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Abstract

The elution effect of phenanthrene in zinc/phenanthrene contaminated soil with a novel chelating
surfactant C12-ED3A3Na was investigated. The results showed that Ci2-ED3A3Na solution could
obtain the optimal phenanthrene removal effect when its concentration was 6000 mg/L, its pH
was 11.72, the liquid-soil ratio was 20:1, the elution time was 4 h, and the elution temperature was
25°C. Under these elution conditions, the removal efficiency of phenanthrene was 85.44%. This
removal efficiency is much higher than that of AEO-10 and SDS as eluant, indicating that the sur-
factant C12-ED3A3Na is suitable for the remediation of heavy metal/polycyclic aromatic hydro-
carbons contaminated soil.
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1. 5|8

B AN R JE, Y2 A NS EKIE, &2, TOEK. B AMEREEN 5, i
AR IR EIGAL, JH R A WS 4(POPs), I 3R F5 JE(PAHs). £ 4475 }2(PHHs). £ &4\
T T EERL(PCDDs). £ &R IR IR (PCDFs) LA K AR 245 5% B AR S . BT B A R g A B AL 2P
[l B SR B A AR . R RVETE . AR BRI R, B R AR R IR AR, T
VIRE B BRI AT E IR B Rz PR BT B 1R I, BUEAZAE T RS /K. BIEA MKk POPs #)iidEid &
VIEEXT AT B IR AR BN A RIS A T, R AT IEIS “ARTRARL Y B “uRIR BN RS B HhEk
LR ZHHIX, SEAEIREEG R, BHET, A PG R0 8 0E 5 k2 BT, Al
15 G LR MEE O 8 OISR B T3 SR s 22—

TEMRZ BB AT NS Yo 3R 5 v, R0 1 770 e Bt 338 2 — B (8T (8 A0 R 7 V(2] [3]. 481
YRR R — e 8, TEREMI A 2 e Lih, IR s . Bk, EFEE A
W2 T % R 7R B G 33 RO BT TGS [4] [5], {HE B AW 2 10 5 MR M AR A 7, i AR
T P59 Y e 398 R 15 B AR S R B B [6] 0 ED3A 3 M1 E 702 — 07 AL A 2K 5 R R v e 741
ST A, P ERE R, AL RUK A S LT E (7] (8] HAT, FIXIERIEEMERE
HAE S V5 Je LI AR ST IR TE B0/ o BN (8 M8 F N--T bk ED3A SR THVE 14 77 e it 3 & @ AnG AL G
WA, (HPEBBCR 8 2RISR S — A ED3A KGR Ci-ED3A3Na Jifli 485 4L
g, WS TRGHEA R BHECNIE, MATEE Cp-ED3A3Na R HE e A LG G g
SRANIE A5 Y LI A PLE R 8UR

AR SCASE B TSR TS 14 77 C1o-ED3A3Na Sy it 71 e it £/ 3 B G35 B 33 b 3, B 78 e 7R FE
Belbifl pH AR BRI 7K b 2l Mt il P S o JE 2 BR AR py s, DU I R R TIE VE RITE A WIS
e LIEMEE P B SR LS H KR .

2. B EFE
2.1. FERFISUE
+ I R ERBN(SDS), A bral, JUARNSK T BEAL T s AEO-10, kg, TRt TABR A
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Al N-G-t ek -2- B FE N 3 2 1 = ZFRBN(C1,-ED3A3Na), BEfil, HaH LR 1[9]; HAdiR)
BN at, BT K ONEBAiK, HEHZE A 18.25 MQ-cm. FBZ2001-UP-P #4li/KHL, 75 5 SR A IR
AFl; WHY-2 K EIRIRG &, LA &In i FRAER s PHS-3C R, BB EAAEAGEA
FRAT; UIV-2550 S5 T, B A PESRHEA R AR Gl6-WS & sl s Lil, Eig =i
P ONAER A IR A s FA2004 RSP,  RigskFE-FREAAE A IR A A

2.2. M8

B ek B M R G L eys GBI, Z2EAKT )G, BRI ARG, SWETtEL4RE 100
H 945 F o 357 3 pH N 6.76 GRS 7K L 2.5:1, F PHS-3C BREETHII5E), AHLE N 1.0381% (H
FAES TN AL - B IR E) .

