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ABSTRACT

Soil organic matter (OM) is well documented for its capacity to retain persistent organic potlutants (POPs)

and thus is important in dictating the environmental partitioning of POPs between media such as air, water, and

soil. Black carbon (BC) is a small component of OM and exhibits a 10~ 100 times greater sorption capacity of
POPs than humified OM. Furthermore, due to the inherent long environmental life time of BC, a result of its
resistance to physical and biological degradation, POPs can continue to accumulate in BC over a long period of

time. The unique properties of BC have been of particular interest over the last 30 years and have resulted in

broad research being conducted into its effects of POP cycling in atmospheric, oceanographic and soil

matrices. The results of such studies have proved valuable in providing new research initiatives into the role of

BC in the cycling of hydrophobic organic compounds (HOCs) as well as giving further insight into the long

range atmospheric transport (LRAT) potential and subsequent risk assessment criteria for persistent organic

pollutants (POPs). In this report, we introduce a novel study examining the relationships between BC and OM

with respect to their POP sorption capacity and discuss the role of BC in influencing the environmental

regulation of organic pollutants.
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Ao B4 e dars) BdEo =
3kl HOCs: dichlorodipheny! trichloroethane
(DDT)e]v} hexachlorobenzene (HCB)X] & xoko
2 2AA A Axsr|= 5}A %k (Barber erf al.,
2005), R F--2 olE BAE 23l Y AE
& sA7lsted wiRebAt 27k B FolA o
712 3"} (Sakai er al., 1993; Meijer et al.,
2003; Yasuhara et al., 2003). ©}7]= §-4= §713}
FEES 9719 =k ol B Atole) Rl
oA BAE T BSelNE B3 HAE Aol
Hu] & Eslo] FAlxc)(Beyer er al., 2000; Klecka
et al., 2000). o|FA #AwRAz FlE A o]
%8 POPst 2.938lo] A gl FAYoINE ¥
2 vz ZHZH}(Herbert ef al., 2006). 18|22
o) Bl Wee wlAE ARE zAlgos
A HOCs®} Agj54std 543 B7elA 7 %ol
gt #4 3 o 2ol sPsaieh.

HOCs®} =of2h7 2 ol dlolM E=oki71%
o] AHAY Age Ve AL olu] e WA
B oed g} (Lambert, 1968). o2} HA2 3}
198010 238 @ AF=FEo| A4 A=
£ ez EAT dolHE 7|22 Hasegy
(Chiou et al., 1979; Karickhoff, 1980; Karickhoff,
1981a, b, 1983, 1984; Tate, 1987). 5-7] & Rulje] 7]
2% 2RE2s Y4 sl F2E (sorbate)
3 5712 w=o VA G2 4 Unes, o
A3 vieto s tlop) okl dhe) 2AT £
Lo] wum 9} (Jones, 1989; Jones et al., 1989;
Wilcke et al., 1997, Cousins et al., 1999a, b; Wilcke
and Amelung, 2000). ¢}& 23l 27)d= {715
5 HOCs$}2] AR AAE 714 o4 (two-phase)
Rl Se] AREAUAN U AFAES EA B
A 43 (I, sorption) A& A dle o
4 mdol AEA due AL A
(Gustafsson and Gschwend, 1997; Gustafsson et al.,
1997; Cornelissen et al., 2005a). ¢]ol o}z} 1990
q9 Fulele $FRAANAM A (particulate
phase)& s o =3t Rdo] AAHUH
(Gustafsson and Gschwend, 1997). «§7]o] =913
AxA} B4 73l (soot) = black carbon (BC)
oz F2 IMAR] B daIA A LA
gt} (Seiler and Crutzen, 1980; Goldberg, 1985;
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Carcaillet et al., 2002; Cochrane, 2003). BCx 23]
g $7)Ress 9o £33 Y8 AXE 23
2] HOCs9}= 2 F3 (adsorption)S Ed}e]
Aggle}. ool ubs] RAE {-7]gka (amorphous
organic carbon, AOC)¥:= F=2 F= (absorption)E
E3A] HOCse} Hull7} do|dv} (Burgess and
Lohmann, 2004). BC2] F&A|2A 2] Ag3 9%
2 Luthy $¢] =0l 4 vielt 9loh(Luthy er al.,
1997). o3 A BCES =&3F §7])89 ot HOCs
o] BEujwwle EoF (Ribes ef al., 2003)3 =A%
(Accardi-Dey and Gschwend, 2002; Cornelissen and
Gustafsson, 2004)e)| A ©] 43 A4S Ho|F9)
o}

