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Biochemical Methane Potential of Agricultural Waste Biomass
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Recently, anaerobic methane production of agricultural waste biomass has received increasing attention. Until
now domestic BMP (Biochemical methane potential) studies concerned with agricultural waste biomass have
concentrated on the several waste biomass such as livestock manure, food waste, and sewage sludge from
WWTP (Waste water treatment plant). Especially, the lack of standardization study of BMP assay method has
caused the confused comprehension and interpretation in the comparison of BMP results from various
researchers. Germany and USA had established the standard methods, VDI 4630 and ASTM E2170-01, for the
analysis of BMP and anaerobic organic degradation, respectively. In this review, BMP was defined in the
aspect of organic material represented as COD (Chemical oxygen demand) and VS (Volatile solid), and the
influence of several parameters on the methane potential of the feedstock was presented. In the investigation
of domestic BMP case studies, BMP results of 18 biomass species generating from agriculture and
agro-industry were presented. And BMP results of crop species reported from foreign case studies were
presented according to the classification system of crops such as food crop, vegetables, oil seed and specialty
crop, orchards, and fodder and energy crop. This review emphasizes the urgent need for characterizing the
innumerable kind of biomass by their capability on methane production.
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o of 19 3EF Aole}. VS 7120] §71% Hele
pre samaEa 2o gl 210 49 §
wlo] glom, ShA Adset vieh 70| sjoize] w
00s") T FEHAY (HCOs) ol2-9] kg n3hA] oF
ooz Ao FA7} ZAS}. o]i= ASTM (2008)
oflA AAJSh= Aastoo] = £4gS I HEl B

lo o B orr m]o
_]1)1! e j_|O_L :‘O

R

—~

1

(14)
COD,,,peq © 7122] COD E3l& (% A7)
Viryviogas - BFO1Q712 AYARE (Nm® Q7))
g HEEE (% vy )
M, sirate 7];§9‘] zal‘j’ok (kg (.):_]_l)
COD, e+ 7182] COD 55 (g g )
0.32 : Nm” kg™ CODremoved
(15)
78, TS Halg (% U7
I/dry biogas . H]'o]i7 ]’i Ag/?_}'%k (ng oerl)
Moy co, - BFO1Q7EA Z gk} o] AbSsheha o] Aefig
(kg Nm )
M, sirate - 7];§9‘] zal‘j’ok (kg (.):_]_l)

VS,dea ]%——-_]9*] VS 5% (g gil)
VEAS puirare © 71789] 1904 A9ALO] 55 (g g )
0.98 1 VS % Hlo] o7k Agke (Hlol2mls HEHE %)

=2 HEH Mo TEHlE S wg
Jé ?'EL% ‘171 =9 AeSHolA A, 7SR
ke, 6}~r EHAE FHeRE A77F Hal Eal 9lom (Cho
et al,, 1994; Lee, 2007; Park et al., 2001), Jeong et al,
(2009)2 slr& A 9] a4 F7]astol|lA ZhEat Akt
AL Egto] ok wigt A4k HEldo] SXavE Hu
gk vb ok, 28y ol AFtETe #7148 H7IES A
g5 HHOo= stAY dF FAF vHlo|emjAS Etsto]
7178 "H7lEe Aass 7l A4S EHo= 5
ATt EPEW =W 54t Blo] emjAo wigt J% iiEﬂ
éji°ﬂ W At v mSEk Ao RE 1980% E] 198
A7k =24 %‘%‘lﬁ‘ﬁﬁrﬂd—J B4t FAL ﬂr J"d
£l Ttk AFHITE =5 Ol—r—l— Ut BAF FAEE
ﬂ“xw A (0,286 m’ kg~ vsadded) Ha) @ (0.273 m’
kg VSudded), Qﬁﬁ‘gﬂ (0.261 m” kg' VSued), BAE7]
(0.276 m” kg™ VSuaed), FE7] (0.273 m” kg VSuiae) ©
ofgt wjgk A HElld A-F How vk glow, A%k

R

ole]o] Xt A-g=<l % oM o2 el =] of
o v ke Hl AL Qlek B2 (80:20)9

7% 0,400 m’ kg Vsaddod, HEIZ4+2 8 (80:20)2 0,353
kg VSR 7]} X2] 70t nliwste] o e AjAt

