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A Comparative Study of Washing Effects of Phenanthrene in the Soils by Anionic/Nonionic Surfactants

WU Yong—qi, ZHAO Bao-wei, ZHU Rui—jia, MA Chan—yuan

(School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China )

Abstract: Polynuclear aromatic hydrocarbons(PAHs )are ubiquitous and persistent since they could not be easily decomposed in soil. There—
fore, clean—up of PAHs contaminated sites is an urgent task. Surfactant—enhanced soil washing is considered with increasing frequency to ac—
cess soil—contaminant separation. In this study, the wash of phenanthrene in the soils by anionic/nonionic mixed surfactants that were consist
of sodium dodeclbenzyl sulfonate(SDBS )and octylphenoxypolyethoxyethanol (TX100)(SDBS-TX100), was studied and compared individu—
ally with the surfactants. The wash of phenanthrene in the soils was influenced by many factors, including surfactant concentrations, washing
time, soil types and inorganic salts. The phenanthrene concentrations in water phase increased obviously with the increase of the nonionic
surfactant (TX100 )and mixed surfactants (SDBS=TX100 )concentrations. When the concentration was 4 000 mg -+ L™ the washing efficiency
was balanced. But the wash efficiency of phenanthrene increased constantly until the surfactant concentrations approached 8 000 mg-L™" for
anionic surfactant(SDBS ). When the ratio of soil-water system was 1 to 10 and washing time reached 40 min, the washing efficiency of
phenanthrene in the soils using single and anionic/nonionic mixed surfactants when concentrations were 1 000 mg- L™ distincly achieves the
maximum. The washing efficiency of phenanthrene could be enhanced by the soils with lower organic matter. Na*, Ca>* and Mg**with certain
concentrations in the soils may precipitate with anionic surfactants, which could decrease the phenanthrene concentration in water phase, but
it was increased by anionic/nonionic mixed surfactants(SDBS—TX100 )which could reduce the precipitation. The results show that anionic/
nonionic surfactants could exhibit potential application in the enhanced soil.

Keywords: surfactants; phenanthrene; soil washing; influencing factors
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A (bioavailability ) , M T35 2R AFA LTS 529109 H
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L1850 R AL ER
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Table 1 Physical and chemical parameters of surfactants

BEIR i G PR AR (eme )

R I P ez

/g*mol™ /mg-L7(25 °C)
SDBS C,HCeHSO;Na 348.48 963.2
TX100  CiHCH(OCHCH, ), 0H 625 167.4

12 TEERRERFE

RAR LFE R 48 TCR A HR 22N 2838 K5
) 458 2CR B L ZRAEH T A8 IR X A= 36 /MK | £
98 3R BTSN 255 T 40 %l DX RE /N DX 4= 48 4 (R
H A5 ARPUE TR AR X ) 2% J2 1458 (0~20 em) , KBRHE
A JEH ARy A2 ] FARIRCT, R ER S i AT
itk 60 H, & . 22045 4 Fh e HUT & =551
9 0.60% .0.29% .0.012%F 2.7% . F+17 A JE A A il
PR EI e — 2 i T TR AT KU R R
F4% & 2+ e 1RSI H, JEW EE R 200 mg kg™
1.3 i3 77 %

I3 G — 22 LA HE B AR BOCAS W] 2 5t 1) SDBS A
TX100 A1 50, & TR —2Z i, A L& FKE
REZE, RIS R B AN IR C EE A TR A 2 1 3G
FIFEH

HEBIFRIL 2 g JET5 e -4 B A 20 mL R [RIVR
IR A R EE MR, 1E 25 CT R 15
min( 120 remin™) B ARG 22351 ,3 000 remin™ §%
R B 30 min, B2 mL 2T 25 mL A4S
oA — 2 B T B, PR R B 2 IR AR B, LAAH
2SI RS K R 248 nm b, FHESAMY LB
THINE AARAE R B, SR ARG 3R . X n kAR HoAth s
M PRI 28 CRp ] 4 as LR Ss ), A Fikad
J& SR KAHAE R B

