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Abstract Alcohol cosolvent only or with surfactant increases solubilization of PCBs and reduces interfacial tension between washing solution and
PCBs  which are very important for the removal of residual PCBs in sandy soils. Through the experiment of the alcohol oscillating solubilization
and reducing interfacial tension between alcohol and PCBs oil it was analyzed that alcohol cosolvent increases solubilization of PCBs and
reduces interfacial tension between solution and PCBs oil and the influence of alcohol on the Triton X-100 solution increases solubilization and
reduces the interfacial tension between the solution and PCBs oil. The experimental results show that the reduction of interfacial tension is
inversely proportional to alcohol concentration the number of carbon atoms in an alcohol molecule the best concentration of methanol
ethanol isopropanol is 70% 55% 40% respectively the best removal efficiency of PCBs by desorption reaches 90% and above. The
interfacial tension between the solution of Triton X-100 and PCBs oil is inversely proportional to Triton X-100 concentration. When Triton X-
100 concentration is lower than 3 000 mg/L. the removal efficiency of PCBs by Triton X-100 alone is higher than that by Triton X-100 with
10% ethanol or 10% isopropanol. When Triton X-100 concentration is between 3 000 mg/L and 7 500 mg/L.  removal efficiency by the three
groups varies in difference. When Triton X-100 concentration is 10 000 mg/L  the removal efficiency by Triton X-100 alone with 10%
ethanol with 10% isopropanol is 80.9% 90.36% 89.36% respectively. Therefore it is concluded from the experimental results that
Alcohols weaken the ability of the Triton X-100 solution increasing the solubilization of PCBs and reducing the interfacial tension between the
solution and PCBs oil when alcohol is used with Triton X-100. However when Triton X-100 concentration is greater than 3 000 mg/L  that
weakening effect has been very little.

Key words alcohol cosolvent polycholorinated biphenyl solubilization interfacial tension

PCBs in-situ soil flushing

1 . PCBs
POPs 2 em/a PCBs
PCBs PCBs
e PCBs > 500 !

mg/kg PCBs PCBs PCBs
50 000 t PCBs 0~ o

500 mg/kg 500000 t? . 2009-02-22 2000706

500 mg/kg 1982 ~

E-mail  wingofping @ gmail . com
* E-mail jeffchen@bnu. edu. cn



206

31

! @ solubilization
@
mobilization .
8
PCBs
2
9~16
PCBs 2 4 5-
Triton X-100
PCBs
24 5-
Triton X-100 Triton X-100
1
1.1
2 4 5-
J&K 224 4-
J&K PCBs
J&K
Triton X-100 0.2
~0.5 mm 40~ 70 0.15~0.2
mm 70 ~ 100
Varian 3800
Thermo

HZQ-F160

JYW-200A
1.2
1.2.1
1
0 10% 20% 30%
40% 50% 60% T0% 80% 90% 100%
d =
44 .55 mm D =49.90 mm h =50.75 mm
1 em PCBs 1 em
JYW-200A
3
PCBs .
1 mN/m
V=PxF 1
P mN/m F
F 13
F = 0.7250 Jr\/c,iz1 2P 0.5 - LD
2
Cc mm D 25C
g/ml, d 25°C g/ml, R
mm r mm.
2
10% 20% 30% 40%
50% 60% 70% 80% 90%
100mL lg2 4 5-
150 300 450 mg/kg
1:10
30°C 150 r/min 48 h
1.5 mL 1.5 mL
20°C 12 000 r/min 20
min 1 mL 10 mL
4 mL
30 min 0.5 mL
1 mL
0.1 mL I mglkg 2 2 4 4-
Varian 3800
75.95% ~97.58% .
HP-SE-54 30 m 1:1
N, 1 mlL/min 80 ~ 180°C 25



