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Abstract 
A long-term nationwide nonpoint-source pollution monitoring program was initiated by the Ministry of Environment Republic of 

Korea (ME) in 2007. Monitoring devices including rain gauges, flow meters, and automatic samplers were installed in monitoring sites to 
collect dynamic runoff data in 2008-2009. More than 10 rainfall events with three or more antecedent dry days were monitored per year. 
More than 10 samples were collected and analyzed per event. So far, five land use types (single family, apartments, education facilities, 
power plants, and other public facilities) have been monitored 23 to 24 times each. Characterization of the runoff from different land 
use types will aid unit load estimation in Korea and hopefully in other countries with similar land use. The monitoring results will be 
reported regularly at national and international levels.
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1. Introduction

South Korea is a densely populated country with over 48 mil-
lion people living in less than 100,000 km2. Until the late 1980s, 
rapid industrialization was the cause for serious damage to 
South Korea’s natural environment. However, since then envi-
ronmental conditions have been improving due to the restora-
tion programs. From 2006, over 85 % of the domestic wastewater 
generated nationally was collected and treated in public sewers 
[1]. Four major rivers flow across the southern part of the Korean 
peninsula: the Han, Nakdong, Geum, and Yeongsan. Recently, 
their overall water quality has improved recently. The level of 
biochemical oxygen demand (BOD) in the main stream of the 
Han River is between 0.3 and 2.3 mg/L. The BOD levels in the 
main streams of Nakdong, Geum, and Yeongsan rivers are in the 
ranges of 0.8-3.4 mg/L, 0.3-4.0 mg/L, and 0.3-3.5 mg/L, respec-
tively. However, the water quality of many streams and reservoirs 
is often below the established standards (National Environmen-
tal Policy Act of Korea), and periodic algal blooms in most of the 
reservoirs imply that further efforts are still required [2]. Accord-
ing to Vollenweider’s criterion, 8% and 38% of regularly moni-
tored reservoirs are classified as eutrophic and meso-eutrophic, 
respectively [3].

It is well known that water quality improvement cannot be 
achieved without proper control of nonpoint source (NPS) pol-
lution. This in turn is closely related to the land use and rainfall 
events. The term ‘point source (PS)’ as defined in the Clean Wa-
ter Act implies any discernable, confined and discrete convey-

ance, including but not limited to pipes, ditches, channels, tun-
nels, conduits, wells, discrete fissures, containers, concentrated 
animal feeding operations, vessels and other floating craft from 
which pollutants may or may not be discharged. NPS are simply 
‘everything else’ and they include diffuse, difficult to identify, or 
intermittent sources of pollutants. They are usually associated 
with land use [4].

The contribution of NPS to total loading for the four major 
rivers is about 42-69% and this depends on the river basin char-
acteristics [5]. Further water quality improvements may not be 
achievable without the proper control of NPS pollution. The 
‘Special Act on Watershed Management for Four Major Rivers,’ 
enacted in 1998, includes a number of programs that aim to im-
prove, maintain or restore the water quality in national water 
systems. These programs include discharge limits, permits for 
point sources, funding for wastewater treatment facilities and a 
total daily maximum load (TMDL). They also control the overall 
pollution which includes both PS and NPS. 

The accurate estimation of pollutant loads from watersheds 
is important for the effective application of the TMDL program. 
Currently, the unit load method is used for the estimation of 
pollutant loads from watersheds. It is a simple function that ex-
presses pollutant generation over space and time for each land 
use (mass per unit area and time). Annual loads are calculated by 
multiplying the unit loads by the areas of uniform land uses and 
then, by summing the loads from different land uses. The true 
loads are highly site-specific and they are dependent on demo-
graphic, geographic and hydrologic factors. Agricultural areas 
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land use and the quality of the receiving water in watersheds. 
This is not surprising considering that surface runoff and drain-
age systems carry land residues directly into stream systems. Nu-
merous studies have reported that urban and agricultural lands 
play primary roles in the degradation of the water quality in the 
adjacent aquatic systems, by altering the soil surface conditions, 
increasing impervious areas, and generating pollution [8, 11]. 
Here, the nationwide long-term NPS monitoring of an individual 
land uses in Korea is described. Five Level-III land uses (single 
family, apartments, education facilities, power plants, other 
public facilities) in the Han River basin are particularly covered 
in detail.