Held-S B5ETE (Lim, 1980; Lim and Park 1983).
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Table 1. The agricultural biomass BMP results of domestic precedent case studies.
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Crops Materials A CH4 yield VSr Note*
% m’ kg” VSadged %
Leather sludge’ 1.28 0.483 42
Beer sludge’ 0.9 0.254 26.8
Others Coffee slud§e§ 0.86 0.245 54.5
Pulp sludge’ 0.28 0.625 55.6
MSG’ sludge’ 8.05 0.084 12.6
Soy sauce sludgei 17.6 0.067 20.4
Rice brans’ 76.5 0.212 7.8 Human feces(1:1)
Rice brans’ 58.1 0.209 19.1 Pig manure(1:1)
Brans .
Rice brans” 82.1 0.204 4.8 Urea(1:1)
Rice brans' 93.8 0.128 202
Rape stem 70.7 0.344 17.8 Human feces(1:1)
Oilseeds & .
Specialty Cropsi Rape stem 67.5 0.388 21.8 Pig manure(1:1)
Rape stem 74.2 0.331 18.3 Urea(1:1)
Soybean meal 5.5 0.376 54.2
Corn meal 7.4 0.077 354
Plant meals’ Pulp meal 4.7 0.281 63.6
Amino acid meal 4.2 0.054 39.6
Sweet potato meal 29 0.256 43.0
Rice straw 80.9 0.286 36.5
Barley straw 85.4 0.273 37.6
Corn stalk 88.8 0.261 38
Potato stem 58.9 0.276 453
kudzuvine 84.3 0.273 343
Rice straw+Ox manure 76.2 0.400 55.1 (80:20)
Rice straw+kudzu vine 78 0.319 45.6 (50:50)
g Rice straw+Potato stem 71 0.302 40.4 (50:50)
Grains
Rice straw+Corn stalk 89 0.348 48.9 (50:50)
Rice straw+Barley straw+Ox manure 76.8 0.326 383 (40:40:20)
Rice straw+Rice branstOx manure 80.4 0.247 433 (40:40:20)
Barley straw+Ox manure 78.1 0.353 453 (80:20)
Barley straw+kudzu vine 83.4 0.299 49.5 (50:50)
Barley straw+Potato stem 67.5 0.289 49.4 (50:50)
Barley straw+Corn stalk 90.9 0.334 49.5 (50:50)
Barley straw-+Rice branstOx manure 85.2 0.269 47.1 (40:40:20)
'Lim, J.H. 1980.
“Lim, JH. and Y.D. Park. 1982a.
SLim, J.H. and Y.D. Park. 1982b.
Lim, J.H. and Y.D. Park. 1983.
! Mixing ratio.
! Artificial flavor enhancer, MSG (Monosodium Glutamate).
webs] AR F71a8E fside 4 s AL Ab HEES C/NS 24che o] Sl uE a4
= 7R E AHs] Eftste] o]&she Aol vE A 5ol o} (Lim, 1980; Lim and Park 1983). A9 73
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Table 2. The foreign precedent case studies concemed with BMP of agricultural biomass.

Crops (Number+) Feedstock (NumberT) Terﬁlsfaz’t)
Miscellaneous Grains (14) Pearl millet (3), Sorghum (9), Millet straw (1), Oats crop (1), 35-39
Rice (5) Rice (5) 37
F°°‘(137C)r°ps Barley (15) Rye (5), Wheat (10) 35-40
Pulses (1) Green-pea (1) 32
Potatoes (2) Potato (2) 35-55
Fruit-bearing (16) Banana (13), Strawberry (1), Tomato (2) 32-55
Vegetables Leafy and Stem (18) g:;zﬂz)lv;’msr()?z;a::hztle; cabbage (3), Asparagus (2), Cabbage (2), 1255
©2) Root (51) Carrot (6), Radish (2), Sugar beet (43) 35-55
Spice & Culinary (7) Mustard (3), Coriander plant (4) 35
Oilseeds & Specialty Crop (2) Rape (2) 35
Orchards (13) gfﬂ;e(?f),Aﬁil gcrzz;ea til)(,4 )Apple waste (1), Grape vine (2), Lemon (1), 1255
Other Fodder Crops (43) Comfrey (2), Corn (17), Marrow kale (2), Nettle (2), Paragrass 1P (1), 35.37
Crops (72) Red clover (2), Reed canary grass (10), Turf grass (2), Bermuda grass (5)
Energy crop (29) Energycane (23), Sweet Sorghum (6) 35-40

"Concerned case study number.

