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Review of the Agricultural Water Quality Standards through Rice Culture
with Treated Sewage Irrigation
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Yoon, Chun Gyeong - Kwun, Soon Kuk - Chung, I Min -Kwon, Tae Young

Abstract

Agricultural water quality standards were reviewed through rice culture using treated
sewage Irrigation. The sewage from school building of Konkuk University was treated by
a construcled wetland system, and the effluent of the system was irrigated for rice culture
after nutrient concentration adjusted by dilulion. Average concentration of COD, SS, T-N,
and T-P in irrigated water was 223mg/ ¢, 65bme/ ¢, 258mg/¢. and 22mg/ ¢,
respectively. Treatments Include irrigation of adjusted effluent with conventional
fertilization (TWCF), adjusted effluent with half of conventional fertilization (TWHF),
adjusled effluent with no fertilization (TWNF), and effluent of the wetland system as it
was with no fertilization (SWNF). These treatment plots were compared with control
plot irmgated by tap water with conventional fertilization (CONTROL). Other
environments for rice culture were identical for all the plots. Among them, TWCF
showed lhe best growth rate and the highest yield, and constitfuenis in the harvested rice
showed not much difference among them. Which implies thal irrigation with relatively
high nutrient concentration compared to the current water quality standards may cause
no adverse elfect on rice culture and could be even beneficial. Although T-N for this
study was 25 times greater than the current standards, rice culture was not adversely
affected by irrigation water quality and even better results were observed than the
CONTROL. It could be mistakenly understood that clean irrigation water produces betler
agricultural product, however, it is not necessarily true. Irrigation water with moderate
nutrient concentration can enhance the plant growth, and better result might be expected.
Therefore, peer review and modification if necessary are needed to the current agricultural
water quality slandards, especially for the nutrient components.l)
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Table 1. Water guality standards for agricultural use
tems Korea Japan-T**** | Japan-1I**** China****
(mg/ ¢ unless specified) River® Lake g:* Groux:f Standards Allowable Paddy | Upland Vegetahles
TeServolr water*** limut Crop crop
pH 60~85| 6085 |60~85| 60~75 60~75 55~85 | 5.5~85 | 55~85
Temp('C) - - - - - ) ¢35 < 35
EC(m&/cm) - - - (03 ! - - -
Salt ) ) ) i ) 1.000(non saline, alkaline area)
2.000(saline, alkaline arca)
BOD 8 - - - - { 80 ¢ 150 ¢ 30
COD - (38 (8 (6 {8 < 200 ¢ 300 {200
55 100 (15 - {100 < 100 {150 (200 (100
DO ) 2 > 2 - > 5 Y5 - - -
T-N - <10 - 1 (5~10 - - -
Kjeldahl-N - - - - - {12 ¢ 30 {30
NOs-N - - 20 - - - - -
NH4+-N - - - - { 3~5 - - -
T-P ¢ 0100 - - - - -
Cl - - {250 - {00700 { 250 { 250 (250
S04 - - - - ¢ 20~30 {1 <1 {1
Cd { 0.01 (001 <001 - < 0,005 ¢ 0.005 { 0.005
As ¢ 0.05 <005  0.05 C0.05 < 0.05 {005 { 0.05
7n - - - (05 - {20 {20 A
Cu - - <002 - 10 {10 {10
Se - - - - - < 0,02 ¢ 0.02 < (.02
P ) ) _ ) {20 for high fluornne area
(3.0 for others
<1.0 for boron sensitive crops
B - - - - - (2.0 for boron lolerant crops
¢3.0 for highly tolerant crops
CN ND ND ND - - {05 {05 {05
Hg ND ND ND - - ( 0,001 ¢ 0.001 ¢ 0.001
Org-P ND ND ND - - - -
Phenol - - ¢ D.005 - - 25 (25 (25
Volatile phenol - - - - - 10 (1.0 <10
Pb (01 (01 <01 - - <01 ¢ 0.1 <01
ol £ 005 € 0,05 { 005 - - {01 {01 (01
Anionic surfaclant C05 (0A (05 - (5 - - -
FCB ND ND - - - - - -
Trichloro ethylene - - <003 - - - - -
Tetrachloro ethylene - - 001 - - - -
Trichloro acetaldchyde - - - - - <10 05 <05
Propenol aldehyde - - - - - {05 {05 {05
T Coliform{mpn/ ! ) - - - - {10,000 | €10.000 | <10,000
Roundworm eggs(egas/ ) - - - - - <2 (2 {2

* Class 1V, River Waler Qualty Standard, Basic Environmental Policy Act”