2. Materials and Methods

2.1. Study Area

A total of five monitoring sites were selected from the Lev-
el-III land use groups in Bundang-gu, Gyeonggi provinces as 
shown in Table 1 and Fig. 1. These sites included residential 

are the most problematic as a small number of storms are usu-
ally responsible for the annual load and meteorological factors 
are highly variable from year to year. There have been attempts 
to collect field runoff data from major rivers on the watershed 
scale in order to support the unit load method for TMDL. These 
data can be useful for the estimation of the total pollutant load in 
the watershed-scale. However, it has a limitation in the quantifi-
cation of unit load of an individual land uses as several land uses 
contribute to the sampling point and they are hard to segregate 
[2]. The TMDL program will face significant challenges if reliable 
unit loads for an individual land uses were unavailable. There-
fore, field monitoring data from individual land uses are required 
in combination with the watershed-scale data. 

Land use has a direct impact on hydrologic systems within 
watersheds [6-11]. The land use determines which anthropo-
genic substance enters a hydrologic system through drainage or 
runoff. Water quality parameters in various aquatic systems have 
been closely linked to the proportions of the different land uses 
within the watersheds [8, 11]. The relationship between land use 
and water quality in watersheds has been well documented [6-
12]. Previous studies have found out strong links between the 

Fig. 1. Monitoring sites and land uses in the Han River basin

Table 1. Location of monitoring sites and their characteristics

Level- I Level-II  Level-III Area (m2)          Imperviousness (%) Monitoring site

Urban Residential area Single family 10,087 66.74 Gumi-dong, Bundang-gu, Seongnam-City, 
  Gyeonggi-Province

Apartments 26,302 67.95 Gumi-dong, Bundang-gu, Seongnam-City, 
  Gyeonggi-Province

Public facilities Education 17,213 49.24 Gumi-dong, Bundang-gu, Seongnam-City, 
  Gyeonggi-Province

Power plants 22,639 83.24 Korea District Heating Corp., Bundang-
  dong, Bundang-gu, Soengnam-City, 
  Gyeonggi-Province

Other public
    facilities

46,422 63.56 Sports complex, Yatap-dong, Bundang-gu, 
  Seongnam-City, Gyeonggi-Province
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2.3. Estimation of Event Mean Concentrations and Unit 
Loads

Event mean concentration (EMC) of each pollutant was esti-
mated by using the following formula.

Mass of pollutant contained in the runoff event
EMC

Σ Qi Ci

Total volume of flow in the event Σ Qi 

= =      (1)

Where, Qi presents the discrete flow coordinates on the event hy-
drograph and Ci denotes the corresponding discrete concentra-
tions on the pollutograph. It should be pointed out that instead 
of measuring the discrete flows and concentrations throughout 
an event the EMC is represented by the concentration of a flow-
weighted composite sample of the runoff event [13].

Event area load (event load per area, kg/ha) was the excepted 
concept for unit time and only unit area (ha) was considered. 
Therefore, event area load in this study implies total load per 
unit area by whole rainfall event and it was estimated as follows:

Total mass of pollutant contained 
in the runoff event

Event area load
Σ Qi Ci

Drainage area A
= =

  

(2)

Unit load can be defined as the mass of the pollutant of inter-
est per area of watershed per unit of time [14]. Unit load in this 
study was estimated by using the following formula [15].

Unit load = Σ(Py × Ry × EMCy)                                  (3)

Where, P
y
 is the total annual precipitation of rank (class) y, and R

y
 

is the average runoff ratio (coefficient of runoff) of precipitation 
rank y, and EMC

y
 is the average EMC of rank y.

3. Results and Discussion

3.1. Analysis of Rainfall Events

Table 2 shows the characteristics of rainfall events during 
each monitoring period. The total rainfall and rainfall intensity 
were analyzed by using data from rain gauges at the monitoring 
sites. Recently, local differences in the Korean weather have in-
creased and this trend is also apparent in rainfall characteristics.

3.2. Correlation among Pollutants

The representative pollutant was selected by correlation 
among water-quality parameters by using SPSS ver. 12 (SPSS 
Inc., Chicago, IL, USA). For efficient first flushing effect analysis 
using the same significant index, the correlation was performed 
in order to test the relationships among the variables. Table 3 
shows Pearson’s correlation coefficients among the concentra-
tions of various pollutants. These results indicate that the cor-
relation of COD

Cr
 was the most significant.

