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Characterization of Pollutants Runoff
in Small Forest-Agricultural Watershed
- focused on Sang-sa Creek -

Hyoung-Bu Moon™

Department of Environmental System Engineering, Chonnam National University

Abstract

This study presented the discharges of non-point and creek sources using natural stream data in
the rainfall runoff fields. The rural (agricultural) watershed of Sang-sa River, approximately 51.68 km?
in size, was investigated as a target region, which is developed into forest, farm land and a little
residential area. During the rainy season in 1997~2008, twelve storm events were monitored, and the
grab samples were collected at irregular intervals as well as the rainfall runoff samples were
collected from the river. The water table, water velocity, discharge, suspended solids (SS), chemical
oxygen demand (COD), total nitrogen (TN), total phosphorus (TP) were measured and a pollutograph
and a load-graph were illustrated for water characteristics. In addition, the pollutant mass for each
storm was calculated and the correlations of event mean concentration (EMC) and hydrological
parameters were investigated to understand the hydrological properties which related to the non-point
sources runoff. The overall results showed that significant amounts of non-point sources runoff from
the I-sa River were intruded to the Sang-sa Creek watershed during wet weather flow, and the first
flush phenomenon was not detected in the Sang-sa River. The objective of study is to characterize
the quality of storm water runoff in order to analyze the cumulative curve of runoff and mass as well
as determining of the first flush. It is also required to analyze the water quality volume (WQV), which
presented by a volume based on the first flush concept causing by the first runoff, to design the
watershed controls and to draw a hydrograph for the pollutant flux proportion.

Keywords : Non-point sources, Rural runoff, Stormwater runoff, Cumulative curve, First flush

