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Abstract

Air sparging (AS) and soil vapor extraction (SVE) are widely used to remediate
contaminated soil and groundwater for the contamination of organic compounds.
When the target contaminants are low volatile organic compounds, it would be a very
long schedule to finish the remediation process. If a method was developed to enhance
volatilization of organic compounds, it would improve the removal efficiency of
organic contaminant. This study continued the previous project and, diesel fuel with
the lower volatility was selected to examine the increase in volatilization of organic
compounds by adding alcohol to groundwater. The volatilization experiment in this
study was divided into two parts, including individual organic compounds and diesel
fuel sample. The increase in volatile amount was evaluated as presence of alcohols in
the soil-water system.

These alochols need the properties of relatively lower water soluibilies and higher
volatility. Three kinds of alcohols n-pentanol, n-hexanol and n-heptanol were selected
to carry out the experiments. The target organic compounds including C9~C14 alkane
and diesel fuel was used to examine the result. The concentrations of alcohols with 2,
6, and 10ppm were added in the solution mixing with a target organic compound. The
released VOCs were adsorbed by using a commercial adsorption tube. CS, was used to
extract the target organic compound. Furthermore, the extractive solution was injected
in GC to analyze the volatile amount of target organic compound. The changes in
volatile amounts of organic compounds in alcohol solution were examined.

The obtained result including the presence of alcohols could enhance the volatile
amounts of test organic contaminants. However, the target organic compounds have
formed NAPL caused the lower efficiency in volatilization enhancement. Some of
potential bias was ascribed to poor uniform mixing under NAPL condition. Although
soil organic matter could reduce transport of organic contaminants in soil, the reduced
amounts for the low volatile organic compounds are far lower than those for the high
volatile organic compounds. It is difficult to quantify the change in volatile amounts of
target organic contaminants under the NAPL condition. The developed method can be
used to improve the efficiency of AS in the further. -

Keywords: Alcohol, volatilization, disel fuel, air sparging
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TP LG I I (Ao R Tl H<100)pt prit £ 3405 @ 1 RISt 43R
MEPRE S AP M F AR F Lp TRt 4 0 & Pen $(1995)
ﬁﬁ%ﬁ%ﬁﬂ*?ﬂ#&“bﬁaﬁw%mﬁﬁfﬁ@ﬁﬁﬁﬁéﬁﬁ
B~ 3E0N s R S PREC il = § 2 S0 kP8 Chao(2009b) #Fik ) &ﬁ’a%g
?'#&1E#H»\P9%§’ «’i‘f%\“ T A BN L EFREOEFEF > LER
BIJIFEZFPEFRYF > AF 2P ) ARG PPFEFEFERLL DT

u~

- BRRA Y B Bl Ko BAUSRIEIR R L Sl e RPN
wBAFE - BAPE LR R RE o A P ARREEY A N0 BRI AR
e FIMU B HIR AR IR R R E R 0 F L o RBCORERIERE 2 B
REZEZIFTULALT A f ¢ 45 QG/QL(ﬂ“ R )E Qe / Vi(f Hir g &
AR A ) > PIV (power/ volume ) » 3 ##c (Re) > 2 %2 G (velocity gradient )
B o Qo/QL & Qo/VL Fae * gkl WA KR F R/F %I 4o Matter-Miller
ﬁziﬁﬁ(l%l)‘g Qg [ QAR E ,-T;%ﬁv.* 5T VOCs R f 4 3L
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ForLph S ik AR R 0 P PER T & P/V 0.8~320 WIm? ehik 12 T AT 4 4 s 4
e Kelk, B 5 250t #F > Roberts EE§ (1984) itz m R g 25 e R f {3
7% VOCs 4 Kfp.iu PR R z\»ma‘%m WA o ¥ Qe/ VLA T o Hsieh & § 4
(1993,1994) & fo B 4L &7 LALF M5 B4 AR F L3P 23k 0 g 11 Qs / VL
B IFR#EJ S AREEm £ B GEERT B Qs / VL2 %1 414 - Dewulf

