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Abstract

Sediments of Little Scioto (LS) River in Ohio was contaminated by poor disposal of creosote from Baker Wood
Creosoting Facility. Among the primary compounds of creosote, Polycyclic Aromatic Hydrocarbons (PAHs) are the most
comimon ingredient. PAHs are known for toxic, carcinogenic and mutagenic compounds. There are many difficulties to
remove the PAHs in nature environment because their characteristics are having a less water-solubility, volatile and low
mobility properties as increasing the molecular weight. The generation of hydroxyl radicals ( -+ OH) and hydrogen
peroxide (H:02) forms as well as high temperature (5000 K) and pressure (1000 atm) by a physico-chemical effects of
ultrasound during a cavitation collapse can promote the degradation and desorption of PAHs in sediment And it can also
produces shock wave and microjets which are able to change the size and surface of patticle in solid-liquid system as one
of physical effects. Therefore, we explored to understand the role of particle size, the effect of elimination for PAHs
concentration by ultrasound and optimize the conditions for ultrasonic treatment. The condition of various size of particles
(> 150um, < 150¢m) and solid-liquid ratio (12.5g/L, 25g/L) for the treatment was considered and ultrasonic power (430
W/L) with liquid — hexane extraction and microwave extraction method were applied after ultrasound treatment.
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& @it} (H, 2006; Wang, 2007). PAHs= A1.2.0])
A A AR R, H)ho] E11, F71¢0] Wom Bajer
71l w2t Eofl thgt §ai=7t W Agad HAS
ZHAc} (@E, 2006; Haapea £} Tuhkanen, 2006;
Hwang and Cutright, 2002). PAHs 2] 0|23t &4 jf
2ol E% 2 A= gA T2 o] FAIZHE 4
A FH=A go, thefet 24 (31, T4, A5
T2 ol 5ste BT 0 LS {4 9o o
A AL E A7t P asict

AALZAZ]HWHO, 1984)= S-8<rof] EAsh=
60015 o}o] 5712854 7h2H) PAHs, &5,
S, G3AR, AR 5 181 A
A Fol 2F = DA AFdEEA, ofaPolm)
&, EdJ&ZYEl (trihalomethanes-THMs) S-S 217k
7T BE 8 A 12 d9 Bl e AAst
Aot T3} o= F4 R 54 (U.S EPA)2 PAHs 718
o e, w2 G4 2 o9 e st
+ F8 16 7}A] PAHs T/& 443t 8 &4
71Eol A&l glen, AA AHE 5F $A
(Sediment Quality Values, SQV)) ZAL |5l o7
719] PAHs %% RA}(U.S EPA, 1993 b)E AlX}3}
7|15 3t aRx|gt fEjuete) A9, EFe AT
AlR71E 2 718t 378A el oF2] PAHso] digt
TARSE 2 EEAIEH tist 71%0] gl AFo]
th

I =AE8E A (advanced oxidation processes, AOPs)
71 sl 2FTHultrasound) 7]&2 HHGAIo]
743t OH =)z} 3%3}17) E(cavitation bubble)o]]
ofaf 1.2 - 1t AR E WE3h= AulE o)A B}
(cavitation effects)2 TEAo] GESAHEZLS A)A
T 4= At (9, 2003; 7, 2004). 3], FF|EH
2o 71 f - o JHolA] 2 PGB Bafj=
A2slis} sk e dEEe) B - 3j8ka) Ao
et APE B 4= Qi olejolE, DY URIE S
T AARlo]] 22ukE AR A9, YR By
Z2Zto] QISR QI8 H]thA) =) (asymmetrical) Q]
53|27 Buge) o]u) microjet T micro-
streaming¥} Z-2 w3t 2kF7t FAIEO] shock
waveE T2 &/443F A2 4= Qi1 (He 5, 2007;
Suslick, 1989), o] HAMEL 11§ UXFEH] 3
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4] (erosion) X &3 P o] 5}7] A/ Hpitting)S &
S 70t} (Prozorov &, 2004). Wb 2 HH EF ¥
AAEE 28392 AP T 7 microjet I} shock
wavest 22 B2l Eje] ofs) Y27 2 Feprt
FHSFE] 1 (Ly, 2002), 2= o] e L HEZ(PAHS)
I FREA RAE, EDAeIY AfEE oA
o 2 A a8 FHAIZE 5= Ut (Feng, 2000).
a8y dB o2 97 (Suslick, 1989; Prozorov,
2004)9] 4, microjet®} 22 E2|2 a5 A7)
AeiM= THEY A7) FFE =il B
W3R 9lo], L EE EY W JAHEY] 230 A A
Y2719 Fo4E e 4= Ak AT B o
i) A= 50 2E8E PAHs £3f (Laughrey
%, 2001; Little 5, 2002)¢} 219] 2 GAI EoF 9 &
AEo] ddegEde] AAEE ¥ 239 9%
AF

