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Abstract: Urban road runoff caused by 3 storm events were collected by labor using time-paced 

sampling method at Taibai Interchange of South Second-ring Road in Xi’an, Shaanxi province from 

Aug. to Nov. 2014. Concentrations and outflow rules of SS, COD, Cr, Ni, Cd, dissolved Cr, dissolved 

Ni and dissolved Cd were tested during the whole processes. Impacts of sampling size on estimation 

accuracy of road runoff event mean concentration(EMC) were studied using self-compiled computer 

program based on random sampling method. The results show that the estimation accuracy of EMC 

are significantly influenced by sampling size when using time-paced sampling method. Estimated 

EMC are much discrete when sample size is small, while the discreteness of EMC is becoming lower 

and lower and gradually stabilized when sample size increases. The variation trends of maximum 

relative errors between estimated EMC and approximate real EMC are quite different between 

pollutants and runoff events, though they all reduce when samples sizes are increased, which are 

connected with runoff variation of quality and quantity. If sample size is larger than 13, the maximum 

relative errors between estimated EMC and approximately real EMC will less than 30%. 

Keywords: road runoff; event mean concentration; sampling size; time-paced sampling method; 

random sampling; error. 

__________________________________________________________________________________________ 

 

1. INTRODUCTION 

During the surface runoff caused by any rainfall, due to the randomness of rainfall characteristics, the 

heterogeneity of pavement sediments and the randomness of pollution sources during the rain period, 

the concentration of pollutants in the runoff process varies over a wide range [1]. Therefore, USEPA 

combines the results of the NURP program to recommend the use of Event Mean Concentration 
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(EMC) to characterize the runoff pollution intensity [2], which uses the flow-weighted average 

concentration of the pollutant concentration that fluctuates continuously during the runoff process. To 

express, it can effectively represent the concentration level of runoff pollutants in the field. The most 

important indicator of pollution degree of this index is also an important parameter for accounting 

pollution load. 

Due to the limitations of the test technology, there are still many water quality indicators that cannot 

be continuously monitored. Because of the large runoff, the method of testing EMC by collecting all 

runoff volumes is not applicable. In view of this, a small number of researchers at home and abroad 

have obtained EMC (3, 4) by collecting flow ratios in equal proportions. This method is efficient, 

convenient and low-cost, but it cannot study the runoff variation process and is only suitable for 

special sampling areas. At present, scholars at home and abroad generally adopt the interval sampling 

method, that is, the runoff process is divided into several sections, one water sample is collected in 

each section, and the average concentration of the runoff is represented by the concentration of the 

water sample, and EMC is estimated accordingly. Too many samples in this method will increase the 

cost of test research, and less will affect the reliability of research conclusions. To balance the cost 

and accuracy of research, foreign researchers set different sampling schemes through automatic 

sampling stations and collect more samples to study sampling schemes. And the impact of the number 

of samples on the accuracy of EMC estimation [5-9]. The research of sampling scheme is mainly 

based on time interval sampling method, equal stream volume sampling method and random 

sampling method. Most studies have proved that the accuracy of equal volume sampling and time 

interval sampling is better than random sampling [10-12]. For the most commonly used time interval 

sampling method, Ma study shows that the estimated EMC error can be more than 50% when the 

number of runoff samples is less than 10, and the sample is more than 20, and the estimated EMC 

error can be less than 20% [10]; Leecaster thinks 12 The samples can ensure that the estimated EMC 

error is relatively small, and the research cost can be saved to the maximum [13]. 

Due to objective factors, most domestic research uses manual sampling methods, that is, manual 

sampling at intervals during the rainfall process, and simultaneous testing of runoff, approximate 

calculation of water sample concentration test value and runoff in the runoff process. The EMC of the 

runoff. Due to the fact that there is no research report on the influence of the number of sampling 

samples on the accuracy of EMC estimation in time, scholars lack reference in the development of 

runoff sampling scheme, resulting in diverse sampling schemes and different sample numbers 

[14-18], due to the number of samples. It has a significant impact on the EMC estimation results, 

excessively increasing the research cost, and less affecting the accuracy of the EMC estimation. The 

accuracy of the EMC affects the reliability of the research conclusions, and the characteristics of 

rainfall, runoff pollution, pollution levels and emissions at home and abroad. There are significant 

differences in many aspects, such as the law. Therefore, it is particularly important to study the 

influence of the number of samples in the time interval sampling method on the accuracy of EMC 

estimation. 
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2. RESEARCH METHODS 

2.1 Sampling location 

The Taibai Interchange elevated section of the South Second Ring Road of Xi'an City was selected as 

the sampling area, and sampling points were set up in the viaduct drainage riser. During the rain 

period, several time samples of runoff were collected by artificial time interval sampling method. The 

runoff collection section is a three-lane bridge deck with one-way traffic, with a daily average traffic 

volume of about 60,000, a road arch slope of 0.2%, a longitudinal slope of 0.5%, a bridge width of 

11.0 m, a sampling point confluence area of 410 m2, and a runoff through the bridge. The sluices on 

both sides are collected to the drainage riser via branch pipes. The sanitary maintenance mode of this 

section is to regularly sprinkle water every day, and the vacuum cleaner is cleaned at least 3 times. 