F(1998) & d g R S IR B IR R P § U Re P53 Fins AR X
" “#&E B % AW #i bq‘na@gzﬁ%ﬁv e Dewulf % § 4~ 12t i¥ Re Z #in5 &
P& R FIEG T R - BERER R ABEREETRE Y R RIZR G
BeEARKITREEF D g‘u,a ¥ % > Peng EE(1995) 22 Lee % (2004a) 327 vt j2
BrRBEELFEIT 2L G FI R FIAE TP g R it
G B FEANASTFERY 0 F] 5 EZ BRI X B2 e TR
e 5 ?iﬂfﬁ:ﬁ.?,u{[!@f;h;‘;;,?;i»;éi';i/\@’! T 5 Apifine B &4 (Hu %,
2011) -

LR F s AR Bt I e B Y e
Chiou % (1980)¥H4Z 3 T 3 ¥ B B -3 4] % Hci ~ 38 > 4258 7 » = dr & Melcer
(1994) f5 B Ak 37 4T3 B A 1Fnm TS+ B 00 i 403 41 F doit
w 5B FMa T o 5ok B 4R f%%f#&mﬁ%ﬁ HEHA
FHRPLBEY NIRRT E TR 3 RP ORTRIZFACZZIRF ALY
O RBIJNEG BT IR RGP o BT RER S RE - LR
R feimEeny S vy - A R 3 I o L B hE &
%&’%”ﬁﬁﬁﬂhﬁmff &3
i3 3§

N

Sl U I S I N i S L

oo L4 F A LG b 0 A3 éﬁ%%ﬂ%%*mﬁﬂmﬁﬁﬂ+’?
FI ¥ #eenF 5 & % <(Chao, 2009a) > ~ ,I} WRILFMHAF IV BF
AR ARTEF LR TS Y R ’“’kp%;‘—%ﬁg@%;pfﬁwu/gi&&ﬁ
EFr L g e
3-2-2 k ﬁi’%’ﬁ PHrEgE 2L B

B T R bk EH BFEF B A %«w’ﬂékﬁ%ﬁ&ﬁ
”ﬂéwﬁﬁﬁﬁﬂwGPWfwhé+4%%@¢mﬁa =
BN B Kb B PR L d g &ﬂﬁ¢
Flet WAET DS AR 0 T RIFEMTY R T %SWMWMNNN)
#ic /i >+ 10°-10° atm-m*/mole R 2. 5 AE = 4 % 4 i+ £ (PAHs)>
PROFRApTEGEREE > ST

74- ?{} ‘-mL 1)
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=
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FRAEH 47 B FEF R* WX LR FAF R 2T
kg =1137.5(V, , +V )V18/M cm/hr (3-12)

0.969

k, = 23.51(—2-)y/32/M cm/hr (3-13)
o

0969

—19
k = 23. 51( )32/ Me” " e (3-14)

BY Vo » kin#id B > Z 5 RiF -

HEB2%RE L s F R B B B E 0 W ¥ g iTeh PAH
0O ZRORRE L PE o R A AR R T 7 B ¥ 5 Mackay £ Yuen
301983 EAT T AR RILF 2 T T PFO LG b @ HIEE R ¢ R
ARG b i 8 A S P F endodic s Rathbun 22 Tai (1987) % &% &4 ~ R4k
ENIE T kP g 0 B BRI M g 40 @ X RFIR
Bl R FAERETFHEAABETCESRGRIPT S RE K B AT S R
kg" » “b’a; ‘Jﬁﬁ—ﬂ-%‘ﬁﬂ o 50 wJRE i Bl anak g AR AFY

LA L E L. *zﬁ%lnm b= b it (Lee ¥ > 2004a; Chao %
2005a) - ﬁdﬁ‘ﬁﬁl Boig i S0 R R SR R Ve
(Chao, 2009a)
aw
Koo = ———+CW ]
oL b+WS S (3 15)

