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Summary

Citric acid is considered one of the most important organic acid,which
is used in various aspects,that increases the total global production to
1.6 million tons a year.

Presently ,fermentation method is considered one of the best methods
for Citric acid production.

The principal of this method depends on an metabolism bioactive
processes caused by some micro-organisms such as Aspergillusniger.
cheese whey 1s considered the best source for Citric acid production.
Researchers are still looking for new non-traditional sources for Citric
acid production such as agricultural products production such as:
honey,fig, banana,date,pineapple,mandarin,residuals of starch
production from corn and wheat , and from anything may contains
saccharine.

Anaerobic digestion is apromising option for environmentally friendly
recycling of the dairy factories wastes and renewable resources for
energy production.

This investigation was carried out at Damascus University-Faculty of
Agriclture,Enveronmental research center, University-Faculty of
Aleppo,scientfic research center.

Research aim: this research aims to test and study the bioactive
processes That produce Citric acidfrom many fungal strains of
Aspergillus Niger.

When we grow it up in an agricultural media (Saccharose, cheese
whey) and That produce Citric acid,and identify the suitable pH for
primary agricultural media for fermentation processes.

Liquid gabage produced from dairy factories wastewater and their
mixtures (cheese whey and cheese whey without proteen,dairy
factorieswaste water) were investigated to determine their maximum
biogas production.

We take important results: The strain Aspergillusniger(PLA30) has
been selected because its highly significant superiority through all
activation stages,on other strain in the two agricultural media.

The highest product of Citric acid in cheese whey was with lactose
concentration 150 g/l lactose, pH(3.5), 0.3 g/l Ferrocyanicde,1 g/l
Ammonium nitrate ,0.25 g/l of monopotassium phosphate,0.1g/1 of
ZnS0Os and 10% NaCl.

The results pointed out that the mutant fungi type (PLA30) was high
statistically significant and it had produced higher percentage of Citric
acid in Saccharose and cheese whey medium,followed by type PLA40



The local fungi type (C,D) had the lower produced the higher yield of
Citric acid.

Shaker had gave the highest total yield of Citric acid (65.77)%,giving
also real yield of Citric acid (62.16)% ,when we using Shaker in
fermentation processes(submerged fermentation method) at seven

today of fermentation depending on the typical structure of culture
medium selected from previous studies,whiled others product acids

was low (3.61)%, and the fungal mycelia produced on the lowed
bordered line (15.45)g/1.

Anaerobic digestion is apromising option for environmentally friendly
recycling of thedairy factories wastes and renewable resources for energy
production.

Liquid gabage produced from dairy factories wastewater and their
mixtures (cheese whey and cheese whey without proteen) were
investigated to determine their maximum biogas production.

The experiments were made in (18) liters anaerobic unites at 37°Cfor 30
days.

The biogas yield ranged Condition between for cheese whey (47)
INKg-'vs and (37) INKg-'vs for cheese wheywithoutprotieen.

The methane concentration in the biogas ranged between (59)%, for
cheese whey and (57)% for cheese whey without protieen,

The biogas yield ranged for dairy factory's wastewater and their mixtures
max1,max2 in mesphilic Condition between (132) INKg-'vs for dairy
factory's wastewater, (58)INKg-'vs for mixture max1 and (116)INKg-'vs
for mixture max2.

The methane concentration in the biogas ranged between (62)%for dairy
factory's wastewater,(61)% for mixture max1 and (63)% for mixture
max2.

and also the main remaining gas was CO2, at the Conditions of
pH=7,T=37C.

The results indicated that cheesewhey containing 5.95% total solids,and
COD=(65000) mg/l was decreased to (4600) mg/l and the lactose
consumption ratio was 95.65%, and the percent decreases were 8.53% for
total nitrogen.