=obe] §71Re gL ) Fol EASE @
agd ) A o B, ok e 4
gAlol 243 $rlRancks 2-3usb B o
o]t} (Post et al., 1990; Prentice et al., 1998). o] & A
B2 71E e 9 =2x AdA £33
AN Fasxut, Tl F7135HEAe] 4
SAHZA Az JAE] Aol Hx oot B4
7N1EE FAEY AR ET FHALE, AEA E §
Mdsel 29 d4E, I3 v|YE Fos ¢
Heo] ek £kl QoA 13RS F2 9
ZFZA] (extractability)ol] ©]|X]& ¢3S §7etsh
(organic C)7} 7} =31, 1 9] ZFuH|Z= (nano-
porosity), %Fo]-2-%] 382k (cation exchange capacity,
CEC) % °J8F& n|=Zv} (Chung and Alexander,
2002). o] Zo|Al= HOCs®] Hulel] glelA BCe)
FoA4L A 1097 AEA 4= BCe
5213 " f718 1 of 10~ 1000y 2 3%
Hoz qls] HOCse] F&= Ay d4-q o
gL 3l= slorw AU (Goldberg, 1985;
Gustafsson and Gschwend, 1997; Gustafsson et al.,
1997). ol wle} 7|&2) {718, T2 wAY #
718l HEiA APHARY 2R AVEERE
BCE 233k Mz 223 7|EE52 3 - A
¢t=) a1 9)v} (Burgess and Lohmann, 2004). o] =3
oA POPs®] o] 53} Hufjol] e v F2
Q1 A}Q) §-71E3} black carbonel] ©&} o] A
HEs Axste] BANN 37123 black
carbon®] G| W& w3z} o)
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1. EARIIE

B4 Azl &3k HdMe) w4 poolo)
t}. Batjes (1996)x X|Fxwdel] ¢k 2,157~2,293 Pg
o] &4t EAsk, o] ’4 F 0% 1A%
ol 1 WAl ®hAted (carbonates) 502 A
Hof glotar 34313} (Batjes, 1996). o] F2 o
71 F H71%k2 (760 Pg)e] 29f o)1, £4F AYefA
AA) AEA B 2~39) @i} (Post er al., 1990;
Prentice et al., 1998). Gonzalez-Pérez % (2004)-2-
87180 <8 TEislel, ReIES A ¥
Fog FRIGEHE: 1) FE-EA FE (active-
labile fraction, =4 oo == §7]8),2) &
Z-Z7} EE (active-intermediate fraction, @
T 44 97 Eodel AR, 3) HIRA EX B
8-7]'B BB (passive or refractory fraction, =%
o4 Edol Aol EFSINEE F2 AZ,
58 9 aldEe A8 o5 valRET 7
AT 77188 Fills ESR7IEE, 2)dE
choFgt S {7194 (60~80%) 5 ¥ COs
2 AgHe] 7] Foz WEHE HAH el o
FaAA> v Lo 373 JAoz dubH
o2 1d el o]Fe] At I x| 7738 5
I S et I B B B
et He s AA =L wlelorjiz
HAY, 2Rz @A "ok Ho A2 33
(humification)g}1 &}32, 32" o 2} Fx4
qgpeln] 9 BASE 9As cew Frlshy
gedel ¥ AL dehls 220 =
(Tate, 1987).

sobg7lBe Yoz sl woldes ¢
o) 27k Aol sk ARA Y] 4718
<= WAE 2~5% AF2 Azdsel o=t $71%
< ZFaget(Tate, 1987). oo w]s] A =g
A% gael 2o 97% Axz Aode) we} 2
A7k Aste 29120 Eopzat WEG 29
7)&kA4: (total organic carbon, TOC) ¥4 A5 & ¥
o 22~227mg/ge] W& He]al 9] (Bucheli er
al., 2004), =3} xagole] AR =X EofE
¥ A3 452 54~454me/g (A 189 me/g),

¥

L 2

Jo (L o

#71% ¥ black carbon®] 4& 257

2goli= 54~460 mg/g (B 256 mg/g) 2. e}
R LR LR CEONEREREEEEE
7152 A7 Sl o8] 1 oFe] FAM Eo]
£33 glo], UN 55 A2 ofxze|y} 57159
kB vAe 4 2a208 =9 =i} &
WA AT 9 ol oFH FAITE Fag
Pt =ebaslE FYel wlAR WS )
3 e & EAE dod = Q7] wWEeld
(Gonzalez-Pérez et al., 2004).

