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Feasibility Study of Intermittent Slow Sand Filtration
for Agricultural Reuse of Reclaimed Water
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Abstract

A pilot study was performed to examine the feasibility of intermittent slow sand filtration for agricultural
reuse of reclaimed water. The effluent of biofilter for 16-unit apartment was used as influent to the slow
sand filtration system at 0.6 m’/day loading rate using 15 seconds spray in every 10 minutes on the about
1 m* surface area and 0.5 m depth. The influent concentrations of total coliform (TC), fecal coliform (FC),
and E. coli were in the range of 10,000 MPN/100 mL, and they were reduced to less than 1,000 MPN/100
mL after filtration with average of 320, 270, and 154 MPN/100 mL, respectively, showing over 95 %
removal. Turbidity and SS were improved effectively and their average concentration was reduced io 0.8
NTU and 1.7 mg/L, respectively, and removal rate was about 50 %. Average BOD and COD concentrations
were also reduced substantially to 2.6 and 25.8 mg/L with about 55 and 27 % removal rate, respectively.
Nutrients removal was relatively low and removal rate for T-N and T-P was low however, remaining
nutrients might be beneficial and less concerned in case of agricultural reuse. The concentration of biofilter
effluent used in this experiment was in the range of secondary treatment effluent but slightly stronger than
the one from existing wastewater treatment plants (WWTPs). Therefore, intermittent slow sand filtration
might be also applicable to the effluent from WWTPs as long as its agricultural reuse is available.
Considering stable performance and effective removal of bacterial indicators as well as other water quality
parameters, low maintenance, and cost-effectiveness, the intermittent slow sand filtration was thought to be
an effective and feasible alternative for agricultural reuse of reclaimed water. This paper is a preliminary
result from pilot study and further investigations are recommended on the optimum design parameters before
full scale application.

Keywords : Intermittent slow sand filter, Wastewater reclamation, Water reuse, Total coliform, Turbidity,
Organic matter, Nutrients
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A&AQ AT F7h ARy U A3 9%,
FAES B3 Fuls) F7)3e0|1 AR HFH
A 7ME S0 8749 098 2 S REHA
< 92 AZSA T vt (Han, 2002; Lee and
Kim, 2001; George and Franklin, 1991). $-2]
Uate} A4 ee A9 AZAQ B
Z 25719 1085 49718 A fdelq B
BEgo] doju} AFA|FFo] BE3 A Hu
22 3 HF FY0E F£AEL ¥ A
A3 ok (Kim, 1994). ®3 £ Ueh= o]y
g BF 17 oE £58 vk Yk (Kwun et al.,
1997).

olAy AT Aol BXA B AHEo] AM
7Fed FAtge] dAle] xdsEA, £5REEA)
of & oz o AMI AE59 FEF o
£, MZL A3t A 9 o@wA, ZAEQ o)
T2, £ AolE, 18y A2 80 F5En
de rAET Aolds FAE SHE Y%
w¥o] tEg AEHD Ut srAdsy A
o]82 FaAgd BA W AgFdieHs SdoA 2
A BAE 1 ooz, g 4l Fd
o 8 A BREHAE o TG 5 e F
AEAE ANA F Y LEH3} AASZHAA
T S A @t 29 AXE 2 usss
ENY Ao]g oju] AZ FA A 3rAY 7]
WO 2R JFedb] wiRel, tEE ITMT
g e PR 98 UMz a2 347}
5730] adan & 4 9l (US. EPA, 1992).

A A e g BODsU YUEAY &
3 AAE B3 TR FANEE WEAIE F
9 AHYFPOEA, Aoj&g T £ B
BEA7)71E ol Y} (Jari et al,, 2003). T3
gl veglMe #3873 Ay sexEd U4
FAZIES A STE Aezxe ER 1
THLRE oI er], ¥4 +4d grE ¢

o,

r:

f o dy 4o
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& BET(total coliform, TC) 59 F=o] &
7tso], AR A dME REAZE FHA
FA7IEA Fgste ARTE s 98 =9
B ASAEY A4S FdESe ddh (MOE,
2002).

