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Unit Loads of Pollutants in a Paddy Fields Area with
Large-Scaled Plots during Irrigation Seasons
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Abstract

Characteristics of unit loads of pollutants were investigated at a paddy fields area(Soro-ri) with large-scaled
plots on loam soil during irrigation seasons of 1999~2000. The average irrigation requirement of
experimental paddy area are estimated at over 3,000 mm. The unit loads of pollutants in paddy fields area
are determined by subtracting irrigation water load from outflow load (percolated and surface outflow loads).
Surface outflow load in rainy days was calculated using the relationships of discharge and load, which are
grouped into fertilizing and non-fertilizing periods. The ratios of the surface outflow load in rainy days to
the total surface outflow load are 16.4% for T-N, 26.8% for T-P, and 23.3% for CODc,. The unit loads of
pollutants show month-to-month and year-to-year variations, and monthly unit load of pollutants can show
negative values, indicating that the paddy area acts as the pollutants sink. The average unit loads of the
pollutants during irrigation seasons were estimated at 18.2 kg/ha for T-N, 0.31 kg/ha for T-P, and 43.3 kg/ha
for CODc¢,, which are smaller than the reported values for Kosei area in Japan.

Keywords : Large-scaled plot, Paddy area, Pollutant unmit load, Irrigation season, Runoff load
LN £ 2 AN oolA Y T o P ded
of A3k W EE ¥4 Frsix Ak
A AL A ollA % Fdogol o5 A o2 RHY Hydede HEARY AHY
Z1ze AR g7 4 AAgel wet a9 ol oJate] BAE=d| (Tabuchi et al, 1991),
o]?}\.lor Bl ZLOL}. "F/Lo] u}o].}q ﬂﬂ_‘ﬂ)\% /‘*0:1
 aaaers ge Ao Feaveldel Axs wFe A &
w FEolsta o o] evatRE skt glojA i‘ﬂ 73t 4
wsx FQ7ITAL oo ol s
e 280 B A opaky &k D}‘ﬁ‘ﬂ { %__ ]oH O] /\]--g—ﬂ T_' ]
**  Corresponding author. Tel.: +82-43-261-2573 ?:]%Oﬂ/ﬂ% 0% 1 ]—Z] ﬁF’H*] lr_o]] ‘:Hti} 2 8]-

fax: +82-43-271-5922
E-mail address: jskim@cbucc.chungbuk.ac.kr

136

AR (ola} Ak §

sh 7t AAEHAG (Kuni—



259 9T Witd - AAE - 27

matsu and Muraoka, 1989). I, ZARK|T & ZAjEHY

UMY ALE fsto] 19930FH AZE
78 (E£7E 1 ha) A= 19999 €A 1. ZAKKIF
65+ 734 haol B3kl ot (Ministry of Agricul—
ture and Forestry, 2000). 7 &+=& 2% 59 & AT RAATE FHRE FHET S
A7l A FEARl ks diet Z1og o AR I diFEY Fo= AFo|tk 7
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ojr- A detE gl oy (Kim et al., 1999; Kim 2 57 9 AuA e B5A7x) 28t} 50.1
et al., 2001), olof digh ddgl= ofa A3 ha7t €t & AFE 245AY] A#Q vad
= ARE 91 YA XS Al Sivk o AEE §TUSE o] WY FF Holo

oo B oltolMi= tftE Fd=g fidor 9t glod, 1996d%e titd A4 A
% 2 74 BUEES 7|2E 39 19999 Aol Ao}l EF @978 WAo] 1 ha(100 m
2000 #7719 e9Ed(Ha, o 9 CoD) Y X100 mE Hof ek & - vl 23E A
T8 2§t 54 Ak, 4d9E A Ee TEZ Ho Sl1 & -dlge #YHo A B

3 {
¢ Chungbuk ™,
~ Cheongwon-Gun

-, -
ST

\
\.4

10KM

 Sampling point of irrigation water at inlets
: Sampling point of irrigation water at outlets
: Sampling point of drainage water

. Sampling point of paddy ponded water

: Sampling point of percolated water
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Fig. 1 Study area, Soro
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Fig. 2 Water and mass flows in paddy field area
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Table 1 Nitrogen and phosphorus application rate for a study area

