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Analysis of Water Quality and Soil Environment in Paddy Fields Partially Irrigated with Untreated
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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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AR oi oF3gke- u|z 4= Qlth (WHO, 1989; Kang et al.,
2007). 3 Fol Z3hE rke AL Wels @ =
=g —i TS A 4= 9o (Mills and Jones,
1979), B34 AEL ¥ 2o] vskAAS S el
A oA |8lo] =8 4= QTh (Asano et al., 2007; Jeong et
al., 2013). 3}, 2374 AR 0] EoF I A0 RS B3] 014
of G35t Jg2 = 4= 3t} (Sharma et al., 2007; Jeong et
al., 2013).

Se0] 48Rl ol g Uk AL ThAlAR) 3
O] oAl = &fellA] Zds] o] Fof A gtk %14101]*1
= SR 2)40] Aol ol w2 oA 0] 44, Eof, 1
231 A5 52 Hrlsk= ATt (Kang et al., 2004; Kang
etal., 2007; Jang et al., 2010; Seong et al., 2011; Jang et al.,

5353187 Al56d Al6E, 2014 © 19



ox2I5keXlRt =0iMel a2 & EY £

I
HI
-Ll.

2012; Jang etal., 2013; Jung et al., 2014) &} A+t 5 | Y&
O ATEA, =t SERE 54 14, TLEaL Q1A flsf
AL 71l ATt (Jung et al., 2004; Jung et al., 2005;
Yoon et al., 2006; Rhee et al., 2009; Jun et al., 2013)7} 4=3)
v Qo). 3L sl 2] 4e0] - 82 o] ZHH A o8l
g2 o 9 BERhe mixe J3e Bkt A
(Jeong et al., 2013)7} o] Fo| Fth. SFARE, 7|29 A4l= &
SotrA g Ao A A2 E Sk B o3 B A Al
ol 2Jalf A 2] d ko w2 FFS BT AR, A=
Al FAY Aok 5 (holA P = F Hul= v|A sk
FAA el whE o W BoF S FakE A5k At

AJet A& A ek 0 = LRSI (Fig. 1).
8} 57 (MOE, 2013a)f= 43 A8 w5 ot
Sedat sl el o] wio] WAElo] 9low, Table |
© 5P, 241 g9, Beje] ujHelsi L Hel e WAL
ER Alolch. mlx|efakeel v e Bhd, 82, Helol 80 %
oo 2 | Lhefikom, o] o] ulHelsiar e 9]
A3 0k&o] sl A el 2 5 A4 2 598 TR e
O 22 21013 4= 1otk 814, §9, B 7] a3t v]
Aelstodo] EahE g o] Golat Mo FAoR
B ARSI B 2T FAEs 7 B nhe s
A7k QLB 0] Z AT T Y17 o e
2 =02 348 7Hs Aol Y37 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 %)

Treatment sites?

Confrol 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 thAIR| 2 A A8}
%00 Fig, 17} 2},

2 AFE 9 thul TR A 7]= Sl §IAIRE o 5A
FRE WNE4E o] 85H= 82A]F (Yongin district,
YID)9] 570 A AgsIch £17 7 8499 ol
A7) Al B el o A4 el ola, 78
2] 9 g-ulmrt AE 0.2 HulElo] Qo) ulad AEst
WHEF7F =02 FUET (Song et al., 2013a; Jeong et al.,
2013).
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T=2012~2013 9] 571 thsf = 18] 7402
g @Rl AERstlon, SdIeh 71dEol
7 o] FO| A A] S F ol AlmE AHFSHA] &
Utk 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 thaf A7)
ol gto] A5tk
BE 42 W) EOPA] R A Tl 5 AN TR 3 5]
7149 (National Instrumentation Center for Environmental
Management, NICEM)o]| &]&|s}o] A5t} 42X 2=
pH, EC (electronic conductivity), DO, TOC (total organic
carbon), BODs, SS (suspendid solid), F¥EHF, 55,
b 5 & 377HA] ol tiste] A dSHAIR 7
(BARTA A2012-99%)0] we} BA}AT, EARE
pH, TOC, CEC (cation exchange capacity), T-N (total
nitrogen), T-P (total phosphorous), Cd, Pb, Zn, Cu, )%}
5 5 10714 3}=of tfjglo] ASA (american society of
agronomy)2} SSSA (soil science society of america) ] EoF
HLAHI (Chapman and Pratt, 1961)9] w2} 2435190}
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(independent samples t-test)=, 307 ©|Tke] R}z of T3] H]
W B A4 W-91EL 4% (Mann-Whitney U test) &
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Table 23= 1|3 2] &}=2] L2} e F-¢1 G212 7-2] 377)
S FE o] gt WA L g WU E Y Anjel B 24
AIE HojFa YTk pHi TA4=0] 49 F e x|
7k frolgt Aol 7} U] gigkont, =g4=o] 79 ]3]
31221 7ol A ¥ UrERdTh (p < 0.05). HA]gL -2 utete]
=182 pH 7|52 6.0~8.55 Hojuhx| &= kot

