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Abstract

The objectives of this study were to monitor and analyse water quality and soil property in paddy fields where untreated wastewater is irrigated. Three
paddy fields where streamflow mixed with untreated wastewater has been irrigated (untreated wastewater district, UWD) were selected for monitoring,
and five paddy fields in Yongin area (Yongin district, YID) where water from Idong agricultural reservoir (well-managed) has been irrigated were
selected for comparative evaluation. Electronic conductivity (EC), suspended solids (SS), total nitrogen (T-N), total phosphorous (T-P), NOs-N, Ca™,
Mg2+, Na’, total coliform (TC), fecal coliform (FC), and E. coli of the irrigation water in the UWD were significantly higher than those in the YID.
Relatively high concentrations of EC, T-N, T-P, TC, FC, E. coli, copper (Cu), lead (Pb), zinc (Zn), and aluminium (Al) were shown in the irrigation water
of the UWD especially during May to June. In general, the paddy soil in the UWD contained more Pb, Zn, and Cu than in the YID although the soil heavy
metal contents in the UWD still meet the Korean soil contamination warning standards. No temporal trends in the heavy metal concentrations were found
in paddy soils of the UWD. This study showed that the use of untreated wastewater to paddy fields has the possibility of negative impacts on water quality

and soil, although long-term monitoring is needed to fully evaluate its effects.
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a1 It (MOE, 2013a).

n|A sk 5 Y= FU-8E 220)7] % s, o]t
7= 5 U7 IRkA A o] ZER R A] Qb A t=of| A bRt
o} 8o] gl Aapolss vt vio-f- ol
Al ERfuh2 Eo] E3tE| o] W E 4= Sk E3, vl A 25l
£ 3HOR Ze} AR B g 5 Be ow
s 4 9k

a2 AT 5 UG o] 88 49 Aol B
27, 710 A 5 2 S EAIE et e
A& O 7 oFddkS uE 4= It} (WHO, 1989; Kang et al.,
2007). 8= Fofl 3R Hret YA Holle W Bk
WA 50 2 kS ZHAA]Z 4= Q) o (Mills and Jones,
1979), S5 -2 1 o] WSS frdelAL Hie
A oA |8l =8 4= 2T) (Asano et al., 2007; Jeong et
al., 2013). 3} S5 48 ES HAS A5 39l oIAl
of G35t Jg2 = 4= 3t} (Sharma et al., 2007; Jeong et
al., 2013).

510 FPEr R o] gof Tt A= thAlAR =
Kol Joll A s @]of| A ils] o] Fol A ek =iollA]
= sk o] A A ol o uhE =oll A o] =, B9 1
2] 11 A3k 52 Hrlsk= At (Kang et al., 2004; Kang
etal., 2007; Jang et al., 2010; Seong et al., 2011; Jang et al.,
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2012; Jang etal., 2013; Jung et al., 2014) &} )3+t 5 v Y&
O ATEA, o+t SERE 54 14, TLEaL Q1A 9ls)
AL U1l ATt (Jung et al., 2004; Jung et al., 2005;
Yoon et al., 2006; Rhee et al., 2009; Jun et al., 2013)7} 4=3)
LRI S g e R R s e R RE |
w2 o 9 BERbe miXe J3e Bkt A
(Jeong et al., 2013)7} o] o Fth. SFARE, 7|29 A= &
SokrA Ao A A2 E Sk B o3 B A4l
ol 2Jall A g)d sho w2 FFS BT AR, 2=
Al @AY sk 5 TtolA P & F Hul= v|A sk
FAA ol whE o W BoF e FakE A5k At

2 Ao A Bt 7o 5 A G AL TG
52 B I 7B Agste] mUEY A2He 75
R AS AR o] g3 EAH 24

Treatment sites?

