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ABSTRACT

This study investigated the long-term runoff characteristics of non-point source (NPS) pollutants
from various land-use types through analysis of the event mean concentration (EMC) and peak
concentration (PC), to determine management methods for different NPS pollutants by land-
use type. For this study, NPS runoff long-term monitoring project data for the period of 2008-
2016 were used, which were collected by the preliminary survey project on the environment at
the Four Major Rivers Environment Research Centres. As a result of the EMC analysis by land-
use type, biochemical oxygen demand (BOD) showed the highest values in commercial areas at
35.6 mg/L, suspended solids showed the highest values in other cultivated areas at 1,731.4 mg/L,
and the highest total nitrogen and total phosphorous EMC were observed in fields at 11.68 and
4.79 mg/L, respectively. However, in the case of forests, the EMC of all pollutants analyzed were
the lowest at BOD 1.2-1.5 mg/L, SS 8.5-22.5 mg/L, and TP 0.03-0.09 mg/L. The analysis showed that
the land-use type and rainfall characteristics had significant effects on the results. Analysis using
the PC concept, showed that >90% of high-concentration pollutants could be reduced by treating
20 mm of rainfall in urban areas and 50 mm of rainfall in other areas.

Keywords: Event mean concentration (EMC); Land-use; Long-term monitoring; Non-point source

(NPS); Peak concentration (PC)

1. Introduction

Non-point sources (NPS) refer to cities, roads, farm-
land, mountain areas, and construction sites, where water
pollutants are discharged but the source of the discharge
is difficult to identify. Compared with point source (PS)
pollutants that are discharged from specific points, NPS
pollutants are difficult to monitor and control owing to
their unspecified discharge points. The categories of NPS
pollutants vary according to the land-use types. Various
NPS pollutants accumulate at the ground surface; when it
rains, they quickly flow into water bodies through rainfall
runoff. This adversely affects the water quality of rivers and
aquatic ecosystems by increased NPS pollutant discharge,
urban flooding, and more frequent inundation [1-3].

* Corresponding author.

Regarding domestic policies for controlling NPS pol-
lution, the importance of NPS was recognized through
the NPS monitoring project in 1995 and the monitoring
project by unit load of NPS pollutants in 2002. The NPS
institutionalization began by establishing comprehensive
measures for controlling NPSs for 2004-2020. In 2012, the
2nd comprehensive measures for controlling NPS pollu-
tion were jointly formulated by eight government depart-
ments including the Ministry of Environment (MOE), and
countermeasures were formulated for each sector, such as
urban, rural, and mountain areas [4]. Assessing the current
state of NPS should be the priority to efficiently control
NPS, and to accomplish this, studies that focus on long-term
monitoring of NPS pollution runoff are urgently required.
Moreover, recent changes in rainfall characteristics have
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impacted NPS management by increasing the uncertainty,
thereby prompting the need for long-term studies. Most
of the earlier studies on the characteristics of rainfall run-
off associated with NPSs presented the event mean con-
centration (EMC) by land-use as a representative index.
Research has been conducted on various land-use types,
such as urban, rural, mountains, and grasslands, to obtain
the EMCs for each land-use type [5-10]. The EMC is a rep-
resentative value of rainfall runoff, however, the water
concentration that considers the rate of flow is not appro-
priate to reflect the characteristics of rainfall runoff over
time. Therefore, some studies developed the dynamic EMC
and modified EMC, which consider time and rainfall to
understand the characteristics of rainfall runoff over time
[11-13]. Other studies have introduced the peak concentra-
tion (PC), namely the highest concentration of a pollutant
in rainfall runoff, using the maximum value as the stan-
dard concentration for NPS pollution management. These
studies have been conducted by utilizing evaluation fac-
tors, such as the PC, accumulated rainfall to PC (PPC), time
to PC (Tpc), and EMC to PC [14,15]. Long-term research and
analysis of rainfall runoff are necessary to understand the
runoff characteristics of NPS with uncertainty. This study was
conducted to understand the long-term runoff characteristics
through the analysis of the EMC and PC and to develop
NPS pollution management according to land-use type.

2. Materials and methods
2.1. Study sites

For this study, long-term NPS runoff monitoring data
for 2008-2016 were used, which were collected by the pre-
liminary survey project on environment at the Four Major
Rivers Environment Research Center [16-23]. Fig. 1 shows
the locations of the monitoring sites.

