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Growth Response and Total Coliform Distribution of Spinach and Chinese
Cabbage and Soil Quality by Irrigation of Domestic Wastewater
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ABSTRACT : The experiment was carried out to determine the distribution of total coliform, the translocation of heavy metals and
the salt accumulation in soils following the supply of ground water, the domestic wastewater and the ultraviolet treatment of domestic
wastewater during the spinach and the chinese cabbage cultivation. There were not much changes in the Total-N, Total-P and cations
in soils following the ultraviolet treatment of the domestic wastewater. However, the density of total coliform was dramatically re-
duced from 894MPN/100mL to SMPN/100mL. The diagnosis of composition of soil after the harvest of chinese cabbages and spinach
has shown that the concentration of Na* was 3-4 times higher in plot using domestic wastewater than in plot using ground water.

When domestic wastewater and ground water were used in growing spinach and chinese cabbage at 50% each, the application of che-

mical fertilizers reduced about 25% to 50% compared to the criteria set down by the Rural Development Administration and there

was not significant difference in terms of harvest. Using non-ultraviolet treatment of domestic wastewater directly on spinach and
chinese cabbage has resulted in excessive density of total coliform at 25,000MPN/100mL. Even when ultraviolet treatment, the density
was still high at 2,000MPN/100mL. The high density of total coliform even following ultraviolet treatment of domestic wastewater is
considered to be caused by photo-reactivation of micro-organism. When reusing domestic wastewater, the application of sterilization

such as ultraviolet, ultrasonic and electron-beam for public health and hygiene reasons may provide safe supply of agricultural water.
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3 1. Application of chemical fertilizer
Irrigation water Crop Application of chemical fertilizer Code
Spinach 250:59:119=N:P:K kg/10a GFS
Chinese cabbage 33.0:7.8:198=N:P:K kg/l0a
Ground water -
Spinach 18.8:44:11.9=N:P:K kg/10a CF15
Chinese cabbage 24.8:59:19.8=N:P:K kg/10a
Spinach 25.0:59:11.9=N:P:K kg/10a WES
Chinese cabbage 33.0:7.8:198=N:P:K kg/10a
Spinach 188:44:11.9 = N:P:K kg/10a
- WF75
Chinese cabbage 24.8:59:19.8 = N:P:K kg/10a
Waste water
Spinach 125:3.0:11.9 = N:P:K kg/10a WESO
Chinese cabbage 16.5:4.0:19.8 = N:P:K kg/10a
Spinach L
- No application WF0
Chinese cabbage
Spinach 25.0:59:11.9=N:P:K kg/10a
- WSFS
Chinese cabbage 33.0:7.8:19.8=N:P:K kg/l0a
Spinach 188:44:11.9=N:P:K kg/l0a
- WSF75
. Chinese cabbage 24.8:59:19.8 = N:P:K kg/10a
Waste water + UV sterilization -
Spinach 125:3.0:11.9 = N:P:K kg/10a
: WSF50
Chinese cabbage 16.5:4.0:19.8 = N:P:K kg/10a
Spinach . L
No application WSF0

Chinese cabbage
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3£ 2. Water quality of irrigation water

Trrigation TN TP Ca Mg Na K BODCOD SS E. coil
water P mg/L MPN/100mL
TR #1 704 192 0018 2.7 1.5 08 1.0 1.8 52198 0

TR #2 7.35 19.63 0.452 25.6 15.6 63.5 20.4 22.5 29.6 59.6 894
TR #3 728 1922 0454 9.8 189 59.2 18.7 24.0 25.7 58.9 5

TR 1 :Ground water, TR 2 :Domestic waste water, TR 3 : Ultra-
violet treatment of domestic wastewater

60 SZAE K123 M23, 2006

CHEF 0§

= eI @i e D As W7 S0
FRANY WES AT YA BN 17
eye) olE BeLd SHTUAF B WA
A o Ee Btk £F 4 HelelA ssh e
ABlRE EEAH), BEANG 7% A6, E2A
o] 50% AlulA] sl Aulske F7le] et wE
Iz FFBAY Fyol ke urA TS vet
Wleh ARG $35 LEEY Ph, Cu, Cd, Zn B
Aerel FREE I3 HEFRALR BT A9
4 A el wie} Aol UEhlA Bgtom, SHFY
Aelg RS wARY WS o84 FEsoR
B EFFE S SFo] ofd Row EAEU