A2Jek A& A ekl o = TRl (Fig. 1).
8142 57 (MOE, 2013a)f= 45 A8 wl 5ot
Sedat sl el o] wio] A Elo] glow, Table |
© 5P, 241 g9, Beje] vl Helsi L Hel o] Ma L
ER Alolch. mlx|efakeel v e Bl 82, Helol 80 %
oo 2 | Lhefitom, o] o] uHelsier e 9]
A3 0k&o] sl A el R 5 A4 2 598 7Hs e
O 22 21013 4= 1otk 814, §9, B 5 7] a3t v]
Aelstodo] Eabe g o] Golat Mo FAoR
WY 2ALE AT B AT FAEs 7 B vk
A7k QLB 0] Z AT T Y17 o e
2 =02 348 7HsAo] Y= 37) ZAS v A elsA T

Table 1 Treated and untreated wastewater area (MOE, 2013a)

Treated Untreated
. Sum
Region wastewater wastewater (kmg)
area (km?) area (km?)
) 86.0 602.0 688.0
Hwaseong—si
(13 %) (88 %) (100 %)
o 103.0 488.4 591.4
Yongin—si
(17 %) (83 %) (100 %)
) 26.2 16.6 428
Osan—si
(61 %) (39 %) (100 %)
81.2 373.4 4546
Pyeongtaek—si
(18 %) (82 %) (100 %)

Control sites?

Fig. 1 The study locations of the control and treatment sites including each monitoring station, a and b indicate paddy fields partially
irrigated with untreated wastewater and irrigated from agricultural reservoir, respectively
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(untreated wastewater district, UWD) ¢I-F TR 2 A48
%00 Fig, 17} 2},

2 AFE 93 tiulTtE A 7]= Sl YRR o 5A
FRE WNESE o] 85H= 82A]F (Yongin district,
YID)9] 57} A AgsIsch £17 7 8499 ol
A7) Al BEpel o A4 el ola, 78
o) 9 g-ulmr} AAH 0.2 o] Qo) A et
WHEF7E =02 FUETH (Song et al., 2013a; Jeong et al.,
2013).
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Aol A= wA ot A| e §RIA -5 - ste] =
FA RS G71H o= skt 24 A9 Bl
T=2012~2013 9] 5710 sl 5= 18] 7402
g @Rl AERston, Sd|el 71dEol
7 o] Fo| A A] oS H ol Al RE AFISHA] &
Ut EFA R AT B Al 2o tiste] Azt
of w2 GaFEd 9 FE40) 214 wske Basl] slstel
AT % 63]0] 44 0~20 eme] EA] thf A7)
olgto] Atk
B 42 W) EOPA| R ATl 5 AN TR 3 )
7149 (National Instrumentation Center for Environmental
Management, NICEM)o]| &] &[5} A5t} 42X 2=
pH, EC (electronic conductivity), DO, TOC (total organic
carbon), BODs, SS (suspendid solid), F¥EHF, 55,
b 5 & 3T7HA] ol tiste] A dSHAIR 7
(BRI A2012-99%)0] wa} BA}AT, EPARE
pH, TOC, CEC (cation exchange capacity), T-N (total
nitrogen), T-P (total phosphorous), Cd, Pb, Zn, Cu, )%}
5 5 10714 3}=of tfjg}o] ASA (american society of
agronomy)2} SSSA (soil science society of america) ] EoF
LRI (Chapman and Pratt, 1961)9] w2} 2435190}

1o d

=R

st

B oot 1o X
e,

842] 5747 fredol] T2 ol
2 97ksp] gistol, el 4
o EA2 fo1g 704 e olgstel
Ak g vl TS IR o A e
A2 47} 3070 olae] Azl TSl HYLE 44
(independent samples t-test)=, 307 ©|Tke] R}z of T3] H]
W B A4 W-91EL 4% (Mann-Whitney U test) &
o]-g-3F1ck (NRCS, 2003). E3L, SAA FolaE2p &
0.050]5k=2 sto] 7 A7 =2 Bl BEF AJwe] Hatol &

o, re
o
2
o)
l"lr
=
2
o &

the Ao that 717tolRE Beksielr, BE EAR
412 [BSS SPSS Statistics 21 (SPSS, Inc., 2012)& ]85}
otk
e,

=1
=

Zat

1, S

=
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7t Bask

Table 23= 1|3 2] &}=2] L2} e ¢l G214 7-2] 3771
S B o] gt WA L g wUjE Y Anjel S 24
A HolF a1 9Tk pHi TA4=0] 49 F e x|
7k frolgt Aol 7} et gigkont, =g4=e] 79 ]2
31221 7ol A ¥ UrERdTH (p < 0.05). SRA]gL -2 utete]
=822 pH 7|52 6.0~8.55 Hojux| &= kofrt