207

C/min 180 ~ 205C 2.5 C/min 205
~ 250°C 30 °C/min  250°C 1
min ECD 280C 16.5 min.
1.2.2
1
Triton X-100 Brij35
SDS  Tween80 APG 5
2 4 5- 150 mg/kg
Triton X-100
Triton X-100
10% 10%
10 30 50 75 10 300 500 750
1000 3000 5000 7500 10000 mg/l.  Triton X-
100 d =44.55 mm
D =49.90 mm h =50.75 mm 1 em
PCBs 1 cm Triton X-100
JYW-200A
3 . 10%
10% Triton X-100
PCB
1 2 .
2
10% 10%
100 300 500 750 1000 3000
5000 7500 10000 mg/L.  Triton X-100 10
mL lg
70 ~ 100 2 4 5-
300 mg/kg 1.2.1 2
2
2.1 -PCBs
3 -PCBs
1.PCBs
15.8 mN/m
PCBs
> >
PCBs
PCBs .3
-PCBs
3 -PCBs

5
R*=0.9933 R =
0.9917 R*=0.9971 R
R
3
70% 60% 60%
6 5 4 mN/m
100% 90%
3 PCBs
3.67 2.47 1.7 mN/m
16 ; N i . I
] N R=09933 o ZE
< sEm
_l2p AT — HEHELR
. SN N LA
% 10 - \O\\ " T RAEA SR
2 81 0991 7/'Q
E 6F RR=0997 1— & o
. ) »
4 T A, A‘ .
21 ) ?
0 1 1 1 1 1
0 20 40 60 80 100
BERIRIE/%
t 3 * %
p<0.01 = p<0.05
p>0.05
13 PCBs
Fig.1 Variations of the interface tension between the
three kinds of alcohol and transformer PCBs oil
2.2 2 4 5-
PCBs
2.2.1
2 3

3 300 mg/kg



208 31
2.2.2
100 S S S W
K BT
g0l R=-09933 | ] 3.6
o \ / 1:10.
ﬁ 60 |- &
= 5 . HE ¥ — 1somghemBBAG 150 m/kg TSI AR
£ sl s ZH £ [-- - 300 mgkeMIRIAL -~ 300 mg/kg IRIALE
R?2=0.994 4 A R w ---=- 450 mg/kg AW AL - 450 mgkgPRIAL
LA 2R & 500 = 150 mg/kg#iRP
20 F ZERE % #® ® 300 mg/kg i a A a
RABBAR % 100 A 450 mgkeB g,
0 Aeeeed Do oo ) 1 1" o 150 mg/kg':PW 4\{ 4 -
0 20 40 60 30 100 % 300f ¢ 323 Eﬁzig ;. s
ORI /% g ;,‘""/:5 =
= 200 |
t 3 ¥ ¥ § _-u———-D———E—»—EI———E
p<0.01 »<0.05 a 100 -
p>0.05 8 . . . . \
10 50 60 70 8 90 100
2 3 300 mg/kg ZEIRFE /%
Fig.2  Contrast of the three kinds of alcohols solution
washing efficiency ¢
24 5_ 1:10 *ox 11<0.01 %
’ p<0.05 p>0.05
2 4 5- 3
3
5% Fig.3  Contrast of removal effects in different original PCB
90% 959 ! concentration and different sand size
0~20% 3 3 Bolizmann 3
0% 245
150 300 450 mg/kg
40% ~30% 3 48% 55% 62%
60% 3
3 PCB
3 Boltzmann
3 14% 300 mg/kg
A -4,
y = 1 ()L'—J(O)/dt + Al 3
te 2 4 5-
A, Y A, Y dx X0
y A A, x .
R’ t 150 300 450 mg/kg
0.996 1 0.994 4 0.993 3
30% ~ 70%
30% ~55% 20%
~40% 1:10 24 5-
70% 55% 150r/min
40% 2 4 5-
3

24 5-



209

2.3 Triton X-100 PCBs
2.3.1 Triton X-100
Triton X-100-PCB
4. Triton X-100
3 Logistic
4
A - A,
= —— 1+ A 4
YT xlxy ? 4
A A, x 3 p

m Triton X-100

Triton X-10031& 28

o Triton X-100 + 10%Z.8  _____ Triton X-100 + 10%Z. Bl & 2%
A Triton X-100 + 10%5 Pyl Triton X-100 + 10%.5: /I REHL & 28
18

16 F R2=0.986 0

—
~
T

RAEHS /mN-m™!
o o o
T T T
=]
.g 1]
0 1
g\
0

»

[=))
T

L

I cMC o
S
2 " -
0 11l 1 a1l a1l taaal
10 100 1000 10 000
Triton X-1003 f&/mg-L™
I3 . * ¥
p<0.01 = p<0.05
p>0.05
4 Triton X-100 PCBs

