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Evaluation of Percolated Water Quality of Paddy Fields
Using Nonparametric Test
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Oh, Seung Young - Kim, Jin Soo - Oh, Kwang Young

Abstract

Characteristics of concentrations of total nitrogen (TN), total phosphorus (TP), and chemical oxygen
demand (COD) pollutant in percolated water at four paddy field sites (Soro, Odong, Munui, and Boeun) were
investigated by a nonparametric test. Percolation rate measurement and percolated water sampling were taken
during irrigation periods at 5~10 day intervals. The normality of percolation rate and pollutant concen-
trations were examined using histogram, boxplot, and the Kolmogorov-Smirnov (K-S) test. Pollutant concen-
trations in percolated water showed positively skewed distribution. The median concentrations of pollutant
were 1.91 mg/L for TN, 0.021 mg/L for TP, and 6.6 mg/L for COD, which were lower than its arithmetic
mean concentrations by 35% for TN, 36% for TP, and 13% for COD. The median concentrations of TN
and TP differed significantly among sample sites according to the Kruskal-Wallis test. However, median
concentrations were not significantly different among month except for TN and TP of Soro and COD of
Odong. The percolation load of pollutants during irrigation periods in the study area were estimated at 3.12~
7.75 kg/ha for TN, 0.033~0.155 kg/ha for TP, and 10.7 kg/ha for COD, which were much lower than
respective values reported in Japan. '

Keywords : Percolation, Nonnormal distribution, Kruskal-Wallis test, Mann-Whitney U test, Median con-

centration
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3t} ARHFEHIE Aol o] FFAHor
AEFERSE 79 F46 A43] dFE vAY
AERERSE A2 AR AAM3] 9%
A, =o02XE? QEEAY {EFs}] A
AFE FU(Yoon et al, 2002a, b, O =9
(Takeda et al., 1997; Feng et al., 2004)°14
FRE9 oY, g5E =AY ATSe] BAG o
T ofd ulEg AR Utk

ARS F4A9 EAL dotsly] HiiMe A
A59 ZAF EAS HESA ol A WY
& ARse Aol Fasdlth ditdoz A
#2de FAREE dA@AFHolH FEYF(bell-
shaped) & ATFEEolA Bolul= 297 B7] o
2o (Bedient and Huber, 1988), +3 #go) A
FEEY 9A% T+7AA (parametric test) S 3
£31= dlol= B2 EAHo] A= th(Helsel,
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& e 23E 22 ez gEA Ao
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Fig. 1 Locations of the sites
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Table 1 Outline of study areas

Study site Location Altitude Study periods Soil texture Fertilizer application rate
Soro 12742° E, 9 m 1998 ~2003 Loam 153.1 kgN/ha/vr,
36.68° N Apr.~Sep. (44:34:22a) 180 kgP/ha/yr
Odon 12747° E, 37 m 1998~1999 Sandy loam 163.6 kgN/ha/yr,
g 36.69° N May~Sep. (54:28:19) 23.0 kgP/ha/yr
Munui 12753° E, 80 2002~2003 Silt loam 169.4 kgN/ha/yr,
unt 3651° N m June~Sep. (12:62:26) 190 kgP/ha/yr
12773° E, 2000 1709 kgN/ha/yr,
Boeun 3653 N 180 m May ~Sep. N/A 224 kgN/ha/yr

®Values in parentheses represent the composition of sand, silt and clay
N/A: Not available

Table 2 Chemical characteristics of the experimental paddy soil

Study site pH EC oM TN Av, P05 TP Exch. Cations
(1:5) dS/m (%) | (mg/kg) | (mg/kg) | (mg/kg) K Ca Mg
Soro 6.2 0.29 148 786.8 948 585.2 0.25 3.67 2.16
Munui 76 0.32 2.60 1,3459 1338 606.5 023 9.56 091
() AR #4849 TN, TP % CODY 385
of di3ted 5P TN TP FFLETA
Q A8 (Ministry of Environment, 1997)¢ 23t
. EFPPTHoR BASGT, COD«2 Standard
_ — [—] Methods (American Public Health Association,
i J 1995)¢] 9% ZIEALEFKLr00E ol g3l
VA Yl |— Y&t
water !
$ o 2 SHEA
20cm E Z
X 2 Aol A% 5% £29 37 (norma-
- 3 lity) & 3|AET7%, #AZE(boxplot) ¥ Kolmo-—
fomterall, gorov—Smirnov(K-S) AL T3l HEI}GH.
K-S A4& 2Rdy 280 £33 g
Dery £ H|wdt £39 AdAHE HES = Aol