ECiz #420] 7% mA 2ol 7oA 033 ds m™ &2
§91%)7-2] 0.18 ds m' o} H] iw3}o] H-0J&F 2fo] 7} Q= AL
ZUERE O (p < 0.01), B4=0] 9ol A= 213t Zjo] 7}
UEREA] efgtet Kim etal. (2003)o]] ©J31# -2jufal =
N 2)5)4=2] EC HasE=0.286 dsm' 0.2 X 135}31 Q)
o u] 2] eA| T oGl A o] BTk 4o A O & Le)
ek

224 gol 2 (Ca”’, Mg™", Na )& B7j5=9] 735 n|xe]
BlA) 7L 821 Aol vl =7 UrERgo T (p <0.01), B
5=0] 9w | A elslEA| ol A B e g Bt (p <
0.01). CI' 3} =0l 4 v] 22|81 7 }-8-¢1 4] o] v
&) o 2 gho 2 YR TH(p < 0.05). EC= UWF4 © 2 Na'
Ul 9 5Er o 2o e Yehf= o8 Bagn
%12 (Domeno et al., 2009), 2 &Lof| A u| 4 2|5l
WG} A Lhehd AL v]S2gt o] f mj R0 2 AfRHCh

DO, BODs, COD, 712] 31 TOC= 37[4=2] -2 n) 2| 2] 5}
FA| LA -1 A o] v BasEr e et o w5
AH o2 fofdt Aol gl A 02 BAEITE COD2] 7
w2l ol A 9.3 mg I' 2 5F4=0] 5984 0%
7% (B 7| 5 A3E A2, 2012)918.0mg IS 2
5= A0 2 YRt oL, Kim et al. (1988)0] AIAEH 52k
2 317471591 50.0 mg ' o= 1] 2] 2] ¥3kek. E3BOD;s 2
UG 7S 8.0 mg I 2 7 A7) TS 9l v
FEE o2 2ul5A] Yolkth

SS, T-N, T-P, 18] 12 NOs-N9] B = )40 4$
n) A @]l ol A -1 Aol Hls) A LrER i BA| 4
SR §O5 Aol 7} Yl A0 & LrERTH (p < 0.001). 8}
A9k, =0 -9 vl A 2|laeA| 77801 X o] Bl SS,
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Table 2 Water quality characteristics of irrigation and ponded water in the two monitoring sites from 2012 to 2013