2 #ER5THe

2.1 REEMEFRE R

R T Wl 0~8 000 mg - L™ B[R] IE HL IR &
2% 11 3% M 3 (SDBS = TX100 ) F1 8 — 22 1 3% 4 7
(SDBS . TX100) X5 4t -4 1 rhAEMPER AR . WAl
1R, YREEERIPIG AT 500 mg- L™ B,
TR A 2R 116 14 700 R — R B - R T SRR R R
R B 2 1T 6 P ARV B AR AN K, X eme B
(1) [ 2 7 R 11 6 R SDBS, Y iRk B /N T 2 000
mg- L7 2Z Al e E AR A S 2218 . SR
PEFRFEART 2 4% eme B, FR 2 1 3 50 W% B 1
TR B PAHs GNP, (HJE Y 3R s v
TP = T 2 4% eme B, AHLE L3 AL R
BN R L AR 7K A e 15 G, DT g ik
AR R L, f I 1 AT Y YR AR LA
JERT 500 mg- L7 B, A [RIC Lo Ao TR G 2R T3 1 7510 R
AR R TG VR, B 2 TG TR 0 R
K, AEVEME R S B B TR s, B2 i
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Figure 1 Relationship between the washing efficient of

phenanthrene and surfactants of different concentration
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Figure 2 Relationship between phenanthrene concentration in

water phase and washing time
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Figure 3 The effection for the washing of phenanthrene with

surfactant on different soils

IR 3 AT 25 A ML s AN TR, 2 T 3 1 )
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AR TR PR A SRR W MEAE FH o 177 91 5 - 1 i 4 75
SDBS H TR HEFR AR, ARMERE U B - e 1w, 4
XTAEAARTIE OB R L 2, mT ARRAIGE 25 7 2R 11 T
PEF B0 AH B 1 X R BRG]

2.4 Ttk

LU L TEHLER NaCl, CaCl, Fil MgCl, Rt , HF5%
T FRIATE R EE S 1000 mg- L B, JEHLER
BT IS Ve RE T B RE R o 2 BT 3 Fb
ToHLER B Mk B 5 9E7E H— SDBS \TX100 DL iR A
&7 SDBS-TX100 Hr/K AHFEMR EE I K

N 2 UL, A TCHLER B, R 2R T K AR
FEVRIE FE AR A TCHLER B TR AT , (L2 1 o 5 g
TR FFRMEIEHEF] TX100 Ak, AER—WKET,
TR A L rp B B -2 1 T 4 ) SDBS T b i b
K KAHAR IR B PR AR R E B . 4 NaCl ¥k 5 Ky
5000 mg- L' i, SDBS-TX100(3:1 )& Z& T , KM FE ik
FE R AR B e KR 83.7% , (HIZIR AL Lk SDBS-
TX100( 1:3 )44 Z8 K AHFE MR B B 504 T i o X i
AR B 722 M PE 7] TX100 Af /b Na*Bs 7 K i
A7 T B BH 25 7 2% G 14 751 SDBS it A 5 2% 7= A=
PIUTTE R o 3R 2 I8 TT LU 45 CaCl, \MgCL, ¥
FERIE R, K AR M B AR B T K, EL N B — B
F3RTAE % SDBS SZMA K, fHX] SDBS-TX100(1:3)
KRR/ o IR A TE I B3R T 5 £ SDBS
FEAET , Ca? Mg 55 [T 8 2 1 7% 1 7 7= A i DLUE
WE T HHEFLER, BHAS T V59 3 i JEE A B
A, T FBOK AR TR BE R M, (B BA/AE R s M
FNRA G, vl $2 fmy HAT i K BE 77, v /b B i - 2 1 1
e [EORITRAEE i
3 #ig

KRR, FEGE R b PR B RS

7 (TX100 ) AR A 2 1 15 PE 7] (SDBS-TX100 ) ¢ & 11
AR, SR E A 4 000 mg- L™ A5 3 e RAH ;

2 EHERESKBIERENER
Table 2 Relationship between phenanthrene concentration in water

phase and inorganic salts concentration

MR FKAHAFHE B /mg - L
SHLEN s vk BE R R R

JoHlER %)/Ji;dib'z SDBS SDBSS-:I;XIOO SDBS]-?;X]OO SDBS]-?;X]OO TX100
NaCl 0 0340  0.630 0.933 1.02 1.08
50 0116  0.558 0.671 0.899 1.12
100 0142  0.589 0.829 0914 1.16
500 0176  0.568 0.748 0.954 1.14
1000 0.119  0.564 0.678 0.976 1.10
5000 0.086  0.443 0.579 1.04 1.14
CaCl, 5 0295 0.607 0.871 0.974 1.12
10 0270 0573 0.861 0.884 1.04
15 0218 0528 0.829 0.867 1.06
20 0192 0.444 0.743 0.878 1.03
MgCl, 20  0.197  0.627 0.840 5 0.932 1.09
50 0.185  0.560 0.847 0.900 1.10
100 0.143 0365 0.822 0.888 1.10
200 0125 0354 0.645 0.873 1.07
500 0026 0217 0.612 0.867 1.05
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