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Abstract: Understanding the characteristics of non-point sources (NPS) pollutions can 

provide theoretical support for improving water quality. Siheshui watershed located in 

south China was selected to explore the characteristics of NPS pollutions in rainfall-runoff 

process. In this small agricultural watershed, five flood events and one non-flood event 

were monitored, and the water quantity and quality constituents were measured. The event 

mean concentrations (EMCs) of pollutant constituents in runoff flows were estimated. It is 

shown that the EMCs of BOD5, CODMn, TSS, TP, TN, and NH3-N in the flood events are 

remarkably larger than those in the non-flood event. The antecedent precipitation  

has a large effect on the output of the pollutant concentration. The pollutant load fluxes of 

most pollutant constituents change synchronously with the runoff flows, and the 

synchronization relationship is better than that between the pollutant concentrations  

and the runoff flows. The Pearson correlation analysis indicates that the EMCs of CODMn, 

TP, and TSS are significantly correlated with rainfall runoff characteristics in the flood 

events, while BOD5, TN, and NH3-N show weak correlations. In addition, the mean 

concentration method was used to estimate the annual NPS pollution load. It is shown that 

the proportions of the NPS pollution load to the total pollutant load are more than 80% 

from 2008 to 2010. 
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1. Introduction 

Although many efforts have been made to reduce point source pollution during the last several 

decades, the water quality improved slightly. This may be ascribed to the non-point sources (NPS) of 

pollution [1,2]. NPS is an important environmental and water quality management problem [3,4].  

Unlike pollution from point source, non-point source pollution comes from many diffuse sources.  

NPS pollution is caused by rainfall or snowmelt flows over and through the ground. As the runoff 

moves, it picks up natural and anthropogenic pollutants and sends them into rivers, lakes, coastal 

waters, or ground waters [5]. With the development of agriculture and the increasing amount of 

chemical fertilizers and pesticides used in China, the proportion of NPS pollution increases 

significantly. The excessive use of chemicals may result in the eutrophication of many coastal and 

freshwater ecosystems [6,7]. 

In contrast to point source pollution, NPS pollution is characterized by random and intermittent 

occurrence, and is typically influenced by many factors, such as soil type, land use, and management 

practices [8–16]. Nutrients delivered to water bodies are always from multiple sources, and each of 

them has different transport and composition characteristics. Thus, the field monitoring under natural 

rainfall conditions plays an important role in studying the temporal and spatial variability of the 

nutrient pollution, and it can help to clarify the underlying mechanisms for rainfall-runoff-induced 

losses of nutrients. Moreover, the monitoring data can also provide useful information for the input 

variables in the NPS pollution load models. However, there is little synchronous monitoring data of 

water quantity and quality for a long series since the field onsite measurements on nutrient pollution is 

expensive and time consuming. 

In this paper, water quantity and quality of several flood events were synchronously monitored in 

Siheshui watershed (South China), which is in a subtropical monsoon climate zone. The water samples 

were collected and analyzed. The event mean concentrations (EMCs) of runoff flows were estimated 

by field monitoring and statistical analysis, and the characteristics of the pollutant loads during flood 

events were investigated. Then, the correlation between rainfall runoff characteristics and water quality 

concentration was analyzed. The results can help to clarify the control scheme of water pollution and 

thereby improve the water environment of such moist agricultural watershed. 

2. Materials and Methods 

2.1. Study Area 

The monitoring site was set up in Shuangqiao hydrologic station. As shown in Figure 1, the 

Shuangqiao hydrological station (22°35'20" N, 112°34'34" E), built in the year of 1958, is at the outlet 

of Siheshui watershed, which is located at the source of Tanjiang River Basin in south China. The area 

of Siheshui watershed is about 131 km2. The length of the main river is about 26 km and the riverbed 
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gradient is 2.81‰. The vegetation coverage amounts to 81.5% of the watershed area, and the land use 

types mostly include arable, forest, and pasture land. 

Figure 1. Sketch of the drainage map of Siheshui watershed in south China. 