ER7IEY 842 715zt 9H WA
% opeh HOCse) A3 H3el Doishe <zt
2 947 Aoli Feal Srelast. ol
3 $4-2 Lambert (1968)7} =k47185 #7135}
FEo HYof| FT =EL HRT o]Fr AL
WA gtk 27l HOCset $718 239
Funke 7sle] o]} mdlo] ={1E Y. 1F
=9 A= o3 mHl® A BkA|RE AlA
AN BN E ol THlo] M= A AA
7] Repbe vl AL dyEelslenz o
weo] 4438 Bl AyISedw, ool wlet A
A} (three-phase) 29 o] % 31% ¢t} (Burgess and
Lohmann, 2004). o] & AMA} mdle oizxpAl o7&
7} black carbong EZ3351= v}AH (multiphase) =29
2 A& AR olg A FollA FHITol:
715 (F2 AOC)e] 9Fn: BCY H&e] &
4 % EXHEeA HOCse] Hyol o] 23 Ao
£ 2553 95 YolE 80% o] 4] HOCs
Mgl BCz Adol sbsatis #4x U
(Cornelissen et al., 2005b). E8fel|A|= BCe 9&
o] F88}7]= AR FAl zel2 QF EoFH-
7180 U o= HOCse| Fulel o Z7A) 74
g} ol 2 B, Table 16]A] B wle} 7o)
hexachloro benzene (HCB)$} 7o) A434A] & vt
Agted BC-HOCsS| Agsieiz =) #3439
sHggo] obd Aol HCBRE Wolo Hi
< F718C o8 FAHE  UAHG (EHD). o
A4 #7184 BdAQA ekt 7 BCH TOCH
9@ ulg 94 FoT ess 2FHT A
(Cornelissen et al., 2005a).

ool

r_{

2. Black carbon
Black carbon (BC)-& A 39
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Table 1. Correlation analysis for soils sampled in the UK
and NorwayT

BC TOC HCB PCBs PBDEs | CgD/
BC 1.00
TOC  035% 100
HCB  029%  0.89%% 100
PCBs  029% Q.67+ (78 100
PBDEs  045%%% 05254 0AT&5% 04655 100

PCDD/Fs 0.28*  0.31*  0.32%  0.73%%* (.44%* 1.00

IN=52, *: p<0.05, **: p<0.01, **¥*: p<0.00]; POP data was
log-transformed before analysis. BC: black carbon, TOC: total
organic carbon, HCB: hexachlorobenzene, PCBs: polychlorinated
biphenyls, PBDEs: polybrominated diphenylethers, and PCDD/Fs:
polychlorinated dibenzo-p-dioxins and dibenzofurans.

phitic carbon)®] 3} (Dickens et al., 2004)2} 314
d5 9 AAe E9A daakEEA AAddd
(Seiler and Crutzen, 1980; Goldberg, 1985; Carcaillet
et al., 2002; Cochrane, 2003). o] 3 37 5A1 < F-o
A Fad AL 2R Aol T Aol A
due B Aat 3] FA ASE B
BolA Egols Ro| mE $HY Y
FzAql Aoz ¥} (Goldberg, 1985). vlo] 2 uj
29 294 Axx AY o) FaRIEsL FY
F2AFEQ £ (chars) & A3V = 3=4), BC
+ A9 ¥ Ex=b(charcoal) 5 A&A =H2dAE
A onz AHgEeh BCy dubxoz wisf
o] FATRE olF: 3AAAH F=2F 3L
A, YAZ71E nm-pm He ol w]EHA
2~ 776 m*/go]) 2 (Bucheli and Gustafasson, 2000;
Karapanagioti et al., 2000a; Jonker and Koelmans,
2002; Rockne er al., 2002; Sander and Pignatello,
2005), 23 < 10X o]31e] WL WeE 7hact
(Rockne et al., 2002; Fernandes et al., 2003; Corneli-
ssen et al., 2004). BC2] w4 FAEA £, =
gk o) Axgu)A Ablg Fig. 1ol e glet
97] 2] BCy 37 9842 Fash o
Fol2| = vz 8] FAUDLRA Y79 Fi=
o} 3.F7) Aol o] F2 UUEA o=} (Novakov and
Hansen, 2004). ?7]%2] o]2{gk A& el
o7t F38 A3kE Ll 10~-20%2] FdA
AW As)lrt BpEZ)= §) e (Chameides ef al.,
1999), e]&gt Faj= Fde] 22 Yol FAFL
24 o] AR} Bergin et al., 2001).

