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Reuse of Treated Sewage Water from Absorbent Biofilter System as
Agricultural Water Resources

Ae3N-2a-A¢ 29" 3Q”-g3A”
Kwun, Soon-kuk - Kim, Hyun-uk - Kwon, Yong-woong
Cho, Young-hyun - Park, Sang-won - Lim, Kyoung-lae

Abstract

Absorbent Biofilter Systems (ABS), composed of an anaerobic septic tank, a pump chamber and an
absorbent biofilter tank, have been found to economically provide rural on-site wastewater treatment. This
study was conducted to assess the potential of ABS effluent as an alternative water resource for agricultural
and environmental use, with respect to the removal of pathogenic microorganism and their fertilization effect.
A pilot scale ABS was used to compare its removal efficiency of pathogens from effluent water. Overall,
more than 95 percent of Salmonella and E. coli were removed. This result demonstrates that a significant
reduction in the pathogenic microorganism of effluents can occur in ABS, which implies the feasibility for
the use of ABS effluent in agriculture and environment, with the provision of a further simple disinfection
step, in order to satisfy the WHO guidelines for the microbiological quality in agriculture. In addition,
because of the abundant nutritional content of ABS effluent, the substitution effect of fertilizer (N, P and
K) in paddy irrigation, i.e. 2/3 for nitrogen, 1/3 for phosphorus and 1/5 for potassium would be expected.
Based on the experimental data, the ABS effluent could be used as a new alternative water resource for
paddy irrigation, as well as for environmental purposes, such as supplying water to ecological parks in rural
villages.

Keywords : Absorbent biofilter, Pathogens removal, Reuse of treated sewage, Fertilizer substitution effect,
Alternative water resource
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S as FHoly, o]& Kwun et. al(2000)°]
Fo TUALEUXHAA E7IA4 (anoxic) F

gz Fdn)e EHE olgsly EWx RHES
#aFo] wl$ 2 A¥A ZelrE AAE A3
ulo] @ WE 2

of Bl BEeE FYNA F44
A& AlAdlo|oh(Fig. 1).

Septic Tank Pump

S
Chamber Effulent Stream
Tank

Fig. 1 Schematic diagram of ABS

2 A8 A8 ABSAEY £92 Fig. 1449
o] J|GAIIARE ST o7t A R-RF
ZAZ-37|% (Biofilter )72 E A BF
HEEE e AT BRIZAA Ay dF
7} Az AedEs $d F Rz FEE}
o] Algsoint.

1. ABS A2ise| 73, B34 Y o= g B4

ABS H4 (o]s} TSW: Treated Sewage
Water) 3 HEA9 F2 9%, vgds 2
3 FE4 FE FrE FAs 4% 9
B2 o 43ly| A3t 7|E2AE FEstuAt T

TSW £4& 98 20009 9¥ 18¢, 11¥ 23
9, 20019 4€ 209, 6¥€ 20Y & 43 4A
Mg A Sdabel Mg ABSAAY wF
zoA NS A3 A5 d9E ML
ot og pH EC, Eh, OM. (Walkley—Black
H), Total-N (Kjeldahl¥), NH,"-N(2¢ 20
ml°ﬂ MgOE #7lel R F F3EA),

'—N (oh:n,]o})\-l ;é] % Zz2 E=% 1A
%@,‘0!] Devarda alloy® #
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AL - HES

-UEE - 29Y - A E - AAd

R), Cl (AAH), P05, K0, Cal, MgO, Al
Si0z, S, "FEA4, 54 (ICP ol& #4) 5&
%@13}%\45}.

