DOI:10.13758/j.cnki.tr.2007.02.008

(Soils), 2007, 39 (2): 204~208

xlget, B,

FEiE, FEW,
R W7 BEMBRRY 22, BRI KR

/

HET, TPA

163318)

ArRTs e 3 T R O B S J v« BRI AR RS R B I o ST AT AN A1y BT
i ReIA g L R AR AE . B RIONUBR A BEATRTIE, v B S e S 52 Oy e i) gt T SE 4kl . AU
BT TE SRR A TS B S O AR R SR PR DD . ORI R PR R A SRR RS2 86 SR T LA SR AT

FFAELE I ) R S R R a3
B G g Wi st HbRE
X53

RIS Al 20 Gennt AL A A A A S fgk e
AL SEH LS T TR IR o Ay s S 3 2RI
TAE IR L s AR v e &
LAy DR R R AT S R A Y 7 A
I, 5 T A ERE N sl R
N R KAR s ST, Al A TRRA N
AR SR K, ey IERARTT 5, Tl -
SRECSE A IR e Sk . T RS EE Y,
HI A TS Yo B0 thbes . APk M s A k2
BRI A Y, XS R BAT S0 B A ERAZ
AR, I eI IRV I K M LA
HAT A = =k, &Y (R AR
A B K AR S L VF 2 X 1 -3 R iR
R BNZRIG R ET TR, TR e R R I
W A A I L A B RO L 1O e
Tymnia ) FE LR Pk, BFFCE LG R 13T
RAW) L PR B/ W TE AN DR AT BB (B, 1ty HL AT LA
AT A LTS A AE S DO AT, PP
15 G L3R GO N B B 10 16 B P A AE 552 o
AR TG R R A KA o

1

1.1

20 tH28 70 SEARLOK, B ANE A hiSes e
5 13 KW R AT TR TS, Weber Al
Wu 57T T gUK A B HRUTR AL )
BRI 2B )2 Larsent A5l I A
SEYGINSE T 3 Bl KA BRI 12 R il Ak S0 (K 5l

w2k, BE e T eI 2% Grathwohlp 25101
T I B 7K A v 22 30 5 K T A A 0 TR0 RE TS S W o / it
W) S35, g R RSP, fR AL
V5 U B KA R e — AN IR BRI R, H
B LAESJLHAERI ] Farkas 25URFS0 T A WL 4
WAE 3 7K S8 WA v (1) J2 DB, 7R P R e e 5L
Lt EAA N BUK P ER TR M R, A %
S RSB S . R R A IiE B %L, Simpson
J% Kookana %51 SR A% g S R s 138 HLT
C MR, WA R AL BRI Fh A C X B 1 52
M, &5 W3RH, J58 C RIBEKE C XL FHE R #A 52m,
SR T 3 A (R B A2 R 95 B C T s R A AR
T JE . Cecch 25Ul I SZEGHIF G T AN A 1 i 4= 33 6 A
(i) 285 L) A0 70 B PR WG B /AW P PR s, &5 58 Wl 08
AHLTURT E R L A A 5 A R TR ) VA A A
NIES X378

[ R IO TR ST B D e, ST T+
MR . 5 G o DA R b 3AS [ A 7 X )
W2 B /AR )R ), (L U AL A T G 0 A L P 2
SEMASEEAT T B AN i ol e e A T ek
— AN - IRER IR E, A T A AR
FITHME T, W9 T LR 2 305 et &9 1c 1 4%
AT R, SRR, 2T E A g
HIWR B 5 AL R R R A O . AR
US40 9% ST S v 5 T 5 o 39 e (g W B R ff i A T
h s G5 S I W B DG R T AR A R D e A
HRIRR AR AR, SRS S T S PR
FLARIRAT A WO 48 52 B pHL TR I, S THS R 77 (1)

OFAETH: BRIA AREETH (B0210). BRITERHEGHRITHE (GZ05A601) FEERITEHE TREFESIH (10541005) L% B,
fE# TR Xt (1962—), Zo, IWARBIIN, #3%. WA, FENFHAPHERL 5. E-mail: dgpilxy@126.com, 1dyll@126.com