Fa ool 7hedl Ca, Mg, K'S) e 9 A
s WAk SEERAG B WAT Aol &
Aolg Mol Rgkor} Na'e] e Awk A5 Wi
Futh SRS WRE BATIN 2 o1 &
A et gtk o] e 49ARE Eol S5
HelF PREE FFHUA NS AT BTG AR
A92M BEYF Rrhe REQIN UEge) A=
F& A0Z vehith UEFY Achlae £ 29
4 os), B ARG WE, EFUT 949 B
g oheh U= AAlS) ol RSAE vekd & Q719
FEUAEL PRAE $23709) BAESE 018 2
JES QUOE 19 EFRRI BYS AT + e
eto] viasolor & Aoz wadc

3. AlZx|e} BiFe] M|ZA
NFA 9} wFE dgo g sshulg EFEANIE X2+

€ 712 Iut ABHGE), g A WRHWE),

¥ 3. Chemical properties of spinach cultivation soil before
and after domestic wastewater irrigation

pH |TolP[ TotN |[Cu| Zn [Pb] Cd [Ca|Mg|Na| K
(1:5H,0) mg/kg

Treatment|

Before

5.89 [356.8{1025.6 [6.54| 51.456.95]0.106 {89.6(24.9|15.9{13.8
treatment i

GF100 | 5.85 [372.5/1156.7 [6.92] 63.63 |8.14|0.098 |91.2|26.6|16.2118.8

GF75 | 5.86 |370.0/1174.6 6.57} 58.47 {8.63| 0.125 |90.4|24.1|17.4{19.2

WF100 | 572 |(389.8|1145.6|5.18|49.89 15.78|0.142 |78.9(25.5|69.5|16.9

WEF75 | 5.78 |(386.4|1187.4|6.09|54.1519.25|0.163 [82.5/26.9/82.5|16.3

WF50 | 591 (389.7|1063.8|7.77|52.26 |8.14|0.152 [81.4]31.269.0|174

WFO | 591 (350.7{1039.8|8.14|52.21 |5.55{0.112 {79.6|26.9174.5{15.8

WSF100| 5.81 |(386.61185.8|7.59|58.15|6.6610.122 |81.2{26.3|73.2}15.2

WSF75 | 5.86 |384.51132.4|7.50| 65.85 5.9510.136 |83.6|24.1(82.0}16.5

WSF50 | 5.88 (391.2{1098.96.95( 59.98 |6.48|0.142 182.5(28.5(81.3]14.2

WSFO | 5.88 (3554(1048.318.14160.10 |5.88|0.136 {81.1{30.580.0116.9
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3 4. Chemical properties of chinese cabbage cultivation soil
before and after domestic wastewater irrigation
pH |TovP{ToN[cu| zn |Pb | cd |cCa|Mg|Na| K
Treatment
(1:5H,0) mg/kg
lsaeg‘r’;:m 5.8 |356.8{1025.616.54] 51.45 6,95 0.106(89.624.9(15.9(13.8
GFS 5.85 |372.5]1156.7/6.92| 63.63 (8.14(0.098(91.2126.6(16.2{18.8
GF75 586 [370.0(1174.6/6.57) 58.47 {8.6310.125{90.4124.1}17.4{19.2
WFS 572 1389.8 (1145.6|5.18| 49.89 |5.78(0.142(78.9(25.5|69.5}16.9
WE75 5.78 |386.4 |1187.4]6.09] 54.1519.25]0.163]82.5/26.9|82.5|163
WEF50 591 [389.7(1063.8)7.77| 52.26 {8.14|0.152{81.4|31.2|69.0 174
WFO0 591 1350.7 (1039.8)8.14| 52.21 |5.55(0.112(79.6(26.9|74.5{15.8
WSFS 581 [386.611185.87.59| 58.15 16.66]0.122181.2{26.3(73.2|15.2
WSF75 | 5.86 1384.5(1132.4/7.50| 65.85 [5.95]0.136{83.6{24.182.0{16.5
WSF50 | 5.88 1391.2]1098.9/6.95/59.98 [6.48/0.142182.5/28.5/81.3|14.2
WSFO 5.88 [355.4[1048.318.14] 60.10 15.8810.136|81.1(30.5|80.0|16.9
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3 S. Growth index of spinach and chinese cabbage by domestic wastewater irrigation

Treatment Leaf length(cm) Petiole length(cm) Fresh weight(g/plant) Leaf number
Spinach |Chinese cabbage| Spinach |Chinese cabbage| Spinach |Chinese cabbage| Spinach |Chinese cabbage

