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Guidelines and Optimum Treatment for Agriculture Reuse of Reclaimed Water. Yoon, Chun-
Gyeong*, Kwang-Wook Jung, Ji-Hong Jeon and Jong-Hwa Ham (Department of Rural
Engineering, Konkuk University, Seoul, 143-701, Korea)

Water quality of effluent from wastewater treatment plants (WWTPs) was reviewed
to examine the feasibility of agricultural reuse using USEPA and WHO guidelines. It
might meet the guidelines for BOD and SS, however, the most critical microbiologi-
cal concentration was too high and further treatment is required. The pilot study of
three treatments were performed to reduce microbiological concentrations. The UV
irradiation was proved to be very effective in disinfection of secondary level effl-
uent, and about 30 mW - slcm? of dose was suggested to meet the even most stringent
USEPA guidelines. Slow sand filter demonstrated effective removal of bacteria, and
effluent concentration of total coliform (TC), fecal coliform (FC), and E. coli. dropped
from about 10,000/100 mL to 300, 200, and 150 MPN/100 mL, respectively, showing
over 95% removal. These level of bacterial concentration sufficiently meet the WHO
guidelines (10°~10° FC/100 mL), and could meet the more stringent USEPA
guidelines (200 FC/100 mL) if properly applied. Slow sand filter also provided about
50% removal of SS, turbidity, and BOD in addition to bacterial removal. The removal
efficiency of pond system was relatively poor, but still showed over 85% removal and
effluent concentration of TC, FC, and E. coli was all below 1,000/200 mL. The pond
system alone could meet the WHO guidelines, but hardly meet the USEPA guidelines
and further treatment might be necessary. Overall, three methods evaluated in the
study treat the effluent to meet the WHO microbiological guidelines for agricultural
reuse. The UV disinfection and slow sand filter might also could the USEPA
guidelines, while the pond system can hardly meet the USEPA guidelines if applied
alone. The WHO and USEPA guidelines were made based on data from upland field
agricultural system and may not be directly applicable to the paddy field agricul-
tural system. Therefore, national standards for agricultural reuse of reclaimed
water should be made considering domestic agricultural systems as well as interna-
tional guidelines. Also, further investigation is recommended to develop optimum
and feasible treatment measures for agricultural reuse of effluent from WWTPs.

Key words : UV-disinfection, intermittent slow sand filter, pond system, wastewater
reclamation, water reuse, guidelines for water reuse, microorganism
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Table 1. Characteristics of UV lamp used for experiment.

Lamp
V\(/\E/l\};s L(%w%t)h C?;]ts)nt intensity Mag/Model No.
(mwi/cm?)

Lighttech/G10T5L
(Hungary)
Atlantic/G24T5L (USA)

Pillips/TUV36WT5
(Holland)

17 357 425 0.90

25 436 425 0.75
40 842 425 0.99
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Fig. 1. Schematic of UV-disinfection system.
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APDL Table 1¢]] 29k=e] gt}
UV %S £Eye medn AL A
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mation (PSS)S A}-£-3}¢1 ) (Tchobanoglous et al., 1996).

[o5

r.

N
~
Ng(_l‘

A S5 o3 A2

ZEEApA ] gEr st A A7 (1.1m), el
(1.1 m)2] fiberglass reinforced plastics (FRP)E2 ©|-&
shed Ao, % 309 Foz PR uhee
i-ﬁ'—Eﬂ S5cmell e A2S 241, I 9ol 9474 1~2mme)

< ZHE 10ecmE A9, I 49 P2 94 01
~0.3mme] ZARHZ 45cm A= A A7 = FH
= A A7FYe) X" x2)gFo] o 8m¥day F
=e] 3714 biofilter } 42 A& nH A7 §35=
143505 Fig. 2). d&maleizte) §UAE 2ol

A A wdel #5538 FFe] FFE F U= A

o

Sand filter system

i %
- R T

Intermittent injection

slow sand filter 45cm

6000800008000 0uss)

Fig. 2. Slow sand filter experimental system.
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Table 2. Analytical methods used for constituents.

