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ABSTRACT

Fate and transport of hydrophobic organic contaminants can be influenced by
naturally-existing humic substances and surfactants applied to wash polluted soils in
the subsurface environment. The objective of this paper is to study the solubility
enhancement of four PAHs (polycyclic aromatic hydrocarbon) and p,p’-DDT in humic
acid and surfactant solutions. As the number of aromatic ring is increased. the extent
of solubility enhancement of PAHs by humic acid increased. Although the hydropho-
bicity of p.p~DDT was the largest among five organic compounds used, the extent of
solubility enhancement of p,p~DDT by humic acid was lower than that of pyrene. In
case of anionic surfactants, the extent of the increased solubility of five organic
compounds by SDS and SDDBS was increased linearly, but the extent of the
increased solubility of p.p~DDT by MADS-12 was lower than that of perylene.

Key Words : Hydrophobic Organic Contaminants, Humic Substances, Surfactants,
Solubility
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of Zojgo 2 ojfoH Ur A v£d FRE
Zte ol ABEAAE ARSI AMEE A
7HA gol2d AMEAA = vlE Sigma Chem-
icalsAbllAl 9% sodium dodecylsulfate(SDS),
W= Aldrich ChemicalsAtellAl 748t sodium
dodecylbenzene sulfonate(SDDBS)$} ©% Dow
ChemicalsAtell A 7] 2% monoalkylated disul-
fonated diphenyl oxide(MADS-12)°]%1t}. Table 1
& & Ao AMEE A 7A] Sol 24 AWEA
o] 7z EA4& EdF 1 sled SDS, SDDBS,
MADS-129] &< &2944E du de nd
(tail) ¥¥o] 12708] B4 A& 2 o] FolA gite
Rol1, #to]H-& SDSe| v]&] SDDBSw WAl 12
7} 31 o lz SDDBSe Hl&l MADS-12& ¥

Table 1. Structures and properties of se-
lected anionic surfactants'®

surfactant structure MW :1:;(;
sodium dodecyl C12H25803Na*
sulfate (SDS) 2884 2100
sodium

C1zH

dodecylbenzene @ e 348 1000
sulfonate (SDDBS) SOs'Na*
monoalkylated —CraHas
disulfonated diphenyl 515 113

oxide (MADS-12) SOsNa*  SO3Na*

e o] A olg]l 2o shuiy o e
7t Aotk ojgh e A 717 Soj24
BAE AHES ol e FUTFZAM WA 2
&S oty HalA AAgLA e 94 g} &t
U Z715 & SDDBS, MADS-128

 EEF, olEo] AHEAA vlojd o

2 a5y
FPILHEAE FHANIE 715 2H 299 A
SERE HElsted AHEEE Rl BaHoAA 9)

7] Wgoct ¥

Table 2& ©] d@dM ALLE 254 f7]edy
S84 A& vehla led WiE 57 388
¢l Y2 &3l (naphthalene, &% 99+%), AdEYU
(phenanthrene, €% 98%). 3toldl(pyrene, £%
98%). M ¥ W (perylene, = 99%)¢ ] 714 &
A3 ZFA R 20l€ pp-DDT(EE 98%) BF
Aldrich ChemicalsAtellA] F3]%F Rolny, 244
A=E dehlle B log Kwe YEEI<E G
Ed<ao|A<HEYW<p,p~DDT &°lt},

4. ddy

4.1, Ftoll 2t 24 RIIQAEEES

BT =7t

500m &2 vt EetxFd FYdE 27 10,

Table 2. Molecular properties of hydrophobic organic compounds®®

Molecular structure

Molecular weight

Water solubility (mg/L) Log Ko (octanol-water)

naphthalene @@ 128.16
phenanthrene 178.22
pyene ©®(§) 202.26
©
perylene @@@ 252.32
©
p.p-DDT C'Cl 354.5

Ci1Ci ClI

31~34 (25T) 3.36

1.6 (15T) 4.57
1.6x10" (25C) 5.18
410 (257) 6.12
3x107 (25C) 6.36
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o] R ZE 43 F ¥ wEIL
4¥ 23kE 3% oAt

5. &nt ¥ 1nF
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Fejatel ogk ¥ kA H*G*a:— f71 EEET
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o2 AFE log Kin#tol 78S & 4+ A,
A meiyt £ 747 @ Civ 5 Belde
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Fig. 1. Plot of the concentration of humic
acid vs. (Sw*/Sw-1) for organic con-
taminants.
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humic acid.
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29t ® Table 32 ol APolA 8 Aldrich
Felitel 9 5714 244 /7)1 L9 BA L Kind
AP ojHel] B & Jehiuc.