Irrigation water quality

Ponded water quality

Item YID® (n°=24) UWD® (n=43) YID (n=102) UWD (n=70)
p value p value
Mean Max. Min, Mean Max. Min, Mean Max, Min, Mean Max, Min,
pH 74 8.1 7.0 7.4 8.2 6.4 0.638 72 8.3 47 7.4 8.8 6.1 0.037
EC (dS m™) 0.18 0.34 0.08 0.33 21 0.11 0.002 | 0.26 1.84 0.04 0.27 0.91 0.10 | 0.705
DO (mg ) 8.8 14.7 6.5 19.1 473.8 58 0.105 8.1 14.9 3.5 7.9 147 3.1 0.766
TOC (mg ) 3.3 15.6 0.4 144 | 4827 0.0 0.154 6.3 427 0.0 79 64.2 0.2 0.249
BODs (mg ) 1.0 24 0.2 2,6 53.7 0.1 0.899 2.6 9.5 0.1 2.6 17.0 0.0 0.492
COD (mg ) 2.8 8.0 1.0 9.3 108.2 0.9 0.067 | 87.7 |1188.0 1.3 12.6 137.4 1.0 0.462
SS (mg ) 16.6 158.0 2.0 733.0 |252420| 4.0 0.000 | 297.0 |3,302.0| 4.0 3574 |4,499.0| 0.0 0.358
T-N (mg ) 1.1 2.4 ND* 14.0 266.1 0.3 0.000 2.3 57.4 ND 3.1 14,9 ND 0.321
T-P (mg ) 0.05 0.16 0.01 2,76 | 66,80 | 0.01 0.001 | 0.44 2.91 0.02 0.35 1.77 ND 0.221
NOs—N (mg ™| 09 2.4 ND 6.9 123.6 0.3 0.000 1.6 371 ND 2.5 14.8 ND 0.117
NH;—N (mg ™| 0.0 0.1 ND 6.8 1419 ND 0.613 0.3 20.2 ND 0.2 8.2 ND 0.739
POs~P (mg ™| 0.05 0.47 ND 0.54 | 10.20 ND 0.109 | 0.06 0.36 ND 0.10 1.61 ND 0.135
CI™ (mg ) 259 | 2031 34 294 | 1836 6.0 0,053 | 249 | 3361 0.1 30.3 | 3251 2.2 0.686
S0~ (mg I™) | 563.4 |3,539.5| 1.9 4480 (4,2586| 0.2 0.405 |1,1234 |37,2056| 09 356.4 |5,795.0| 2.2 0.313
Ca” (mg ") | 140 | 279 | 39 | 275 | 1748 | 75 | 0001 | 167 | 401 | 28 | 244 | 706 | 83 | 0.000
Mgz+ (mg 1) 3.7 8.8 1.7 7.4 51.2 2.0 0.008 5.3 18.3 1.1 7.2 21.6 15 0.005
Na* (mg ) 7.6 17.4 1.6 15,7 101.0 3.9 0.006 8.5 21.3 0.8 12.6 55.8 3.7 0.000
K" (mg ) 34 6.3 1.2 8.7 112.5 1.1 0.787 5.6 259 0.7 49 231 0.5 0.367
CN (mg I™) ND ND ND ND ND ND - 0.00 0.04 ND 0.00 0.02 ND 0.205
COs™ (mg ™| 0.0 0.0 0.0 0.4 12.0 ND 0.486 0.6 36.0 0.0 0.0 0.0 ND 0.380
HCOs™ (mg ™| 816 189.1 427 957 | 2623 | 366 | 0.330 | 863 | 2684 | 183 | 1069 | 2257 | 30.5 | 0.000
Total coliform | 1,05E+ | 2,42E+ | 0,00E+ | 7.72E+ | 3.07E+ 1.45E+ | 2.76E+ 8.00E+ | 1.86E+
(MPN 100 ml™) . 04 '05 'OO .05 '07 ND 0.03 | 04 '05 ND 103 . 05 ND 0.33
Fecal coliform |5 04E+ | 1.21E+ 6.33E+ | 1.87E+ 3.85E+ [1.21E+0 1.41E+ | 5.48E+
(MPN 100 ml™) .03 .05 ND 102 .04 ND 0.771 103 . 5 ND .01 .02 ND 0.123
E. coli 42E+ | 2,00E+ 1.07E+ | 3.99E+ 1.16E+ | 4 10E+ OE+ | 3.00E+
(MPN'1OO mi™) > 00 .02 ND '02 .03 ND 0.008 .01 '02 ND 8'?30 > 02 ND 0.678
Al (mg 1) 0.28 0.51 0.01 858 | 23210 | 0.03 | 0.009 | 11.88 | 86.09 | 0.10 579 | 50.48 | 0.02 | 0.056
Cu (mg | b 0.01 0.06 ND 0.05 1.1 ND 0.818 | 0.03 0.07 0.01 0.02 0.07 ND 0.034
Ni (mg ) 0.00 0.02 ND 0.01 0.26 ND 0,382 | 0.01 0.07 ND 0.01 0.07 0.00 | 0.038
Zn (mg ) 0.02 0.05 ND 0.22 6.29 ND 0.226 | 0.05 0.39 ND 0.04 0.21 ND 0.369
As (mg ) 0.00 0.01 ND 0.01 0.20 ND 0.467 | 0.00 0.03 ND 0.01 0.13 ND 0.220
Cd (mg ) ND ND ND ND ND ND - ND ND ND ND ND ND 0.385
ot (mg 1™ ND ND ND ND ND ND - ND ND ND ND ND ND 0.385
Co (mg | ) ND ND ND ND ND ND - ND ND ND ND ND ND 0.385
Pb (mg | " 0.02 0.06 ND 0.03 0.44 ND 0.639 | 0.03 0.25 0.01 0.03 0.30 ND 0.615
Li (mg ) ND ND ND ND ND ND 0.522 | 0.01 0.08 ND 0.00 0.04 ND 0.026
Mn (mg ) 0.16 1.22 0.02 0.28 4.98 ND 0.082 | 0.46 573 ND 0.22 1.36 0.01 | 0.058
Hg (mg ) ND ND ND ND ND ND - ND ND ND ND ND ND -
Se (mg I ND ND ND ND ND ND - ND ND ND ND ND ND -

a indicates Yoingin control district
b indicates number of samples
¢ indicates untreated wastewater district

d indicates not detected

e indicates significance test cannot be calculated because the standard deviations of both groups are 0