1. M E o felolx Fot fzel Auu
5

TCorresponding author E-mail: moonhb@jnu.ac.kr



o
@r%wﬁa_EEq
ﬁ,fgmmg
%ﬁ%%ﬁmm
o X 0 J z
@@%%ﬂzﬂ *
B m B AF =
‘am ,m%.._.o‘__o =
T s IR S
]rOT._II._yISEI_/ﬂno O ‘_JIL‘LI
;%L.OEEUJ.nnoA = I_A.I,Aﬂﬂ
]_l71rﬂ7ﬂ1,ma‘mma : maﬂ M‘OI%EE‘DI
_ﬂz_ﬁ SRz T L : = %0 <) W = 3’ -
Phﬁmﬂﬁu i .- JMN;@@ BT
%MoT%ﬁm = = 7 i 9 ol IR o1 oF ﬂA]HArLﬂH
T ol N T i 9 S - R IE m_o_u, - 57T 5
H_.‘_ﬂmﬁuTV.__]_]m_-d.l. i - 0 mﬂﬂmﬂﬁoimﬂ a_uoﬂ_ﬂ
OL.nno_/\AlquAﬂ]r 5 9 —_— ,mﬂmwo o E*Eq‘ﬂro 3
o Tz N A 3 3 & o = o o ol U B =%
%Mwéﬂm?eﬁ%ﬂ -1 B E M%Hwnﬂm éaur.o;o
o~ w7 - oo S o T 5 oK
ix %ﬂmmmw % o T 4 éﬂwﬂ@f%wlr@mzmw
T 7._ojum]ﬂﬂ%:i Y MB 7 Tq_ovd|2 R\Lm,wq
il U i (S N o_.orﬁ_omqlro#onWoo.xﬂn
N i 85 3r q_n_@ﬂmesto T 8T
o o d: OR 0F ﬁmM@iﬁ%&WgSM
TRT AR ok L AﬁfwwaLam@@ﬁ
meuxu%%ﬂﬂe_. "R ok mm A %Wﬁ@@oﬁ%oﬂ%%%.ﬁo
o__MWuAQEE\UTHT:‘UT‘:IJAII »ﬁﬂ._mﬂoxxo m Hp%ﬁ”%EOMOTﬂLOWAT”TM
,wo_aﬁ%wfﬂ_}tﬂ@ao_ff T B Owﬂhﬁowmv_ﬂo&d@%ﬁ
wqg%wa%wwgqﬁa 2 PEREE FsTETIER
— =z ® o Lo . B T
aLmEo_uMmomu%z_LMwﬁﬂwgﬁ oLEogﬁnmao,E%iav Aoovwmav
< a 0 X - N o X
MQAM%¢Q%®¢MQW %%M%WMEE%q %W%%Mﬂ%g
LO.ZT.:\D!.‘WEJ!@HT%‘NQ;O% HL.OE_/_Al va.*EW ‘UIEHT._H_M/!O%@ZH#V\OI
mﬁov%?ﬁﬁﬁmhwf@wﬁw M%Aiiﬁaviﬁwn_wﬁa@é% M%EEQ iy
o_ua_nmﬂ.%ﬂu%l_/oﬁwmmm uTlmEﬂSEEHo?ﬂou%bﬁamﬂﬂm_:ﬂmmﬁcﬂlﬂ 7
AOTM%%AQMOIAT%Awr%%yg%%%ﬂmqa%%&@%m Eie i
wyox%?E%%EEH ﬂﬂlovﬂomﬁ_%%___fﬂiv;f%ﬂ mﬂeumﬁg 3T
w ox@ua%wm o @%;Eqﬂ T E TG TRy x
%ilﬂ_f%vﬂ%,Qﬂ%&ﬂo:ffg TN M ﬂ.ar.%@.%lﬂ _
~l o HoT_]rE_E e LJ;_E%H c,mﬂ},ﬂ,ﬂa?:f@ x - W i
géys%ﬂ%%ﬁ%.zzg 1%+@1 g T RN B r eV Ho
7owr@mﬁﬂo£}w¢ﬂ ,@au?ﬁmimeﬁﬂ.é@%ov X AW =0 -
2 xﬂ%%%i@?PVWi&.%ﬂudu ﬂiﬂ.@o_aiiwﬂ%ﬂo
H_ﬂ.mﬁﬁ,_oo_ui@ﬂumﬂu_ﬂoEwﬂwﬁégmﬂﬂoaﬁ@ﬁﬁuﬁﬁ7omﬂ
ovoTEuou_%wrm ,,ﬁzxgﬁ%@ovi% ﬂﬂzzu
z*om__uﬂﬁ,ﬂ%ﬂoﬁ %szuﬂ%ﬂrﬂo# Eﬂﬂelidﬂﬂoﬁw_ﬁux,_
m%w%Lq7 gﬂ%Llﬂﬁ%%AEe
xﬂmEaMovo_Emnmﬁ N Fw T
7171L%m15¥5ﬂ.400_a =
) Ho ledulr..k.oow._logﬁaiq
< B ;od‘ﬂ\_ﬂﬂ}ﬂuvo_:l
Eﬂiéﬁ.g%qﬁ
A:T%HT@_WMl
i?ﬂoo

q

gl

=

o

Foll A

I

37.14 kmZ2o|th

A

[e)

e

11, o] A o] Bas
R=ASE DA

S

7} 373
231t} Fi

2] 2= . Fig.
THZ(Fig. 1] lcj
)

=
R iE



SR AE-sAAA N edEd e FES

ox.
|
o
S~
>
2
o
ofy
o
o
fru
|
w

Table 1. Description of the watersheds

. Area
Site  Outlet (kmd) Land use(%)
Forest(#k 1)
75.31
Kwan Rice paddy(#)
CA -nam 37.14 12.22
Bridge Row crops(Th)
5.09
Others 7.38
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Fig. 2. Cross-section view of observation site
(Kwan-nam Bridge).