H o KOL S AW AR I T @ G Wo 5 b E(M/S) o as b B S
TEXINFBFIANAERELSFERE B TV IS DTS o F
Tﬁ&ﬁ%‘p%&hmﬁﬁﬁ F e > 2N (3-10) 2 EN L F - I 0 F boad iR b
i‘z%tw KoL &b i# B R-F IRAPH 4> B%7 5 ErMHMEP A K? R
@S EFH R FH g Hhi G P i 55 85 2 B e 2bhkip
R O HEF TR B A J\«p/,z 2_ 4L £ (Chao % > 2006) > ¥ %% F i
ot AR G SR ey P ’fﬁ r?‘ffv i BF R G A A R 5P AR e o R R
WELA 0 HTE TR A4 g t&#ﬂrs %111 SVE b § Eﬁf@;u ® F e 5
ﬁ@ﬁ‘ﬁi%éi’fbaF’w%®4ﬁépi+% F IR g R
MZEB R S F AN 0 R AER # (3 0.2m/s) > T it G g i

@
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B e FLEFHN

% o 4f 247 $5 (surface-depletion- rate-limiting, SDRL) E_4f (2003) #7 &
Mo 3B A AHG PP kY EF R - Henfal o B R Y - kIR
340 kY 4D RARARRAT RN PR kR E G B D
,p;«p% BWims 22 ARRRF]FH BEF 2 BF 2R LEL L2

T A fyfefd o il {05 PR Eg R T R EHHRE o VR R
#ﬁ%&*&%&‘”f R R 2 R Ao e T i AR
m AUR IR SEE > b R H 4o WA @ T RIS ALy R sgE > gt
FREREFFH BSFEFRE ¢ 883F 5 22280 3 (Chao ¥,
20058) o & ¢t 0 AR ACTEEF AT - kAR T Y B EYY S RGP
RAFARF  BERNSHZFWI R 2FEFREFIRLITNRAPF RR

BORRZEE D AR HY FLRPEERT NI REE T RF LRI T -

hiEd BATBEBEGE AR AEFHE 0 2L E IR OMAR
PRFHEA T NTREEAI GBS ERG g AL T AZ D p i E
FEEWV)F AT

V= n(L)% 3’

2T ) 10VZ°

=\

L \V‘b

—mv22/deVZ

(3-16)
He nisaFEARMOL) MLia3FE(@mole): kZ4%E ¥8-T 5%
HEEK) Fai 5}&%'19? (Ll R R i -2

v=n KT (3-17)
27zm

Wb S AR nd TR AR AN (B-18) M HE 0 o A (317)T M v pEd S
(3-19)

PV =nRT = NKT (3-18)
RT

v=n,/——
27M (3-19)

R % % %% # (Kpasm®/moleK ) » F|t & 8 =¥ p i B H =5 fra
FWELE S

W=vM/Ny (3-20)
HIRF A T o P=nRT/NA & » 387 2 5] (3-21) 5
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B 3% v pEst

(M)” 2 (3-21)

WiTEs R THEHrEFRARE o o ff 2 A 'F‘V«E_ (kg/mz.s),NAg_;

4o Bl P e i Pa(N/m?) s i = 4258 % Knudsen 4% 91 iF 5 ) 21t & 4 &
AR E o 3 fe5N 321 SaEs T AT N

M

1/2
2RT) © (3-22)

w = (
PR IS T AT 2T g R S gy 0 B Y- RS FRR Y
e FA T S 4750 (3-22)

=B (mjw P (3-23)

#9 N A FHRBET HCPFRFEE -6 f7 BFoe%E R-T-M
AL R B BEER G B AT R OPRIAT B Aty ER T e e
AR Fuld S LR AR TS E P FRANERL AL ZERT 0 8
ix ﬂ«fﬁi"“ ER N k. %#ﬁﬂ#ﬁ’%#rvﬁ’ﬂwﬁi— gt 1ehg
B P ARZHERTAEN LB S A GRS EREL Sl BEFRERD
li*T’Bfﬁé” #‘Hﬂ”“#@«frl%xlos\#ﬂpgﬁﬂw@ﬁmg 34 B
FY B3 e o

FR PP oRRRY B A F o 3N 323 ¢ P v s ¥ i H
bﬁ#ﬁ&iﬁl—/pnﬁ ERCORF  THFL PSP FARMNEIRe T8 ER L >