279 EPE B 99 P55 5 A2

: v wdp7] Y3k Kruskal-Wallis 77 (Kruskal and
Fig. 2 (a) Percolation rate device and (b) PVC pipe Wallis, 1952)& AAI8HST. Kruskal-Wallis 2
collecting percolated water AL HAFEZNA E oA EHFQ TR
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Fig. 3 Histograms of percolation rate and concentrations of TN, TP and COD
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Fig. 4 Boxplots for percolation rate and concentrations of TN, TP and COD

AN AFAAE 712H(p<0.05) 3k ZAoE vebgtt of HF$ TN, TP 9 COD ¥:9 HI@
(Table 3). webA] 5, TN, TP 2 COD ¥% zZtzt 292, 0.033, 7.5 mg/Lol}loH, FYPe
BIE FFEEE Yojdtin #dd 4 Qi Ztzy 1,91, 0.021, 6.6 mg/LE Ve, FYae

A% 65, 64, 87%F BAth PukFog ok

2. AlFeh Sy 5o Uit ¥ YUt FEZ Holg X olME Fig. 58 20

FAe BEHREt A Jehtsd, d3%rt

AEFN ARG 59 7|BEAAE Table 4 74 Agk TPelld Bagte] tsh Zazte] wje=
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Table 3 K-S normality test for percolation rate and pollutant concentration

Study site Parameter Sample size | p value | Study site Parameter Sample size | p value
Percolation rate 169 <0.0001 Percolation rate 81 0.0123
Soro ™ 207 | 00001 | Munui TN 90 0.0065
Lt 2r | oo TP % <0.0001
COD 149 <0,0001 -
™ ol 00022 Percolation rate 15 0.0023
Odong TP 59 (00001 | Boeun ™ 50 <0.0001
COD 55 0.0004 TP 50 <0.0001
Table 4 Summary of data used
Percolation rate Concentration
TN TP COD
Sample size 257 408 406 204
Mean(Range) 1.55(0.02-5.20) mm/d | 2.92(0.06-17.74) mg/L |0.033(0.000-0.462) mg/L | 7.5(0.2-39.5) mg/L
Median 1.32 mm/d 191 mg/L 0021 mg/L 6.6 mg/L
SkewnesstSE 097+0.15 2.0810.12 55770.121 2302

A feElvue 4 dE = AHefX ] Ajs) v
23 HTable 5). &AL AHe] FFZFS 1.0~
26 mm/d2 $2ute] ZH7|=(Hwang et al.
2002), AzHE(Yoon et al, 2002b, ¢) X d&
] Niigata®x|9 (Kondoh et al., 1992)9 = A%
gab= HEA Jeptoy ARES 989
Shigax % (Takeda et al. 1991)°]\} Chiba#|%
(Ishikawa et al, 1992)9 =Rrti= 8 z8ls
(order) 27 ettt

B 2R 2389 A5FY TN FES
1.55~2.87 mg/lLZ $-2ute] T Fou Y&
Shiga A9 (Takeda et al, 19991) 9 =& A&