2. ABS X2|52| Salmonella ¥ E. cole| 23X

ABS? #5159t FEFOl EAEke WaA n|
AEE2 BXE gotry] f3 20009 9€ 1
2E 20014 6¥ 189717 F713 02 BF 283

TS FETE AT B4l Hed
FU5 A2 gust 72 AEnPEEY A
gzl =T HFRL, EE Zelsto] 2?4_
¢ wje ¥ AR FEE AFIsith
vrelglole  Standard plate  count J\‘iﬂﬂ;‘]
(Difco) & AHEste] 35CelA 29 wiekst &, &
AbEe 0.02% sodium azideZ} 379 MRS 3Hd
82 (Difco) & ARt 37TollA] 297F wieks}
i, E coli= EMB #3HuiA] (Difco)& AMHE3tY
37TAA 2U7E wiokst ol AFHA F&HE S
Asloict, I8l1 Salmonella m Brilliant green
&HuA (Difco)E o8k 24T Wi¥d F &
et

3. ABS XzlTe| ¥ XfHiet 0|84

71 R M o|xl= ZE

ABS AHEFE Hb|Z2 FEE 7
W) A Wl fHo) A v IE LI
7¥stazl itk ABS AEFF wgAEY %
o g o3 Zkth(Table 1, 2).

AlS BAFEGER)E o439, A2E ABS
A5 E ol &3] NS UL, A3E 22NN
5.5 kg/10a), &3 (P05 2 ke/10a), B3l
(K20 5.7 kg/102) 5 Alu]g o, #AsE A
AL i FAEFY 9 HNE EE A
& 3 AALE(ALE 20008 AN st 297k

5
3
AE L 2~5 mmAE Hold FAE pot (245

cm x 40 cm x 18 cm)3 10084 Ewo) 3%
3k FEEE (3F 2 7Y ¥ WwisE g9+
F4 5 cm)E AAEY FEAY 3 F &
AE BNt geAe Ay, O 7,
17, 27, 37 @ 4499 250AH &S ZAMSlT
449410 HEAT EA43HTh A 2B 5%
F8EAM Duncan RS AAsITh

Table 1 Nutrient concentration of the TSW for ex-

periment
TotalN  NH/-N NOy-N PO I
(mg/L)  (mg/L)  (mg/L) (mg/L) P
914 319 570 89  60~61

Table 2 Treatments of the TSW for experiment

Treatments

. Puddling with

" irrigation water

. Puddling after TSW
" application

. Puddling with
" irrigation water

Al Untreated

A2 TSW (N 55kg/10a)

N 55kg + P05 2kg+

A3 K0 5.7kg/10a

L} ST $20) 0JRls o8

ol ¥s) A 4871 F ABS H2l4E AHg
st} A4e] He|g A4S AT 5 Ik 4%
2 @] oo} AY AAZ s W A8 £
2o NlAE UL WA FAEEE §2
dold, ABS A4 % HEARY FE9 TN
2oke) o]ahsty AL Table 1, 33 2o,

Table 3 Physical and chemical properties of soil of
the experimental field

St_)il particle CEC Exchangeable
distribution  Texture . OM. Tota-N =~ cation
W s Mo e P ey
Sand Sit Clay W0g) o g g

618 176 206 SCL 61 16 012 110 020 42 1

* SCL : Sandy clay loam, OM. : Organic matter,
C.EC. : Cation Exchange Capacity
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ARRE EAo] A8 ZEkAE (blue light, 1 m
x 1.2 m) AR ATE WHE3, HIYPEE
71818 AlHISE & 548 od B (129 ©)E 3
204 (AAAZ 15 ecmx25 cm) ©]% (2001
d 62 198t ATe 3E dIye=z
Wi ste] Age Fsigich. Auls B o]YA
ol whio FE T, B, olAAE, YAES
zZtzh 718]9] 2/5, 2/5, 1/5 FTo2 A3t
Bl 7i8] FHlo]1, B2, B4x 7[H|Z &84 (N
5.5 kg/10a), &3 (P:0s 2 kg/10a), 281 &
7h] (K0 5.7 kg/10a) & o] o] Alu]3}3l
od B3, B5, B62 7H|Z ABS X4 (N 55
kg/10a & ol Ao AMFAT Ful=
2|, o|AHAE, dAESR EAESH, 74

