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Analysis of Wastewater Reuse Effect on Field-Scale Water Quality
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ABSTRACT

The purpose of this study was to analyze the water quality change when wastewater applied to study paddy fields. CREAMS-PADDY
(Chemical, Runoff and Erosion from Agricultural Management System) model was used to estimate the field-scale water quality.
Simulated results were compared with observed data monitored from Byeongjeom study paddy fields which is located near the
Suwon sewage treatment plant in Gyeonggi-do. Significance analysis was performed for the three different irrigation water quality
level and five fertilizer reduction scenarios using LSD (Least Significant Difference) and DMRT (Duncan's Multiple Range Test).
Total nitrogen was found to be significant for both irrigation water quality level and fertilizer reduction while total phosphorus was
not. Annual drainage load for total nitrogen was reduced by 66~92 % compared to irrigation load when treated wastewater irrigated
to study paddy fields from 2002 to 2007. Total phosphorus was reduced by 70~86 %.
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Folgago] AL 9 FHA B 37 58 /dE ¢
At (Kang et al., 2004). st=Ajo]-82 AlAl 400)=rollA A
LAY A Fofl ow, E3] AAFoR oF 23T hal)
EXof 59 =2 sfpAeert WwlE 9la I wae
A4 o A Aot (Jung et al., 2010).
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SRl B2 wEY HREdo] 59 ‘zlow, o
Aol WrEw sAeds dorls S8 ddlo] ot shARt

59



shpReleo] 5984 Aolgol e EAUs $19%

1

Sha

b

SIEAEPE FEETE Aol8 Aol HEAdRES A=
o] skt olgstal, Aol A Bo] Yo EYE
o7t AuA o & A WA= Bt Qe AeE &
AFEIRIEE (Jang et al., 2010).
2 A= Al FHE Aolgol
Aads dgHor FAs] s tix+ 9 AeAE AXA

E—' AX]jH

S ARZHS 24l AT 5UES Aolge] uE
SRS B TS AR BAA WS o8
sto] Whe: 420 9 Al Aol T oS BAfstel 5
SAHURE WSS Aolg T A9 ol AF HHS
] shgict

I KB U

1. e

sleAElRe] Aolgol We 4 uMsE mejs] 93] %71
T SHYA] EIQRS ZRtElo] $IAIg YAl skrA A e
%700 7 hieel WY AWEAS chHOR 1Y stk
B AYe AT SAYHst SEstelA 20024
e B T

of [LllO FO(‘

i

Fig. 1 Layout of experimental paddy fields
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Al Aolgol w2 s
2 Ak WA iRt (TR1) o}TxﬁlX W At
(TR2), skrAEld WRTE ojuet 4502 AAste] Bl
Sk AT (TRIE A= o, AFEAY] A=
5 mx5 m A7|2 3A2] 49HE0] 127) AlETE dIHeR
a2l (Fig. 1).
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Table 1 Influent/effluent water quality of Suwon sewage
treatment plant

Influent (mg/L) Effluent (mg/L)
Year Treatment

BOD|COD| SS |T-N|T-P BOD|COD| SS |T-N|T-P

Standard| - | - | - | - | - <20| <40 <20| <60] <8

1997 | 92.6] 50.4(124.939.70| 2.84 8.5 10.0] 5.732.10| 1.62

1998 | 91.4| 51.4104.726.20| 2.81 8.0 9.7| 4.522.00| 1.59

1999 [103.8| 53.4{142.8|26.90| 3.03 8.7| 10.3| 4.6/21.60| 1.66

2000 [108.2 54.9[113.4(31.87| 2.87 12.0] 12.3] 8.4/26.64|1.51

2001 2027 77.8|149.1/32.59| 3.24 11.7) 11.0] 8.4|21.03| 1.54

2002 |136.4| 64.7|147.4/28.52) 2.83 13.2| 11.8] 8.3/19.12| 1.52

2003 [214.5117.0[305.5[49.77| 5.41 13.0] 11.5] 9.521.59| 1.63

2004 |135.7| 63.7|118.833.41| 4.37 12.7) 10.9] 6.6/17.74/ 1.98

12.4| 12.5] 6.6|21.59| 2.15
9.6| 10.0] 4.0/16.33| 1.32

2005 |142.7| 68.4/108.0[35.91/4.09

13.7| 12.5] 7.0|21.53| 1.89
11.5] 11.6] 5.1{16.09| 0.91

2006 |159.9| 72.8|104.3[36.42| 4.03

12.0] 10.6| 6.2]19.01| 2.16
12.7) 11.6| 7.3|12.91|0.96

2007 |137.0 65.4/116.0[35.86|4.09

88| 94| 5.3/12.70| 1.00
9.9 94| 4.0/ 8.40]0.50

2008 [169.1] 74.1106.7|35.20] 3.90

7.5 9.6/ 5.4/13.31|0.90
7.2 9.1 5.1 9.850.80

2009 |170.3| 76.3|119.7[37.71| 4.14

7.6] 10.0] 4.4/12.08| 0.94
9.8] 11.9| 4.3 8.59|0.86

2010 |139.2] 72.0|1124.2/37.14| 4.56
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Fig, 2 Overview of CREAMS-PADDY (Chin et al., 1996)

