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Microbial Risk Assessment in Treated Wastewater Irrigation on Paddy Rice Plot. Jung,
Kwang -Wook, Chun -Gyeong Yoon*, Youn-Joo An, Jae—Ho Jang and Ji-Hong Jeon*
(Department of Environmental science, Konkuk University, Seoul, 143-701, Korea;
'Environmental Engineer Research Division, 613-2 Bulgwang-Dong, Wunpyeong -Gu,
Seoul 122 -706, Korea)

The protection of public health in wastewater reclamation and reuse is one of the
most important issues. Monitoring data of Escherichia coli were collected from
paddy rice plots in 2003 and 2004 experiments. Five treatments were used and each
one was triplicated to evaluate the changes of E. coli: surface water, biofilter
effluent (secondary level), UV-disinfected water and pond treatment. Microbial risk
was quantified to assess human health risk by exposure to E. coli in paddy rice plots,
which were irrigated with reclaimed wastewater. Beta-Poisson model was used to
estimate the microbial risk of pathogen ingestion that may occur to farmer and
neighbor children. Monte-Carlo analysis (10,000 trials) was used to estimate the risk
characterization of uncertainty. In the following analysis, two scenarios were
related to the reduction of risk against direct ingestion and exposure times.
Scenarios A and B were assumed that the risk was 1,000 and 10,000 times lower than
direct ingestion. Golfers were assumed to be 0.001 L of reclaimed water by contact
with balls and their cloths. Opportunity of contact in paddy rice field with
pathogens was more frequent than handing golf balls, because of agricultural
activity was practiced in ponded water in paddy rice culture. As a result of
microbial risk assessment using total data of experimental period, risk value of E.
coli in 2003 and 2004 experiment ranged from 107° to 10™® and 10™* to 1078, respec-
tively. The risk values in biofilter effluent irrigation was the highest, which is 10 in
2003 and 107° in 2004 experiments with scenario A. Ranges of 10°® to 10°® were
considered at reasonable levels of risk for communicable disease transmission from
environmental exposure and the risk value above 10™* was considered to be attribu-
table to the risk of infection. Irrigation with UV-disinfected water in the paddy field
during the agricultural period showed significantly lower microbial risk than
others, and their levels of risk value were within the range of actual paddy rice field
with surface water.

Key words : microbial risk assessment, E. coli, paddy rice culture, reclaimed water,
UV-disinfection, water reuse
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2) Assessment of Infection Probability (Pi)
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P, :The risk of infection by ingesting pathogens in
drinking water

N :Number of pathogens ingested

Nso : Number of pathogens that will infect 50% of the
exposed population

a :Slope parameter (the ratio N/Nso and Py)
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Table 1. Comparison of water qualities of irrigation waters in 2003 and 2004.

2003 2004
Parameter

BE uve uVvie STR BE Pond UV40 UV68 RES
TC (MPN 100 mL ™) 9,150 45 0.0 795 33,288 1,374 625 7 600
FC (MPN 100mL™) 6,500 50 0.0 587 33,288 1,334 600 4 480
E. coli (MPN 100 mL™) 4,200 48 0.0 498 717 868 44 0 260
BODs(mg L™) 5.9 - - 1.8 19.2 18.0 - - 5.8
SS(mgL™) 3.4 - - 0.8 26.1 23.4 - - 10.5
Turbidity (NTU) 1.1 - - 0.4 16.7 9.2 - - 7.2
T-N(mgL™ 38.1 - - 5.0 85.7 27.2 - - 3.4
T-P(mgL™) 4.0 - - 0.18 8.8 5.5 - - 0.01

BE: biofilter effluent; Pond: pond effluent; UV6: UV disinfection by dose of 6mW - s cm~2; UV16: UV dose of 16 mW - s cm ™% UV40: UV dose
of 40mW - s cm™2; UV68: UV dose of 68 mW - s cm™%; STR: stream; RES: li-Gam reservoir.
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Table 2. Recommended guidelines for water reuse in

agriculture.

Parameter WHO? USEPA?  WWTPS®

Fecal coliform 10°~10° ND~200 3,969
/100 mL /100mL  TCmL™?

BODs (mg L ™) - 10~30 6.33

SS(mg L™ - 30 59

Intenstinal

nematodes <01~<1/L - -

WHO?® Recommended revised microbial guidelines for treated
wastewater use in agriculture (WHO, 2000).