Constituents Standard methods Remark

BODs SM 5210-B  5-day BOD test
Turbidity SM 2130-B  Nephelometric method
Total coliform SM 9221-B Muttiple—tub

; _ ultiple-tube
Fecal coliform — SM9221-E "o yontation method
Escherichia coli  SM 9221-F

A FdE Aolga pATELR
5} 25 Standard Methods (APHA, 1995)
o el EAelon, u el Table 29} 2
o} B E BAL A 34 A3 (multiple-tube fer-
mentation method, MPN)2 A}£-3}9] ©m, DIFCO A}2]
AleF& o] 8-3}9] T} Total coliform-2 Lauryl trptose bro-
th, Fecal coliform= EC broth Z12]3 E. coil= EC-
MUG broth A2} A}2-3}93 ).

dm 2 @

L $2de 5EHANG §25 3

Table 3¢ $elviel siezuA AL BE 49 -
F&5, A3 ARE-F biofilter HF F4 - 35 &
A¢) ﬁé‘?_r ) - sl sk sobel s
u 2] I BODs: US EPA2] A o]
B —”F?::la ghEsle, Y SS9| ¥ =9 4§ B,
539l ~AE 9HAAT. 45 2009 A9 H5H
o] 1,300¢] 7)) Hlo]E] 3 BODs$} SS&= °F 85% o]
el Azzt 10mglL o)8ke] =g vehfigler, 30
mg/LE ZIsh= 7= 107h4 miRte] 4t} BODs2t
SS9 7§ US EPA $A7|&S Z83] WHAZ 4 3l

oz gejel sleHelee] e Aolg4ze) o
o EA7F 9l Aoz HAE Sl s
el To| AR FRRRRA Azl o
o FRAGAPY e GAA ded AmLe) BelE
ARG} SEAIRE 2 ek dubH el A7) Fell= TC
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Table 3. Water quality characteristics of conventional waste water treatment systems.

2001 WWTP? 2002 WWTP® Biofilter® Wetland®
Parameter
Influent Effluent Influent Effluent Influent Effluent Influent Effluent
TC (7}/mL) 122,205 3,390 140,494 4,029 507,142 11,684 615,714 9,542
BODs (mg/L) 107.4 6.9 111.9 6.5 74.4 5.7 118.2 27.1
SS (mg/L) 111.7 5.9 133.1 5.3 55.8 3.8 66.9 16.8

: National mean concentration of WWTPs in 2001. (M.O.E., 2001).

: National mean concentration of WWTPs from January to October in 2002. (M.O.E., 2002).

: Mean concentration from March to December in 2002.

: Mean concentration from October in 1998 to December in 2002 (TC mean concentration in 2002).
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100 mLE AHg-3H7] diel f2lvet seAlelt wh 2ol A= 2003 HE stpA Ao Wi 3 7)Eel
2] Fxo} T3l Abgsledof Fhoh T2}, BA19) At Zpell wgE ZlEe] AA - Al E A
A AFAHQ FAZE e AT sEE AR AR oFEsigon HA3 A5AHS AAE] $
@ =7 US EPAS] $27|&F #ut ol WHO2 sk xog UV AT AEHIT 3)vH(M.O.E., 2002).
7]Z<l 1,000 FC/100 ML $F = WEA|7)A] £3}17] o) 2 AFoA A" UVHYUSE biofilter §-342}
ol shgEA ] Ras FHEE Aolg 3 g&EnH I {FE55 o] &3l 17, 25 40 W] 37}
719130 5e] diAdat FEe] FrhHel At 2 FZE o] g3te] 47FA]e] frEFo 2 UV doses W3
L% Zlozw AT & Aol A8 biofilter 2]2] 71WA AEd Z3= Table 49 2o} Ao kg
7t seFEAE ALY FE4E vlasfE H3 TC biofilter f-%&4=2] TC, FC, E. coli®] Hsx=E 77
o] 7% 4.81v), T-PX= 3.648), 28|32 T-N9 7% 17,800, 11,000, 10,200 MPN/100 mLo| ¢}, =)o}
3.180) A= & Abeo|glx, SS9 BODs:= oF7F whe $242] TC, FC, E. coli®] FfF¥ =¥ 175, 330, 208
A o] giet. 23, US EPACIA Asla 9l $27|E MPN/100 mLe]gic}. 173 25 W s =2 f32 10, 20,
< F83] AT Aol Al &t 30, 40 m’/day A FEF £ES AHPE UV
R 2 A e Wk Fopgel Arh eFEH e 253 A3} 98% o) 25 el - F=7F 100 MPN/
FEolddmt 54 FE42 7ol BODsg Sse] 7 100 mL o]stz vebgdeh T2u 40W B Z2 £5FS
+ B2F skeAEd AReEn 458 B2 e o s ZE 7ol A3 =7 ZF 0MPN/100 mL
ehfislevt US EPAS] B, C5#2 A2 WIEAE 4 2 100% &%5HE Aoz vt mddd &35
wRew dAgdtel A9 FrhAert 223 fEeH- 40we| ==z UVAEdE 3 bioilter f-Z&59} nh3t
olgg ztolE F4AEL Aelm ot AshzoA 7HA 2 100% £~5& 88 Hylon, 173} 25 We] 79
1 EA ] AAE F & A=A e gle] biofiltere} E &2 s=7F 20 MPN/100 mL o] 3}oiet. mhetA],
FAE A A=eATE AR, dut ey US EPA 7]} frAFsE 948 7)) 282 ¢
Aol = 1xpA ], 22kx)2] 9k ofdzt dHex e = 3t el fE47F BODsg SS9 = A
T @ a5AY7HA] AR F R3] 9l bio- 715E ST A5, HAsH AAE uvasS M43
filtere} x| 2]47 dRletpFaxiz|dno AddH W Ao FAVES FES] UHSAA 4 dE A
o7 ¥ £AE vepl oz wddn oz WAghEoh UvAasuye] ARE2 US EPAS] 4
71EANA AP gl ARAE FEE UVAESS A