3.3. Analysis of First Flush Effect

In urban areas, flow and water quality are very sensitive to 
rainfall as there are many impervious areas. Generally, in urban 
areas the NPS pollutants are discharged intensively in the early 

areas (single family, apartments) and public facilities (educa-
tion facilities, power plants, and other public facilities-a sports 
complex). Monitoring sites were selected to allow the collection 
of runoff data from homogeneous land use regions where storm 
water was to be drained into a separate sewer system. These sites 
needed to have sizable catchment areas and represent particular 
land usage. Moreover, it needs to be favorable for collection of 
monitoring data where usually rain gauge, flow monitoring de-
vice and quality monitoring device should be installed and well 
maintained. Several site locations were initially reviewed based 
on the maps of the area and construction drawings of rainfall. 
This was also followed by field investigations to assess the most 
promising candidates. 

The selected site of a single family includes 16 detached hous-
es and it is located at the foot of a mountain. The area is 10,087 
m2 and total dwellers are 405 people. This site has an uphill slope 
(about 10%) due to topographic characteristics. Each detached 
houses have some pervious area which includes a small garden 
and the portion of impervious area in this site is 66.74%. The se-
lected site of apartments (apartment complex) includes a total of 
6 apartment buildings (over 25 floors), a grocery store, parking 
lots, roads and a children’s playground. The area is 26,302 m2 and 
total dwellers are 2,230 people. As this site is a densely populated 
area, pedestrians and vehicular traffic is much when compared 
to a single family site. This site has some pervious area which in-
cludes a flower bed and a playground. Moreover, the portion of 
impervious area is 67.95%. The selected site of education facil-
ity is an elementary school. It consists of a school building and 
playground. Total area is 17,213 m2 and the portion of impervi-
ous area is 49.24%. This school has 1,018 students in a total of 29 
classes. The selected site of power plants is located at the foot 
of a mountain but the site slope is little as good as flat. The total 
area of this site is 22,639 m2. This site has the highest impervi-
ousness (83.24%) among all the monitoring sites. It consists of 
plants, tennis and basketball courts, roads, a parking lot and 
small flower beds. There are no office buildings. The selected site 
of other public facilities is sports complex (stadium) and has a 
soccer stadium, baseball stadium, track, road and some subsid-
iary facilities. Total area of this site is 46,422 m2. And the portion 
of the impervious area is 63.56% but the pervious area includes 
a sports stadium (ground) and it is constructed above a concrete 
base. And infiltrated water is drained through perforated drain-
pipe. Therefore, this site does not have a natural and general per-
vious land.

2.2. Monitoring

Monitoring devices (ISCO 6712 auto-sampler; ISCO 750 flow-
meter; Delta OHM rain-gauge) were completely equipped at the 
drainage points of the monitoring sites. Stormwater runoff was 
then, monitored 23-24 times according to the site-specific condi-
tions. The rainfall, flow and water quality (TSS: total suspended 
solids, BOD

5
: 5-day biochemical oxygen demand, TOC: total 

organic carbon, COD
Cr

: chromium chemical oxygen demand, 
TN: total nitrogen, TP: total phosphorus) were measured. Water 
samples were collected automatically for more than 10 times per 
event. Water samples within 1 hour after storm water runoff be-
gan were collected in 5-15 minute intervals. The sampling time 
intervals were then, chosen based on the rainfall land runoff 
conditions.
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they were only partial in some cases. The partial first flush ef-
fects may have been due to the following reasons: 1) rainfall 
characteristics: the nature of rainfall in the early stages can in-
fluence the composition and quantity of the flushed material; 
2) imperviousness: no land use was completely impervious; 3) 
topographical characteristics: the stormwater runoff and flush-
ing effect also depended on the slope of the land; 4) the arrival 
of unconfirmed pollutants in the middle or latter rainfall stages.

Pervious and impervious lands were mixed at each monitor-
ing site. Thus, the first flushing effect appeared indefinitely and it 
was dependent on the rainfall characteristics. The ‘power plant’ 
land use had the highest imperviousness ratio but it did not 
exhibit a noticeably elevated first flushing effect. This was due 
to the differences in the topographical slope. The slopes of the 
residential areas (single family and apartments) were relatively 
steep, while that of the power plant area was gentle.

stages of rainfall. Therefore, the maximum discharge of pollut-
ants occurs before the peak flow [4, 16-20]. Many researchers 
tried to characterize and define the first flush, the first portion 
of the flow, which contains most of the pollution. As a rule of the 
thumb it was stated that the first 40% of urban runoff may con-
tain 60% of the pollution load [13]. However, such rules do not 
apply to agricultural and similar runoff events. However, the na-
tionwide urban runoff program (NURP) study [21, 22] and oth-
ers have found out that there is no consistent first-flush effect 
in discharges from separate storm sewers. In this study, the first 
flush effect was analyzed by using a cumulative pollutant load 
ratio. If the slope of the graph of the cumulative pollutant load 
ratio (L(t)/Σ L(t)) vs. the cumulative flow volume ratio (Q(t)/Σ 
Q(t)) is greater than 1 then, the first flush effect is judged to be 
significant [23, 24]. Fig. 2 shows the cumulative load ratio curve 
for each land use.

