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Column Leaching of Phenanthrene in Sandy Soil by Anionic and Nonionic Surfactants

ZHAOQ Bao—wei, CHE Hai-li, WANG Hai—feng, WANG Peng, ZHANG Chun-ling, XU Jin

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

Abstract: Polycyclic aromatic hydrocarbons(PAHs) contamination in soil media has received increasing attention. To resolve such problems,
effective remediation methods are urgently required. In this paper, laboratory column experiments were conducted to investigate performance
of leaching phenanthrene in sandy soil by an anionic surfactant, sodium dodecylbenzyl sulfonate(SDBS), a nonienic surfactant Tween 80 and
the mixed surfactants(SDBS—Tween 80) with 1 000, 2 000, 3 000 and 4 000 mg+ L™ of surfactant concentrations and 1:1, 1:2 and 1:4 mass
ratios of SDBS to Tween 80, which aims to provide reference for surfactant—leaching remediation technology. It was shown that the elution
curves by SDBS were sawtooth shape with phenanthrene concentration going up and down at large, while those by Tween 80 and SDBS—
Tween 80 were regular ones in which the phenanthrene concentrations in elutant increase, achieve maximum and then decrease with the
porous volume numbers of eluting solutions. After leaching finished, the total removal efficiencies by Tween 80 and SDBS—Tween 80 were
more than 90.5% while that by SDBS at 4 000 mg+L™" was only 76.4%. Moreover, the maximum phenanthrene concentrations increased and
the porous volume numbers corresponding to the initial phenanthrene eluting, maximum phenanthrene concentration and final phenanthrene
eluting decreased with Tween 80 or SDBS-Tween 80 concentration increasing. The maximum phenanthrene concentrations and the total
porous volume numbers were positively and negatively related to surfactant concentrations, respectively. Given a surfactant and a porous vol—
ume number, the removal efficiencies of phenanthrene were positively related to surfactant concentrations.
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Table 1 Physical and chemical parameters of reagents

VEE IR IR/ TR FLBEER M B CMC

g%l bz

g+mol™ (25 C)/mg-L*
Tween 80 CHiCOOS{ OCH,.CH,)xOH 1 309 73.76
SDBS CpHxCeH,SOsNa 348.48 963.2
E[3 CuHy 178.17 —

?ﬂé H SG %mﬁ@%_CGHIIOA

RS2, 5 ARR - E PR B R
0.12% ,pH (K T B th=2.5:1)Fk 7.28, ¥V5MAA
FER A BRI R B —E |+ b RSB T X
s OB AE T RIRS & #bt A
AR 100 mg-kg ',

1.3 #igitie

T B R R R SCHR12], B S T iz
T HIRA, 20 A A (A, B S
cm, K 37 em, B EE LR 27 cm, R E&HT
AIRWRIME D) REET T i H i H , DR
THEBORYE B AEB], AR LA 1 g
MBI LT 4E , PRI 400 g V5 e 4, 705 TIRIEA +
FE R AR S, HRRESE R R SR — R/ MR
T, S EAT S SR B AT SRR TR 3514
Bk &3+ 2R, RAE - AE K BTHEK , H:B kit
SU s SR B A 3 P = 1N W e g - S
WAE, BREER, HEEEZEZTE W
FLB AT Z524 100 mL,

53 3% — 7€ LB HERR AR IO [F] T & 49 SDBS i
Tween 80 & T 5, B FRI—FEMHH , IMA ZE 7K
ERZZIE, BVAT AL RIS SR E R 1.000.2 0003 000
14 000 mg- L™ 14 50— BWVE & 3R TE MRV i, Hop
TR RIS A B BC LG (ST 4330 8 1:1.1:2
L4, BBEEMT ORS GREEERERTMA
0.01%) NaN; fERAEYM SR . JeMEB K
LA, HAEAE, B AW N 1 000~4 000 mg-L™
FREVE ARSI, R R [ FR R 0.5 1
LB,

1.4 WRRF*E

WRPRHE S EEHR R F A B EE I - S0 A e
EIE, B 50 mL Tween 80 Y, F 20 mL Ay Bk
ER K BESR, BT RKE H 50 mL 81
FKPESE, TR, B TR, A VR RRE 2 IRk, 1
7K-3E-Tween 80 (KR, FA MBI & HELEL
IS, WERTEBRIAATI. FHik, A% 0.1¢
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TNAJLIE ZBELATEBRIEER, ARG A MEEAEE 2 1K,
HER, EZRT R A 50 mL =3 Tk uedk, §
B T EKE, EE VR ERE 2 R, IAZ 0.1 ¢
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0.5 B, FERIWE VR B TLF- 0 05 Bl FLBR AR B0OY
F 2, LA IR R R B ME 119.0 mg- L7,
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Figure 1 Relationship between concentrations of phenanthrene in eluting solution and accumulated porous