. i Nitrogeni(ikg/ha) Phosphorus (kg/ha)
Type of fertilizing Period
1998 2000 1998 2000

Basal dressing 4/E~5/M 64.1 713 214 233
Topdressing at 5/L~6/M 69.7 16 00 00
tillering stage
Topdressing at panicle | 7/ 305 367 00 02
formation stage

Total 164.3 1796 214 235

2000l HAIE Q=) ol digt APz Table 2. 25K

13 o) it dubgo g 7)u|(JEE), 294
(JyEEHE), 0] (BAE) 24 33 Aplea, o1& 7]

Bl ZA T AHlE S Qloh NI F vk et
AHES AsrE 1998Wkolly= 164.3  kg/ha,
2000853 179.6 ke/haolylem, &
21.4 kg/ha, 23.5 kg/ha®A 20003 Ay

o) ORI F7HE HOE ekt

7}z

F

7R EEAE 19999 59 1948 9
9 2393} 2000 59 19%E 99 2697H4 %
AbRaity ZARAE digh @ F O B
Table. 28+ 731, 9%, &%, 9229 w4
F 59 A WS Fig 39 2t 2 F
2 890 mm, 2000{¢% 1,212

> 19994d%:

Table 2 Inflow and outflows at the study area

N Inflow (mm) . Outflow (mm)

veat Month Irrigation Rainfall Subtotal ?Strffli(;s Percolated EZ&?;)ESS_ Subtotal
May 9596 024 | 10620 | 9430 313 NA 9742
Jun, 8737 | 1911 | L0648 | 9612 585 NA 10198

o | 6578 | 1224 7802 | 5200 135 NA 5336
Aug. 6548 | 1974 8522 | 6618 298 NA 6916
Sep. 5445 | 2768 813 | 9691 142 NA 9834
Total 36004 | 8901 | 45805 | 40%2 | 1474 NA 12005
May 9448 408 956 | 7692 | 32 1395 9520
Jun, 8155 1926 | 10081 | 8954 416 1120 10489
n 5577 | 2256 7833 | 6509 | 538 1223 8270

a0 e 6032 | 4942 | 10074 | 8872 34 1648 10854
Sep,” 2384 | 2590 w74 | 586 | 38 1319 6963
Total | 31596 | 12122 | 43718 | 37312 2079 6706 46097

NA = Not available
* until Sep. 23
** until Sep. 26
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Table 3 Summary of pollutants concentrations in the paddy area during irrigation seasons of 1999~2000

T-N (mg/L) T-P (mg/L) COD (mg/L)
Water type ) }
Mean Max Min Mean Max Min Mean Max Min
Irrigations 2.7 46 0.8 0.09 0.18 0.04 126 19.3 59
f;

Surface 26 134 07 | 008 | 020 002 | 120 | 197 25
outflow

l:’ondedc 32 151 0.7 0.12 063 0.10 195 494 75
Percolated 26 65 04 0.02 0.07 0.00 7.7 181 10
Rainfall 0.7 18 0.2 0.02 005 0.01 50 10.8 18

. flow-weighted mean
%+ arithmetic mean
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Fig. 4 Definition of surface outflow in rainy days
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Table 4 Coefficients of the /,= aqbr

(Unit: 17 :g/s, qr :ni/s)