Aol&-g FAo® srAMesE ol B
AR AolgF FAVEE vHdstq 1o %&
APY e dvetd Heshe Aol Four F2
st 93 JgelMe AdtE MY seAjolg
71Eo] SEHT on, 1 o]&Fol AHo| n|
High Aot} AaFANE FFEY MdS
gt FAET] MES, AFeF, 2L
9 FA7EL vHAslY AAE ol AEF
FAF Aol &AlE A 9 YL WA
(M.O.CT., 1992). &A% HH5g A2l
FHEF, FF 283, FAA T g FRe
FA7IEL vlHo A A FHEA, A
g AolgE AT FYE Aolgds FAVF
vlde] Algsittn & 4 Ak vl A9
EY4EFY AHEFo] AAETF o 50%F A
A FAEE AMEFo] W] g s AzeE
Aol &¥F e 7Feidol We Atz & F 9l
o sieAETE Aolgs] A% FHoRE &
BRI AN o B4 . BHolojop 319, SjApet
A A gEst FAET Fe37] g d
AEY AEQ) T E, BU4 dida T (Fecal
coliform, FC) 12|3, tiAF(E coli) 53} BODs,
g%, pHY JAFAL T& FANE $522 4
3} TFAStZ Aok (Duncan and Sandy, 1989;.
US. EPA, 1992; Anderson et al., 2001; Lee
and Kim, 2001).

oty sEpAE g Aojgolu WS £4
MaE fA8M seAEsE o, A - 243,
A - AA 183, gYEEE T B2 1A
Jlego] §84H1 ot R BE EF AAES
& A7a)rge] 23X Feo dZ€ u BODs,
COD, 281 TOCY 45~85% AE AAT F 9
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FEH 840 8S AP PR 5EAAH dFEAAY B H)

onl AP oL AAN, 5 BEE
g WA gt FEHE AFERE FUAIE
Ro2 B8} glt}; (Sanitation District of Los
Angeles, 1977). U.S. EPA(1992)¢] <3l ¢
&odojoie Ade A} A7} olF
o}z)® upo|HA(Virus) ] 90~99%] AA7} o]
FojAgy sRoH, WAL AAE FE5AHRY}
BlEPE W FERHI) A F BHCE &
MEta Aok (Goldstein ef al., 1972), T3, ¢4
TN B Bk opet MTol g
N AAZ + & 2oz ¥8A o US.
EPA, 1992). o]t AuA ARZE N7l 4
& FA . 23 ojojo} sh= Aol 849 2 HE
3= ol AR WHH QEFIE €Y
F e Rog A RN g4
HAHgEA e RAFE 37M0R FAE F 9]
o] F71A4 ol Bo] Halste, RHE T o
#7150lgdle HEFH HYE 7|dE F Ae
AL zha Qe W oz ulAEoY 47154
Zo AA 58S Y £ Y Yo AHEHR
olod, o &9 3 1EXNIYFA A
¢ g a3yl AYEHT 9k (Nakhla and
Faroog, 2003). aHAlgl, $4EH A3 FdT
9 2%} Rolok 7] Wiel AANYE AL
Z 3y, 1YPEAS0] LA TAE HLe®
R FEEAol o} HYFFEE FAAIY, o
A7t Agsyl A B Aags 2Y 5+ Ue
@Ao] 9t} (Ron and Tchobanoglous, 1998).

