 
nutrient concentrations of the tributaries. Three monitoring points 7, point 6, point 5 in a straight line, the 
salinity value is highest in point 7and lowest in point 5. The reason may be due to point 7 at the inlet near 
the Pig Cave Creek which brought a lot of pollutants. Overall, the spatial distribution of the salinity is not 
apparent. The salinity remains at 0.17-0.21. Meanwhile, the spatial variation of conductivity and TDS and 
salinity is similar. 

3.2. Vertical changes of water quality index 

The experimental results show that, in addition to monitoring point 1 and 5, total nitrogen content of 
the monitoring points in the middle layer is the lowest. The content of total nitrogen in surface water is 
higher than that in the middle layer, probably due to increased algal blooms in summer which released 
amounts of total nitrogen. And the content of total nitrogen in bottom layer was higher than that in the 
middle layer, probably with relevant to sediment suspension and nutrient release. The content of the 
suspended solids increases with depth. Conductivity and salinity change little with depth. The content of 
Chlorophyll is the highest in the surface water which is related with a large number of planktonic algae.

4. Analysis of the evolution of reservoir water quality

4.1. Annual variation 

Figure 7 shows the relationships between rainfall and inorganic nitrogen content. From the above 
figure, the annual precipitation is in close contact with inorganic nitrogen of reservoir, roughly the same 
trend. This shows that the majority of inorganic nitrogen in the reservoir is from precipitation and runoff. 
In summer, rainfall runoff caused the loss of agricultural fertilizers; loading of pollutants will be 
increased. Meanwhile, the content of inorganic nitrogen is 71.6% of total nitrogen in the Yinfu reservoir 
which further illustrates that main source of pollutants in the reservoir is from the non-point source 
pollution caused by agricultural fertilizer and pesticide spraying caused. 
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4.2. Seasonal variation 

The content of total nitrogen in the reservoir increases with rainfall (Fig. 8).In dry season the content 
of total nitrogen is high while that is low in wet season. Trends of nitrate nitrogen and total nitrogen 
during the seasonal variation are basically the same. The reason is, evaporation is bigger in dry season, 
water temperature is lower, ecological consumption is less than that in wet season which make that the 
content of total nitrogen in dry season is higher than that in wet season. And rainfall and inflow increase 
in wet season which lead to low nitrogen content in the reservoir. In addition, Phytoplankton is in the 
growth period, the nitrogen content of the reservoir in summer is less than that in the winter due to 
vigorous plant growth and consumption of nitrate. 

The content of COD is highest in wet season and lowest in middle season (Fig. 9). On the one hand, in 
summer, the appropriate temperature and the point light makes bacteria and algal bloom in the water, the 
organic matter content increased. Moreover, amounts of rainfall carry organic pollutants from the life 
sewage and waste water into the reservoir. The results lead to the content of COD highest in summer.

Fig.6 Variation curves of Inorganic nitrogen and nitrate nitrogen

Fig.7 Variation curves of annual rainfall and inorganic nitrogen  
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Fig.8 Seasonal changes of total nitrogen and nitrate nitrogen 

Fig.9 Seasonal changes curves of COD 

5. Conclusions

(1) The salinity, conductivity, TDS, total nitrogen of monitoring points of the tributaries is higher 

than that in the reservoir. The results show that non-point source pollution such as farmland fertilization is 

the main source of nitrogen pollution of the YinFu reservoir. 

(2) The contents of Nitrogen in the reservoir are closely linked to rainfall. Rainfall and runoff in wet 

season is the main source of nitrogen pollutants. At the same time, the appropriate temperature and light 

is suitable for bacteria breeding, causing the contents of COD highest in the summer. 
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