lo K
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BCE 43270l oide} 248 43
AE TOC & °F 1~20%% Atz glor
(Gustafasson et al., 1997; Gustafasson and Gschwend,
1998; Middelburg et al., 1999; Accardi Dey and
Gschwend, 2003), B 9% A = o)} (Cornelissen et
al., 2005a). =3t BC:= & TOC & 1~6%
(Gonzélez-Pérez et al., 2004), B ¢ 4% A==
22832 ek (Cornelissen et al., 2005a). 322k, B
#}& o}wlE2] Terra Preta Oxisolsd| A= EoF
TOCS] 35%7A] A& 7]= & (Glaser et al.,
1998, 1999), =ol2] 2 xA wokiA 45%
(Schmidt et al., 1999), N }c}e) A2 A =k A
£ 60%) 37| = 3k 5 L 2 Ao uhet
2L xo]E W= Fo} (Ponomarenko and
Anderson, 2001). A3 A7) £<219] AQF= A
°Fo] wlolemiAs} HMARE AHEFowN A
Foz W ¥ BCE wiEsidn Wy
EgEH fAL oA 84 Feo= 449 BC
E A AFAo= A A 94 skn o
(Griffin and Goldberg, 1983). 2] ¢ uwja} 2 H
7% 71 AN HRE2| BCE, 34 90% A
EA], AVRH 22 AdF oz WAEE dad
il PAFHTE= ¥ s 9l (Gonzdlez-Pérez et
al., 2004). BCE EcfellA <€ g stz 3l
A humic A7 F23 FAASE 93
Haumaier 2] *=%ojA]= black carbone] ZA
o2 EoelA humic B3z WA Z Heolgt FA
o] WA B F Al A&l ebF
A3 WA R ¢kttt (Haumaier and Zech,
1995).

E|HqEolA BC7F HOCse] o]l AAA 7]
5 e g2 AElEe] 2 =AY
(Karickhoff, 1980; Gustafsson and Gschwend, 1997
Gustafsson er al., 1997; Gustafsson and Gschwend,
1998; Middelburg et al., 1999; Huang et al., 2003,
Cornelissen et al., 2005a). =3t ¥3fo|x| 2] BCe]
ol that =R AHes 7 b HHge
H =l Bl E AR, 292 EoflA
PAHsel| w3t A7 FollA{e} 7ho] Eofoll glefA]
= BCe| A2 HAEAM} o] FaI Ao
2 welEodx) 11 9)o}d (Haumaier and Zech, 1995;
Bucheli et al., 2004; Koelmans et al., 2005). 3}#] 2k
g3 BAE 9 =ofMs BCs} HOCszHe) At
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Fig. 1. Photos of combustion derived sorptive particles in atmospheric deposit; (a) char: combustion residue of coal, (b)
Charcoal: combustion residue of wood, and (¢) Soot: Condensation product of gasoline or diesel (taken by Dr.

Tilman Gocht and Dr. Bertrand Ligouis, 2004).

HAZE 24 & Aoz WA F=d oF
% Wge TOC 7 BCS] ool W3 A2
(< 1%) 23159} (Cornelissen et al., 2005a). =3}
o] £]ollx= BCx PCBs (polychlorinated biphenyls),
PCDD/Fs (polychlorinated dibenzo-p-dioxins and
dibenzofurans), PAHs &3} 7o) 4 Aol BCY) %
o wAsE suEael AT pzes

w7 viehtm wA4ds Agdel e AL
HCB Foldt A% ehdd o 29s sioh
ol BC7} 28 A9 53t &3] $47] wiell
AdA o2 HOCsel BoF Follr H3o] o] Fo]
217 dsk7] WEoz FARG AT Fujrt o
oyl wiAle] wdEe] Qi BT g BE

6 B4 HOCE] F44 8050% 5t 1o
g s FAAEe] Lol A5HE dorkn
21}t (Cornelissen er al., 2005b). 1l ol )8} hexa-
chloroethanes} 7+ uv]=2A) X9}= #3237 non-
planar bipolar #}3}-E- (diuron, atrazine)= BC2} 7}
3 w8 A7) olvkn 2= 9o} (Cornelissen
et al., 2005b).