2 AToME 23 HFEY biofilter FETF
g olgs] RPN e& R AY
& E&M, uAES sAdAEY AHEss ¥
Agroza dutdel A EF f5A0] 8l
Ba% 71xA8E AIstuar gk
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| ZE2AKGAL| 520t FX|

ZEEAPIA S e&Rddn A= AA (1]
m), %°](1.1 m)9 fiberglass reinforced plas—
tics (FRP)&S olg3le] AAEglen, F 37
9 $07 FEHNLE HFORZRE 5 cmole 2
28 23, 1 $ed 973 1~2 mm8 7S ZHE
10 emE Af3, 1 f9 FEe 944 01~03
mme] FATHE 45 cmZ}FE ARL Ve @
BE AZ APFde] MNP H24% 8 m’/day
729 3714 biofilter H+E &R F
42 o] g3t (Fig 1). ¢&EHAR F4
A= 2o A Bde] #5% 20 FF
F QA dAEeH, 9 fd8 FFE A
T A fF9A7IE EEAE gt 2
o A FEE 3/A%EE A it #
ARRNE F8A(ntermittent) FAE YA
biofilter X2+E AFE ¥, = (1/6HP)] 2
EEZ dA (control box)E A3, 108 74
o2 15&% B¢ BABKIeH, £URFE 06
m’/daygich £ A8 20029 39RE 128744
o|FojRon, &R HojgRE Al A3}
Qon 74$9 9L WA A BT

FAZATEL BANT0] vlnd w21 &+
Aol Aol P2 v|BE, {718 T8 %
24 $|F% Standard Methods (APHA, 1995)
of wt BAsIon 58 A2 Table 1
7 2ok olE ¥ 3 g5 8% (multiple—
tube fermentation method, MPN) & AME-3}%2
W, DIFCO A}9 Alekg o] &3¢ty Total
coliforme Lauryl trptose broth, Fecal coliform
& BEC broth 282 E. coil= EC-MUG broth
Aokg AT
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&&7 - AES - BT - Fepd

1 Sand filter influent
K4 'l't ‘.\\
Intermittent injection
’ 7 \) \ ~
I' / \ s \\
Control : T
box
| 5
Sand filter 45cm
O ) y O 10cm
Biofilter effiuent o : - o o - ?5;1
e
n Sand filter effluent

Fig. 1 Schematic of experimental system

Table 1 Analytical methods used for constituents Table 2 Comparison of water quality of biofilter and
conventional wastewater treatment systems
Constituents ~ Standard methods Remark —— —
) SM4SW-0C  Adde modification method Parameter AL
Influent Effluent Influent Effluent
BODs SM 5210-B 5-day BOD test
5 M %540D ) TC (MPN/100mL) 507142 11684 122205 3390
—_— QUIDE  Neohmmtrc mthd FC (MPN/I0OmL) 247857 9179 - -
i - ephelometric mel
T“; & P E coli (MPNIOIL) 207142 9638 - -
Organic nitogen. SM 4500-No C BOD; (mg/L) 7457 1074 69
NHz-N SM 4500-NHs-D  BUCHI 4359} B-316 SS (mg/L) 58 38 117 59
NO;—-N SM 4110-B Dionex DX-100 Turbidity (NTU) 514 11 - -
NOy--N SM4I0-B Dionex DX-100 T-N (mg/L) 04 493 N2 155
T-P SM 4600-P E HP8452A Sp@tmphotometer NH4‘N (mg /L) 449 91 .
Total coliform SM 9221-B R - -
Fecal ool SM 921-E Multiple-tube fermentation NOyN (mg/L) 07 20
ecal colrorm method T-P (mg/L) 74 40 34 11
Escherichia coli ~ SM 9221-F PO-P (mg/L) 93 42 . R

2 : Mean concentration from March to December in 2002.
® . National mean concentration of WWTPs in 2001,

2. Biofiltter2} Wastewater treatment plant(\WWIP) (MOE. 2001).
o £3
B o] o]l&9 biofiter FUFY Ha)FY gk F7 +A% 20014E S S5FE HA
2002 3€olA 12974A] 1~2F HFHo® AE 4 (WWTP) @ 3 40| Table 29149} Zt}.
& (sampling) 3 ZF =¥ 15~20 o7 Ajgof Biofilter M247} TCS 749 4818, T-P&
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FEH EFANEE A% FEEA &R HYA3) s AAE A o}

