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Investigation of Indicator Microorganism Concentrations after
Reclaimed Water Irrigation in Paddy Rice Pots
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Abstract

A study was performed to examine the effects of reclaimed-water irrigation on microorganism con-
centration in ponded-water of paddy rice plots. Several treatments were used and each one was triplicated
to evaluate the change of indicator microorganisms (total coliforms (TC), fecal coliforms FC), and E. coli)
concentrations in 2003 and 2004 growing seasons. Their concentrations increased significantly right after
irrigation, but decreased about 45% in 24 hours. It implies that agricultural activities such as plowing and
fertilizing should be practiced one or two days after irrigation considering health-risks. Treatments with
UV-disinfected water irrigation demonstrated significantly lower concentrations than others including control
plots where natural surface water was irrigated. The monitoring results from actual paddy rice fields and
experimental paddy plots showed that concentrations of indicator microorganisms ranged from 107 to 10°
MPN/100mL. A comprehensive assessment of existing agricultural practices and a thorough monitoring in
the field as well as treatment-plots are recommended to make more realistic national guidelines more
applicable. UV-disinfected water irrigation reduced microorganism concentrations in paddy fields down to
below the concentration of conventional paddy rice culture, and is thought to be an effective and feasible
measure for agricultural reuse of secondary effluent.
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gAs=r] daiME Aziedd EAgede v
£3A, 484 A8, FU=Y AXH A
o 5 A4, A8, T3 S9% e Eojord
o|th.

AREAQ HAE Hrtehr] A3l ol 8HA Al
= ARY vAEde dBTT (total coliform,
TC), 94 hAAF (fecal coliform, FC) 18
3, AFE (E coli) Fol AARCE de] 0|4y
I ok (USEPA, 1992). =43 44T +3
J1#0 2 USEPASH WHOS £471F0] AH4H
1 9l=d], USEPAY 37182 AAHoR &4
F FFY gAsta oz Ay AFE AHeE
78t 9loH, 1920ddiRE AA Z=e 3
71EAFo 4 T2 k.

WHO= 72| Uo} $47)%0] GaxAL (epi-
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Aol 71E€ AAs) s wyaigith. WHOA
Ao YAdS ¢A3] Mg Aol 7t
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A A2l st Bl Aoge] st vt A
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7t FANFES B4 AS Fuske 7)FEL
2A4, AA, A5, 84, 281 30 - B3 5

aste] 2+ Ite] A +AVES A4St

2 Fgstx Qirh o] V|EEL WEAE AFE
she =9 47)F0]7] Wi =FAE di-E
ol SalUgtel AR HEslele AFof s,
A7 dd JUE fAske =l kAT
£ Aoj4a ¢ Zhdst Fort PQa.

B2 Yol dazALE B3 skrAEs @)

Al g = Qe 7|MF A (ascaris infec—

—_—

ok

(s

O

re

e

Yoy 2 8k 22 off rff J

bt alo
rlo
>

i

[o)

76

tion), A} (diarrhoeal disease) &l thall XA}
sigon, o] ANEL WHFY HelFEidd
Aol W& 43E F3Auk Cifuentes (1998) 2
3hd sl A TS F719 treatment pondol U7
71t AFelel Ad F (FF 4x10° FC/100mL,
A 10° FC/100mL) #A3A0E 34, AAHAY
HAE ToT FAYARt ofdolE AT FHFT
AREZA & JFE FA g, 5~1449
ojFolEo Al Eol 58 T HAFOEL AAE
Ag Bety Busty glod, skeAEsrE #
MNe Y425 G2 HUS Aol A 22 A
A7 Z7bIctky 2ttt (Blumenthal et
al, 1996). olg} Zo| AFAeTE WNEFE
AHEEE Qe =7he AT ARE HIBeR sk
AF7h Uzt FUEFE AolRHUS AY
Ao BEY] FEE olgst HFeE AP
Hksked o] 48 4 Sl AoE wdHH.