20

XGRS A7 il G 38 E R IR B/ AR S B 9k 205

IONA BT B i . Aevs gt i b, JRIE
FeZ BTS20 Y - e v (i J B 5 RD B A R
FH TR AT I, 5250 Y2 7 S B JIO6) A 1y
FAWBRAER B T 55 BTN 2R Wy 1 W B AL e T
A2 B, 454 Freundlich 2530 J7RE, 1+
SN T AR I R A AR /N o Bt 2z 25 R
[ A O VAR BIAS I A WL, AREESE T 36 28,
ORI HORAEAN IR WL 2 43 H P A5 T O o
THh, iR T HIEPFEPRMG AL S, K
FERIMAEFREE . o Tdlk 5458 o X Eert
FCTAER AT Y, IR B S50 1) R A2 DTG R F W o SR
SRR H AT o> 1 KT
1.2

TE 3 A2y e i S S B R, BET
N B TFUG T R AR H KAL) (2
Wik Z2FBR LR RYFH T, A AN
(477 THN T 48 B B AR W 90A S 29 e ik, —
Wt ST pH E B uRE . ERLE IR AL
JIEE IR 2 AN )Y e B A i s, JERIFSY T IR
BB, FEANF BT ) EEAR T — RIS
1.2.1  ZES7 R PR Y JER AT N B K A
WLIAE 3T )b W B sk o I8 2% A — b 2 BC 1) 3k
e, UE NSRBI f B A, P lid R 405 +
BRI AL C I E BAREL AT OGO R . et
BRI 2 AR PR R G . O B SR R AE B AL 1 g oAk i
AR o L T R A S I g BT @ el g
LA _EAS PR R AR A AU L FI B s, A
2B eI TR S P O BVRAE, BE A
MU, 5ok, Huang 1 Weber b +33/(
TR A WL B 4 3 BOCH )R 10 TG
FETE I A HUTUCRIEESR S I AL 3 M.
Hodr, TeHL PR 1A @ B 1 H A AL A LTS
PP B AAR 2> ek 3, A LTS R R R A TN
I R B I R I A JE LR PR . AH T ST
e, WS T2 WE. fhor BBk A R FE,
HzZ MRz, fE080E O~ A RIS ERAE .
IRAE 5 308 I\ K 05 e B i I A SR I A 26k, ik
FERARI AR E+ 20 W o A ATk -1 458 v J onty 1)
W B/ ATE 5 2R B R AR 26 AT Freundlich 3 [RI34
FR 12 R o R L 250 T HE T T S 25 SR R,
Freundlich #ARYAR Uf 40L& T BT A AF fib 1100 W52 B 512 565 44
P, S0 2k G WA A IS R B A5l 2 2R Tk B A 1)
AL tk, MK EE S R AT T, P DA B 4
TR 2 T DI OURR B V8 SRl o A iR 250250 2% F R (1)
WL, WM AT S Langmuir B, (st

W6 22 IR 07 S AR o L R R AT RIS, Ak
20 15 8 AW B R L v B Qe P St ik, 3t A4 TR
T W B R G iR AT O

1.2.2 FIHEHIIER S E C JHTRE Bk
2 3 A Ay W P = E S I DR 2 A A LT 45 R RS )
PR MRS, BT DO L4 i i) HA 4y
Wil R WARTE . ILAE— MR F R LR 1% B b
BUTCR 4L, HIEFHURM PC it (P
CPMAS NMR) #% AL 2= F8 (8) MR /NKEA LT
) C X5k 6 FIANFIZERY,  FFRLHE i P % X sl i A1
NS AN TR R C (AR . BR e 20 E
R PC CPMAS NMR X 57 M K 35 8 - R 1 o9 A &5
RRW: BE, FIE, LR, R, BESE C Rl EEW
WAy, R C IRz, 58 COH 3 AL PIAMEERTR
[F2EHY C AR H 2 & 3R W LR TR A LT
AEAE 2822 5, 3 [ LI AL LG S MU TRA AL
S HEZES O N IWHEER, RARKMHME; o
e AR LIRUR A NS IR B2 7 vl s
SEMR A LTS G B A B . Simpson 2141435
SR BT YA MU H3a LRI T T PC
CPMAS NMR i, /i fRE&m: #Ec. 5
O MHIEREEKE C. 57 C. IR C IX 3 B HLR K
FEA RSy, AU Y R s, Rk
VEEFNHENE; St — RAVMILF b B (B, KA.
b S T KA 5 ) C Wl A B C R &
C, T ML HE AR MU & o DA IR a0 45 IR
BT 8 5 T A A, IR MU e 3 A
FEGEMARR, e H R TG ) 00 BN /A R AR A
1.2.3 fEW /MR rsEmk g AREECE
SR B A WL G B A A L3 A BB
HZIMHEYIRR KA M ER M SR W
KA PEIARIE, A Chiou 28548 1979 SERLHEH!
A B 7 BT BTG G e WS B A7 0 = e TS WIAE
IR T Z 01 7 B 0 o 1 — R T A %P 138
HORE R AR S R S Ko (A RBUE —H 4. 1F
V2 REPES, 25 N R B BRI FIALSE I A [H]
TG Koo RN ZAA WA B G RFEE . (HLE
AT LA, A HUTTRR L2 3] T 5 2 00O,
MAEWT TR, WHLEIAOOD R R A, T8
BUTTAT e D8 A AN, stk . Jos a5
FPE. W, A TR KL C 454, Simpson 2R
T AR O AR B, Fis R B R BN
WL B 7R PR 5 5 A D 55 W B R AR MR D R O, o A
ASCFH R B 0P 7 e P o 0 (1 B 1R B 2R AN R Fp