In all the land uses, first flushing effects were apparent but 

Table 2. Characteristics of the rainfall events during monitoring period

　
　 < 10 mm 10-30 mm 30-50 mm > 50 mm

　 Avg. SD Avg. SD Avg. SD Avg. SD

Single family TR (mm) 5.0 2.69 20.4 5.25 39.1 7.30 167.5 26.16

RI (mm/hr) 1.0 0.72 3.3 3.31 3.8 3.31 8.3 3.35

Apartment TR (mm) 5.5 2.69 20.7 5.41 39.8 8.18 167.5 26.16

RI (mm/hr) 0.9 0.67 3.4 3.40 3.8 3.33 8.3 3.35

Education facility TR (mm) 5.2 2.90 20.2 5.07 39.1 7.30 167.5 26.16

RI (mm/hr) 0.8 0.72 3.4 3.28 3.8 3.31 8.3 3.35

Power plant TR (mm) 5.4 2.58 20.4 5.52 42.0 5.43 98.8 58.42

RI (mm/hr) 1.0 0.48 4.2 3.64 4.9 3.32 6.1 4.22

Other public facilities
  (sports complex)

TR (mm) 5.6 2.84 24.5 5.04 39.8 7.31 144.6 53.39

RI (mm/hr) 1.0 0.62 2.9 2.12 4.5 2.20 5.4 2.13

TR: total rainfall (mm), RI: rainfall intensity (mm/hr), Avg.: average, SD: standard deviation.

Table 3. Pearson’s correlation coefficients among the concentrations of various pollutants

TOC BOD5 CODCr TSS TN TP

TOC Pearson's rb 1.000 0.629a 0.502a          -0.006 0.042  0.093a

Significance level -           0.000           0.000 0.427 0.092 0.001 

No. 1,024           1,021           1,023 1,020 1,023 1,021

BOD5 Pearson's rb           1.000 0.793a  0.082a 0.048  0.212a

Significance level -           0.000 0.004 0.059 0.000 

No.           1,060           1,059 1,056 1,059 1,058

CODCr Pearson's rb           1.000  0.107a  0.143a   0.206a

Significance level - 0.000 0.000 0.000 

No.           1,062 1,058 1,061 1,059

TSS Pearson's rb 1.000   0.127a  0.488a

Significance level - 0.000 0.000 

No. 1,059 1,058 1,056

TN Pearson's rb 1.000  0.119a

Significance level - 0.000 

No. 1,062 1,059

TP Pearson's rb 1.000 

Significance level -
No. 　 　 　 　 　 1,060

Values are statistically significant at ap<0.01, italics at bp<0.05
TOC: total organic carbon, BOD5: 5-day biochemical oxygen demand, CODCr: chromium chemical oxygen demand, TSS: total suspended solids, 
TN: total nitrogen, TP: total phosphorus.
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different. This was due to the difference in the drainage area sizes 
and total runoff volumes.

[15] suggested a method to establish the representative an-
nual rainfall data. According to this method, the representative 
annual rainfall data is a combination of average rainfall data 
of each same month for 30 years. For example, January rainfall 
from this data set is an average of among 30 January (of past 30 
years) [15]. Daily data of the most similar month among the past 
30 years is selected as the rainfall data and it is selected using 
this data set. The established representative annual rainfall data 
is summarized in Table 7. Unit loads are calculated by using this 
annual rainfall data and it is summarized in Table 8.

TN, TP unit loads of other public facilities (sports complex) 
were higher than other monitoring sites. This result was caused 
by fertilization for grass management of stadium and charac-
teristic drainage path. TSS unit loads of the educational facility 
shows the highest value due to the bare soil of the playground. 
Recently, the playground surfaces of elementary schools in Ko-
rea are being covered with grass. This trend may contribute to 
the reduction of NPS discharge from educational facilities. TOC 
and COD

Cr
 unit loads of apartments were the highest. Apartment 

complexes are densely populated areas and they have many cars 
in their parking lots. This can be the causative of discharge of 
organic matters that cannot be easily decayed or decomposed 
biochemically. The estimated unit loads according to Level-III 
land use types from results of this study were different from each 
other and also Level-I unit load of now Korean TMDL (Table 8). 
The established unit loads for the estimation of NPS loads in now 
Korean TMDL had been made from a little survey data in 1980s 
due to the lack of monitoring data. Thus, NPS runoff characteris-
tics of each land use types were not satisfactorily reflected in the 
unit loads [24].