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

WWTPs®: National concentration of waste water treatment plants
in 2003. (M.O.E., 2003).
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Fig. 1. Variation of E. coli concentrations during the first 24 hours after irrigation (Mean+S.D.).



stexz[TE woHst = sl AlETol st o] ME 2lsid "ot 231

4000

2003 STR
3000

2000

=1 Lidkel Ll

2003 BE

2003 UV16

.

2003 UV6

I

2004 RES

3000

2004 Pond

E. coli Concentration (MPN 100 mL 1)

Jun Jul Aug

2004 BE

2004 UV68 2004 UV40

Aug Jun Jul

AugJun Jul Aug

Fig. 2. Variation of E. coli concentrations during the rice growing period.
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Fig. 3. Microbial risk assessment by Monte-Carlo analysis.
Table 3. Risk values of E. coli concentrations in 1 hr and 24 hr after irrigation (x 1077).
STR uv40 uv1i6 BE
Date
1lhr 24 hr lhr 24 hr 1lhr 24 hr lhr 24 hr
Scenario A (Farmer)
May 2.86 1.11 1.88 0.40 1.90 0.29 29.08* 0.58
Jun. 1.14 2.75 2.27 2.22 3.31 1.73 2.00 5.88
Jul. 8.39 2.19 0.60 0.15 0.62 0.64 2.01 1.21
Aug. 6.69 2.99 0.12 0.17 0.31 0.25 1.77 0.07
Scenario A (Children)
May 7.15 2.77 4.69 1.00 4.75 0.73 72.69* 1.45
Jun. 2.85 6.88 5.67 5.55 8.28 4.32 5.01 14.70*
Jul. 20.98* 5.47 1.50 0.36 1.56 1.60 5.04 3.02
Aug. 16.73* 7.46 0.31 0.43 0.78 0.63 4.42 0.17
Scenario B (Farmer)
May 0.29 0.11 0.19 0.04 0.19 0.03 291 0.06
Jun. 0.11 0.28 0.23 0.22 0.33 0.17 0.20 0.59
Jul. 0.84 0.22 0.06 0.01 0.06 0.06 0.20 0.12
Aug. 0.67 0.30 0.01 0.02 0.03 0.03 0.18 0.01
Scenario B (Children)
May 0.71 0.28 0.47 0.10 0.47 0.07 7.27 0.15
Jun. 0.28 0.69 0.57 0.56 0.83 0.43 0.50 1.47
Jul. 2.10 0.55 0.15 0.04 0.16 0.16 0.50 0.30
Aug. 1.67 0.75 0.03 0.04 0.08 0.06 0.44 0.02

*Risk value higher than 107
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2 5%2] A= e AAsgon] w9 Aveles

vro] 7lalde W AF ®L E coli v el
Wb} 242 2k0] At ol oF 50% A= Fw} 7



Risk

Risk

st & 2HE = el AlE ol chEt ojdE

I BE
= POND
~| = UV68

B UV16
Hl UV6
N STR

mBE |

Scenario A

2003 Farmer

1e-6 | i

8e-7 |

3e-57

= BE
m UVi1e
Hm UV6
Bl STR

= BE
Bm UV16
Hm UV6
Bl STR

Scenario B

sl ot

2003 Children 1

2003 Children

Fig. 4. Microbial risk value of wastewater reuse for paddy field irrigation.

233



234 Hau2 . 254 -

a25E Hez ZAENY] dEel, W F 1433} 24
ARE 9] E. coli 525 ol g3te] seizjst e ofo]
Zoll7l vAE e Frleigeon 1 A Fig. 32
Table 33} 2t} Fig. 32 Monte-Carlo Analysis®] 23}
o, s4E WAL % 14743} 24417 %] E. coli
$EE o4 AT FA4F 5% e ol gt
/‘l‘/}ﬂi As}t B 27 BE®] 7ol 7 2 Slsi= 2t

< veiiglen, B 4571 2ad 5@4 735l S130
w7} 2 Aoz Jehdd Avele Az ) A% 10°
SAHE ehislent olRlels] 35 BES] 68 Asla)
T 10 o]akE el Avel 2 B Al w
€ sl 3ke] 10°° o]3te e dek STRE] 74 7
A3} 8ol 247 AAF Wt 1A Fof| o] 22 9]
A= vehiels, BES] 69 Azk= 2447ke] At &
9 ¥& S vehheloh USEPA (1992)) 4% 14
T =EHNE A A AWl A7 sl ghol
1078 2he A$ "-LV & oz dehsle] S8422
gt Ssl= Fhe] 10°~10°