The treatment of cheese whey by Anaerobic digestion is suitable for
decreasing the pollution rate caused by it and producing a clean energy
And results Showed also that the using of cheese whey as agricultural
medium to produsing Citric acid is available.
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il (e g Ul @l uedill bl agall 6 datial) dcagenll O o Lae Baadl
Ciln gy datiall duagand) cualy Gy (ailally ey 8 Jfg (0.1) s Cileadl slagl
gLl cowailing Load Jfg (0.1) grime (in suatall jdie aalll agdl 855,00 Y
JJE (0.1) g Ailad) slogll il (s
I Caaals oall e Tawsg (A slasill iy € e ddliaall el o o Lo Caiy
i g L)) T YLfE (0-1) riva (S Lageall (o hadll ADLL L] ad) 2
(1970cepla)s Sanchez) ae it 138y cdaiiall dagenll £0aS 8 Luls 1 d3L2Y)
Slgisall e Aaall) Aagend) 4aS Tas Dasina (39 2939 Slas) dalaill il (g
o) Jae Jacsy b eligil) clisy€ (e Ada)
laa &sine (g Jfg (0-1) gsimd) Gsis (L. S. D) (gyina (358 J3 jladl o LS
Jfg (0)cssieall & ¢ Jfg (0-12)5(0.06) ggial) & Sligisall Bl Ao
Jfg (187.92¢ 98¢ 94.88¢ 66.46): iifll o b L &<l (mgenl) S cialy g
danid) Lageall g ) Aol cadac] (PLA30) 25! phadl) Al o)) Baas Las i
- e mbll asll (B Jfg (0.1) ebisil) @liyS e (sine die 3ylaalls 35084l
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Ol duas by & Lol GlusS gine g i)k ASH a925all 2Ll (25) dsand) Gans
sy (1970 ¢ o)y Sanchez) aw il L 13ay Jfg (0.1) Glias (gginn S
.%( 58.61, 65.33 ,63.25,44.30): L W Gy (mlaaiVl S 353yl T
sliigil) il S (e ddlide ciligiee Jlarinb cldiall (an (25) Jgaad)

Apnlldbl) | danall LSl | Gagesd) | Adallagayall | ASDaga sl Uageall | @l Glbigiae
Jg % ad) yal) % % Jg sy Fg ) elagl
% Je
20.37¢ 1.752 4.88¢ 39.420 44.300 | 66.46° 0
22.63b 0.85° 8.252 55b 63.25b | 94.88b 0.06
23.11a 0.49» 5.99°0 59.34a 65.33a 982 0.1
17.51» 0.73¢ 4.74° 53.87¢ 58.61¢ 87.92¢ 0.12

0-05>P (s5iunn o Lisinn g oms ) e Sgaall (o Aia) Y
S oLl lpS (e g U Opalll Gaead Aidal) 3535l 3Lyl Lasd aliliy 138y
A aall "y Bl e Tag aedfE (0.1) 4313 Goled) (g5indl)
pre die chdag A 35050 dag B Laa Laadlg ¢« %(53.87¢59.34¢55:39.42)
o= JfE (0-06) Js¥1 (sgivaall B3l vics ¢ oyl danssll () oLl il € dil )
Ogaalll (mand Rally S 350yall g Ling) () (o0l o)l Janasl) (3 eligill il
uially A g0l g L)) M gal Gliad) elagill cilinS griwe gLl haialss
eSS pe ddliaall ologll il S Led (golass (Al (sl ddaje () Jsasll
gaally MK 39050l dhag Laie ¢ o3l Tausll 8 asasall ) asalisal b (gaaa
o bk Dy Jms Jauasl) ) bl eliigill i€ (gginne g liy) lainalis 3330 )
Gl a5 4] Siag (62 AV (gl (o Lguaii ) (ol uially A 3535l
-(1988¢ 255435 Mashhoor) axs
ligiall G Tas dsine 3958 35ag hdially A 353l Alaa) Jodasl) g
(0.1) sl L (L. S. D) gsinn (358 Jal Ll (g eligill il S oy Lalial
e JE(0.120.06) bsiasall aply 5 ligiasall 3 e Tan digine (Byiiy (58 Jfg
g (0) st & sl
P WS dndly Gsalll (aead Adhall (agesdl oSl il die g
I (0.06) Cilina (gsien in \ginass g leling) ani %( 4.74¢ 5.99¢ 8.25:4.88)
Lad g clgie 28LiaY) (oot L)) po dds (e Lgiaast (aliail 2 elagill i€ e
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s 130331 O (25) Jsadl e Laadlg cldBSeY) (maen dag Letny oSl mes 350
o3 el duas Jasy (B eligill GluyS (o5 g L)) dai A8lal) dadial) AS 408
Pt L by Aially LganeS 3 Laales)