3.4. EMCs

Table 4 tabulates the EMC of each monitoring event. Organic 
matter including TOC, BOD

5
 and COD

Cr
 were significantly con-

centrated in the apartment and power plant regions. Both the TP 
and TSS levels of the educational facility were high. This was be-
cause most of the pervious lands of the educational facility were 
simply ground with soil. Moreover, soil particles absorb phos-
phorus. TSS level of other public facilities was comparatively low 
but TN and TP levels were high. High levels were attributed to the 
fertilizer applied to the grass of a sports stadium. EMCs of each 
monitoring site are summarized in Table 5 and Fig. 3.

3.5. Event Area Loads and Unit Loads

Table 6 shows event area loads for each land use. Fig. 4 com-
pares the event area loads for each land use. Although the per-
vious ratio of other public facilities was 36.44%, it contained 
the highest levels of all water quality parameters except TSS. 
The drainage of other public facilities was unique. The pervi-
ous land in the sports stadium lies above a concrete base. Water 
that infiltrates in to this land is drained by underground perfo-
rated drainpipes. Therefore, the stadium does not contain com-
pletely pervious land. Hence, it can discharge pollutants in the 
soil. Stadiums may reduce or delay stormwater runoff by a small 
amount. However, no differences were observed in the pollutant 
discharge. The organic matter (TOC, BOD

5
 and COD

Cr
) levels of 

the educational facility were lowest. However, the TSS level of the 
educational facility was highest, because the ground contained 
soil. TN and TP levels were the lowest for the ‘power plant’ land 
use. The event area loads and EMC results for each land use were 

Fig. 2. Cumulative load ratio for each land use. CODCr: chromium chemical oxygen demand.
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Table 4. EMCs of each land use                                                            (mg/L)

Single family TOC BOD5 CODCr TSS TN TP

1 23.79 6.97 18.69 110.6 7.58 0.269
2 5.48 4.74 8.45 12.2 2.27 0.090
3 3.17 4.00 20.30 68.0 1.63 0.035
4 9.40 5.31 43.56 11.9 2.60 0.079
5 3.36 5.82 16.55 30.7 1.95 0.025
6      - 1.87 16.69 15.9 1.23 0.088
7 10.82 3.25 26.20 17.1 1.73 0.081
8 3.05 0.74 24.25 6.9 1.61 0.071
9 3.56 3.46 13.75 7.6 2.29 0.086

10 2.89 3.68 9.31 10.7 16.06 0.091
11 3.81 3.94 9.78 10.7 14.22 0.061
12 5.95 0.79 11.55 16.0 11.79 0.108
13 4.35 5.73 30.54 3.0 3.19 0.081
14 3.99 11.17 43.50 13.5 4.00 0.270
15 11.24 8.13 62.82 7.0 7.03 0.103
16 13.25 13.71 54.79 39.7 5.26 0.122
17 3.14 5.67 14.04 23.1 4.74 0.315
18 3.38 3.86 47.96 18.8 10.74 0.259
19 5.73 2.07 21.76 18.3 6.33 0.168
20 5.60 5.91 30.08 3.3 10.57 0.295
21 2.60 4.86 34.36 97.1 7.33 0.313
22 5.65 2.11 24.54 49.7 6.06 0.783
23 5.58 4.39 30.06 19.4 5.76 0.198

EMC: event mean concentration, TOC: total organic carbon, BOD5: 
5-day biochemical oxygen demand, CODcr: chromium chemical 
oxygen demand, TSS: total suspended solids, TN: total nitrogen, TP: 
total phosphorus.