GFS 21.2 42.6 11.8 254 33.6 17572 13.7 65.3
GF75 215 41.7 112 239 343 1689.9 153 623
WES 21.7 44.7 12.3 26.1 39.1 1851.9 14.7 64.0
WF75 222 46.0 11.8 26.1 35.0 1754.0 153 633
WF50 213 422 10.5 24,0 343 1600.0 133 62.3
WFO 16.6 41.1 8.8 182 243 1092.5 10.7 53.3
WSFS 232 435 12.2 26.4 36.4 1757.4 14.3 64.0
WSF75 21.0 439 10.5 26.1 35.5 1730.3 14.7 63.7
WSF50 213 42.3 IL.5 233 32.1 1630.5 11.7 62.0
WSFO0 213 39.8 9.1 19.1 24.4 1014.6 8.7 47.0
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3E 6. Concentrations of nutrients, cations, and heavy metals
in spinach by domestic wastewater irrigation

Treatment

TotN [TotP|{ Ca [ Mg [ Na | K [Pb[ zn [cd [Cu
mekg

gk

GFS  128,49714,76513,600 ) 1,400 14,100 151,705} 2.5 | 217.4]0.18 11,5

GF75 124,87414,577 {3,750 1,350 {4,955 | 50,288 { 2.5 [ 174.2]0.19 |13.0

WFS 129,402 {4,878 | 3,400 | 1,550 | 8,596 | 54,660 | 2.5 | 191.4 | 0.18 {13.0

WE75 (27,870 (4,828 13,400 | 1,300 (8,726 | 54,098 | 2.5 | 160.7 { 0.18 {10.0

WF50 {23,341 [4,91214,000 | 1,400 | 7,097 | 50,170 | 2.5 | 240.3 | 0.18 | 14.0

WEO [ 18,74213,474 13,550 { 1,350 | 8,465 131,595} 2.5 | 103.5 | 0.18 }10.0

WSFS 128,915 {5,645 13,050 | 1,100 | 7,122 {42,460 | 2.0 [ 149.3 1 0.17 {10.0

WSF75 29,263 5,630 | 3,250 | 1,300 { 7,423 | 46,490 | 2.5 | 157.1| 0.16 [10.5

WSF50 |25,152 14,295 (2,600 1,050 | 7,496 44,538 | 2.5 [ 139.4 | 0.17 |11.0

WSFO 118,046 | 4,000 {2,550 | 1,000 | 7,706 {33,648 2.0 [ 152.910.16 | 9.5

3t 7. Concentrations of nutrients, cations, and heavy metals
in chinese cabbage by domestic wastewater irrigation

TotN [ToP| Ca [Mg| Na | K [Pb|zn[cd|cu
mgkg
GFS [ 24247 [3,355 [4900] 530 [2, 146 ]24.310] 25 [245 015 [ 50
GE7s | 21,251 [2,305 [4,600 | 900 [2,130 29,540 25 [406 [ 0.15 [ 55
WFS | 27,521 4295 | 4,600 | 450 [4,255 29,010 20| 17.7 ] 0.14 ] 50
WETs [ 23410 [4,109]4.400 | 500 |4,670[30,565 2.5 [29.7 [0.15 ] 55
WES0_ | 24,386 | 3,660 |3,700 | 350 [4,045 |26,855 2.5 | 21.4 [0.16 ] 5.0
wro_ [ 18,742 {3440 3,500 | 600 [4010 |30548] 30328016 55
WSFS_| 25,919 [3,775 |4,250] 300 [ 4,094 [30333] 20 [ 229 [0.17 [ 50
wsF7s | 25,361 3,474 ]3850 | 100 [ 6259 [22,095 | 15 [ 240 [ 016 [ 55
WSFs0 | 25,083 [3,740 3950 300 [9,269 [23.988 | 20 [188 0.7 [ 5.0
WSFO_| 18,255 | 2,790 |3,300| 350 [4912 29,618] 20 ] 30.7 [0.16 ] 7.0

Treatment

62 =ZNE, H123 HI2$, 20064

100mL) ZAME 3t AFWHAME =2t vhet
Zo] B 2AE AjAELe vrkY 2ol H3E
A} ¥I7FE SRpL 2USPANA FEA L o] FAR|E
AS AaA7;-ol 23 ZAEA B AAEHRE JuE
T & Bk o} 25 7o) oY HAESY ¥4
of feigt 7o} F4E & UL Aotk

B2 Aol AR ST e WES e A Al
oF 800MPN/100mLe] tiZt& Ef3t JNL, ol
2] At A9 AAS7E SMPN/100mL S| 4552
2 748 Aoz A ol WEFE /AL &
NG T AEAME 3 T FEA TUE AAHoR
255 AHE SRS W 3] AAFE A1 E
e g 2oy 1>