2.2 Sampling method 

Three typical rainfall runoff events from July 2014 to November 2014 were selected for artificial time 

interval sampling, ie, within 5 min of the beginning of runoff, samples were taken every 5 min with 

polyethylene bottles, and the runoff began for 0.5 h-2 h. Sampling once every 10 min, the runoff 

begins between 2 h and 3 h, and is sampled every 15 min. After 3 h of runoff, it is sampled every 30 

min until the end of runoff. After the runoff is completed, it is sent to the laboratory for analysis of 

water quality. The three runoff events obtained 27, 25, and 25 water samples from the runoff process. 

2.3 Water quality measurement 

The water quality analysis index selects the typical pollutants of the road surface runoff, namely, the 

SS characterizing the particulate matter, the COD characterizing the organic pollutants, and the heavy 

metals Cr, Ni, Cd and dissolved Cr, Ni, Cd. SS is determined by gravimetric method, COD is 

determined by rapid closed catalytic digestion method, heavy metal is determined by inductively 

coupled plasma mass spectrometry (ICP-MS), and dissolved gold is filtered through 0.45 μm filter 

and determined by ICP-MS. 

2.4 Analysis method 

2.4.1 Event Mean Concentration (EMC) 

The average concentration of events refers to the ratio of the total load of a pollutant discharged to the 

total runoff volume in any runoff event, that is, the average concentration of a pollutant discharged in 

a whole runoff. Its mathematical expression is: 
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M is the total mass (g) of a pollutant during the entire runoff; V is the total runoff (m3); C(t) is the 

concentration of the pollutant (mg/L) as a function of runoff time; Q(t) is Flow velocity (m3/s); T is 

the total duration of runoff (s). 

2.4.2 EMC Estimation 

Due to the continuous change of pollutant concentration in the runoff process, and some indicators 

can not achieve continuous automatic monitoring, the researchers often use the time interval 

sampling test method, which is applicable to all runoff pollutant water quality indicators test. The 

method divides the whole runoff process into n segments according to time, takes a water sample in 

each time of the division, tests the pollutant concentration value Ci of each water sample, and then 
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uses the pollutant concentration of the water sample as the sampling time period. The concentration 

of the inner diameter flow volume Vi is calculated by the approximate calculation method of the 

formula (2), and the calculation formula is as follows: 
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     (2) 

n is the number of time segments; Ci is the concentration of a certain water sample taken in the i-th 

time period (mg/L); Vi is the runoff (m3) of the i-th time period; the remaining indicators have the 

same meaning as before. 

2.4.3 Estimation of runoff 

Due to conditions, this study failed to measure runoff. Since the water collecting object is an asphalt 

pavement with small amount of infiltration and evaporation, and the rainfall start and runoff 

formation time are recorded during sampling, the hysteresis of the runoff can be calculated, and the 

runoff volume can be used to subtract the flow time in each sampling period. The product of rainfall 

and the area of rain collection during the period [16]. 

2.5 Principle of the method 

Using the test data of three runoff events of urban roads in Xi'an, it is assumed that the EMC 

calculated by using all the samples is the approximate EMC value of the pollution indicators of the 

field runoff. According to the statistical principle, the random sampling method is used, and the 

standard macro language is used. Applications (VBA) prepares the program to study the variability of 

the field EMC mean of each sample when the number of different samples (the number of samples is 

less than the actual number of runoff samples in this study) and the sample combination samples 

formed by random sampling. If the number of samples reaches a certain value, the EMC value of 

runoff pollutants calculated based on each random sample (different sample combination) tends to be 

stable and the maximum relative error with EMC approximate true value is less than a%, then the 

sample is considered to be The number ensures that the estimated EMC error is less than a%. 

2.6 Programming Method 

Using VBA language programming program to automatically call Excel function, automatically 

sample the sampling test data to form a sample with different capacity (sample number) and 

automatically match the corresponding period of runoff calculation EMC value, and automatically 

realize random sampling sample EMC calculation Value, coefficient of variation, statistical data of 

errors, and graphical rendering. 