0.212 m’ kg ' VS 7FF & wjEh YARS Helow
YAt EE 11041 0,209 m” kg VS, FAR} 24
11014 0,204 m” kg VSueea®] WIEHAFAIZFO] B I1E S}
o} E, o] g {2 AEQ fAIET I R, =5,
Q00| Eto] w2 vebyalto] EEES} (0,388 m’ ke
VSuded) > QHEEFH (0,344 m’ kg VSuaed) ) 8AEFH (0,331
m’ kg VSuawd) Q] 02 Uehgth 7]E tiFe 5 459
HhFof| A= wgh Aalgo] die) ) Hazdl ) wotapdl ) &
el ) opu|ieAbdle] o8 UeRgon ZEztol gt AY
ARES. 0,376, 0,281, 0,256, 0,077, 0,054 m’ kg ' VSaaea®]
At ARFARolA WA= 215 SRR wigr Ak
2 AREHA ) FEEHA] ) WEEHA] ) AuEER] ) v
HEA] ) PSR £o& Ueikon, 7+ wgk
7hA RARES 0,625, 0,483, 0,254, 0,245, 0,084, 0,067 m’
kg VSuaea©lITF (Lim and Park 1982a). 53], v]¢&e]
2)9] 79 AR uf9 =2 VSH|Eo|E E kAl &
A& (VS)o] 12.5%=A] A2 o & uf-- ol mghriAo)
HEFo] A Uehd o2 By v gl

=2 sit BAEO| o
Hio] Quj A o] wgt YA HEld A7 <}
7,000719] Hlo|@7tA EHES B 7hHsdkal Qs Y
oAl 7Hg 2hls] AqtE]o] sith HUL] A9 vpo] 2oy
A e SpeE Al Easte] @7]askxo] A &
Yotar glow, L= ol thfst AlRAEY AHE
ZhAte g ATt IS H 31 (Gunaseelan, 1997)%F B Q)

rm
0x
e 1z
_|:|l
=
%
Al
1o
ofr
24

o}, Sl FAF vlo| oo #Rt A7l AEA &
YA, Mg, SAE2E7] T 714 d7)E] w3t
Al oAl vt 2HE 9 ARERbAbe] AA ZgE A
7S Bk =Y AAEel|A] S48 A2
o F4t Hio| Q20| mlo]erEASls #H7|E A
o} BHlo] @7kA ARS: B3 olEH HAORE S T
I QUek 53] mlolerks Ak SHiEslr] flste] s
A W AAPHE (Rincdn et al,, 2010), 5<% (Bauer
et al,, 2010), E2]-3F3F4 Ax|2] (Jagadabhi et al,, 2008),
A7) (Romano et al,, 2009), T4 = (Buffiere et al.,
2006) ol we} theket Wighgak HEld-S Hskal Q=
Ao] EAolct, & =ol|lXi= Table 29} o] F4k Hio] 2
mAE 2% (Food crop), H45F (Vegetables), E-82M&
(Oilseeds & Specialty Crops), ¥}<> (Orchards), 7|EFHE
(Other Crops)® roto] Aelatalon, AbaAHEel Al
T, A, S 52 olvA] 2HE (Bnergy Crop) =
A Essto] Hejsisic,
Table 32 7} &4t Hio] Quj20] wgh AY