frequency

medi:an l.nean
Fig. 5 Locations of mean and median in positively
skewed distributions
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ge XA =38 #F xR} (Table 5),
o2 A zyolF] o/l BA|df &2 ALY
AALNO;) FE(25~30 mg/L) (Keeney, 1982)
Bri= 34 9ok d|, ol A e URES
29 A, NAEZAAY 24 59 4T gE
o2 379, TP ¥+ 0.015~0.042 mg/LE
S2yele] AeRrel 349 $%5(0.020~0.034
mg/L) (Yoon et al, 2002b, ¢) %} ¥j¥h g Y
ellloy dE =N Z3E #Y 1/8~1/60=
v Jeldt}l 9 Niigatazx]l® (Kondoh et al,
1992) )M =9 AFFE AR T HZFHUL
U, TP ¥5& ARERGE 9 A Jebs
o). ¥ COD FE& 6.5~6.7 mg/LE AFHL
2 A5 W) E Y ShigaX¥ =TelM 3k
= B|EgAT ChibaA ¥ (Ishikawa et al,
1992) &olM9) guchs B¥A JEith
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Table 5 Comparison of this study with previous studies for pollutant concentrations in percolated water

Stud Fertilizer Perco. | Median concentration
Region, Nation uog Soil texture | application rate | rate (mg/L) Reference
pen (kg/ha) (mm/d)| TN | TP | COD
1998 N: 1531
Soro, Korea 2003 Loam P: 180 100 | 192 | 0020 | 65
1998 N: 1636
Odong, Korea -1999 Sandy loam P: 230 N/A 287 | 0024 6.7 T
is study
. 2002 . N: 1694
Munui, Korea -2003 Silt loam P: 190 175 | 155 | 0015 | N/A
Boeun, Korea | 2000 | N/A N ;;%9 250 | 210 | 0042 | N/A
. N: 1100 " Hwang et al.
Gyeonggi, Korea | 2001 | Clay loam P: 1964 073 2222 | N/A | N/A (2002)
1999 . N: 1370 2.90- 3.84- o Yoon et al.
Jeonbuk, Korea 2000 Silt loam P: 131 902 | 387 0020° { N/A (2002b)
1999 . N: 131.0 1.76- 487- a Yoon et al.
Jeonbuk, Korea 2000 Silt loam P: 300 202 | 490 0034 | N/A (2002¢)
Shiga. J 1987 Sand N: 1064 1375- | 2.77- | 0359- | 42" | Takeda et al.
88, Japan -1988 P: 514 1531° | 401° | 0465° | (63% | (1991)
. 1985 . 1.30- 1.36- | 0.39- Kondoh et al®
Nigata, Japan | _jqpq | Silty clay N/A 287 | 362 | oo | VA | (o)
) Sandy loam N: 51 . a .| 16 | Ishikawa et al®
Chiba, Japan 1991 ~Sand P: N/A 182 1.07% | 0.110 ) | (1992)

*Mean concentration

"Values in parentheses represent values converted to COD
“Subsurface drainage water

N/A* Not available

Table 6 Effect of study sites on median pollutant concentrations by the Kruskal-Wallis test

P ; Study site |

2 r value

ramete Soro Odong Munui Boeun prvaiu

i 19 28 55 2.10

™ Median (mg/L) 2 7 15 00001
Average rank 2071 250.0 161.9 2149
Median (mg/L) 0.020 0.024 0.015 0.042

TP <0.0001
Average rank 194.75 240,93 15421 284.29
Median (mg/L) 65 6.7

COD N/A N/A 0.7841
Average rank 101.8 1044

N/A Not available
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Table 7 Mann-Whitney U test for median concentrations of (a)TN and (b)TP at study sites

(a) TN
Soro Odong | Munui Boeun
Soro * *%
Odong *kk
Munui **
Boeun

*: Significant at the 0.05 probability level,
***. Significant at the 0,001 probability level

3 ATE AFT x| B

7t APE ARr w50 T4 Aol Kruskal~
Wallis 24& ol&3to] AE3AH(Table 6). 3
F%3 TN TP 559 St Ao me} «
gl 210l (p<0.0001)E Hole Roz uehst
t}. 38 COD FEx 289 QFAForu 24
FAeH, F ATFAE FAAA FEA0IE B
o]7] ¥ttt

Zt A3 Mann—Whitney U773 Zzh= Table
73 Zoh FAATFAAMS] TN TP $E¢ 44,
1.55, 0.015 mg/L(Table 6)% Tth& A AFA