 

The watershed is in the subtropical monsoon climate zone. The mean annual temperature in the 

watershed is approximately 23 °C, and the mean annual evaporation reaches 878 mm. The mean 

annual rainfall is 1660 mm, most of which occurs in the spring and summer season (from April to 

September) because of monsoon and typhoon effects. The changes of river flows are consistent with 

the variation of rainfall, and the maximum flow occurs in the rainy season. The mean annual runoff 

volume is 1.15 × 108 m3. 

2.2. Sample Collection 

The monitoring and sampling of water quantity and quality were carried out in Shuangqiao station. 

From May to July 2011, five floods, which were numbered as 11-05-16, 11-05-22, 11-06-29,  

11-07-12, and 11-07-19, were monitored. The naming rule of these floods is yy-mm-dd (where y, m, 

and d represent year, month, and date, respectively). For example, a flood occurs on 16 May 2011 is 

numbered as No. 110516 flood event. 

The rainfall data and the water flow were synchronously monitored. The rainfall data in flood 

events can be obtained from the established precipitation stations in the watershed, while the water 

flow was measured by a flow gauge in Shuangqiao station. The starting time and the ending time of 

every flood event were recorded. 

During the monitoring period, water samplings were also conducted in the flow gauging section.  

The sampling positions in the cross-section of the river were determined by the river width and the 
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water depth. Since the river width was less than 50 m, the horizontal sampling position was located at 

the center of the width. However, the vertical sampling positions varied in different flood event 

because of the different water depths. The water depth was less than 5 m in the five flood events. If the 

water depth was less than 1 m, the vertical sampling position was located at 1/2 water depth; 

otherwise, the vertical sampling position was located at the depth of 0.5 m below the water surface. 

The sampling frequencies were determined by the size of the rainfall. Generally, the sampling was 

conducted for every 1 h. If the rainfall intensity is large, the sampling interval would be shortened to 

0.5 h; if the rainfall intensity is small, the sampling interval would be extended to 2 h. Considering the 

basin flow concentration time, the water sampling sustained for several hours after the end of the rain. 

For each flood, the rainfall runoff characteristics, including the rainfall amount, rainfall intensity, and 

peak flow, are listed in Table 1. In flood events, the rainfall amounts varied from 31.8 to 132.5 mm,  

the rainfall intensity were in the range from 2.9 to 5.4 mm/h, and the peak flow were from 8.2 to  

35.5 m3/s. In order to compare the results of flood events with those of non-flood events, water 

samples were also collected during a non-flood period with the runoff flow of 0.80 m3/s. 

Table 1. The rainfall runoff characteristics of monitored flood events. 

Flood (yy-mm-dd) 
Rainfall Amount 

(mm) 
Rainfall Amount in the 

Day before the Event (mm) 
Rainfall Intensity 

(mm/h) 
Peak Flow 

(m3/s) 

11-05-16 32.6 7.9 4.1 11.1 
11-05-22 31.8 16.4 2.9 10.5 
11-06-29 132.5 1.0 4.6 35.5 
11-07-12 48.5 2.5 3.7 8.2 
11-07-19 70.5 4.0 5.4 25.7 

Non-flood - - - 0.8 

The monitored water quality constituents were BOD5 (5-day biochemical oxygen demand), CODMn 

(chemical oxygen demand), TSS (total suspended solids), TP (total phosphate), TN (total nitrogen), 

and NH3-N (ammonia nitrogen). For each flood event, the collected water sample was divided into two 

parts, which are denoted by sample A and B, respectively. Sample A was for BOD and TSS analyses, 

and sample B was for COD, NH3-N, TP, and TN analyses, while the latter was acidified to pH < 2 by 

sulfuric acid once the water sample had been gathered. Both sample A and B were stored in  

1-L polyethylene bottles, which had been pre-rinsed three times with distilled water. The water 

samples were analyzed immediately; otherwise they should be preserved by freezing. 