206 +

1 %39 %

F TR A LTS G 3R 88 v iR B 47 U
Kookana ZEWHHF AR T B AT . Bt 22521
K GEA A — 0 1V RN SEE0 1L T HE . 28
SRR HRAE R L N ARORR . SRR
BUT A 3 v R A5 A W B AT R, 0T T AR e Bt
IR, 45 RR W% K-S LA R R
AL B, LARZe MR R AT b 2 IR LR
gl AV R S AL S R, R P A 2
TN A LR R R HE S V5 e AE AN R AT WU e
% UL SR AH 0T 58 45 (0 2% R B e R 2 1 e o 1) 485
B Salloum 2045256 00 ¢ B H [ 2349 B AR 1 35
THEMAEDIN Ko AT HIEREM, XRUA
HLY5 G B 22 0% AT LT I 55 7 PR sl i) s HER
TEVFZ W IR, AU S B R ERE Ko AT
HEM . Chefetz ™ iiE + 6 HE WA 32 55 B ML
s, WHAVURIIREN C A% 48 H R H B 71
{10 2 WL 2 T 4 TRC R AR LA 2 W

B T AU R 1R Ak, oAt — S i dn
R SRR A pH (E BL TS
eI AR, 2 S A5 AR R W A5 A S e e - 1
PR R B /AR A Y o AFL 03X 28 52 i) AT 38 R A R
by Hl TR KA R R8s R 2. 4
BSOS SY T pH 1 ~ 8 i HEl Py 28 R A -39 v (i
BBt pH {4 AOAS 1K, S5-I, 28 PR -1 v
PRERE pH (B PRI 257 9mBE B K98/ s Tremblay
B AR [ A HLY 5 G (R B 36 2 I, W B e bt pH
(B A3 I T %, B 8 iR 3 18 ot 434

2

PRSI, WETE T A — EAREUD T8 —Ff
BRI SR T %, TG R e R B R Ry
AEAPLEEREATHEGT, DL AN 2L T XIS
FEIP AN LML, R T e &
AP A ¥ ST R RS ), 3 B A 7 e AR
S o bR S e (0 S8R T T

U PERARIEARAE R - L fh e LA
MRS, FARNT . BFRE . & i A PLA
TR SR B JE (R0 b A RT UM 5 90 A A HL
T RBEAT A AN R o SR 5 385 18 20 A 5 9200 5
MRV ROV ORI, B AR e £, IAE I 2 1
FER SN O VAR (k. IX LTk B
L AL LRI o2 e L
AR, LB MK/ R (—BUE 0~20) WE, A

W) CaCly ¥R, DMRFRFBD €13 1o,
R A S AR 1 PR U A S i XTSI A R R
Wi ANNIE BB LB (NaNs) s Rt AT s
K, DA h s B i B4 T I NaHCO;
W ADR SR I OB E IR, T IS INiE = NaOH
PR S, T LAINAE pH XS B 45 A RN . 5
KA ARAE L A LETI N B RE R,
JEIENE R RRRTTHRS 12 h, ARJEHUH, (R A
U R OUTRE, BRI B E i oK
WA ATREYE, A Ed AR B D
APATSES, BOFIE R RIS . B MR A —
AN SR, RATMERIEE RN .S58 K 5 B i)
RS — B A DLAAT BRI T 2 AT, B
AP ER, ARG RSN 3 OE T s (il k4T
D5E s [ AR B — RO 22k A, BRI S B
T Rl 25 W PR i AR R 80 A v 5