Fig.4 Influence of alcohols on the interface tension between

Triton X-100 solution and PCBs oil

Triton X-100 Triton X-100
CMC 106.06 mg/L ™
Triton X-100  PCBs
Triton X-100 > Triton
X-100 + 10% > Triton X-100 + 10%
Triton
X-100
Triton X-100
106.06 ~ 3 000 mg/L 3 Triton X-100

Triton X-100 > Triton X-100 + 10%
+10%
X-100

> Triton X-100
Triton
PCBs

Triton X-100 3000 ~

10 000 mg/L 10% 10%
Triton X-100  PCBs 1.5
1.7 2.0 mN/m
Triton X-100

Triton X-100
Triton X-100

Triton X-100

2.3.2
Triton X-100 PCBs
5 . Triton X-100
Logistic . t
Triton X-100 + 10% Triton X-
100 + 10% 2
Triton X-100 100 ~
300 mg/I. Triton X-100 2
Triton X-100
Triton X-100 300 ~
3000 mg/L. 2
Triton X-100 2 4 5-
Triton
X-100
100 m  Triton X-100 .
® Triton X-100+10%Z 8 n
go | © Triton X-100+105 FyR¢ PP
— Triton X-1004l & 4%
---------- Triton X-100+10%Z B I&E 7
© el Triton X-100+1053 AL
S 60 |
N
By 4
=
2 0l
20 F
0 L === M I MR | M |
100 1 000 10 000
Triton X-1003 f&/mg-L™!
13 . Triton X-100
* % p<0.01 =
p<0.05 p>0.05
5 Triton X-100

Fig.5 Influence of alcohols on Triton X-100

oscillating washing efficiency



210 # %

Foil A 31 %

55, 0 e 5 JE AR BT i A A BEL AR AR 38 2 Triton X-100
¥ FEAES 000 ~ 7 500 mg/L2 (G} 0, 586 20 5 4 IR 4H K
BEER,2 MBI Triton X-100 1 7 59 B 58 /8 7
SEU LA MEE; 2 Tdton X-100 ¥ £ ix 3|
10 000 mg/LAY , Z, B | 57 A7 B 36 2 A T 380 %6 LL X 1R
HEAEL 9.46% . 8.46% ,2 MREM A REA T
ZH X EAAAHBEREFEEC S BER, i ES
EH D &) L2 B A ], 7 B 2 X a] LA BRI Triton
X-100 [ 0% B , #2506 L3 28, BHL R A R B LS
A RAE" HRHE T Triton X-100 T, BAK
THEZAMRWREER B THRRAE.

2.3.3 AR S5EEER Titon X-100 &%
& Sl

A 2 RIS S AT R, VT LUK B E R R
PR AL R R B T B — Triton X-100 B¢ A% 2 & AC
Triton X-100 WW, X 2 FE 2 : QR 0E B4 I+ &
MEFBEEG - EHERE, ZABRRENKMARE
%, T Triton X-100 % FERME WP HRE, £ &
B4 HE A B TR v S 0 i K FL B o oA R R B B
BRI HESRGTHERTERS OB ERER
R, WEHENS , B TR AR 28 2 LA
i Triton X-100 75V o H 5 8 B LA R B, 4R
B SRy 0 2R 2 BB 2 S R R S R ) B B CR
B F LA B, SRR ERE.

B ARRES 0 — (i P B A AR R S H R T S
Triten X-100 ¥ Y AL E 5 HIXH AU
P H— o P OO0 . I A 3 AR A ) AR A 1 TR K
B A L (ML L, R R R AR B4
R T0% ., 55% . 40% ), IR R A T b TR E
PR, B ik, B = R ) R 20 A5 B Ao e, 5 005
R B R ok B M R A4 3 85 B Brooks %1 TR
Xt PCE 15 3 KA BE K pp ik LR ik ik i R 2
2~ 3 HMEHEREE | SR 1 BRI A
FALE B, R RAE T 99% LA b it 7 ik xf
PCBs JEBLFR P EE A F A A 1 BB