] g EokRARolA] 1980 ] et CREAMS (Che-
mical, Runoff and Erosion from Agricultural Management
System) 2@ ZHFEAA Y A77H) G5 B AFSE F
240}7] st]- Eﬁi o7 £~7 U XIN Ul §]—6‘1—€Z] Etﬂo i@-ﬁ]—
agled, 7] 4 ZP7] BOMPES & 4 Q=R FHO
ek & Ao FeAE =olliY] ddEE HoE 2
ﬂﬁ}xl %= CREAMS EFS& #4sto] =olxo] EAlet =

A Bop7} 7hsaHeS 7%k CREAMS-PADDY 2% (Chin
et al., 1996)& 2-&3st3ich

CREAMS-PADDY %#-& CREAMS® YgAtas
2 Hosto] CREAMS 231} $3EEE 319y, 4
o AL W] BoA) A4S Al o Bl
3}5; o]-O:]“‘! ogookg;d E*&]_,] ﬁOL i 11/\ (T-
o]l (T-P)& %}Eﬂtﬂ—o} T-N u_l T-P——] =T u_l _t’l_g}ao];% ]/‘\_].
shES PEgon, B ola) B71el Rl 4
A dofuA| HE= Eﬁlﬁ«l Hagoniy gpqore]

FE9 AITH Apol7h HHAERAL 714ste] 7]1&E CREAMS &
B FTE st AP =4 dojue Aew F
d%o] itk

B Aol Kim et al. (2007)2] dAtollA AAgE 4247t
o s A8ekglon, A - 24%¥ CREAMS-PADDY
HEE olgsto] shpalefd] FU8a AoldAl AR WS}

o W2 oo UGS RO, ol Aol g2l &
Qralge] B hERsINE Al ol st

AubH o2 A w2 ko HEEAS heka
QoA AHjEF Agto] 710t 4= Itk (Jang et al., 2010). Al
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Alug] 9= e Ao mhet Z[ske= 17 (Ground Water,
GW) % skeitRas olnb- Ak A3 sieAes Wl
(Wastewater, WW)Q}, sleA|gl4 ToAl Alv|EF 2 (WW
+10~50 % reduction)¥l W} FFAMF 7]59& 10 %,

20 %, 30 %, 40 %, 50 %S ARFel= A%0] & TINE A
skt
ALt 2.9 oA 4 oA tigh FoAS

A53H] -‘H'SH ]'H’H (Analysis of variance, ANOVA)E
AAEE H AR e R 2AG-03) (Least Significant
Difference, LSD)2} Duncan®] TR % (Duncan's Multiple
Range Test, DMRT)S 83}sich

ANOVAE + it oliFe] Bt 7to] Aol5 455
el FA4E & Bt 7 Aee]
At 7+ Akl v
RS sk Wolnt. o &
LSD® DMRTS ARSHA E=d, o] & LSD= Fisher® LSD
AAoE BFH -7HA (protected t-test)o|g} dhn, BARR
Aol A7t §oJgt Aejojof 7hssitt. DMRT HAWHS &
AREA O] Axp Ae|7tel] foapt Q1E o o= A}k Zpo|7}
A=7HE 9ol ool ¢l ASel= Azt foxt
gtk s Wele es Aejaite X}O]E oe oF
% o G HEE E 5 o] B B AER
of & &kl wWol E§skar §lrtk. DVMRT 7&@‘%“?33 ]
wolle A 71 22 of ARk WRleldlod e A
o] 27 dete & 4 QRS Helkwo] §lom Ahto] 7
skl gatatol| gk E‘itga—ﬂ.ol vl =2 5AS YR

DMRT+= ofgi7le] vl H=E 7iAw, 29| Hets 7]
o0& ygdste] e A} QoA Q= AeHait

o= 7tz Ao wet MR o HEREA Blasks Aol
o] o] v|WAEE F|AG2H9 (Least Significant Range, LSR)
olgtar ap, 4] (1)1} Zo] Yepdlct.

w2

LSR= SSRX s- (1)

o]7)A SSR (Significant Studentized Range)& AEEES|GH

WglolL, s, Helmage] BEUAolr SSREEE p= 20
p=0HA B, ol7IA] pi Hlmstig she AelHEY
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1. T-N, T-P &59 #& ZLHY