3.64u), 12l T-N9| 74 3184 3= ¥ 4
HolQE, SS ¢ BODs: ot @& Abgoigith
olg)dt Aol FYUTAY Al U2 biofilter
A2 AS AsizdM n3EAo| JAd F ¢
2 Hel#Ao] glo] biofilter #7FA1Y Al FAqt
< A, 99 sFeAPels 14 A,
23} Az ohel YRAME nEAE L &5
HAeAA AR F BF37] wEel biofiter A
7} Qi seF e AoEes g2 &
A% Yyehd 2o wddrt

Total cofiform
le+6

o 2% & 2

1. ERE (T0), 2)Y tidmx (FC), thE
7 (E coli)

o] R fYdss AEs nE F
=9 JP&L Fig 29 2o HY959 FF TC,
FC, E coli 5% ¢k 10* MPN/100 mL2A ©]
23 & FAE Yehigloy, d&5YdT ¥
o= 1,000 MPN/100 mL °]3t2 WolxAl #HZF
%7} 330, 207, 154 MPN/100 mLZ 95% ©]
A &2 AAEZES JEIgt g 47dy
E AuEd EEAPY B odFeA TC,

Fecal coliform E .coli

1e+5

1e+4

1e+3

te+2

Concentration (MPN/100mL)

Removal (%)

75

Mar, Jun. Aug. Oct. Dec. Mar. Jun.

Oct.  Dec. Mar. Jun. Aug. Oct Dec.

Time (month)

—e— Sand filter influent

—o— Sandfilter effluent

—o— Removal (%)

Fig. 2 Concentrations of TC, FC, and E. coli in slow sand filter system
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27 - AYS - B g

FCY 7% 7t 3-log, 3.3-logdl BF AALEE
& Bon, 7ol & Alde o & A
&S B29tty B33l (Makni, 2001). Log
AAELE dutdoz @97t & v|AEe] Hol A
s WHCEA log-10] AAHGTE vl
oF 10,0007 A=e] n]AJEo] ok 1,000/ AEZ
& &9 AAHAGE Svioltt. Gold et al.(1992)
FCO ¢ wsd 7|13 oM o 2 A8 &g

ehdtka &k ol & A Aguo o
F& AYEEdY o+ fYFd wEH A
Aoz E7| wEe] AHelggo]l A vEed
Rog A4HH, £ ATME 58404 118 %
=7 diF#e) APgso] U FolA,
L27} A7) HPage JFL nH Aoz
Azt gy, 4o AT dishs ot gEA
Ausland ef al.(2002)& 7HEEAPLAY] &7y
47 A F 129709 AUZEel FCrl 943 A
AHRL, 2~17T Aleleld X2 &g zole
on, wAES] AAEEE ZallolA Wl AFA
4 3714 RERG Fe3ltiy BRI,

2 Ut seEAMeE R SR $AVES a3
T(TC) & 3,000 7V mLZ 7338tz 9on, &<
= AYFEE 200395 Adlste) JedRg
79 9 I AATICREH ARE 54 10
km o} A97 HFAALREYH AFE {81AY
15 km °oJil AQE LHF FA7IEE 1,000 7
/mL2 73ste] gt ok Raidss AR
T TCY #ia $4o] B¢ 330 MPN/100 mL
2 URF FAEE FHS] USA7] dFe
A A H4rbsAdol o, AolgrEA
AHEE ZfoE TC 89t ohie}, FC, E. coli 9
FTEE A FAE £ ] " 2P 984
o] FAE A Y F Ug Ao PoEd

.