3 it

(1)WE-PCBs H1 8] (¥ 57 1 3K 77 5 BE ok FE B3 ik
FrH¥ERHEX #REXE5HASRETHA
Bk 22 IE MG, 18 R R B B vk B O TR L A
4 Boltzmann LB HEE | 2.7\ B R B 09 B (216 |
R 70% ., 55% . 40% , 5 1 1% W 3 # ik 90% LU
@bt 2,4, 5- ZFHBEEXMBEES RS FRE
WRVE /) , S B B 3 B b AR VI B P A BTk AR K /b R

e R AR

(2)FE2 5 A Triton X-100 Bf £ #54k Triton X-100
WA S T 9K ) B9 BE ), B 3 Triton X-100 ¥R BE 2 4
X R SsLPE BT LA R

(3)F% 2 & AT Triton X-100 B < G RIE K,
{824 Triton X-100 ¥ R & R K B B, B H
BELAS 7 FH 2 6T A 280 %, 5k of B X B R I M B A TR
RN ERINEEER B8 T HBER.

()3 FREFRIRGWIER RN EERE LR
B Triton X-100 LA K EEBN I Triton X-100 ¥ #
HARRERFMENEERERHES.
$HIM:

[1] Abdul A S, Gibson T L, Ang C C, e el. Pilot test of in sitw
surfactant washing of polychlorinated biphenyls and eils frem a
contaminated site[ J1. Ground Water, 1992, 30{2): 219-231.

[2] MFRE,S&HE,NFE.%5 FEEIEFEL BN LR
BEFEIM]. 35T o B SR B4 i hR AL, 2008, 140,

[3] Bk, MR, S HEsl % Jbax £ 09 PCBs & it SR
[)7. BR324, 2006,26(12) : 2013-2017,

[4] 0K MRE ARSLHEEREAM L BTREEEER
(PCBs)}HITE BL A ()] . h EFFHEH ¥, 1995,15(3) :199-203.

[5] BER,.Z0E.HEX,S FSHE L4 0CP: M PCBs 15
RBUREFSE (1] BB REFM(TEEAR), 2006,21(2) :42-
48.

(6] HHRBELE HEN, X FETETILEEELHRY
PCBs SR RHEBR FE ()] B FF A2 (B S5 R 22 A1) , 2005, 38
(4}:7-11.

[7] Subsk L. fr situ flushing with surfactants and cosolvents [ B | .
Washington, DC: NNEMS Fellow, 2000.

[ B] Gauthier M, Kueper B H. Removal of PCB-DNAPL from a rough-
walled fracture using alcohol/polymer flooding £1]. Journal
Contaminant Hydrelogy, 2006, 84(1-2); 1-20.

[9] Abdul AS, Gibson T L. Laboratory studies of surfactant-enhanced
washing of polychlorinated biphenyls from sandy material [ J1.
Environmental Science and Technology, 1991, 25(4) ;: 665-671.

(10] Abdul A 8, Ang C C. In situ surfactant washing of polychlorinated
biphenyls and oils from a contaminated field site: Phase II pilot study
[J]. Ground Water, 1994, 32(5): 727-734.

[11] Wu Q, Marshall W D. Approaches to the remediation of a
polychlorinated biphenyl (PCB) contaminated soil-a laboratory study
[J]1. Joumal of Environmental Monitoring, 2001, 3{3): 281-288.

[12] Svab M, Kubal M, Mullerova M, et al. Soil flushing by surfactant
solution: Pilot-scale demonstration of complete technology { J 1.
Journal of Hazardous Materials, 2009, 163(1): 410-417.

[13]) D%, %R . NE% dFEEREE LT EREERERE
FAEE(I] F B TR, 2008,2(1) ; 83-87.

[14] D@, X4 M8 . 485 4FERE S ERT & 8K EN
WAL ALI]. B, 2008,2017) : 466-470.

[15] Martel R, Foy S, Saumure L., et al . Palychlorinated biphenyl (PCB)
recovery under a building with an in situ technology using micellar
solutions[J]. Canadian Geotechnical Journal, 2005, 42(3): 932-
938.

[16] HEE.BHN,. HER. S IIHEEIAUEE FREEE
AKX XELREEHE AT 4744, 2006, 34(5):
642-646.

{17] Breoks M C, Annable M D, Raec P S C, e al. Controlled release,
blind test of DNAPL remedintion by ethanol flushing(J]. Journal of
Contaminant Hydrology, 2004, 69(3-4): 281-297.





