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Abstract

The objective of this research was to investigate runoff characteristics of suspended solid (SS) and chemical oxygen demand (COD) from a paddy field
watershed during storm events in the growing and non-growing seasons. Average of event mean concentration (EMC) of pollutants were 56.9 mg/L for
SS and 23.9 mg/L for COD in the non-growing season and 50.3 mg/L for SS and 11.9 mg/L for COD in the growing season. The average EMC of SS in
the study area was much lower than that in the uplands irrespective of cultivation, suggesting that paddy fields control soil erosion. This may be because
flooding and wet soil in the growing season, and rice straw residue and stubble on the topsoil in the non-growing season reduce soil erosion. The changing
tillage practice from fall tillage to spring tillage avoids soil erosion due to shortening of the tilled fallow period. However, the average EMC of COD in
the non-growing season was about twice as much that in the growing season likely due to the runoff of organics like rice straw residues. The relationship
between SS and COD loads and stormwater runoff volume was expressed by power function. The exponent for SS was higher than that for COD,
suggesting that SS load increased with stormflow runoff more than COD load did. The mean SS and COD loads per storm during the non-growing season
were much lower than those in the growing season, and therefore non-point source pollution in the growing season should be managed well.
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Fig. 1 Schematic representation of study area
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Table 1 Fertilizer application rates and timing in the study area

& 2 H1957) BA) oA 27-57 %) 58S B
(Kunlmatsu etal., 1994), A X]o]| )=2719] :.EEHPOHH.J
FEBE 9710 fEBI S5 %2t 26 %0 S
HAAtH(Yoon etal., 2011). 0|2} o] =of A= g4 &2 &
FEO| 8 28 A A £ 8 A FL 1A
Ao gz,

3. Z=20|M2| SSe COD 5=
Z} 73 LA 71-9-9] @ P54l 5= Table 33 2tk &
A 73 S-Aol gt SS o] A4t 5 == 1.1 mg/L, COD2)

AMEBIHEEE 4.5 mg/LE YEPR L, $-AMPE SS 5

Year Dressing Date Nitrogen (kg/ha) Phosphorus (kg/ha) Remark
Basal dressing Mid—April 65.9 17.8 Transplanting: Mid—May
2011 Panicle fertilization Late July 253 - -
Total 91.2 17.8 -
Basal dressing Mid—April 63.1 17.0 Transplanting: Mid—May
2012 Tillering fertilization Early June 1.7 2.1
Panicle fertilization Late July 24.8 47 -
Total 95.6 238 -
Table 2 Summary of storm events
Event Date ani nfall ﬁc‘:{]@r‘: oor; rai n’;ialll)(linr::]emnsity -;?':felczd(:ir Runoff Ru no:f Season
mm) rainfall (h) (mm/h) rainfall (mm) {mm) rate (%)
1 Nov. 30—Dec. 02, 2011 434 28.0 6.0 0.0 12.8 20.5
2 Apr, 03-04, 2012 56.0 15.0 12,2 0.0 13.3 23.8 g:\:)?/sr/]i;g
3 Apr, 21-22, 2012 35.6 23.0 3.6 0.0 3.8 10.6
4 Jun, 29—Jul, 02, 2012 58.6 46.0 12.0 0.0 46.0 785
5 Jul, 05-09, 2012 127.8 43.0 14.6 0.0 122.3 957 Growing
6 Jul. 18-20, 2012 39.4 14.0 16.0 64.5 39.0 98.9
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Table 3 SS and COD concentrations in rainwater during storms

Event SS (mg/L) COD (mg/L) Season
1 0.5 5.3
2 0.5 a7 Non—growing
3 1.5 48
4 1.0 4.0
5 15 48 Growing
6 1.3 3.3
Average 1.1 45

£0.5~1.5mg/L, COD 5=+=3.3~53mg/LE Z 20| & &
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10]| 4 9.3~74.5 mg/L, 73-$-AMAk 20| 4] 32.5~108.5 mg/L, 7
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F& Bk AP 3o E 2Tl w2 s E B
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Fig. 2 Temporal variation of SS concentrations and discharge during storms in the non—growing and growing seasons: (a) Event 1; (b)

Event 2; (c) Event 3; (d) Event 4; (e) Event 5; (f) Event 6
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Fig. 3 Temporal variation of COD concentrations and discharge during storms in the non—growing and growing seasons: (a) Event 1; (b)

Event 2; (c) Event 3; (d) Event 4; (e) Event 5; (f) Event 6

of 57| fZo= AZHEch CODO| 27| AT/
7] 9] A ofieo| A9 fEGol A= HiEglch
(Takeda et al., 1990).