Table 4 The TSW used for experiment

gig Basel T;ltlz;i:g irl?iztligltci?n Risyzni:g Total
stage g
Nitrogen (kg/10a)
Bl 0 224 228 11* 55
*B2 550 22t 22" LA 110
B3 55° 22° 2.2% 11t 10
B4 55 22° 228 112 110
B5 55° 22° 2.2 118 110
_____________ 6.ZB [
B6 55° (7 split application per 15 day 117

after transplanting)
P;0s (kg/10a)

Bl 0 0 0 0 0
B2 200 0 0 0 2.00
B3 05° 0 0 0 055
B4 200° 066 0.56° 018 33
B5 055" 066° 056 01® 187
---------- 258%-----mmmoo-

B6 055B (7 split application per 15 day 3.13
after transplanting)

* A: Urea: B: TSW: C: Fused Superphosphate
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N 2.2 kg/10a, 2.2 kg/10a, 1.1 kg/10a Alv]3}sd
1, BI~B32 FH|Z Q4F olgson B4~
B5& ABS A+ E ©l|43lgith. 181, B6& N
5.5kg/10a°] #F3H= ABS HeFE o|F F 1
0~15% 4oz UAE A7 #Al81.
BE Age 159 7408 ARZALE A
o, oy F 1259 FFEAFE AAEISIT o
¢ F YA 14E T 277HA HY A%
U AE2A 9 JoteE ARG D S8 3
galo] #wa ARG 2AME AEE 5% #9
4%0)4 Duncan THEAAE AAIEIYTHTable 4).

0. 2= o n#

1. ABS M2l &, 53

Ip

Y AEsiat

ABS Ags AEEY AYE Awrd pHe
6.0~6.7, ECE 0.58~63 mS/cm, Eh¥ 160
~170 mV, #7188 #F2 0.01% FFoldy, 4
Ax 3L 50~97 mg/LE ¥4I, olF uiFd
& NH,"*-N (27~42 mg/L)$} NOs -N (3.7~
45 mg/L) 2.2 Az (&334, Helgad &
T 9ol et AxY Aol ot HAZ H|E
7E7 o, 1 4t H|E AELE UAHP0s)
5~22 mg/L, K20 7.8 mg/L, Mg0O 8 mg/L, CaO
25 mg/L, S 14 mg/L, Fe 0.03 mg/LoIQ %, |
2ol Al B, Mo 5ol #&HAY. &4, Cr, Ni
Cu, Zn, As, Cd, Hg, Pbg} #2 $3&2 £4%
A WX AESA oo}, ABS HEFe Auio]
o] 43 £ Q= 7|E AL ZEFoky Fod
w3, AP g 9 S Boh dE
ko] thh EA Yebd oy (Table 5), UHH3o
2 B A 5 Qe A EEEEd 0.3%
(3,000 mg/L) Bt} wi$- Gy, FEAS AEZE
3 Q8 T4 Bolx| okt WA (k)
e woly] AARTE FEV] AR AMFe
R0l agol gk sk
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Table 5 Chemical properties, nutrient content and
heavy-metal content of the TSW for expe-
riment

B | En oM Tota-N]NH N Nos N ] s [ K0

Chemical| PH | g/

0
properties m v\ % mg/L

63| 059 |16335] 001 ] 7388 | a7 | uw |7 {1

Vo | Na | € [Mg0[Ca0| § | AL} S0r| B |Mn| Fe| Mo

nutrient mg/L

content s gglaas | 814 5. 1360 001

038 | ND | ND | 08| ND
by | O | N[ G|

AEIIE
metal mg/L

content | yp rND ‘ ND I ND ‘NDJ ND LND I ND

* average value for 4 replication sampled at Sept, 18
2000, Nov. 23 2000, April 20 2001, June 20 2001
* ND : not detected

2. ABS Xels2| Salmonella & E. colR| X

Sl WASE E coli, 18] 3 Salmonella®)
BYE= ANE717F 29 ABSY 7k W uwel o
A Ao)7t ANk (Fig. 2, Table 6).