2 A7E A F7 Aol grR ol8E BY
Aaet FH FHlolA 24T £ Y A4FA
Zdo] 24& @33 2d7 (2003~20049) F
P} =0 BASSFE o 8HT Y= T
¢} 4, biofilter %4, pond Mes I8l
UVASETE #HESFE As 3 A7l
AE|PEY FE WetE BT dog s
A5t sYEFE Aolg B B¢ 2 e
AAEA ] diste] ATkt

I. Mz o ¢d
1. M3 AlY

71 Al ZE

20034% A7 o]€d F54 biofilters 73
% PAT A4 AYFY 167H7 AR
AYap) skl axE AL 058 VYA
Hoz FHB FH4 oAl ARl AQHoz
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NAE, AeFS o 8 mY/day oItk F4A
biofiltere £# A ©Ao] Hojx f{A)AeE7} &0
s, BODY A& &o] ¥ AR 27X A
o)t} (Yoon et al., 2001). Z-5A)ul QMHE*‘
40x50x 35 cm TFEZ EHH0] ok 2000 cm’
QA FHFA Lotk APXEE =EFE 25 cm

H AT AR 10 et 9ENE A9 39S
Foth B AYEEE PR L5 5o 0@
E ome 7}

= u

s Zo|7] Y8 FHEE
At} (Fig. 1).

Lt UV H2|A[A

UV A8A4xE 2003497 20049 A8 25 2
< AEAXE o] g3sto] AU, biofilterd
FE5E TR O]%O}Oﬂ‘;} HR32E U39
96 mm, Zo|7} 860 mmo]|iL
AdF ©24.5 mmx 860 mm)O] X]'ﬂ‘j
3 9tk (Fig. 2). ¥H&E Uil e
o] &8 (fouling)o] TS AL wWx|Ey)
st Y AT AFFA7L glod, vz} A
& Atole] FAZF 3F 5 Qe HAEAL o 36
mmoO|t}, Aztol ARE FZ AlYL Table 1]
Qokso} oo} AdE A% Ao zAFFE WX

Fig. 1 Experimental pot during 2003~2004 (not to scale)
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Fig. 2 Schematic and photo of experimental UV disinfcetion system
Table 1 Characteristics of UV lamp used for experiment
Watts UV output Lamp arc Intensity
Lamp (W) (Watts)  length (mm)  (M/cmd) Manufacture
G10T5L 17 57 357 895.3 Lighttch (Hungary)
TUV36WT5 40 15 842 999.8 Philips (Hollands)
oA Wakshs A9A Aol HEAIME F3 3~5 cmAEE A8k BRI AL A3t

Tk A aF HHERAAY Hi %
PSS (point source summation) method (Tcho—
banoglous et al, 1996) & &3] Fa3ith
2. AEY
7t B{RfEY A
20039 A8 skpAEse dMET AoldE
98 AT (treatment)™= biofilter X2, A9
A ZAFF 6 mW - s/em® & 16 mW - s/em® 2
biofilter &% UVAEd & 2474 Es
2 o]gdlion, thZT (control) = PFFT Al
EMW WNLFE AT Qle ST E ARRet
dovl 13 A F 5 LE #Mstq FHE &

ru
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et

2004'd A8 AT (treatment) = biofilter
AHel4, biofilter HEFE AUA ZAFF 40 m
W s/em®® 68 mW - s/em’® UVASS & o
ZAEs, d5dgy ave 4943 3AFE 4
Z+ @SR olgsieH, 13 WA F
30LE st £4E & 3~5 cmAEE A8
ot A3 AHgE AxFETE A3dEE
off AR AFFAG ARAILES AA 7hs
FA AEEA, AFEAE F 2m x o] 9m x

29 1 me) 829 W 2342 06 mE A
21, $ANEY w3 BFEE AMeigor], 3
HE%8) B8 AT2Y 958 b2 e

stk AFEAY 24 Y% 1 m¥/dayoln
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o) w2 APz o AFES o 8ol &
AN A A srE ARHIE Bl ¥
AAfaa oz AEAAHY 0.1 m’/day¥
YR slon, 4719 A%E AFHoE A
3t & Al A% EFE F vy AReR
olFaAl dAseH F AFAE < 209 °]
At