ECi= #420] 7% mA 2ol 7oA 033 ds m™ &2
§91%)7-2] 0.18 ds m' o} H] i 3}o] H-0J&F 2fo] 7} Q= AL
ZUERE O (p <0.01), B4=0] 9ol A= 213k Zjo] 7}
UERFA] erotet Kim etal. (2003)°]] 2J31# -2j el =
N4 2|5)4=2] EC HasE=0.286 dsm' 0.2 X 135}31 Q)
o u] X 2] EA| T oGl A o] Tt 4o A O &2 Lye)
ek

224 ol (Ca”’, Mg™", Na )& B7lj5=2] 7 n| 2]
SlA) 7L 821 Aol vl =7 UrEREe T (p <0.01), B
5=0] 9 | A elslEA| ol A B e g Bt (p <
0.01). CI' 3} A0l 4 1] 2] 2|81 7}-8-1 4] o] v
&) o 2 gho 2 YR TH(p <0.05). EC= UWF4 © 2 Na'
2l 9 5Er oy 2o g Yehf= o8 Bagw
%12 (Domeno et al., 2009), 2 &Lof| A u] A 2|5l
WG} A Lhehd AL v]52gt o] f mj R0 2 AfREC

DO, BODs, COD, 7128] 31 TOC= 37l4=0] -2 n) 2| 2] 5}
SR A -1 Aol v Bas T e e o g 5
AH o2 fofdt Aol gl A0 2 BAEGITE COD2) 7
- wA 2alg R ol A 9.3 mg I' & 514=0] 5984 0%
7% (B 7| 5 AH A2, 2012)918.0mg IS 2
5= A0 2 YR o), Kim et al. (1988)0] A4 52+
2 317471591 50.0 mg ' o= 1] 2] 7] ¥3kek. E3BOD;s 2
UG 7IE2 8.0 mg I 2 7 A7 TS 9l v
B o2 23l5A] Yolch

SS, T-N, T-P, 18] 12 NOs-N9] B = )40 4$
n) A @]l ol A -1 Aol H]s) A LER AL BA| 4
SR §O5t Ao]7} Yl A0 & LrERTH (p < 0.001). 8}
A9k, =0 -9 vl A 2|sleA| 77801 A 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 2.1 0.11 0.002 | 0.26 1.84 0.04 0.27 0.91 0.10 | 0.705
DO (mg ) 8.8 147 6.5 19.1 473.8 58 0.105 8.1 14.9 35 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 2661 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| 0.9 356.4 |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 11 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 A L2 HAE It (p > 0.05). o= 3ld =
Zghol| el -8-R1A 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 Alu] 2 W2 5-0] 93933k
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 ", T-P: 2.76 mg "', NOs-N: 6.9 mg I'") 7} g-9l =]l o1t
o] sk o] upel w4 B (SS: 357.4 mg I, T-N: 3.1
mg 1", T-P: 0.35 mg "', NO5-N: 2.5 mg ') 7} Yro}# 7] w2
o= AtrEch A9 A-ATo)| w2, $-2juket A =0
A AL 52~66 %, 1227 ~65 %] ATHe-S Hol 7
S 7 W% 31 ¢t} (Cho and Choi, 2001; Yoon et al., 2006;
Jang et al., 2012; Jang et al. 2013). 3}A|qL At & © &2 7%t
3t WheE TR AolAe FsEse] Jadl oS
B FEt WG ol Blsl T-N<] 739 ¢F 26, T-P2)
739-F2 ~ 4l e A Ve = Qe A0 R HAlE| a1 9)
t}(Song et al., 2013b).

