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Abstract

Abstract

In the current PhD study, biochar was produced through pyrolysis of three types of biomass,

in orderto be usedisa heavy metal adsorbent in aqueous solutions. The biomasses used were
rice husk, sewage sludge and the organic fraction of municipal solid wastes. The first was
chosen as one of the most abundant types of biomass worldwide, while the other two in order
to find alternative innovative uses of these wastes.

In a first step, the effect of pyrolysis temperature, residence time and biomass impregnation
with K,CO; and H3PQ, on biochar yieldwas examined Among the aforementioned
parameters, pyrolysi;emperature was the one that affected pyrolysis yield, as increasing
temperature from 300 to 58D resulted in a 35% reduction in biochar vield (for the case of
biochar derived from sewage sludge). Pyrolysis of the organic fraction of municipal solid
wastes at 308C for 30 min gave the maximum biochar yield, which was 66,1%. Besides
temperaturgthe restof the parameters did not hawany significantimpact on biochar yield.
Afterwards a series of standard TCLP testas conductedn order to assess the tpatial
release of heavy metgbresent in sewage sludge and in biochars derived from sewage sludge.
Basedon theresults heavy metal concentration in leachates was rather low (below 18 mg/kg)
meaning that there is no environmeihtaisk in applying the sgcific biochars in soil.
Furthemore, biochars impregnated with®0O; released all their K content during the TCLP
tests indicating that biochar application to soil could be a valuable source of K for crops and
thus enhance sejllantinteraction

In anextstep biochar and sosorptionability towards three heavy metatmmelyAs®*, Cr**,

Cr®*, was assessedll adsorbents were found to be very effective in removing @om
agueous solutions, as removal rates weremany casesapproximately 100%. However
removalrates for A" and Cr®* were not that highprobably due to the anion nature of the
specific metals. Biochar derived from sewage sludge was the only adsorbent that was efficient
in removing approximately 90% of the tiial C°** concentrationprobably due to its high Fe
content. Inorderto enhancebiochar ability to immobilize heavy metals, biomasses were
modified with C&", F€ and Fe’* at two different ratiogprior to pyrolysisand then their
sorption capacity towasdAs* and Cr®* was investigatedAlthough biochar modification
enhanced their &S sorption capacity (in many cases removal rates were above 95%), it did
not have positive effects in €removal rates.

The current study showed that biochar environmental application is a rather promising
technique. Altering pyrolysis conditions and modifying biomasses with the appropriate
chemical agents could significantly improve biochar properties and thus enhance the
environmental benefits arising from its application.
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06gj e GaUs 38,0 36,0 22,0 Burhenneetal., 2013
KaoUse g es 25,2 24,2 50,6 Demibras, 208
TaUuye UUU 33,7 20,1 25,0 GonZAlezetal., 2009
TaoUuye UUU 186 11,3 20,6 GarciaMaraveretal., 2013
2i a8 UasY(d 31,9 155 355 GarciaMaraveretal., 2013
2ia6 oaUj U0 560 29,6 12,5 Bhaskaretal., 2008
21w Ujys00 461 18,4 34,4 Bhaskaretal., 2008
Ygl] d3hzges 30,8 17,1 32,6 GonAlezetal., 2009
teesfhd Ueg 32,5 25,5 24,8 GonZ&lezetal., 2009
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teesfhd oaUj 25,6 22,1 52,3 Demibras, 2003
uteeohd J ge 29,2 20,1 30,7 Mansaray and Ghaly, 19¢
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gojy UdaUd, "UdqUsoat 3 oaUsLLOLHaldFe Ygosreysrys UUya

¢ dUjyeeoayj UtaU "gyhegtdd U sl ¥ aUs ®UBgeUy Us
Ue Uy aycUUUs GUe bosasUzUsdy YorxeU UgaysUs fla

Uy UaUdyatUsafh HUs o950 Uds "~ Uya Uvid "~ Uy Uorw
ROUs d dUjeecoay Ulaflr e gyChoeeglicafge Geafblt O 70 U9 0 %. |
Us ~ Uy sHddfpe Ba & Us1 363 UUs HGe UgayYaUs d dUj gac=
dUjeegoay Utaldg Ugseasi 3 Us 0 YOosea Uvs uaduo
boae UsUs dj DeaibrasetBlg2poeY FUUY Ggsy Us (HICesU®CUUs e 9o
e UsWWdw3s aUs UgUesa eU Uds Uiadad Udd dUj; ecay

U eeYojgstdd Uxs U sGUsUsUsat 3 “easat s aUsUsg]
Usdjy Uss eadiddd "e6g yeUs ¥vd U eUyalGeU Uds U
boaeUaUzdPUsegU Uy Yoea3UUs GU gydeyd dUjeasay Ul
"gasaY, ‘" UpstthUU; e Uy vye UUs o @anteellbtal, 20iPW1 G g3y~
etal, 2012. ¢@c UsvwnKrdvdegUaeg oaUUUGaUgYOGUdalU o950 @
boge YeWlas Wsly 1. 3,00aBdos Wsli.Ube Usafh Uxs UsUsuy
U 6 8agelU)sdeasi G0 €903 AUU; U " j3eyhs3slUU as903

29036agUUU) s390e bosseyYsU U Uds Uisdidd Udd ¢
ceajeg UUs Wiheatellgkdd) gueifls Uy sycUs as9023a60g
gyacad, d ~"euhUqUU 72 “6g Ue UysycUUUs GUe bosa
Ud dUjeeoayj UaU “gj} haglidd.

yies UGeHUrw a3l hese Uz Uzady UsavyeYUrs, UgUfhy Uats U0
g ho gl‘]o[g’ (YasUaUd 1.3). 1dsU ’U;Yuers 0 U
U g AboadUU pHAdgaUpex0xs,Usdg Ust ¢ UUc fceldg ~ Uy
8,703[ hOUs (oW Uygefpadiidd W3y § depreydiledgid . 10000 1 0
¢ Uiadid Ugfe oy Wieydid Udd g @Gomg D@ dye
elU Uds Uiszsdaod Ueg “"euetUsi Udd "~ UysUcheUsdd
GUesscUars Uxs3 b Blisdmeths 204 Waietal Y2012  (

A audd, dqd dUjeceoajUtalU “"gyheagldd U sl ¥ ol
bseUaUsd) Ust eUUsdg, oaUs “~9e8 GgooaUsyseyslU (

UgayYasUs AOe UgasyYsUs d ¢d UhiesedalydU dlodly Wdldy e egey) Aletig
aUaglivaiUsoasagi U°® 30y a®@ 07a0 daddq aU0ds Usl
boaeUaUsdy Ust ¢ UUangf/g(@Kmiadetal,, 2012). ¢ 4 48 3 § Chdiet Ug g d

o

al. (2008), G 9 8 60GS “J UoegUUs e6adjlUs vyoedU:
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FUGYaUsa 1.

