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Analysis of Indicator Microorganism Concentration in the Rice Cultural Plot after Reclaimed
Water Irrigation. Jung, Kwang-Wook, Chun-Gyeong Yoon*, Ji-Hong Jeon and Jong-Hwa
Ham (Department of Rural Engineering, Konkuk University, Seoul 143-701, Korea)

A study was performed to examine the effects of UV-disinfected reclaimed water on
microorganism concentration during rice culture. Four treatments were used and
each one was triplicated to evaluate the changes of microorganism concentrations:
stream water irrigation (STR), biofilter effluent irrigation (BE), UV-disinfected
water irrigation with dose of 6 mW - s cm 2 (UV-6), and UV-disinfected water irriga-
tion with dose of 16 mW - s cm™? (UV-16). The indicator microorganisms of interest
were total coliform (TC), fecal coliform (FC), and E. coli. The biofilter effluent from
16-unit apartment sewage treatment plant was used as reclaimed water and flow-
through type UV-disinfection system was used. Concentrations of indicator microor-
ganisms in the treatment plots ranged from 10? to 10° MPN/100 mL during 24 hours
after irrigation in May and June, where initial irrigation water for transplanting
preparation was biofilter-effluent without UV-disinfection. It implies that initial
irrigation using only non-disinfected reclaimed water for puddling in paddy field
can be health-concerned because of more chance of farmer’s physical contact with
elevated concentration of microorganisms. The concentrations of microorganisms
varied widely with rainfall, and treatments using UV-disinfected water irrigation
showed significantly lower concentrations than others and their levels were within
the range of paddy rice field with normal surface water irrigation. The mean con-
centrations of STR and BE during growing season were in the range of 4 x 10° MPN/
100 mL for TC, and 2 x 103 MPN/100 mL for FC and E. Coli. While mean concentrations
of UV-6 and UV-16 were less than 1 x10° MPN/100 mL for all the indicator microor-
ganisms. Overall, UV-disinfection was thought to be feasible and practical alterna-
tive for agricultural reuse of secondary level effluent in Korea.

Key words : indicator microorganisms, paddy rice culture, reclaimed water, irriga-
tion, UV-disinfection, water reuse
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¥ 7emons Thss] wiel el FrkdAE
g4 st oz, AAH ez 1200 ATelA 3
AR SE FHHoR o] 43la slor Syl =
I A8} e] FTH(US EPA, 1992). Aoz A&
a2 Aol gell gt I xHe] ALEI e,
A o] §-42] g Fof= I FAf wet Fow, FHE
T sHE 183 A RAES Fo= okt A
A B FTHIAE B AolgS F
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458 A3 5o &3 oldelx FAA ¥R F
F, FolekHel ok 39 5o adE JIdE 4 al
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A Qe = w]g-A], BN Y, FHES AA
A A w5 AA ALE, BabA SRw 12]Eelo)
& Aol

Aol g-g FHo= FpAss o8 A, ¥4
A o] g4 A7) FEE vhsle] Lol Bl AHE A
43k Aol 7MY Fedit) fuElM e Fa= Ui
o] Algkgl WA FFpie]l S 7]Ee] FEEHI 9le
), 1 o] g} AAL ww|gt AA | (M.O.CT,
1992). F=e) A3 FA7|FEL oo skpA A v
g Agste] dEe oFoA el FAkY el
A4 207158 mRise] Q1A ke Aeeleh sl
B 4RSS sUgeE Aot Ue 29 3
o des sl s S AR BaHos
o) o1 gtow, o}xx nlAelE AL} T2 Bol
2 AR B, 452 SolA Haaled Wil Abg
sh= Aefo] We o] @Aeleh

Seuehe] A4 wRaa Algakel WA Lse] of
S8 AT Bz Agee] gom A SE B
Qa2 Aol8F F olE Aol e =) 4