22 Journal of the Korean Society of Agricultural Engineers, 56(6), 2014, 11
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T-N, NOs-N9| B4t 5= A e, AF 2=
ot tol7} Gl AL &2 HA It (p > 0.05). o] =3ld =
Aol el 8-21A 1] - Ao r e o] 3t
7<= (SS: 16.6 mg I, T-N: 1.1 mg I"', T-P: 0.05 mg 1",
NOs-N: 0.9 mg I')7F S =] uh A1) 2 W2 5-0] 937933k
of o8l P =7} 2o ™ (SS: 297.0 mg I, T-N: 2.3
mg 1", T-P: 0.44 mg "', NOs-N: 1.6 mg 1), u] %} 2] 2] 72| 7
© A o2 7145 o] TS (SS: 733.0 mg 1, T-N: 14.0
mg 1", T-P: 2.76 mg "', NOs-N: 6.9 mg I'") 7} G-ql =]l o1t
1eo] Askakof upel w4 B (SS: 357.4 mg I, T-N: 3.1
mg 1", T-P: 0.35 mg "', NO3-N: 2.5 mg ') 7} Wro}# 7] w2
o= AtrEch A9 AATto) w2, $-2juket A =0
A AL 52~66 %, 1227 ~65 %] ATHe-S Hol A
S 2 W% 31 @It} (Cho and Choi, 2001; Yoon et al., 2006;
Jang et al., 2012; Jang et al. 2013). 3}A|qL At & © &2 7%t
3t s T AolAe FsEse] Jdl oS
B FEt WG ol Blsl T-N<] 739 ¢F 26, T-P2)
739 k2~ 4l e A Ve = Qe A 0E HalE| a1 9]
t}(Song et al., 2013b).

Z&t (Total Coliform, TC), BN+ (Fecal
Coliform, FC), 18] 3L E. colio] t)st B4 Ax}, TCL}E. coli
= W40 A9 vl A et Aot & A R0l gk x| o]
S HA O (p<0.05), =0 A= Aol7t e o2
UFERE T FC= 7l t=heo]l thigh 5= 2|27 -f-23k 2|
o7} gl A o 2 el I/ TC Bt e vl A
l4=2] 9] 73$-7.72x10° MPN 100 ml”, §-¢1%]79] 7-$-
1.05x10" MPN 100 ml™ & m] 4 2J3}5=2) ol| 4] -§-¢17]to]
8l 2A| Yepgt o, & 25 B sheafol-§ Harr] el
200 MPN 100 ml"-& 34| Z3}s1= A 0 & BA =9I (MOE,
2009). BFARE, QIZto v FE2] viEES B8l fEE= A
© 2 9F#d 2 FC (Jung et al., 2004)= 1] 4] 2|3} Lo A 3t
7}4=2] 7% 633 MPN 100 ml™, :=5<=2] 7-- 14 MPN 100
ml" 0 & g2l 2| 5o B8} WA LyEREom, WHO (1989)°]
A AXEE 712291 10°~ 107 100 ml' & WHEsH= 2 0 2 e}
et WAt =] it F e H|alehd vl A 2| s)
FA A= TN $ Foll A TC, FC, E. coliZ} 7HA8H=