UO0xy) qUs

Ba3 U3jgly; UaUdy ot UsoayY boeUszUsady UsveyYUvxs “eg “~UjyecddaUs 9/ "~ gyj Rhagl
bosce¥Ys U jeea | hie gyiG) U pH C H O N Kolosaor ] 30Gey ¥
(’C) (%) @) (%) (%) (%) U o iY@
] ~ 8} j aee 350 54,3 30,7 8,7 51,07 3,79 15,63 4,45 3,9 Cantrelletal., 2012
"B8gaUj) 9ss
] 64y acee 700 36,7 46,2 10,3 45,91 1,98 10,53 2,07 50,9 Cantrelletal., 2012
"e8gaU] 9o
669} 8 J}g 300 49,5 22,9 9,19 72,1° 508 21,9 1,58 - Wu etal., 2012
0GQg) G656 400 42,8 28,8 9,96 77,2 4,01 17,0 1,74 - Wu etal., 2012
6G6g} 8 }g 500 39,0 31,8 10,48 82,8 325 121 1,77 - Wu etal., 2012
6G6g} 8 }g 600 35,7 276 10,84 87,1 251 88 1,52 - Wu etal., 2012
66Qg} 8 }g 700 34,7 29,3 10,77 90,68 1,80 6,2 147 - Wu etal., 2012
Tyaglaed 500 32,2 6,86 6,9 87,88 291 8,14 11T 191 Leeetal., 2013
deassaU
Tyoaglaed 300 36,9 1,2 78 68,27 3,85 2589 1,97 3,1 Ahmadetal., 2012
Tyoaglaed 700 21,9 8,9 10,6 83,76 1,75 13,34 1,14 4482 Ahmadetal., 2012
e } aY ¢ 400 39,0 43,5 75 418 10 206 32 5,7 Tsaietal., 2012
e }aY ¢ 500 37,0 45,8 102 41,8 10 184 26 3,9 Tsaietal., 2012
e }9Y ¢ 600 36,0 47,5 10,7 41,1 08 176 25 3,4 Tsaietal., 2012
e }9Y ¢ 700 34,0 52,8 11,8 439 09 149 20 59 Tsaietal., 2012
e }9Y ¢ 800 34,0 51,8 11,4 421 11 135 16 63 Tsaietal., 2012
TeUtysoeU 450 15,0 58,0 - 3320 1,40 860 0,81 12,0 Leeetal., 2010
aUaUe @80
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(ugsyeUsU Yas3zsUsU 1. 3)

sgeUUsaY 300 723 528 53 256 255 833 332 - Hossairetal., 2011
sgelUUB &Y 400 63,7 63,3 49 202 1,28 4,61 240 - Hossain et al., 201:
sgeUUg a¥Y 500 57,9 68,2 73 203 0,88 0,65 2,13 - Hossain et al., 201:
sgeUUg a¥Y 700 52,4 72,5 12,0 20,4 0,51 0 1,20 - Hossain et al., 201:
zaucecUsdgs 350 70,0 - 6,90 50,98 5,76 43,14 0,30 - Mimmo etal., 2014
zatceUsda 450 31,0 - 9,25 72,6 4,21° 22,9F 0,56 - Mimmo etal., 2014
z Ue @i 300 40,5 - 79 66,20 4,70 27,72 04 1,3 Sunetal., 2014
z Ue @i 450 26,3 - 85 76,89 355 18,11 0,23 10,2 Sunetal., 2014
z Ue @i 600 24,0 - 9,2 80,89 243 14,87 0,15 375,5 Sunetal., 2014
dUgoechUa 100 91,2 1,1 - 5087 6,18 4227 0,71 0,7 Chenetal., 2008
"bUgoaagbUa 200 75,3 0,9 - 57,10 5,77 36,3 0,89 6,2 Chenetal., 2008
"bUgoaagbUa 300 48,6 1,9 - 68,87 4,31 2574 1,09 19,9 Chenetal., 2008
dUgoechUa 400 30,0 2,3 - 77,88 298 18,04 1,16 112,4 Chenetal., 2008
dUgoechUa 500 26,1 2,8 - 8167 2,268 1496 11T 236,4 Chenetal., 2008
"bUgoaagbUa 600 20,4 2,8 - 853@¢ 1,88 11,8 0,99 206,7 Chenetal., 2008
"dUgoaagbUa 700 14,0 2,8 - 86,5 1,28 11,08 1,13 490,8 Chenetal., 2008
3} salace 500 24,5 8,57 93 8559 2,82 1048 1,17 202 Leeetal., 2013
cUcg U} g0 Y

3} ealace 600 23 - 7,7 76,45 293 19,83 0,79 14,07 Inyang et al., 2010
cUcgU}J goaY

«

yaoUUcUaeld®mbdbs U a 3d) 6i
® dry ashfree basis (daf
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U0y eeoa)} UGaUC(C8gy) hagl
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o/C

FceelU 1. 2.vanrevelenp e loyYliey Ud boseseyYsUd oaUs dU
(GUsseclUalU U ' R BasUaU 1. 3)

boaeUaUzady Ust e UUsd il Wi ¢y Wyds adbWechasalddU GialId ( Ya 3
Udg’ dU0yesoy; UdaUd "~ g} hadaiddg abrafd e g UL CEDe 2 e ¢
Ustisee U slG¥Y3UsU Ux3z bocgUzUmM Velte Fdddg Qdd
U 6eYo UpstHl d Urs Ua@o&UHsBU;GOGesYurs U Uc
UsyUUjys0e U siG¥Y3sUsU Uxrs "~ UgesbUafhars. YU Us
G U0egdC 4080 yYaUGU U HUsed Uiaddd Udd Usltusoaed
(1124 mig), ahorv Udd eeacoaad) yUsade de o aioididy c dad
OaU0jCs@asyYlirys ~6g U eoaji UU3sU Uss Uy rvreUUsah
Uys U vy€cOBdaL dys GBpw3ceepoelBU3s UsvyeysaU GUes3 |
GUsd “eoai gydeyd dUjecgoayj UGalUd Usglheywd dJ’, s BY
(490,8m°/go s U dUj eeoayj UGAA) “gj hagldd 700
gyacdd, dq dUjeecoajUtalU "gyhegltdd yeUs by UdUa
aUUsfhs3Uxs Uesg beEGaUadeoUve c 6@dd g @a Uz HUpl; a
djy U  UsayY g ONgy baloed”. g xafUay) sey3 U, Ui adad Ud
"gy hegidd elidoUa aU eUaxiad Udd&meta]2000dU0d
M@dezetal., 2013;Songetal.,, 2012) ¢ 9aUshUdJUU Us UUaaUosed eUU
eU Uds " Uyeglal »legyYiss aWB8dlsgPsrsaiwrsUsU Ux
h vd UasUs G 9 iUsseasayd oaUs 8 9 aU;be&gae:
a 30U eudoelGUs 08U eUaxld Udd
LGUs Udmhsdtah UgBUpheslBdady &g
qaUfpbe, Usas Us 3 U GdeUsxdUa ¥ d q soUsf
boaegUaUsdy UstelUUsd, yecUs GecUUsa¥Y cUegdoayd Usce
UsUeys3U0UUs 30 Ugsaddeiedlegl) Galp); Wgdl§g OdgUpefp:
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FUGYaUss 1. UUry dqUs