FWPFpBRYPEFRFERAL T A FI VM A - BERAL IV E S o
%5\311 i

1/2
N =ap (%T\) HC =KoC (3-24)

a=C’IC

BY NZHEEd AT EF Koo s 7 5 23k i B Gl F
1 Y REEL L TS BT % %*K/\Hﬂp%}&#ﬂi’w#ﬁ;ﬁ(Lee %-2004) R 5 #
Wi T 28H8HERA M 382,38 HIZFBF23{4VE a (£
)& ARG kR C*ti?/p/w ,};1207 ARERRCECR ok J Ve
1o d 7 BFp kP g 38 3% kR Cv 3 85 AR fa
KR C*E 0 TP 5T 'X;f-ﬁd PAcd RBRITI A F Y 0 7 B ARALR
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BERHERY EE G BP0 VT M 3T I kit S5 R itk
RWE > § 7 4&5"3{”%"} ¥ e E (& F=) i 107 pRooa R ARV EARIT Lo
b- AP KM o S1e ABREL FIEET > o B B3 11 K
oL IR o waa%"} #ﬁiqrﬁﬂ TR 2 o R R I e s
o @+ & /i3 0.8~1.0 TAIF B G P o AR IR AL T e
01 4% ~ 7 ¥EF 3 #ﬁx?b Efz o B K3 0.050 BEARMT Y By
B A e PRARRS > d WEA RGBS g o Flpt 2 b op ok G o
EARAMEARF LT o ERH 4 FL G B kY 2P B 2 H
4y 5 d %"—";'f #‘%ﬁp #ﬁﬁalﬁ"iﬁﬁmw D= o u‘_‘ﬁ*} 4’%#14 LT
HABARPE O APFE B 0 G REDEET > ARAET T G O 5 R
WA FG ood T F T B AR kRS Flpyuamﬁzug s T iE
FH Ao TAM AR kR R L HEHEFE F 2B APEE 2 LA
G AEAE R o SDRL BERABLA S 7 il o 308 0% - ¥ D ALY
WSVERASE 2P D EREREEFWHFAEFETFFE AR RFIANT
MR ONiEE ToRE Y 3 50k @ w2 BRIER 0 B LA T B F
ﬁﬁﬂi%Lﬁﬁﬁﬁﬂ#*ﬁi%i’@@é;ﬁ&ﬂLﬁﬁﬁgg,m?ﬁ

Ry - A7 e S FE 2 2 o

AR 3247 L AFTRET  HTS F RS FAURERRE T /7
jﬁ#?ﬁ#&»ﬁfi BEFLTIMBECTS 5 o BRI L FIRE &

Pgriv L2 BB 3 0 B E R BB TS TR FR  ERETRB 2 %
Lo ff’,;ﬁ;fﬂ’%*;fq-t’? ¢ Fﬂ’(‘%)ﬁxﬁ FAFBET g PP ERRE 4 10 B b v ok
FH s o p L BEER T AR A AR ApEIESIEET > f BT R
ERAe s & 159G FTILFREFETHEII L P& T 0 EGRL > 2003)

34

£ 31 A3 ERET B BRI AE(x104)

B i# (M/s) 0 02 05 08 10 20 40 60

= 0198 208 268 351 410 528 841 1081
A 001 014 021 012 010 019 048 082

T test 95% 0.01 0.114 0.161 0.091 0.077 0.148 0.375 0.647

4 31P B ERT fEXERDPFL AP RAGG &S F
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FARENBTHFIRET @ BERLF P AR 4> B 202 R 7ok
AR B A3 LNAPL 841§ &2 37 ahg 5 F - X Ik 2 B8R
ARt o FiE- L RIRAEESIEET fESR AR > B 32 R
Ofh G 9 » 53 B piER R T pESF (3 > 2003) -

