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ABSTRACT

A sample of soil humic acid (HA) was divided by ultrafiltration (UF) into five fractions of different molecular size (UF;:
> 300, UF,: 100~300, UF;5: 30~100, UF4: 10~30, UFs: 1~10 kilodaltons). Apparent average molecular weight (My,) of the
HA fractions were measured using high performance size exclusion chromatography (HPSEC), and the chemical and
structural properties of the five HA fractions were characterized by elemental compositions (H/C, O/C and w ((20 + 3N-
H)/C)) and ultraviolet-visible absorption ratios (SUVA, A4s). The organic carbon normalized-sorption coefficients (Koc)
for the binding of phenanthrene to the HA fractions were determined by fluorescence quenching and relationship between
the sorption coefficients and structural characteristics of the HA fractions were investigated. The elemental analysis and
UV-vis spectral data indicated that the HA fractions with higher molecular weights have grater aliphatic character and
lower contents of oxygen, while the HA fractions with lower molecular size have greater aromatic character and molecular
polarity that correspond to greater SUVA and internal oxidation values (w). The log Koc values (L/kg C) were gradual
increased from 4.45 for UF;s to 4.87 for UF,. The correlation study between the structural descriptors of the HA fractions
and log Koc values of phenanthrene show that the magnitude of Koc values positively correlated with M,, and H/C, while
negatively correlated with the independent descriptors of the O/C, w, SUVA and Ay.
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1. M E

PAHs(Polycyclic Aromatic Hydrocarbons, TFEHIES
gelrife WA vt T ) ol dAad FE2=E
Al o] At A4 ARAS Ad tEAd
HOCs(Hydrophobic Organic Compounds, &4 713}
FE)o|th(Edwards, 1983). B =5% PAHsS| #3&
o ATS EY Ak & - 23 3ol S v
THAiken et al, 1985). 53], SOM(Soil Organic Matter,
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EF71E )] S (sorption) RF-2 PAHs9} 22 A
A 712954 BY U 29} Asel GFgS vXe
F9 Q9log UefFItH(Aiken et al,, 1985; Chiou, 2002).

HS(Humic Substances, F2&)> EY 2 2skrollA
71 &3] s g SOMOEA. ke it
oz A SOME] 60~70%E AAsk= Aoz Lz
THAiken et al., 1985). HSE T}t 71999] #1175
o] F9 & (humificationyZFgS Bl A== A9
Ed f71E EFAIEA pHAl WE &3zl wet
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B 2718 Bk FelkHAY] TEH 54 9 st F3 s v 71

HAHumic Acid, ¥4}, FA(Fulvic Acid, E8}4H) 2
Hu(Humin, %) 522 EFIACJIHSS, 2015). 53],
HAE EY 7o &A3t= F2 DOM(Dissolved
Organic Matter, 854 7]%)E4 -COOH, -OH &Y
2 28715 7R gRASEA (polyelectrolyte) B2 o]0
J =& BPEN(Z > 2+)9] TE5012d 73 A3shE
PG W oje}, A W Jed s T
AZE2] micelle 725 7HAAL 1o HOCs= 735
3128 71K (Leenheer et al., 1989). ©]2]3t o2&
/\33 HA94 7] OJO]L]_ :rLz;s] .E_/ﬂ(;(]m-}_/ﬂ = ]:ﬂ-fﬂ:
2 Syl vt 2 Aol Mole Ao LAt 1L
) IR f1B0) EEAI HATE T Bias
(heterogeneity)&2 18 73] HOCse}e] FXEA o
g T3k olec] FHHA ¥ AdEjo|th(Chefetz
and Xing, 2009; THSS, 2015).