6. RE42| SS2} COD RIS HAsT (EMC)

SS9] HHF EMC=H]%9%7] 56.9 mg/L %71 SS 50.3 mg/L
2 G577l gt v FE719] Bt EMC] Hl= 115 H o

0.
O
ok

& A7]9] gho] v|Z=31A| LERTE (Table 4).
%571 SS9 Wit EMC= @2 312 Hol, 7] &<

Oo_|>:,

9] =o] 74-9-9] BtA U A& A H2AIA B HAES
Aok Aoz Yepdt) 97| 52t Fow=ollA g4
Ej7} B ek A BTk 291 (TP) 22 1/2 o|8}2 Zol= A
o2 BRIEA E}(Klm etal., 2006). E}o| <o A s7] o] &
T A =2 o & (WAL 58] Aful) = ARE-E
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Table 4 Ratios of average EMCs of SS and COD in non—growing
season to those in growing season

No. of No. of | Average EMCs (mg/L)
Season
events | samples SS CcOoD
Non—growing (a) 3 39 56.9 23.9
Growing (b) 3 39 50.3 1.9
Ratio (a/b) 1.1 2.0

= T Al AR 15 ofstz A A7)
= 710 2 YERGT) (Chen et al., 2012).

= Ao A Q] 571 4 (50.3 mg/L)2> A eHEt F
Lol A 235 7E] A HHEMC 52.1 m

JR

mg/L (Lee

[¢]
—

al,, 2011)t} 2=910) 7] o4 245 SS Fs 53.0

mg/L (Zhang et al., 2016)2} B]|S=3}17] WrElG T

St 2o

Ty o
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TollA Q] FE7] 2 A& Xkt A =04 SHE I
7] $S©] EMC 124.5~164.4 mg/L (Han et al., 2005)2.cH=
S, 1=0] A B4 7Rz M7 2ol 4]9] SS9 EMC
12.6~35.7 mg/L (Park et al., 2005) E.th= =4 YElytTh

ATl A 2] F571 SS O EMC= ol 41 9] ghof H]g}od
- sl chebgteh, S5 ole) AR w27) Aol &
A 7 fAolA9] S59] EMC Btk 2121 183 mylL
2}241 mg/L2 YERGTH(Yoon et al., 2011). 3L S AT
o) A WAl 2% 49A] f<ol 9] 559 EMC
= 25 1,000 mg/L o]A49] =2 42 Bt} (Lee, 2015).

3L H|GE7] = 1550 SS Tl Fu7|eh vt 3t
= 5o, H|F5719] == G579 =3 o] ERIAE Ao
Sz 20 Left, o] Hlods 7oz 7w ke 7
Qe 297, A\ 51 (ground cover) T} 2 ofh
= Sl=Fig. 49 -2 31 X9} ] 9] 158 7] (stubble) 5
O] A fEE £l B AAS AAISIL Q7] flim o= AL
R QY 2|l A AR GGk AL woF
2212 Aolahe A o2 oA QI (Toy et al., 2002). Shin
etal. (2015)>3 % ZAAH= ] A ol Blgl& HAR At
of 2] 7h9-APpol Tk S8 Rote] AHE-L 30 %2 Lehtc.
% ZokE BA=o] A 1] 5] $S2] BMCL= 76.6-114.8
mg/LZ 957 2ot 24 YEldT) (Han et al., 2005).

]9t 7]9] 7 o] uiFlel, Brlole Hale) 7718
315 9fojo] 42k o) 27 (kbho] FeiEigiont, Ho
= 30| ARG 0 o2 WETo] Ml 1o &
7 (o] A1 551 ek oloh e A W4le] wio] 7
& 9] 717k Fo] =olA Y EFRAS WAIsk=T] &
g0z 2gals o Ak,

s, 7] eito] eJt 0] Z-& ofr}ss o] 2
Al VS vlAl= Ao = YERth v gs7] 2t A=
OB HE| 0] 9 220]| X 9] $SO] EMCL= A9 114.8 mg/L
o]3}of| A 531.4 mg/L2 44) 014} Z715}%ct (Han et al.,

Fig. 4 Rice straw residues and stubble during non—growing season

2005). Y BA|=of| A % 7 Hofli= 13 mg/Lo| 3l e, 7
& 50]l+&=547 mg/LZ 404} oA} 5715} (Kunimatsu et al.,
1994), 5, 7.8 271504 2] 55| ol et mLjel 2
ol Mg Ao Ak,

COD®] B+ EMCE H]%%7] 23.9 mg/L, A%7] 11.9
mg/L=, F&7]ol thet Bl d57]12] Bt EMCO| H|&=2.0=
LFEFSATH (Table 4). COD 2] EMC7} 957 Htt B G571l
A bt AS 8 - = 3o Joll | Bl XA (Fig.
4) 59 fi71=0] Aol skl FEEH W] Hieo = Alm
Hok 57 ARl 2 =0 EXEALS A=A
7} 459049 COD EMC 15.6~33.4 mg/L (Park et al.,
2005) Hrt oFgF WA Urebyt T
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Fig. 5 Relationships between stormflow runoff and pollutant load.,
Number next to symbols refer to the respective storm events
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