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Removal of Semi-volatile Soil Organic Contaminants
with Microwave and Additives

Sangjo Jeong* - Hyungjin Choi
Department of Civil Engineering and Environmental Sciences, Korea Military Academy

ABSTRACT

To improve the energy efficiency of conventional thermal treatment, soil remediation with microwave has been studied. In
this study, the remediation efficiency of contaminated soil with semi-volatile organic contaminants were evaluated with
microwave oven and several additives such as water, formic acid, iron powder, sodium hydroxide (NaOH) solution, and
activated carbon. For the experiment, loamy sand and sandy loam collected from Imjin river flood plain were intentionally
contaminated with hexachlorobenzene and phenanthrene, respectively. The contaminated soils were treated with
microwave facility and the mass removals of organic contaminants from soils were evaluated. Among additives that were
added to increase the remediation efficiency, activated carbon and NaOH solution were more effective than water, iron
powder, and formic acid. When 10 g of hexachlorobenzene (142.4 mg/kg-soil) or phenanthrene (2,138.8 mg/kg-soil)
contaminated soil that mixed with 0.5 g iron powder, 0.5 g activated carbon and 1 ml 6.25 M NaOH solution were treated
with microwave for 3 minutes, more than 95% of contaminants were removed. The degradation of hexachlorobenzene
during microwave treatments with additives was confirmed by the detection of pentachlorobenzene and tetrachlorobenzene.
Naphthalene and phenol were also detected as degradation products of phenanthrene during microwave treatment with
additives. The results showed that adding a suitable amount of additives for microwave treatments fairly increased the

efficiency of removing semi-volatile soil organic contaminants.
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= WEEE] 540 we 7FEA =Tt Dk, oid
EAEL vlo|aRgele] RSl wet HEA, A
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al.(2007)  4-chloronaphthol, 2,4-dichlorophenoxyacetic
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volatile organic contaminants, SVOCs)> Q\EZ2] £
=3 H97F 240~400°CR1 BARA A, BAG A
(fire retardants) 5= 3Z$FSICHU.S. EPA, 2012a).
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Table 1. Contaminant characteristics
. Molecular Molecular weight  Density Solubility Melting point Boiling point
Contaminants formula (g/mol) (g/em’) in methanol (M) ©C) ©C)
Hexachlorobenzene CsClg 284.80 2.04 0.002 231 323~326
Phenanthrene CigHyo 178.23 1.18 0.138 101 332
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Fig. 1. Schematic view of microwave remediation set up. where AC: activated carbon, MeOH: methanol.
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Zol ol e = B 23l S i;}‘ﬁ‘:‘r. -
=5 98k oF 19 vlolmEy A7 ES 50ml -
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Fig. 2. Temperature of (a) Paju loamy sand and (b) Paju sandy loam after 3 minute microwave treatments with several additives. where
PS: Paju loamy sand, Fe: iron powder, AC: activated carbon, NaOH: 6.25 M NaOH, PL: Paju sandy loam.
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Fig. 3. (a) Gas phase hexachlorobenzene (HCB) removed from contaminated Paju loamy sand and Paju sandy loam with 3 minute
microwave treatments with additives; (b) residual HCB extracted from microwave treated Paju loamy sand and Paju sandy loam. where a:
contaminated soil 10 g (CS), b: CS + 1 ml H,0, c: CS + 1 ml formic acid, d: CS + 0.5 g iron powder, e: CS + 0.5 g activated carbon, f
CS+1ml 6.25M NaOH, g: CS + 0.5 g iron powder + 1 ml 6.25 M NaOH, h: CS + 0.5 g iron powder + 0.5 g activated carbon + 1 ml

6.25 M NaOH.

3.2. HCB ¥ EQ¥F M3}

HCBE % FAALES}L AIFES vlo|a=Zvlel 7}
AE ol&sted 371t 71€alS vl HCBS] X< Fig.
37 2t 2dE EYel A7HE 38R ¢l mlel=a
ZulE o]gale] 387t 719 o s FIHEE HCB
o] HIEE 04~1.5%C AUA] e¥komH, 58.5~76.8%7t
ES Hofl 2R3 olgd ¥ HVHIE 1ml
H,0, 0.5 g 7175 Ed8l® AR UERsttt.

7o 2 XFEE HCBY HIEL 299 EY AR
o 1ml ¥F4F 1ml 625M NaOH, 05g E7}F +
Iml 6.25M NaOH, 2282l 0.5g ZA7FF +0.5 g ek
+1ml 625M NaOHE H7HZ &3a19S W zk2t
4.5~9.3%, 2.4~53%, 82~12.3%, 18|l 3.5-4.1%= =
71etant. g @ AE FHALES; ARFEA TRdo
2 IY=E HCBY HIE-2 fAFIATH

HCBZ 299 FEALES} Alkgd] H7HA] &30l
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3] g2 A7IAY E i ¢ o™, FHE$H HCB
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of FolglE HCBY HIE2 53.6~71.3%2A A7HAIE
T8 easks Wi} Akt AN 7R 1 ml
o] IELMS E9dsE & wlo|aAR R AEEits BT A
£ HCBY HIE-L 25-30%E4 HA7HAIS
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23l 05g F7FF +1ml 625M NaOHE 2} &35k
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< &gt & mlola R AEEls Wolls HCBE &
AAEAAME T o HEHA gkom, AlFEAA =
0.1%%F F=5 ot vlo]|a=sle}l H7IAE ©]835t
HCBE S HH EUe] SHEd AA Al FAAFES} A}
FES] EA mE AA% 2ol AHRA] eagkor &
AReH HIEE AASUT. ZEXHOE HCB 142.4 mg/ke-
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Fig. 4. The relationship between soil temperature and ratio of
extracted mass of hexachlorobenzene (HCB) from microwave
treated soil with additives (m) compared to extracted mass of
HCB from contaminated soil treated by microwave without
additives (my).

soild] FEE Q9E FAAES} AFE 10g9] 1ml
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7F oF 200°C7HA] “35e EYAIRCIME HCBY AAE
A 29k}, NaOH -89, 84et 53 e 7| &
FOE 300°C o1 7IEHUE EF AlRolMe tiFE
o] HCB7} FEALE, ARFE] #AIRle] AA=AT. A
AAF FL3 AUAE ARsIteiE -5 A7RE
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2 AA WAooz EHHAKGolubina et al., 2006).
HCBE 299 FAAES} AIIES wlo|azula x)g)
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Fig. 5. GC-MS (scan) chromatogram of (a) removed contaminants
in gas phase during 3 minute microwave treatment for 10 g of
hexachlorobenzene contaminated Paju loamy sand with 0.5 g iron
powder + 0.5 g activated carbon + 1 ml of 6.25 M NaOH and (b)
removed contaminants in gas phase during 3 minute microwave
treatment for 10 g of hexachlorobenzene contaminated Paju sandy
loam with 0.5 g iron powder + 0.5 g activated carbon + 1 ml of
6.25 M NaOH. 1: tetrachlorobenzene, 2: pentachlorobenzene, 3:
hexachlorobenzene.
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Fig. 6. (a) Gas phase phenanthrene removed from contaminated Paju loamy sand and Paju sandy loam with microwave and additives; (b)
residual phenanthrene extracted from microwave treated Paju loamy sand and Paju sandy loam. where a: contaminated soil 10 g(CS), b:
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