(Lehmann2007) B U 6 UUs 6hengetdloy((RdO OBY)3 by ydda U HUs H{i
"Uy UeysUs Us BboseUzUsdy YoxeU GUe yuUled, Uh
UsUUaaUoed o pHEdgg Ux3s ddigghitiehbore JU s 3 Uaitidaddg U

Us g.
vy ¥d “~j3eei UUs U R UU "UyU ¥sy, dq Uisdoad Udg

dU0Usee U atjylUGd U oY 65U Uy UaUdyostaUsay U
Uy sdqUsoae GU oY ¢ s ULeamm@7), £ ioclle¥h3vls ce3UpH)falzg ~ vy d

Ustosae U sl¥Y3UsU, Ud s saosthUD UsUUaaUoe
bseUasUsdy Ust eUUsd, d byaUsiUd dU; e®scUGaU g
KalUhRd U U(q dO;sea;UuaLJ' ) hegtdd, d “~ Uy Uosx
"6oi €903 U0 e bUdefhh) oaUs "h YealUd Uy Uey Uy

Udd dUjeeoa} UtaUd Ueaa¥Y oaUs 6 63 hsed ~ Uy Uecasse
Us GidWa GUds "~ UypyYoyp UGe 1.1.2, G0Ud o2j3e0263d g
yjgdeh, 85 6y h3es "~ UpUesszed UaszUs esoaj38a (Uc
U hueld G0 bseUzUzady YovyeU “goai e9aj3e. J3Uad
"Uy Ueamnddp @ UoYaes, UgselUalUUs dq "~ UyUorvoe boa
hUOUs e9aYelU o950 Uyoe “gjyhagld, 6 jgdehd Ui ac
Uds U hpuselGd GO bseOs»Usd;Yast Ueas UGgooalUoay s
csUcUjcoayYalUs ¢gaadiiandkKuo @0i2)y iUsaUs HUs Ui sadhd
Ui 3didd Udd dUjeeoay UGaU¥minhgUmpargiddddidd” AU H.uz
Uy UohelU3U bosegUaUsdy Usat eOUU s0UY 4,5 osUs 3,
Angd (2013),d U AlUBSeORU3d) Yovye U, 29U d0pdiee dddaU
U'fh 34,18,HK0U0329, 7pdefhd Ui adqidd Udd dU} 6oy
50C/min.z Yas G UU, @ 3 gdefhd Uiadddd Udd dUjeesay UG
U UU Uy UsUdpPadiParre Wagd,bsBWsi GUds atusU
Usliosoee U syYsUsU Uxs bosasUzUsdy UsrveyYUx3s e90ay
dUjeegoay UtaUd. ¢6 oUosoeshd UgUR dU e 6j6iaU
"UdqUsoat1 3, RUUs @6 j gdieahtyd Ul assddimmng20adyde sddU j(e 6 o} U

ZcUOUsoay¥ U0 Ues3 6} h3a Uy Ueesed Urs uUsoeyYUx
GUaaUs HUs “~J HaUsUUs o950 ysU "Up¥YoesUU " a@ag
cUj UsaUdyoatUsoay¥Y Uesg Uy Uohe 6 g Weesd) @0l2)d; Usa ¢
‘UyeoUoUs boseUazUzady UsatL eUUU " -70fgp&s ) g dai
6y segd " UjyUcechqwdol p)2plUS8 @Ua & 6y A3aed Uy C

dUjeegoay UdalU "gyhegtdd, U3z U dyUyvyeUs 0GcUURS
] °fh UdseUya&q ~~Usy; YeUUU "~ Uy Uovyoed bseUazUsd;
dUy e 6oy Ub@ABdUs2 560 Hhaagd ~ Ul Uzmengetd. (2011) 4y ® Ua3 83
hUs Uiad@d Ueg 63 hseg Uy Uessed cidoUa aU

U Ausldd 0o ¥heslB UsdldsedYavidd UasUs “~ 968 eUod¥Yaod I
Urs "~ UdUseat s “6g Ue UysyeesUUs 00U UgUR, Us
] 3UatUesscU ~ Usy Yshddbdietal. @Ql4)ogUdgo®Wiee) Ud dUy eags
6} hs3egd d Ul Ueptismles8a>Us HUs 6 6y h3ed ~ Uy Uessed |
boagUaUsdy UstelUUsd. HKEgooalUesjyoseysU, d ~elhUqUU
eUoUeai UUyd 295U UU bsosas UsUs dhyalbU el (odrablg gedg Uag ) 6 &
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FUGYaUss 1. UUry dqUs

Ui UspHUvybBe bosas Uz Usdy Usvye¥YUx3s eUo¥YavxylU HRUUs3s Ug
"Up YuUepblbdgU®E3dy Usat eUUsd "68g '} Coadv@U3 A g
6,72 Us1 Ue UsUaGUesece bosasUzUsdy YovxeU “~e6g ~ Uy

6} hsae ~UhUepHeredZildcs Gryrs U U Uegd Uy UgsadUyd, Us
hUs GU eUo¥Yesgd ¢y haegd "Uy Ueessed , ePUoeUUC
U sUyalUfedstpgoail ;sﬂl‘]f]UU;Ys UaUsGUUsatL 3 @
jgdeasi Uiadadd Udd dUjeecoay UGaUd GUds Ustusoee
Ue U o dSHapbaretél., 2014).