Pretreatment and determination of all parameters for water quality constituents were following 

national standard methods in China [17]. BOD5 was measured by differential pressure method, CODMn 

was measured by permanganate index method, TSS was measured by gravimetric method, TP was 

determined using potassium persulphate oxidation and molybdenum antimony anti-spectrophotometric 

method, TN was determined through the alkaline potassium persulphate oxidation and ultraviolet 

spectrophotometric method, and NH3-N was measured with Nessler’s reagent, respectively. 
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2.3. Data Analysis 

2.3.1. EMC Method 

EMC is often used as an indicator to characterize concentrations. Due to the random change of the 

rainfall intensity, the pollutant constituent concentrations may change with time during a runoff event. 

In individual runoff event, the water quality constituents can be estimated by EMC based on the flow 

rate and concentration data of runoff discharge. The EMC represents a flow weighted average 

concentration, which can be described as [18,19] 
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(1)

where M is the total mass of pollutant over entire event duration (g); V is the total volume of flow 

over entire event duration (m3); T is the duration period of runoff event (min); t is the time (min);  

Qt is the variable flow (m3/min); Ct is the variable concentration (mg/L); and Δt is the discrete time 

interval (min). 

2.3.2. Mean Concentration Method 

The mean concentration method can be used to estimate NPS pollution load with the aid of limited 

monitoring information. It is a simple and effective method for the NPS pollution, especially useful for 

the annual NPS pollution [20]. In the method, it is assumed that the runoff-weighted mean 

concentration of several storms is approximately considered as the annual surface-runoff mean 

concentration. Thus, the annual NPS pollution load in the monitoring section can be obtained by the 

product of the annual weighted mean concentration and the annual surface runoff volume. 

The mean concentrations, Cj, of each storm runoff for NPS pollution can be estimated according to 

synchronous monitored data of flow and water quality, and can be given as 
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where WL is the NPS pollution load of the storm; WA is the runoff volume of the storm; TiQ  is the 

discharge at the moment Ti; TiC  is the concentration at the moment Ti; BiQ  is the dry season discharge 

at the moment Ti; BiC  is the dry season concentration at the moment Ti; n is the monitoring time during 

a storm event; and Δti = (ti+1 − ti-1)/2 is the representative time of QTi and CTi. 

The NPS pollution weighted mean concentration, Cm, of all storm events is expressed as follows 

1 1

/
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=   (3)

The annual NPS pollution load, nW , is expressed as 

n s mW W C= ⋅  (4)
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where m is the number of the storm events; Cj is the NPS pollution weighted mean concentration of the j-th 

storm event; WAj is runoff volume of the j-th storm event; and Ws is the annual surface runoff volume. 

According to the mean concentration method, the calculated weighted-mean-concentration of 

monitored storm events at the Shuangqiao section in Siheshui watershed was approximately 

considered as the annual surface-runoff mean concentration. The mean-concentrations of NPS 

pollution in every rainfall events were calculated. Then, the annual NPS pollution load can be obtained 

from the arithmetic product of the concentration and the annual surface-runoff. Since the annual point 

source pollution load had little variation, it can be estimated by the product of the daily mean load and 

the days in non-flood event. Therefore, if the total load of the dry season was added, the annual total 

load can be estimated. 

2.3.3. Calculation of the Pollutant Load Flux 

Based on the monitoring data of runoff flows and pollutant concentrations in the watershed, the 

output of the pollutant load flux, F, can be calculated in each time period. It is assumed that the quality 

and quantity of water in each time period were constant. Consequently, F can be obtained by the 

product of the pollutant concentration and the runoff volume, and is given as 

i iF Q C= ×  (5)

where Qi and Ci are the discharge and the concentration in the hour of i, respectively. 

3. Results and Discussion 

3.1. The Characteristics of EMCs for Pollutants 

To compare the characteristics of water quality in runoff from different flood events in Siheshui 

watershed, the EMCs of BOD5, CODMn, TSS, TP, TN, and NH3-N were calculated and listed in Table 2. 

The mean EMCs of these quality constituents in the runoff flows were estimated as 3.14, 5.75, 58.31, 

0.26, 3.52, and 1.56 mg/L, respectively. It was reported that the aquatic organisms would thrive quickly 

and affect water quality, if the total nitrogen content of surface water reached the value of 0.9–3.5 mg/L [21]. 