3. ANALYSIS AND DISCUSSION 

3.1 Xi'an City Road Runoff Pollution EMC Test Results 

The results of runoff pollution test results of 3 rainfall events and the EMC values calculated based on 

the test results of all samples are shown in Table 1. In this study, the two runoff test data programming 

studies of 2014-08-12 and 2014-09-16 were used to estimate the number of samples required for 

EMC with a certain accuracy rate, and the conclusions were verified by the 2014-10-20 runoff test 

results. 
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Table 1  Pollutants concentrations of road runoffs 

Runoff 

 

Duration 

(min) 

samples 

EMC 

SS 

(mg/L) 

COD 

(mg/L) 

Cr 

(μg/L) 

Dissolved 

Cr 

(μg/L) 

Ni 

(μg/L) 

Dissolved 

Ni 

(μg/L) 

Cd 

(μg/L) 

Dissolved 

Cd 

(μg/L) 

2014-08-12 440 27 365 228.5 17.42 1.59 10.47 3.15 3.53 0.07 

2014-09-16 382 25 477 211.5 27.19 1.81 35.12 3.21 1.09 0.06 

2014-10-20 380 25 866 288.1 35.54 3.38 38.96 5.69 4.12 0.21 

 

3.2 Analysis of the influence of the number of samples on the estimation of EMC value 

 (1) When the number of samples collected in the field is small, the EMC value calculated by the 

sample concentration combined with the runoff after random sampling is highly discrete, and the 

specific points are widely dispersed and the coefficient of variation is relatively large; The number of 

samples in the field increased, and the dispersion of EMC values calculated according to the sample 

concentration combined with the runoff decreased gradually and stabilized. The scatter points 

gradually concentrated and the coefficient of variation gradually decreased. Analysis of the results 

shows that if the number of samples in the field is small, the EMC value calculated by using less 

sample monitoring results combined with the radial flowmeter is unstable, and the error is large; with 

the increase of the number of samples in the field, the sample monitoring results are combined with 

the runoff. The calculated EMC value gradually stabilizes, and when the number of samples reaches a 

certain number, the calculated EMC value of the randomly collected sample gradually approaches the 

EMC approximate true value, and the error can be guaranteed within a certain range. 

(2) The concentration trend of random sampling sample values of various pollution indicators varies 

with the number of samples, which is related to the degree of change of various pollution indicators 

during the rainfall runoff process. The greater the change of rainfall intensity during rainfall, the 

pollutants The greater the concentration change, the greater the deviation between the EMC value 

calculated by the number of different sample and the approximate true value. 

3.3 Error analysis of the number of samples on the estimation of EMC values 

In order to study the increase of the number of samples, the relative error of the EMC value calculated 

by the sample monitoring result and the approximate true value of the EMC (using the EMC value 

calculated by all samples as the maximum approximate estimated value of the true value) is 

determined by the sample monitoring result. The number of sample samples required to estimate the 

EMC value of the session with a certain accuracy. Table 2 counts the maximum relative error 

between the EMC value calculated by the monitoring results of different batches of different 

pollution indicators and the approximate true value of the field EMC. 

It can be seen from Table 2: 

(1) During the runoff process, the concentration of the pollutants and the runoff are wide fluctuations, 

resulting in a small sample size. As the number of samples increases, the relative error between the 

calculated EMC value and the approximate EMC true value of the field is gradually reduced. Taking 

SS and Cr of 2014-08-12 as an example, if the number of samples is 5, the maximum relative error of 

the calculated EMC and field EMC approximate true values are 94.6% and 72.8%, respectively; At 9 

o'clock, the maximum relative error is 46.9% and 53.0%, respectively. When the number of random 
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samples is 13, the maximum relative error is 15.9% and 21.1%, respectively, which can be guaranteed 

in a relatively small range. 

(2) The concentration trend of the EMC sample with random sampling samples of each session is 

different, which is related to the monitoring results of various pollution indicators and the variation 

range of runoff. Contaminants with large changes in pollution concentration during runoff, such as SS 

and COD, have large relative errors in the calculated EMC values and approximate true values due to 

their fluctuating fluctuations. More than other pollutants. Comprehensive analysis of the maximum 

relative error between the EMC value calculated by the number of different samples of each pollution 

index and the approximate true value of the field EMC. It can be seen that when the number of 

secondary runoff samples is greater than 13, the pollution indicators of each field are calculated by 

using the sample monitoring results. The maximum relative error between the EMC value and the 

approximate EMC true value of the field is less than 30%, that is, as long as the number of samples in 

the field is more than 13, the maximum relative error between the calculated EMC value and the field 

EMC approximate true value is guaranteed. Within 30%. 