Z&t (Total Coliform, TC), BN+ (Fecal
Coliform, FC), 18] 3L E. colio] st B4 A}, TCL}E. coli
= W42 A9 v A et Aot 8- A R0l gt x| o)
S HAOU(p<0.05), =0 A= Aol7t e AoR
UFER T FC= 7l t=ho]l thigh 5 Z|27F-f-23k 2|
o7} gl A o 2 vpelyth I/ TC Bt e vl A
14221 79] 73$-7.72x10° MPN 100 ml”, §-<12]79] 7-$-
1.05x10" MPN 100 ml" & m] 4 2]3}5=2) ol| 4] -§-¢17]to]
vlal) 2A| Yepgt o, & 2|5 B sheafol-§ Harr] el
200 MPN 100 ml"-& 34| Z3}s1= A 0 & BA =] 9IcH(MOE,
2009). BFARE, QIZto v FE2) viHES B8l AEE= 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| 7Lo]] B8} WA LyEREom, WHO (1989)°]
A AXEE 712291 10°~ 107 100 ml' & WHEsH= 2 0 2 e}
et WAt =] it F e Hlalshd 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 Uepg o, §RIAT = I & EollA] TCL}E.
coli®] Bt F716k= 28 Vet Jang et al.
(2013) 9] BlAo|-g-2| -2t el TN A gt oot =y
5] vla Aito] =1 sk o]-§- A ol A= Bolet =
9] TC, FC Habs == AR Yefuut 8l 7%
FollAf= =7t Bl vl S7ehe A o= Harstal
Ut} whebA, =2 o] TS ol thel, FS=4 9
78-S Tl FES FE S o, e ¢
e S Y 5= L om AA] 918 e & 59 9= v
_{[\_ o
Z54: B 2 Cu, Al Pb, Zn, 7183 Mn2 1] % 2|8k
2 IR4o 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 SA A 02 {003 Zpo] 7} Qli= A o= FAE Gt
(p<0.01). ©] 2 Cu, Al, 18] 3 Mn-&MOE (2009) ]| 4] Aot
82712 (Cu<02mgl’, Al<5mgl",Mn <02mgl")
< 2ok A 02 et W F 534 48 =7t
H ZHzo] shE mA 4= 9lem, Cu B §1o] Wista 4y
2 O 7| A He] e A 4= QAL Al Mn2 25
A& ABIAIZ| AL Aol 58 5= 31t} (Asano et al.,
2007; Jeong et al., 2013). 7€} =24 41221 Nj, CN, As,
Cd, Cr*, Co, Li, Hg, 71231 Se AJE-2 T 1] f4= ol
oA HEEA AU ZL &fe] mlH[R Ao = ey

x0,
o
pav)
o
fu
>
U
i
o

Mo i n
o

o

o

Lt APIE = 24

2 Aol A= m A ek Al E -GRIA Lol A 9 A1 71
T4 BS54 fIsto] Fig. 2~ 40| xef o] 4l &
= HSHS AT Table 33} Fig. 2 ~4 2] A2 = €]
Eeof| oJsf) AAE 2715 vERd Aoltt (FAO, 1977;
WHO, 1989; MOE, 2009).