244 F7129829 BIATE FME F
2 2t9) pseudomicelled AR EAIA ] vlo]da} 2
2 4gL AT vieldo] vE] W An =3
o FERHoRL Aoyt 9ok FHite] AL aF

A F8o] WEE HFPEZ o] ol e ukd, A
AEGAY Ate A & At nyst 2ot
ol g olfFAX ARLAGA L vle|delM 2HE
Ao gdll= S7tol ) WA ne] 45age o

¥ HEE A8 B+ ok

5.2. S0|12d AHEYHO| 2F 24 7

7\stgtEe B &7t

Fig. 32 &°]&4 AWgAdA o 2 g oAl 714
add #Fr71e9 84 2dln 5718 BdFEn
ot AREAA 7 CMC 0|48 FEoA] plojadl g
Hysng d¥o] ALg®H AUGHAY =&
CMC ooz gt AREdAd 2z a4
#1484 F5HE HEE Kelmicellar par-
tition coefficient)® Vel EE, H71M Kee
vlo] Aol A Full A2 A ZA (weight) 7122
Uetd #e 2 Fig. 3olA EdF3 2lRe] SDS9}
SDDBS® B 71 #7128 HEY &)

T7HEFE log Ku?t S718t3 S8l5€ & & itk

—e— SDS
g SDDBS
541 —w— MADSI12

fog Kw
»

5
Iog Kow

Fig. 3. Plot of the log Kw vs. log Kow with
three anionic surfactants.

Table 3. Solubilization of hydrophobic organic compounds by Aldrich humic acid

naphthalene phenanthrene pyrene perylene p,.0-DDT
Kua (L/kg) 1.78x10% 5.60%x10* 6.31x10° 1.20x10° 2.11x10°
log Kua 4.25 4.75 5.80 6.08 5.32
Reported 457 5.74% 6.38” 5.56'9
log Kua 5.82%
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o] Atz Fig. 200A BoFE FY4td 23 §r1e
FEHY iz Fve gE P4E men
SDS, SDDBS9 22 &ol24 ARG A vlo]
Ae 7hed o] 12709 4 g2 ¥ my
(tail)7} ZA3le RoZ Fuite WA nelg &
g Qe a4 FESE FRE0E dar) o
ol %7129 84 SDS, SDDBS7te] Atsa g
A 3ay Aol 34 9%E viHA B Aot

MADS-12¢] ¢} o4l 74x] o129 849 &
3z F7F F=E Aol AHE SDS. SDDBS%=
g g BdFEd JEedds Hydzs
© &F40 7185 E log Kugkol F7EA 9,
p.p-DDTH log K.@t€ HEdAET t}2: Yol A &
BoAF3 SIoh(Fig. 3). ol2& MADS-129] #+&
24 49% 4 g, MADS-12% SDS$ SDDBS
o} vl A 12709 | AlE e goy wpgx
A4y Fo WA merst o gz =%, SDsS%
SDDBSx W (head) ¥ #9 0|29 S0571 @
el gt MADS-12% SO:7F ¥ 77 A 28
Adoh MADS-12 =3 #9443} f712983 A
olof 4l Vehte WAl e A4 93-g uH
e 4 Ut

Fig. 4& Al 7}A] Fo| &4 ARG A I &
F4 frlededEe fds 3V IxEE B
(mol) F2& A Aol Knlmicellar parti-
tion coefficient) vio] oA Huj ALE & 7
F2o2 Jehd grojtk, 2A 712 K2 JehiY
& HEt Koo Yehlidd o ARgAA
T4 A=t BAE & 4 Ut HEE {olage
9l PAHs9 ZA$olAM, =% MADS-12>SDDBS>
SDSe] oz 3% 271 =7t ARG SDSH
&4 Bt SDDBSe] 23 W3S f718%E
£z F77 o & AL o] F AWGAAY 72
2 A9g & e, olgL ¥4 Al £9 SO5°
o] & #2\v SPDDBS7H WAl nE & A o 7}
Aa Yenz s {72880 WA 29
F3Ag-o] 2Usi7) dEoltt MADS-12¢) 2lg &
A4 fF71ed g4 485 F717} SDDBSEY} ¢
& & WA nert £ vo]7] ol MADS-
129 we|f89 F4E "e gl SO:7t
SDDBSel H|#] % vjo|m2 ©2xz}7} vjo]d§ o
E o oz Qe £ o m&dlm & vlold

—o— SDS 0
. SDDBS OO0 v
51 —=- MADSI2 © P
v 1
E S
v ©© :
2 00
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31 //
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] 6
lOg Kow

Fig. 4. Plot of the log Kn vs. log Kow With
three anionic surfactants.