ABS Agle] A&l el EAsH wAAE A
A& 3= Table 69149 2t 2000 9€ 19%
B 129 11974 A& 871/371ze o A
=g WM F dego}, Ak, E coli, I8
1 Salmonella= 7}7} 98.4, 985, 98.3, 1d1
96294 AAHUD, 20008 122 159%H
2001 19 847k Ay vled AFdMe
747} 93.7, 95.6, 95.6, 181 95.7%% HMAHR
on 2001 1€ 15U%FH 4€ 1647k Al
7heel 9% vl AdoME 77t 954, 98.2,
97.7, 281 98.6%7F AAHA. webA ABSel
s Fdgol &Ml HANE, E coli, 3%
Salmonella7t YE AAHE Z0E At &
H, AL AR v AFAME & VI
of A&z uhz sl v]AE AARIIT o
& AstEEs 2] yebgted ol& ABSY 7bs
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—&— Saimonelia in influent
—O— Sailmonella in Effulent
o ~— E. coli in Influent
1 —o— E. coli in Effulent

Viable cells {cfu/mi)
3

Fig. 2 The chronical distribution of total bacteria,
lactic acid, Salmonella and E. coli in influent
and effluent of ABS

Table 6 Removals(%)’ of bacteria by ABS

Lactic
Periods To@ acd  E cdi Salmonella
bacteria bacteria
00, 09, 01 ~
00. 12, 11
{Recirculation of 984 %5 983 9.2
anaerobic
and aerobic tank)
00.12.15 ~
01. 01, 08 937 %6 956 %7
(Non-recirculation)
010101. 151 6~
.04,
(Non-recirculation with %4 %2 97 6
heating)
01, 04, 20 ~
01, 06, 18 936 %5 978 973

(Non-recirculation)

1 Viable cells in_influent) — (Viable cells in effluent
Remorals(%) = 100~ (Viable colls o imflueni)

T7b Yobd Uehbe A3l oz @ddch
22 ujed wog 20019 49 204%EH 6€
18U7Hx] A8 Hled WlolMe F ol
ANFE, E coli, 183 Salmonella7t Z}Z} 93.6,
98.5, 97.8, 181 97.3%7} AAH] A AH
& AL Boh AARA} FrlsAch olRe
2RH0FE uAEL AA HsAe ABS
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SdFAdezAe F44 Biofilter Yl Aol &

A% vAESe A 4% 2 B U & 958 o 4359 p ¥e4S 9 adAe
UEE A7 2E AL 4L Wew 2L A7 ol G
S5 ABSY #3149 fE4 LE Al 2 2% WS B Coligh Sdmonella S §915

o o829 AAEN FA vehbe RAAE ulE 95% o)A AARA WHO A1a'e %

¢ g Ut "t ALHe ABSE JFEsshedl A7l gaAE Fol e7d AoE Ahdd.

olo] 249 2571 A% 15T ol =HxE I8y Biofilter W9 E3AZL &, pH, #&F

ABSUHS| ZEE fAlsor & Zog wdtdt, g oz &4 e wet w3 vEEY AE F
z3, Yl EAshs HAAEY AA A 7t A F dFel Frdslior she, ok @40