Urehdc), 7149] 3 791 Pearl millet-S wgh A4l wEld
o] F& (35C) F714slollA 0,257} 0,304 m’ kg ' VSuaa S
2 X731 (Chynoweth et al,, 1993)%|%/0H, 4= (Sorghum)+=
24 o] 2717} 8.0 mmefl A 0,420 m’ kg VS, 0.8
mmOA] 0,311 m’ kg VS 3L (Chynoweth et al., 1993;
Jewell et al,, 1993; Chynoweth et al,, 2001)%%ict <]
4% 9] Go] v vEk A HAS Sharma et ol
(s89)Fo] gt v 9lem, T ARl =717} 6 mm
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Table 3. The agricultural biomass BMP results of foreign precedent case studies.
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Crops Feeds Particle Size Temp. CH4 yield VS, Reference
DC 1'1'13 kg-l VSadded %
Pearl 0.8 mm 35 0.304 (0.017)
millet 0.8 mm 35 0257 (0.022) Chynoweth et al., 1993
35 0.26-0.39
chopped and hammer
milled after silage 0.360 82 Chynoweth et al., 1993
Miscellaneous Sorghum  Size of exclusion 1.6 mm 35 0.410 Chynoweth et al., 2001
Grains Size of exclusion 8.0 mm 35 0.420 Jewell et al., 1993
Size of exclusion 0.8 mm 35 0.311 (0.011)
35 0.360 93.6
Millet
3 x3 mm 35 0.390 63 Gunaseelan, 1997
Straw
Oats crop 20 mm 35-39  0.295 66 Gunaseelan, 1997
0.088 mm 37 0.365 55.6
Food 0.40 mm 37 0.367 56
Crops Rice Rice 1.0 mm 37 0.358 54.6 Sharma, 1989
6.0 mm 37 0.347 52.9
30 x5 mm 37 0.241 36.8
Rye cutting lenght 10-15 mm 35 0.283-0.492 Gunaseelan, 1997
40 0.384-0.418 78.0
0.088 mm 37 0.249 38.7
Bare L0 mm 2 o g Do ctal, 197
Y Wheat 6.0 mm 17 0227 159 Sharma et al., 1989
30 %5 mm 37 0.162 25 Pouech et al., 1998
20 mm 35-39 0255 79
0.5 mm 35-39 0327 91
Pulses Green-pea 32 0.310 75 Gunaseelan, 1997
blender 2 mm mesh 35 0.267 (0.017) Buffiere et al., 2005
Fotatoes Potato blended with water slurry 55 0.427 (0.000) Gunaseelan, 2004
- 55 0.289 (0.016)
ggigmn;]m ;; 8182 55112 Buffiere et al., 2006
_— Banana 1.0 mm 37039 496 S;:iizel:tn;fo?;g
bearing 6.0 mm 37 0.374 46.8 ’
30 x 10 mm 37 0.271 34
blended 2 mm mesh 35 0.274-0.396
Strawberry - 32 0.261 50 Gunaseelan, 1997
Tomato blended 2 mm mesh 35 0.211-0..384 Gunaseelan, 2004
0.088 mm 37 0.423 (0.001) 57.8
0.4 mm 37 0.423 (0.001) 57.8
Vege- 1.0 mm 37 0.423 (0.001) 57.3  Gunaseelan, 2004
tables Cauliflower 6.0 mm 37 0.407 (0.002) 55.5 Sharma et al., 1989
150 x 100 mm 37 0.358 (0.002) 48.9  Zubr, 1986
blended 2 mm mesh 35 0.190-0.331
Leafy . Roughly cut 35 0.341-352 94.60
and Stem White - oughly cut 35 0343382 934  Zubr, 1986
cabbage
2 21 4
Asparagus  Hammer milled ’ P " Lane, 1984
36 0.460 89.70  Gunaseelan, 1997
(12 mm screen)
Cabbage  blended 2 mm mesh 35 0.291-0.390 Gunaseelan, 2004
Salad blended with water slurry 55 0.294 (0.03) Buffiere et al., 2006
Spinach - 32 0.316 70 Gunaseelan, 1997
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Continued
Crops Feeds Particle Size Temp. CH4 yield VS, Reference