Table 3 Water quality warning standard from previous studies

Ao 8 Yo, §RIAG = I & Eof| A TCL}E.
coli®] Bt 5716k 208 Vet Jang et al.
(2013) 9] BlAo|-g-A| -2t el WA o gt oot =Y
%) vla Aito] =1 sk o]-§- A Lol A= Blet =
9] TC, FC Habs == AR Yefut 8l 7%
FrollAf= =7t BNl vl F7kehe A o= Harstal
Ut} whebA, =2 0] TS ol thal, Fe=4 9
78-S Tl FES FE S o, e ¢
U2 S B 4= . om AA] 918 e & 59 9= v
_{[\_ o
Z54: B 2 Cu, Al Pb, Zn, 18]35 Mn 1] % 2|8k
2 IR4ol A ZH2F0.05 mg 17, 8.58 mg 1™, 0.03 mg I,
0.22mg 1", 0.28 mg 1" 2.2 8012 7L0]| u|3)| =7 Lelto
™ Al SAH O {205 Zpo] 7} Qli= A o= FAE Gt
(p<0.01). ©] Z Cu, Al, 718]3 Mn-3MOE (2009) ]| 4] A2t
82712 (Cu<02mgl’, Al<5mgl",Mn <02mgl")
<& zAfehs A0 2 et W F 534 4R =7t
H ZbEo] shE mA 4= 9lem, Cus B §1o] Wist& iy
2 O 7| A He] e A 4= 1AL, Al Mn2 25
A& ABIHAIZ| AL Aol 58 5= 91t} (Asano et al.,
2007; Jeong et al., 2013). 7€} =24 221 Nj, CN, As,
Cd, Cr*, Co, Li, Hg, 71231 Se AJE-2 T 2 71] f4= ol
oA HEEA AU ZL o] mlHlR Ao = ey

x0,
o
pav)
o
fu
>
il
i
v

Mo i
o

O

o

Lt APIE s= 24

2 Aol A= m A ek Al E-GRIA Lol A o A1 71
T4 EA4S EA81] fI8to] Fig. 2~ 40 xef o] Ul &
L= HSHS AT Table 33} Fig. 2 ~4 2] A& = €]
Eeof| oJsf) AAH 2715 vERd Aot (FAO, 1977;
WHO, 1989; MOE, 2009).

ECX= USDA (1953)9] 2314 0.75 ds m™' 2] 4=
HE ZE Aol A ARESE 4= gl A0 R HalE T 9lom,
FAO (1977)0] 4= B %5710.70 dsm™ o]ahH Z-2-0] A}
Abo]| 2 Jgfo] 9l= A 0 2 AAS}aL Tk (Kim et al., 2003).
Fig. 20]| ]9} Zro] 527121 597} 6 Yol u| A 2]al=2] -
=0 A EC2] ¥ BT 7}10.48~0.70 ds m™' 2 ] 1.4

ltem EC Fecal coliform | Total coliform Cu Pb Zn Al
(ds m™)  |(MPN 100 mI™")|(MPN 100 m™")|  (mg I") (mg I7") (mg I”") (mg I”")
Water quality warning 07 10°~10° 200 0.2 0.1 2.0 5.0
standard
References FAO (1977) WHO (1989) MOE (2009)
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, A Yongin district B: Untrealed wastewater district A: Yongin district ; B: Untreated wastewater district
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é Ve é' - :E a1 ;.; TR
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w o I I S am I I I I < oot
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Date: {month) Dt {morthi} Date (month)
1000 1 1
100 100
= T = o B T et e S
E 10 E 10 g E‘
- Ll - ||||
& .M'TF:.-W-[ r.v]—ﬂ 'J\'TP‘\-'\l."M'TPw r.\'-[l;u-\'. oo w |Pw "W |Pw w |='.r.' w |r—‘w W |Pv\
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Date (month) Date {month) Diate (month)
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L =0 am I I I 001 | I I
30 I | ' | I | 1§ ' | ), I | - || i | I &
W [P W B W | PW Y | PW W :Fu\'I oo W | PW [ IW | PW | IW | PW | W | PW | W [ PW o P IO PW W | PW Y|P I | P
‘ | ! [ I 1 [
May Jun s Mg Sep My Jun & Aurg Sep May A Jul Aug Sep
Date (month) Duate {month) Date (month) Date {month}
[ | rigation water (IW) Ponded water (PW) =====---- Waler qualily standard (FAD, 1977) 1000 1000
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Song et al. (2012)] &J5}H T 4= 44 S 44 528



