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  A B S T R AC T  

 To evaluate fecal contamination discharged from diffuse sources, fl ow rates and fecal indi-
cator microorganism concentrations of rainfall runoff draining three rural watersheds were 
monitored. Land uses of the study watersheds were mainly unpolluted forestry and crop fi eld 
with area of 14–70 ha. Monitored fecal indicators were total coliform (TC), fecal coliform (FC), 
 Escherichia   coli  (EC), and fecal streptococcus (FS). Membrane fi ltration technique was adopted 
to measure all fecal indicators. Event mean concentrations of each fecal indicators were; TC was 
2.32 × 10 2  to 3.68 × 10 5  CFU/100 ml; FC was 2.29 × 10 2  to 1.66 × 10 5  CFU/100 ml; EC was 1.76 × 10 2  
to 1.21 × 10 2  CFU/100 ml; and FS was 1.42 × 10 2  to 8.48 × 10 4  CFU/100ml. 

  Keywords:   Coliform; Diffuse sources; Event mean concentration; Fecal contamination; Rainfall 
runoff; Water quality 

  1. Introduction  

 As recreational purpose of surface water is more 
emphasized, many concerns have been raised recently 
about the personal hygiene and waterborne pathogens. 
Pathogens are considered to be representative of those 
associated with waterborne disease include enteric viruses 
derived from human fecal contamination, bacterial patho-
gens, represented by  Escherichia   coli  O157:H7, and the pro-
tozoan pathogens  Cryptosporidium  and  Giardia  [1, 2]. 

 Pathogen levels in the water can be estimated by 
measuring the pathogen indicator microorganisms. 
Pathogen indicator organisms, often called indicator 
organisms, refer to pathogen associated microorganisms, 
typically chosen for easier isolation and identifi cation of 

contamination [3, 4]. Total coliform, fecal coliform and 
 E .  coli  (EC) are most commonly used indicator microor-
ganisms. Enterococci and streptococci are also used in 
several precedent researched [5–7]. 

 Forestry and agricultural land uses constitute 65% 
and 20% of land use in Korea. Even though most agri-
cultural activities are practiced at lower reaches of river 
basins, paddy fi elds in the form of terraced farming 
are also common in mountainous areas. Rainfall run-
off from agricultural-forestry watershed are discharged 
into streams fl ow through cities. Hence, characteristics 
of rainfall runoff from agricultural-forestry watershed 
are important for the proper management of surface 
water quality of an urban stream. Therefore, the main 
objectives of this study were to estimate the concentra-
tions and loadings of fecal indicators from forestry and 
agricultural land uses. 
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  2. Methods  

  2.1. Studied watersheds  

 Three rural watersheds with areas ranging from 
14.0 to 69.3 ha were selected for the monitoring study 
(Table 1). Unpolluted forestry mainly constitutes the 
watersheds while agricultural land uses were practiced 
near the mouth of the watersheds. Table 1 is a summary 

Fig. 1. Schematic representation of study watersheds: (A) location of the monitoring points; (B) Sutong watershed; 
(C) Sungjeon watershed; (D) study watershed 3 (name: Jinjam).

of watershed characteristics and Fig. 1 is descriptive 
shapes of the study watersheds. The fi rst watershed 
Sutong, which is clean mountainous areas containing 
forestry only, is a representative of typical land use in 
Korea and was used as the base-line condition for water 
quality analysis. The other watersheds consist of differ-
ent mixtures of forestry and agricultural areas. Aver-
age annual precipitation depth of the basin is 1,290 mm 
based on precipitation data of 1969–2001 acquired from 
the Korea Water Company. 

  2.2. Monitoring program  

 Sampling was carried out three times at each monitor-
ing station during dry weather. Ten rainfall events were 
monitored at each study watershed, mostly during March–
September 2006. Rainfall events to monitor were selected 
among several rainfall events among forecasted precipi-
tation depth exceeding 10 mm. Meteorological informa-
tion was obtained from the regional offi ce of the Korean 

Table 1
Schematic description of the study watersheds.