2. UVAE 4% A% BA7L 94 9 3AE AT Aok
Sinder et al. (1991)9] AF-ZAFo|M = 2] FALEF
60mW - s/lem? I 1 o)Akl A%l F5AE S A=
oA TC7} 23 MPN/100 mL $3o]g)on, oJ7}3t 3}
A2 2Zol| A AL FALEFe] 97 mW - slem?Q] 73$-
o] TC7} 2.2 MPN/100 mL o]3}o]¢lt}. Loge et al.,
(1997)2 SS°] %7} 10mg/Lel st 4ol x}¢
A zALEF 100mW - slem?2 AV S o 4-loge] TC

UVESe] oste] Al Az Bstebsel wo|
A F T UVE o] 83 &57]&o] A7l SleiA]
HaAEHE QA B S e FaT Ve
A ggtez FES 931 )t} (Lee et al., 2002). UVE
n =3 d2o A9 A daisE WA

7] A12}ehed o1 (George et al., 1991; Lee, 2002). 921}
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Table 4. Concentrations for different lamp type (W) and flow rate in UV -disinfection system.

Concentration (mean=+S.E.*)

.

L

Aol M= Fig. 49} Ze] f3i42] 4 TC, FC,

AAsta glew, B, CHFlM A3k sl ss
Alglsta g= gug |Eer Ak o

i
L

Lamp ?ﬁ‘s’)’dgf (mL\;VV_dS(;zﬁqz) Biofilter effluent Sand filter effluent
TC FC E. coli TC FC E. coli
10 18.2 20+11.6 84+55.6 70+42.2 5+15 5+1.3 14+3.0
17W 20 9.1 68+38.2 20+8.2 20+0.0 18+2.1 6+54 12+4.2
30 6.1 53+26.3 50+10.0 40+23.1 2+1.2 3+0.7 18+3.0
40 4.6 106+42.6 42+22.4 58+43.6 17£7.5 12+3.2 14+31
10 26.2 50+17.3 25+9.6 70+34.9 2+1.0 3+2.0 1+1.0
25W 20 13.1 80+20.0 57+8.8 30+5.8 0.7+0.7 1+0.7 2+1.2
30 8.7 53.3+24.0 30+538 40+0.0 2+0.0 1+0.7 2107
40 6.6 38+11.8 32+124 36+16.9 6+3.0 5+1.8 6+2.1
10 48.0 0+£0.0 0+0.0 0+£0.0 0£0.0 0+0.0 0£0.0
20W 20 24.0 0+0.0 0+0.0 0£0.0 0+0.0 0+0.0 0+0.0
30 16.0 0+0.0 0+£0.0 0+£0.0 0+0.0 0£0.0 0£0.0
40 12.0 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0 0+0.0
*: Standard error
7} AA=H DTG B slgl en], Kashimada et al. (1996) AR5 Be]s Ei 58S =qohd US EPA? B, C
= FC7} 30~35mW - slem?e| A} 3-log7} A| 7 ¥ St 7Y NER HFEAZ £ 9lE Aow fEd
skl 2 Agel A o 30mW - siem? = w3 ooty AR F gxe) #995 FFRLe)
UV A s sheaese) s9H Aolgel Fsk 9 LENTUSIA o 50% AlAAse] &4 sx7} 37
& Ro= vepge 08NTUZ vehton, ss8| A9 #3142 a5
2 Q7oA e Jehe) 504 UV FALS A 7k 34mgiLel A oF 50% Al Ao} 352l SS P