Algxle w3 F A5 BRolA bt ABE AR
AeletES B gddwte] Ae EAHA gton), 3
FETAHYF BHFTE A B 3Ty A
7} 25,000MPN/100mL o)AFo & repgtar, AR Abgx]e]
2 3 AL T MAS57E 2,000MPN/100mL 4=
Fo 2 v A et ofeh o] AL A
H AgFE WIETFE AMS AfdE 2 uddT
AT E iR 2L uAEE2] 3338 (photoreactivation)
o] 93t g3z WFEch WHOR00)NAHE 71&dHo=
TS 433 Agdsle o] 7bsstAeh AAA, A&
Al 2We FFAE & ok Idete HAle) A
Bl SAE B3 MR skt B9 Alol&ol o
g Bt el Haueke AAEtE WHO A= B

% Aodas sA71Ee= A"

3ted B FAFECR o]&3ta Utk o] JEES
HEZAY 5HE VA e AL oply, A FE
PEFRE Aol&dhs Il A7IEE &S HF
ks Ve 2 A, AKE, 87, ) B AR
£ il Z Hte ARk £AVIES HESeE
Z3tal JTHFFE 5, 2004).
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AL oft B of

Asfol A BE whs} Qo) HEFVAAY WRF A
G4 A BFTRY A 7148 B RoE B
GET. getd SERAY R4S SUEFR A
o1& A%, APA olguTkE Ao, 287, WA
5 AFAE o)g3he Zo) B, AR A
FUEFE FFIE W) B 5 U2 Aoz o
HI71Y Shsulol A EHe FI7te] olFold B A7dwn
Be AT BREY) AET LPBAT Eelalels
AFE Wol gl Wk WekA, FHHoR ARNAE
2 A HBo] FAAE Guab] A FEAe E
T ANED F wAAMELS WY B9 AR
So thERe] B489e Fase neh Al b
oJEle] 4tZo] olFojAol & Ao BEHT
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[J Chinese cabbage [ Spinach
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219 1. Concentration of total coliform(TC) in spinach and chinese cabbage by domestic wastewater irrigation (25,000 :
above 25,000MPN/100mL, 2,000 : under 2,000MPN/100mL).

V. 2% R =8

A9

A BRAE A7 Ee A AgAYE
AFAe wjE A BRESE olesige W e
85} wEekel Sebdl wsl, nAse Axe 48
AW AT Exol e 2ABTE BT 2o,

) S=FuA ey R Aol Aol os) 3
&, A g ol T & Wi} glledk o
AF TS 894MPN/100mLo) 4] SMPN/100mLE FA 74
[ i=

2) HiFe} AEA Y] FES ERS Yo E AHES F
AKgE A3} Na'e] ghgo] dwt X3k WTFRD S
FLAYY HT WNFAA 34w o) =A vERsith
o) UYEFY AU EL EYY B4 odl, EUY
AEe W3, EGYT 349 EFEY o YEFR
A 9] o] EAE e 5 il EEA R T
FEE 5440 WNEFE o8 73 UEF FJHo=
I EFAFS FS Ao 4 e Hjte] vids]o]
o & Aog HAGHLL

3) AlEAS} wiFE Aue O seFE R BEF
o} dnt A3E 4 50%Y FEstEA] AldAulE &
A%l s g Al FE2IEA] EFEAHFS V)
TOE HAi 25-50% AT Az E AEFHele & 2
°]7} gl ReZ vERdth

4) FFEAEF WRFE TEAEY WNEFE
L3108 u 24 9oz Q3 AEHHA EAle
= A= Jeiyth B 2AMM et AEAF S5
g2 gshulge] g A FFE §Y 2Eu BEY
Ao EAshE FTEFEY F5F FEL2 e

e

-

e o

(]

5) sE AR WHHRFE AP AuEAEE A
23 A AlFRIe} v BT B 783 FEAF
oA AT AMAGIF 25,000MPN/100mL o) =
A el A A g 3 Al 3T
A7} 2,000MPN/100mL $F0 2 wl$- =4 Vel
ole} Zo] A A elE FRF ST e W
FrE WHETE ARRS B9 52 Tt 2ES
vehd 212 mAEES] @3] E(photoreactivation)e]l 2}t
Yz gogch

B ATPE BN AW 2047] ZEYo)
AT FALY A%A FHINE ABAY Y
(@A E: 45200 o8] FAHAL
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