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Rice Cultivation with Reclaimed Wastewater Irrigation
for Wastewater Reuse
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Kang, Moon Seong - Park, Seung Woo - Kim, Sang Min - Seong, Chung Hyun

Abstract

The objective of the research is to develop agricultural resue technologies of reclaiming the effluents from
a municipal wastewater treatment plant and reusing for irrigated rice paddies. The Suwon wastewater
treatment plant was selected for wastewater reuse tests. The control was the plots with groundwater irrigation
(TR#1), the treatment (TR#2) using polluted stream water as it was, and three others using wastewater after
treatment. Three levels of wastewater treatments were employed: the effluent from the wastewater treatment
plant TR#3), sand filtering after treatment plant(TR#4), and ultra-violet treatment after sand filtering (TR#5).
The randomized block method was applied to wastewater application to paddy rice with five treatments and
six replica. The effects of various wastewater treatment levels on water quality, paddy soil, crop growth,
yields, and the health hazards were investigated. The primary results indicate that cultivating rice with
reclaimed wastewater irrigation did not cause a problem to adverse effects on crop growth and yields.
Overall, wastewater could be used as a practical alternative measure for reclaimed wastewater irrigation.
However, long-term monitoring is recommended on the effects on soil chemical characteristics and its related
health concerns.

Keywords : Wastewater reuse, Cultivating rice, Rice paddy, Water quality, Soil, Yields
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Table 1 The treatments of wastewater reuse experiment

Item Treatments
TP#1 (A)

Groundwater irrigation (control)

TP#2 (B) | Polluted stream flow by pumping
TP#3 (C) | Effluent from the wastewater plant
TP#4 (D) | Effluent after sand filtering

TP#5 (E) Effluent after sand filtering and UV

treatment

zHolct (Chae et al., 1991).
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STP; Suwon wastewater treatment plant,
COF; control office, TRF; treatment facilities,
STT; storage tank, CDT; collective drain tank

Fig. 1 The schematic of pilot system

Drainage Drainage Drainage

GW; groundwater,
SWI; stream water for irrigation,
SE; sand filtering

Fig. 2 Schematic diagram of irrigation facilities

Fig. 3 Layout of study area for wastewater reuse experiment
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Table 2 Methods of chemical

analysis for waters, soils and plants

Item Water” Soil®! Plant”

Erectrometric glass Erectrometric glass

pH electrode method electrode method -
(TOA HM-20S) (TOA HM-20S)

EC EC-meter (Orion 840) EC-meter (Orion 840) -

TN Kieldahl method Kieldahl method Kieldahl method

TP Ascorbic acid reduction Vanadate-Molybdate Molybdenum blue
method method method

COD KMnO; ocidation method KMnOy ocidation method

Cations, Coupled plasma Coupled plasma Coupled plasma

Heavy metals Shimadzu ICPS-7500 Shimadzu ICPS-7500 Shimadzu ICPS-7500

Organic matter - Walkley-black method -

1) Chapman H. D. and P. F. Pratt. 1961,

2) Klute A.

. 1986.
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Table 3 Influent water quality for irrigated rice paddies

gc | TN | TP | ss fcop| culza | Po]cd|ca|Mg|Na]K

Plot pH
(uS/cm) (mg/L)

TP#l | 56 | 2490 | 27] 01 | 155 | 44 [ 00| 05| 00 00| 54[ 30 |198] 28
TP#2 | 70 | 6590 [ 171 06 | 545 [131] 00 | 02 | 00 [ 00 | 197 | 58 | 720 | 154
TP#3 | 72 | 5540 [158] 05 | 480 [103] 00 | 07 | 00 | 00 | 135 ] 50 | 573|153
TP#4 | 74 | 560 |163] 05 | 120 | 77 [ 00 | 09 ] 00 [ 00 | 124 51 | 623 ] 145
TP#5 | 73 | 5250 [ 169 06 ] 144 [ 81 [ 00 ] 12 ] 00|00 [131] 49 [7112]157
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Table 4 Water quality of flooding water in rice paddies