Table 2} Table 32 FF=2 FE<Q T-N2t T-Pof o3|
=0] ghgro] tidt 2002 ~ 20079 7HA ] 4 RUEH A
I= TR1, TR2 ¥ TR3HZ Hoj21 9t} (Seong et al.,
2010). A3k I (TR I3l sleAeld Wi A+t
(TR2)9} slpA el Wi A A2+ (TR3)S] T-N¥} T-PY]
Bt sEgko] =2 AS 4 4=tk T-NojlA] 2003|2004
doll= TR29] Hat %7} o =2 a8 YERHI, 20064

Table 2 Monitored ponded water total nitrogen concentrations
for each treatment from 2002 to 2007

9] 7% TR29| Bt %7} TRIo| ulsle] wre 2L oI5}
odck. T-PS] %9 TR29) B =7} TR3e H]3] oFk &
ol et 200799] B9 TR3S) 557 of 74 1% =gl

A9 TR3Q B H%7 TRIECH Wk 200549<]
28 Hat 5= ghol 7P =A bk

20048 2]
ALo= TR1IA 2

2. ETE9 20| Hg

Table 48} Table 5% Seong et al. (2010)2] oA A
= T-N 9 T-P 55 vigo s By Algxsol sl 3173
I ®BAAE AAIRE g HolRal glom B dAofA= -
BHA ZA 717kl High mojR|el ASA|9 fAMSS ERlstith
AE]9] dlolg 4ol glo] 3= 7Holu o 7HA 0% WUF
BElo] AA| X}ﬂ?ﬂ%e HE wkgsl] ofgle sEARY &
AL =55] Yol 49 2T (TMDLs)E #13t &
BA 740 4@ A753F (Kim, 2008)°l AAE 4
A=Y A% 5U7ke] Bk ¢ (5-day window, 5%
NS AEAIA ASA|eL 1oAY FAMIE Hlalstglom,
Table 4, 50 Ueht 275 Aoy tjziz ol §HUY
TR1GIA= T-Ni} T-P7} 29| BA7|7ko] thaf A&7}

Table 3 Monitored ponded water total phosphorus concent—
rations for each treatment from 2002 to 2007

TRI (mg/L) TR2 (mg/L) TR3 (mg/L)

Year
Mean | Max | Min | Mean | Max | Min | Mean | Max | Min

TRI1 (mg/L) TR2 (mg/L) TR3 (mg/L)

Year
Mean | Max | Min | Mean | Max | Min | Mean | Max | Min

2002 | 437 | 1150 | 2.07 | 9.18 | 14.04 | 249 | 5.28 |11.42| 2.39

2002 | 0.455 | 1.555 | 2.070 | 0.673 | 1.806 | 2.490 | 0.491 | 1.819 | 2.387

2003 | 0.97 | 3.88 | 0.00 | 5.03 1203 | 0.55 | 5.84 |20.00| 0.77

2003 | 0.163 | 0.398 | 0.004 | 0.780 | 2.199 | 0.022 | 0.652 | 1.553 | 0.058

2004 | 350 |13.51] 0.01 | 11.00 | 18.66 | 1.06 | 11.87 | 21.04 | 0.21

2004 | 0.413 | 0.903 | 0.050 | 0.443 | 0.852 | 0.078 | 0.396 | 0.575 | 0.094

2005 | 092 | 121 | 0.63 | 311 | 523 | 0.78 | 277 | 7.36 | 0.46

2005 | 0.427 | 0.785 | 0.032 | 0.405 | 0.707 | 0.229 | 0.296 | 0.333 | 0.237

2006 | 1.25 | 310 | 0.74 | 044 | 099 | 0.04 | 276 |10.02| 0.03

2006 | 0.151 | 0.179 | 0.088 | 0.384 | 0.658 | 0.169 | 0.304 | 0.479 | 0.144

2007 | 0.76 | 1.26 | 0.38 | 5.00 | 894 | 1.05 | 6.17 |10.34| 2.16

2007 | 0.080 | 0.113 | 0.034 | 0.261 | 0.468 | 0.125 | 0.423 | 0.551 | 0.334

Table 4 Model calibration statistics for T-N during the calibration period and validation period

Plot Statistics 2 002._2004, 2005_2007. 2002_2097
(Calibration Period) | (Validation Period) (Total Period)
Percent of observed values within 5-day minimum-maximum range 13.6 50.0 27.8
TR1 Percent of observed values > 5-day maximum 40.9 7.1 27.8
Percent of observed values < 5-day minimum 45.5 42.9 44.4
Percent of observed values within 5-day minimum-maximum range 22.7 14.3 19.4
TR2 Percent of observed values > 5-day maximum 59.1 35.7 50.0
Percent of observed values < 5-day minimum 18.2 50.0 30.6
Percent of observed values within 5—-day minimum-maximum range 18.2 35.7 25.0
TR3 Percent of observed values > 5-day maximum 2.7 35.7 58.3
Percent of observed values < 5-day minimum 9.1 28.6 16.7
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Table 5 Model calibration statistics for T-P during the calibration period and validation period