NE §9459 #252 pHUe Aok 24 dg 2 2w 944 BAE 34 99 2o Bued,

3 o) v|BE AA E3) E colis} Salmonella®) A

AZI7E 3A JebdhFig 3). olRE 4% 3. ABS 2|42l B RiHjA oj2A

pH 37 wsle| e} E colig} Salmonella7} APE

? Aoz gadn Yolx AT uis} Zo] F 7t f2 4F 0IXls

24 Bofiterol ARE vIB2Y A3 U ¥l 9aAn AW 2N A4S 71FoL Hek

2 (N 5.5 kgha) £+ ABS H4 (N 55

kgha)g 7|2 AlgE F HE AWE 23

- | f pH
0 |Senateh ABS Held A7 ey Ael7e) 247
9 4 —e— Removal(%) of E. coli = !
5 | 100 § AEF 9 AEAU AL, 7He gk A9 A
Wi - - =
o7 o § ol7} ittt ABS A4z 3sulge] 7njAlg
e 5 & dAIE B4 ABS AYTE ALYET V1€
Q
5 oo E 2 ha B 55 kg 303 AF EY 7HE 24
[
4
3 4 L 85
A B c D Table 7 Effect of the TSW on plant height of cv.
Period Dongjin-byeo in nursery plant
Treatments Plant height{cm)
10 - ; :Enfffil‘:xeerlj)tt %ff ;;I;I{ 7 DAS 17 DAS 27 DAS 37 DAS 44 DAS
o —e— Removal(%) of Salmonella % Al 741b 280b 348b 390b 39.3b
6 1005 A2 Wl Bla Ll 64 Gk
7] g A3 862  M7a  43% 4662 478
;([1 95
6 1 £ * DAS : Days After Seeding
51 I 90 %
4 | Table 8 Effect of the TSW on dry matter of cv.
3- N . p 5 85 Dongjin-byeo in nursery plant
Period
g/100 plants
Treatment:
A 00,0900 ~00.12 11 B:00 12 15 ~ 0L 0L 08 realments 17 DAS 37 DAS 44 DAS
C:0L0L15~ 0L 0416 C: 0L 0420 ~ 0L 06 18 Al 49b 26b 47b
Fig. 3 The removal of E. coli and, Salmonella and A2 87a 49 63a
pH of Biofilter System A3 8.6a 43a 63a
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Table 9 Nutrient and salt content of cv. Dongjin-
byeo in nursery plant

Total-N P20s K:0 Na®

Teatmenls oy %) (%) (%)
Al 09ns 0.53b 3.8ns 0.7ns
A2 10ns  058ab 34ns 0.6ns
A3 1.0ns 0.63a 4.1ns 0.7ns

g AE3 el vl
e QAo Aee Th BES Zlog 3
deth(Table 7, 8, 9).

Lt Ho| MI0 22| 0jXls g&

B0} 3101*1 WY 22 ARG HEAY
FEEFE A3, 53] Na', CI'd HYES=
K's Ca®'9] 471 Zasol 4% diag-g A
st Aol AAH T nPHE) ol HeHAl e
g ¥ ooz 24Ad, QAE Ast € FEEL
7]_ Ca;{]}“ L]—E]-‘/]-D]— 1).11),14).15)

= EQ sshulg, 3sH|E+ABS AZTE
EgAuEte] FAHE Auieg s sshag
ABS AHEFE & Ap|E B7t gEH gt A

Bjg ARt 2%, B4 34 vEReH, 4
AW AL, QAL 7k e 3 Ajolzh AY Al
ot AEAW FYES FHE 2 A o] 2
ol HolA § ‘R}OL} ABS Aee Boze g
2 BEHEZ MRS 7R st ABS A
ez HEEE HUNE Aol it BU
o Hel AAeA BE7lelE DR &5
51, $47101 $480] s oA,
ABS A+ AE B¢ Y3k, 58 % 7‘*
P52 Al frdart Qe 2 V)€
siehulg B Alulte} Hlastel Ag o)zt gl
Atk E3 7uE 91"& 7t '33_ 48] Aug
A% ABS HEysE AEFHoz FFIH o4 A
H1E 719 100% EH AL 5 A& 7)i£i Azt
(Table 10, 11, 12, 13).
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w3k ol oAl (N-Po0s—K:0—~11-7-9kg/
10a) el utet ALE 71Est] Alu](7]8]-EQH]-
O|AAZ-UAE)E T ABS Aas W AAALTEF
& 50mg/Lolw, ABS Aejset Fule Alwag

Table 10 Effect of the TSW on plant height of cv.
Dongjin-byeo in whole plant

Treat- Plant height in whole plant (cm)

15 30 4 60 5B 90
menls T DAT DAT DAT DAT DAT

Bl 215c 372c 534d 696d 80.7b 96.7b
B2 298b 432b 628b 761b 862a 1047a
B3 306b 421b 628ab 763b 86.0a 104.7a
B4 327a 4682 646a 78lab 882a 1030a
B5 29.1bc 425b 60.5bc 7952 87.0a 1009a
B6 290bc 4170 620b 780ab 860a 101.7a