Watershed Name Area  A (ha) Land use (%)

1 Sutong 23.3 Forest 99.0, road 1.0
2 Sungjeon 14.0 Rice paddy 8.2,

 forest 91.8
3 Jinjam 69.3 Rice paddy 33.0,

 residential 4.0,
 forest 63.0
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(TC) was measured by Standard Methods 9222B. M-Endo 
medium was used and incubated for 24 h at 35°C. Fecal 
coliform (FC) was measured using Standard Methods 
9222D. M-FC medium was used and incubated 24 h at 
44.5°C. EC was measured using Standard Method 9230C. 
Nutrient agar-MUG was used and incubated 24 h at 35°C. 
Fecal streptococci (FS) was measured by Standard Meth-
ods mE method (9230C), and incubated 48 h at 35°C. 

  3. Results and discussion  

  3.1. Discharge characteristics of diffuse pollutants  

 Table 2 is the precipitation depth, rainfall duration 
time, and dry days since the last rainfall event that was 
monitored in this study. Precipitation depth of the fi rst 
rainfall was 48.0 mm while that of the second rainfall 
was 40.5 mm. Maximum rainfall intensity and the ante-
cedent dry days of the second rainfall event were bigger 
than those of the fi rst rainfall event. 

 Figure 2–4 show the precipitation, fl ow rate, and water 
quality variation of rainfall runoff for each watershed. 
Time series variation of SS, organics and fecal  indicator 
concentrations were plotted with a hydrograph and 

Meteorological Administration. Runoff volumes were mea-
sured using a velocity meter probe, Global Water® FP-101 
of PlanoMolding Company, USA. Cross-section at each 
monitoring points was surveyed prior to each rainfall event. 
Flow velocities were measured at 1/3, 1/2, and 2/3 width 
at 1/3 depth of the monitoring points and averaged. 

  2.3. Analysis of samples  

 Analysis for COD cr , SS, and fecal indicators were made 
in accordance to Standard Methods [8]. Total coliform 

Table 2
Description of rainfall events monitored in this research.

 1st event 
(14 June 2006)

2nd event 
(21 June 2006)

Rainfall depth (mm) 48.0 40.5
Rainfall intensity (mm/h) 3.2 3.7
Maximum rainfall 
 intensity (mm/h)

11.5 20.0

Rainfall duration time (h) 15.0 11.0
Antecedent dry days (day) 3 5
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Fig. 2. Precipitation, fl ow rate (Q), suspended solid (SS), and chemical oxygen demand (COD) (top), total coliform and fecal strep-
tococci (middle), E. coli and fecal coliform (bottom) for Sutong study watershed (A) 1st rainfall event; (B) 2nd rainfall event.
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Fig. 3. Precipitation, fl ow rate (Q), suspended solid (SS), and chemical oxygen demand (COD) (top), total coliform and fecal 
streptococci (middle), E. coli and fecal coliform (bottom) for Sungjeon watershed (A) 1st rainfall event; (B) 2nd rainfall event.

0 5 10 15 20 25

E
. c

ol
i C

on
ce

nt
ra

tio
n 

(/
10

0 
m

L)

0.0

1.0e+4

2.0e+4

3.0e+4

4.0e+4

F
ec

al
 C

ol
ifo

rm
 C

on
ce

nt
ra

tio
n

(/
10

0 
m

L)

0.0

1.0e+4

2.0e+4

3.0e+4

4.0e+4

0.0

1.0e+4

2.0e+4

3.0e+4

4.0e+4

5.0e+4

0.0

1.0e+4

2.0e+4

3.0e+4

4.0e+4

5.0e+4

Time (h)

Q
 (

m
3 /

se
c)

0

2

4

6

8

10

S
S

, C
O

D
 C

on
ce

nt
ra

tio
n 

(m
g/

L)

0

100

200

300

400

500

600

P
re

ci
pi

ta
tio

n 
de

pt
h 

(m
m

)

0

5

10

15

20

25

30
SS

Q

Total
coliform

Fecal
Streptococci

Fecal
Coliform

E. coli

COD

T
ot

al
 C

ol
ifo

rm
C

on
ce

nt
ra

tio
n 

(/
10

0 
m

L)

F
ec

al
 S

tr
ep

to
co

cc
i

C
on

ce
nt

ra
tio

n 
(/

10
0 

m
L)

(A)

0 5 10 15 20 25

E
. c

ol
i C

on
ce

nt
ra

tio
n 

(/
10

0 
m

L)

0.0

1.0e+5

2.0e+5

3.0e+5

F
ec

al
 C

ol
ifo

rm
 C

on
ce

nt
ra

tio
n

(/
10

0 
m

L)