20033 ARG & M FAROR Am
& olf= 2004 biofilter §&49 £4 F UV
A% 2 4L nNE SS7} Fol 2003 A
9 AYM Ao gE FEE ASEW} Yeht
2] Q¥gr7) wjRotk. 20039 AFeIME UV16
O% BEE 45% A% ARvAYE] AEHA ¢
gkod, UV62oR 253 7ol 100 MPN/100
ml ©J3td F=F Jehlion, 20034 4¥
3} AR FEF FEE 9] g8 A9 2A
< F7IMZAY (Jung et al., 2003).

AujEe ey 1A BF AP
S Anjaigih AaE 74, ojxhy], EduE 7
7 50, 30, 20%%) HI&E Z4Z AB|%, 9
A 7HE Ausigon, Add A8y d%
E5& Table 2 895l givk 20033 2004
d APE dr d2 oY) A7) Abole Qo
2 g AgsRlT JHlE Fen FA
A4 H5S QA HEE FA F& HEER
A W A& 7god, Edule= Wyt ARt
A A2E Yol Yok A7le] FH, ojhul:= W
7} @ulE P Al7le F "ot} o|¢2 10
x 10 cm 7H40 % AIIXE G FAEE dEH

o

my

2 13 1207 6534 £07 ojgslgih g
N T 24X7F FQ AFu|AEY] WEE Yol
7l 98 Fo AdEE 19 3~43 BEY 91,
T3 7|7 AEFRE WSS gotry] siA
B 15 A0z A87)10%¢ 6€~99) 2Y
B g F23 AFEEA AN HE AX
NEE FH80z MEFY gtk HEY WS
Hae 73 (pipett) 3} FelE o83t HIIE
5749 AHE AAYsA, =EY] n@EHA gA
3lo] AF st AP # F EAEIth

TFAENGEL BAAo] vwE wWEn &5
Aolg3 Ao ¥ vlAET 718, YUE
A 9%& Standard Methods (APHA, 1995)¢j
et BAe90m Table 3% Zth wAE 84
& ARS5AEY (MPN S ARgsIgEd TC
(SM 9221-B) uj%kdi|= Lauryl triptose broth&
AHEIdew, FC(SM 9221-E)= EC broth®
AR od, E. coil(SM 9221-F)& EC-MUG
brothE A8l 25 DIFCOARS] Aleks At
£319th. BOD5= SM 5120-B, SS& SM
2540-D, Turbidity= SM 2130-B, TN SM
4500~B, J282 TP= SM 4500-P¥ieg #
A

3 Eny nE
7t #NESTe| +E

7} A WHESE 088 §59 FEEE
7} Table 3¢l H]Z& o] §ict.

Table 2 Agricultural activity during rice culture experiment

Date

5003 2004 Activity Remark
Plowing and Nitrogen (50%),
May 27 May 25 basal fertilization Phosphorus (100%)
May 29 May 29 Rice transplanting 10x10 cm, one plant/hill
June 19 June 14 Tillering fertilization Nitrogen (30%)
July 31 July 28 Panicle fertilization Nitrogen (20%)
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Table 3 Comparison of water qualities of irrigation waters in 2003 and 2004

Parameter 2003 2004

BE Uve UVI6 STR BE Pond UV40 UV6S LAKE
TC (MPN/100 mL) 9,150 45 0.0 795 133288 1,374 625 7 600
FC (MPN/100 mL) 6,500 50 0.0 587 133288 1334 600 4 480
E. coli (MPN/100 mL) 4,200 48 0.0 498 77 868 44 0 260
BODs (me/L) 59 - - 18 19.2 . 180 - - 58
S (mg/L) 34 - - 08 26.1 234 - - 10.5
Turbidity (NTU) 11 - - 04 16.7 92 - - 72
T-N (mg/L) 381 - - 50 85.7 272 - - 34
T-P (mg/L) 40 - - 0.18 88 55 - - 0.01