volume numbers of single surfactant solutions
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Figure 2 Relationship between concentrations of phenanthrene in
eluting solution and accumulated porous volume numbers

of mixed surfactant solutions

TR BB, EEFEMMBHE R 0. DIFRETEM
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SDBS:Tween 80(1:1) 45 , Ik tH ¥ 1) RAHFLBR IR FHEL
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4 21,11.5.9.5 1 6.5 I, FEMY L ok 28 a2 3]
0, TP A FERAR e e R . (1DIRG3RE
EMERIXFERA RIS ER , Bl R EE SR S
B FREE Y RS R R A W2, {7
SR B FEL AT 1140 2 T TR ) R R AR O SS , B
WHGTER, MM EIRE RS MR A CMC B —
B RETEEN AR RBRENREL; FEER-JER
A FR G PR R 9 4 B R B K, RIS A
R, (2)H FEA-IRIR A R E R R, B
B F G PR SDBS A REAL AR B 7 2 1 i P55
Tween 80 [ HAVK B, AT R RRERAE S R IETEM
FITE L B B 2K 5 oAb, BB 3R & i
AT DAREARIETE L P W S B E ™,
22 EEBERMLE

K 3 T )E N 1000~4 000 mg L )88 — L5
F-ARREREEHAAR T, ELBRF SR B
FALBR AR B R . HEITTAE N, MR ETEE
Flk E—E B, FERERFRFAMEE BRI E
IS KRR KR KR T R EAR Ry
ARG MRMmIE N — b, RiE LR E
K, HERRIEE WK, BIAH R 2B T Irid 2 ik
Ve BRFLERARTEOR D . WU, SR ER
T TE R , KR &2, R R, B
— Tween 80 ¥FEAY B L R B & TR FRE
TR SDBS, 2% 2 TR AFWE A FMIEHRE
EHAAR T, B IERMRRCR . B3R 2 7T4,
SDBS ¥ & k74 000 mg- L [, XJIEH B L EREAL
76.4% , 1} Tween 80 ¥ & & 1 000 mg L b}, XFHEAY
BRHERREDIR 90.5% . X2 H NIEE TR IETEER
BB RS R B R R A i, WS
AN Y BRI 2 =™, SROKEHAE I HE b B
AR A R A R — AR B 3R A 1) TX100
G QR IEMEREAHE R TR S TR
T SDBS, 4h, A[FIELH:H) SDBS-Tween 80
BERHUEEANNEMNLGEOHE S FR—
SDBS, iX & h 3R IR G R G MR i st — B
RIETE G T RE 158,



462 BAPR T BARR IS PR TS e R e

201043 H

e =BRAI%

100

801

601

FEEBRE%

401

201

' 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16

RE MR 2 000 mg-L

FEEBRHI%

02 4 6 8 10 12 14 16
Ve R BR AU

RAEEFIMEE 4 000 mg-L*

EEBRFI%

4 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16

UL RRFLER AR MR R BB
—— Tween 80 -0 SDBS - ST=1:1 > §T=12 -O- $T=1:4

3 ARAREHREEEFINENEZBRESRERBRALRERBZ AKX E

Figure 3 Relationship between removal efficiencies of phenanthrene and accumulated porous volume numbers

M3 T DA Y, R E MR M O 1000
mg L™ B, 1B A F TG ] SDBS-Tween 80(1:2)%F
e B ERAEIS B T HARE IR R R  FEER
AT ¥ PR MR B 3] 4 000 mg - L, Bi— Tween 80 ¥
BONFERBOR M LRRA . XTI RER D N7k T,
AP FRM SN 5 Tl 5 ok R i Ak
VIR RSB T I B, (A5 HAE P Tween 80 (AR
JEFEAK, T SDBS-Tween 80 JB £ T 1 177 ] ] K
KEEE Tween 80 7E 13 E ARSI, 3858 T X% 1
BERIERY R ER; REE R T MR MR B RIS, Tween
80 7E 13 FIKRIEIRFMIAT, WBAHT Tween 80 (4
ROk AR , WEAER A/ B R, MR
7N IR A R EE R R L EEACRE B
— Tween 80 5 SDBS-Tween 80 JE& =1 i HEFNA R
XFIER) R ERATE T W22 5
2.3 mAKHRERLLE

iR 2 fn, EAREIREE AR S, 3FE
)i R HE R R B 2 T 0 P R 0 A 3 o 22 2 Mg
s, G, B—JEEFRETEEN] Tween 80 (K5
H, BEAT Tween 80 ViR B AU IKTE I, JE AR U H ¥k