S sl i€ Al axe vie il gt oJfg(17.51¢ 23.11¢ 22.63.20.37)
(Sine ) ae Ailall ladll AIS Faa€ ol & Aandiall Linaida Tgai s o530 Janssl)
b il G JfE (0-1) Gilian gsine v )3l Tawgll ) diliaall eligill b yS
oAl agaalisall aslie aas Sl alad) Jsiall JUady ellyg Jfg 23,11 il Akl
csiaal) Gl (e eligil) iy (gglae g i)l il g paBlilly oy S o 2150)
Wil 1 e (e 83l Aagr 43l eligill S Al ae Jls al ) g
saill 3 Ll "l cly o)l dasl) b i A ALED Gpalaall e Jasisi al o sanilisl
G2 pe Lghalin) () @lls (ol eliigil) i€ e AgY) A8l die 4l V) il
A3 by asen e rne pabiadl (M ool 13a (i) ju2) sall asabiod) sl
poralisd) il (gaa0n a8 gad (golos Ally (Il A e () deay (S (oapdiall gl
Lo e Ailiad) sLigll iy o Uiyl aag cdiliad) oLl cilin € 4uk ga al
c el saill b alal) b slef 3l

L)) s spedall Jacy 3 yed 090 Lkl Sl dygiall Laasil) (25) Jsand) s
& D) Sl Sl L 8 Lo @l o3l Javsll 8 ddladl elisill S (g5
aa <xilSy % ((0.73¢ 0.49¢ 0.85¢ 1.75):40 anall by nan (g ¢ i D Ctle
sl g Jfg (0.06) slisill cilu,S d8lia) (grima (o B0 4y (aagall (g5t
O Gilias (ggie die %0.49 Huedd (50 e Aiiiall byl as cuilSy ¢ 5aY)
- (0.1) elasll cibuys

o) dme oy (oLl iyl -5 (g5 Judl o (25) dsaal) (e i
(b 393505 % 65.33 < 353505 «JfE98 dcagan Jail alllac] dass Jfg (0.1)
7Ll 8l (e ady Lo 1205 Ll 52 Lgple Jumaicad)l ciliand) 3L cilSs %59.34
LOnd) deae Jasg (8 (pall) aand Alasiosall yladl) ADL

lsiase Jlerinly Latid) (PLA30) dophdl) DLl ey digall (cany (9) ISl (ug
el gl Gl e dalisg
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100

66.46

39.42
0

i
0.06

B % sl g0l

9488

98
87
59.34
53.87
0.1 0.12

gl A n

Gl € (e Adlide Cligiae Jlarials didiiadl (PLA30) dphadll Al cpdigall g (9) Jsill

oL gl

i) A Aaligs O gaslll yann ) A (PH) Lagaal) clags il-11-1-4
:PLA30 4adiiall
Mo dugine (3958 salll aas zla) 8 (PLA30) dadl) AL 4llad ulyy o] yeha
:PH dagea) o clayy 5 aladialy (26) Jsaad) s Lusgyaall ilaall poan
55U (e Juad] (ggiead) Ailia) 2ay Gaa) Jeadd saill Jasg 8 (4.5¢4¢3.5¢ 3:2.5)
2235 g (0-25) pslisdll Lstal ity (1) psaissl 2y e (150)
Jf(0-1) slasil) bS5 «Jf (0-3) aselisdl ailowe
(PH) I ddagasd) oy (e ddkide Ciligions Jletinly Clpdigall (s (26) Jsaall

ZpalS | Raad) LS | Zha Gageall | il 3pnal | S g0, | RS Gageal) | Auageal) G
S % % A 3 (oH)
17.552 2.97a 6.762 39.91c 46.67¢ 70c 2.5
16.44b 2.41b 5.57e 55.38p 60.950p 01.420 3
14.79e 0.98e 5.81p 58.362 64.172 06.25a 3.5
15.26° 1.77p 5.99¢ 46.86b 52.85b 79.27b 4
16.17¢ 2.37¢ 6.75ab 34.49e 45.47e 68.21e 4.5

0.05>p (ssicee e Tugine 3358 dgag ) et dganl) (aca dahisall CapnY)