Land-use types were categorized according to the cat-
egories of the land cover map of the MOE. There were
128 monitoring sites that were classified as uplands (32),
paddy fields (13), forest lands (7), building sites (59), and
others (17). The uplands included fields, greenhouses,
orchards, and other cultivated areas; paddy fields included
rice fields; forest lands included deciduous forest, conifer-
ous forest, and mixed forest; building sites included resi-
dential, industrial, commercial, transportation, public, and
cultural areas; and others included natural grassland, artifi-
cial grassland, and other bare lands (Fig. 2). Building sites
accounted for the highest proportion (46%) of the study sites.

2.2. Monitoring and analysis method

NPS runoff monitoring was conducted to measure
and analyze the flow rate and water quality in accordance
with the rainfall runoff survey method [24]. Some of the
monitored water quality parameters included biochem-
ical oxygen demand (BOD), suspended solids (SS), total
nitrogen (TN), and total phosphorous (TP), and an anal-
ysis was conducted on the EMC and runoff coefficient.
The contamination level due to rainfall runoff events
could be estimated by calculating the EMC. The EMC for
individual rainfall runoff events was calculated using the

following Eq. (1), with the flow rate and water quality of
the runoff water measured simultaneously.

Z(Qu X Atvx X Cn)
EMC, =%l 1)

N

>(Q, xAt)

n=1

Here, EMC_ represents the EMC (mg/L) by rainfall
runoff event (x), which is the ratio of the total pollutant
volume to the total runoff volume; Q is the runoff volume
(m%/s); C is the concentration of a specific pollutant (mg/L);
At is the measurement time interval, and N is the total
number of measurements.

The runoff coefficient for an individual rainfall run-
off event was calculated using the total rainfall volume
of the rainfall event and the rainfall runoff water depth,
using the following Eq. (2):

i(Qn xAt,)/ A

B Runoff depth = )
*  Total rainfall volume i P /1,000
ot m 4

Here, the runoff ratio (R) by rainfall event is the
ratio of runoff depth (H) to total rainfall; Q is the runoff
volume (m?¥/s); P is the precipitation volume (mm); A is the
water collection area (m?); N is the total number of mea-
surements of Q, and; M is the total number of measure-
ments of P.

Fig. 3 illustrates the characteristics of rainfall and
runoff and describes the terminology definitions.

Here, C is the concentration, Q is the flow rate, T is the
time, P is the total rainfall, PC is the peak concentration, TpC
denotes the time until reaching the PC, and P__represents
the rainfall during the Tpc.

3. Results and discussion
3.1. Monitoring results

Monitoring was conducted from March 8, 2008, to
October 5, 2016. A total of 2,506 rainfall events were
observed (Table 1). By land-use type, building sites were
the most monitored, accounting for 40% of the total mon-
itoring sites, followed by wet fields (28%), others (14%),
dry fields (11%), and forest lands (8%). The frequency of
monitoring for the four rainfall ranges varied from 18% to
34%. 34% of the total number of monitoring is carried out
in the 10-30 mm rainfall range and accounts for the highest
percentage. Monitoring was conducted in compliance with
the appropriate amount of monitoring by rainfall range
recommended by the National Institute of Environmental
Research [24], therefore, the frequency of monitoring
were considered as representative of each rainfall range.

Fig. 4 illustrates the cumulative probability distribu-
tion of rainfall and monitored rainfall events during the
monitoring period. The cumulative rainfall frequency is pre-
sented using daily rainfall data from 63 synoptic weather
stations nationwide. The monitoring was considered to
have been conducted based on the following results. As
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Fig. 1. Location of the monitored sites.

the amount of rainfall decreased, the probability distribu-
tion increased. Similar trends were found between actual
rainfall data and monitored events. In addition, the t-test
result showed a significant difference (p < 0.001), indicating
that monitoring was performed considering various rainfall
events during the period.

A summary of the monitored event data is pre-
sented in Table 2. It also includes antecedent dry days

(ADD), total rainfall, runoff duration, and runoff coeffi-
cients. The area of the monitored watersheds ranged from
45 to 1,206,730 m?. The monitoring duration varied accord-
ing to land-use type, with a mean of 1.2-2.1 d. The mean
ADD was 3.9-7.0 d, total rainfall was 20.0-74.1 mm, and
the rainfall duration was 8.4-20.9 h. The climate in Korea
is Asian Monsoon, which means that most rainfall is
concentrated during the summer months from June to
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Fig. 3. Rainfall and runoff characteristics and terminology definitions.