-

2. KiiUjecoe bseUsUsdy Usat eUUesd 995U U
GUGuL33eBs 30U

cGyedd gasal 3 8 g L°Js'L°J;syGee;gaestYesedt;sUedesosflﬂsh
i " ¥8g g YjceegmxUdUa Upuliaddglp etosl0 ilitis@or By W0 G
Udvd d "~ doe "~ }eyaU ﬁeg’ Usgd (bsosaecelrtlboaig Y c
9 0 a

IR S ™) =

g

aje 3680 UzUy o0 Uc{'g’l?;’(?bcts s Uyd 3led 3b slhlialk) geaay olkl o
eosoaaal "Usy3 ¥YeUUWB,) e§ g0 ;ufpwmﬁf]m@‘msemﬂﬁlsals ga9al
180380 dqUapYrdgems®, " Uy YuUsoeU Jjedy hdiddad b
UoaUai e UUcd G (Sasetetab 2005)b Uvso sUdh (i aAbniadetlay, 2012) (
oUb eeYoygald ejyoUssoat 3 i ¥angethl2ilBpggheUUcy e
UovYiBpagd) UstL i,d gdpatd BealPdoBdisUaUU; U usUuU0OL
6y disee 8saddUa Ugyyxvyd o950} W( tiseta., @D2;@ianetd d ¢ Uo
al., 2009 Soteloetal,, 2019.B 3 ed 6U3 U3 ohddé ey dlses 8sUalUU:
Uslosoe Usgitsslkdd UUs 8 ¥a3dy UsaUd, vd U eUyal
U UaU0j;oU008aUd ¢08GgYyOts.¢py phiptbglicdUs d) Yavye U €689 Y
Uss Us Uy 9eA0 YGdalg Uyeslzs e s U R Us Uy YoUUUs sUs UgU
alUs Ue (dayd Ubs ) d oaUs UgUR ¢ Uo Ybgllhh U salgs ssytfs Ul
boaeUaUsdy YovxyeU 3U uUsUlGyy; Us KU 8BBY UaUphyg
boaegUaUsdy YovxeU ~ Uy YoUUUs aU cUedoaflhUU; Od dUOy
"Uy Us Uy v ULh)and Haerig 2019). A( adeg, bss UsUBW3 Yove
Usdy Use 695U0alUUs " aeyvrd oaUs Ues UegeeU “~8g uUs
gliujeagoesoayd oUs (G(Usszeaosafys Uelldlcgayp ss5y¥dswaedr
83go flBoesgys3 BoWB dHic Udaddp Us,g MUwdiegdaey; oUssose i ac
(Uchimiyaetal, 2018). ¢ U 6 Uj; UsaUdy stdUsay¥Y UgUY Usg bscecUszU
Uds 99aUshUdqUYd Ueg 3U UGU; eheUU0Us vd "~ 380y 6
UshyoUs¥s ;i ¥3 Ueg UVuYlGegd oaUs Usg 3dlyei.
"3 80} eidqUsafpled WUk gUmsslls GgsyYy Udaid Uedifhpiwregd UY
Uy coaoed bosseYsUd oaUs Ur¥s UGgsddeat 3 Udd "~ gJ hag
3 UGey Yy GUesgd e6) oUdebegd Uil elal, b ade U 3 Walid 4f
eyldy Uiae 3Uc v} qUclhimyaetal.el@)E s e 3

DU aGUsUsUse "3 60y hlidid G&ls Usdy Usae 85deysl

U
U

<
Co
Co
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FUGYaUss 1. UUry dqUs

C«

2) s Ugpatitotingf e 63 oUsssah oaYleU "6g uUsz ycl

EFUd usUdse gbovlyesssega) UlicasUsage Uod” eeliliiais shlbaphgltd UU Use
boagUaUsdy Ust e UUsdosvilegspids @agggd Up Us 3U; f oU
yUUlged Uo Usib@Wg&Us Udd w3 UgsUd U saU0UsU0Up; 13000
UasUs @5 “@8agoagoaasaasa (Bepskeyelal 804G Gomgakyleset 6 3 ¥ 3 d )
al., 2011; Khanetal., 2013) U W 3 U s b @iadia. 2§13;Liu etal., 2012;Teixid- etal.,

2011) UW * f 3 Wy BJU G {Hardeedand El-Khaiary, 2003;Mui et al., 2010 Qiu et al.,

2009 o UbW g Ue G Y (DeMdchdétal., 2014;Larsboetal., 2013;Tatarko\g etal., 2013;

Wangetal, 2010).isU Uds "~ Ujya UxGd Uxs @&d¢dedU,;0 o vka
boaegUaUsdy YovxeU Uis3UUUs 30U "~ UysejyatilUs aU ¢U:
i 30dd o9Us oaUUB U yoUUGd 30 WalhdBd aliadl ol
sliosUaUUy d ds Utiely cetbroge 0 s 6 Us UalidjeU oy e Willesdf, o UdL d
“Uya Uxyxadd 30U wUGeUi Us UU GgUeilGYyeUalU wU
UsU eUUaUGeUUsayY. g8 oUoesafhd UgUfRoaWdt gadl
U 808003 oaye3 UhOBagd oddosghametad HE0;Thngetal.,
2013) BUj; hee ~~goma glioks U dj®addiswecdlpvieeUdl O:
boaeUaUsdy YovxyeU U888 Us UgbepesgedhtilUsg ~jJ eboree!
dU UsUagdUagoUdUgUld@@g® f UVU ~aUalsU Udd ~ U
tsUU) abed.

Bdlasfhy oUseees, oUs GgooslUsyseysU UU bUyyU ey UU:
goUaU aUdit d uUjegs ¥vd UdedUeysU UU 6 cgalU ¢ a
aUs 30U Uga¥sea3UUs GU Ggooey3Uyxvad aUegd @}
GgoalU3Uj 1 GUaeyslg Giln, YU 6} e(Maehantet alj 2014).0kE UUU
UsUadUdd €U Uesgd @83 oUsssacid i 68gd, Uxs ¢
UgaYaUs Uds Uy UeageeUdledg d }elhicU UU) ssteYdlmea 3y 3 Us
U sguifhediddg, UUUBUpwGE U BgeEldyeaad, A1)V ey ce3UUs ol
bytdd U f Usdyx heovlfs UogU " qiyyiUsoeU GgUslY
eUUUao6g) g8 esdqcUsald ¢ UUU) 91 3UothbmeidBdsa
bgy GeuBPUalU, o6 } s Y Usaw&ivardo «t al.>-20@8;Lim et al.,
2013;Ucunetal., 2002 Usmanetal., 2012. ¢ UGUy; eeoe Usg boscgUaUsdy |
U egevYohgpy¥ds eUUYeooaxy3 U f g UleysU OuyvYdd oU
UUc3osege yc6Us UjyecaltUs 30U eUal0UYUUs Ugyyrd GU0(d

121. ] "eaUUYAGUUGd g Uxilyyzaxs eU eyUUaal
FUsgd ~ 956 ~ Uy} Ubeilsledss Yo pUd phy seag de UUY aarv3 U’ f
julUBeoaUs d " el RhGdOd U UsUjchedrasdy 831t
s563UcUsUaaUosed oUs dsSrivastawmahd Thakur 2006) ¢ 0EhP & 3 Od (
UU0aUgUUaU eghdsBiddistidae oadiip8yUUlgyewaUdU:
eU Uds 90U3hUqUU Usg bsosasUsUs dydiget el (bardd @3zl UsU
3 U@y UgsUd et OBy gsoe boe Uz UU dg ddva sdigisdis oo L
eUUWaald' h g Ua®g3UU3 OpdhaelictOBBY U “~ Uy eglisaYeas
YasUaU 1. 4.
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o