Z\SJLIA\ Iy PAPIA| —— qu— (35) pH Afl z‘_A.AjA;j‘ dayd (e (26) JJJ;J\ L}AL}).‘J
(3.5) dumaseal) days 2ic Jfg 96.25 Al ISH (ageal) (o LS lef izl Gua
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Liages a2 die J[$68.21 ) comidil Gua 3 (4) diageal) A0 e Jfg 79.27
vie Jfg 91.42 e ol Limsen da )y (amliaily (ulaadVl W) el WS¢ (4.5)
aex O Badl of ands (2.5) dageall dapa aie g 70 (A (3) daseal) dayo
A gina Colaladll
e @l A (3.5) dagant) A vie %64.17 S 353p0 Aol o Jouanl) g
im0 vie %45.47 5 %52.85 N doadd I 250, al (il cDlalaall gsen
ayn ld Dl xall % 46.67 5% 60.95 g lise Jsill e (4.5 4) iageal
Jywanl) a3y dsina D lalaall guen Gule Gyl cilSy ¢ Jgil) e (2.5 3) duasanl)
iy d8giia (3.5) dagand) dayn @l Alalaall 6% 58.360 (Aia 393y Aol e
S (4.5ed)iaseal) dayn lebes e JSI 3535l Gaiiily ccDlaall ppen e
Ay (mbanily 4 alias) adall 350, al) L5 LS ¢ gl e %34.49 5 %46.86
(2.5 3) dcaseall days @3 Clalaall 8 %39.91 5 %55.38 ) Jead Liageal
agine COlalaall s (le Gl cuilSy ) e
Hlajd dows AlSde ddageal) dayo £ 18)) ae ddall (agenll 71 38)s5

:lagenll Cilayy ic %6.75 5 %5.99 5% 5.81 5 %5.57 5 %6.76

s e (4554 53.5 53 52.5)

el O diiiall lySall dasy dagead) Gilays e JS (Hlase dnalie 23 B
352.5 daseall dn g linl ae %2.41 5 %2.97 i) il Sl dasi (ymlass)
Euli Lag (3.5) Lagent) danys Alalas 2ic %0.98 Wibisices ol ) deail Vi) e
Sl e (4.5 4) Laasanl) days Jilalae vie %2.37 5 %1.77 ) ¢ Us¥) aglas ¢
Liageal) Gl 50L) ae Lgaliil Jealss Cun AUl dgaal) AR Lpeailly )l
A3.5 53 52.5 daageall cilayy vie Jf 14.795 Jfg 16.44 5 Jf17.55 Joxl
(sl Je( 4.554) iageal) dap 2ie JE16.17 5 Jfg 15.26 ) Leelis) a5l
Aagens Juadl asllac (3.5) 54 (PH) U oy5e (giene il o (26) Jsaall (e 22
Lol cldaadl) 3l cuilSy %47.04 g %52.85 S 353,05 J[$96.25
e LY Aleriaall 35uY) Hladll ADLw Ll 52US (o gy Le 1aag Load 520 Lgdle
O (1992¢ Khorshid¢1992 (Fooda) ae (3 138y cpall duas Jauy & (gl
O Adlide Gilas Jlaains Ldsidl) (PLA30) 4okl AL @l pdigall ey (10) J<&0)
(PH) I Laganll cila o
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79.27

68.21

42.98
22 05 :

B % Rl ap el mdlg AR n geal)

I
45

61.88

cilagd (e 4alidae cila Jleaiul 4diiall (PLA30) duhdl) ALl @fpdiall G (10) Jil

(PH) 3 Liasaal)

i) A Aligs (gl aas LI B agaagall jo1S L5 -12-1-4
:PLA3(0 duaiiall

N il gianall (335 Adia) dliadll agpigeall sl Ciligives il (27) Jsaall G

i) aa ¢ yedill Alee e Aailll dcageal) 1S 8% (125105652 50)
Lalal Gliwsts «Jf (1) asised) @lyiis «Jfg (150) 553U e douadl) (g5iandll
(0.1) elogll ey «Jfg (0.3) asesbisd) aibew gapans «(Jfg (0.25) aseabisd
. pH (3.5)5 «Jf¢
asagaal) SIS (e ddlide Cliginne Jlariuls AUl 4ASH ddagant) (27) Jgaad)

JIE Bulaall 8)3ke LISH Aiagenll i 2slS Clisine
bl Aol (ps3) el 2 psseall
A gaall 16 15 14 13 11 9 7 Yo g )2l
Je