1.0

Rating curve at Kwan-Nam Brid.

e
%

S
2N

‘Water level (m)

e
=

0Q=23.42693H """ : H<0.89m

S
1S

e
=)

0 S 10 15 20
Discharge(msl sec)

Fig. 3. Relationship of water level and
discharge in the Kwan-Nam Bridge.
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Table 2. Storm event and hydrological condition

Hydrological condition

mggseunrted Rainfall depth Rainfall duration | Rainfall intensity | Previous dry hours
(mm) (hr) (mm/hr) (hr)
1997. 5. 7 28 7 4.0 371
1998. 6.12 41 10 4.1 84
1999. 9.10 20 6 3.33 34
2000. 8.20 40 10 4.0 84
2001. 9.14 14 8 1.75 91
2002. 9.22 10 2 5.0 146
2003. 3. 1 17 11 1.55 117
2004. 4. 1 31 8 3.88 62
2005. 6.28 26 10 2.6 20
2006.10.22 49 6 8.17 639
2007. 2. 8 17 6 2.83 303
2008. 8.22 22 7 3.14 142
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Fig. 4. Hydrograph in the Sang-sa River basin.
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Fig. 5. Pollutograph in the Sang-sa River basin.
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Fig. 6. Load-graph in the Sang-sa River basin.
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Table 3. Rainfall event and EMC
‘ EMC(mg/L)
Rainfall event
N TP SS COD
1997. 5. 7 4.913 0.412 49.257 44111
1998. 6.12 3.089 0.283 45.624 36.267
1999. 9.10 3.002 0.232 34.061 25.181
2000. 8.20 3.995 0.224 36.342 35.816
2001. 9.14 3.651 0.294 45.589 36.852
2002. 9.22 4.051 0.244 47.005 42.387
2003. 3. 1 3.963 0.264 46.556 38.856
2004. 4. 1 3.214 0.308 45.620 37.298
2005. 6.28 2.838 0.257 29.996 32.722
2006.10.22 4.938 0.351 51.141 46.432
2007. 2. 8 4.874 0.444 47.352 44.944
2008. 8.22 4.681 0.498 46.858 32.174
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Table 4. Correlation of EMC and hydrological condition

o Rainfall depth | Rainfall duration | Rainfall intensity | Previous dry hours
Quality index A .
Correlation coefficient
TN 0.0017 0.4161 0.3454 0.8058
TP 0.0265 0.2107 0.0510 0.4830
SS 0.0332 0.3362 0.3362 0.6348
COD 0.1487 0.2897 0.4462 0.7579

& 75 Age] AR
Pt B o o] Y A

MR IN—

[e]
2 AR on?, 27|44 Hrtshe B

< A7 AdHA.

NALD(time series) oz SAHH FF

Az fE2d ARl

A4S ATH W AT 5
| 7o WS g EABTE 27145

1
o thaf F& B ZA7L AAE Aotk o]

(normalized)d W o] AAF AT Lukz o
2 27N S AFsste TS g o
22 oHEAS 55 = AFo 7 THE=
o] &85 3 Sled, Mddozy 38

Ao FEH WHola @
o

F

ATAEL AR FARFRAY T

2
r‘}[_‘
1o
s
)
=2
N
B
okt
2
o
.
B
N
>
i
rlo

) gAsitka Sasledth Sansalone
AW Ao o3k
IR ] A=
et A8 Aoksnt o

|23te] =
ERCERIE R S L E SRR
[e]
=

o] x7|AHe] BrE ZHs = o] &

Stenstrom 599 =2 FHOZHE 5T
7189 AA dig
Barrett 5% =2gHo2RE A9 A
A, mgate] AA o] thgk Deletic’?, Wu %5
20 Farm® So] RuEgith FE718 27)
A# 2] o7t A AXEAE wl, 27]1AZ

of Howur ohizt 477t

A

3, )R 274 H L Bedient 529

Tex. Houstonol| Al 2 & 5-35}¢}
Sansalone® Buchberger'¢]

o] FF% 2, Sansalone 57 1&E®
TN 1P B FEEA, Larsen 579
S A ] 27)A 4,
Jacobsen®9] T&ERE

?j‘?’

%y

o =
TETE

Cordery'” <}

23 0) &4,

[e)
T
142 Y

Barbosa®} Hvitved-

SEEX

o FEE AA Fol HuHn.