Therefore, the runoff pollutant content may have an influence on the water quality in Siheshui 

watershed. The mean and maximal values of TSS concentrations during the flood events are 58.31 mg/L 

and 87.43 mg/L, respectively. It indicates that the soil erosion in Siheshui watershed is slightly large as 

compared to other reported watershed [22]. The pollutant concentrations measured during non-flood 

period are also shown in Table 2. It is shown that the mean EMCs of CODMn, TSS, TP, TN, and NH3-N 

in the runoff flows during flood event are higher than those during non-flood events. The mean EMCs 

of these quality constituents in the flood events are 1.14, 2.98, 2.07, 1.98, and 2.06 times of those in 

the non-flood event, respectively, while the maximal EMCs of these constituents in the flood events 

are 1.26, 5.75, 2.67, 2.78, and 3.35 times of those in the non-flood event, respectively. 

It is shown in Table 2 that the estimated EMCs of pollutants (except CODMn) in No. 11-05-16 flood 

event are higher than those in the other four flood events. The probable reason is that the No. 11-05-16 

flood is the first rain after a long time of dry days. In the rainfall event, the pollutants accumulated in 

the antecedent dry days would get into the river water along with the first rainfall-runoff, and, thus, the 
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output of the pollutant concentrations may reach a high value. Moreover, the rainfall intensity of  

No. 11-05-16 flood event is strong (shown in Table 1). This may also affect the EMCs of pollutants [22]. 

Table 2. Estimated EMCs of pollutants. 

Constituent BOD5 (mg/ L) CODMn (mg/L) TSS (mg/L) TP (mg/L) TN (mg/L) NH3-N (mg/L) 

11-05-16 (flood) 3.80 6.10 45.33 0.34 4.73 2.61 

11-05-22 (flood) 2.82 6.49 18.01 0.30 3.13 1.39 

11-06-29 (flood) 3.13 5.43 87.43 0.21 4.19 1.63 

11-07-12 (flood) 2.69 6.15 24.20 0.40 2.66 1.22 

11-07-19 (flood) 3.34 5.38 51.40 - 2.08 1.19 

Mean (flood) 3.14 5.75 58.31 0.26 3.52 1.56 

Max. (flood) 3.80 6.49 87.43 0.40 4.73 2.61 

Min. (flood) 2.69 5.38 18.01 0.21 2.08 1.19 

Cn (non-flood) - 5.17 15.21 0.15 1.70 0.78 

Max. Cf/Cn - 1.26 5.75 2.67 2.78 3.35 

Mean Cf/Cn - 1.14 2.98 2.07 1.98 2.06 

Notes: Cf and Cn are the mean EMCs in flood and non-flood event, respectively. The TP data in No. 11-07-19 

flood event and the BOD5 data in the non-flood event were missing. 

The antecedent precipitation has large effects on the output of the pollutant concentration. Table 1 

shows that the rainfall amount in the day before the event of No. 11-05-22 flood is heavy than that of 

No. 11-05-16 flood. If the antecedent precipitation is large, the previous accumulated surface 

pollutants have been partially flowed away because of the anterior rainfall runoff erosion, and the 

pollutant concentration of the runoff in the event was reduced. 

The monitored EMCs of TSS (shown in Table 2) has a large fluctuation during the five flood events. 

The maximal EMC of TSS is in the No. 11-06-29 flood event with large rainfall amount and peak flow, 

while the minimal value is in the No. 11-05-22 flood event with relatively small rainfall amount and peak 

flow. This can be ascribed to the erosion effects of rainfall. Suspended solids mainly composed of fine 

particles, and these particles move along with the rainfall erosion in the precipitation process. 