Table 4. EMCs of each land use (continued)                                    (mg/L)

Apartments TOC BOD5 CODCr TSS TN TP

1 51.40 30.17 21.33 96.0 9.65 0.498
2 13.65 1.28 10.32 21.6 2.87 0.143
3 9.00 3.72 19.05 22.7 1.79 0.073
4 68.07 30.30 95.17 99.8 3.23 0.765
5 9.59 7.32 44.60 13.5 2.03 0.051
6      - 5.66 27.56 117.6 0.89 0.167
7 6.94 4.58 25.04 21.0 2.98 0.446
8 1.42 1.76 34.13 9.9 1.21 0.230
9 3.51 1.45 14.34 13.0 2.01 0.084

10 1.78 1.61 38.71 145.0 15.06 0.181
11 2.79 1.34 13.27 17.8 15.55 0.083
12 9.46 1.98 16.69 97.5 26.20 0.258
13 10.90 10.52 46.57 17.6 4.39 0.166
14 6.39 17.23 88.88 73.6 4.77 0.549
15 10.94 11.57 67.51 19.3 3.62 0.186
16 43.37 37.72 152.79 48.6 2.20 0.227
17 4.83 6.59 27.70 11.9 3.75 0.332
18 3.56 4.04 79.70 47.5 8.79 0.279
19 10.09 4.29 34.81 29.8 8.85 0.322
20 13.97 7.87 122.68 16.6 11.16 0.266
21 2.05 1.13 30.54 64.8 6.74 0.182
22 4.64 4.90 31.05 12.8 6.13 0.370
23 6.27 2.87 41.56 43.0 5.38 0.446
24 9.86 11.72 48.23 71.4 5.94 0.356

EMC: event mean concentration, TOC: total organic carbon, BOD5: 
5-day biochemical oxygen demand, CODcr: chromium chemical 
oxygen demand, TSS: total suspended solids, TN: total nitrogen, TP: 
total phosphorus.

Table 4. EMCs of each land use (continued)                                   (mg/L)

Educational 
facility

TOC BOD5 CODCr TSS TN TP

1 5.58 2.39 5.72 265.7 0.31 0.524
2 3.27 2.01 5.94 522.1 1.66 0.250
3 1.00 0.96 8.67 35.6 0.37 0.057
4 1.63 5.41 17.56 122.9 2.48 0.073
5      - 3.99 10.64 143.5 2.96 0.134
6 4.51 1.90 17.83 12.9 1.05 0.031
7 1.21 2.19 22.39 36.4 3.26 0.153
8 1.96 1.74 18.97 121.7 1.15 0.050
9 4.59 6.96 54.73 148.5 27.94 0.269

10 1.85 1.37 8.04 43.5 14.50 0.093
11 12.29 6.87 37.47 111.0 24.59 0.303
12 6.99 14.14 31.81 206.6 3.11 0.803
13 3.21 12.20 62.85 431.6 10.40 1.081
14 7.76 7.79 25.87 341.3 4.02 1.116
15 0.00 0.00 0.00 0.0 0.00 0.000
16 5.04 10.85 58.23 343.1 2.46 0.422
17 15.87 12.82 38.43 52.8 2.88 0.597
18 1.58 3.53 47.41 290.5 10.24 0.880
19 4.40 8.35 35.64 416.6 27.37 1.279
20 1.60 4.01 48.34 927.1 10.67 1.272
21 7.88 4.11 22.16 240.2 10.09 0.641
22 4.00 1.50 17.85 89.9 5.06 1.052
23 6.21 7.44 27.82 459.0 7.15 0.733

EMC: event mean concentration, TOC: total organic carbon, BOD5: 
5-day biochemical oxygen demand, CODcr: chromium chemical 
oxygen demand, TSS: total suspended solids, TN: total nitrogen, TP: 
total phosphorus.

Table 4. EMCs of each land use (continued)                                    (mg/L)

Power plants TOC BOD5 CODCr TSS TN TP

1 99.71 46.47 25.99 38.2 5.34 0.189
2 15.71 4.87 8.14 23.9 2.25 0.102
3 18.74 11.13 30.82 76.8 2.59 0.040
4 3.71 2.14 35.13 38.6 0.46 0.092
5 2.90 5.67 16.57 5.0 1.73 0.019
6      - 5.85 20.55 43.8 1.57 0.089
7 1.65 2.34 19.77 15.9 2.28 0.045
8 9.48 3.10 42.57 15.6 3.66 0.117
9 2.05 1.61 16.06 29.3 1.02 0.038

10 3.00 1.69 14.20 1.0 0.72 0.104
11 5.69 6.15 12.94 12.2 29.38 0.055
12 8.81 3.87 13.44 27.0 15.81 0.059
13 4.57 6.41 25.79 39.4 2.01 0.083
14 3.77 15.79 48.74 42.8 2.54 0.162
15 7.58 14.55 56.51 49.6 4.46 0.169
16 62.63 59.25 231.25 61.0 5.59 0.226
17 2.85 5.27 27.47 216.4 3.51 0.258
18 2.22 3.90 39.64 40.3 8.15 0.114
19 31.81 24.27 137.17 96.4 7.31 0.280
20 144.14 60.32 471.44 29.4 7.70 0.107
21 1.85 5.60 27.16 120.3 5.75 0.239
22 3.13 5.49 34.79 11.1 6.70 0.348
23 2.79 2.16 26.69 53.6 4.88 0.474
24 13.24 14.10 61.58 229.9 5.63 0.449