0.0

1.0e+5

2.0e+5

3.0e+5

0.0

2.0e+5

4.0e+5

6.0e+5

0

2e+5

4e+5

6e+5

Time (h)

Q
 (

m
3 /s

ec
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

S
S

, C
O

D
 C

on
ce

nt
ra

tio
n 

(m
g/

L)

0

100

200

300

400

500

P
re

ci
pi

ta
tio

n 
de

pt
h 

(m
m

)

0

10

20

30

40

50

SS

Q

Total coliform

Fecal
Streptococci

Fecal Coliform

E. coli

COD

To
ta

l C
ol

ifo
rm

 C
on

ce
nt

ra
tio

n
(/

10
0 

m
L)

F
ec

al
 S

tr
ep

to
co

cc
i C

on
ce

nt
ra

tio
n

(/
10

0 
m

L)

(B)

Q 
SS 
Precipitation 
CODQ 

SS 
Precipitation 
COD

E. coli
Fecal coliform

Total coliform
Fecal streptococci

E. coli
Fecal coliform

Total coliform
Fecal streptococci
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streptococci (middle), E. coli and fecal coliform (bottom) for Jinjam watershed (A) 1st rainfall event; (B) 2nd rainfall event.
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the event hydrograph at time  i  (m 3 );  C i  , corresponding 
concentration on the pollutographs at time  i  (mg/L);  h , 
high fl ow; and  l , low fl ow. 

 Table 3 is a summary of concentration variations dur-
ing dry weather and wet weather and EMC values for the 
study watershed. In general, the average values of EMC 
for watershed 3 were the highest, followed by watersheds 
2, and 1. In Table 1, ratio of agricultural area to the total 
watershed area for watershed 3 was highest, followed by 
watersheds 2, and 1. As the magnitude of EMCs and ratio 
of agricultural area to the total watershed area showed 
same order, it can be understood that agricultural activity 
in the watershed affects EMCs signifi cantly. 

  4. Conclusions  

 To estimate microbial contaminant loading dischar-
ged from diffuse sources, rainfall runoff of six rainfall 
events were monitored at three study watersheds of 
forestry and agricultural land use. Monitored indicator 
microorganism constituents were total TC, fecal coliform 
(FC),  Escherichia coli  (EC), and fecal streptococcus (FS). 
Soil loss during elevated fl ow rate caused higher sus-
pended solid concentrations. 

 Indicator microorganism concentrations were 
closely related with fl ow rate. TC event mean concen-
tration (EMC) from unpolluted forestry was 52.72 × 10 2  

precipitation intensities. In general, the concentrations 
rose sharply at the early phase of the hydrograph for 
all water quality constituents. Indicator microorganism 
concentration variations showed similar  tendencies with 
those of suspended solids. Many precedent researches 
indicated that microorganisms are discharged in asso-
ciation with suspended particles in surface water [9]. 
All monitored fecal indicators show similar tendencies 
while TC concentrations were higher than remains. TC 
can be induced by several indigenous microorganisms 
other than fecals. 

 Event mean concentration (EMC) is appropriate for 
evaluating the effects of stormwater runoff on receiving 
waters. An EMC represents a fl ow-weighted average 
concentration of runoff computed as the total pollutant 
mass divided by the total runoff volume for a rainfall 
event. Hydrographs and pollutographs were prepared 
based on the chemical analysis results of the samples 
taken during the monitored rainfall events to estimate 
the EMC of each analyzed constituent employing the 
following equation: 

EMC
i i

i
i

Q C

Q
= ∑
∑  

(1)

 where EMC  i  , event mean concentration of contaminant 
constituent  i  (mg/L);  Q i  , discrete fl ow coordinated on 

Table 3
Concentration variation during dry weather and wet weather and event mean concentrations (EMCs) for the fi rst study 
watershed.