T Aeolg3hr] Q3 2702 AuAP} AMEE o
A BFolofol B, W] - SJAEAQl kA R
7} FRg F03h7] wie) dnbHow AwA wAE
ql YA F(total coliform, TC), B4 W& (fecal
coliform, FC) 18] 11, Y| &AF (E. coli) & 7|F o= A
st )t} (Duncan and Sandy, 1989;. US. EPA, 1992;
Anderson et al., 2001; Lee and Kim, 2001). =#]|3 >4
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pH, BOD, turbidity, SS, ZHF9 47 £3=] 311, A=
Wt A RUEE i, e a9 Ae §
AFA el E7bA] 23etar Qloh ArlH FEQlSs,
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-?fj]—gi/yq ]._Q_x].oﬂyﬂ Alu) A 71\:171- ’077-17-]0] QFA A
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ZtReRs Jgeas kA3 AAsE 5A4E %*46}5
= Aletgl 7]FolH
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A FAE B3 AE et x| Aol gl
2ot dAH AU E Algkstade (WHO,
2000). USEPAS} WHOS| 7|5 2% 17 .- 949
Al BHAANAAFE pAVEoR Aste] 7Y
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4, i ArdHQd el o3 &% 3 33
A, AA (sediment)ell X 2] A H 5 43 {AE
I} (Chapra, 1997). EollA = st A 429k {4
7Ee] dold Aoz AzF, e Aoz <)
Y3} sedimentsle] {A7F B FoF oz oitd

ﬁ

o
0, 44
o

ook
s

—_—

41

) rlo

/R

£

o ATl ol WHESE ol g5 gl AR
biofilter §-&4= (3l=x]8]%), 28|12 UVASSE )4
S AT F QTN e Wate ¥4
Stelm gow Hadelvt $Ue4E Aolg B A5
WA 7hss B2 - SRRl sl dpsialeh

ﬁ



114

ro
FH
ox

0z
ol
Ho

Fig. 1. Schematic and photo of experimental pot.

Table 1. Characteristics of UV lamp used for experiment.

UV output Lamp arc Intensity Exposure Dose

Lamp/MAG Watts (W) (watts) length (mm) (MW cm™?) time (sec) (MW - sec cm™?)
G10T5L / Lighttch 17 5.7 357 895.3 6.8 6.0
TUV36WTS5/Philips 40 15 842 999.8 16.0 16.0

2,000 cm*el FAFAG7 ok APEELE =EFE 25

Mz f 2y cm7bs A4 AR 10emE RS 93 ARE F

At B AFEEE kel =EF o] W3 Lx Tl 9

1A% A4 g oJEge Fol7] f3 ¥Rz AdzE gdHS MY

HAY zE =+

B AFo) o] 4% F5A biofilter: A7 % - &
A AT 167172 A&ers A2sr] st A3}
25 A2 245 EEAPA o A" F2A A
o ARt} AtdH o2 7)== AETe] 23 ALs} - £
ssls Wale] HElA AR, Mel 42> oF 8m’day ol
ik F4=A biofilter= &8]#] WA o] Hojr] §-x| 2z
7} &olsta, BODS] A& H2 25
A4 o]} (Yoon et al., 2001).
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2) UV AFAA

UV ARAA = biofilter?] &5 #4542 o] 43}
Rem, Whg-z2= W7ol 96 mm, A o]z} 860 mme] L, vk
£3 3ol = Mode(gea 5x860mm)e] A9)4 Azg
2T 9l (Fig. ). ez V3ol Qe Aeddte] she
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Fig. 2. Schematic and photo of experimental UV disinfcetion system.

method (Tchobanoglous et al., 1996)=
o}

D=1Ixt (1)

A gstel Taiel

Where : D=UV dose, mW - s cm 2
I = Intensity, mW cm 2
t=Exposure time, sec

2. 498y
1) wiAfey 23

st ] 4=2] A o] 85 913 A 2|7 (treatment): bio-
filter ]84, 219X ZA=F 6mW - scm™28} 16mW - s
cm2e] £%4F 27 WS ol 45T, wel Al
A #u|AY L2l TC, FC, 28] E. colio] W=W3}E xA}
3} om, vHi—"’,—(control)‘* o AlollglelA &
$2 AT Qe A4 AL,