gc | TN [TP] ss Jcop[culzn[Pblcd] ca [Meg| Na | K

Plot | Item | pH

(uS/cm) {(mg/L)
Min. | 56 423) 26} 00 128 18} 00 00} 00} 00y 07} 07 501 24
TP#1} Max. | 68 3660 | 115| 16 2110 7701 00| 14 00y 00] 226| 121 1300[ 125
Mean | 64 1929 | 45| 04 1030 232| 00| 03| 00| 00| 71| 44| 298| 63
Min. |58 626] 25f 01 488| 81| 00| 00t 00| 00| 08| 01 191 43
TP#2 | Max. [ 7.0 6590 2317 18| 6000f 752! 01| 17| 00| 00} 512 11.9| 1067 | 216
Mean | 64 3172 1031 05| 20811 277| 001 03] 00} 00| 186]| 56| 457| 120
Min. | 60 445 25| 01 48| 69| 00| 00| 00} 00] 25| 05 81 2.5
TP#3| Max. | 74 6090 158| 18 3700 37.8| 00 07| 00| 00| 333} 93| 574 193
Mean | 6.7 350.1 96§ 07 982 164| 00| 03f 00| 00| 149| 42| 305 102
Min. | 59 431 261 01 120] 56 00} 00{ 00| 00 16| 07 59 37
TP#4 | Max. | 74 6500 163| 15| 12080 827| 00| 21| 00f 00| 302| 65| 644| 179
Mean | 65 3414 84| 05 3496 | 245| 00| 05| 00| 00 14| 41| 309] 118
Min. | 6.0 525 241 01 60| 49| 00] 00) 00| 00| 54 1.3 6.4 29
TP#5{ Max. | 93 7330( 1691 18} 185001 417 01} 12! 00} 00%f 399( 75| 1035| 157
Mean | 7.1 3199 71| 05 3869 138| 00| 03| 00{ 00| 188( 46| 487 110
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Table 5 Soil chemical characteristics of the plots before and after experiment

AATE = GEAEY dRETE B R
F350] 98 o2 B

Aol go WE A7 EFENS
3171 $l5ked, ojekdql 20029 2€ 259 B
3%, 859 20024 1148 239
t}g h—.g%]-_q] th_o_
:L_/;: _'131

ltem Unit BT® After harvest (Nov, 23, 2002)
Byeongieom] TR#1 | TR#2 | TR#3 | TR#4 | TR#5
pH 598 588 536 5.22 541 538 542
EC 622 1192 117 1412 1345 12238 1217
Total-N 1072.8 11480 1652.0 15400 1232.0 17360 14000
Ammonia-N 903 182 154 155 160 192 225
Nitrate-N mg/kg 59.7 586 402 434 459 622 598
Total-P 5318 5334 4112 3969 3308 456.1 3523
Avail-P 707 432 633 432 56.2 986 318
CEC cmol/kg 68 746 825 798 8.38 874 731
Organic matter % 2.60 2.78 437 333 312 3.08 412
Cu 6.10 831 703 6.22 8.89 1174 5.05
7n 30.96 1891 1773 1543 20.70 23.36 13.06
Pb 10.10 10,02 718 11.36 887 10.70 852
cd 0.028 0.152 0,086 0.120 0.110 0126 0,085
Ca me/ke ™ geey 7716 8081 12135 9649 8324 11108
Mg 1231 1710 810 83.0 106.0 1140 116.0
Na 1577 1350 1225 1055 1305 1365 1085
K 2534 2180 1740 232.0 2440 254.0 180.0

® BT means before transplanting (Mar, 28, 2002)
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Fig. 7 Temporal variations of plant height
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Fig. 9 Temporal variations of total dry weight
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Table 6 Statistical characteristics of yield component and grain yield between treatments

TR #1 TR #2 TR#3 TR #4 TR #5
ftem Mean | STD* | Mean | STD | Mean | STD | Mean | STD | Mean | STD
PL (cm) a5 | 17| 27| 115 24| 120 24| 13| 20| 08
CL (cm) 705 | 532) 86| 365| 798| 17| 813| 32| 74| 351
Pl (ea) 87 | 007 88| 075 89 | 125 88 | 097 87 | 052
MS (ea) 7561 7200 911 1657 870 1092 | 85| 1864 | 87| 810
TW (g) 23| 037 | 23| 13| 24| 078 | 237| 141 | 223| o044
PG (%) 9351 184 | 96| 103| 95| 18 | 90| 126| 927! 1%
YD (kg/10a) 4594 | 5195 | 6219 | 9285 | 5302 | 5099 | 5573 | 3901 | 5281 | 5656
® STD denotes standard deviation
(culm length, CL), o}4te] AolE vei= 5. 80| ¥ A S5 M

(panicle length, PL)¥} &3 (yields, YD)—é-
ZAF3ISA

Table 62 #2748 FFAPLL9 T8}
Hay TFAAE YL Sl $382 skeA

22 #@ig TR#30] 23.4 cmZA 71 2 %
£ BT, P 28 WSS ARSS TR#2
A 77t 836 emEAM M 2 @S Ve,
Ae-E S 27 TR#19 £33 7Hae]
77y 2159 70.5 emZA) b & @& Boith
FETHR2Q MG o2y, ol Fu, A
A%, 12l 558 AHIvdE I H¥e
z}z} 8.7~8.970, 75.6~92.170, 22.3~23.7 g, 1
2l 91.5~94.0%9 #< Bt F£FAE 84
= gEFder IE (TR#DY A
(TR#3)2] A7t 27 Adkre] Aol
H|alo] 2 He BYEd], ol TR#2Y} TR#39
ool JAEHo] Aujd oz go] XHo] 9
7l WEo® AlsdTh