FEREY, B REEME Z AR R
CIE-%ivF

C=0.027 9C+7.55 (R>=0.9997)
K Cooe NRAER BRI MR B, Cr AR TS 157
iy o7 3E- 28

MK 2TLUE S, EHERRIEEARET,
WEE (& 2 Tween 80 ST BTG N, FEAIERM
H R BRI I 4, ¥ 4 000 mg- L B,
Hi— SDBS(Tween 80 J& & 418k 0) MR HIEM B
RIKB RN 46.2 mg-L;SDBS-Tween 80 T & H h
4:1(Tween 80 5T B /3 ¥CH 80 %), FEATE M H ¥k
&8 104 mg-L; B — Tween 80( Tween 80 Jiii & 47
N 100% )R F FPIER BRI M N 119 mg- L7,
Zhou SFPRESY T B -ARIR& R & 1457 (SDS-TX100)
X 3 B AR R R AR L &K IR A 3R T I R (SDS -
TX100)H* SDS HFAAE , 7 LAREAL TX100 76 4% LY
W BT 2% s HBEE SDS & /- E g fim, TX100 7 1
FE b B IR A3 K /), IO HE B R e R R AT .
LAY % PR, SDS-Tween 80 1 & F21H 1H HEFIXS
FER VA /N T AR R VR B ) B —F B R T v
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Table 2 Comparison among the results of column flushing for

phenanthrene by various surfactants

REEHH BRERSE FERRME BHAR

RIEER S pmge 1t % Wemgl’ AR
Tween 80 1 000 90.5 349 15
2 000 957 64.3 10
3 000 96.7 914 9
4 000 99.7 119 6.5
SDBS 1 000 11.3 8.37 15.5
2 000 40.3 21.7 14.5
3 000 48.3 43.3 14.5
4 000 76.4 46.2 14
ST =1:4 1 000 96.7 30.8 18
2 000 97.4 61.9 11
3 000 97.0 88.2 8.5
4 000 95.3 104 6.5
ST =12 1 000 98.8 41.5 16.5
2 000 98.7 522 11.5
3 000 96.8 73.4 8.5
4 000 93.5 101 7.5
ST =1:1 1 000 98.2 37.0 21
2 000 99.0 459 11.5
3 000 92.5 68.5 9.5
4 000 99.9 87.3 7.0

), HEE RS T RIAEER S BN Z Mg R, A
WA, B-AEIR A R mE R HE AR BCR 53k
B REEENRBEARYIXR,
2.4 RMMFLBREREMELE

B 1 B 2 o3k 2 AT AN, BB 2R TE TG PR R vk
BIBE S, FELR A FER B v B WA DA R L H ok
JEBETF 0 B n; AL BRI FREC /) , B
AR B e VA 5 B W B AR FL BRI R A R
FE NP RRUEAE fE ks th 2o BRBE ). i, 7E SDBS 5
Tween 80 TR H R 1:4 BUIRA R IEERIAR T, 2
FHETEHEFIHEE A 1 000 mg- L™ B, FEHR BEUEAE DA M
RV MR B HEE T O B R A FLBR A R B 531y 2.5
18, T i E He FEHE N 2] 4 000 mg - L, FLER AR FREL
H W2 BIREARR] 4 F1 6.5, X V6B , TS P57 e il
K, HX G e - 48 R A b U SR A R, TR AR
U BRI EREE, RGN I P K MR ML Y
Ve A R A7 7E B Fp AL 2% 100 1 50 B 4 7 AR
P REEHERIBCR RIS AE . RIS MR T
REELE-AIY . LE-KAm, @B AR RN
TR K A ML 2 B Bl A, e a ALTE

Qe - HERURL 0 23 5 HR, 2R T T PR ZE K A o
FERUBCR , A WLIE G i 0 Be A AR SR 7K 1
W% o B3 13RI AR R 2 A LA 1 P AR E
RARAGT TS AR AR BOVE T o R 7K B o e
FEHE R (BRI AT A HLT I = [RI3E ) , BERR
AR, BRI 5K 2h 71 T2k B I R A SR
AR S SRR B 2 2R (E . I, 23R
T PR RE S IR, PR B (AR P 2 T 7 A5
BORBE N %, ST =S B ANR , AT 485 1T IBE A,
R T XTI YL R BER

3 &g

(1) [R] B & He 4 SDBS-Tween 80 168 £ HE
PEFIWRVE AR5 Y0P + B B 5 R B T 2 1 4
Tween80 FHALL , FEFLER AR FREIE I, JEM B EE I
BRI P AR AR B 5 T B S R 1A I PR ) SDBS Wkt AR
TEYerb L, AR R E R BT RN EE T
AR (BRI NTE B

(2) R [R Br & Fe 1 SDBS-Tween 80 168 £ HE
PEF S AR B TR M 1 Tween80 HRBERD + FP &9 3E
i, H B E R ITE 90.5% LA b, e 5 7218 T 7
WM, LB ERRZ A58/, B
IR E TR IEE ] SDBS,

(3) B 1A 2 Py R TR 076 4 010 ok 2 B 15 I, IR e R
HE IR R e TR B 2 K, BRI E
W 2Rt B REREEHEFER D Tween 80
JE ARG N, FER BRI B Bt B3GR,
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