EMC: event mean concentration, TOC: total organic carbon, BOD5: 
5-day biochemical oxygen demand, CODcr: chromium chemical 
oxygen demand, TSS: total suspended solids, TN: total nitrogen, TP: 
total phosphorus.
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Table 4. EMCs of each land use (continued)                                                                                                                                                                                         (mg/L)

Other public facilities : 
Sports complex TOC BOD5 CODCr TSS TN TP

1 26.94 3.25 13.70 7.4 7.02 0.165
2 12.37 1.22 11.03 20.4 3.27 0.340
3 22.78 12.51 10.57 32.2 3.45 0.186
4 9.26 3.84 31.22 19.2 1.04 0.287
5 8.57 7.10 39.17 13.4 1.81 0.077
6                  - 11.91 57.16 25.3 1.54 0.182
7 3.60 1.18 20.84 8.5 2.39 0.113
8 5.27 1.31 21.71 32.7 2.14 0.125
9 2.03 4.89 16.18 15.1 0.93 0.092

10 3.79 4.92 18.08 14.3 36.40 0.237
11 6.13 3.78 12.60 3.8 29.55 0.119
12 11.45 3.49 10.10 13.6 12.32 0.123
13 6.17 4.98 43.06 7.7 3.73 0.215
14 5.82 16.14 60.33 21.0 5.10 0.401
15 16.41 11.21 51.92 12.3 9.38 0.296
16 9.40 9.38 39.36 32.2 3.53 0.166
17 4.57 4.74 57.11 25.0 4.22 0.465
18 2.61 6.20 43.82 61.1 8.32 0.397
19 5.93 6.91 29.76 45.2 6.41 0.401
20 24.50 16.93 79.99 8.1 13.15 0.484
21 4.11 5.14 27.64 16.7 6.81 0.763
22 45.07 18.95 117.99 4.0 18.46 4.618
23 5.08 2.59 42.54 24.8 6.40 3.372
24 7.25 3.32 40.12 12.4 9.73 0.925

EMC: event mean concentration, TOC: total organic carbon, BOD5: 5-day biochemical oxygen demand, CODcr: chromium chemical oxygen 
demand, TSS: total suspended solids, TN: total nitrogen, TP: total phosphorus.

Table 5. EMCs summary and site mean concentration (SMC) of each land use                                                                                                         (mg/L)

　 TOC BOD5 CODCr TSS TN TP

Single family

  Average (SMC) 6.35 4.88 26.68 26.6 5.91 0.173

  Median 4.92 4.39 24.25 16.0 5.26 0.103

  Coefficient of variation 0.77 0.62 0.57 1.1 0.72 0.938

Apartments

  Average (SMC) 13.24 8.82 47.18 47.2 6.47 0.278

  Median 9.00 4.74 34.47 26.3 4.58 0.244

  Coefficient of variation 1.29 1.15 0.77 0.8 0.90 0.620

Educational facility

  Average (SMC) 4.66 5.33 27.15 233.1 7.55 0.514

  Median 4.20 4.01 22.39 148.5 3.26 0.422

  Coefficient of variation 0.82 0.78 0.67 0.9 1.13 0.848

Power plants

  Average (SMC) 19.65 13.00 60.18 54.9 5.46 0.161

  Median 4.57 5.64 27.32 39.0 4.06 0.110

  Coefficient of variation 1.81 1.34 1.66 1.1 1.11 0.785

Other public facilities (sports complex)

  Average (SMC) 10.83 6.91 37.33 19.9 8.21 0.606

  Median 6.17 4.95 35.20 15.9 5.75 0.262

  Coefficient of variation 0.95 0.74 0.68 0.7 1.07 1.781



54http://dx.doi.org/10.4491/eer.2012.17.1.047

Han-Pil Rhee, Chun Gyeong Yoon, Seung-Jae Lee, Jae-Ho Choi, Yeong-Kwon Son

Fig. 3. Comparison of event mean concentrations from each land use. TOC: total organic carbon,  BOD5: 5-day biochemical oxygen demand, 
CODCr: chromium chemical oxygen demand, TSS: total suspended solids, TN: total nitrogen, TP: total phosphorus, SF: single family, APT: 
apartments, EDU: educational facility, PP: power plants, OPF: other public facilities.