Bs egdceUsslieca eylr UrB @ dapgas ifWprPHiss dBYaa
sUBiAb e U¥Bxdlfll, ¢ 63 6i GU3s 30U GgseystUsis ¥d
Tj30UaaUoe 9sh3Urs eQUUabG) clieeig 0¥ o calgl Y oo ¥

g Yjceegs GUs holsrdadpYesdWUUssed (Gge oa6o
Tj30UaaUoe s9hd@ygs cddlFBm»icg ( js8byvadiesdUdds)

bseUaU3zd) Umsige Ulad U ¥ GGB(Qa3 aUUUs); desstUUa
boaeUaUsd) UsitgdlUde dadg)Uo ylclds Gi ¢ a80U U0 U
se YUi)drdea b Usosoe UDadasbBtas U ¢ Ukvdyolres ¢ Udg

g |
(ddaUte Ue "800y hliGdeU "~ Uays3Us Uds dyad Ux
e/ aUs Udeosasgj)esidba e colbbWoeys Usg bossUsUsd
Tgleosasggy) oal WUpelsdiyjodrasgdooyd seYuUd
Taglesesggy) oal Wpel)pdeyedt 3gaddoyd cevyYuld
T K sGU3sUsUose 0aU0UUsj eE3510(
Bolueta. (2012), “e6g “j Uoepdiey padaddema)da; ye OU
boaegUaUzdl Yo vete UllbdegvitiUdidp ¥ d ~ U} soy) Yliega Uz Uag
"sdUzxalicfiz olléeae Yoy dadidd UBWaaagUUaeoags hUs C
"geYolPgslagygd8BUaaUUUs o WY 3o iUjpeal oafbail
d oUpbesagesayd oUs Usd ,gotlUdeadgoabswuddde
99UU0Us ) eRn@®@Ai0,ed 6 8d Gge o6oa6 8adlid =
UUoa} e e 3Rl g3 Ulisyg) @ g dnyargléal. @@2) e s 6 eaass UsU
5, YeUUU " e0)hiaddidd U guUUseah UlUsYoageU ¢
sUaUsaUesoecgelVaceg oaUs cEBOGryBgGaiem §) AIJ DgBaW.y
GUUusUse UUOHU DBy jbwiediz e dpeyydd) Us the ywady 30 as il
OUU Usdy UssayY oaUs UU (GryalGey oW iUdadaleiteds U
boaeUaUsady Ust ¢ UUs gP" Upli' atiyieielys AOUoa c@U G de oo ai
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HBastlliglioayd slosafhUdUUYg Uxs Uypsit 3 bosaselUst 3

p ZUOUd Uy

. <o U A I T
boee¥YeU Joj UlalUgyidy U°PBUdUosoae vyady; UsaUg

ugegofhd | 10,1 17,4 81,6 1,0
sgeUUB &Y 84,5 25,9 73,7 0,4
By oUssah

9aYieU 58,3 32,0 65,8 2,2
U 8} ) 9¢cc¢

Uy vd Uy Uasedetvalo U (

}
K a =dy @i
’Yyeei " UUs U H Ud usUGey ¥ Ux¥xs g 6aca’ ¥3.
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FUGYaUsase 3. j  6UU:

YasUaUd 3.2. jUjUaUdyotliechd UyGy Ud UypsL3 boasce
Jasao h Na,O MgO K-,O CaO T|02 MNnO Fe0Os; A|203 SIOZ P,Os5
(%) () () ) %) %) () (W) (%) (%)

aeeeofhd 216 039 1,13 0,27 0,00 0,09 0.09 1,31 81,33 0,38

sge UUes e 17,09 7,63 1,23 17,36 0,30 0,03 12,53 5,27 18,93 13,92

By oUssas

9 >a¥Yl0esU 654 419 3,03 4983 0,26 0,04 153 0,00 17,66 0,00

U 68} ) 9c¢

OouUdse d 191 093 064 0,34 0,33 0,03 1,39 506 74,25 0,11

basUaUd 3.3 .mgPgyaydedpraddigaUUUsat 3 Upsit3 boa

oo ahf Na Mg K Ca Mn Fe Al P

teeoshd J 28 04 07 03 0,1 0,1 1,2 0,3
sgelUUsaY¥Y 328 119 11 321 01 227 7,2 15,7

GO0y Ovs 155 81 33 1140 01 34 00 0,0
U 8J) ) 9cce

gU U sUUeay0eUUU Usg Uy UaUdystiesi Udd Uyd
"UyegloayYeesUUs o¥lids WasUU cPUUGevYUxs U
Uyay Ud, g coacoallUde B GaystgoodyyslyGdiat 3 @
boeseUgt 3 (YdixsBa Wdield . ¥3)t.Ues (aesh jgesosei,
Usfgy yddoe U Us U  ggiplbas d( "~ U) sUaUsoafhUdUY elds U
stisUaUU; U cUedoe. U¢ Ugygdadima s Bijlbey apd asaficU dlilD f 6 d
Y aydd UaslUbs oUWlelsUadi,s UaUU; U sPDegadld U0 vrOdoe
OdUyeémdgs UlGeyeia GUds ~ Uy Uovyoe gesiicage @
(Kamath and Proctor 1998), GUd = U @ 3 U s WUlkifle etk al., (2012) o UsUd 3
UGose Us Ug bantohog et &.32014) Ec UUs oY eU Ufgygyddeay & Ub
Ue UjNap B8GR5 U} a mdyy, 3®3 1 Us dHg Fafalalrdd Uy sUsaUsoh
G FeoUR (MG gooy3BgOoyagROs 6 Uds Ugdpd ¢ Uo ls2,%3, 92
UsUao).0gged  Bebddi¥ds Uyi; U Udd egeUUsea¥YlO dd
U Yoaoscsgd Shdgetlad.320@By &y o(ad, Us 6} oUDn4dfh VoYl
U @8} ) 9€ &Y Bamecll UV Us Way@jo0agUlbidiys Cadfiddlh Uy Gy U
Usgd 30U Ugadatiwsds lic 50 %.

gy, U U Usd GgldowtgdlUagqdghlddgUdpdplly ~oUalosU
cUj UaUdyotiecei U¥s gesoat 3 ~jellUsejatlUdalUs aUs
oge UUecdogyY ¢U U sUUeaylBeUUU, oaUdit d oaUs Gi ooy s
boboascafodl diip 8 g dEFFAJUSERA 19930 s U UGUjJgaoOggd
"UyegloayYeeslUUs¢ Gdpgdowadadly 8UBYOd 6} oa0cys
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FUGYaUsase 3. j  6UU:

a3 Uos B 0o.y8.Uy vyad bUyyyrs eU0UYao¥3 oagelUUsaYl ¢

] 3U0Gey) ¥ Fgooaya3aUyvyad bUimghg e U0UY:
Cd Cu Ni Pb Cr As

gvUyei U U0 08 176,5 22,9 91,2 23,9 BDL"