3.2. The Characteristics of the Pollutant Concentrations during Flood 

In the following two sections, the No. 11-05-16 flood event was used to study the characteristics of 

pollutions in runoff. Figure 2a shows the concentrations of water quality constituents and the runoff 

flow in No. 11-05-16 flood event. It is shown that the concentrations of TP and NH3-N increase at first 

and then decrease later, which is in accordance with the various trend of the runoff flow. This is caused 

by the first-flush effect of surface runoff. The first-flush effect is defined as that the pollutants, which 

are disproportional to the initial runoff volume, are scoured into the surface water at the early stage of  

runoff [23,24]. The majority usage of the land in Siheshui watershed is for agriculture, and nitrogen 

and phosphorus are main components of agricultural fertilizer. In dry seasons, the nitrogen and the 

phosphorus elements are adsorbed by the surface soil. During the rainfall period, the nitrogen and the 

phosphorus compounds enriched in the surface soil were continuously migrated and diluted along with 

the rainfall erosion. The highest concentration of TP and NH3-N are 0.50 and 4 mg/L, respectively, 

which appear before the peak flow, and the concentrations decrease gradually with the increasing of 
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runoff flow. Similar results have been reported by Li et al. [25] and Liu et al. [26]. Since the area of 

Siheshui watershed is small as compared with other river basins [27], the peak value of the pollutant 

concentrations occur only one hour before that of the peak flow. 

Figure 2. Pollutant concentrations and load fluxes in the runoff from No. 11-05-16 flood 

event. (a) Pollutant concentrations and (b) pollutant load fluxes. 

(a) (b) 
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The envelop function curve for TSS is also consistent with that for the runoff flow, although the 

concentration shows a serrated-wave fluctuation. It is shown that the concentration of TSS and the 

flow reach the peak at the same time [28]. After that time, the concentration of TSS decreases due to 

the dilution effect from the flow. 

However, the variation trend of the concentrations of TN is different from that of the runoff flow.  

It is shown that the concentration reaches the minimum value around the time of the peak flow [29].  

This is probably related to the fact that TN is the main component of soluble nitrogen and its migration 

depends mainly on the rain soaked solution. If the flow is large, the retention time of the pollutant in 

the runoff is correspondingly short, and, thus, the minimum value of the TN concentration occurs at 

the time of the peak flow. 

The concentrations of BOD5 and CODMn vary in the form of a sawtooth-wave shape, and there is no 

obvious correlation between the concentrations and the runoff flows. This indicates that the solubility 

of pollutants may be mainly affected by the water environmental conditions instead of the influence of 

runoff flow. 

3.3. The Characteristics of the Pollutant Load Fluxes during Flood 

According to the monitored data of the runoff flow and the pollutant concentration in the watershed, 

the pollutant load fluxes in No. 11-05-16 flood event were calculated and shown in Figure 2b. It is 

shown that the pollutant load fluxes of BOD5, CODMn, TP, TN, and NH3-N change synchronously with 

the runoff flows, and the synchronization relationship is better than that between the pollutant 

concentrations and the runoff flows. Generally, the pollutant load fluxes quickly rise up to the peak 

value and gradually decrease, which is the same as the variation trend of the runoff flow. This indicates 

that the load fluxes of BOD5, CODMn, TP, TN, and NH3-N are mainly determined by runoff processes. 

However, a serrated-wave fluctuation exists in the function curves for TSS. This may be because the 

variation of the concentration shown in Figure 2a is serrated-wave and the large variation of the 

concentration for TSS may remarkably influence the load flux. 

Moreover, the maximum values of the load fluxes of TP, TN, and NH3-N appear before the peak 

flow, and that of TSS and CODMn appear almost the same time as the peak flow, while that of BOD5 

appears after the peak flow. The differences of the appearing times are mainly due to the different 

sources of the pollutants. 

3.4. Correlation Analysis between EMCs and Rainfall Runoff Characteristics 

Table 3 shows the results of Pearson correlation analysis between EMCs and rainfall runoff 

characteristics in the five flood events. It is shown that the correlation relationships are different for 

different pollutant. The EMCs of BOD5, TN, and NH3-N are weakly correlated with rainfall amount, 

rainfall intensity and peak flow, and the EMCs of CODMn and TP show significant negative 

correlations, while the EMC of TSS shows significant positive correlations. The relationships of water 

quality and rainfall runoff characteristics are complicated. 
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Table 3. Correlation analysis between EMCs and rainfall runoff characteristics. 