BE/AETS Yo % FREX 200 g ETE I, N —EIREEN Zo(NOs), R, FHIEESFEBE 2 IR A 35
&), ERABATERAE L 115 CHATIET BERK R SR 2 X)), FRIHT e m ey L E
FERHEAL B AL 2 K, H4% s YIS 8 350 mg/kg). P AR Y N — & B K JE A B A
T, FH BT R 10 VR A 35 50 S W FL N T8 XU Lk R R GRE RS 24 /N, 45 56 4 IR/ AR TS G 1 158
R RR O MR PR, RIEHETETI T AL 48 /NGE,  RIGHI & H B/ 3075 Je 38 (B 350 mg/kg,
JE: 100 mg/kg).

2.3. FErRERIZRRVLET)

£ 10 4> 50 mL iA=L 25N 0 mLy 0.5 mL. I mL. 1.5mL. 2mL. 2.5mL. 3 mL. 4 mL.
5 mL Al 6 mL 20 mg/L FEFRAEIAI, F2 BN 10 mL FEERIA BT, FBa/KmBEEZE, 559
AR FE W SERRUE I . F R AN 66 BETHI 2 B3k 9 AMNATRIIROL R, S HEHGE R 5H 0 mL FEREIR
AR 2 VT, RO S B 2 AR RO FE (R sl s 4K B RSO 249.6 nm R R IR
TFEE R HIOCE(A)~KIE (Bl SRR EE =Rk, W& RIFRME, FE. btz 1
PR o

2.4. FEBRFHRIER

3 HIERRFREL 1.0000 g (£0.0005 g)8¢/dET5 Je T IBFE & I 0 BIZE N T 25 mL BRIEOEH, IA—
SERFR — 2 IR FE A1 — 52 pH (1Y) C,-ED3A3Na ¥, R HORFZ AikEG. RE T —EiRE FERK L
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Scheme 1. Structure of chelating surfactant C;,-ED3A3Na
Elx 1. BAMREEMT Cr-ED3A3Na 515K
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Figure 1. Standard curve of phenanthrene

B 1. SERIFRIERRZE

PRV% e Bt — IS 1A] (160 r/min), KT 7SRE M A 3500 r/min B5C» 30 min, HX EJ&EW 5 mL 3 50 mL 4 &5
o, SRJEMON 10 mL WS, FEBZEKER . H, ZESUER SR pH (8 H ST R i
BRI WY o A8 FH SR A0 53 D06 FE T SR i A 7] 2 3 P FRVR FE (R v i FE RO B, FHR 2 L L 2
P = H, AA)EI05K 249.6 nm N AIWOCREME s HRHE TR B2 AR AN SE AR AE h 42 SR 159 R 2 ARG i i
FEMIREL (), AREMRE LA A (D) RFIER BB () -

n=Vx107¢c/0.1 1)

AR, VAV FRIEAR (ML), ¢ J9ARZ BB T 3EHR E (mg/L).

F LA F 7157 %% Crp-ED3A3Na W IRIKEE . Cr-ED3A3Na V7 pH E . BeBui [a] B i i B2 KK
= B e R R S
2.5. RERBEET C,-ED3A3Na BYRRSIR A S H it R m A FIERBR AT EE

AR IR SU6 15 B LB il 451, AR X B T2 1155 Cp,-ED3A3Na WA FERI 2%, IS
AR R FE H AEO-10 A1 SDS AR AEAH R 7K A Lh o e I, B ANy B Ay 18] X /35 e L3 Fp 3E 1) 2 B R A
T
3. ER51H8
3.1. C,-ED3A3Na iR ENIEEE R

MIE 2 FTPAE Y, 24 Cpp-ED3A3Na /N T 1000 mg/L I, f#5 HOR BB K, SER) Z B bk BTt
4 C1,-ED3A3Na K FE 464248 K3 2000 mg/L I, FEMILBRR AT N, b5 X% C;,-ED3A3Na
WK, JEMERRERLESE FTF, 24 C,-ED3A3Na #K/E )y 6000 mg/L I, JFEMEBLETIRE S, A
85.44%; PRSI K C,-ED3A3Na KJE, FEM R NEHIR N WEREAR, JERLBRFEE
C,-ED3A3Na WM K, Bk —/NEs)G, Wi C-ED3A3Na WKEIEM LR RIS FH. X 2K
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Figure 2. Effect of C;,-ED3A3Na concentration on phenanthrene removal

efficiency
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Figure 3. Effect of elution time on phenanthrene removal efficiency
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AR, HES