A7 IS TR#DTR#4>TR#3D>TR#S
STR#12.2 Jehdta, 459.4 ~ 621.9 kg/10a9
HOE Ryon, 2T TR#LC] 7F¢ Ftn
099 AFS W TR#2 A7t 71 &
ghs YeRich
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Table 7 The chemical characteristics of brown rice between treatments

(Unit: mg/kg)

Item Total-P | Total-N| Na | Ca | Mg K Cu|As{Cd}{Zn| Mn | Hg | Pb

Min 21705| 373804 375| 515| 5300| 22050| 00| 30| 04| 144} 540| 16 00

TR#1 | Max 245451 43680 730| 670} 6250| 23900 20| 34} 05)196; 811| 25| 08
Avr, 22839 41090| 578 582 5883| 22967| 05| 32| 04| 166} 686| 21| 04

Min 1955.5( 2030.0( 330| 480 5000( 20300 00| 18] 04 127) 508| 13| 00

TR#2 | Max 23860 31080( 505 630 5500} 22850| 17{ 35| 06| 145 749| 16| 23
Avr. 218021 2536.3| 383| 5481 521.7| 21683 07| 30| 051 136| 655| 15| 07

Min 20650 | 25200 325} 470 5050} 212001 051 29| 04| 126 625| 15| 00

TR#3 | Max 25675| 30100| 605 650 6150 22950 31| 40{ 05]164| 787| L7{ 08
Avr, 23022 | 28583 | 498| 546 5675 2201.7| 20§ 33| 05| 150} 705| 16| 04

Min 10400} 28000| 29.0| 550 4900 20250| 00| 33| 04) 128 526| 14} 01

TR#4 | Max 22300 | 40600} 480 1085| 8950 23700} 03{ 59| 05| 54| 87] 21| 15
Avr. 18506 | 35163| 372| 751| 6375| 21975 01| 42| 04| 138| 710| 17| 08

Min 23060 2800.0( 360 400! 5650| 20900{ 03] 31} 05} 127| 59.3| 15| 01

TR#5 | Max 25720 32200| 645} 640 6250} 23050| 42¢ 35| 05| 176} 776| 17| 07
Avr. 24162 29050 523| 565| 5933| 22367 26 32| 05] 151) 678| 16| 03

Table 8§ The chemical characteristics of the rice plant between treatment )
(Unit: mg/kg)
[tem Total-P | Tota-N | Na | Ca | Mg K Cu| As | Cd | Zn [ Mn | Hg | Pb

Min 23040 | 33600 340! 505| 4650 22800 00| 18| 04128 578| 15] 05

TR#1 | Max 25230 63000 525| 685 5500| 25150| 05| 37| 06 195|1046} 17| 13
Avr. 24415 45500; 416 580 5083) 24200) 02} 28] 05| 157) 8.1 16| 10

Min 12630 | 32480| 340| 5301} 4500 22800 00| 214y 02} 107 517 09| 11

TR#2 | Max 217951 417201 410]1420| 9150} 25900| 09} 48| 04| 180 762| 17} 29
Avr. 18338 3840.7| 381 | 827| 6100| 24350 02| 31| 03| 131) 669 12| 15

Min 11710 466201 370| 530} 4650 22400 00| 12} 02| 120| 668 10| 00

TR#3 | Max 22000 | 5488.0| 485} 1240| 9950} 25800 07| 56| 04| 143} 979| 16| 11
Avr, 19276 5198.7| 435| 698 | 5733| 24192| 01| 28| 03] 134| 803] 11| 07

Min 105301 37940{ 370] 670( 4700 22100 01| 28§ 03| 97| 67| L1] 07

TR#4 | Max 19695 | 43540| 4251|1250 760.0| 23300| 05| 57| 04] 153]1003}| 19| 138
Avr, 13878 40507 | 393| 986| 6250 22767 | 02| 43| 03] 123| 812| 15| 14

Min 13120{ 21700 325| 485| 4600| 21050 00§ 21| 03| 123} 549} 10| 05

TR#5 | Max 25130] 63700] 490 1275) 8800) 24750| 01] 54| 03] 146| 89| 27} 30
Avr, 20569 | 48743 393| 7.0} 551.7| 23058 00| 294 03| 133| 756 19! 12
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