Periods Fertilizing Non-fertilizing
5/E 5/M~5/L 6/E ~6/M 1999 2000
No. of storm events 1 1 1 2 1
No. of samples 17 12 16 49 16
a 7.04 1.95 2.97 0.31 157
T-N b 091 0.80 0.99 0.83 0.92
7’ 076 089" 085 082" 099"
a 0.38 013 0.11 0.12 0.09
T-P b 0.94 1.13 121 1.38 1.06
” 068" 072" 0.86 075 096
a 16.62 31.24 15.20 13.95 7.84
COD b 097 1.46 097 1.24 0.80
;/2 097&: 094¢an 090, 0.90¢w 0.94c‘:=
** :Significant at p<0.001 level
100.000 100.000
10.000 10.000
2 100 -t 4£ 3 1000
5 5 -
g 0100 2 0100
o T
X - X 5/M~5/L
0010} 4 oFoM 0.010 A 6/F~6/M
© Non-fertilizing(1999) © Non-fertilizing(1999)
® Non-fertilizing( 2000) ® Non-fertilizing(2000)
0.001 g
0.00t
0.01 0.10 1.00
0.01 0.10 1.00
Discharge, g 7 (m'/s) Discharge, ¢ r (m’/s)
(a) TN (c) COD
Fig. 5 Relationship between discharge and load in
100.000 the storm events
m 5F
10.000 x 5/M~S/L
_ & 6/F~6/M CODS #AAL-QH)2 7ivjel FLn7t Al¢
@ © Non-fertilizing( 1999 . = y
S 1000 | o Nonfertivingt2000 WHsEe WNzNE A2 5y, =3,
g ” A7) Table 48} o] 3 HJ AZ1E 23t
o 3
= - W;ﬂ" A4 AEFETSFE VI
u® &8°
0.010 . '8
8 o b, WAt ZRAI2l REFSIES bl
0.001
oo 00 100 2971 B BN BN 52§
Discharge, g » (m%s) 1ol o _
(b) T-P %“?“6}%1:’5 XJFJE}‘H Table 59]' 714'1;]' 1999]5_;’]'
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Table 5 Ratios of the runoff load in rainy days to total runoff load

Year ltem Surface ,;OUE]OW T-N T-P CoD
{x10° m") (kg) (kg) (kg)
® Dry days 1.405.6 3658.8 1160 15.251.9
1999 @ Rainy days 3410 579.2 358 4,008.0
®=0+® Total 17466 42379 151.8 19,3498
®=0/® (%) 195 13.7 236 212
® Dry days 11517 3.756.5 91.0 14,9394
200 ® Rainy days 4346 874.9 401 50948
D=E+® Total 16363 46314 1311 20,034.2
®=0/D (%) 296 189 306 254
Mean | @=(0+®)/(D+D) (%) 244 16.4 2.8 233
20009 & gt FA ﬂ H& 53%% UERtTh T-N9 du9s 94, oddz
2 742k 1959 29.6%=A 2d PB] k> AA A, 2(-)A AL oy 6%’J 99
24.4%% etk o] B 24.4%:- iaﬂ;@ T %) #go® yehdth of7|4 dddvt &
11.6 ha(dd 2A 0.3 ha)Z AAAE 7} o] (m)olghs AL o] ¥EdS %—?31% X
2 A FAO] (HE) A2 gk 19.9% (Takeda et (sink) 224 2g8t1 Qlrk=s A& gn|ghe},
al,, 1991) B} R &2 ghol sigEch
29 ke FREFObE g AeA fE58 L T-P
Z9] Hl= T-No| 16.4%, T-P7} 26.8%, COD7} WA71% T-PY RS8R 199992 3.59
23.3%% Jep}, T-P89 COD7F zZ+4 T-N9 kg/ha, 20004 2.82 kg/ha® VERGoH, E&
1.6, 1.4¥19] ¢S RSt} o) 4B Aol FR82 199992 3.53 kg/ha 20003 &
A9 FHERekEe dig Al FEFaEEY v 3.03 kg/haiZ YERTtHTable 7). FRE5-31%
ol T-N 10.8%, T-P 20.9%8t+ & 707 1}e} F AHlY 9ge B2 597 6¢ 4 Eaaaad
et HIE-S 1999del= 66%, 2000del: 53%=
50%0)4¢) §EEHE Aog Yehdth T 8 2%
6. 2 oI5} UCte T-PL T-N# »RR7HAZ da9le 6, 9¥€o+
)9 ks Yehth
7k TN

199993} 20009 #H7] £¢9 T-No 94
et frEiery d99E Table 6% %
o FAYFEEY 199990l 1044 ke/ha,
200000 94.4 kg/ha® UERON, 24333
20 747} 102.6 kg/ha, 113.5 kg/ha® UEbsth

FAETEE 52% 699 FEFalol AAs)
= HEE, 199996l 70%, 20009103
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Ck COD

WA7lE CODY FFFse 19993l
462.4 kg/ha, 2000del= 500.8 kg/ha® LFERS:
on  FHERSFS 199990 4581 kg/ha,
200039l 476.9 kg/ha® YERHETH Table 8).