=

=
3h(Lu 5,2002)7HE B0 2 w2 Ao| tf 7
ojct.

mekd, B 97 PAHSE o9 @% AHE

(Little Scioto Liver, Ohio, US)9] JA}=27]o] whe} 2
== A2 ¥ B, YA 9 F2HE PAHs
o] @ajo] of @A) thex] Yohu A gk,

2. M= 3wy

21, 9% EHWUE 9 MY

2 AT-olA AMGE A E(sediment)= H|= 23}0]
2 Little Scioto (LS) River] PAHs 2 2.4% A&
URE AF st} ARSI AFTT JHES vgt
E2 A3 ¢RulE3 Yol Fob £=(hood) ¢tefl 1
Y B AzxSAE ARE AAEL AEA AY
& E5}0] 150 4m (100 mesh) 7|22 2 Q42 Bajst
%At} 150 4m o] YatAlEE 2 AP (Large
Size Rnage, LSR) 2, 150 um 0]3}2] QA | g= 2
AAH Q] (Small Size Range, SSR)Z FLH 35} o] 219
skl Belat AmE FUeA A1 T, 24 3o

o % 4o B} AT AHE ) PAHS
0 QB F3} FEUAE Hsh gt AR
AAE A & 7|A| 22 0tE 1 g/ AFE A 7] (gas
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chromatograph-mass spectrometer, scan mode)& =
slo] AAQEA] 3bglck. 2 A3, naphthalene (NAP),
acenaphthene (ACEN), fluorene (FLU), phenanthrene
(PHEN), pyrene (PYR)S HEE 2, o] 7hed)
7P dedize}l =271 =2 NAP, PHEN, PYR &
HAEL R Aste wakehoick

NAP, PHEN, PYR BAA] A A g]o] t}E 3)+L-5
BAS] Slste] WREEEE H7HEAH(internal
standard addition)2 o8¢ ov, WEHIEEEAHY
naphthalene-dg (NAP-ds), phenanthrene-diq (PHEN-
dig) 21211 pyrene-dio (PYR-d;0)-& UltraScientific (1
#%mL., North Kingstown, RI, USA)ofl4 £¢i3ted AF
S350t} 0| 2o % naphthalene (NAP), phenanthrene
(PHEN), pyrene (PYR) 5-& > 99% (HPLC S-2) o]
AFO 2 sigma-aldrichAlol| A 1 3ted A5k 7]
el o2 A #Al(hexane), OFA|E(ethanol) “1&]il
Wek-2{methanol) 52 Fisher-ScientificA} A& o2
A1 HPLC 5+49] Fisher-Scientific, > 99% o]A12] A]
528 FYsioc

2.2, dEEx A 4y

25 g/L)< F{38k Figure 1(a)
710 ¢ &, 4A Ay T A7 g2 5ke] 51 N

Heating / Cooling
water exchange /

(a)

Fig. 1. (a) Schematic of sonoreactor,

[::> {solid phase)