321 Bt aAde] o|2A HAE ARl ol A
AT daltonsol] ©]2+= E]m:/f}/‘é(polydlspermty) E40]
), A 2710 wet EAE S 2ol = A
o7 Hiu¥ctKLeenheer et al, 1989; Shin et al.,
1999). Li et al.(2004)S §7/1¢] EAl =Z7HE 23k
HAS tjsled EZEA(13C-NMR, Pyrolysis-GC-MS )
TS B3l HARARE 593 71X s B2kl w2t
slehd, 727 E4do] AE tE due] Al A
9)S AAEFAAL, Shin et al.(2003)S EY HAE E%=
of 2o} 2V Ao Al S48 7]
o, FRAo 2= WA 128441 sheo] =7}

S

R Mlo

N Jim

N

skS- Bt} 53], Trubetskaya et al.(2014)= HAS| &
7} ARviETRY] 248 8l A HAYSE &5

12

EAS TS Eoii’.fﬁ Lee et al.(2015)> A=
=718 HAS] 33354, EEM-PARAFAC) H|WE 5
3 mEA o] HA7} E‘_‘jr 23E oo g
(condensed aromatic) BFATZEE 71X 12}l (graphene)
AksbEe] gish B} 2 FERIsIE S 7S Qe vt
Atk FE3H Rao and Choppin(1994)= A2 T2 Ex|E
S 71 HASE Cd(lD), Np(V)Zke]l Z2gEAdo) g £33
[ oﬂ:rké E—gH Balgo] 248 F&Eoled) o st
% FAES R} oM, Chen et al.(2013) FFA

-85 HA?Jr Cu(Il), Hg(I2ke] ¥Ee-E4] vl
&3 H pH9Jr A AL HAS wdoledte] F3
el JFe mAlE T8 LS AR ol
gk HAS| #Akg A7)0l e Alole EY B ek &
delle]l HOCs B Fasole] Hkext 7%5o] HAQ
A A709 A 9 B3-S AATTHSun et al,

u:E ruhL
mlm oL r

2013). WA HAS A1 F7)o] wE £e]9} PAHsS}
o] FAEA vigt e I T AN fIedEd
o] A5 digh Bt gt ARE A 4 Uk
ey = - el EAF 718 HASEF PAHsSR]
RS54 el tigh A mv]sk Aol
B AFeMe FUHERIA 553 HAS Vo= st
9404%(UF)€ gl B 2718 B A8
o} A& =718 HAS SEC(Size Exclusion Chromato-
graphy, Z7|MjA| T2 rkETela] A, QAR 2pe)d-
TR B 55 Felel 2 2710 we A
EAS vwgr1siit). 3 PAHsS] RABIRIERA 7]
& of dg] A+%E PHE(Phenanthrene, HHE=)S 47
o}&l Bl 3718 HA9K] 718k ¥t BujAlS
(Koo)Z 2319031, 7+ HAS E45A #gete] Auyd
AZ Ao ZA PAHsY F&o) 7|oehs HEAlg =7
H HAY 8 EASA AL FHsIth

2 ME Tz ¥ uH

2.1. E2F HAS| £& % MK

B ALox] AF83 Bk HALS 7w TR Y
ko myE 2 9 AAsle] ALl EOWE%
U EolA Q] 10YR A 24 B4 1)
om, JEA (<63 pm) FFo] 18%2 HefEe] EA(soil
texture)iﬂ— 1.16%2] %7]1:4'}\ S (wiwys EoiE}(Cha et

. 2004). EF HAS] =3} &A= Soxhlet Svlj5=

% 33l Lipid A4S AAS &, IAIF=83] (IHSS)]
FFEAA] mE AF - 971 JAUES o] 8BIAIL(IHSS,
2015), SAAZXE T3l e EWEHY] HFAEE &
At B HAY F27 AATPGL o] 3ol A3
7]&3t vk} 2oh(Lee et al., 2004)

AQ

2.2. Bte|o{ o]l oSt HAS| 2XtgF 37|E 22|

HA A59] B4 2718 Eele sl (UR)S 4
431 tk(Shin et al., 1999). EA#F 22 93k HA &
A (stock solution)y> L-HH Ae]e] -}°{—‘1]ﬂ' A& 200
mge 1.0M NaOH 5.0 mLol $HA3] =91 & S/SFE
olg3le] 1LE FAsle] 200 mg/ll FEE A3
o] Ao 0.1 M HCl AFHE-3l] A O] pHE 7.0
(+02)& ZEEATE HA Xo8(1 Ly PTFE(0.45 um, PALL.
Co. Ltd) A| &9 U“Hfﬂ]ol HZ AS §, TG A]
o} dE AgLE7]el] Fol YFA71Y cut-off BF ZE7}
A2 200 mL -8%¢] UF(Ultrafiltration, 3F2]od3}) =]
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72 o]lzl_g‘;] APN-