0
ral

0
0.
J

0z
ro
z
=
>

o

A 45HE 2= 202 WSk 45 vi&5-st
T H] T-N 9~ 65 %, T-P=9~47 % Z7}3F 4= 9lo.
, A A 9] & Fslakel] Aol Qlo] matAQl e R
Far Qlck wheba], FUEL Y] Tt w2 WHFE o]
Sk 79 AT Bt 22 o) AH|E ok A2 4
ol SR Mgl ofu e, 1=0] Yot a ol mhE =2lo] 74
Fo| o g Eof7) sPeAS MHAAIZ = & Ao E
AL E T (Yoon et al., 2003; Jang et al., 2010; Seong et al.,
2011).
=0 T-N Y T-P 5= F3h= 0] A4 282+
Ao A ohE oo g yepsitt f-EutlA=
07 JYEHL T s N A oJgt EFe] mEtt
A 5ol 8l Y=L =7t FesxT)ol =4 &
ZE]31, 7~ 8Yoll= 7390l 2Jal FJAE o] Hiert HolAl=
Ao &2 ®B w3 ¢tk (Yoon et al., 2003; Song et al, 2013b).
2 Ao thu]E]l BRIl A= o] g URbA Rl
i EAS uhedato] T-NE| 49 6ol Hth 57.4 mg I' 7}
A BEE QL TYRE = Y HF 12~1.8 mg o] WG| = o
Al vepstet. vl A gsker] Y] 4 Bt HeeEs 971
A AA vlaA =2 Uepgom, T-NOJ %-¢-2.6~3.4
mg 1", T-P2] $0.16~0.60 mg I ] ¥ 9|2 B r} o]= 11
o] JFEHo] T WG AEH 02 3=
&0 2 AtmEch
Fig. 3-2 u| A g]appA] 7 W 81 A 7o) A 2] TC, FC, 18]
JLE. colis>2] G HSHE T/l =HeR JLhsto] Hoj
S Qlck e slpA| ] Ajo]g Wiyl A= Bl
s =084 o) A TCO| tiate] 200 MPN 100
ml" o]} A A|EAL 9125 (MOE, 2009), £ ¢170] 4 2] v]
Ag|shprA ] T B =g 7] AAll AA 7]
F& 28k A 02 YR, tiu]] SRR U
717 oA Il 9 =Y TC =7} 7182 236k A
S 2 YERSTE Jung et al. (2005) o wh2H TCof st 7|&
©1200 MPN 100 mI" o|5h= Uk kA7 of| 4] 7] & 4=
U= px|olH, Bl Hrt 52 B3 JstRrA L RESH A
Efjof| A AQHE] 7] wf o] @4lH] 9l 7]F=o gk of| 2l 7} Q)
ChiL 3FGiTh = 9] nlA]2lslA| ol A 9] A= TCs
L o270 10°~10° MPN 100 ml"' 2] He|2 7|&2S
A Hojdt 7HS Ho)a1 Q1 0, Jang et al. (2013)9]] 2]t 5}
S0l g IS BEA] F HHZH] 5.24x10° MPN 100
ml'& Fi= gho] YeEh}r| = s1gick whebal, TC 7|20 o
gk AQF 7L Eastole Etstal u) A ekl te] 5~6Y
TC 5= 433 2 A2 AR, Jsaty A zZPast
=017} @8tk WHO (2006) | A= A A1 2HE2) 3-8

N

|

o Ax

¢

K
o

r

Lo fT T oft

1 _g_o]

=153

ji
1

e, #2

2= AETA Aot T 254 E DR o, o+t
s Bt HA 8] SAS= Alo] B asirial A|kskar
210, Rhee etal. (2009)2 F5-27] I o] F|4 24 A)7F
747 & 2k el sk Alo] 91 do] Wrkar AQbstar gl
FC 5% = ulA 2|al=A] 4 #l4ol| 4] 5~6-Lof| th2 7] 1ol
HJ8l =7 Yepptey WHO (1989)04] AAIRE 7]&<]
10°~10° MPN 100 ml" 2] ¥ ¢S 231} %|= QL) E. coli
F 2 B3 A sl A| T Wl A P 7]ol = A UEr
WOl Jang et al. (2013)9] 3l w79l S WL
0~4,1003+ FFAFSHA] e UREAQl 4220 2 Al=ETh

T /w2l Cull Pbi= v A efsk=2]4t E7i4=olA] 6
Hof| S-gJte} skrAf o] 422 7] (MOE, 2009)& %3}5}
£ A0 2 UePton, Zno] 69 BtsE= $A7|E ot
oL} Y Fh2 7|ES HolA= A0 E YERyith Al 5Y
6 Yol A7) S 2= A 0 2 e O H, ToflA]
69, 8%, 9ol 7|EA] o)Ak 2 YR SiTk