Plot Statistics 2 002._2004. ?005_2007. 2002_2097
(Calibration Period) | (Validation Period) (Total Period)
Percent of observed values within 5-day minimum-maximum range 22.7 50.0 27.8
TR1 Percent of observed values > 5-day maximum 40.9 7.1 33.3
Percent of observed values < 5-day minimum 36.4 42.9 38.9
Percent of observed values within 5-day minimum-maximum range 18.2 42.9 27.8
TR2 Percent of observed values > 5-day maximum 2.7 50.0 63.9
Percent of observed values < 5-day minimum 9.1 7.1 8.3
Percent of observed values within 5-day minimum-maximum range 22.7 35.7 27.8
TR3 Percent of observed values > 5-day maximum 54.5 57.1 55.6
Percent of observed values < 5-day minimum 22.7 7.1 16.7

Table 6 Significance tests for three different irrigation
water quality level and five fertilizer reduction

Nutrient Treatment 2002 | 2003 | 2004 | 2005 | 2006 | 2007
GW (Ground water) | 4.71* | 5.83" | 4.88" | 4.98" | 5.25" | 5.46
WW (Waste water) |10.66°(10.24"(13.25"| 8.92" | 7.20" | 9.05°

WW+ 10 % reduction |10.54™|10.11°(13.13"| 8.79™ | 7.07" | 8.93"

T-N | WW+ 20 % reduction |10.41°| 9.97° [13.00"| 8.65" | 6.93" | 8.82"
WW+ 30 % reduction {10.29”| 9.83" |12.88"| 8.52" | 6.80" | 8.71"
WW+ 40 % reduction |10.17%| 9.68" [12.76™| 8.39" | 6.68” | 8.60®

WW+ 50 % reduction [10.04”| 9.54™ |12.64| 8.25" | 6.56™ | 8.49"
GW (Ground water)  0.3619(0.35750.3289/0.3731(0.3447 |0.3505
WW (Waste water) |0.3762|0.3745(0.3379|0.3834|0.3679|0.3555

WW+ 10 % reduction |0.3762(0.3715/0.3379]0.3834(0.3678 |0.3555

T-P | WW+ 20 % reduction |0.3762(0.3744 |0.3378|0.3833|0.3678 |0.3554

WW+ 30 % reduction |0.3761|0.37440.3378|0.3833(0.3678 |0.3554
WW + 40 % reduction |0.3761|0.3743(0.3378|0.3833|0.3678{0.3554
WW + 50 % reduction |0.3761|0.3743(0.3378|0.3833|0.3687|0.3554

* significant at 5 % level
> 5% significance level group by DMRT

BARAS F3) Agks I (Ground water, GW), S]]

4 W (Wastewater, WW), Sleal2]a d7lig=of] AlnlgF AR
(WW+10~50 % reduction)?Fe] 5-9d& HAsH3T A

| A3t 5 % FeleEolA T-N2| 49olli= GWell thsl Ww
I WW+10~50 % reduction> 3227} Ql= Ao2 U}
U LSD #78¥} DMRTE AAlsHleH, T-Po Z-9oll= 9
A7h gl ASRE YEeRt DMRTYE AAEHT
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Fig. 3 Significance assessment of Duncan's multiple range test for T-N (left) and T-P (right)
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Fig. 4 Comparison of irrigation load and drainage load for wastewater irrigated paddy fields (T-N (left), T-P (right))
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vl 2 ghe HSlh

2. slpAE e Y& Aolgel T Wi 48 9 A
HgF A7k AU o5 sk, 4= 59 Alve el =9
RS CREAMS-PADDY ®3& ogslo] mofslgict &
ojduto] disf FAREAS AASHL LSD #4 9 DMRTE ©]
83t oA ARE st T-N9| A$- Ast 7K}
sl W 9 AMIEE AR fo4do] Y= AeE U
Eftom T-pPo| Afoll= e #do] mE fo4d2 291
= Qo AuleF Aol mhE foAd gl ACE UEiTth

3. 200290%E 200797HA] 6d7He] HOjANE AwHH, s}
A AR RO Rl Hlel siERelE> T-Nat
T-P] 79l i3] 22t 66~92 %, 70~85 % A% 743}
= A0® yehd, slpA s shdoR AR WRshs AR
e U8R Aolgst & o el A Holg
Aol Bt Qe AC® HrHE
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