(Amicon 8010)8 FHAIFTE AL IdH=7I1E 7 4
o] gelofat cut-off BF FEIE sl 7hAx skl
o} A3l AMEE UF 22 273 63.5mme] A2 A
Z(Millipore, USA)ZA MWCO(Molecular Weight Cutoff.
w3223l Wl YMI(1 kDa), YM10(10 kDa), YM30
(30, kDa), YM100(100 kDa) 2 PM300(300 kDa)°|31..
), Bk =27] SSAHE > 300 kDa(F;), 100~300 kDa(F,),
30~100 kDa(F;) 10~30kDa(F,), 1~10kDa(F5)¢] HA &
s A Eeld 7 &4 1M HCEE AR88k] pH
2.0 ofsl= 283 F 3kF W AR AlA FAAHH. A
AE HAE S5 ARSIl 2-33] A1H3 d4Ed
(3,000 rpm, 10 min)5 T3l Eest &, W& 52 1=
(freeze-dry)sle] - HJEle] HE A= 718 HA
ARE A

2.3, 22X 37| & 228 54 24

HA Ex}o] Ex13 =7]= WatersAF] Protein Pak
125A(7.8 x 4,300 mm) AHS AHE-$ SECE A3
BAE9TE HA Al89] F5E SEC B4 =43kl 9%
< HA7] wiEe] o 55 (10 mg-C/L, pH 7.0)°1A]
FPstach o714 HA FEE TOC E247)(TOC-
5000A, Shimazu)s &3l 2743ttt °lsd2 2mM
phosphate buffer(in pH 6.8, 0.1 M NaClhE AF-3IHL
™, SELET (flow ratey= | mL/ming X830 A&
FATRE 20 plelNo™, 254nme] UV HE71S ARE-3}
of EAei. BAF 23S 93 AR e
PSS(polystyrene sulfonates sodium) 18, 8, 4.6(kDa)
(Polysciences Inc., Warrington, PA) % F&A}4 <l
Salicylic acid(138 Da, Aldrich), Acetone(58 Da, HPLC
grade, Aldrich) ¥FA|BE A|Z3t] A3 THZhou et
al., 2000). T=2] 2 (1) 7] FEAE 555 o83
of G HFHo ZAs vEhd Ao2A, ARAE
(R?) 0.999] gzt JHES BT A7 M= BE
7] ST E A2 (apparent weight-averaged molecular
weights), Ri= M5 Al7H(retention time)yS LEPATE.

o
o
i

LogM,, =-0.28R +6.08 (r*=0.99) (1)

ZF HARAL gigh M,2] Alxke SEC AZrfE13w)
o2 4 F o83dl E=Z3IMtH(Conte and Piccolo,
1999; Zhou et al., 2000). 714, M= 23 Higad
o oat Azt e] ExjEg=T|el p= AlZHA]
SEC Z2ZvlET)3zo] oS vkt

M, = ZhMy/ 2h; @
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HA A1) C, H, N, O ¥4%4LS CHNS-932, VTF
900(LECO Co.)& 283t 3t4ict. CHN,SY &4
< 1.0£05mgd] % AIEE FH(Sn) F=ol Hot
1,000°CE 7}dgko 24 A4 Ald] ¥Asli= CO,, H,0
2 N, 7}2=9] %S IR(infrared detector)®} TCD(thermo
conductivity detector)Z 33] WHESl] ZASIAT) 2kAs
(0)2] B2 AIZE &(Ag) el FoF 1100°CAA &
WIAA F7REEENE 2gE co WS HHsi]
S48 ZF HAS] 9AAEBI(H/C, O/C, w(=(20+
3N-H)/C) &) & o5 Y4aEA A5a2HE ARkS &
3l ATH(Lee et al., 2004; Ciesleqixs and Gonet, 2004).