M A SRS A S QA S R BT AT (1
ST BLOR A, EEAAAE L L5t . O
TIRASHIE, T BB PR PR R R, SO
SR S R LS BRE  ; @ A HLBEAT ST,
LA P AL BEARS AR TATHLBCE LSS P, 0 S 45 2R M
B ELIAH ;. O PIESUAIL T 15 R KR RE
BB OL: @R SR 75 Qe fe L3P K
L UKLV G 14 & TP R NEI A TIPS ESEOE
HAERIWI SR80 @ NSkl fand 7 FALL, 25
JEREHLRI R IS DR AL W ©OXAHLEH C KRB
SN RN, HXAHL C ik K i gl Eity 2
A PRI AH T AE B0 gD

AT R S P IR R B S R S 3
RNy OFE— Py U2 W A 32 3 1 B 1 )
ST I @S AT ST LB Dy S ) 512 9649 2L
B UL A3 (1 2T 5 30 A LT T 45
I, SRJE AL A B R R R B AL s @O e o B AR
FAF NI S SR, B R S S AR
% FEREHL R 2 W 1 SR PR @R E - FhRedE
I S 7K 3 ) ST 56 5 s o

[11 7N, BEFSH, RRife. 3R ahys st . sl
KE#2EAR, 2002, 33 (5): 390-393
[2]1  AT#E, PERR R 4. RAEEREEORY, 2000, 19 (6):



52 W b1 S P 7 o e - 3 LA S R M A Dl i i 207
360-363 desorption of phenolic acids as affected by soil properties.
[3] Hu XF, Wu HX, Hu X, Fang SQ, Wu CJ. Impact of urbanization Biology and Fertility of Soils, 2004, 39 (4): 235-242

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

on Shanghai's soil environmental quality. Pedosphere, 2004, 14
(2): 151-158
Romantschuk M, Peltola R,

Jonsson-Vihanne M, Koivula T, Yrjdld K, Haahtela K. Means to

Sarand I, Petinen T,
improve the effect of in situ bioremediation of contaminated soil:
An overview of novel approaches. Environmental Pollution,2000,
107: 179-185

Gogoi BK, Dutta NN, Goswami P, Krishna Mohan TR. A case
study of bioremediation of petroleum- hydrocarbon contaminated
soil at a crude oil spill site. Advance in Environmental Research,
2003, 7: 767-782

Shyi-Tien Chen, Berthouex PM, Asce AM. Use of an anaerobic
sludge digestion process to treat pentachlorophenol-(PCP-)
contaminated soil. Journal of Environmental Engineering, 2003,
123: 1112-1119

Wu S. Sorption kinetics of hydrophobic organic compounds to
natural sediments and soils. Environ Sci. Technol., 1986, 20 (7):
717-725

Weber WJJ, Mcginley PM, Katz LE. A distributed reactivity
model for sorption by soil and sediments 1: Conceptual basis and
equilibrium assessments. Environ. Sci. Technol., 1992, 26 (10):
1955-1962

Larsent. Sorption of hydrophobic hydrocarbons on three aquifer
materials in a flow through system. Chemosphere, 1992, 24:
439-451

Grathwohlp. Impact of heterogeneous aquifer materials on
sorption capacities and sorption dynamics of organic
contaminants. International Conference on Groundwater Quality,
1995

Grathwohlp. Desorption of trichlorethylene in aquifer material:
Rate limitation at the grain scale. Environ. Sci. Technol., 1993,
27 (12): 2360-2366

Morrissery FA, Grismer ME. Kinetics of volatile organic
compound sorption/desorption on clay minerals. Journal of
Contaminant Hydrology,1999, 36: 291-312

Farkas A, Dékany I. Interlamellar adsorption of organic
pollutants in hydrophobic montmorillonite. Colloid Polym Sci.,
2001, 279: 459-467

Simpson MJ, Chefetz B, Hatcher PG. Phenanthrene sorption to
structurally modified humic acids. J. Environ. Qual., 2002, 32:
1750-1758

Kookana R, Ahmad R. Role of the chemistry of soil organic
carbon in pesticide sorption in soils. WCSS, 2002, 17: 14-17