BE - biofilter effluent: UV6 - UV disinfected water with UV dose of 6 mW - s/em’; UV16 - UV disinfected water

with UV dose of 16 mW -

s/cm’ UVA0 - UV disinfected water with UV dose of 40 mW -

s/em? UV68 - UV

disinfected water with UV dose of 68 mW - s/cm®; STR - stream: Pond : pond effluent: LAKE - li-Gam LAKE

WNEFE o]§8 UV AFFA wlAES]
FE2 AMHATE 3 UV 25319 biofilter
T8 AR FEIW] Wl BAEA %otk
(Park et al., 2004). 2003d% A A28 &
Ng5e) TCY sEE YA WALFE ol f
g1 9 sHS STRY 571 < 10° MPN/
100 mL olsigon, Uvases g dhs
2l Uvest UV169] 55 242 459 0 MPN/
100 mL °]3le}h. 200499 #ANEF TCY &
£ LAKE7} 2003959 STRI AR 425019
on UVASSE UV40F UV68Y w57t 4zt
625 ¢ 7 MPN/100 mL °igit}. BEY TCEE+E
2004959 FE7t 20039 Hrh €953 %o
), 20047l AHLE biofilters 20039E A3
7 E}E é_lf‘f“l**i)ﬂ **il = °°°‘i7l A 2 A

A7 “’ﬂ—\:"ﬂ 2003‘{3 A3rY =
€ Hehisis

Lt 201 = 24A12t S5

20039 A#™erx+E BE, STR, UV6, 181
UVI6S A4S 42 309 AgTEd W)
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n°"
o
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1,5 oo 15 000 MPN/100 mLA BE
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] (Chapra 1997), 7350l 3
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Fig. 3 Indicator microorganism concentrations of surface water sample in paddy field during first 24 hours

after irrigation in 2003
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Table 4 Concentrations of indicator microorganisms in actual paddy field

Date Location n (MPN/1G0 mL) (MPN/10 mL) (MPﬁh%%ﬂ mL)
P 2 10.900+14.284 100:141 205106
May 29, 2003 _ ‘
v 1 900 280 350
T, 30, 2003 Y7 1 90 2 2
Aug. 04, 2003 YP 2 18504354 275535 750177
Sep, 0L, 2003 % 1 5000 1700 90
May 25, 2004 YJ 3 28004265 1633258 633£231
May 27, 2004 Y 3 1633404 900400 1804151
May 29, 2004 P 2 11.00027,071 2,900£2.970 33592
Jun, 11, 2004 % 3 150350 183+126 107+168
% 3 7739 1575127 2008173
Jun, 14, 2004
YP 2 750471 3001141 155+120
Jul, 06, 2004 v 3 6872280 3574301 1774120
Jul, 20, 2004 vJ 3 7532175 343140 5104285
Average 2 2.54954.685 697993 302256

YP=Actual paddy field at Yangpyeong (stream irrigation). YJ=Actual paddy field at Yeoju (groundwater irrigation).

7 <
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LAEAEE oJFA] wliel B % Axu
AEo] =02 {45 =/ woHd F U,
A&AQ 7242 A8 APFUt FUFET B
& A% 4=l FrUt Wold Zog wddrt
AR AFE9 AT AEuPES] FEE F
ANEZ B2 zolE Holed|, 7 A%
X3 uHLEAY F9 Wi Aog AzE.
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7t AT ARuPEY sEE AWHY
20039 A¥lAM st @A STR#H BEY A
golA UVest UViee AHz7Ho Auhoz
& HEEEE Uenislen, 945715t oY

PFHE A&HoE FA &Gt AR ES
E7F ¢ sAst UVARESFE WHEFE A
L Ao 2o Bt} 0%
Fulsty WAIE ARSE 1 Y] YE7Iz
%ﬂ &g AoZ ehd.