ECX= USDA (1953)9] 2314 0.75 ds m™' 2] 4=
HE ZE Aol A ARESE 4= Qs A0 R HalE T 9lom,
FAO (1977)0 A= B %5710.70 dsm™' o]3hd Z-2-0] A3
Abo]| 2 Jgfo] 9l= A 0 2 AAS}aL itk (Kim et al., 2003).
Fig. 20]| ]2} Zo] 527121 597} 6 Yol v A 2]sl=2] -
=0 A EC2] ¥ Hits%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 1) (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: Untreated wastewater district A: Yongin district B: Untreated wastewater district
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Fig. 2 Comparison of the monthly mean concentrations of EC,
T-N, and T—P in the irrigation and ponded water for each
district

A: Yongin district B: Untreated wastewater district
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Fig. 3 Comparison of the monthly mean concentrations of total
coliform (TC), fecal coliform (FC), and E, coli for each
district
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Fig. 4 Comparison of the monthly mean concentrations of Cu, Pb,
Zn, and Al for each district

A UERE QU FAO 7152 W5shs 21 0 2 YElytt 5t
A9k, 5Y2] 7|7k A=2.11 dsm” 2 FAO 7]5& A7)
Zh= gro] Uehd Fsx7]ol Fo7t Bast Ao ' A
ach

TG0 QAT T2 Fig. 204} o] m| A 2fs}
S22 7L0] A9 59U T-N31.3mgl”, T-P9.31 mg1”, 6]
T-N39.8 mg 1", T-P 9.81 mg I'' & %% 7]0] A Vrehyt
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o2 AR Aol ] Al 20~50 % Fol= =
B 2] f22)5ko]| RS m|]A| ok A 0F HilE . ik
Song et al. (2012)0]] 2JatH Tl =4S T4 4AFH
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mg kg, 50.3 mg kg, 14.8 mg kg 0.2 u|A] g5}t
A H 7 dER e (p < 0.05), EFRH EAAM 0] EoFt
A 90 #7)2e 2EHA= 9ktth Cd, Pb, Zn, Z1E|10
Cu Aol theh Tl 5ot B vl aLshy, ul g
Bl ool A G270 ¥l aE] 37 LERd Pb, Zn,
T18)31 Cu -2 BT ol A M= B2 4]
alo] el on, 7ol A HEE ] 9td Cd= Bk
0] 7-9- n) A 2lalrA] ol A A=t Eok A UERg T
(Fig. 4). o] & ll, nlA g]sl=A] 72| EoFol|lA] A Veh
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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?o n (%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 46.8 109.3 323 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'mcn‘;”:;:z:‘rgs” 20 | 2000 | 3000 | 1s00

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

€ 3u5 TS Wi s 980l = AR AR
Ec} (Jung and Thornton 1997). SHA|RE, 7ol A HEE

A AU ufj9- o kS Hole 224 A Ho| EoFO] %]
o1 ol wieh 1% = SRS AR A9 1
o %Oi (Jeong et al., 2013), A7|7F R E| S-S E31 Hrp7}t

Lt Al7| 31 2A
Fig. 5= vjAgfskpAlt 9 8212l 4 9] TOC, T-N,
T-P, Cd, Pb, Zn, “12] 3 Cu 8}=o] tfat A 7|8 EoFala vl
3= Holgal glom, AA 9 A2 72 nl A 2aleA|
o 817 AV S ekt Aol $el
A=TOCS] 7-5- Alzto] Aol whet A} S7te}=
UFERTL (= 0.914, p < 0.05), Pbo] -2 @z}-%}ﬁ\_‘s}t 7,12
2 UERITH(r=-0.802, p <0.05). WA 2]3lrA] ol A= i
£ 2 8o o) FAAACR et Faol et
ATk SEAIE, ol A =2 F =2 UERESIE Pb, Zn,
“1E15.Ca o] SO 20126 0400 71 S0 ek
o] 997HA] HA; askgl o, 2012 1Y o] tha 4
%ol= ko] YERGTE Jung and Thornton (1997) 9] 334t
o =0|419] Cd, Pb, Zn, 12|31 Cu RU BT Aito] o5}
olo} F:30210] Pl 557} olaf 5 802 s 7
Uehbol, EQRe oo 3023} 150210 gHeo] 80212 3
&goll vlsl A vehbe A 02 Harskal gt BlEo] Jung
and Thornton (1977)& ©]9} 3 304 2] Eokslafo] =7 U

gﬂ
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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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