Cecch AM, Koskinen WC, Cheng HH, Haider K. Sorption—

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

R, XEE, IMVRHT. 2IITRBU WA LI BT
B, B A4, 1995, 6 (4): 423427
i, TR, ELAEAR, THBEJGUIM e g b R A AR AT 5
KRS HIR, 1997, 20 (4): 5-8
JASRIE, 2F), 225, YRS, IR i mU AR R R A
WA, SN R4 (A SRRHERR), 2003, 20 (2): 187-189
ZWOP, i E, ATE. SRR IR $ T W 80R
P EE VR R ERIHR. 1@ R, 2004, 35 (6): 731-734
Wiz, SfAR. AN IR 38 A LB A 23 o i 2K A LA PO R B
HLEEWFIT. HiER{L2E, 2003, 32 (4): 368-374
B, ATEL AU R NS - A S T PR 7 R
TR A B PR RS IO DP . 3243, 2005, 42 (2): 177-186
DA, WS, AR, X BB TR R AR AL
BB PEAHLTG G K AR . 123, 2005, 37 (1): 25-40
TR WO, B, BIREE, AN, MR, R LA
PR BR 1 T S T PR W P — M R R AE AT 5. 133, 2004, 36 (2):
181-186
Zhang HJ, Wu ZJ, Zhou QX. Dicyandiamide sorption-desorption
behavior on soils and peat humus. Pedosphere, 2004, 14
(3):395—399
X, 4 L BN, AR, RERE. ST R
TR RS, 3, 2005, 37 (5): 482-486
Karickhoff SW, Brown DS, Scott TA. Sorption of hydrophobic
pollutants on natural sediments. Water Res., 1979, 13: 241-248
Rutherford DW, Chiou CT, Kile DE. Influence of soil organic
matter composition on the partition of organic compounds.
Environ. Sci. Technol., 1992, 26: 336-340
Kile DE, Chiou CT. Partition of nonpolar organic pollutants from
water to soil and sediment organic matters. Environ. Sci.
Technol., 1995, 29: 1401-1406
Huang W, Weber WJJ. A distributed reactivity model for sorption
by soil and sediments 4:Intraparticle heterogeneity and phase
distribution relationships under non-equilibrium conditions.
Environ. Sci. Technol., 1996, 30: 881-888
RE, e, XIE, SRR, SEAE AU b IR
R ok i R s PR B MF 9. L3244, 2004, 41 (3): 329-335
Mk, BE, BE5E KRR LB P R A5
UG 2E40 (ASREIERR. (IX30)), 2004, 33 (1): 56-59
Wi, E27E, WIRMR, PR, XUSOB. 238072 (PAHS) /LT
BRI AT . AR IRL 222 4R, 2005, 24 (1): 69-73
Salloum MJ, Dudas MJ, Mcgill WB. Sorption of 1-naphthol to
soil and geologic samples with varying diagentic properties.
Chemosphere, 2001, 44: 779-787
Chefetz B, Salloum MJ, Deshmukh AP, Hatcher PG. Structural



208 + 1% 39 %5

components of humic acids as determined by chemical [36] Tremblay L, Kohl SD, Rice JA, Gagné JP. Effects of temperature,

modifications and carbon-13 NMR, pyrolysis-, and salinity, and dissolved humic substances on the sorption of
thermochemolysis-gas chromatography/mass spectrometry. Soil polycyclic aromatic hydrocarbons to estuarine particles. Marine
Sci. Soc.Am. J., 2002, 66: 1159-1171 Chemistry, 2004, 25: 158 -171

Advances in Experiment on Adsorption/Desorption of Petroleum Hydrocarbon Contaminants in Soils

LIU Xiao-yan, CHU Wei-hua, LI Xue-feng, LI Ying-li, DAI Chun-lei, WANG Ping-li

(College of Geoscience, Daqing Petroleum Institute, Daqing, Heilongjiang 163318, China )

Abstract: Adsorption/desorption of petroleum hydrocarbon contaminants in soil influences their contamination characteristic, degradation
and toxicity to environment, etc.. Researchers are approaching the issue from different angles, such as characteristics, laws and mechanism of the
adsorption/desorption so as to provide reliable scientific basis for controlling and remedying petroleum product contaminated soil. Based on the
papers available of the studies and experiments on soil adsorption/desorption of petroleum contaminants, a review was presented of the history,
obtainments and progresses of the study, with some comments pointed out existing problems and suggested direction of the research.

Key words: Petroleum contaminants, Soil, Adsorption, Experiment, Advance