13] IVPA] &= 5L 44—7]]?5]-0:] AlS- ok 3~5cm A
2 fAlshe AW P dgeltien e
BE AT FRAANEY A TEALANRE
Avlaksle) A 7, ol4s], palulE 4 50, 30
20%2] wlg= 27 Apjak, Qe Aeke sulz Al
Hjstol om, Agel] M85 °J5F-2 Table 26 QoFs
o] St

59 27 e} FAl S 3L, 54U 27U
714], 6 19e) #4u], 7¢ 31del & oA E

Table 2. Agricultural activity during rice culture experi-

ment.
Date Activity Remark
Plowing and Nitrogen (50%),
May 27, 2003 basal fertilization Phosphorus (100%)
. . 10x10cm,
May 29, 2003  Rice transplanting one plant/hill

June 19, 2003  Tillering fertilization ~ Nitrogen (30%)
July 31,2003  Panicle fertilization Nitrogen (20%)

7Rl A Al A wlase) i WlEE F
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Standard Methods (APHA, 1995)¢] u}e} 2A1s}le] on,
AL BAM2 HHFEEAEY (MPN)E AHE-3E )
TC:= Lauryl triptose brothE A}83}¢% 1, FCEx EC
broth& A}-8-3l93 2™, E. coilx= EC-MUG broth& A&
&dEd =T DIFCOALS] Alef& ARg-3tqdt 74923t
YxAIZEE o4 713 2H& (KMA. 2003)% o] 83131
g zxsl Asdse SAsden, zE2Y Hur
LUX meter (LX-100, LUTRON, Taiwan), x}2]A g &3]
Z] = Radiometer (VLX-3W, VILBER LOURMAT,
France)Z o¢]&3}e] long wave UV (UV-A)2] ®H el
365 nm (CX-365)¢} short wave UV (UV-C)2] W¢jql
254 nm (CX-254) X H (probe)E ©]&-3le] zpqA7}=
(MW ecm™?) ZA315iet

A7 T A" Alse BAS AA Z=2 a9
(SPSS for windows, Ver. 10.0)2 o] &3}e] dufz] 2
A4 (one-way ANOVA) o] o] o] 5it}.

TCx St SR HRs +A71% %o
2 AMEE AL Sl dEolH, FCE Qlztelu FE2 wiA
oA AEY A g Sk aAV|EeR F4y
T glok A E. colis FCH HgH S2] Ao

Y E 73 glem, @2 sxpEe] o3 Ao
&4 SA7E dEeoly sHAe] 8 TEs A -
Ao AmeER FHIA FHET loH(Weiner,
NAME BHpAES I F oA A=
orotr 7] fl3 o]ike] A=A w|AE 37t
d Ak

ATl = A7 Ft WL T/ A=
" E(TC, FC, E. coli)®] W=wsle] IAE Hr}sl7]
A3l FoleFE 5%E 7IFoR ddwR] BAREAE 8]

et

[k

A7l g2 o]8-F biofilter &2 314
4 a2, FF gPHeR Aelg TFsAel e sk
Z2x 2] %) (waste water treatment plant, WWTP)$] 4}
4 HdE =l Table 30 wlwEe] ok L5
o] $x UV amgelr wdEele] 52 ARATE

3l UV 2=319] biofilter -9} §-A}3F 2230]917]
312 okske). Biofilter X249} 83 I 4
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Table 3. Comparison of water quality of irrigation waters
and used in the experiment and WWTPs (mean
concentration)

Parameter BE* UV-6" UV-16° STR! WWTPs®
TC(MPN/100mL) 9,150 45 0.0 795 3,969
FC(MPN/100mL) 6,500 50 0.0 587 -