HA #A}9] 35492 Aepa 7agA B445-497](UV-
1601, Shimadzu)E ARE3l =431t S4EAL A
Z¥ EXAE(10mg-C/L, pH 6.0)Z 10mm A% Aoj
ol 200~700 nm Gl Ae] FHAHEHS I T
254nm° A €] SUVA(specific UV absorbance)(Z, UVasy/
DOC, L/mgC) ¥ 465 nme} 665 nme] T4%= Bl Ay
= ZHs

iy

2.4. HA2} PHEZ}S| E&MAIE

HAS} PHEZS] 23S & 3433H (fluorescence
quenchingys- ©]-83}tH(Peuravuori, 2001). PHE(C4H,,,
purity > 97%)= Aldrich AlolA] T8l om Mxe] 4
Ag flo] ARSSISITE A3l ARSSH PHE 38
(1.0mg/L, pH 6.0 HHFS =] ¥3}8HS ThE
0.45 um 2+ oA (MFS, JPO50)E JF}ate] A8t
oluf WAHE WAZ 3] 5mM CaCl, E 0.0l mM
HegCLE A7FI8ESe™ 0.1 M NaOH F+= 0.1 M HCEE
ARESl] pH 622 A3ttt ST 3)EAe=
F5IH o™ 20 mL -87F2] serum bottleS ARSSIITH
3-8 U PHE ZFEH(1.0mg/L, pH 6.0)°
HA E-8%(10 mg-C/L, pH 6.0y 37}sle] HF w27}
1~5 mg-OC/L7} H=5 HSAIZTE W3-80 3] 9
gt S =ol7] A w87 A4S FThhead
spaceys A8} i om, AREE ] vplile EH
2 oJgt YIRS WA flste] HERE AlEsie] 9
Balatt. 2t AE87e EFrlEHe o)83te] Yol £+
P AAS T 208 T FIARE A F ZnlE
HPEAS A Lee et al, 2008). FFEAS
Perkin-Elmer®] LS-50B #3375 ARSI, SyF
(synchronous fluorescence, SA|38d) E=ollA =431
o} SyF ~HEHL 50mm 53 WE &3yl 500
nm/min.g] FAREE Z71001A4 350~600 nme] I el




A 21 BES FElHA)S 724 54 2 widEd §3 kg5 vin 73

A A9t B WEe 3 Zol(Abe= 30nmE Y
A R8I, e A8e Ad225°0rlA 435}
At

HA9} PHES}S] S23A13 342 HA A[A|9] Fgnie
Az el 2 (3)2] WHE--HE &I (inner-filter effect, IFE)]
7108 HAAIAS AR T, A (4)9] Stern-volmer 2]o]]
2 g3l SR FTIEARFES Bl (K, )RS
E=E3I T (Peuravuori, 2001). 2GS 93+ HA AlBE
PHE’} 371EA] 942 HAS = 1~5 mg-C/L(pH
6.0y wZ FAISI AN, WH-gE] S2HIFE)=
GG SS9 (e, 250 nm)e} WEI (b, 347 nm)olA]
o] HANES] UVEHEEE 2731 243t 3ol
2w, HAS] ZHIESll 23k IFE BARIAT 3 o3
73 PAHsY] #3344 B4 3] AF|Ado] wolA= A
o2 HIETHPan et al, 2007). o] & M=
HA A gt UP-Zejavfe] J3ks HAaslslr] 913l
HA 552 AU <5me-C/LE Ao 24 [FE BAS
215 1.0~1.5 H9) U2 X151

Ao X AoV
Fopr _234,Ax10712.34,, 410 .
A, A —A, A
Fobs 1-10 ¢ x 1-10 em4Y
FO
o 1+Koc[OCy 4] 4