A e rlo

2. Bl (Tubidty), F7=E2! (SS, Suspended solid)

g% SSY #9049 85 $4¢ Fig 39
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Turbidity (NTU) SS (mglL)

Concentration

Mar. Jun Aug. Oct. Dec. Mar. Jun. Aug. Oct Dec

Time (month)

—e— Sand filter influent —o— Sandfilter effluent ]

Fig. 3 Concentrations of turbidity and suspended solid
in slow sand filter system

2o 859 A9 §44 FdeAe] 1.6 NTUY
A %k 50% AAHY FE5Y FL7l BF 08
NTUZ yebdon SS9 A$= {49 w57}
3.4 mg/LolA <k 50% MAH F&59 SSEE
7t BE 17 mg/L olgleh =i - 9] o a7 3
HE AHEY, 2% o3gelE 45 cmE Y
< @ g AAEC] 414 ~51.1%9 AJE&S
Byon(Lee, 1998), Water poliution control
federation (WPCF)A &= o318 &3 #H7 g
9} SS9 AA &&o| 7 71, 73%2L LESATH
(WPCF, 1989). SS¢ %7} 3.4 mg/LE AHtjA
o7 W2 T3] WEel WCPFY Ha Aa
R W Aoz JuEn, mydnE Ax
% SS9 FE7F B 1.7 mg/LE WS AL2E 4
g 59t gEE 48 54 72dE AHEA
AT, HeE FAVEE 1 NTUR Agstn 9
<, ¢42897 AHgse 3¢ FF 0.8 NTU
2 Y Fed FEske AEFES Bile
u, St FAA T g9} SS7F A2 ¢ A
Aso] ¢ RS FFo|tt.

T, FE5Y SS9 BRI A wat e
o ¥ AEo] oA ) 1 FEL U &
UE Rolzt AdHY, 53] Uvrt F&5-He



BAH Sl 4L A% VYA S5 drAH 1 & Bt

$Rog AgE A% 1 5o U 4FL )X
= SSE AFAA 1 AEES ¥4 F As A
oz} ggr},

g9l SS9 AAE F2 A5 ) ofF
ojxj&=dl, o] o= TIFAU AA ol
24 EgnAolr] wie] oug FRERS
abele Aelzue] RF3tA o olgA &
Fohe 1HEAZAN F7I1BES wAEd 98
AEEEQ Eafiv 7|g E}—‘@‘L‘ gkl o8] F
2AQ AAE 71dE & Aok 2, #s
Afshs 1PEAY RapFo] Aezue] AAE
& 298 He Agzo] 1Y QEEH] FHYH
o] Refojzte] AukHQl HE & HelHFE 2
AN F Uk B AdeME Ad 104879
Ag oA Ziah"r oy} HAEASH: UEYA
% ok A Ma Zgol Ak Al
= o® 9] TPEATY 2L 295 Bed
o) AER(10~20 cm)oll EAE7] W&ol (Crites
and Tchobanoglous, 1998), A4&%2 ZHE A
A & s F= ez EAE AEE F
e Rog Aze

P

Er-{n::x

3 MBIBIRIALA
2k (COD)

£272 (B0D), BSIELAR

BODs$} CODS @42 eiois 9059 &
= Fig. 48} #t} BODsE EH9TH Fd+9 %
#5527t 58 mglLAN #EFY BLEETT 2.6
mg/LE Zxdglen), 1 el &f&o] & 55%°]
ot CODE w459 37 F=7}F 35.1 mg/Lel
A $&59 HasEst 258 mg/LEA < 27%
9 g E&E Bl Nakhla and Farooq
(2003)= BOD5$} CODY &4 4o 4%
1~2, 27~30 mg/LRoes, BOD:S B AAE
o] 65.4%31 CODY HF AAELEL 34.9%E &
A7ATYG fATE He) A EETH HHUFEE B
Aok
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BOD, cop
80
15
60
. 5.8 . gl 401331 e g
5
é W N 2 \}\)V N
5 ° o
£ s 50
8
£ 4
3 e \,__\ /\ j\
30 {258 A
4
28 | N Y e ¥
R LA
10
0 0