FEFSEE &5 5, 690 ARF= %%—‘%o}%
19999 59%, 20009 55%F x}Aetn 9l
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Table 6 Inflow and outflow loads of the T-N at the paddy field area )
(Unit:kg/ha)

Inflow Outflow .
Year Month ' 1@ subtotal @ © Suface | ® Subiotal Ur(lét_é%ad
O Rainfall | @ Irrigation D+ Percolated | outflow 0+6) .
May 18 339 357 0.79 343 351 1.2
Jun, 31 30.0 331 1.75 354 372 72
Jul. 0.8 10.2 11.0 0.13 6.9 70 -3.2
1999 Aug. 03 138 142 0.30 7 3.0 -59
Sep. 12 92 103 0.28 15.1 15.3 6.2
Total 72 97.1 1044 3.26 99.3 102.6 55
May 0.6 29.7 30.3 0.63 289 295 -0.2
Jun, 1.7 30.3 320 2.20 288 310 0.7
2000 Jul. 1.0 125 135 2.64 16.0 : 18.7 6.2
Aug. 2.5 8.7 112 0.38 12.9 133 45
Sep.” 15 6.0 75 0.25 208 | 211 15.1
Total 72 87.2 944 6.11 1074 1135 26.3

until Sep. 23
“ until Sep. 26

)

Table 7 Inflow and outflow loads of the T-P at the paddy field area
(Unit:kg/ha)

Inflow Outflow Unit Toad
Year Month © Rainal | @ Irigation @ Subtotal @ ® Surface | ® Subtotal ©-0
D+ Percolated | outflow @+0

May 0.01 141 142 0.005 1.38 1.39 -0.02

Jun. 0.03 0.79 0.82 0.014 0.92 0.93 0.15

Jul, 0.01 0.39 040 0.002 0.24 0.24 -0.15

1999 Aug. 0.02 041 043 0.003 0.40 0.40 -0.01

Sep. 0.03 049 0.52 0.002 0.56 0.56 0.07

Total 0.10 349 359 0.027 3.50 353 0.04

May 0.02 0.98 0.99 0.017 0.82 0.83 -0.14

Jun, 0.03 0.56 0.29 0.008 0.76 0.77 0.21

Jul, 0.11 0.42 0.52 0.007 0.50 0.51 0.09

000 Aug. 0.04 0.32 0.36 0.005 0.57 0.58 0.26

Sep.” 0.09 0.27 0.36 0.010 0.33 0.34 0.07

Total 0.28 2.54 2.82 0.047 2.98 3.03 0.49
* until Sep. 23
“* until Sep. 26
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Table 8 Inflow and outflow loads of the COD at the paddy field area

(Unit ‘kg/ha)

Inflow Outflow Unit Toad
Year Month © Rainfall | @ Timigation 3 rSubtotal 0) ® Surface | ® Subtotal ©-0
O+ Percolated | outflow @+6)
May 48 136.7 1415 15 150.4 1519 152
Jun, 59 102.0 107.9 55 1108 1163 142
Jul 120 78.7 90.6 1.0 530 54.0 -24.7
19 Aug. 12.1 69.8 819 18 68.7 705 06
Sep,” 48 35.6 405 04 65.2 655 299
Total 396 4228 462.4 10.1 4480 4581 35.3
May 44 1586 163.0 15 1225 1240 -34.6
Jun. 58 124.4 1302 29 1376 1405 16.1
Jul, 116 836 95.2 46 726 772 64
2000 Aug. 28.7 492 779 52 839 89.0 39.8
Sep.” 145 20.1 316 30 432 462 26.0
Total 649 4360 5008 17.2 4597 4769 409

* until Sep. 23
** until Sep. 26

o CODE 6, 8, 99oi= % (+) 9 #& Jehirh

ojg} Zo] AT & Wi FH L ¥
Lo wet A WEeked, 693 9¥oli=
e vebY, 98 aaert 695 99l 4
& Yehle o= 6ol Au|e] JFo R u)
FEt £ FERY ¥1, 9¥dde 5]
YRt W) qEoz YzheEr)

ol
=
%}

o

“:

o

&
ES
&

1. 2H712] AT

1999¢ 3 200099 ZAMAS= 42 14693
149%0]%:=t, o] e A FAHL T-N
o] 16.0 kg/ha, T—=P7} 0.27 kg/ha, COD7} 38.1
kg/haZ WERIT) (Table 99 ®). I8y AAZ
A48 date] wv fAE A 49 11
o Aolmz Ao A7 A 166U
1690l sigaitt. webd, Ft #A7IHE 168
Az tFsto] ghatshd vk Hagke T-N
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o] 18.2 kg/ha, T—P7} 0.31 kg/ha, COD7} 43.3
kg/haZ ©oh (Table 99 ®). A= A2,
T2Y4%F 5ol A oo 2, AR HEst
= 207 et