* DAT :

Days After Transplanting

Table 11 Effect of the TSW on tillering of cv. Dongjin-
byeo in whole plant

No. of tiller/hill

Treatments

30 DAT 60 DAT 90 DAT
Bl 82d 11.8¢c 12.5¢
B2 12.7b 13.0bc 13.6bc
B3 13.3b 149 15.3ab
B4 15.6a 17.2a 17.2a
B5 14.1ab 15.7ab 15.7b
B6 109¢ 15.8ab 15.8b

Table 12 Nutrient and salt content of cv. Dongjin-
byeo in whole plant

Total-N  P:Os K:0 Na’

Treatmenls () (%) (%) (%)
Bl 092ns  04lc  236b 0.30ns
B2 086ns 042bc 243ab  0.25ns
B3 088ns 043bc  252ab  0.22ns
B4 0.79ns 046ab 260ab 0.22ns
B5 093ns 045b 25lab  0.29ns
B6 08lns 0482 289 0.32ns
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Table 13 Effect of the TSW on yield and its com-
ponents of cv. Dongjin-byeo in whole plant

Treatments ga?nc(;(fe N‘(l)(. ?ft Répened looo‘gram Qrop
(noy . Shikele Tain &/ vield

plant) (no/panicle) (%)
Bl 105c 713ns 93.1ns 27.2ns 464.0b
B2 126b 696ns 93.8ns 268ns 564.6ab
B3 1382b 690ns 940ns 268ns 627.0a
B4 144a 67.Ins 934ns 276ns 601.0a
B5 134ab 685ns 935ns 268ns 595.7a
B6 139ab 726ns 94.3ns 26.7ns  6059a

o] 2t 7}¥shd, ABS Ha$d ¥ 4873
Z A 2v7FeE 9 AuiA Zod W &
9 11~22%° siFsich WA, ABS AFE
B Aujel olgFogN FARY HySH ¥t
ohz} gholdt el FH 44 A £d 9 3|
g Aulg F Axd vjge 2/3, A s
1/3, 71ad vigd 1/5 A5 AR As FA
A afs 4 £ g ok

N 2% o a8

FEANYG] AT ATFE o MYAEEA &
Fo] £ ABSY Hel+E wHEF F2 ArE
FEA olgdto] dAFA ez TFeAE ¢
olR 12 ABS A2l AE 4 2 e vy
2 REIE AL, W A ol8/del] st
AESRE g 22 dHE

1. ABS & F F34& %F ICP £
AN AEHA 4% =
mg/LE H7t AF F gl
(3,000 mg/L) Bt} ohg @tch

2. ABS9] fqisol EAshe F welEo}, A4
#, E coli, 18] 7 Salmonella®) AAEE&S ABSY
7V el weh okzt Aozt JRed, EF 9
3~98%9 %2 AALEE Hol FE G

=]
A%
w s
= &
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A AN F2AHE E coli®h Salmonella
£ 2R AAT 7 Y& FAE AU

3. = U E coli$t Salmonella AAEE
95% ©olAolAet WHO FILFEE FFHA7|99
AaHE Fol gTdr.

4. 2525 Al ABS Mo} sEhhEE
AL7|FO072 N 55 kg/has Z}zt 7|2 A&
Az e o, 2%, AEF E A&
N-P:05-K209] &% zpoj7t Asich.

5. ABS Mg =EY WNFE 358 73
S o Aule] Hod ArA vlg AHF 2/3,
it wgel 1/3, 71Eld HlgY 1/5 A= diA)
& 4 g 7oz wdHY, d440F ABS A
259 o|f steF ol a&S Tl 38
H|&s} ABS H2FE s E&ste Wtol &
£ Zojtt

6. ABS Azl APl Al 8F2 Auick
A, AHEE 2 Hed R Tl wg bs
Zoluz olof digt A A7t doE Y
olok & Zojr}.

o] ATe Aeddtn AT Adel
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