Table 2  The maximum relative errors between estimated EMC and approximately real EMC   unit：% 

Runoff samples SS COD Cr 
Dissolved 

Cr 
Ni 

Dissolved 
Ni 

Cd 
Dissolved 

Cd 

2014-08-12 

5 94.6 77.1 72.8 53.2 91.9 81.2 39.0 77.7 
9 46.9 38.6 53.0 31.1 48.3 37.3 15.1 39.0 

11 28.3 30.7 32.6 19.4 33.6 28.0 20.0 36.7 
12 26.1 35.1 26.8 13.1 28.8 23.7 16.3 29.2 
13 15.9 29.0 21.1 16.5 21.6 16.0 14.8 22.7 
14 24.2 23.6 25.5 8.4 23.5 20.0 15.7 27.6 
15 21.2 27.2 23.8 14.0 20.0 14.9 16.9 21.8 
16 21.6 26.2 20.4 12.7 19.0 20.8 14.2 24.7 
18 17.9 25.4 18.5 5.8 20.4 19.5 11.8 22.8 
20 16.6 15.6 14.4 7.8 15.3 19.2 11.9 14.1 
22 11.2 10.4 8.3 6.5 10.3 12.9 8.5 12.9 
24 7.0 11.9 9.9 3.4 7.1 7.6 9.4 11.9 
26 3.0 8.4 4.5 2.4 2.1 2.2 5.0 3.2 

2014-09-16 

5 78.4 73.6 59.5 44.6 47.1 51.0 33.3 45.4 
9 45.8 36.6 29.1 29.6 20.8 26.3 20.6 29.0 

11 32.1 29.3 31.7 19.6 19.8 24.0 21.7 33.4 
12 36.4 25.5 24.3 16.5 21.8 20.1 15.1 26.5 
13 28.9 28.1 22.5 8.4 18.1 14.2 10.2 20.1 
14 26.5 25.0 26.2 18.4 26.1 15.3 15.0 24.7 
15 23.2 26.5 24.4 14.3 17.9 12.6 13.7 21.3 
16 28.2 25.3 17.3 14.8 14.7 20.1 12.5 17.1 
18 19.1 21.0 18.8 16.7 14.4 12.3 15.1 12.4 
20 17.6 16.5 13.1 10.3 15.2 7.7 11.7 8.5 
22 13.4 13.2 8.7 11.8 11.1 7.6 6.0 5.4 
24 4.9 4.6 3.2 2.6 7.1 2.8 5.3 6.1 

 

3.4 Verification of the conclusion of the influence of the number of surface runoff samples on 

EMC 

This study selected the pollution indicators of 2014-10-20 runoff events to verify the reliability of the 

research conclusions. During the operation of the program, 13 samples were randomly selected. The 

relative error between the EMC value calculated by the combined flowmeter and the approximate 

true value of the field EMC according to the monitoring results is shown in Table 3. 
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It can be seen from Table 3 that if 13 samples are randomly collected, the maximum relative error 

between the EMC value calculated by all the pollution indicators and the approximate true value is 

less than 30%. It can be confirmed that at least 13 samples are collected for each runoff, and the 

maximum relative error between the calculated EMC value and the field EMC approximate true value 

is guaranteed to be within 30%. 

(1) When the number of samples collected is small, the EMC value of the field runoff calculated 

according to the sample concentration combined with the runoff is large and the coefficient of 

variation is relatively large; as the number of samples increases, the flow rate is combined according 

to the sample concentration. The calculated dispersion of EMC values gradually shrinks and tends to 

be stable, and the coefficient of variation gradually decreases. 

(2) Combined with the results of road runoff pollution test in Xi'an, the results of programming 

research on the accuracy of EMC calculation results show that when the number of secondary runoff 

samples is greater than 13, the EMC values calculated by each pollution index of each field are The 

maximum relative error between the field EMC true values (approximations) is less than 30%, that is, 

as long as the number of samples in the field is more than 13, the maximum relative error between the 

calculated EMC value and the field EMC true value can be guaranteed at 30%.  

Table 3  The maximum relative errors between estimated EMC and approximately real EMC of 13 
samples 

Contaminant Max Min Average 

SS 21.4 1.3 11.2 
COD 19.7 0.1 10.5 

Cr 19.4 0.4 5.1 
Dissolved Cr 6.5 0.2 2.0 

Ni 15.5 0.2 5.0 
Dissolved Ni 9.5 0.2 4.2 

Cd 22.1 0.4 9.3 
Dissolved Cd 12.4 0.3 4.9 

 

4. CONCLUSION 

(1) The sample size of the time interval sampling method has a significant impact on the accuracy of 

the EMC estimation results. When the number of field runoff samples is small, the EMC calculated 

according to the sample concentration combined with the runoff is unstable, and the coefficient of 

variation is relatively large. Large; as the number of samples increases, the dispersion of the 

estimated EMC value gradually decreases and tends to be stable. 

(2) The maximum relative error of EMC value and EMC approximate true value of different field 

runoff indicators is different with the increase of sample number, which is related to the fluctuation of 

water quality and quantity of runoff. When the number of sampled samples in the runoff time interval 

is greater than 13, the maximum relative error between the EMC value of each pollution index and the 

approximate true value of the field EMC is less than 30%. 
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