September [25]. Due to the domestic climate character-
istics, it was most often performed runoff monitoring
in July, which accounts for 25% of the total monitoring
events, and within 10% of the total monitoring events
were performed from April to September. During the mon-
itoring period, the highest total rainfall (536 mm) and the
longest rainfall duration (151.8 h) occurred in July 2011.
However, the longest ADD (10 d) occurred in October 2012.

Runoff coefficient is an important factor affecting the
total runoff of NPS pollutants during rainfall and is greatly
influenced by rainfall, rainfall intensity, and number of
ADD, rainfall duration, and the characteristics and area
of the watershed. As for the runoff coefficient by land-use
type, the commercial area of building sites had the highest
value with a mean runoff coefficient of 0.612. The runoff
coefficient of greenhouse was 0.326, which was higher than
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Table 1
Frequency of monitoring according to rainfall range

Land-use type Rainfall range Total
Under 10 mm 10-30 mm 30-50 mm Above 50 mm
Residential area 74 81 57 53 265
Commercial area 33 46 22 18 119
Building sites Cultural area 28 36 19 18 101
Transportation area 42 64 24 23 153
Industrial area 50 61 22 15 148
Public area 65 68 36 37 206
Paddy fields Rice field 83 88 42 56 269
Field 60 85 47 115 307
Uplands Greenhouse 40 44 17 17 118
Orchard 50 54 27 23 154
Other cultivated area 43 41 15 17 116
Coniferous forest 3 25 14 18 60
Forest lands Deciduous forest 13 25 14 14 66
Mixed forest 5 22 14 21 62
Artificial grassland 57 75 44 38 214
Others Natural grassland 1 10 2 1 14
Other bare land 17 34 28 55 134
Total 664 859 444 539 2,506
Ratio (%) 26 34 18 22 100
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Fig. 4. Cumulative probability distribution of rainfall during the monitoring period.

that of other cultivated land-use types. Meanwhile, the
runoff coefficient of other cultivated land was 0.036, which
was the lowest among all land-use types. The runoff coef-
ficient is closely related to direct runoff and is affected by
land-use. The lower runoff coefficient reflects infiltration
and evaporation during the rainfall event, which are more
significant in smaller rainfall events. ADD are also known
to affect runoff coefficients [26]. According to the sewer-
age system standard in Korea [27], the runoff coefficient of
the urbanization area is 0.60~0.75, other areas are 0.10~0.40.

3.2. EMC and peak concentration

To understand the characteristics of rainfall runoff
by land-use type during rainfall, we analyzed the EMC
and PC. As the simple calculation of the arithmetic mean
concentration may result in a large difference in the actual
concentration, the calculation of rainfall runoff concentration
should be conducted as the EMC factoring in the flow rate
to accurately calculate the load. In other words, the EMC was
determined using the total amount of pollutants released
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Monitoring results according to land-use type (mean + S.D.)
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Land-use type Catchment ADDs Runoff Total rainfall ~ Rainfall Runoff
area (m?) (d) duration (d)  (mm) duration (h)  coefficient
Residential area 2,870-125,038 6.6+5.0 1.9+1.2 424 +66.9 17.4+23.3 0.472 +0.251
Commercial area 1,800-134,449 6.4+59 1.2+0.6 33.9+45.1 10.8 £8.7 0.612 +0.222
Building Cultural area 7,304-34,116 4.7+42 1.4+0.6 31.7+36.2 13.1+£9.3 0.270 +0.211
sites Transportation area 45-12,400 6.7+57 12x0.5 28.3+27.2 9.7+6.8 0.485 +0.268
Industrial area 1,507-1,206,730 6.3+59  1.3+0.6 249 +28.1 84+74 0.494 +0.330
Public area 1,503-88,124 62+55 1.7+09 36.5+54.6 143 +16.4 0.282 +0.231
Paddy fields Rice field 874-136,900 50+50 1.8x1.0 31.0+33.2 18 +13.3 0.186 +0.283
Field 235-18,038 39+4.1 1.7+0.8 51.7+£59.9 19.3+15.2 0.141 £ 0.198
Uplands Greenhouse 639-20,774 58+37 1.6+0.6 29.0 +38.3 134+ 84 0.326 +0.309
Orchard 864-4,299 42+4.2 19+04 28.2+29.7 13.6 +8.5 0.115+0.183
Other cultivated area  631-1,841 42+42 1.5+0.7 249+29.3 144 +£12.8 0.036 +0.124
Coniferous forest 10,735-354,000 55+8.3 21+15 44.6 +37.8 13.2+12.1 0.310 +0.283
Forestlands  Deciduous forest 169,900-183,000 6.1+6.5 21+15 379+384 12+10.2 0.210 +0.264
Mixed forest 142,600-177,000 4.1+50 2.0+1.3 74.1 +138.8 11.5+8.1 0.279 + 0.265
Artificial grassland 80-327,160 70+127 14+0.7 29.3 +26.1 13.9+10 0.200 + 0.263
Others Natural grassland 355-1,543 55+39 1.6 0.5 20.2+13.9 13.5+10 0.100 £ 0.145
Other bare land 2,800-460,000 45+45 1.8+0.7 55.7 +54.8 20.9+13.3 0.276 +0.274