PAA Qubdel g §34 ST vlms sk 17mgleldith e BE A )R AS
B 7% biofiltersh & 4w A R ok HA AT HEE £A7)ES INTUR AlEka 9
Heb sheguAege 2o 9 Fueld AAd b, gsudels Aelse A BT 08NTUZ o
F25 a%E ZRd Ao gt o Fgd  E 4AVF FPE Ael4Ee nglon, g9
A sS7b gl Qe vAS Qe Fedadz b FAAel = gus) sS7} Ae) ks A w$ )
b ot Al $edFd AAAEES] I FE25 R3 pFoldH BODs: B3} f442] Hds=
SS =7t UV Anfell kg wAA] g Az ylo} 7} 5.8mg/Lol| A f-E42] =Tt 26 mglL2 FHAa
Al, 71E steFEA A s 2 Aol AHEE A stglom, 7 X2 &g °F 50%°| it
I frARE o] A UV 2EAAE e & Aol Aol gl WFe] AL 93
-l Aafe] ool £ glE Aoz AdtEd A EpAEles o3, Aak - 2} S - A 18
(Yoon et al., 2002). 3, BAetEE 5wl yeAEr|eSe] 4H T gl
o} US EPAS] -8 Aol8 $A7|% ASHE 7%
3. EAbA &R et A 22k A7 F AR 253 F Aol g AL
=3
=
gl

E.coli 3= °F 10°MPN/100mMLEZA] B|wA =2 4
A5 vepfg o), sh&reedzt Foll= 1,000 MPN/
100 mL ¢|3}2 YolxA] IHF =7} 330, 207, 154
MPN/L00 mLE. 95% o] 4He] ¥& A A&s< eyl
o 28 yete] 58 Aeol§ FAT|Fe] US EPA
o] A7)l obd WHOS] #A7]Foz A 795
ol &A5IA glolx Aol 7bed Aoz ey,

ok
r2 ko oY oX

=t 29 A FF iAol 23A2 Fo
= u] BODs, COD, 28|31 TOC2] 45~85% A= A7
g 4 glovl ARl mAEs AAs, 40 T
g A st F&EEE Apads Sz
B 73}¢) o} (Sanitation District of Los Angeles, 1977).
US EPA (1992)o]] 2]l sh&mefjed ol A= A A3
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Fig. 4. Concentrations of TC, FC, and E. coli in intermittent slow sand filter system.

AA e} FAHE] 7} o] FoJ AW wle]] X (Virus)®] 90~ g 5 s AolEt AE, k&R o3 F
99%2] A A7} o] Fojxthar 3kgl o, n|AE2] A AE A o] o]eAl 79 Table 49} 7o) Axad
FE&oHe) vu s | EmHAAY S Z A Al Ho w2 AR E 22 AEasds
o2 4J)8tx 9)u} (Goldstein et al., 1972). =3}, ks 9)7] W&o S8 Aoz AElc) =3 7}
eI Fol| M= g Bk opet A wol gt WA A Ale] mejo b= AA A o) A HE| 7} 7HH S
A% 4 9= Aoz A %BHUS EPA, 1992). o]+ o, #X R} 7HsdEtal FHEFE Aol fe
AmA el ARZEE glel7] $18 A - T3 ele]of 3= A FEAA L] A A LA E LA E
A o] 442 271& "HEA] lt Hc}‘ﬁOlﬂ%.Tﬁli W5 AHS- 75 A o] slE Aoz kg