¢

A BRI Foe HAE BRRwOLL, Fui B2

B FFAEeIM, 4,8 A FBEA A AR EF
(excitationy?} W (emission) I7gol|Xe] §F=olt}). Ay
yrlo|a A= e S35 YHIE YeRH
X3 v 22 559 WE Y(beam)d €3 7Y
(cuvette) 7129 Ajoltt. F@nEAISE BAs] 9
g Al PHEZL 371EA] o3& Ak =71 HA A
B2 O 1-5mg-C/L(pH 6.0+0.1)S W& ZAZH
% PHEZ} 37FE Al5910] Ak=2A] ARksidtt. 2 4yl
A9 Fge 7] PHES #34%, Fe HAS X5kl
U= AlBoX HAYFS B3 3=, [0Cu e
AFEE HAY $5%(mg-C/L)E VFERATH

- =—IC X~
- =21 2

3. 40 9 o

3.1. EQF HAQ| X1 97| 2= 3 SEC EMZT}

stejofol] ofs)] Eelst #AF 7 HA AN
Al BFE(wt, %)= Table 19] AASATE EX
HAS Q8 EA Z7]((MWCO) EX FJ9L >300
kDa%} 30~100 kDa®2A] Z}7} 33.3%%} 26.3%2] -3 H]
= el 53] >30kDa 999 11EA HA(UF,~UF;)
7F oF 72%= RS ARG 9hH, AEAF HA(1~10
kDa, UFs)= °F 10.6%% *FA[sl3lth. ol= &3l ®al
H slejodxpiol] ot telst 719e] B9 HACA 9] &
A X YT fARRITE G224, Lee et al(2003)
) 373 7199 EQF HAY tid Exf By =3

Table 1. Molecular size distribution (%), averaged molecular weight (Mw), elemental composition (%), atomic ratios and UV/vis index

of Whole HA and its UF fractions

Elemental composition (%)*

Atomic ratios’ UV/vis index

Size fractions Mass M,
wt, %) (kDa) SUVA

C H (0] N H/C o/C w (L/mgC) Ay’
Whole HA - 10.27 5347 437 3794 422 0.98 0.53 0.721 437 5.57
UF, (>300kDa) 333 16.95 56.19 477 3454 449 1.02 0.46 0.665 3.50 4.67
UF, (100~300 kDa) 12.2 11.06 54.87 451 36.89 3.72 0.99 0.50 0.679 3.60 4.90
UF; (30~100 kDa) 26.3 6.65 5462 421  37.65 3.52 0.93 0.52 0.683 4.17 5.23
UF, (10~30 kDa) 17.6 4.54 5434 395 3756 415 0.87 0.52 0.715 4.44 6.34
UFs (1~10 kDa) 10.6 331 5390 3.68 3844 398 0.82 0.53 0.725 4.63 8.66

*Normalized to 100% of organic compounds. “degree of internal oxidation (w=(20 + 3N —H)/C).

‘absorbance ratio at 465 nm and 665 nm
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Fig. 1. SEC spectra of the five UF fractions and WHA.

S 53 MWCO >30kDa®] 60~75% ¢l adshs
B3k v} 91O™ Christ et al.(2000yS FH3IE7} =&
EFHumic Gleysol) EZo|A A& HAA MWCO
>300 kDa2} 30~100 kDa F-%-0] 22} 52%9} 34%= F
8 ¥ 999e Bk v ok ol#fdt E4 HAY
EARREY EAe duzlog A7) HAOAM <10
kDa2] AEA} 70-97%2A thHE-S xpA3RS v e
o), E%F HAZ} 2719 HAd Hlws] uf-¢ H& 2x}
F 3715 713S HoFET(Thurman et al., 1982).
sejojupioz Rejsh 7F ¥xliF 7] HAQ Xt
At AR 3793 $Iste] 2+ HA A152] A7)
AAZrETY T (SEC) B4 BT Fig 1>
oozt Bl A Whole HAWHA) A8$} 2+ BA=F
718 HA(UF5)9 FAEZrtET3S Yehd Zoln,
Table 1> AZvEETIH0NMS] HEF AZHR)E A (1)-
Qpll He3l A& 7+ HA A859] 2RV TP &
AV (M, kDays ERPA Aot B24943 Whole HAS
M= 1027°0]10em, 7} BA5F A7 HAY M=
3.31(UFs)~16.95(UF)2] H$jollA] shejoixfate] #2874}
FMWCO)P| S71E=E A8k S7isidth. & A+
ol Aol 7} A A7 HAS M, 2 Li et al
(2004)°] FARE ghejojz} A@zAqA 23t o|Rk(pear)
7190 HA®l M, Fk(kDa)l 1.18(1~3 kDa)~18.56(> 300
kDay?} FASFSIS ™, Chung et al.(2004)0] X33k =)
sk Bkl 48 HulikFA)e] BAE EXE(M,) 3k
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28 - QA