from the watershed and the total volume of rainfall runoff
during the rainfall period.

Table 3 shows the results of the EMC and PC statisti-
cal analysis by land-use type. According to the results,
the EMC of BOD was the highest in commercial areas at
35.6 mg/L, SS EMC showed the highest values in other
cultivated areas at 1,731.4 mg/L, and the highest TN and
TP EMC were observed in fields at 11.68 and 4.79 mg/L,
respectively. However, in the case of forests, the EMC of all
pollutants analyzed were the lowest at BOD 1.2~1.5 mg/L,
SS 8.5~22.5 mg/L, and TP 0.03~0.09 mg/L. The results of
EMC analysis in NPS studies can be regarded as import-
ant data that can represent representative rainfall runoff
concentrations for various land-use types.

To determine the maximum concentration of each pol-
lutant released during rainfall, also, PCs by each land-use
type and pollutant were investigated. The BOD ranged
from 1.9 to 141.3 mg/L, SS ranged from 37.2 to 4,093.9 mg/L,
TN ranged from 2.06 to 17.76 mg/L, and TP ranged from
0.08 to 7.27 mg/L. BOD and TN showed the highest con-
centrations in commercial areas and SS and TP showed the
highest concentrations in other cultivated areas and fields.

The comparison of EMC and PC by land-use type and
pollutant showed differences among pollutants. The largest
difference between EMC and PC for land-use type ranked
building site (3.2 times) > forest lands (2.4 times) > others
(2.3 times) > uplands (1.9 times) > paddy fields (1.7 times).
The largest difference between EMC and PC for pollutants
ranked SS (3.5 times) > TP (2.4 times) > BOD (2.2 times) > TN
(1.9 times). This is because the building sites observed the
first flush phenomenon during the initial rainfall, while
other sites, as rainfall increases, high concentrations of
pollutants are discharged due to soil loss. Based on the
results, it is shown that the characteristics of land-use
and rainfall have a close effect on EMC and PC.

3.3. Analysis of runoff characteristics by land-use type
using peak concentration

To derive the rainfall factor for the optimal design of
best management practices (BMPs) and low impact devel-
opment (LID) techniques according to land-use type, this
study conducted an analysis using factors, such as rain-
fall duration (T), time to PC (T,o), the total rainfall (P), and
accumulated rainfall to PC (Pp ) and summarized in Fig. 5.

The time to PC (T, ) compared to the total rainfall period
(T) shown in the Flg 5a. The uplands and other land-use
types observed T was 44% of the total rainfall duration.
However, building sites T, was 20% of the total rainfall
duration. Especially, in commerc1a1 residential, and traf-
fic areas T was 13.4%-28.9% of the total rainfall dura-
tion, thereby indicating the importance of initial rainfall
management in NPS pollution control in the building sites.

Fig. 5b shows accumulated rainfall to PC (P, ) compared
to total rainfall (P). For building sites, P occurred at 20%—
39% of the total rainfall. On the other hand for other land-
use types, P - occurred at approximately 50% of the total
rainfall. As in the previous analysis of T, /T, management in
the initial stage of rainfall is required to control NPS pollu-
tion in building sites. For other land-use types, management
in the middle stage of rainfall and beyond is required.