Mar. Jun. Aug.  Oct. Dec
Time (month)

| —e— Sand filter influent

Fig. 4 Concentrations of BOD; and COD in slow
sand filter system

Mar. Jun. Aug. Oct Dec
Time (month)

—o— Sand filter emuerﬂ

#9149 CODY %+ BODs ERTH %8
o, CODS AMel&&2 BODsETH #otoy AAs
B ok ok 5 mg/LE o B ¥E UepIHh 5
9 1w BODs$} CODS $57} Adjdog &L &
Zo|PSE, ZHHE AN F AYF FET
3A Az 49 ole #9459 w20 @A
7} Zrlelein §&Rda9E AXE {25 F

52 d3FFEoR fAE F & $F9%
(buffering) & 71H91& 4 & Zolg Fod)

4. 91 (T-P, total phosphorus)

28 AMES SalgEe EE QMRS
oA, GwAeE s A BES
A71EM e QPES FULE FASL 32
Yoon ef al., 2000), 2 Q7oNME FU3 &
A Q1(POs—P) 2.2 T3} "146]-03C]- Fig. 5
dsmgolzte #49% 4252 tehigich
524 Sl $959 FEF BEE Uk £ o
37 27 mgLEA A9 2 $XF vkl A
9 9oy Fo7 BYE Bele B 16.6
% AUELE YICh 424 A9 A9E @
&R Hod3E AXAAM, A3 (straining), A(in-
terception), & (sorption) 5 2L FHAel 4

,.\mdrd

rlr
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§°
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o
2
0 0
Mar. Jun. Aug  Oct  Dec. Mar. Jun. Aug. Oct. Dec.
Time (month) Time (month)
—e— Sand filter influent —o— Sand filter effluent ]

Fig. 5 Concentrations of phosphorus (POsP, T-P) in
slow sand filter

dME A AAHA RRn dAY A £
A9 FH L7 AAR Aoz Bz

5. && A (T-N, total nitrogen)

F ArE A A ATl dEgaold
14 AA (Org-N), ¢EYod AL (NHs—

NH,-N

N), obdAY A4 (NO:-N), Zeia AAA As
(NOs—N) 59 ez Al &x89 (Yoon
et al., 2000), £ A7 ZFE 29 4
T8 f249 ¥E= Fig 63 2tk

B 4949 F 44 BEFFEE 493
mg/Lolgon 249 & HEEET 47.5 mg/ll
EA AYade A9 Jehtx ggith gEel
4 AahE 97 a2 9.1 mg/LolA Hd AA
€ 36%9 AHFEE Jehle] §&259 Hdwsk
+ 58 mg/L °lglth, A AiE HdF 250
mg/Lold BT 28.0 mg/LE 2318 571 o &
ThIIG. 1 olfE IS ARSI e A
23 & FHAA AL (nitrification)©] ¥
ofu} ¢tEoMd AAvt AN AAE wHgY)
ugolgt wag B AgeAe grYoMd A
A7 AN ALz HEEHE AL AYstae
Uukaiel AsxAARI) AZsA Jelrdth Nakhla
and Farooq(2003)= E&#ldAS Zol& 50 cm
Z 3lo] 2AEAE o 529%9 AAEEE BYo
o}, A9 ZolE 150 cmolAE 67.5%2 AA

NO, -N T-N

Concentration (mg/L)

Mar. Jun. Aug. Oct. Dec.
Time (month)

Mar. Jun.