ol 0.2~8.9kDall HlaEiM = H& ExlF 2715 Btk
g, SECO] o8l SAE M, #k(kDa)e] FHejoapdge]
A2l MWCO Fh(kDayll Bl sk AL 7|E 4
ol YAFhs AL ZA, BT Apoldl] 7IQ1gH}
Z, A4 HA A= g #pielA] MWCOo9] 7IEo =
AR BTEAE, 78 SRy ge] olsiEde
2 QI3 UF ol gA Zeix]7] wiiol] Jdidoz o
& AR FAZ71E UER7] WiEe = L2 ZIok(Christ
et al., 2000; Li et al., 2004).

3.2. X2 37|¥ HAS| lAMEH| U

Table 1= WHAS} 2t 221 718 HA(UF5)°] ¥
A An 9 UV-Vis 384 A7 JERd Aol
YAAGER} T3S v (<2 me)e] AIEZ A3
A0] 7FsatH, HAS] 22 544 tigh -85 HR.
B 5 d%0] UFs4 Cc9F H
o] BFEF (%) 53.90~56.19 2 3.68~4.772] HSIoA, E
A 2717 VRS (UFs—UF) 2718 whd, 09 &
(%) 34.54~38.449] Wl ISl FASHAT
QadiEnle gt Bo} HEst ARE A7) 95l el
gk gk H|(H/C) D Akdl] i ¥4 H)(0/0) 2 E
AF4FS} &= (degree of internal oxidation, w=(20 + 3N-
H)C) 5 ZARINY. 2 23y, HASl EAF =77t
7S H/C7) 0.82904 1.022 YAl S71sE wE
W, 0/CE 046004 0.5382 YA 2Asisdeh. w3l
HAS] EARRBIE (w) FE= 0.725(UFs) — 0.665(UF)E &
o] Z7VAA I Asiant. Bkl B
& Tt B9 7S ek AR E8EH, ©
714 Z7eMe] Bale ALGTE w ko] EoRle A
o] 3= ZoeZ UHXITK(Cieslewicz and gonet, 2004).

IukH o2 H/CHIZ} %8575 -CH,, -CH; 55 X%
k= AW (aliphatic) €Z719] ARo] ¢ a1, O/CHIZ}
TS -2 s 28719 o] e BoE gzl
THLeenheer et al., 1989). Wt o]g3t ZAxl= &AL
O] HA vATE A vislkrd s 54 =
gah, A B HA BARLTS 71258-44H-COOH)

7} phenolic-OH &) F/%187] &0l 5 AAgH

t}h o= 7IE F3oAMe] Auele IXshs o EA,
Li et al.(2004)S Bhagtzdl] thel B} FH2Q RS
AEdh= BC NMRS 245 &3l 2Ade] HA 24
UFE =& A= EAx(aliphatic carbons) S-S 713
< H}3om, Shin et al(1999)> 2R84V & 4,
pH S 53l IEAE] HAZF ARAF HA Hoh &



A 21 BES FElHA)S 724 54 2 widEd §3 kg5 vin 75

9 A 3 72847 S mmol/ge] S ¥Rt
S, BARIEE(wyt Al HAR 2455 3713

AL DEA HAYSE 24, A4-X3F 2R87)9] §Feo)
vhol BA7t B} viSA3S 1 ov|ehH, &4 {7
7] FE50] =& 7 des ARSTHAIken et al,
1985; Lee et al., 2008).