Fig. 4 . Comparison of event area loads for each land use. SF: single family, APT: apartments, EDU: educational facility, PP: power plants, OPF: 
other public facilities.

a Event area loads b Unit loads
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Table 6. Event area loads (event load per area) from each monitoring site                                                                                                                              (kg/ha)

　 TOC BOD5 CODCr TSS TN TP

           Single family

             Average 0.99 0.79 5.42 8.99 1.10 0.070

             Median 0.40 0.35 2.09 1.18 0.33 0.010

             Coefficient of variation 1.61 1.54 1.79 2.82 2.02 3.135

           Apartments

             Average 1.14 0.72 6.22 7.67 0.85 0.045

             Median 0.36 0.37 2.65 2.02 0.27 0.012

             Coefficient of variation 1.55 1.18 1.71 2.15 2.14 2.238

           Educational facility

             Average 0.58 0.60 4.47 48.17 1.00 0.131

             Median 0.27 0.32 2.26 11.86 0.27 0.015

             Coefficient of variation 1.87 1.19 1.85    2.96 2.02 2.500

           Power plants

             Average 0.71 0.83 4.89 8.67 0.63 0.046

             Median 0.29 0.29 1.72 2.39 0.18 0.007

             Coefficient of variation 1.49 1.40 1.86 2.35 2.60 3.432

           Other public facilities (sports complex)

             Average 1.32 1.05 7.95 5.40 1.66 0.290

             Median 0.58 0.81 4.36 1.84 0.48 0.030

             Coefficient of variation 1.42 1.30 1.78 1.76 1.96 3.673

TOC: total organic carbon,  BOD5: 5-day biochemical oxygen demand, CODCr: chromium chemical oxygen demand, TSS: total suspended 
solids, TN: total nitrogen, TP: total phosphorus.

Table 7. Total rainfall of each class of the representative annual rainfall data set 

　
Rainfall class

Total
< 10 mm 10-30 mm 30-50 mm > 50 mm

          Annual rainfall (mm) 152.44 304.27 221.08 624.93 1,302.72 

Table 8. Unit loads of each monitoring site                                                                                                                                                                               (ton/km2/yr)

　 TOC BOD5 CODCr TSS TN TP

Level-I (TMDL) Urban or built-up land - 85.90 - - 13.69 2.10

Level-III 

   (monitored)

Single family 3.39 2.78 19.94 37.7 4.32 0.279

Apartments 4.27 2.58 23.96 31.1 3.62 0.181

Educational facility 1.87 2.02 16.89 217.9 4.08 0.501

Power plants 4.08 4.55 22.12 32.6 2.23 0.120

Other public facilities 4.12 3.13 19.95 13.6 6.38 0.532

TMDL: (Korean) total daily maximum load, TOC: total organic carbon, BOD5: 5-day biochemical oxygen demand, CODCr: chromium chemical 
oxygen demand, TSS: total suspended solids, TN: total nitrogen, TP: total phosphorus.
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4. Conclusions

NPS runoff characteristics including first flushing effect, 
EMCs, event area loads and unit loads of NPS pollutants were 
analyzed for various types of land use (single family, apartments, 
educational facility, power plant, and other public facilities). In 
all the land uses, first flushing effects were apparent but they 
were only partial in some cases. Total 23-24 EMCs data and event 
area loads for each land use were collected and then, the unit 
loads of each monitored land use were calculated by using the 
EMCs data and the representative annual rainfall data. Until 
today, land use types in Korean TMDL are classified as only 5 
categories (Level-I : urban or built-up land, paddy field, upland 
field, forest land, and all other land uses). Unit loads of NPS have 
been proposed and they have been used according to each land 
use category. Nevertheless, various types of land use in urban or 
built-up land have not been considered. So, it is hard to give a 
detailed estimation and accurate NPS load. On the other hand, 
types of land use that were monitored in this study had been 
selected according to the subdivided categories (Level-III). Es-
timated unit loads showed differences among each other. The 
estimated unit loads especially presented a great contrast to the 
unit load of urban or built-up land in Level-I categories. Unit 
loads for Level-I categories are too comprehensive to apply to 
detailed land use types. Therefore, unit loads for more detailed 
land use types should be supported for the development of more 
reasonable and advanced TMDL in Korea. This study is aimed 
to introduce information and interim results on NPS monitoring 
of Level-III land uses. Continuous monitoring and accumulation 
of data will contribute to more accurate analysis of NPS runoff 
characteristics in Korea.
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