Hwang et al., 2007 2,0 25,1 - 34,8 25,2 -

Hossain et al., 200¢ 0,91 370 34 35 79 3,4

Lu et al.,2012 2,8 445 76,5 107 165 -

Hossairetal., 2011 21 810 70 86,5 81 BDL

y |} 4JBEPA, 199 85 4300 420 840 3000 75

UBLD: Below DetectionLimit (8 ¥ @W¥ G se Us)acs Ugddd

iUaalUUs GUe o2Uoe83hd HRUs oaU0UY U, ws vygs WxsU 5
80% Uxs bUyyy¥y3s eUUYaar¥3 ~6g Ue UjysycesalUUs
(Lesteret al., 1983).F U oUssoeyd o3 Ueceyd, d UGgoaysUyxvad
agelUUcaYl dd uUs byyddoeaU stusUalUU; U ERA ae o U:
GoaU ~Uy¥YiuUsoeU, ds blygyodadyaslU) aid OWsgs e Ue dahU
UsaecsUgldd Udd Uddsos ae d gu = @dolndd detigkddéap U U
hyoaU "8g dyUUs dng/Ns Ubaialése cV5 gWsesdiZ0 U, UU U
GgeysalU €U U0UU UsUaUescU Udd bsbasegoy UlGalUd
U3Uay UdudU8@lers 8 ca¥va d GgoaysaUyvad byyddal
GoU “~U) Yiea 2002)U8 BGy )} e g3 (QGJodgs3 Upgkd 5.
UsUatGUsscd Ggooeys3Upyvad aUds ~ Uymgkgdis OU; BaIdi a
"Uy s Ut Usd "e6g UsUlGy;es3UUs GUes3s YaszUaU 3. 4,
"UsU) dileegs YUxs, copdd Upgyd Uysalhal) Ud
"gdAWU® d " Ujya Uxdd " UyegfdalUf idps@dacaddsidead 3
jddses @seddeal GUU "~ aUalsU Udgd uUsUU;sbed |
Uas3 Us ostillisUfg "Yde 6 g,38 9b 86 sadudl@s asUy s Udy Usgs U
AKks jUKawéddd, 6 Ueeed jUsars uUsUdyUUs aery st
UoaYliey U a3l UsscUalU aUs bUyyU eyUUaaU “~6g |

o

eOU0UGy); 630Us U UU hebyosU GUds AKs.

cC

@

32. K- aliy Udd Ue eUslesi goesat 3 aUs Og
"Uj Uovyoe Ueg bossUzUs3dj UsatL eUUsd

vy vd yeUs etud U3UGUydUa aUds “~ Uy Yoy Ule 2.2,
boaegUsUsdy YorxeU o990 uUs¥YilGey Ud UsUscoalUd Ue a
"g)y hagldd o9Us 63 Asegd ~ Uy Uegestedd.Uyxs uUsoeyYUx
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FUGYaUsase 3. j  6UU:

ZUe FeeeU 3.1 "~ UyeglsaYeesUUs UU U eUUayaeUUU
"Ujy Ueessed Uxs uUsoeyYUys GUe (Geijys3e "~ gjhagt
boeUsUsdy YoreU U h Goaeosh Jgseosei eUUs GecUUR
stiosUdUlysUageyYstlUsd e UUmepaUsUymss 30Ue 60UagUsi UL
03 UGee U000 eU0UBU0 ®jp90eoywgsllyYade a0 U 8p¥els st
dUyecgoay UalU °Cgq h&gGdageCand@os 30, 2% Udd Uy cos
bseeYesUd o095U ¢ nmin326,1%o5® U0 scg shesgs 3 U e 26d 7660 2
6y hse ~Uynirejepleff ®de Uas3z Us HUs UVUaszUs “6ai ~odU

3U asoadyt 363 UUaminewidU oWl Uiy@WU3Ws UUaUUs -
GUsoe¥YU¥s 250U onU3~+U¢4UUs¢Jp~e{3J Ay Uoalfg OagUU
"Uy Ueessed Uxs uUsoeyvYUxs aUds "huedd aU bse

U} Ug sWulétald 2012;Pengetal., 2011).

vy vrd (0Was0WU4H Ue EKFeeeU 3.1, o2sU haﬁg Usd o Ul
J] g696i , hae UgayYsUs d ,fUjdehijdiidUalddsdgat
eUst 300Us. 0dGsU 'U;YUOSB&S{RH—K( 1) G e U sU timg O aiUfps &l
30min, d U highfodidd eUU3 °C39 ,0mbs (Gdgly BD 025,
204%HUUs d dUjeecoj UlalU Udae dgdd a6 e®gdBCL KO ad(:
RH-P( 0, 5) aUs 25U miphag U UpJeBd elddd0 gy hagldd
eUsitddalU "~ Uy,fhlddpg adUbvI;kex%y; UdaU Ugaze’®ded U A
U UaUgdyy vid Uxs “~UdUsoaits, oaUdid d dUjeasoy l
eUavydd Udd evYsUd Uesg "~ UjyUoheUszsg bossUszUsdy
U hueldd U3Uuy;esU9Ueso;eu_1MamfeLauBsﬂéﬁdﬁ¢ bpbaocUUs
"gy hegtd Geessi Jgesei GU UsUanigWsi Uep U0 GUPC
dU;sea;UﬁSBﬁ’Ca‘BUQO(ﬂ);eeUs hUs d U huselGd aU bsosa!
'U;a’eg 90%0 0UcPga2009 00 %¢ GBgPabBU; d € Uaxrid
GgUsd cUsdayd dUjecoay; UGaUd gl haegldd (ehov
deosoagUUWz3wsdyg)a eg’ColUlp Gagdg 450 hHiueld GU boe
"UyegltalidU dde Us Usk yadi diga U i et} ae Megatfelillppdh &g 0 d d
} g 6 dTsaietal(,2008)y U Us3U3s HUs dqd U huiedd G0 bosegU3zUs
30, 7% AUU3 d dUjeeoaj; UGaU “"gy hoaddddsUdde ddgalk
Uds " Uya Uxadd d €UoUeai U0y d dU0paédpUde @ddpernd
Usgd’ce0pa eg, d y

C«

"hueld GU boseUsUsdy YoreU GY
hUs d U Ruedd GU beseUaUsdy YoreU U3 gU0UBYS
g e0Udyas0U0Us oaUs GUerfqeroé’t@I.lc’azﬁ%)eeesO&yé’lqedﬂvﬁlsot’j\
Ui 3did Udd dUjyecoaj UGaUd “gy) hogidd °Ue@a wilked s i

o

Uds U htietdd GU bBosasUzUsdy YorxeU ehsa aUUY 0, 4%

FcUOUsoa¥ eU Uds U atyjUGd Ueg KiL®; aslsPlueticli Ua g
UsUagoaUd 1:1 oaUs 2:1 GUds U puaedadd Udd ~ g} e