Aug. Oct. Dec. Mar. Jun. Aug. Oct. Dec

Time (month)

—e— Sand filter influent

—o— Sand filter effluent

Fig. 6 Concentrations of nitrogen (T-N, NH-N, NO3-N) in slow sand filter system
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A &l LS AR TYIA ERYD AFAMY £& b

AAES Ry $EHAT. 2 47 g44F
Y42 F&f A2AAZ oA & olF
2 A7} RS B8 U8 EE
A& on B9 Zolz thE Ao wis) A
Hog yol @74 M dold & Y& B
A8} (denitrification) 7} U] 37| wjFo=
A%t wehy, 2] Zdolg: o A st
2y 5 F7IEHE AAEAY, A%
ZIWAN LdE 987} @714 et fAEcH
AXAA EHE 7)1E 5 g Aol dddTt

£ o }

V. 2% gl 48

B AFME 50142 A8 A Az
2 7HEApA Y g&ndoln AJAR o83
o] 3% Ae4F 0.6 mYday2 ML A%
n|AER 2 FAJAES] AHEHE EAEHL
o 7 A749E oot e Zrh

1. W2 AAFEE TC, FC, E coli BF
o4 FFEEs 10° MPN/100 mLeolies
BF 95% o4 ¥& Ay &4 vehuidly, ¢
&ndddy o BAFFEE 747 330, 207, 154
MPN/100 mL o2, dukael spAeFE g5
zaods HPFEL AR F FAZ FRIAY
g=Ao)gof o] 4" o BA - YA EAE 2
A Ed F Y Ror woddth

2. g%9l SSE= 7zt 1.6 NTUSH 3.4 mg/LY
89l HFEToM 25 ok 50%9 HEgS
Yehiglon $259 HFFEEE 08 NTUS
1.7 mg/LE Ephg 859 ¢&mdoln A
249 7% HF 08 NTU 24 98 $£A&E
9l 1 NTU #Z0iQ3, Ax7} AAs ], $&55
o3} A|AHS Aolgol o]&T AL AvHA £
AL AAF F A& RAolet A7

3. BODs= Zalodst #9lse HdsErt 5.8
mg/Lold §&49 FFEE7t 26 mglE ZHa
sgem 1 Xy &80 o 55%°Ich. CODE
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F949 37 57} 35.1 mg/Lold &9 H
#5557 258 mg/LEA ¢ 27%9 A2 A&S
Bt seAEe SEEgAHRE AXste] &
A% T FAZ UFE A A2 18 29
H3E 2Y F & RALE gd¥d.

4, F AL8 99 HFEEE 47 49.3 mg/L
% 4.2 mg/lolgen {E58 F HIEEETD
475 mg/L. & 35 mg/LEA AYaI= A
ERA osteh GUEAQ ot AA AAE
& AR oz wold, T-PY A& oF 16%, 11
g T-N& AY AA7L dovpAl sk,
T-P2 2% A4 A& d57 AALD Aol
o T-N& Axsiggel 28 drvobyd Airt
ANIALE Feidt v eH, T4 T-N
AAE A9 Y}k ol dt FtgAo] FAZ A
A #Y 2 Aele 7] 9o d # 3
Aut Aoz AojgsHwd At s A
BEZ 2084 Ao|dol= 238 FAHAY a7
£ /1dg 5 Qg Ror dddn

5. 45A018E A 2 - A3 24
Q uBE3 AR} AHEE 9 AelAE B
& Fx) golop Ft} B Aol AR TEE
Aol gsmaeizte] A9 22 AegelA
95% ol39 uAEL AAsRNLH, g2 F¢
T gE $£F9 0.8 NTUZ #5331, 718
50% 3= AANGT. Aol ol dSE A%
7b A A RANAES EAS AniEd E
AZ FAo] HAT § 9lon, o3} Fof ALK}
8L ojold AL 1 58S FUAA & U
& Aoz gt EF, FHEAPLAY] Rilo
P AAHeln fAs} Has] W), F
AR} 7Fsdt FUEFER Aol gol s A
A FEAAY AL E 15 A AA
Z AT ALdE 5 ASHS #E F U
Rog @y

o rir
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B A7 214)7) ZEEAATARARIQ £
Ao & BRI|ENIAATS] AT
AEANZ: 4-5-1)°] sl A= AF U
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