Constituents Site Concentration 
dry weather

Runoff concentration EMC  

1st event 2nd event 1st event 2nd event

Suspended solid 
(mg/L)

1 2.6 26 4.4 25.3 4.6
2 122 108 71 241 70
3 35.8 123 82 223 126

Chemical oxygen 
demand (mg/L)

1 7.1 0.6 2.0 0.5 2.3
2 14.8 27 21 32  21
3 27.03 14 26 23 33.6

Total coliform 
(CFU/100 mL)

1 12.85 × 10 3 2.45 × 10 2 5.78 × 10 3 2.32 × 10 2 50.4 × 10 2 
2 1.69 × 10 5 1.16 × 10 5 2.18 × 10 5 12.80 × 10 4 21.73 × 10 4 
3 4.480 × 10 5 1.90 × 10 4 3.30 × 10 5 3.10 × 10 4 3.68 × 10 5 

Fecal coliform 
(CFU/100 mL)

1 1.15 × 10 3 2.33 × 10 2 2.79 × 10 3 2.29 × 10 2 25.7 × 10 2 
2 1.15 × 10 5 6.85 × 10 4 – 8.50 × 10 4 –
3 2.99 × 10 5 1.65 × 10 4 1.30 × 10 5 2.66 × 10 4 1.66 × 10 5 

 E . Coli 
(CFU/100 mL)

1 5.00 × 10 2 1.76 × 10 2 2.12 × 10 3 1.76 × 10 2 20.0 × 10 2 
2 7.16 × 10 4 5.90 × 10 4 1.13 × 10 5 7.08 × 10 4 10.78 × 10 4 
3 2.31 × 10 5 1.22 × 10 4 8.88 × 10 4 1.98 × 10 4 1.21 × 10 5 

Fecal streptococci 
(CFU/100 mL)

1 2.50 × 10 2 1.42 × 10 2 5.63 × 10 2 1.42 × 10 2 4.28 × 10 2 
2 2.65 × 10 4 3.01 × 10 3 2.92 × 10 4 3.79 × 10 4 2.90 × 10 4 
3 3.45 × 10 5 1.01 × 10 4 8.44 × 10 4 1.68 × 10 4 8.48 × 10 4 



G. Kim et al. / Desalination and Water Treatment 19 (2010) 26–31 31

  [2] J.V. Gagliardi and J.S. Karns, Leaching of  Escherichia coli  O157: 
H7 in diverse soils under various agricultural management 
practices, Applied and Environmental Microbiology 66 (2000) 
877–883. 

  [3] R.V. Thomann and J.A. Mueller, Principles of Surface Water 
Quality Modeling and Control, Harper Collins Publishers, 
New York, NY, 1987, pp. 219–260. 

  [4] U.S. Environmental Protection Agency, Protocol for Develop-
ing Pathogen TMDLs, United States Environmental Protection 
Agency, Washington, DC, 2001, pp. 2-1–2-18. 

  [5] D. Baudisova, Evaluation of  Escherichia coli  as the main indi-
cator of faecal pollution, Water Science and Technology 35 
(1997) 333–336. 

  [6] G. Jin, J. Englande, H. Bradford, and H.W. Jeng, Comparison of 
 E. coli ,  enterococci , and fecal coliform as indicators for brack-
ish water quality assessment, Water Environment Research, 76 
(2004) 245–255. 

  [7] K.S. Murray, L.E. Fisher, J. Therrien, B. George, and J. Gillespie, 
Assessment and use of indicator bacteria to determine sources 
of pollution to an urban river, Journal of Great Lakes Research, 
27 (2001) 220–229. 

  [8] APHA, AWWA, and WEF, Standard Methods for the Exami-
nation of Water and Wastewater, 20th edn., APHA/AWWA/
WEF, Washington, DC, 1998. 

  [9] J.E. Schillinger and J.J. Gannon, Bacterial Adsorption and Sus-
pended Particles in Urban Stormwater, Journal Water Pollu-
tion Control Federation, 57 (1985) 384–389.        

CFU/100 ml, FC EMC was 13.99 × 10 2  CFU/100 ml, EC 
EMC was 10.98 × 10 2  CFU/100 ml CFU/100 ml, and FS 
EMC was 2.85 × 10 2  CFU/100 ml. From a watershed with 
agricultural-forestry land use, TC EMC was 17.27 × 10 4  
CFU/100 ml, FC EMC was 8.50 × 10 4  CFU/100 ml, EC 
EMC was 8.93 × 10 4  CFU/100 ml, and FS EMC was 
3.35 × 10 4  CFU/100 ml. Mixed land use of agricultural-
forestry with bigger area, TC EMC was 19.95 × 10 4  
CFU/100 ml, FC EMC was 9.63 × 10 4  CFU/100 ml, EC 
EMC was 7.04 × 10 4  CFU/100 ml, and FS EMC was 
5.08 × 10 4  CFU/100 ml. 
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