Ao 22D A 7:4&394 ool APedt oz
aue Qod sbedel Qb FEez Wrksw gk

2E ATl FAAER 2ol glort, flsl= 3k
°] 10°~10°22 Ao olFo] 7pedt Folglom,
N AFRAE 24212 7 Foll SB® ghe] W 4

Fig. 4% %4717 53t 249 558 o4 3
A AR AT Akl A7 Sl ok A

Fex7]d 5¢Y HHE 6dxe ¥ = HE et
Hslem, o] A7) wd e } R A
AeZFol olFdAE A= ~%UP °7F dast A
o2 gt vl e AS A w71zt F<t S8

% Zro] 20031 10°~108 tﬂ°] o] 3 20041 A& el A
E BEQ 7% Slsl= ko] 107 o] AHS Yehlo] 9193
FFolgoer] Ymz| AP FeA 10°~10°% WS
ez AZIEE zlol= glont I Z7)6] B2
Sel= e JepiEh Al e Bo] A= 20034
Alge] 7% 10°~107° W $)elar 20043 AL 10°~
107°9) & Yepliglen Alyele At 22 933t
Foz HHAE dohth A7|H=E ol HolX|4E
2003 Age] 7 BESY 7% o|dx719] Ssl=r) &
2 Aoz Jeptort 4‘31%] Al7lelle e Ssl= Zk
<+ YeP ek STRE A% % 7] FHkRe &2 s
Hehf7]= kglent E. coli®] =
e &S] Well sk

Table 4= 20033} 200419 =77 E9}

P

244 b 4

Ay

ekl

- &BANE - HXE

ZE E.coli ) o]E]S o] &3} u|AE 93A] Hrl= A
At A2 BedFl 20039 E U EY AIZ o] 4
sted SlsiA HrEE AAgE 23 98] = el BE>STR
>UV16>UV62] &0 2004952 ¢slx= 72> BE>
POND >UV68>RES>UV402] <=o]lch Alte] 2 Adl
A] 20044 biofilter 252 715 BES] 74 USEPA
o &84 A AFEE B AT A= 4
1005} %7 vent Hfﬂfﬂ SEon HrHgen,
200319] BES] 79 107 $Fo|glt) o2 2] 7o)
R EEEREES %5% chehiglet i) A5
Q577 3 LW 2EH7) el T o]oln
=2 = & eRNgld Biofilter °Z’\2} <

A RS Rolk SeAeE 47 BT A
AEA L] Ml 2 Aoz Yepgeny, UVt Pond
o} 72 F7F Mg B3 IWHE 7S fA8Al A
Sug 4 gz Ao vepid

£ AR A H7t A7 AdE AR, Asano
and Sakaji (1990)= 3l5xe]42 et Ao 4133}
A& 74 Aol ze] 74D o] 104-10°
29 em, Asano et al. (1992)¢]] &JsbH A 7}A] A up
o] A (enteric virus)el] 93+ $JsA] Hr A3 2 v
olg2st 7] 100Lel Aol &e WA s A
3 A9 9= Zte] 10°~10 e, 1117] 100 L 1=
Wl Aael AAN A% Frol 102~10"6|Qe
Tanaka et al. (1993)e]] 9Jald 23} AHE|4E F71xE)
slo] FE 79 107 o) ake] Slal= FhE 7HIHH, F=
FARe) F4E AE3F 221 A4 WA 10°~107°9)
Aelle g e i, 255 4 7§ 107~107°2
=iy B st

2 Q7 Asks} AR

j&

mlo

S5 e A 9o

Table 4. Risks for the risk values whole data of E. coli dur-
ing the study periods in 2003 and 2004 (x 107%).

Scenario A Scenario B
2003
Farmer Children Farmer Children

BE 5.67 4.25 0.17 0.14
STR 6.85 5.14 0.21 0.17
[UAVAKS 2.38 1.79 0.07 0.06
uve 1.66 1.25 0.05 0.04
2004

BE 18.01 13.51 0.54 0.45
RES 3.12 2.34 0.09 0.08
uves 1.27 0.95 0.04 0.03
uv40 1.07 0.80 0.03 0.03
POND 0.91 0.68 0.03 0.02
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