£2] % (Figure 1(b)) 41 2 FFstAAtt

A ¥hE7]= pyrex (60 m) 2 2] 5] water
cooling jacket-g A A|5te] 225} A 2)5<t 18-20 T
o] ex2 AHBHA FABIGTE AMEE 239N 20
kHz hom EFQ] (Fisher Scientific 550)2.%, H(tip)2
HA0] 1.2 em” 0131, ¥H7] 2 Y Bl SR 430
W/L ojgich 253k A &35 FE3 (photo-
degradation)S HWX|317] QlsiA ¢FulE3dE vt
$7] 958 ZAsgch

2ouls 223t A 240 ml)= 50 ml HjLE
off £71 3, YAE2]7](Thermo Scientific, Waltham,
MA)E 10000 rpm, 10 E(min)7F X 2}abe] 7 - of 2
2i(Figure 1(b)) 3tict.

2.2.1. Soxhlet &% (liquid—hexane &)

AR E2] & AFSHL soxhlet =2HS o831
ojnf) AMg-¥l F&-gulisolvent)i= El4Khexane)/ OPAIE
(acetone) 2:1 H[&R AR Y F 24 AFER S5
algict 2 A WEHEE £F (NAP-ds, PHEN-dy,
PYR-di0) 10 4 F:9J8te] F2atrofA] wald &
= s QAHE A} shqich 2% dit (6 mi)
SN, 7EAE 0|83 0.5 mE ¥ T GC-MS 2
A5kt

P ——

M'vcrow.ave ) Liquid — Hexane
Extraction " Extraction

{liquid phase}

&)

(b) Extraction methods of the solid-liquid sample .
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2.2.2. Microwave £&%

HAEY = JAAE 1 EL2 microwave FE2HE
o}-g}o] £33tk microwave &5 228,
7 FEA7E A2 WA A HL HAPA 5
o} AL 7HN 2L 913, olef BB &9 A&
AHAdol Hojuk EtAA AlAF (heterogeneous
system)ol| A} ThFSE 7 - {I71ES 2] A @
o] g5 Qick

B dFof| A ARE-E microwave (Milestone, Shelton,
CT, USA)+= )] 1600 W 7} o)A 12-2( &) 2507C),
(A 435 psig)Q] 5-100 % HARE 2Hsp AL
|2 4 e Aot AR & Faixl AHTY
2 FAYOMAIE 1:1 (12 ml : 12 m) 3} §HA HZ2
A2 2] microwave Hvessel)of A = £, 120 C,
150 psig 2704 258 F<¢t F=&3tqich o] vy o
Al) soxhlet =23t ap7IR] 2 10 44 o YREE
EZ(NAP-ds, PHE.-dio, PY-dio)S F3le] 255
QT 4 Q= TS BASITE B3 JA
Bl &4 & £ = FBRE (sulfate) 2] 7Hd%}
|5 A5 Hsl &4k 2](copper) 0.5 g&
FY3+ct microwave & ¥, 1 E ¢ 1 Q=
go(solvent)S A3 N, 7IAZ A|ZE 0.5 mlE
== 5 GC-MS 2 243519 c)

223 YUKF7|EZ EM (particle size distribution)

237 H2jo] the YHBe AT S5 )
pAZIEEZ Wl dztar] BA7|(particle size
analyzer, Malvern Mastersizer) 2} SEM (Scanning
Electron Microscope)g o]-&3to] E4131%ct o]¢]
ARAES +8 ek 371 EATHE EGeEsd
A8 7)123t EPA method (9060A) o] AAIEH B o]
gy,

23, S2M=A ¢ oy

7t 2708 283k AR ARE AlA AN
AA2HPHSe A & GC-MS  (Thermo-Finnigan
Polaris GCQ) Aleo]- 27 A H(selected ion monitoring,
SIM mode) 2.2 AFslgick PAHsE Ealsl7] 93t
A o2& CP-5 fused silica capillary column (30m
x 250m x 0.25um)-2 AME3FF )