= t 4471—L‘°19M]§_
A AE 7 Nl%
24 wAEY} §7123 B9 AA 5EE
A wgoz A4ET Yow, HIde sk
e A oz ALeEl7] 93 A7) A
(Nakhla and Farooqg, 2003)

n P& o]lo] BODs, SS, 8= 52 4o
4 7A$ dspeodne AN, 1 242

AAS 73 Q)=

Aoz A7 21 RA}

et 4. A5A S AFA2Y A4

e

o & AL A|2Ele] f3d9] HFEEE TC, FC, E. coliz}

o) 37 Z+7+ 9,542, 6,257, 4,762 MPN/100 mL o] ¢l o

2 9 o] AFxxrl 47 QA% 1ex= 665, 406, 458 MPN
/100 mL, A% 2¢4= 7Z+7+ 636, 561, 740 MPN/100 mL
o] =% Yehe], 85~93%2] AAEEE

M A 7)o we} 20~3,000 MPN/100 mLE % W3}
7} =A Vebdet (Fig. 5). A% 19]

733l 94 el 7]
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Fig. 5. Concentration of TC, FC, and E. coli in wetland and pond system.
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Table 5. Suggested guidelines for water reuse (US EPA, 1992).
Types of reuse Treatment Reclaimed water quality
. -pH=6~9
Agricultural reuse P
(food crops) not commercially processed, ) S(_econd_ary - <10mg/L BO.D.
A RSP - Filtration - <2NTU turbidity
surface or spray irrigation of any food crop, . . .
: : - Disinfection - < No detectable fecal coliform/100 mL
including crops eaten law . .
- 1 mg/L Cl; residual (min.)
- pH=6~9
Agricultural reuse . - <30mg/L BOD
B (food crops) commercially processed, . g?(s:?:fzg:i);n - <30mg/L SS
surface irrigation of Orchards and Vineyards - <200 fecal coli/100 mL
- 1 mg/L ClI; residual (min.)
- pH=6~9
Agricultural reuse . - <30mg/L BOD
C (Non-food crops) . g?g?r?fig{i{)n - <30mg/L SS
Pasture; fodder, fiber and seed crops - <200 fecal coli/100 mL
- 1 mg/L Cl; residual (min.)
2lell pH, BOD, turbidity, SS, 2t 47} 85 e glo AAA o7 BAFeln F3txAlS B wl=A] bR
o, A AR E o‘a’i, yrd ezt ta FHE 4 glernz AAHez o] ggel 27t
A 5 AFAHA FE7AA] 233k Sl=dl Table 50l FAAH 28 s ol AstzAbE: F3 AT 7]
© 5SS Aolg el SeSlel Gl USEPAS]  EE sisitlont, U4 A9sl Ados w4
NFe Aolgse] 27 F AvlY ¥ SS, g WS FEe Fohke of F1ES sheal ol 44
Z3stgon, Ao A5 7)1E7HA] A FezH *} WA 4 e A #F A 7EE 7]
LAt Al AmH ARG FFRAL] S A e z=2 3ka glom AR, x 2=, T2 A% A
2 Fuspy] 9% 2A7EE ANGD T AHE £F F& 1t HE uo Felde 49750
Aelabel = 29 2323 ik Teh, o) Z1ES W Qstm gk
% 2 579 Aelg 27T glov, Aol g5t 5 o] A7) FNME A FAFe] 71FA TGO
29l mAE gl Hg Add Frhueks o AAEl dE £971F¢ dsteknh WHOZ RS
4@4 PG A7E ZE2 sef AR 7] Folh US EPAs 4] Aehskar gl pH, BOD, #5274 (SS), &
WHOL: 7]z o} $A7]F0] "—%if} A}(epldemlo- = (turbidity), AHF-9 4 59 g2e xalx] g3 9l
logical basis)$le] TrEeizl B3te|gt 427 Fo|g 3 o, 17 - A SHel HATFH A F] B
ol we RARY AFE ] A w7 RS BRE AEes o Aok