UVNvis B854 B3t HAY 54844 dg o]
S5 254 nmellMe] UV $3% F(SUVA, L/em - mg-
C) 2 665 nmoll 3t 465 nmollAe] E4%= Hl(Ay) 5

S =319, 1 A= Table 19 A|AISFATE SUVA
e A F717F SRR 4.63(UFs)elA 3.50(UF)

2 AASA FASIAOH, Ay FE 8.66(UFs)l A
4.67(UF )= YA A8t gabd o= SUVA 3t

Bon, 2 W gAdES TRE ZoE gEAH,
Ays B2 FE=EY FUs Aes ddee AR
(humification index)ZA] #AFFY &2F 729 U3
(condensed)ll= WHHISIAL, AF=(acidity)ll= BlEEH=
Zoz At Weishaar et al., 2003). Wl o)t
A= AEAEY] HA BALTS a4 Asrt =
< W, 31 BAEEY] HAYS S APISAT 2o
U/ (condensed)®] =2 BAF 72 A4S 7S 9y
S} o ok ¥4 BAHM/IC, O/C, w 5) B 7IE
T3loM o] Aol PA|GH). |24, Li et al.(2004y
EAFEE 223k o]8kpeat) HAS Ul oz 3
pyrolysis-GC-MS #43& 53l AEA HAE 2]71d
o] 2kA-33t WIATE pyrolysates 0] =& WhH, a1
2k HAE A AgRo] 348t AR A} (biopolymer)
oM freliske thet W= pyrolysates ] =55
W3k o] ARERE EY HALS A A7PE=
AR} AT AR U Al SRHESS & F
Aem, o]Hgt A A7 HAS EAE 540
gk BE= 23 T SOMY S HFEH(PAHs, T55 &
o] W54 A B 0|59 3 T Asy I Bt
of f83t AEA=E E8rlssIh

3.3. EX12F 37|12 HAZ PHES| S&AH4(Koc) H| 1

Fig. 2= Ex1%F =78 HAS} PHES] F2Rkg<] thak
PP PATE BAPES AW F 2] 3pl HEe3t A
< Stern-Volmer plots WERH Zlo|t}h. #4 A, e
HA AlFolA A¥3]7A2e] AAAT ()= 0.994~0.999%
on, 7187] #HoEHE AL 7+ HAS PHES| U
7t R 3R Al9=(Koc)= Table 29 AJAISFTH

o

14F

1 2 3 4 5
Concentration of HA (mg-C/L)

Fig. 2. Fitting results of Stern-volmer plots obtained for the
binding of phenanthrene to the Whole HA and its UF fractions.

Table 2. Sorption fitting results of Whole HA and its UF
fractions

Fitting results by Stern-Vomler plot

Sample Koc log Koc
L-kgC") (L-kgC™

WHA 56,234 + 768 475 0.999
UF, (>300kDa) 74,308 + 1,120 4.87 0.994
UF, (100~300 kDa) 58,393 £ 1,640 4.77 0.997
UF; (30~100kDa) 42,218 £448 4.63 0.999
UF, (10~30 kDa) 34,572 £1,230 4.54 0.995
UFs (1~10 kDa) 28,410 £ 690 445 0.999