(b) TP
Soro Odong | Munui Boeun
SOr ) *k *% *%k
Odong e
Munui ex
Boeun

**. Significant at the 0,01 probability level

9]z §938 Zojg roly b v Yehgt
£, oje TYATY =o] v AMALE(silt loam)
2 OE Aol vlst] vjapgt FES] Fgo] w)
(88%) WEoZ AZHc wAht HES geko)
B =& RygEgol B& = Hj3t] TN %
8714 499 gz Q% gAle Sl 98}
of Wolx 3 TP s EYel I¢ 19 F&o=
vz},

ZAN S 4ATAINY 2 T4 TEA

Table 8 Effect of month on median pollutant concentrations by the Kruskal-Wallis test

Stgdy Parameter Month - p-value
site Apr, May July Aug, Sep.

TN (mg/L) | 3405(7") | 2358(36) | 3870(43)| 1865(40) | 1.385(42)| 1.085(39) | <0.0001
Soo | TP (mg/L) | 0022(7) | 0025(36)| 0026(43) | 0020(40) | 0013(42) | 0018(39) | <0.0001
COD (mg/L) | 8048(5) | 5539(28) | 6660(20) | 6847(30) | 5403(30) | 6140(27) | 05067
TN (meg/L) 251005 | 3160(13) | 2070(14) | 3830015) [ 2980(14) | 0875
Odong | TP (mg/L) N/A| 00490) | 002013 | 002013) | 002115) | 0027(14)| 03902
COD (mg/L) 6120(4) | 8420(11) | 6070(13) | 3200015) | 8605(12) | 00369
TN (mg/L) 1623(26) | 1309(22) | 1416(24)| 1778(18)| 03680
Munui e e/ N/A N/A To01s6) | 0012(22) | 0013(24) | 0013(18) | 04200
TN (mg/L) 0980(6) | 2005(10) | 2685(12) | 2205(12) | 2050(10) | 01450

Boeun N/A
TP (mg/L) 0031(6) | 0043(10)| 0046(12) | 0042(12) | 0043(10) | 04889

*Values in parentheses represent sample size.
N/A" Not available
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Table 9 Mann-Whitney U test for monthly concentrations of (a)TN and (b)TP at Soro

(a) TN (b) TP

Apr, | May | June | July | Aug. | Sep. Apr. | May | June | July | Aug. | Sep.
Apr. * * Apr. X
May ko * *% May .
June *% kK KX June -~ *
July * * July o
Aug. Aug. *
Sep. Sep.

*: Significant at the 0.05 probability level,
**%. Significant at the 0.001 probability level

& Kruskal-Wallis 2% A3 42259 TN
# TP 5%, 25479 COD ¥& o] gdd= ot

2 AT 9 FEGAME zo|7} gE AL B
(Table 8), €4 ¥E+= A48 F&of gl 1

zpol7t 2 RO Z b

AZATOMY €8 TN TP ¥Tol g
Mann—Whitney U #A-& Table 99 Zth IF
49 TN#} TP £E5+& 82 o2 23 §F9&l
Aolg Boln YA vehgted], o= o] AlZlele
AR (JEIE) 7F 9 AN LeR AEd] 9 o
FEAL FFPol 7] YELE ¥ Ed,

**. Significant at the 0,01 probability level

Bl WFSRH ohlz} £EWFY FEE B

S A% 119Ut Kim et al, 2001).

W71 T FFFEFee A% g2 %

oz AHgstatt
AR {ER st kg/ha) =AFF] F LR (mm/d)x
Exo FUg(mg/L)xBN717Hd) x100:+++++++ (1)

AE, 2% 2 Y AFoMe 448 seRH 9

Table 10 Comparison of this study with previous studies for percolation load of pollutant

Location, Nation | Study vear I(riz}glazgx ™ Load’lflgg/ha) oD Reference
Soro, Korea 1998-2003 163 3.12 0.033 107