Ja, BEEDEMORT AR — 2D, FERRBR R R @R . X ATRE A BT IE - RN - HE =
TER RIS R ARl , RGN S b AR AR, Rl 3 i 70 2% 1 v MR R0 e o (g e B e, f
T TR 7R M AR B 7E 3B AR S, Rk, FERIZERR R R ETHE S, (HREEERB G, 2
TEAEI 2R TS TR IR R B B AE 3 i, S EEER R R .
3.3. C1,-ED3A3Na & pH EXIFELERFER M

ME 4 TR, B C,-ED3A3Na & pH HI T &, FERZRBRFR 2 2 FFHERA M. X2 R Ak
EHVRW pH 1 C,-ED3A3Na FI/KE ARG, M LATTTE W E L3P 2. H1 T C,-ED3A3Na A
B pH A 11.72, 763 pH FIEMZHFRFEE, N 86.03%, K, J&ssud mihafe R4 ™Y pH K
C,-ED3A3Na &

3.4. KL EEXFERBR AN

MIE 5 TRAVEH, fE=M Cp-ED3A3Na W, FAEK LRI R, FERBRAL AR X2&H
T C-ED3A3Na iR AR, 7K b3 B R vk 35 78 W i AH 7] 52 & 31 C,-ED3A3Na HIH &4 K,
Ve BOR IR o
3.5. iR E R IEL RN

K 6 Tor, & 25°CH C1p-ED3A3Na AR AE R B8 B os T H AR B SR EE (30°C A1 35°C)R RIBE
feh, X5 EiES BN AR EIRE 35°C A RRAE A —FE9]. XAlfE2H T C,-ED3A3Na /&5
FUEY), ERARRE NS AE L WA, 10 SE % i 32 E R K e 1874 2 C1,-ED3A3Na il h 2.

3.6. RIEFRBRFELET C,-ED3A3Na BOEB SR & 5 H th 3= H B4 I 5E 3 SR 5 EE
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Figure 4. Effect of pH value of C;,-ED3A3Na solution on phenanthrene
removal efficiency
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Figure 5. Effect of liquid-soil ratio on phenanthrene removal efficiency
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Figure 6. Effect of elution temperature on phenanthrene removal efficiency

& 6. BEFFERBREIR

3, BEMVEM A WKE 6000 mg/L, PEALH pH E 11.72, /KA A 20:1, PR 4 h, PR E
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Figure 7. Comparison of phenanthrene removal efficiency in zinc/phenanthrene
contaminated soil by three surfactants

E 7. ZMREEMFIERSEIEE SIS RDRPIEN ERETLL

BRI AR (1 3E 1 25 BR AR AE F st

M7 BT A = b 3 v 1 R e A/ AR R A G T3 SR B8 R /MK IR & Cj,-ED3A3Na >
SDS > AEO-10, ifi H C;,-ED3A3Na ¥ifii it /13 iz i T SDS M1 AEO-10, XA b P FATT &k
— BRI R R B (CMIO) B/ T B8 R R T RSP CMC, (R, JE 7P
TG P R 3G V3 RE ) 5 T 28 7 BUSR T VA 77 H el T L3 0N R [T s 7 Ay, XRE S BUE BS T 3R s
PE T B B R T M AR 25 5 R BRE R3S T, 6 3 S 38 - 3 T Vi A 7 P e B A 70 i b 9 88 - 3R T
PEFZE, Uk, B FREVEMR Cp-ED3A3Na Al SDS LFr L3 IEMAE 1 E5k T ABO-10. T
C1,-ED3A3Na ) CMC 4 6.03 x 10™* mol/L (326.8 mg/L) [10]iZ /N T SDS ] CMC (1568 mg/L) [2], XHFEFE
FHFIARE T C1-ED3A3Na Lt SDS JE R 2 B, itk Cp,-ED3A3Na [5E i SE 1 /T b SDS B i

4. &5t
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Vel pH AE 11.72 /KEE N 20010 VeBEI 8] 4 h FIPEiiE g N 25°C. ERPE&1E T, FEMERERE
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