A)#Hsk T (WHO, 1973). WHO (1981)e] - 7]&H o
s e 3] ALk A Aeah A
gAY 2R 4 gickm Bekaleleh
WHO, A A \;J A9 7] &% 3] A E] (International
reference centre for waste disposal)el] 2J&] A% ¢
A - AGHAREE 2 A REARES =25 AA 1985
9 2a AWM FHale] AgEEd A
o] g-3ted x2]%l 3p42 Fo] Aol go o3t B} |
Al A S AAskdT 2 A3s AW B
pael g 49l WAHAEE AN $2
7132 A A QT (WHO, 1989). 3k, 2000 =6 WHO
SN F1Eel 7 Eel W) T wekE 4
2 7)1%-& A A5 T (WHO, 2000).
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Table 6. Recommended revised microbiological guidelines for treated wastewater use in agriculture® (WHO, 2000).

P Intenstinal Fecal
Reuse Exposed Irrigation b ; Wastewater treatment expected
Category conditions gtpoup tecr?nique nem?ttr%cci)es (/ioc;g%rfd) to achieve required quariity
Unrestricted Workers, Any <0.1' <10° Ell-designed series of waste
irrigation consumers, stabilization ponds (WSP),
Al for vegetable public sequential batch-fed wastewater
A and salad crops storage and treatment (e.g.,
eaten uncooked, conventional secondary treatment
sports fields, supplemented by either polishing
public parks® ponds ir filtration and disinfection)
Restricted irriga- B1 Workers  Spray or <1 <10° Retention in WSP series including
tion Cereal crops, (but no Sprinkler one maturation pond or in
industrial crops, children sequential WSTR or equivalent
fodder crops, <15 years), treatment (e.q., conventional
pasture and trees’? nearby secondary treatment supplemented
communities by either polishing ponds or
filtration)
B B2 as B1 Flood/ <1 <10° As for Category A
furrow
B3 Workers  Any <0.1 <10? As for Category A
(but no
children
<15 years),
nearby
communities
Localized irrigation  None Trickle, Not Not Pretreatment as required by the
of crops if category drip or applicable applicable irrigation technology, but not less
C B exposure of bubbler than primary sedimentation

wakers and the
public does not occur

modified accordingly.

then routine effluent quality monitoring is not required).

contact

: In specific cases, local eqgidemiological, sociocultural and environmental factors should be taken into account, and the guidelines

: Ascaris and Trichuris species and hookworms; the guideline limit is also intended to protect against risks from parasitic protozoa.
: During the irrigation period (if the wastewater is treated in WAP or WSTR which have been designed to achieve these egg numbers,

: During the irrigation season (fecal coliform counts should preferably be dine weekly, but at least monthly).
: A more stringent guideline (<200 fecal coliforms/100 mL) is appropriate for public lawns with which the public may come into direct

: This quideline limit can be increased to <1 egg/L if (i) conditions are hot and dry and surface irrigation is not ised or (ii) if wastewater

treatment is supplemented with anthelmintic chemitherapy campaigns in areas of wastewater reuse

@

Spray/sprinkler irrigation should not be used.

om, Ta»}e}oﬂxu Ayl
H%H/\}L: ﬂx]]zl . /\].;Q]ZJ .
T F 3 Ao
ZFasieha A7,
Mgae] d3ge] =5 Atel

A3 Q7] wWEell EeAE F2 ke =] 47

o) %

:In the case of fruit trees, irrigation should cease two weeks before the fruit is picked and none should be picked off the ground.

= Iz WelEso)r] oo drb ez mAEe]
o3 9% &4 Sl =22 AS 2 el F
A3] s AN, 2w Akl o] 8" s 4RI AF
2 AHE FAE] die] el mE Fi A EA 2
AR SlAe) Fol7h Beg Aoz pkad w3,
shpAelael G AFBA] F9 B QA4
& ¥ 4 e AHE 2T AT Ak T A%
uo] £33} e FAE Qo 4 ] Hel] 7)o
W F2d 977t BeP Ao WVUFMOAF,
1997). Yoon et al. (2000, 2001)2 3} 8]| 42 L4
= ol gste] WAt ol gslele Ag =ue] FAl:

Qojubx) grgrom, HaAlulTue) 282 o AAke
& veple Akl Qeky wwsksck
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