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PAHs(Polynuclear Aromatic Hydrocarbons) Contaminated Soil
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Abstract

The fate of polynuclear aromatic hydrocarbons(PAHs) in soil has drawn increasing
concern due to their toxic, carcinogenic, and mutagenic effects. These compounds have
been most commonly carried into the soil in solvent, as in a coal tar or cresote.

This study has been focused on the applicability of microwave treatment of soils
contaminated by PAHs. Studies have been conducted with soil(particle diameter 150~500
im), which was spiked with naphthalene, acenaphthene, fluorene, anthracene and pyrene,
with different moisture contents. According to the results of the research, up to 95%
removal efficiency of naphthalene was observed in 10% moisturized soil for five minutes
microwave inducing. And the removal efficiency of acenaphthene and fluorene were
observed to be 88.9%, 67.2% in 30% moisturized soil, respectively. Due to the low vapor
pressure, anthracene and pyrene showed the low removal efficiency. In case the
powdered activated carbon was added to the soil as a sensitizer, anthracene and pyrene
were decomposed into a various by-products. Decomposition rates of anthracene and
pyrene were increased with incresing addition of a PAC to the soil. It is concluded that
the developement of a microwave process to remediate soils contaminated with PAHs is
foreseeable. But additional studies are also needed regarding continuous microwave
heating process.

Keywords : microwave, soil, removal properties, PAHs, sensitizer, PAC
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Table 1. Chemical composition of experimental

soil
components concentration
Si0x(%6) 7354
ALOs3(%) 10.00
Fex03(%) 345
CaO(%) 067
Mg (%) 1.62
K,0(%) 254
Nag(%6) 206
Ti0x(%) 095
Mn(ppm) 604
Zn(ppm) %]
Phb(ppm) 42
AS(ppm) 5
ignition loss(%8) 516

D air supplier

® flow meter

® microwave irradiation apparatus
@ reactor

® condenser

® impinger

Fig. 1. Schematic diagram of the experimental
apparatus

9] ¥g7|E FHFew, -9 AF 15cm
9 THE £ air suppliers) §-%FA)(Hewlett Pac-
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Table 2. Physical properties of experimental PAHs.
CF MW  mp(T) bp(CT) 4AHup WS’ AW 48s 134
Naphthalene CioHis 12817 81 218 432 24x10™ 109 726106 45%10°
Acenaphthene CoHp  154.21 9%.2 279 511 29%10%  59%x10™ 24%10™
Fluorene CsHo 16622 115 294 582  12x10* 88x10™ 74X10°
Anthracene CuHip 17823 2164 340 524 37x107  75%10" 1M45%15 18x10”
Pyrene CeHio 20226 1504 393 658  72x10" 88x10° 1.3x107
CF : Chemical formular, MW : Molecular weight,
mp : Melting point(T), bp : Boiling point(TC),
AHv : Heat of vaporization(kJ/mol), Ws : Water solubility(mmol/ ¢ ),
AHuvp : Vapor pressure at 25C (Pa), A4Hs : Enthalpy of sublimation at 25C(kJ/mol),

H : Henry constant(atm - m*/mol)

source : The Merck index
*  Perry’s chemical engineers’ handbook
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Fig. 2. Temperature profile of dried and mois-
turized soils vs microwave heating time.

—e— ngphthalene

8

§ —e— acenaphthene
—a— fluorene

§ 8001 —v— anthvacone

a —e— pyrene

2 ool

% 400 —

o, e e G——
0 2 4 6 8 10

time(min)

Fig. 3. Removal concentration of PAHs in dried
soil vs microwave heating time.
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Fig. 4. Naphthalene removal efficency in soil

with the various moisture contents.
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Fig. 5. Acenaphthene removal efficiency in soil
with the various moisture contents.
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Fig. 6. Fluorene removal efficiency in soil with
the various moisture contents.
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Fig. 7. Anthracene removal efficiency in soil
with the various moisture contents.
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Fig. 8. Pyrene removal efficiency in soil with
the various moisture contents.
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Fig. 9. Multiple stage treatment of soil conta-
minated with anthracene and pyrene
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Ztzte] E¢d] B8 FY3d F5EE 0%E &
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rened AAZEo] Z+zt 2%, 10%Z ZF7HHAL
™, 1000 g/kgel Eo] 712 FUHUS wW AA
&2 242 34%, 16%2 JERY B9 FYFo] 7}