Sansalone#} Cristina®= B8 7|44
of Aelo} g 2 I AFst ¥, VA E
stgom, 37kA] W BE
FEE Adsled 28
B4t} Fig 73 2ol
M, old oM ti
Es o] 2t}

s

Do oo ret

[

oy W

o)

=
N

o
o
i
N

o 02 oo S o me o
s ot H
T !

ok
. M

o =
=

E o)

<

my ¥

210—.@

oo ®
rir 4 il
[ |

r_\;_l
o =

wurlr

—

oy O3
o
K
2
o
i

X
o 1
it
=

N
a2 s
=
S o MY

&

4
o

o

s
.

Em

o
&
QL
382
)
o°
2

i

[

s

o

_):1_1’
o

f
I
R

tlo
Lo
=)

B

i
oW oot

ey
TS

—
—_

rr

2
rl
i)
okt
K
)

A &&=

7141 A ¢

¢

o

rl

e,
o i L S
i o I 2 do T

of
o
=



8 vy
10 | 1.0 1.0
7-May. 1997 12-Jun. 1998 10- Sep. 1999
08 08 | 0.8
4
g
- 06 0.6 0.6
7]
% 04 04
g 04 : .
s
Z 02 02 02
0.0 0.0 0.0
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
1.0 1.0 1.0
20-Aug. 2000 14~ Sep. 2001 22-Sep. 2002
0.8 0.8 0.8 .~
@ K
: ?
- 06 0.6 0.6 y
5
2 04 04 04 4 == N
2 4 —4— TP
Q
Z —a— SS
02 j 2 2
02 v —a—COD
---1:1
0.0 0.0 0.0
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
10 10
1- Mar. 2003 1- Apr. 2004 2872003
0.8 0.8
%
«
E 06 06 |
=
5
s 04 04
g
1
Q
7 02 02
0.0 0.0
00 02 04 06 08 10 00 02 04 06 08 10
1.0 1.0 1.0 ;
22- Oct. 2006 8- Feb. 2007 ‘
0.8 0.8 0.8
A
®
E 6 | 0.6 0.6
=3 | |
E ;
< 04 04 0.4
E —— TP —— TP
S - §S - §§
7 02 02 0.2
—a—COD —a—COD
---1:1 -==1:1 ---1:1
0.0 0.0 0.0
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10

Normalized flow

Normalized flow

Normalized flow

Fig. 7. Dimensionless cumulative plots of normalized flow and mass in the Sang-sa River basin.



Normalized Discharge and Mass

Normalized Discharge and Mass

1-Mar. 2003

Normalized Discharge and Mass

2 10 1.0 1.0

=

2

T 08 0.8 0.8

s 22-Oct. 2006 8-Feb. 2007 22-Aug. 2008
)

%" 0.6 0.6 06

=

2

2 04 =N 0.4 04 —+1N
= ——TP ——TP
E —x—88 0 - —— S8

E 0.2 —a—COD : : —a—COD
s —O— Disc. —O— Disc.
z. 00¢C ¢ 0.0

0.0
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10

Normalized Time Normalized Time Normalized Time

Fig. 8. Dimensionless cumulative plots of normalized time and flow, mass in the Sang-sa River basin.



—
o

F

ool

Hol7| ¢ttt o= FAFEEF

Aol WAl 22 grie o
2| FRge) vgo] Wy A
[e)Kez]

O
o2

FI

+ 7t
°|

FI_‘E,

gt mepy 2R wAy
LVE oA 2 AT
of AW AFHE

\ Tt
Al
2] H

o
ofx
il

=

A

-
o o
e
;Qm{m
41‘

-z
S = o
N
&
N

2

=

o fo
T

A g
B[] o

-
-
lo

(ST - i
ol
—!o
Ho
e

ol

Mo o 30 i b O do g o oo
2

of
S
X,

0
2 Jo H

tlo
N e

e
Rl lo

i
i}
rlr
fo
=)
e
o ¥o u
X 30 o Wi xR >

E rr
b

ol
o
o
e
=2
o

ass
O
fd
r ce
4
N A
4»