{n) 5D8 (b) SDDBS (C)MADS-12

Fig. 5. Formation of micelle at the oil/water
interface for the solubilization of
hydrophobic organic compounds by
three anionic surfactants.
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Fig. 6. Solubilization of phenanthrene by
three anionic surfactants.

& oA 7] o (Fig. 5).

Table 4= Al 7}A] ol AHBAA o o3
244 7129 B8 BHEE FX& Yol
. MSR{molar solubility ratio)& & £3|%&
H-& 24 CMC ol dolM S8lE 52349 7187
2 238 4 3 Fig. 6& A 71A AHEA A4
o8 HIENY Fr71E R =g Jehel. of
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Table 4. Solubilization of hydrophobic organic compounds by three anionic surfactants

surfactant MSR log Km (MY WSR log Kw (L/kg)
naphthalene SDS 7.52%107° 2.40 3.34% 102 2.94
SDDBS 8.70%10* 2.52 3.20x10° 2.97
MADS-12 8.40%10 2.50 2.52x 1072 2.71
phenanthrene 8DS 9.9x10° 3.17 6.1x10° 3.72
SDDBS 1.35%107? 3.30 6.90% 10 3.76
MADS-12 2.07x10% 3.47 6.40x107° 3.7
pyrene SDS 2.60%x107° 3.64 2.20%x10° 4.14
SDDBS 3.40%107 3.71 1.90%x107% 4.17
MADS-12 4.70x10°® 3.87 1.70%x107 4.11
perylene SDS 1.05%10™ 487 1.03x10™* 5.41
SDDBS 2.03x10™ 5.13 1.05%x10™ 5.44
MADS-12 2.12x10™ 5.17 9.01x10° 5.41
p.p-DDT SDS 1.65x10? 5.01 1.90x10° 5.55
SDDBS 2.10x102 5.32 2.10x10® 5.63
MADS-12 6.01x10™ 4.64 3.04x10* 4.88

adzA 7177t MSRe] H1n RE Ho|E <]
R gt 0.97 o)elglth. AGE, o], HY
o) BfollAd MSR #t& vl@asiBd MADS-12>
SDDBS>SDS wolghe AL o & Ut o|AL
A 7tA AMEAA T MADS-127F WEE #7138
HEY LA E 71 Bol F7MIASE BAET
WSR(weight solubiity ratio)& Fig. 6914 mM
4l mg/Le A4bete HA £ £ 7€78
A4HeE go] Eth WSR-S #8730 x e &0 B2
< FYste A ZLe JdAHQY EAA MSRE
tt /&8 4 3t

6.2 E

2 dPodde Feata ARG 2 G4
712 e & f71e9ER #3F S vlus)
B2oich WEE fU1Ee) AL, Gzl
Heddoz WA melr F7184E FUAd o3
£l 271 F3Er AZeY pp-DDTY 25+
oAl 7hal B e 3 Aol MY Belx BE

)
&
oAzl 7 An FA4E de Cl7l Wi

Felatel o g S8l F7F AEr) ol RTE B
Atk olel @ Ade FYLE L5 FUIedER
el WA zE A3Rgoz 7gE Holth

A A SoleA AdgAdAl g oAl 7R
AFAd #7129 84e] 48 F7F dYelMe
SDS$} SDDBSe| 9f# &3lx 7t A9 A=
vlgsled Frksilout, MADS-12¢0 9% pp~-
DDTY fdlx F7ie HEYeY Bz F7/HET
oA 2 g JehiT ol Aode FUA
7} wpzb7iR| 2 MADS-12¢9] F&HQ A g
a5 F7129 829 WAl ne Jzatge] o
e VLS BFE Aol

AdH o2 EAe FUAND oHE EFE A
2ated AHLEHE APREYA # o 254 R
HEAE FHA7IA T, FHA pseudomicelle®}
ARG 9] vlojdle] FxAHoR Thay] Wi
L2 5 FHx Fdo] @A, AFY R
NNedEA T/ S whe} 3 Fado] g
Bt A AA AN EF AHAZAM AW
SAAE AL o AAN & 2F9EH] EHE
setstn Arlol] HHEF ARYLAE MgHesg
Algstaiol & Aot}
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