KoxCO; boaag Uz Us dy BGRHKAY B USHMC-RHK@O5) Usiy¥sstdUs & UoUai
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29U Usd g Haoaes Ud dUjyecoj UalUd s U sufhtUsd

50



35.0 -
BC-RH
30.0 -
o
g 250
3
[lan)
. 20.0 A
15.0 - =—&—30 min
== 60 min
=490 min
10-0 T T T T T T 1
200 250 300 350 400 450 500 550
¢ B~ >Y ¢ '0@) )
45.0 -
00 BC-RH-K(1)
o 35.0 A
[ ]
© 30.0
b}
=250 -
~20.0 -
=—&—30 min
15.01 -—=l=60 min
+ 1
10.0 SOmn___ . . . . .
200 250 300 350 400 450 500 550
00y €6 9}%)0
45.0 -
40.0 - BC-RH-K(0,5)
L)
© 30.0 -
S
=250 -
7200 -
—4—30 min
1501 —m=60min
=90 min
10.0 T . . r . . )
200 250 300 350 409, 450 500 550
J

(b)

(92)

51



70.0 -
BC-RH-P(1)
60.0 -
—.50.0 -
g
A4
>3 40.0 -
oo
30,0 -
0.0 —&—30 min
' - 60 min
10,0 - —*=90 min . . . . . .
200 250 300 350 400 450 500 550
o > o) (1)
60.0 -
BC-RH-P(0,5)
50.0 -
ie3
°3 40.0 -
(W)
3
F 30.0 -
20.0 - =——30 min
=60 min
=& 90 min
10.0 T T T T T T 1
200 250 300 350 400 450 500 550
OUy g6 o000 (0)

FceeU 3.1. K aujU0Gd dUjesoy UaU "gyhagldd o
boaegUaUzsdy Yo BERH, (BERHKIL), ( B®RH-K(0,5),( BL-RH-P(1),
(Q BC-RH-P(0,5).

g elilUsoss3i Us HHKLO:GUsUpegllaUsdgyoreU Umrs b ~od
"Uy Ue guasUs Uds oU0UUUGUyele Udd o9 WU asdd
U aldd aUs Uds U UaUqti¥htédd Uxac08&deibotige Usn

"Uy U0dyeddalU ehse GUds “~Uya Urviddq Uesg (Gossoai
edeUssleasi UsulUceceseysrd 30U UpUpfeoBUs edUs (!
U gaUUay tec UBWRH-B(® B UBARH-POS5), aUdi d 6s U esufhGUsd
dU0y ecgoay) UlalU °CoepyUpe gelydhds 83 0 OnYibeoeosselds 30U 59, 3 o
UsUat¥UphallsUUs ildaUle 209U U esufaUsd BMoUai UL
RH, i & aJsa BC¥RH-K(1) e UBC-RH-K(0,5).y i3 UlGey ¥ GUds UsUaasoc
Uhbe U Uds =~ KQ0; Hordl do Uss go BB, U Ble GHadalU 30U 0O
0de Uslpbaes YU hiuead GU bollpadn djére vs & BCRH3s ~ Uy c
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FUGYaUsase 3. j  6UU:

PLGdde Ust ddaUs UaUlGyt d gydefh BECRUKOSUEEHHIE d O
e U Uengefal (2010, 6 8aes ecUayUdaUs Uds Uy Uosx¥o
ayegled, (saafmmdld Ue 6Uslesgi Udd bosse¥YsUd U
Uds dddchulUdd "~ g3 haglidd G0 aUU; Up geseah. YUY
yeUs by UdUa 30 yeUs eUo¥ad U aty UGd aGUds Us
50U3fhUqUU Uxvs Umu)2020).3 Usdj Yoars (

gU U gUUayGelUUU UV¥Us b5 dep @d¥ilysU fHabge UUgaY O~
) o0Us390h oUWl sysseeyYUrys "~ UyegloayvyeasasUUs 0
YasUaU UgUR UGas3e3UUs aUs 89 Useyd Udd U hue
3U Uas3Us UgsUUe dq Giooe)}oaddb8esyYdUdlUUaUGeyYUxs
gy vd GUa3U00Us GUes WHYasUsaU 3.5, 63 (iw)i f mad
"g)y haglidd UasUs ealU " UpyeUOUyed “e8g ulUs U d
boaegUaUz dihfisyeobd U Uds "~ Uja  fdéddoUddoageUdaavij

epUssosasi oaYOelUUesd Uxvys U @633 9eeyYUxrs. | U(ds
"gy hagldd slieodadlU aU eUavid Udd U fRieadd G0
bseeUst 3, UalUU ahor eUoUsi UUydd ~jvUsoUssgid
U@gUU0y eoUst 3 UsUsuy YaUxs Useg GUUy U2007).0gs B8 aUa ¢
"UpyYuUsoeU, 995U 6dfsls hulktlie absle dgb 93s00 antiand } Yo ¥ e |
95U Us uSBeoltld BQ, 5%°C,0U0Bmls 1 3@® U 008032 7d 3 %
dUjyecgoay UalU "gyhagtdae¢ Ugasdda&aqUeégg UBQPpedd
Ue eUsley3U UUaoeUULSSK®3 Wds Ud HBUe &WUBC2 ¢
dU0yecgoay UlalU "gj} hagtd U3 ¥ExdU sJ he jUhesged )3W;0U £leld
j30UaUescUd eUsit GUsd aUds U Ausld bosesUzUsc
aU0UUo2; 0UGU0a U " uUsY(lapdeakgrWpUgedyYyeggs BHUKI d
G0 boseUzUsdy YovxeU c¥y3Ugeysdd ,pddUdaodll] ¢do¢E
"g) hoeglddUUlgavedgeg U280 GBeggUpPO0OaedslU UaszUs o
ShenandZhang(2003).Bs Hoaa. #2011)es 6 6aes ~UjyeoUoUs boae
agelUUcoayYl d GU UsUsuyj UaUe; U GU0UdUyed oo2a3dd,
eUU3 72, AC U gegUos1 ddqa U 0 (FPe, UB 2, g4%talC@add 700
UsUGyyegas eUarlid Udd U hRteddd U bseUzUzady Ye
Ui 3did dUjeeayj UGaUdg%lU  f Ueg 500 aGUegd 900
A aldd, "gy hegtdd egelUUsea¥Yl tHdgaced cd@ Usd 8o dd
g 8aUaeelUUU oaUtyeUUsd, acU U flceatils 7 %ub o @
6 Ue g §C (M@dezetal.,2014)y Ge3 UGey ¥ GUU UGUsoaY BLC Gy J ac¢:e
SWeUsit ddaU U H 66, 1% G0 33, 3% HUWIS hd UdGide By
GU0egdc, W00 d UsUatGUescd BASWPIE UBRSW-POB)0aBdse UU
12,9 84s WssUabUsa@WW. UgkcUh aBRGSWKELH a URO-8W-

KOS5, d eUVavxad &0 dudek hliiesidigd Ud dUfbEegfoldadg |
G003 Uas Us “Ukd80degthpoyledd d( etid dh UUGad GB0G U3 O

[}
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TUGYaUsa

3.