** Class IV, Lake Water Quality Standard, Basic Environmental Policy Act™
#% Water Quality Standard for Groundwaler”

#+¥* Rural Development Coperation”
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Fiz. 1. Concentrations in treated sewage for irrisat-
ion without dilution
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Fig. 2. Concentrations in adjusted irrigation water

from treated sewage
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Table 2. Soil characteristics of the plots hefore and after experiment
Items Original soil TWNEF TWCF TWHF SWNF Control
pH (1:5) 547 6.02 6.31 6,34 6.14 6.32
EC(S/am) 548 20.7 17.7 187 18.9 20.1
OM (%) 0.789 0.890 0.991 0.340 0974 1.008
T-N(%) 0.231 0.266 0.252 0.231 0.252 0.301
T-P(mg/kg) 4729 417.0 5025 4834 409.3 4930
AV P:0s(me/kg) 541.93 261.11 280.05 268.10 303,03 283.17
CEC(meq/100g) 8.7 9.1 11.2 10.6 12.3 11.8
Zn(mg/kg) 2.025 2.468 3.055 2.53 2315 2.588
Phi{meg/kg) 1.275 2.068 182 1.786 2.125 1.925
Cd{mg/kg) 0.005 0.018 0.02 0.025 0.023 0.043
Fe(mg/kg) 93.865 105115 102.865 105,865 132615 118.115
B(mg/ke) 1.1425 0.585 0,718 0.693 0.483 0,478
Mn(me/kg) 14.225 575 50.325 61,75 70 68
Crimg/kg) 0.083 0.103 0115 0.105 0,12 0.103
Mg (mg/ke) 85 83.73 91.23 93.48 95.73 99.98
Cu(mg/keg) 1.205 1.365 1.578 1.403 159 1.65
Allmeg/kg) 294,25 334.75 338 328.5 349.49 335.23
Nal{meg/kg) 25,825 189 176 2025 23.35 19.675
K(mg/ke) 88.75 66.5 70.5 65.75 715 7775
As(me/kg) 0.13 0.15 0133 012 0.138 0.145

Note : Original soil-beforc experiment,

others-affer experiment
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Fig. 4. General view of experimental area for rice
cultivation
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Table 3. Comparison of yield component and grain vield with treatments

Plot cL.Y pLY : Yield compom?nt Yields

(cm) (cm) | PU® m» | Ms™ | RG® (%) | TW.” () (kg/10a)

TWNF 1038 233 39 118.0 82.28 244 258.38
TWCF 109.4 235 125 1182 79.17 23.1 573.38
TWHF 104.2 22.1 82 1125 80.61 23.1 364.47
SWNEF 91.9 217 33 101.9 86.23 25.3 239.18
Contral 109.4 22.5 115 116.6 79.13 235 52523

(1) C.L.: main culm length, (2) P.L.: panicle length,

(3) P.U.: panicle number per unit area, (4) M.S.: mean of spikelet number per panicle,
(5) R.G.: percent of ripened grain. (6) T.W.: weght of 1,000 grain.
Table 4, Concentration of toxic heavy metal and
7a0 arsenic in harvested rice
600 I PEEL 525 73
00 g o Element [TWNF| TWCF | TWHF | SWNF | Control
'?,400 384 47 Zn 24738 | 37.481 | 30.579 ) 40.513 | 36.965
§ a00 Pb | 0372 | 0638 | 0433 | 053 | 04
=200 [
w00 | Cd 0,012 | 0062 | 0031 | 0.053 0.06
ki Cr 0.263 | 0.297 0.68 0.424 0.52
TWNF TWCF TWHF SWNF Conirol
plat Cu 3.957 | 6328 | 3905 | 4.599 5178
Fig. 8. Comparision of yields per unit area with As 0.033 | 0.025 0,031 0.04 0.032
treatment Note : All metal concentrations are total contents
~ with mixture acid digested.
3. ol Z=A
o4NY5E WIETE ASNODE HEY  GURIF LB AEF YA 24T Ady?
Zddol #3 Fal g Fat] FHo] JenE 2 A79 Aga839 Table 49 W43} 6] 23}
84 2 i B BUSED o ¥RE 2 Aok §E T & YU
& WhEs B 2% 09% 2 A% & 2 A7 An3 24T BHdL £F
3 ArEe SRtk 2AEgAM dixzT % o) sk HARsure?Ye AARsgEd o v
N7 #HE] BH FFS ¥ via FHL e I 2de AUHes IzY 5 o4
Table 40 e}t gt Pell v)ste) 2 g Jebdd iERFe a3
Table 5% E4#HsV|eds FHIAATAA R 9898 £Fo F2£2 AEHA Eudh
A ZAMG UL gAML dnE TFE5 A otde] ko] v AR A AATFHFET o
Table 5. Heavy metal concentrations of rice cultivated in non-polluted arca”
Experiment authority Expenimental period | Sample No. Cd Cu Pb Zn As
National Institute of
Agncultural 1880-81 407 0.05 3.31 0.44 206 -
Sclence and Technology
N 1 Instit f
ational Institute o 1987-88 50 006 | 231 | 043 | 166 | 008
Environmental Research |
Japan 1974 51 0.05 3.23 0.13 27.1 0.14
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