~|

0 ! T 1 U T
0 50 100 150 200 250 300
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W 3-2p & aRAPFT B L AER

i P Bl 3-1 chly % Aom R Ap4EAE R (rpm)d 0 #{ 4 3 250rpm - f 6 (kg
d 1.98x10° 38 4 1 4.71x10° H 4 2 FI3 R E W e dp 2 Hig > 3 2 0 FF
Wi e Tk A5 LNAPL * R R HALF ER e B LA 8K 0 LER T
Sgr I F R E S e o B I T P AH 4o -

ZeFAELFFEBRN - RHEGEE BPEF LRI R Z
B2 ¢RI F R G T AS 2 F1 0 $NRBE AT S i @ ook
$ UL R R A R - BT R A AR R G S BB
B LAl aArd 7 TR B N B wa:»;f “rig S P2 E R
Vs R BT iR R o #0t SDRL BN B s REREN 2 £ B 5 A g
ik 32
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PR s F PP IEF R X RBDFAF R 2

% 3-2SDRL #3558 = & WHEN 2 0 i

— 2 A % AT RS

J 43 WECE F ARt ARG RRES T
o FrFHFFTBKHEF 3 Hprzedo2Mn
o h AT Z A u Rl kR K FoMHP R

TR TE mt Ly vk H R R

FAp it e IR AN LN ES:

CE = d R o=1 - s P 3 HC
£y 0; L s i £ 8

TR WGk kR Ko 7 = G

ﬂu’;f'r—\ L T

KOL: (kLkg H) / (k|_+kgH)

o B S He o > 250 3-9

(3-25)

a3 3 fI it &4 Hkg>> Kk, FIet FHME @ t#icKo ~ 9% kooApk

) 7&? Hkg << kL’BﬁfL%\,% ’?ﬁj

A G A AAF RN (AN 3-24) Ko Fa & B H S 5

P
a4

Koo =apf (%jm H

TSI R ERpT OGS o B H

FOMRATE M S EEERET @ i KoL 3 kgH>

d H >

(3-26)

R enhf %

(3-27)
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AR AR HR T U R E A k8 k
PS> T D 0 e R M BT

Ttk H (3-29)

EORY 0 AR T 4T 3
KoL = akyH (3-30)

T E R RIEE TR R IE S S PO TR

i

TER

ﬂé?%%?%ﬁﬁﬂ*ﬁWiﬁa’9*$$??#&¢%%£%ﬁﬁ%
BB ORFG ek RER - 3348 BH O a BB
0.05(Lee % 2004) > dok A S G WS A h e RRR T ARG B ma‘?l’x\
BF o ABAEI L OB PFR- BREFOR G TF kY § NSRS
GG S hREBAEET o RERG SDF S 6 RS AP
B4 A1 AR BEMET G PHRERF AT EAELFEG BHF (0" ¥
FRafin R P 204058 @ FRAT R KA F fﬁ?i’ﬁ"r“ WP ErE)s L REE-
BREBINA S TELFESFLED A FEATARA IR 2 e Pl T @
%ﬁﬁ%ﬁMmmﬁ’+@@¢ﬁﬁ§ﬁﬁmwbw’%mﬁuﬂmLﬁiﬁﬁ
PEERTEFLE B AR Y F L% SDRL BN 2 LA R 4R
TEIWHF AR DL ENE TR PT R H e BFEFETE- AR R TR
B oo
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AT PR EH] BEEFLDR
ERCESUSENAE I E R RS S el IR B AR VI S U SO gk By

B BESFRT A 5 iLFF T (Chao % -20052) L& RFlE B % AIA
B AR e R AR B2 5 T INEBGHY T B EFLRE
PRLES v%ﬂﬁd*’*tﬁ HES R S SR NS 3 E S
T [F*Je;é B (2011) 574 £ g = > BN B EHATERATRT G B NS R
FEEF AR TR L FRE A ERR R 2R R IR A 2R Y o R R
SRR L F I ERIE T B AR o T A MR € HEak R 18
AT A A e iTr 5 (e ﬁpr\.ﬁ% v e R S Fgﬁ%r}i % 4e » - ke s d At g;,*“ K
7 ﬁ&a# DAL A2 FAFR R o e M SN EURIE G 8 A 4 FT B R 40 1T
oo AR oG R ER T A B4 2 BRI G F LY % % % (Smith
% »1980; Chao % - 2000 ; Lee % -2004b; Chao % -2008) > A&+ % B o 5%
B3 ATBIRY o KRG P g T R 2 Fe] o FEFIEr 2 A iR 2
R = B A s FE