55.82¢ 52.11 | 55.82 | 50.85 | 47.39 | 38.92 | 36.78 | 26.42
74.02¢ 64.78 | 70.38 | 74.02 | 64.57 | 57.29 54 49.45
77.38P 70.73 | 73.99 | 77.38 | 74.09 | 66.92 | 59.88 | 53.79
82.282 73.88 | 80.46 | 82.28 | 77.52 | 71.47 | 60.65 56 10
64.54v 58.62 | 62.61 | 64.54 | 60.62 | 53.27 | 45.92 | 40.46 12

0.05>p (i (o dusina B58 25ns () i
cre %(10) b} g5 s Lulad) O asaagall 1< 5l o (27) Jsaall ons
5 aian (ggiue 53l poe aBlinlly datial) Aiageal) AaS iy Waxy agaaguall ol
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e Jfg26.42 saeaall mlad) asdll 8 dsiial Liageal) S iy iliaall aggeal)
psd) (B 8o M (M Bl copaialy oy sl (L asaigeall j5lS sl dil) aae
I (gsiasall Bl dics aan apdiadl sl 1S5 ¢ JfE55.82 yuedill jie Gualall
el bl agll 8 Al dagaall il agiagall )3 IS aias e %(2)
JfET4.02 sde @bl asall b sg M Y cliags «Jfg49.45

clalyy Jfg 53.79 gl sl b AUl Auaganl) culS %(6) SU) (g5iasdl) dilialsy
G (ggiead) Ailaly 5 JfgT77.38 e mll asall 859,00 ) cileag s Lgials)
Al Aagenll cliag a8 «JfE 56 galudl sl b Al Ainsanl) culS % (10)
Gsiase ¢ L)l Aailill Limsanl) coailnng oJfg 82.28 85,0 ) sdie alll asadl b
J§64.54 sie il sl 55380 ) ciliags %(12) ) Gliad asageall )l
e uadill jde bl asal 89,00 ) ciliag Aalill duagead) o Gaw oo gmifius g
asdgall )5l jrias (s5iuse g Ll Crallii &5 cagigiall H3IS %(10) dilial (s5iase
. caladl)

(&b Al psurgeall oIS Clisiee G dagins B8 I9ny (Slas) dalasll =508 G
b dagina (399 Dligiusal) paea Je % (10) gginal) G5t Cun (padl Jeas Jag
il 5 %(2) (ssieal) Warny %(12¢ 2)bigiceall 3 e G5 52 %(6) (gsianal
o shle Al 30 (i sand) AeS cizly (51 %(0) gsied) a5 %(12)
%(77.38:82.28:64.54 <55.82.74.02): sl

Byalaally 8)32allg dnial) diaganll (o Ll ) el culae] (PLA30) ADLll (o zitia g
oS3 e (3il5 1305 ¢ ydie bl sl (9 agaageall )5S (10 % (10) (s5inn xio
.(1992 «Fooda)

duas by (& agmageall HslS jaian (i g UL ASI 35050l aliay) (28) Jsaad) Cous
Ul S 3535l Tag Wy %(10) assageall 5lS (e ilian (grina S ()
% (43.02 54.85 <51.58 49.34 (37.21 ): &l ll Ui

8IS shan (ggiuse g UL Gsalll paead  Badall 3935all b)) (28) sl G

t gl e ISy paBlill bass Tay & %(10) (g i oo)3l) Jausll B agaaseal
S 35354 39 as 3w Las Lang 15 % (39.61 52.66 48.37 44.65 31.40 )
A psasall JslS jrias dili) pae die Gaad) duas by (8 Ggalll (el Rdayg
) sl Bladl agiaseal) 55l g 535 of V) Liadiie 3535all IS5 )30 Jasssl
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Drae O @l by (allinll 33T s Gare (g5ine Sa Gially S 3904l ¢ L))
Ol deadd daills el (aes Z ) (8 Ayl Clidaal) Ll asuageall slS
sl agmageall J5lS Hriae ddla) el (e a8l allin & (uae s ) (Sl
psdsaall oIS (e dihide Glbginse Jlexinl ldgall (s (28)
0.0>P (g5iusn e dugine (38 3gng (M o dgenll o ibidall o nY)
O Adlide Sbginne o @ilill (ASH 50pall dagine 3958 290 (Slan) dalail) (s
e e Gsine dS N(10) asmaseall H5IS (g5iwe Gs8 o cagmaguall YIS jras