Munui, Korea 2002-2003 163 441 0.043 N/A This study

Boeun, Korea 2000 143 775 0.155 N/A

Gyeonggi, Korea 2001 107 173 N/A N/A Hwang et al.(2002)
Jeonbuk, Korea 1999-2000 153 12.8-146 0.070 N/A Yoon et al.(2002b)
Jeonbuk, Korea 1999-2000 153 9.0-119 0.036-0.048 N/A Yoon et al.(2002c)
Shiga, Japan 1987-1988 | 130~146 | 525-739 6.42-843 80(1207) Takeda et al.(1991)
Niigata, Japan 1985-1988 130 6.0-9.0 1.0-1.8 N/A Kondoh et al.(1992)
Chiba, Japan 1991 105 19 2.01 316(474*) | Ishikawa et al.(1992)

*Values in parentheses represent values converted to COD

N/A* Not available
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4 senA, R2A T M= 59 F¢FH 949 3§
7] gl o FFREe] WA IRF
o] ZR® 37 ATeNA9 #A7] 71N AT
F&5381%2 28 TNo] 3.12~7.75 kg/ha, TP7}
0.033~0.155 kg/ha, COD7} 10.7 kg/ha® A3
HtH(Table 10).

B zAA M9 TN F5FEF e A
o =oM9 @3 vlwsld FEFH 27t ot
AAY zZe EUtd ZA7I=(Hwang et al
2002), AeFEE(Yoon et al., 2002b, c) ¥ 4
Niigata A% (Kondoh et al, 1992)9 =3 ¥
28t UebAgt, 350l & dE Shiga AY
(Takeda et al, 1991) %} Chiba A (Ishikawa et
al, 1992) 9 o vlsiME F2 RAoZ et
TP ASHEFFS $ve O =dMg &
e ved JegAw, 4823 vastd Hi
1/250 ol3te] W& e mglon, A7AF¢ COD
AEHER3E RN @& 1/10~1/402 F
A Jebgth ZAR TN AFEREFEIT AR
of vgl] e L AL AFF *E IARF
¥E gioz Azdch

N. 29 % AE

B dFgNE 23R ) A9 =& gie
2 AELAe QAEA(TN, TP ¥ COD) Y &
TERS HEFARS o4l HES}L FIAF
& AgEgEd, o714 9L F2 A e
zt,

1. TN, TP 2@ COD %% #8852 K-SEA
Az AT £¥E Jehdd, 37 F4uel
1.91, 0.021, 6.6 mg/LE BF% 65, 64, 87%
£ e

2. A2y RS FTE Kruskal-Wallis 7
AR AGEE F93Q Ayt dAste], Ao
B9 @gke W= Ao yepdth EF, Mann—
Whitney UZAA 23}, oA FEQ FYAT =

108

X9 TN TP F=& U A AFA Y g3
#9749 Aol5 Holw sbg WA etk

3. 22ATAY] AFFd 98 TN TP &
e 8¥0 & 23 939 AolE Holy ¥
A deltedl, ol o] AZlele Al (L) 7T ¢
3 A9 wgz ZAEd % JYEAY F5F
o] 37 YEoz gyt

4. FUAE o83 ARF WAL FUAY
AEHEHEEE TNo] 3.12~7.75 kg/ha, TP7}
0.033~0.155 kg/ha, COD7} 10.7 kg/ha2i o
B Eof njgl F2 A5FHY d2 FER A
o9 A e

5. dutgor Ut e JAFFS TN
T 1.6~4.9 mg/LEA, A AANO) Y
Ay $4F F4712(10 mg/L) ol nlF Az
¥Yol wild EAelM BIE NOs 9 @
(25~30 mg/L) (Keeney, 1982) Xt} A W&
g, ol 7t} e dEFZ EA, WA E
goa o] 2 59 4 fFoz Aztdct £,
TN, TP 9@ COD9 AERERFE B =0 4
3] A Zoug =OoZREY {EHIE A
ZA717] QaiME AERERIE Aodske WA
& 3 "gast gk

#Ae| 2

E QTE 20044E FEUSL edTA A
el A7ule] gsto} ATFHREUR
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