BasUaUd 3.5. ' hleild G0 boegUsUsdy YovxeU o09UsVlleU8d cthefiega DUBADGY ¢
) hsaegd Uy Uessed
) huedg °
-~ ® 5 © ~ & = @ 5 © g @
UUOjeea) jyhac I E’ ‘SZ % % @ (‘%’ é E;)’ % = % % C:LL E’
Uy et 8 E EE E o8 B B B8 47 5 7 ;
2 g 8 g 2 g B 3 2 ¢ 8 g
300 30 30,2 39,9 395 593 56,4§ 62,5 47,7 605 62,9 53,9§ 66,1 39,5 41,3 520 o514
400 30 27,3 253 306 459 45,35 285 37,4 351 489 48,45 33,3 365 424 39,1 364
500 30 232 204 27,2 391 33,8527,3 27,2 31,7 36,9 39,35 - - - - -
300 60 26,1 36,2 406 55,1 52,95 58,1 47,2 51,1 55.1 65,7547,0 28,4 424 431 459
400 60 258 28,7 284 46,6 38,05 255 30,0 282 456 42,25 30,4 30,4 384 374 345
500 60 21,5 205 24,7 420 31,3527,0 21,5 289 345 35,45 - - - - -
300 90 25,7 41,2 41,1 56,4 51,85 64,2 426 329 571 59,85 51,4 358 421 483 463
400 90 252 233 276 515 45,1527,5 33,6 28,7 408 41,0532,2 31,2 37,1 36,1 339
500 90 17,9 17,2 22,7 3872 30,6531,0 259 255 344 37,05 - - - - -
0" a aqdy ei
°d aUdUeaU Usee “jeyagylU vd 6 eyted Hyed Uxa Ui e UsUad UsatL 3
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atisU dUjeegoayj UaU) eUU3 " Uya eg 30%. 0
"6}, 9e6ceVWd¥yxsUslehd B3t Us U slboccYiltvsslys ddldp dlg
“UrGd GUdBC-SWPH)UeUBE-SWiRD,5), Ust UaUGy 1t d 6Usg
"glUfhUUsd GdeUsi ddoelUs 995U KCONdaed,UUb Y Blys U
" UU0aU00eYUxys Usg BaszUaU 3B, Uso:UUEdedvads Oes
"dy) U¥eUs Usd U sglihaUsd Udd “g) hagldd.
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U;UUd;UaUUs hUs o980 fHalUd Usd dUjpesoay UGald
U hueld Udd BCRHEGH3I Uy WUY cUe doBOB8y dBC-G U Gy
SW.z‘YasﬁL"JU, dqd UsUGe; ¥ UVaslmége Unlae g qUgBRH ¢
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eiUaalUUs GUd UuUsUGey UUsoee @as238agUUU);9390ce®
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3.1), UasUs ~ sdlUslhd 3600 eldgeshiillyls; BEIRKECantietiadiat., Ues g G
2012).0s UBASW G de Ust ddalU eUoUai UUy q UsBesS UDRBWe G4
dUjy ecgoay UlaU °cgpyUpegelidig 3 0raihy U8sregsB0cy haae U
o9 Uosmi®sOUo Uai UU; d eUMBESY U Rueslidq Usg

33. O " agtd bU;yr¥s eU0UYao¥3 bosasUaUsdy Uc
vy vd yeUs weid UsUGU; dUa aUds j U0eYdeleeeddadl
29U Uds oatsU ,Qée oagsUBed&YAUd boaesUaUsdy UstL ¢ UL
UseGysostaUs Us al‘.’JaniL”JL"J;G "gGeaUfR U RUuslGdd GO
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a3z UsaUd 3.6. LekEdg(Jds U3 o fi¥petbidodxwd  dd.

UUyeeoay U jyhaed Kslsoe UBBEM4)s U
& d” Uy Ue am
94 hodd g ¥ acss BC-SSK(0,5)  BC-SSP(1)
300 30 4.4 18,0 0,5
500 30 18,4 89,9 3,9

UseadU oihlh 10k, 40 dUj esoay; UGaU "~ gi1%egddad Udgsed
Us bocgUsBEEIKOSWn U 4 Geyyd e UoUai USDPa W tis ot
Geylad eU°C@®gagUs3 0, U UatiUeoscU). z903 UV d Ui
U stGyYsUsU ad8CssPdiprl poslUi Idilqoaliydlebgsew U(ds
Udd dUjeecoay UtaUd “"gyhegtdd yoe Chunétalaotsy d0a U
SongandGua 2011) aUs dU ¢ egbBaiadilb ysgU " eegl WalisaltbU
teee Udd Ujcecesoed bosseYsUd oaUUY Ud utsU;oUGaU
"gy hagldd OGgebYaUs dUUssa¥Y GUds UpxvyeUUsoahUo
ide 96gy) o-oWoe edjicd " Ay ¥3 ~8g GcUUase3UUs U gyd
gy dee 'U;sUaUsef]Uc[UU Udd ageUUsa¥YlO dd d

eUo¥avy3s Ustsat 3 U sGU3Usit3, oUoe3hd "~6g g
Ugsoaed boseseYsU(d BeUOUaeas3UUs vye Oa U g
boe Uz Uz dj Schimmelpfermigand Glaser 2012)  8oagand Guo (2011) U * a
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Yy ey ad zyUUaa qgeEyglg) ki (1/h) R?
BC-RH As’* 3,74 0,40 0,904
cr* 7,16 0,01 0,518
BC-SS As™ 0,49 0,02 0,761
crt 16,36 0,03 0,933
BC-SW As™ 1,39 0,07 0,649
cr* 9,61 0,05 0,878
OuUde g As>* 6,97 0,05 0,994
crt 12,01 0,04 0,848

daszUalUd 3.9. BU;yveUOU;eaUbbbfgldgodivadds Opdaedd
As*e U U A BAIRH,BC-SSBC-SWa Us yuUlGed.

Yy el ad zyUUaa qgeEglg) ko (9/ @©A)) R?
BC-RH As>* 2,59 0,17 0,997
cr* 15,13 1,56 0,994
BC-SS As™ 4,25 0,22 0,999
cr* 30,12 1,00 0,999
BC-SW As™ 3,54 0,09 0,999
crt 42,37 1,11 0,999
OuUde g As>* 10,46 0,02 0,994
cr* 39,53 0,71 0,999
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