Therefore, the appropriate NPS control timing by
land-use was derived using factors such as P, T, and PC.
If these results are utilized for forecasting NPS runoff and
designing BMPs and LID techniques, cost-effective facil-
ities can be designed.

3.4. Establishing appropriate monitoring methods
for NPS pollution control

Fig. 6 shows the rainfall event ratio by land-use and P,
of each pollutant. It shows the rainfall event ratios compared
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Fig. 5. (a) Time to PC (TPC) compared to the total rainfall duration (T) and (b) accumulated rainfall to PC (PPC) compared to total

rainfall (P).

to the cumulative rainfall and the occurrence of high pol-
lutant concentrations. For building sites, 90% of the total
rainfall events tended to PC at the cumulative rainfall of
approximately 20 mm. On the other hand, for uplands,
paddy fields, and other areas, 90% of the total rainfall
events tended to occur with a rainfall of 50 mm or greater.
Therefore, this analysis could be used to select suitable pol-
lutants by land-use type, and could be helpful to determine
for the optimal design rainfall of BMPs and LID techniques.

Using the rainfall runoff data by land-use type, this
study performed a basic statistical analysis of the rain-
fall runoff characteristics. Based on the analysis of the
relationship between the factors related to rainfall run-
off, determined the pollutants to control and the timing of
control and draw design rainfall by land-use type, which
could be used to effectively manage NPS pollution.

4. Conclusions and recommendations

Analysis of the long-term runoff characteristics of
NPS pollutants in various land-use types revealed that the

runoff coefficient were >0.5 in commercial and industrial
areas, which are urban areas with relatively high impervi-
ous area. The EMC and PC of most water quality parame-
ters, BOD showed the highest values in commercial area.
Such as TN, TP, and SS, showed the highest values in fields
or other cultivated areas (agricultural areas). The results of
the analysis of cumulative rainfall ratio until reaching the
PC compared to the total rainfall (using the concept of P )
showed that agricultural areas (such as uplands and padéy
fields) had high levels of Pp /P around 50%; however, urban
areas showed relatively low levels of P /P approximately
20%. In other words, initial rainfall management is important
to minimize the influence of NPS pollution runoff in urban
areas. In the future, urban water circulation improvement
strategies and LID techniques can be proposed through the
analysis of rainfall runoff data collected over a long period.
For building sites were a high runoff coefficient and
as direct runoff occurred even with a small amount of
rainfall. This characteristic led to the runoff of high con-
centrations of pollutants from the runoff in the early stage
of rainfall. BMPs and LID techniques is required in order to



J. Choi et al. / Desalination and Water Treatment 219 (2021) 369-378

377

—Building sites

Rainfall event ratio (%)
Rainfall event ratio (%)

o Residential area
Commercial area
Cultural area

o Transportation area

O Industrial area

O Public area
Paddy field
Rice field

—Upland
< Field

0 10 20 30 40 50 60 70 8 9 100 0
BOD Ppc (mm)

100

Greenhouses
Orchard

10 20 30 40 50 60 70 80 9 100
SS Ppc (mm)

100
90

Other cultivated areas
—Forest land

90
80 80
70 70 /
60 60 'I
50

40

50
40

30 30

Rainfall event ratio (%)
Rainfall event ratio (%)

20 20

10 (0) 10

; 4 Coniferous forest
el B Deciduous forest
Mixed forest

—Others
Artificial grassland
Natural grassland
x Other bare land

0 10 20 30 40 50 60 70 8 90 100 0
TN Ppc (mm)

10 20 30 40 50 60 70 80 90 100
TP Ppc {mm)
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reduce direct runoff by measures such as the control of the
impervious surface area. When BMPs and LID techniques
are designed, the recommended design rainfall should
be at least 20 mm.

For other than building sites, such as uplands, paddy
fields, forest lands, and other land-use, when there was
more rainfall, more runoff of high concentration NPS pol-
lutants occurred. In this case, BMP for Soil loss should be
reorganized (e.g., vegetation zones, diversion ditches, field
bank protections, and retention basin), and design rain-
fall of 50 mm or greater is required. It may be necessary to
continuously update design factors by analyzing various
long-term NPS monitoring data in the future.
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