DC 1'1'13 kg-l VSadded %
blended 2 mm mesh 35 0.241-0.309
Scissors 1 c¢cm approx. 35 0.320 74.8
. | .
Carrot S;‘;fef o Zm;“maﬁessﬁeved 35 0.333 69  Buffiere et al., 2006
eh o Gunaseelan, 2004
blended with water slurry 55 0.388 (0.035)
Chopped to 2 mm with
a domestic garden shredded 42 0368
Radish blender 2 mm mesh 35 0.293-0.304 Gunaseelan, 2004
Root chopper 3-5 cm 35 0.250-0.510
chopper | 36 0.400-0.450 Gunaseelan, 2004
Hammer milled 36 0.445 95.2 Lane, 1984
Sugar (12 mm screen) (per Kg TS) Lehtoméki et al., 2004
beet Roughly cut 35 0.360-0.381  89.9-92.9 Lehtoméki et al., 2005
chopper 35 0.110-0.340 Lehtoméki et al., 2008
Zubr, 1986
1 cm approx. 35 0.340 uoh
- 35 0.360
. Mustard Roughly cut 35 0.300-0.326  88.5-89.7 Zubr, 1986
Spice & nd
Culinary Cogzgt " blended 2 mm mesh 35 0.283-0.325 Gunaseelan, 2004
Oilseeds &
. R Roughl t 35 0.330-0.334 88.10  Zubr, 1986
Specialty Crops ape oughly cu ubr, 19
Apple - 32 0.281-0.317 60 Lehtoméki et al., 2005
Apple cake Hammer milled 36 0.454 934  Lane, 1984
(12 mm screen)
Apple waste | ammer milled 36 0.437 88.1  Lane, 1984
Orchards (12 mm screen)
Grape vine blended 2 mm mesh 35 0.283 (0.017) Gunaseelan, 2004
Lemon blended 2 mm mesh 35 0.473 (0.011) Gunaseelan, 2004
Orange - 55 0.297 (0.026) Buffiere et al., 2006
Pomegranate blended 2 mm mesh 35 0.312-0.420 Gunaseelan, 2004
Comfrey - 35 0.323-0.334  87.7-90.8 Zubr, 1986
Field chopped and 40 0.397 82.7
hammer milled after silage
I mm 33 0350 Jewell et al., 1993
4 mm 35 0.335 Perez et al., 2005
Corn 10 mm 35 0.319 Pouech et al., 1989
Other  Fodder - 35 0.391-0.597 ;ane, 198;‘ 1900
Crops Crops ; ong et al.,
P P Hammer milled 36 0.465 95.7
(12 mm screen)
0.76 mm 35 0.360 (0.003) 84(4)
Marrow kale 1 cm approx 35 0.310-0.320 Lehtoméki et al., 2005
Nettle 1 cm approx 35 0.210-0.420 Lehtoméki et al., 2005
Paragrass 0.8 mm 35 0.242 (0.015) Chynoweth et al., 1993
Red clover 1 cm approx 35 0.280-0.300 Lehtoméki et al., 2005
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Continued
Crops Feeds Particle Size Temp. CH4 yield VS, Reference
QC m3 kg-l VSadded %
1 cm approx 35 0.340-0.430
deed 12 em 35 01800350 Lehtomiki et al, 2005
vy 1-2 cm 35 0.180 Paavola et al., 2006
grass
1-2 cm 35 0.330
Turf grass 0.8 mm 35 0.247-0.332 Chynoweth et al., 1993
0.088 mm 37 0.226 (0.004) 30
0.4 mm 37 0.228 (0.002) 30.2
Be“:::a 1.0 mm 37 0214 (0.005) 284  Gunaseelan, 1997
& 6.0 mm 37 0.205 (0.003) 27.1
30.0 mm 37 0.137 (0.003) 18.2
ball milled 35 0.298-0.320
0.8 mm 35 0.240-0.299
h h I, 1
Energycane 0.726 cm 35 0.276 Chynoweth et al., 1993
Energy Gunaseelan, 1997
0.0726 cm 35 0.228
crop
8.0 mm 35 0.290
Sweet - 40 0.352 73.1 Gunaseelan, 2004
Sorghum  blended 2 mm mesh 35 0.228-0.538 Pouech et al., 1989