3. Zat ¥ u¥

3.1, LS YxiT7Ie Halo@es Salsis S

Table 1-& A4S E5F 9x=7]H (LSR/SSR)
7842 BHEAT AdBo 29E PAHs (NAP,
PHEN, PYR)} 2] - 51514 54 Letdick. Table |
2 150 sm o4k YAH27] (LSRYE 7H WAE] ]

Table 1. Physicochemical properties of the particle size and three type of PAHs

Particle Size Range

PAHs in LS sediment

Contaminant

Sediment Property Large Size Small Size Property NAP PHEN PYR.
Range (LSR) Range (SSR) e 29
( > 150 /m) ( < 150;m) ) ) (©e)
. Conc. LSR 109.2 405.8 209.6
Dry Weight (%) 94.9 97.8 y
(nmolVg)  ggR 80.5 311.5 173.3
Solubility (1mol/L)
pH 7.5 7.5 @20C 246.9 6.74 0.688
Surface Area (mZ/g) 0.199 0.273 Log Kow 3.34 425 5.08
. Hemy's Constant
Ogs:l‘:zmc*(‘,fj’)"“ 7.3 5.7 K 0.043 000324  0.00092
K (KPa.m:'/mol)
Loss on-Ignition 16.8 133 Diffusion Coeff.in 8.69 724 6.97

(LoD

water Dy, 10°
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FH 0] 150 um o]5}F 7] 0] WAHE (SSR)ET} 2Ho.
o, 4718 w W FAUES Fotel T 9718
i

FaE2 LSROJA] t] =4 yetsth o) SSRQ) HIE
W2o) LSRETHOF30 %L o WA, A4 —3}3
o] 9l §7]Eek2 LSRO| v &7 Upelu, ol=
A7) 27) F2tsoiols PAHS BES BHAE
Flolak & o)

PAHso| 2% EAJ-S H1H NAP-Z PHENSL PYR

off Hjgte] iAo Eof ot gzt A9

Slak(n) 201 10-100 ¥} ol4F2] ZjolS LiEhy #

Shgo] of 2 Bao]/|E stk ST, £ &

2243 (hydrophobic)& 47 B4E AL ke

EEH) A4 (Log Kow)+=PYR, PHEN 21231 NAP &=
L2 vepgrh

3.2. 281} HMzlof mE ’E. 12 gxt=7|Hst

Fig. 2 & A7 (LSR, SSR)t A A=A R E 2
L3} 2] Iof QIR ;1_—@,7\ {particle size analyser)
o|-&5le] YR HE (particle size distribution)
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Fig. 2. Particle size distribution change with ultrasound
freatment. (solid-liquid ratio = 12.5 g/L)
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A7 ﬁﬂ =& gl g 4= Q)i LSR4 25
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SSR&] A& W 5.282 1 Bkt xolrt ¢

t} ol _%7] 7\_0_4 Zglof <)t E7H11(Dlsruptmn)
Aol dAE 2 AHLSR)Ol =A YEhue, A
1% d7be) w3 w23 Ae7) wobA 100]51e]
A Hehich SIU YA e 4 (5SR)
214 BTt ot 285 A 4 - F U4 w5
ARE Hol REWAE Helth ol U]
9 27 S AR e A ET] 913 LSRe}
SSR 10+ (min) oW 233} A2}5et YA=27] 4
£ Fig. 3 3 7o) Urehilolek:
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Fig. 3. particle disruption rate with different particle size
range and solid-liquid ratio.