Al | e | Ee pmsen | il il | ol | el | S i
G | mam | % | % | % | Q| daad e
% Je
16.85 | 2.11¢ 5.810 31.40¢ 37.21¢ | 55.80¢ 0
18.11° | 1.15¢ 4.69 44.65¢ 49.34 | 74.00¢ 2
19.62 | 0.85 3200 48.37" 51.58 | 77.38b 6
21.150b 0.76¢ 2.19¢ 52.662 54.85¢2 82.28a 10
22.172 1.24¢ 3.41¢ 39.61» 43.02» 64.54» 12

a5 % (12:2) clsiwd) AL e gyine IS8 G 53 %(6) (gsiend) 4y lgiusdll
353yall Slan ) daail (g «%0(0) (osiasall yuals %(12) gsicall 4l %(2) (ggiedl)
Jhas Ggiae (s A 2g0pal) Jla b lgale Ulias ) L (sl Gmeal i)
gyl Glgiaall paen e (gyine JSE %(10) Caliaal agiagall ol

dedaal) Ao 5)sSaally Goadll pmand A3l Gasesd) dud)s ol

Aaa)ls il A ayall pmgaadl o 2t Ga %(3.41:2.19:3.21:4.69 (5.81)
%(10) ginn vie A8LAN Gagaall G ciiliy o3 Jausll (d agiageall oS (ot
I mes ang ey CupSl) Gaes a9 Sl aly %2.19 asasaall IS
Adlal) dapiiall A0S 40aS 8 Jas 33 Dpaiasay Laaly 1) oF (28) Jsandl (g il
P dadaall o il gaall eas sy (A amageall oIS jaae (s5ise g )] Ao

May paly cadie saiy (A aagly (/g (22.17¢ 21.15¢ 19.62¢ 18.11:16.85)
Gy 4o zyamsall (grinall Gada (o) Tavssll () pgagall J5lS jras dila) pre die
Cualy i %(6) in Ciliadl asageall HolS j1ian (sgise g Ul ae dilal) AESH Lo
@l 2 agageall )5l jrias cre Syl 835N W JfE 19,62 dalal) ALK 40K lanic
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Ao Om Lok Lol @lia o s oo eaing « ol dandia 4S8 Sylaiine i )
L eaadial) gl BBy oyl Jaugl) 8 dgngall asargeall sl

O Cian aadt (50 el Jaig o duiiall byl dugiall daail) (28) Joaad) cag
L) des e AT o3l dasl) () Gliadll asangall oS (g g Lis))
rdedeall e o s Lok anlill moal laaes %(10) (g5ie i Gkl

e (50 (e Auiial) LSl duns i€y %o ((1.24¢ 0.76¢ 0.85¢ 1.15:2.11)
zoamaal) Gliginall Gaia 29 «%(10) Glad) asarsall 1ol (gia 2ic %(0.76)
oal) Jeas oy (8 agageal) sl - ke (ggine Jadl ) (28) saall (1e gty L
1393505 <%54.85" LIS 1253509 Jf¢ 82.28 Aatiie Aagen Juadl aillac) Ao %(10)
Gdls 13 a5 Lgide Jaaatidl il jdaad) 3L 9185 %52.66 Lisia
(PLA30) dsyhaill DLl culy 3al) Gmny (1) JSal) Gans (1992<Khorshid)
sl oIS (e Adide Cilgiose Jlerialy Laiidl

90 82.28

77.38
80 74.02
52.6
48.3
44.6
2 6 10

m% il agdl mdf ASEE pa geal)

64.54
55.82
39.6
31.4
0 12
28I (e dllide ciligiua Jlariul 4kl (PLA30) 4Aphill Al cyégall pan (11) Jil)
eﬁ.}‘yﬂ”
e Al Ay cpal) Jaa Jay Jlarials O gailll paes 7 L) 4l —13-1-4
(Asand) ddiphall) (PLA30) dediiall agud) jhadl) Al Aol zlasl) sadall
Ol Jhan Jlaxiad 22y jaadill 5ae a3 ae LIS Limgand) Z ) ekt (29) Jeaal) o
asalisd) Lalal lewsise Jfg (1) asised) @hiigedfg (150) 598y il aaity
((3-5)PH 5 /g (0-1) elasill iy «Jf(0.3) assalisd) asils saang Jfg(0.25)
dady Cpal) Juaa Jauy Jlarivnls O gall) (e 7 L) pallad a)a (29) Jsaad)