3. £ (sorption)

GRS =9 HA%e] A
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setEdte] ¢4 A=A gedS 2
s F23F A4 olet. Lambertys EoF5} E|H Eof
EA s #7180l HOCs?| 32 A3 94
lalel= AL 196891 Loz ¥} (Lambert,
1968). Fol| 1 FeAL A -AARTE FujASE
ARz oM F71BREY w2E BE¥ F
TOC®] ko)l A3} (normalize)dlE w0 27}
A &) = ¢l o} (Chiou et al., 1979; Karickhoff,
1980). e]8j3t AL 5= f7|HLES A
g AT FAA-FAE ASA stelA e 2wt
WA, "AAFANA FHAA-FAE o] ¥
=237 (Grathwohl, 1990; Young and Weber,
1995; Huang et al., 1997, Weber and Young, 1997,
Chiou and Kile, 1998; Huang and Weber, 1998;
Kleineidam er al., 1999; Xia and Ball, 1999; Grath-
wohl and Kleineidam, 2000; Karapanagioti et al.,
2000a, b; Kleineidam er al., 2002), o} =23 £33}
(Karickhoff and Morris, 1985; Pignatello and Xing,

(a) Two-Phase model

Ay

\

hY

/

/

\
b

Inorganic particle POC'GT———-——'} Dissolved
'
!

(b) Three-Phase model

\\ o

3 3t

o
;’ ) 3
J LF COC

|
Inorganic particle | POC e‘r—“""‘) Dissolved
! /‘

(c) Multiple-Phase model

\\
- JERY +&
(.Geo ) %

Inorganic particle __L’____,,) Dissolved
RC €T

& - i coc
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1996; Kan et al., 1998; Cornelissen et al., 1999), =
2 TOC-& ®¥[ A% (Kroc) (Maruya et al., 1996;
Gustafasson et al., 1997; Naes et al., 1998; Bucheli
and Gustafsson, 2001; Persson et al., 2002; Ehlers
and Luthy, 2003; Hong et al., 2003; Lohmann er al.,
2005), A AAze AET 5 g G
AEA o EAE %2292} (bioto-to-sediment accu-
mulation factor, BSAF) (Paine et al., 1996; White et
al., 1997; Chung and Alexander, 1999; Tang et al.,
1999; Thomann and Komlos, 1999; Alexander, 2000;
Jager et al., 2003; Sundelin et al., 2004), 72) 31 A5t
2 AEEUS = (Fu et al., 1994; Alexander, 1995;
Loehr and Webster, 1996; White and Alexander,
1996; Cornelissen et al., 1998; Alexander, 2000;
Ghosh et al., 2003)2 A& 7} Y%t

olgg AES Asy] flgte ofFH (dual-
mode) 53 7 d o] =elF it (Weber ef al., 1992;
Young and Weber, 1995; Huang et al., 1996;

[PAH|poc

[PAH] Dissolved
[PAH]tota1=[PAH]pjissotvea HEPAH]poc

[PAH]poc
[PAH]coc

[PAH] Dissolved
[PAH ] 7ot=[PAH]pisorvea + [PAHlpoc + [PAH]coc

[PAH|coc

[PAH]y+|PAHlkc
+[PAH]gc

[PAH]Dissolved
[PAH.]Toml =[PAH] Dissolved [PAH] Bct
[PAH]rc+[PAH]Gc+ [PAHlcoc

Fig. 2. Diagrams of (a) two-phase, (b) three-phase, and (c) multiple-phase models of the partitioning of hydrophobic organic
contaminants (HOCs) in the sediment system. Graphic relationships between the various solid phases and the
dissolved phases for PAHs are presented. [PAH]poc is the PAH particulate concentration (in the POC); [PAH]pissolved
is the dissolved phase concentration of PAH in water; [PAH]row is the total amount of PAH in the system; [PAH]coc
is the colloidal concentration of PAH; and [PAH]rc and [PAH]gc are the concentrations of PAH associated with
rubbery and glassy carbon phases, respectively (Burgess and Lohmann, 2004).
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Pignatello and Xing, 1996; Gustafasson et al., 1997;
Huang et al., 1997; Luthy et al., 1997, Weber and
Young, 1997; Huang and Weber, 1998, 1999; Weber
et al., 2002; Huang er al., 2003; Cornelissen et al.,
2005a). Fig. 20| Burgess and Lohmanno] o]2]3t
A SolN A 2l B mAEst 7w
9 Wyae] #s) eliads (Burgess and
Lohmann, 2004).

of Aol #7188 5 A9 Aoz 4
of itk shbe A-AAR Fooodeln ohe
b W48 (S Zm)-AAA FAedeold.
o9 BRE 9 9393 2 AnEAs
A, obn| Al A gl R-4E (humic/fulvie
substances) 5 ¥4 B2l TFAb g4 (rubbery
carbon, RC) 2. 4 5 3]} (Burgess and Lohmann,
2004; Cornelissen et al., 2005a).