E. coli

(MPN/100mL) 4200 48 0.0 498 -
BODs(mg L ™) 5.9 - - 1.8 6.33
SS(mgL™) 3.4 - - 0.8 5.2
Turbidity (NTU) 1.1 - - 0.4 -
T-N(mgL™) 38.1 - - 5.0 15.6
T-P(mgL™) 4.0 - - 0.18 1.0

BE? : biofilter effluent; UV-6° : UV disinfected water with UV
dose of 6 MW - s cm™2;, UV-16° : UV disinfected water with UV

dose of 16 mW - s cm 2 STRY : stream; WWTPs® : National mean
concentration of waste water treatment plants in 2003 (M.O.E.,
2003).

Table 4. Recommended guidelines for water reuse in

agriculture.
Parameter WHO? USEPAP TP

i 10°~10°  ND~200
Fecal coliform /100 mL /100 mL 3,969 TC/mL
BODs (mg L) - 10~30 6.33
SS(mgL™) _ 20 >
Intensinal

nematodes =01~ =1L _ B

WHO? : Recommended revised microbiological guidelines for treat-
ed wastewater use in agriculture (WHO, 2000).

USEPA" : Suggested guidelines for water reuse in agriculture
(USEPA, 1992).

WWTPs® : National mean concentration of waste water treatment
plants in 2003. (M.O.E., 2003).

™ biofilter x}2]47} TC2] 7% 2.30u), T-N-& 2.44nl,
T2z T-PE 4] A= =& Abee]glx, SS, BODs:=
FARE Al frdedel=
filter A2]o] 7 A3tzelr 1y 2Ae] HAd 5 =
£ A2 el gle] biofilter 7129 A4S A
Saksiet. a2y 4t sieFEA el s 14k 22, 2
ap A2l wut ozt dReAE nmAE gl %A
7HA AR F what7] el biofilter A2] 47} b
A R ddHes 22 vxE U 7
oz Hohso

e A2 skeAE AR W bidfiler 25
A Hebl g, of A7l A-e-H s
el flAska le] £l Hu
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Fig. 3. Variation of indicator microorganisms concentration during first 24 hours after irrigation (Mean +SD).

I 9l USEPAS} WHO?®| $A715& 2ot 5
guet skl Wil it et vlws] B,
BODS®} SS 52 Ajo]§4 AV|FES S8 UHA
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A F7H49l A7t a7

N

2. 7 ¥ 2447 WEH3}

B A r= biofilter effluent (BE), stream (STR),
UV disinfection dose of 6 mW - s cm™(UV-6), UV disin-
fection dose of 6mW - s cm™2(UV-16), 18|31 STRY| %
NpE o] 83fe] ZH7} 3uky-o] APz Eo W F 24
AlZbget Almu| g dewsts dHz 2AIACH
(Fig. 3).
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S Zow ¥ E]—Eh;]-(Thomann and
Mueller, 1987). =3k, ¥ Ax) 2 &9q) 543} 642 A3
2EV} W] AAeg =9 7)es #F7] AR ©
AZA AT WS AAZE ZHAA odshr] Wi
of, Well o3k oJske] Xﬂ“’}ﬂ"]?\i% Aoz ko)
793 8Y29] gl 54 6
= o} mEqu]_y} A};qu_i 7} o, A8 =
zfol7} =1 s
1ok e £75] AT E eh e 2 e
Al zenj} PAE AR EAAS Bl odkel 7
o2 HgtEln) Thurston et al. (2001)o]] 2]slH x| &4
u A E-0] A AL el ot &% o]eld] drlEdA
(nematodes)$} Z = & xo}(protozoa) 72+ A A A
ol s] A} Abgule]# 2 (bacteriophage), 524~ (micro-
bial toxins), &=, A&, 78|31 &3 (adsorption)z} 72
AefA L] zhgel M= A A=t B usksdch Yoon?
et al. (2003)¢)] 2]3}H petri-dish& o] &3t *‘%401]/\3
biofilter 52229} UV 4527} Blofel] »22 7S
Az el A mu| 80| "Wwr} Fhadte] 24A]7ke] At
%9o] Wx7} 2.0 MPN/100 mL ©]3}2 A9 A&H =] ¢
<+ A=R yrepxith X]E”]*B'** AR A = violet
-blue spectral rangeesl] =25 ¢& o] =LA 23 &
AHe 3] EA7)7] w & %E]E—(photoreactivation) 715
o] v}eld) Yoon® et al. (2003)o)] &3ld UV-163 UV
-65 o] &3] APANAM 2 P35 AFPHEF} UV-6°
ME 5 %A= B3| Eo] Yehh UV-169r= %3]
5 79 doA] dvha Bk Aol A
UVAaS & 30gE A Folr] 45 LGSt AzrdE
UEZ7He 438 o3 "x3r) B, = AHA
ol we AwolAE Aol oa G How 37
e
Table 5% AA| 2 =3EAP} o] Fo]x| oFge] 1A
S w5} iFze) Aselee] AzedE U
= ‘/}F/]"'HT— 31‘4