B A AL H e R G K AR kiR R H R ¢ R
Borf iR e o PRk AP e FAp 0 Aok R e Rdr L HF R A
BPE S RGP S B AR RA G R ERE SRR
{5 WA > A Smith % (1980)5%= 7 ¢ :n i o S AR B B e > A5 -
RACrohen % 2 K o 201 4 0 B o SRR Y DSV T @ Gl D 4

Ks = avRT / 27M (3-31)

BY Ko Gz ho Bz BFr2 Tl as » FRMENH 46 He
3’R$%%#&’ AEAK M:EAFE HEAR: Fa ERaii
Vil %Ft&*”ﬂ:}lﬁ"ﬂ“‘F%#‘f’”_l.%/éiﬂmzféﬁi‘g—“ﬁﬂm/pf’}ﬁ‘lfﬁ}afi
BooorEA L B A G AP TR A BT

bit— AT ¢ AR R AR SRS R HT A L8 2 6 o -
= 3 7% (solubility enhancement) ix * » ¥ — % 2 & ¥ (interface hindrance) i® *
(Chao %, 2008) o # o /& 2&|F W4 3 345 TVRBfRR > 4 ApEE W45 58
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AR fRER > R BREARY B U R ORBIRR G B g i E L
oo FRFERBFER L I0MY/L 25 5> 4 F 7 sb%ﬁi\a» % %15 4
T - AR AR G SR AR € RABEKAD S F \j&’iﬁ"
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—
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n -Decane 142.28 0.05 1080 2.7/-
n -Undecane 156.31 0.044 185 -/0.41
n -Dodecane 170.33 0.0037 786 -/0.14
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n -Tetradecane 198.38 0.0022 110 1(at 76°C)
Naphthalene 128.16 38 0.0466 0.065/-
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n-Pentanol 88 22,000 - -
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n-Heptanol 116.2 1,000 2.44E-03 0.236
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L Diesel oil — 10 mg/L 5 15
HRFEeE s ey v WEBRF PP IR L FE%RETE 3
ﬁmﬂﬁﬁ@’%%”@ﬁﬁiﬁ’ﬁﬁﬁwmﬁfL - R SR
i

J,

£
7
PERERE D I5 ) X2 L FRERBMA SRR U2 B8 TPk
2% MATF P n L% 0 —L\z.m‘Jw»F*iﬁ%Jﬁmﬁ'—? =

.

Jc

b R o R el A S B 10~28 chir B 0 kR R AR 1 3
AR LY EBEKBBRIE S NAPL Z & durtr kA 0 T kRS 2

40




¥ 4

+

TR B

PTORAREIRE > R DR TORA A EAIERE R TR RL £ (Total
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£ 5 50 mL/min HohE SVE 4 2 B i B S F iR B w B b iR G ) o

ﬁﬂﬁ@’gmaﬁﬁa%ﬁ%miw’m%&%@%&m’ﬁﬁaﬁ%%”ﬁ
"% S ,Mpl Kf“]”g’f‘“g 7 ex Kﬁ ’ fg’_‘}%";’{ % 4B 4-2 -

#p B B N
=) RES % B
T | 2
55 mAem
R &%

W 4-2 505 R

41



FRapsiic § B ITF RY R ER FLFRIFY

ST e 18 2 e |AEF PRSP0 A A TR Y F2
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FRRE 2 SROT AR S % o v AP BT R TSR R R wm)iz 40°C 4
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(As-Ax) Cx =Ax Cs (4-3)
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o TR T| :s;fﬁw;’ ‘*ﬁ?ﬁ o ZM P T SEM g%
VAR ER DI FRY I AEFFRT L BRI RAE T AR
A gy gLl o
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Weight of volatilization (mg)
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