20049 AME 200399 seAaEs B

o 29 P42 SES MPow, o)t BE %

ey o off r°l'

T s o-LIL¥

E59 FEt AdEeR S FE0INeH, BE
%48 pond2 z{a]d 3 Wl & A% Ao
AEY FEE Had A /A% 5 e AeE

Uebsdth. Ad7gs W pondes AEDFE A
Aadzt & Rez A slon 2 AAd
pondE ©lg3dte] srEAlEdl o]gsAYG 7IE #
A AL FHE AFAE ol g3l ANE B

A4 A8E 3A Y F UE R2E wd
t} (Yoon et al., 2003). UVAZ4E #AME 4
T 200393 AR 238 d9oH UVesS
Z 1,000 MPN/100 mL9 ¥ F&gion, o)A
B9 557t 58 dE5RdE ¥ FEE e
Uitk 2d Eeke] AgAY g7 FUX F
TE srAEleel BEY A4 M 58 R
Uehglod, bk gl 200398 STRS
UVAE & @8 2920 52 555 sl
31, 20049 LAKEY ¢ UV} A £20]9
ok 3 P TEUAE AEE 2 A8z
Aol 2 FAE F AT TEFHEAE D
3] & Ao JelgEd, ole WSS AR
AE Tt FARIE = AAY 270 ot

5717 B ANE|YEL] wEHE Zo] F 4 )
S )it =8, gHdstAl Mzt sirAel
F9] AFuAE FEE 0 MPN/100 mLE A
st BN E dRFE o) NEAE F=
£ eSS & F Atk Wl F AZo] ZAHA
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I 4%, dIZEY ezt T o2 zdd|
w2} & FEHs yeid Aog gddch

M 2% 3 A&

= d7ddE drALdrE FAETFE Aol
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200393} 2004 srAE4 biofilter %

£ #E s AYTEGN A ENEEY F
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L g AR §EF FAVES AT
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o2 Yehgt.

2. 9 A4 A% 597 649 H
2471 FOt AR unAEe] HdF
10° o W92A AAL5Y ST Auglo] A%
o AEY FEHsE 34 JYeR ggton
3T 24AZk0] A < 4499 T #A2E
tt. o] Al7]ells 71H|s} FH|R Qs u]AES] A
Ao ozt JAed, uHdY AAY 52 v4E
T Toll dFE Pu =9 W Y5 g A
SHO7) WEoz dod 797 8¥2 AT
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o, INEF oAEFEI AEEEY uAE F

Sl AMAQ G 7] Azl WA
P5ETL AR 2 2tk W) F 1-2900] 3
T EBE Yk ol A4FHY QA
Y2 ¥945 U oz wudr

rlo

3. Biofilter 249 A% WA FolE &
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ol

4. AA =5APL olFA 1 Y FHTY 3§
AN =3 AFF9 A =9 A B4
AP M= FC, E colizT7F TCEERT A4 @
stk AIZEE R Aozt 1o, TC, FC, 1
21 E coli¥ HEsE7H & 2,500, 700, 300
MPN/100 mL ¥$E vehigich

5. AT E FUETE A0S A S
AY5E NEFE A7 olg|nge: UVAE
o2 AR L AL FBT £ o
v, Sy Aolg FAVFAE HPgE S 9l
€ 08 ugdth AT, UVE A EojAdEo]
ZRHA g& AEE A5 wo INEFE
olgdtix WiATEY Y¥goz TCY HY
1,000 MPN/100 mL9] #%7F 435380t -8
Uzt 544 Aolgr FAVE AR =9 &
e mEste] Agshs Aol AQosy Y AR
AYE B3 AF5YAo] o8 Qoz A7y

ERLE
o UVASE A53Q A4l daunes
hE A5 Hal AW 2 fAu7E on,
Ae F7o] astel 4443 fABes 4

2
SEHARE BYHA g Al ) ol
=12

e %
T YL Aol gl fr&siA 28 =

B Q7 214] ZEHATIAI &
e A3 gurlepaaRidY Al
(@AM 4-5-2)e] o3 FRHGEI
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