AFA T dHYE 42 ZA AT %}
walgled, FAoA TS 198733 1938142

7 258 3735 mm, A5EEFE 1,970 mm,
2 4,075 mmollon, Hak AuEe A4t
106.4 kg/ha, 910] 51.4 kg/ha¢]Sith (Takeda et
al., 1991).

FAJATFY] Ht W77 138Y0]di=d],
o] Eokel gkl T-No| 22.1 kg/ha, T-P7}
7.48 kg/ha, CODww7} 62.0 kg/ha® A= QL.
ARAFY QU9 E FAo)AFE vlwshd, d)
71zt 309 AL AT EFStE T-N&
obzh it T-P& wil%- WA Yetdth 53] T-P
o] gho] v A& <lo] Aulo] AZA T} 22,5
kg/haZAl FA0]x) 72 1/2 o]tz W]

2 R H

3
%
[e]

—

=]
2o
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Table 9 Unit loads of pollutants in a paddy fields area during irrigation seasons

(Unit: kg/ha)

. Average
@ & Average ® Average unit unit loads
. @ D ® . . loads of pollutants
Consti- L. Unit loads | unit loads of . of pollutants
Year | Irrigation | Surface | Percolated during irrigation .
tuent of pollutants| pollutants at Kosei
water | outflow | outflow L Seasons .
D+E-C | (148 days) (168 days) in Japan
v (138 days)
TN 1999 971 99.3 33 55 160 189 91
2000 87.2 1074 6.1 26.3
1999 349 350 0.03 0.05
- 0.27 0.3 .
Tr 2000 2.54 2.98 0.05 0.49 ! 748
1999 422.8 4480 101 35.3
COD 00 | 4360 | 497 172 109 81 433 620
Note : * indicates CODyn
2 AlEdnh 3, CODY A%, Wibiow 34 3. BARFETF dist AeAlY ANEAE
gt FAo| A el M2 F 62 kg/hag 1. HH%}O% a Halgke] wjy= T-No| 16.4%, T-P7} 26.8%,

2907 #4shd 93 kg/ha AEE =
2R A= FAo)HFE} GE Qo @
gL,

v.2 £

2 EEolAE HNE e U8 FYes
ez 1999~2000 d #7471 &< 2984
(A4, ¢l 4 COD)Yo EA4A EAS j_}_g_’lz‘,—].l
eget AuNE Agsgt o7ld e An

Qokstd gt gt

1. ZAATY 28432 1999 dol= 3,690

mm, 2000 o= 3,160 mm& =§50ZAE

e okS U} »"brﬂ 19999 o= o] % 44%
TR odw g7 g FRE (I

b =0
KDoA wFHL %% 40& L}E}%}

COD7} 23.3%EAM, T-P$} CODE T-Nith 7
7V 16, 149 5& S etk

4, Al 9, Az A WEshe, ¢4
A= S ()9 A% oy, 6493 9¥d=
F(H) Y s JeRith €Edd97) 6€9 9¢
of &9 s Yehde olfE 6€oE WiF v&
7} &5 FERT 21, 9¥9olE wiggo] 4%
o @) MEoE *@7—}%5}.

5.2 7] FRH(eF 168U7H 2 A H

&2 T-No] 18.2 kg/ha, —P7} 0.31 kg/ha,
COD7}F 43.3 kg/haZ AHHEHEH, oS 48
FAO) () A 4+e] F=el X 3 vluwshd
#W7)7ko] 30Y AE HYSolT Efeln BE
TAGEAA A YErsitt

017W A dekelE shAANATEA Ui
92 Wl ofsf grwe] @ Fow=el
# 7/4\“_5?:, o] o FEHs Abgell= FYUt &
TET T ARG T 52 49 SA4E B

4717 &

ot 2 shE A A449 Al23, 2002
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