" Anaerobic degradation ratio of organic material represented volatile solid.

oJsloll A= mgk Ak HEldo] 0,347~0,365 m” kg VSue
2 Haks Holx] ¢t} o] - Badger et al, (1979),
Sharma et al, (1989), Pouech et al, (1998) £o| Hgl Ay
4t HElEE FAsto] mhf 4xke] 27]7F 6 mm o]5}ol| A
£ 0.227~0.249 m’ kg VSuau®  HAS Ho|x| Y=
Ao wastil 9y, 7|el A (Food crop) & F
Fob Aol tigt AlgATE HalEa 9=, ST
0.310 m’ kg ' VSuuea®] TEF A4 HEES 7123 Q=
Ao X1 (Gunaseelan, 1997)% v} Qlon A= =
2 (350) 3} 32 (55C)ollAle] F7]astol|A] zFzt 0,267}
0.427 m’ kg ' VSuarS 2O 11.20]4] 2] vebyat weld
o] OF 60% FAIE|= AC R Bl 3T} (Buffiere et al.,
2006).

Ao Ay os FFE vgk A4k Heldat o
714 471E Bl 2 AoR Yehgon, v
Sharma et al, (1989), Buffiere et al, (2006), Gunaseelan
(2004)0]] 2]l 0.274~0.409 m” kg™ VSwu®] A7} B
Elom, 7] 0261 m’ kg VSwaa (Gunaseelan, 1997),
EOlE 0.211~0.384 m’ kg VS (Gunaseelan, 2004)
S5 Huga gk FAFs ZiE 0.190~0.423 m’ kg
VSuded (Gunaseelan, 1997; Sharma et al., 1989; Zubr, 1986),
|3 0.343~382 m” kg ' VS (Zubr, 1986), ofAulelA
2 0,219 (Lane, 1984), 0,460 (Gunaseelan, 1997) m’ kg™

VSadded @& 1% v} Qlr}, TAIFE ofe] sixje] ofs) A
7t AgERlon, 71 go] At 2HE-S Tt (Buffiere et
al,, 2006; Gunaseelan, 2004)3} AJEE (Gunaseelan, 2004;
Lane, 1984; Lehtom ki et al,, 2004; 2005; 2008; Zubr,
1986) %tk

W ARSI, AR, 2egd, i, o], AR
of dhiet vt AL HEld 57} Bl (Buffiere et al., 2006;
Gunaseelan, 1997; Gunaseelan, 2004; Lane, 1984)%]0c}t A}
M= 0.281~0.317 m’ kg VS HG1 HhA Al &7
A AL 0,454 m” kg ' VSuea, A SEAE 0,437 m’
kg VSuaaZ AR} Blmslo] Al &ejx] Aot Al &
2ol wEet AAt HEldo] gt EEAAL 0,283 m
ke VSuged, TIE 0.473 m’ kg ' VSuasea, 2A] 0,297 m®
kg VSued, 215 0.312~0.420 m” kg ' VSuaea] W A
A mEldo] B =9t

AraatEa) oA 2HEe] S, €44 0.319~0.597 m’
kg ' VSued, T2 (Comfrey) 0.323~0.334 m’ kg ' VSudded,
W27 (Marrow kale) 0.310~0.320 m’ kg ' VSaided,
7] Z (Nettle) 0.210~0.420 m’ kg ' VSaddea, TFEFLERA
(Paragrass) 0,242 m’ kg71 VSadded, HIEZZH 0,280~
0.300 m’ kg ' VSuaea, 7P}E]T18FA (Reed canary grass)
0,180~0,430 m’ kg ' VSued, EJZ T8} (Turf grass) 0,247
~0.332 m’ kg ' VSuea, HIHTILEA (Bermuda grass)
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0.137~0.228 m’ kg VSuua® ZH2H0] Hijgt AL} wilgo]
H1 (Chynoweth et al,, 1993; Gunaseelan, 1997; Jewell et
al,, 1993; Lane, 1984, Lehtomaki et al,, 2008; Perez et al.,
2005; Pouech et al., 1989; Zubr, 1986)% v} It} oy X
ZHE9] A== Chynoweth et al, (1993)T} Gunaseelan
(1997)0] 24 YA+ =718 wet BAF H{HA dAtolA 0,228
~0,320 m’ kg ' Vsaddedsﬂ AAE Haskal glom, g
£0.228~0,538 m’ kg ' VS ZE 2T} (Gunaseelan,
2004; Pouech et al,, 1998).

o (o]
L =

Z| T SAF Hlo| QUiAE o] 835l F71A wEgARS Tt
7 AR vho] @ ofyz] AT B o R SRk Qi
et o] A H7lE A SHoA T, 34
E2917], skpsniAlo digt @743}t A7 FE olF
I glon, FAAPE A BAsHs ZHE B4 Hlol e
ufof gk §7) st At wie- nEEk Aol 53]
UellA sAl vlo]QufAe] F7]A wigt Aab el
=4 HhHo] EE3IE|o] QA o} tokst AxIEL] o
TAINE w8t ofEgol glo] stk &=Y
7o ol VDI 4630, U|=-2 ASTM E2170-01S §7]%
Jab meld 9 (718 Belg BAo] 2R W
2 2-gstar St} wheba] 593} v]=o] wighgAk
HAYS vl AESEe] vk A Held-S A ofst
AR IR, 71eRl Ak S 1LES
=3 ?‘5&3‘4 <] F4E vloleufAl] wigr A4k wHElAE

S AR ] Aol 1980 thel A
i’iE HE 59 18T FAF vio| Quj Ao} AEAR R
the Y At ARE RARIGOH, 9= 437 FAF
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