Constituent Rainfall Amount Rainfall Intensity Peak Flow 

BOD5 −0.037 0.492 0.172 
CODMn −0.797 −0.944 −0.888 

TSS 0.901 0.682 0.918 
TP −0.769 −0.415 −0.894 
TN 0.130 −0.169 0.073 

NH3-N −0.200 −0.052 −0.154 

3.5. Estimation of NPS Pollution Load 

According to the mean concentration method, the calculated mean-concentrations of NPS pollution 

in every flood event are listed in Table 4. Then, using Equation (4), the annual NPS pollution loads 

from 2008 to 2010 were calculated and listed in Table 5. It is shown that the annual NPS pollution 

loads of all pollutants in 2009 are more than those in 2008 and 2010, because the runoff volume in 

2009 was large as compared to other years. Since the Siheshui watershed is a typical agricultural  

watershed, the annual NPS pollution loads for TSS, TP, NH3-N are slightly large as compared to other 

forest watershed [22]. 

Table 4. The mean concentration of NPS pollution in flood events. 

Rainfall Event CODMn (mg/L) TSS (mg/L) TP (mg/L) TN (mg/L) NH3-N (mg/L) 

11-05-16 6.45 50.56 0.37 5.24 2.89 
11-05-22 6.51 43.64 0.34 4.67 2.42 
11-06-29 5.47 92.40 0.21 4.26 1.65 
11-07-12 6.30 26.72 0.44 2.83 1.30 
11-07-19 5.41 52.11 - 2.08 1.20 

Mean 5.82 66.56 0.28 3.92 1.81 

Note: The data of TP in No. 110719 flood event was missing. 

Table 5. The annual NPS pollution loads from 2008 to 2010. 

Index 
CODMn 

(kg/(hm2·Year)) 
TSS 

(kg/(hm2·Year)) 
TP 

(kg/(hm2·Year)) 
TN 

(kg/(hm2·Year)) 
NH3-N 

(kg/(hm2·Year))

2008 38.93 445.17 1.87 26.22 12.11 
2009 53.11 607.42 2.56 35.77 16.52 
2010 51.00 583.27 2.45 34.35 15.86 

Average 47.68 545.29 2.29 32.11 14.83 

Moreover, the proportions of NPS pollution loads, which are defined as NPS pollution loads 

divided by total loads, can be obtained and shown in Figure 3. It is shown that the average values of 

the proportions of NPS pollution loads for CODMn, TSS, TP, TN, and NH3-N in the flood event from 

2008 to 2010 are 80.2%, 94.0%, 87.1%, 89.3%, and 89.3%, respectively. This indicates that the NPS 

pollutions account for large parts of the total loads and play important roles on the water pollution in 

Siheshui watershed. 
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Figure 3. The proportions of mean NPS pollution loads for each year. 

 

4. Conclusions 

In summary, the characteristics of NPS pollutants from Siheshui watershed in south China were 

explored. The flow and the concentration data of runoff discharge in five flood events and one  

non-flood event were synchronously monitored. The EMCs of pollutant constituents in runoff flows 

were estimated, and the variation trends of the pollutant concentration and the pollutant load fluxes 

during flood period were analyzed. It is shown that the antecedent precipitation has a large effect on 

the pollutant concentration. A larger antecedent precipitation means a smaller pollutant concentration 

in the runoff. The TP and NH3-N concentrations show the first-flush effect. The pollutant fluxes of 

BOD5, CODMn, TP, TN, and NH3-N vary synchronously with the water flows, while that of TSS has 

sawtooth-wave function. The Pearson correlation analysis indicates that the EMCs of CODMn, TP, and 

TSS are significantly correlated with rainfall runoff characteristics, while the EMCs of BOD5, TN, 

and NH3-N show weak correlations. The mean concentration method was used to estimate annual NPS 

pollution load. It is shown that the proportions of the NPS pollution load to the pollutant total load 

were more than 80% from 2008 to 2010. 
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