(PLA30) doaiiall ail) A1t Aabosgy (Land) Aiyyhall) g lagd) sadiall jlgas Lial
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sl A5 | A SLS | el | il 3l | S ) | AN el | el 5
S % | e | % | % Je | Gesd)
h0.00 13.892 h0.82 h1.09 1.91n h2.87 1
1.59¢ 10.41¢b 0.32f 68 6.32¢ 9.48:¢ 2
9.14f 7.11¢ 1.44¢ 21.54¢f 22.98f 34.47f 3
13.15¢ 6.18» 1.98¢ 38.87¢ 4(0.85¢ 61.28¢ 4
17.112 3.25¢ 8.29» 50.29v 58.58» 87.88» 5
16.99¢ 1.62f 3.18P 59.82¢b 63b 94.50¢ 6
15.45» 0.87¢ 3.612 62.162 65.772 08.662 7
17° hl.61 4.22¢ 57.32¢ 61.54¢ 92.31¢ 8

0.05>P (s5iesn e Lagina G938 25 ) i 3genll Garn Aibdall CajaY)
Gy il N1 LYY "Lt GUS dagand) 1) Jame o (29) Jsand) G
(1988 ¢Rohr) ikl danidl (po& gan yladll sl
Ao adll Jmy (n spedl) e 00N G 8 Gmand) 2l o Lo Gle e oSy
Agaidl) Sl Ao culS ladie « jpedill golad) asall 3 /g 98.66 4K Aiagenll (sa
(1988 « Pietkiewicz) clail miliil Ujlas 1385 <%0.87 dumidie o)l Lausgll b
8 A 8yudll el (8 dagenll 2 L) il ) (0255 QlLuSadl (e dpdiall Aol s3ag
Rally ASH 3g0pall Loas Hedal duds Joand) Cang (ShaesSll jaaddly o) ol
el 8ae 38 1 lejlacia 1ALyl 22 asf Cun jaedil) dilee 228 g (ganlll (aal
aaS cialig « %62.16 aially %65.77 AV griwd) ) A sg0pall Jay
Asladl il Lojlae 13ag 5oedill polad) asll 8 U/ 98.66 A iiall A0S0 i ganl
(1987 ¢ odays Podgorslkic1976 « s34y Cupta)
(1) asd) P sail) lad aai ¢ joedill 520 paf pa hadl) Al gaiy sk Al 2icg
osb (A deas (n 3LV L sl o o5 ¢ paill gagaill okl 83 8y suedill e (e
ol gl (s LAl el jaiad 13Sag ¢ gaedill (e oLl AV ame aay gaill il
Liasaall 2 l) OIS cpa 8 (el el Tay Cuna) palindly Hladl) A0S sy baie
2 1) Ty Gl aasg ¢ ppdall 130 3 cadally ASH 3505l GlINSs ¢ oY) lalgine 8 LS
(1995« 0dajs Kim) Gilsiy 1385 « a3l (e (3l gl b alediVl (aeal
el Jaae Jausg Jlaxinls (gl (s ily gail) Gailad duhy (12) JSE cpusg
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(PLA30)aamiall aill Al ialsss (Lazeadl dinlall) zlasl) jedall Slgns el 4

98.66
100 245
87.88
90
80
70 61.28 508 62.1
60 50.2
50
38.8
10 34.47
30 21.5
20
10 2.87
Lo
0
1 2 3 4 5 6 7

W% il 0w AR sl

Sl Jae g Jlaziuls O gasll) (aaa Cllap saill Gailad Ay (12) Jsi
(PLA30)4aziall yhail) Al ddaluigy (Asand) diijhal)) zlasdl jadiall Slgan (Aial) dandy

rgsaall W) g Ll

il Slanl) u€al @il ~1-2-4

Balal) (e Al sl (g5iae (50 %(48) 3imn laa¥) delia (e bl duadl) o
(e olginad ) Culall CuSi 8 Alalall dgal) anes (sgiad Bala iy Gllaly 4K dulial)
Al Codall 595Ky (e %(83) 53Ul aladl Cadall (4ig 30 (e %(28) s (sl
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