_H
)

©

2 e
AT A] A
o}t wehd =

4
o
3

2 =

2k

A BAE AN
O A& o] a8ttt

4>
s
g0 [O

3.3.2. AMZHFHI|ES 4T

271022 BWPIA 24 9% 2 WQV
(water quality Volume)% stz 9k 71z
MNae A-Fstyach o &= ko] AuE
of ed=dol %ﬁﬁéap_i AFHol W&
b o) AubRdA YA =
At E AA ML orEe T35
£ EHE 2g 5 Yon, yniA 2R &
HANA A8 Ae AAA @ol= Brke A
ofth. BE o& 27 HHe] EAHE A5l

Z71AF o] BAst= 7=
dot= WQVe] &8+ S’iE}

A= 0}731 Hlow FEMESAFS FEAMY
PoeEs T8t AT F QU

A w2710 22 7|k e
gto] Basitd, /Mda ez (D3
e @4& ol g8H AHF
Hl o] ;(]

FeTH,
13

Z= 0]

Artell A APEAAE 1
]_

O e FEANEEEE

tugr
[ a0 el
ty
tygr
/ q(t)dt
t“

2o A tygui=, BMP = QAo d &
A gigk AAS WQVEH M3t
%] ZoEBe g systemO ZHE $-3
(bypass)AIXIth= 7Hgo] HA|Eo] glom,
WQV7t SZEHAS wo] Alztolt}. whehA
FEAES 27X ZHAIZ ] A Eo] A ZHE
A, &9 FUATAA HEo] Edt
ZF N S 9APF e =R, AFAE &
TEEZF UESS W2 Fod 274
z}% Aol A #SHYE. o]
FAVE 7130 A A o
3ol A& (plots)sh= W+
83 AFstolnt. o] g
2451/\401]/\-] ‘—7(4

P

- M
PEMC = C = —
c=0=7

@

o]

o

T

i_.

A

729l
3|

,d
114

&

%}\-_Q_ ol
= ¥

Wodo rlo rE I oW e
(o
fru
—r
a2

o)

—

&9, Bertrand $%9&
A 80%7F S=A41A 9 AxkR

Tl

dEd H3t
30%o1 <J3l

EY
[e]
o



AR

Ag-sA0NA WH e AB Y f

11

Table 5. Rainfall event and EMC

Flow ratio(%)
Rainfall event Mass discharge

20 25 30
N 22 29 36
Flux TP 23 30 36
1997. 5. 7 ratio(%) SS 23 30 34
COD 22 29 31
N 24 28 37
Flux TP 24 30 4
1998. 6.12 ratio(%) SS 23 30 37
COD 25 32 36
N 23 30 36
Flux TP 23 30 36
1999. 9.10 ratio(%) SS 23 29 35
COD 25 33 40
N 22 29 37
Flux TP 23 30 37
2000. 8.20 ratio(%) SS 22 26 31
COD 22 29 36
N 21 27 32
Flux TP 22 29 34
2001. 9.14 ratio(%) SS 29 29 35
COD 24 31 36
N 24 31 40
Flux TP 16 23 32
2002. 9.22 ratio(%) SS 23 29 35
COD 27 34 42
TN 21 26 34
Flux TP 22 29 32
2003. 3. 1 ratio(%) SS 24 29 35
COD 19 26 31
™ 23 30 37
Flux TP 24 28 3
2004. 4. 1 ratio(%) s 23 30 35
COD 24 32 39
T~ 25 30 35
Flux TP 23 30 35
2005. 6.28 ratio(%) SS 24 30 35
COD 25 31 36
N 25 30 36
Flux TP 25 32 37
2006.10.22 ratio(%) SS 25 30 35
COD 24 30 3
N 24 30 34
Flux TP 21 27 33
2007. 2. 8 ratio(%) s 21 28 32
COD 22 29 3
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