=

galATok nlAelsA el B saksA
BAATIE W HolT) BAAT, RE 2AE| W
ghe A efsAl T SolA) el ) A Lekto
pH, T-P, Cd, 18] 31 Fehdwta= -8 7 A7 23t 2
o7} YEPHA] 238kH (p > 0.05). TOC+= 1] A2 sh=A] 517}
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Table 4 Chemical properties of the soil in the experimental paddy fields

Properties pH 0:—0;?]:0 CEC T-N T-P Cd Pb Zn Cu C;‘;t;lm
(Unit) (s) | rt?on (9| €mo kg )| (mg kg™) | (mg kg™) | (mg kg™) | (mg kg™) | (mg kg ™) | (mg kg™ (MPN 100 mi")
Mean 5.9 3.2 10.6 1646.8 5555 0.49 18.3 50.3 14.8 2.22E+05
vID? Max, 7.6 48 15.6 2453.0 838.7 123 31.9 901 20.3 6.15E+05
Min, 47 1.6 6.7 708.0 287.8 0.14 13.4 27.2 10.1 1,28E+04
Mean 5.9 3.7 15,7 18741 632.1 0.50 24.9 69.7 17.9 2.40E+05
uwp® Max, 7.0 46 20.2 2158.0 1008.3 210 46,8 109.3 32.3 1.14E+06
Min, 46 19 14,2 1423.0 4037 0.13 13.7 487 12.2 5.21E+04
p value 0.590 0.048 0.002 0.017 0.324 0.222 0.007 0.000 0.034 0.685
Average of Korea| 5.9° 2.6° 0.87° 22.9° 67.4° 7.7
V%Z'r'nfnc;”:;'gz’; 40 2000 | 3000 | 150.0
a indicates Yoingin control district
b indicates untreated wastewater district
¢ was reported by Kang et al. (2012)
d was reported by MOE (2013b)
e has been implemented according to the Soil Environment Conservation Act in Korea
= Fas A WS s fddel A& Ao R AR R
=t} (Jung and Thornton 1997). SEA| 4k, TG0l A A& %’ = Y
2] O} AL} o9 LS. RS W o] 24 A Ho| EAk] X 3. S .
o1 ol wieh 1% = SRS AR A9 e .
1 9Jo] (Jeong et al., 2013), A7 |7+ RYUEHS £33t A7} ; :1 — Regression live (WD}
g astAo|rh O e UM
Lk AP g2 2 fom o | e
Fig. 5= n]42lalea] 7 @ 21470142 TOC, T-N,  E.m f I
T-P, Cd, Pb, Zn, 712]3 Cu 2] 3t A]7] 8 kgt ¥ "
3HE Hojpal glowm, Al W M2 747} ) A efska=A] AL s ——
QF -BRIR| L] A7 F=AAE LERH A olTh Q‘OIX]:TLOH 20 o sac =
HETOCS| 7% A17k] Aol wfzt 2} 5718k w| T
UFERE AL (= 0.914, p < 0.05), Pb2] & @z}%}i‘s}t 7,12 rie E
2 et =-0.802,p<0.05), WA EfSIA PO AE R 5 e
= =4 ol gl AL Yo R S ko] e “
oottt SEARE, WGl =2 FEE YEREYE Pb, Zn, jT— it it e ase e
123l Cu 0] ESS 2012H 6ol 71 =7 vet [ w1 o -
Wolg oUW astglon 202d e vk |
31z Z5Fo] Urebidt). Jung and Thornton (1997)2] #4F  few | o " oo | Fw | i T —
B3 e0)49] Cd, Pb, Zn, 712]3 Cu mYE|Y Aupef ofgf < T e | O v asm
%, 0% 3302] T 557} o] 80U 1]3 %A N .
e, EOR2 0|4} 33043 150 2] 3ol 804 <] R S

ol vlal A Yeh= A 02 B a1skar gt} tEo] Jung
and Thornton (1977)-2 ook & 3021 2] Eofglefo]| &7 L}

26 * Journal of the Korean Society of Agricultural Engineers, 56(6), 2014, 11

Fig. 5 Temporal changes of organic matter, nutrients, and heavy
metals in the paddy soils, UWD and YID indicate the untreated
wastewater district and the Yoingin district, respectively,
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