Whole HAS] Koc(L/kg C')= 56,234 + 76824, 7|&
3o BHyu® E9F HA-PHE &35 Q) 41,000~
58,800(Laor and Rebhun, 1997) & Lee et al.(2008)°]
Rk ik EF HAIAQ] 31,400~83,4002F A
ool AJt. EA =719 WE Koc(Lkg Cye 3
oA B = Ql5o] UF(56,234 + 768)°114 UFs(28,410 +
690)= JFSHAl 7HAsiaict. Hoh HElgh HluE 9|t
SEC ¥4 %3] d& HAG, UFs)e] 2x7] Bl
(M) log Koc®}e] 73S AR A, eAlT=
(+)0.96 (p<0.01HEA] =2 U(positive)] IS H
AthFig. 3.). ol =2 EAEe HA APt At
HA®l| ®laal PHES} 22 A5371slekE<l sl o
T FEHEES 7RIS onlsith. fARSE Sl2A, Chin
et al(1994) 2 Hur®} Schlautman(2004) 52 E o
FA7Q9] tokel Whole HASF FAZ thlo s 217
EARE(M, )7 Pyrene T2 (Koc)otel 3 45
Eaf Exjgo] 7182 Pyrenele] E2F31E 0] Z7}
ks ®Bugh b Qo
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Table 3. Correlation coefficients between the log Koc values and structural parameters of the UF fractions

Mw (kDa) H/C o/C w SUVA Ays
R value 0.96 0.99 (-)0.89 (-)0.95 (-)0.99 (-)0.89
p value 0.010 <0.001 0.040 0.013 <0.001 0.043
49 T T T T T T 4.9 T T T T T T
4.8 ] . 4.8+ e
R=0.95
@D (P<0.02)
o —_
E 4.7 . %D 4.7 .
g =
— o
%o 464 R=0.96 | 540 4.6 i
3 (P<0.011) o0
- 3
45 | 4.5 ]
44 T T T T T T T T 44 . i :
3 6 9 12 15 18 0.66 0.68 0.70 0.72 0.74
w
M, (kDa)

Fig. 3. A correlation between apparent molecular weight (kDa)
and the log Koc values of the UF fractions.

34. X2 37|48 HAS| EXIFEEM I Koc2lo| At
o sliM
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4 HAS] ERAEARAAEN], UV-vis 3= 5
PHE S2P35(log Koc)ole] JAAAE F4ste] Aeeh
Aot} YLAEH|(H/C, 0/C, w)et F2d=rele] oA
4483}, PHE S35 H/ICSH= =& ()9 AaA
< HQRMA, 0/C B EAKBI=(weke 42 48A5 ()
(—)0.89(p = 0.04)2} (-)0.95(p = 0.013)2A] 2(-)9] A=A
HATHFig. 4). 0/C w #9] S7H= A U Ak4,
2rg 28719 o] =0 HA B4} B 54
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Fig. 4. A correlation between w(= (20 + 3N — H) / C) ratios and
the log Koc values of the UF fractions.

molecular descriptors) 9= & 4 3t} $HH, H/CE
log Koc®} 8AG=(r) 0.996(p <0.001)ZA H/C2] Fro]
Z5E log Koc #o] 7431tK(Table 3). o& HAb
B2 2Eg HACAS] vl A] RS o] A= A
o] Hl&o] 2(F, HC 37D IEA HAYSF=
HOCs9}e] F2z1st o] 713k Axgitt. dRizo=
HOCs®Fe] 22 SOMe| A7 322 40 o
g} & ApolE Holw, =8 FAFFo] AE e W)
< A1) tistele of7lA] FYskE ol&e] FHY
Ho] QA ke AEIe)S 12 w(Chefetz and Xing,
2009; Lee et al., 2013), ¥ A7 2= EAFATI) o
& 3EA} HAYME AHE AEo] HOCsS] &3l X
o AR S vR= QRIS AARHY. ol#g A
Th= S AR o] =2 SOM]! A=A (kerogen)
7 F22KSalloum et al, 2002) 2 AE7)LY] F7E
(cuticles) (Chen et al., 2005), &% (Lee et al., 2013)
55 de = BuE HOCsoke FH5A 719 #d J
o] AFATeE YRS}

olEgt AHEe UV F354 X T SUVASE log
Koc 73873 4 AHelM= sl 2= Fig.
54 E 4 %ol SUVASE log Koc®l AT (r=
(=) 0.992(p <0.001)EA ILEAANX AEA HAR 2=
5 R g Hlgo] HoWAM (&, SUVA 71 PHE
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Fig. 5. A correlation between SUVA values and the log Koc
values of the UF fractions.
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