2o, A322 Asl

A zo|r} X wu|AE2] Ux= TCe %7} FC, E. coli
o WEn 95d & SEolglen A7Ez Uwe
zpo]l= glevt TC, FC, 183 E. coli®] HFd =7} o
4,000, 400, 300 MPN/100 mL 43¢ vehll= o= 1}
et} Qubel ol o) Bel B A7e] APEEo)

.
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Table 5. Concentrations of indicator microorganisms in
actual paddy field.

TC FC E. coli
Date Location® (MPN/ (MPN/  (MPN/

100mL)  100mL) 100mL)
May 29,2003 800 300 130
21,000 500 280
YJ 900 280 350
July 30,2003 YJ 900 20 2
Aug. 04,2003 1,600 300 600
2,100 250 350
Sep. 01,2003  YJ 5,000 1,700 900

Average 4,050+7,373 4311298 3261556

2. YP=Concentrations sampled in the paddy field at Yang-
Pyeong (stream irrigation). YJ = Concentrations sampled in the
paddy field at Yeo-Joo (underground water irrigation).

Aol mEg wamehd, TCO gt 4418 Selgle
o}, FCs} Ecoli®] A9+ AREES] Bwr} o 5o 5

z¢1°4U‘r AFRNZTEE /'17] % °/‘l biofiter &2 ]

E. coli W= 14-51-144 74_& gl dub o s 7he
e "°] dolu} =2 Uxo] QPEALE o]FA
=

sl bl 4 olm A%Ae A9 sl A4
olu} e Wxz geolEw 3AMEe] Wxs) ol A
oz . P Fe] AsdE A

YR 2AATER B AfolB Kol o]k e
| o3t 342 vl e 9 Wi Aoz A7
4.

A7) el W ol AmelgEel oz 1w
? %
]

3. e L AERE DS}

oA AEmn AR AsHel A

dsfol el oo}
7] 9ske] 59 31YRE 99 187X of 709 Hat
Amn| e g 9L A AR (Fig. 4).

7 A2l Az AEe) e AWE S04 B
Q] STRz} BEQ] x| FollA UV-63 UV-162] 2]z
Fudh Aoz we HPUEs ehyglen, o
et ol AHE 5oz fASGE A
eunt AEnl e Bws} e sse) Uvaels
2 W52 AR s eTton 2o @
Astel olopzniata wAuE AAksR el 1 3%
o] 5717 E3k A%H Aoz vhehdeh aeht S5
ArE UVASET 5 et wAb) elae] A
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Fig. 4. Variation of microorganism concentrations during rice growing period.
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AL, gl 918 BMxs, 221 4717 el o
2% AYEE] A 5 i3 2 met 2 U=
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5] B-x|¢l=1]|, Ronan et al. (1996)3} Peter et al. (2003)
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