FE AAREC) F7HES FU T F AU

Table. 3.2 Dalton2] H3 el o3 +F715F
Al EGUl PAHs7} ZxgEo] EA He o3
Q 2x9 ojg) e g FFAHE 29 ¥ e
d Aot AFUA e PEA BF 93~99TqA
A =Hn, ESW 27 1000mg/kg®] naphtha-
lene, acenaphthene, fluorene®] AAH7] A4 =
06%, 3.0%, 52%° FEwE "A= 34 =y
anthracene®  pyrene® 1140 g

ol

3

e

1

ofN

g
-

- R S vy
water/kg soil(114%9), 12720 g water/kg soil(1270%)
of ge Bg ¥as sA "

23} Fig. 9.9} 9] anthracenecl & 1000g
water/kg soile]l F7F FUE Agole 023U
8 87 vls) 22 1300 g water/kg soil9]
ol FE Aol A AAEE M% E
sl ony Fig. 5 Fig. 6.3 2ol acenaphthene,
fluorene X3 oj2AHU} ¥ Q7% woh 7%
108), sujuh 2, T4 30%U EXAAY AA
&0] 889%, 67.2% E#§ Aoz YExT o
& Zo] FF7 TH EYS UL R e

Table 3. Water requirement for steam distilla-
tion of 1000mg PAHs.

boiling g water requirement
temperature’C”|  /1000mg PAH™
Naphthalene 99.3 6
Acenaphthene 99.8 30
Fluorene 05 52
Anthracene 9.9 1134
Pyrene 99.9 12728

* calculated by interpolation of volatility from perry’s
chemical engineers’ handbook
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Fig. 10. Comparison of removal properties in
anthracene and pyrene contaminated soil
mixed with powdered activated carbon
after microwave heating(10min)

Fig. 10.2 anthracene® pyrened ¥%7} 1000
mg/kgel HEE FYY EYo #EFLFE 800
gkg soll® ZHFFL NIEZEIAAZAN IAH9
R 284 e powdered activated carbon)& ¢
5 dlelazs side] o8 XY 29EFS
AAET, HEHA gn EYUo) ZFHE 249
229 F& yveid Aol LAY FUF
o] 0, 20, 60g/kg soilE W3l wel 71 10¥
Fole EY9 2x7t &2 280C, 450T, 700TC7
2 AeHs A& 3FY 5 isled, 108739
vtolzzgte] stEol 93 Bl Anthracene®
pyrene2 ZHEERAAE HristA] &e& Agde
74z} 21.8%, 10.1%7F EFdA &3, £REHAe
1} 20g carbon/kg scile]l H7lE A$d= IR
&°] 30%, 1.7%=, 60g carbon/kg soilo] H7}8
BolE 93%, 73%2 FHA Bade Ao
vebdth 38 kS 3 BEohlle] AFHE oY
EAe AHEge BU¥gue FLe] 0, 20
g/kg¥d 9 anthracened 7%l Z+zt 594, 350
%2, pyrene2l A% 763, 10.0%E uJEhGoy
60g/kgol A= AFEo] AF AE&HA 288 ¢
T Ut

Fig. 11.2 pyrene22 29% Eoko BoaA
&g Wit ¥ mlolazEz 7dsle $RYT
719 dAAg TIHE AMEE GC/MassZ £AF
chromatogram$ YEHd Aol

KOREAN J. SANITATION Vol. 13. No 3. 1998



110

o
i

Abundance TIL: PAOTI6 2.0
3 -
500000 E %
3000000 T “g
2500000
g g
y ;
| e B
L P I 23
1500000 2 z| & 28 § & ¢
8 2|2 sl gl BB
: zl/ 3| & 2
1000000 S 2 : §
% 55 51 & B
4 z S
swmohk\ K T 2 ! é g Iy E.
\ £ | .L
Y . e
» K -A*-:J» h)\MLL.M caan ..A.\.l e *LA. s A“—J*"
L e A0 AR SR T A AL AR A KT A LA M A I A S O ISR MALE Mg T"‘ .
—> 500 600 Y00 800 900 ¢ 100 3 U015, 16 1800 § |uu noo 5 00 70(!1 1700 20 00 7900

Fig. 11. GC/Mass spectrum of collected by-products from the pyrene contaminated soil with
powdered activated carbon after microwave treatment.
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