Fig. 3 2 443271 (LSR/SSR) Wizt whe} 2-&ub
A2l Al YAFZ7] HERe-E RojEch 1 A3 YA
7\7} B0 AAE dAEsiS R o 24 dehd,
LSR O] YRSl & (k) 0.366 412 7P BH,
SSR (ks)2- 0301 WERdT]. o]= He 5(2007) £}
Lu(2002) 7} A AJek vie} Zho], @ AH EoFo|ut A
i Ze B dA Alage] 280 A8 3 e ¢
A7)} Tk Hel 2 AN SHTS SR 2t
olth. w3l YA} B4 283 M| Al AH
X=microjet 7} shock wave EAR2- 22 U7 H 9
oA B} oS A3t | 2 QS-S e ¢ dle
g, ol JAmHANA Fe7iE w1 A FAE=
microjeto] H& W FFE nlA7] Heixe 1=

2
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FE A1 ZoloF 7] oI
ol#dt YRI=71E 283}l microjeta} shock
wave®t 22 53 Aol w2 YARAASE &
1317 84l SEME o]-g-5fof Bast A7HE Fig. 4
off Attt 1 Ak obA A upe} o], 23
T A2 YA=27]9 ota - B4 5o 2R &
AU 4= Q3L A F YR 7| FHA HI= Fig.
4 (after sonicaion, b, d)& 53] <& 4= Uitk LSR
2] 7 ©(after sonication, b), 2-&u} 2] & microjet
AR Qlste] kWAL w3l ATV R
L}, SSR 2] 79 (after sonication, d) LSR Rt} FHo]
o 119 11 ofglof| ihE = FElE T = gl
AnAoz o 9d JHAEY 231 A 1y
29 dAT7)E 50T HeE Agsta, gAY 2
) 9 7 5IE Fol7] A= dA 2717 24

2 EUEYS ¢4 9k

3.3. =3t XA ZHE UXIZI|E PAHs HIHE L

3.2 oM AAIZE 25w} Ao wE A7) Wt

<before sonication, A>
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o} glEo] &= o] 3l PAHs 9] AlA & & YA=
717} oA F3E dotRy] Yl Fig. 5 o] L8 =2
¥ 28yt XAzt et PAHsS] A|AE ¥3E
bt Fig. 5 of] AjA|3t PAHs 5% Bisk= 235}
A A7hd $AR AAkT T4 A|RE soxhletd}
microwaveF&HE olgsto] AAE Holl=
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Fig. 5. PAHs degradation rate with sonication treatment.
(solid-liquid ratio=25 g/L, sonication time = 80 min)
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Fig. 4. SEM images of particle size change with and without sonication. (LSR/SSR)
(solid-liquid ratio = 25 g/L, sonication time = 60 min)
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o|#§k YA 7] PAHs AAESE dotkr] 9
3 PAHs AjA&EE Table 2 off A} sjict. 1 4
7} LSROJA] PAHs 9] B84 =7} SSRETH oF 30%0]
Ak =otom -7 A|ALELS PYR, NAP, PHEN 40
2 UErgT

Table 2. PAHs degradation rate with different particle size

PAHs

NAP PHEN PYR
(knar) (kpren) (kpyr)
LSR 0.0014 0.0011 0.0016
SSR 0.0001 0.0004 0.0013

=7t Hﬂ}aﬂl l
A=271H 2
% (19973} Pmo
ﬁo]ﬁl—/\ olq_ u;ﬁq./\«g 9_0:151 501: al il
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3 YA Ashe 42 FastHard S ¢
et
Fig. 6 2 12.5 g/L, 25 g/L 31941] 274 PHER
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- |7} 125 g/LE W S 11 AlAEo] Zol
;} =17 Lrebstth (PHEN. = 15%, PYR =23%). ©]%
2 Table 204= &9l 3o PYRY Halj&=
(0.0016 min")7} PHENQ} )& %(0.0011 min' )&
g2 g BIME & 4= otk o]A " PYRY A

E3

7}go] PHENRTE & o, #Ajold B9 o]
FHS Ul S8e-2 BilA4e Kads7h

PYRE] 7-$ PHENX.t} ol (Table 1) &8¢ &
St A FIE & 4 37| giEolth

2, YE A7 (Weavers, 2001)0) A k8t A H
Kow B 1 B2I0] AL A A 1 22wk B
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Fig. 6. PAHSs removal at different solid-liquid ratio.
(particle size range = LSR, sonication time = 80min)
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