FrAge g B o8 w24 713
o] ¥4Y 4718 o WY Rres g5
e Aoz AuEc O shie Fededes
HAE FFolth Aol 718 AR o]F
o] A-FA] o2 7AW Fa]xE]d (polystyrene)
# 2L “FAd 57]E (glassy OM)” o2 A|tE]
QAT ZH ol d4HA 42 Mu(coal), AlzA
(kerogen), Z3 A (coke), 12831 A U EEF S0
o] 4 k= Aoz AAAR u ofHF E
AL FAsted g 2 A F2A (carbonaceous
geosorbents, CG) =X #-2]3 k4 (glassy carbon,
GCyzh= 4°i7F del AR-E 3 9let (Burgess and
Lohmann, 2004; Cornelissen et al., 2005a).

4. EY F POPs 7|& dEate| oA

A58 EoiEAEd 7|EE QR =
7t Al Z Aol HE {U1BEES] FEE 31
elt} (Cornelissen et al., 2005a). }2| 5}, 0|28 7]|&
2 o] xrt AAdY] HHE AA szebe
W 2A7) gioke ARl HEiMe FRE e
w717} o8} (Paine et al., 1996; Gustafsson et
al., 1997, Alexander, 2000; Chung and Alexander,
2002; Ehlers and Luthy, 2003). 7|54 e Fa3t
A4 BSAFE EWE AT A4ake A5A )
A & A f7128e wesh A
TOCS| s=she] ¥l (t)2A 222} (Thomann

= black carbon®] 9%
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and Komlos, 1999; Cornelissen and Gustafsson,
2005).

Ci id Ki i CW
BSAF=—""= """
Cr/fTOC

CTDC (1)
J71A Cipia Aol AA5-315E F2H8 (eg. HOCs)
9] AEAWAMY F= (uglg lipid), Crocs TOC
of AEet FEEL EWEHARE $ v=(ug/s
TOC), Cs+= AFHF 7IFoz + FAEY 5=
(ug/g dw), froce TOC £38, 283 Kypia (Lkg)
Aup-E B Al golut A ()2 AEA S Azt =
PEAE 7] FAEC udd Fhol Ay
Apegel) whekg T gleh
E &4 $715908Y 2715 4 22
& FH) F-o338F == (no observed effect concen-
tration, NOECs)ol] wje} $47|% (ug/L)e 4333}
Ak f4E 9 Eokl A3 71E (melkg)> &4
9 ojEgez 3 EeA EAE & YA
Kroc 3h& A-43le] Wghsle] Alg3iolv a4,
o] Kroc 32 BCE A&t dut 571878 4
g A ez I HPEuel o8 EAd
oz, 23t EAE 4 Exs BCY o
F& WdSA ¢S golh HOCsS] F3ol glo]
A %7122 B Kroc 3ol ©f 2 33g WA
S A% ARt o A Sqel 27T
o1& whdste] BCo| & 43¢ eI BSAF:
A Ae AR A () Zol AdHAH
(Cornelissen and Gustafsson, 2005).
K[ipid
Jx

KA0C+§ I

TOC

BSAF= (2)

-1
KF.xCﬁf‘X

BCE 3#3ld Kroc 38 ohAl AASHH 4
A wj Y o)A Ho|7t VA ®H Aoz FAEE
9, ol AN oz EfI FHAEF F713gE
Fxr)Ed = 33k viAA 8 Zlojoh(Cornelissen
et al., 2005a). BCol| 3t A3-E3} olo] H2F Al
2e 2959 5L v EoF W EAHES
FE71FEe] AHEAEH Y& Hrlbo wlekg
T 71z 9E /A E RAFT gich ofe
2 FAZQ == AV|A A A A)EE
Aoz o&F1 9lrh

olgjdt IH2 AEEHo=z7x FHd 4 9l
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