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Review of Organic Pollutants Aging in Soil
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Abstract: Organic pollutants have shown serious harmful effects on natural and ecological environments, sorption
and desorption are of key processes which controlenvironmental behaviors of organic pollutants. Under natural con-
ditions,aging effects are commonly found when organic pollutants have been sorbed by soils. Aging may cause re-
markably different sorption-desorption behaviors of organic pollutants on soils and such plays an important role in
fate and transportof organic pollutants in the natural environment. Aging of organic pollutants may have positive or
negative impactsin term of environment risk assessments, such, understanding ofunderlying mechanisms and effects
of agingplays a vital role for accurately assessing ecologic environment health. The current researches mainly fo-
cused onaging impactson the sorption-desorption behaviors and the bioavailability, fewregarded aging effects onusing
engineering materials, such as biochar and black carbon, to repair contaminatedenvironment sites. This paper sys-
tematically summarized the research progresses of organic pollutants aging in soil, discussed some issues of the cur-
rent researches, and presented suggests to the future studies.

Key words: sorption—desorption; aging effects; organic pollutants; soil; natural environment

:2012-09-12 ,10-15
(41173129,41273149) « ”
(1986—), s . : . E-mail: axj478axj@163. com.
(1970—>, . : . E-mail: bhxiao(@ gmail com.



626 /

[1=5]  Alexander™™

(aging effects)

(simazine)

- ’
(lindane) ;
22 s
[9] 3
[10]
[11] ,
[12] .
(biochar) (black carbon)
/
(carbonaceous sorbents)
(hydrophobic organic chemicals, HOCs)
[13~21]
[19]
s Langmuir
Freundlich (23, Yang
Sheng!** , 1
’ 50% i GOy °
, L1, (active carbon)
PCDD PCDF

b o
b
b
o b ’
b b
’
- b
b
“ ”
- ( )
[247 |
’
b
;
b b
b
[21]
, _
o b
b
___ ’ °
. Xiao (21] s
’
b
(soil
organic matter, SOM) [#1,
b
[26]
b
, C D,
100 nm s 0. 3~10 nm
[27]
b
[11]

[8]



[28, 29]
o

— [31]

Fig 1

(total organic carbon, TOC) .

12 =

Conception diagram for sequestration of

Aldrinin soils''"

b

solved organic carbon,DOC) |

2.1

[4]

. TOC.DOC
4 s
) . Alexander

627

TOC . Nam
(341 , TOC 2.0%
, TOC 2. 0%
b o
[35, 36]
.
16
, TOC 0. 7% ,
[37]
[38, 39]
. b
[40]
1
[41]

Table 1 Earthworm uptake,bacterial mineralization and

extraction of aged phenanthrene in different soils ']

%)
%0 /d %) < (%/D
0 8 8 39. 9 3 61 76. 7
11
88 5.7 37. 2 2 81 69. 1
155 33 18. 9 0. 93 64, 2
0 3.6 26, 5 1. 66 23,5
45
88 15 123 0. 46 17. 9
155 0.7 6.5 0. 29 15. 4
b
( ).
b
DOC Le2l
Tao ™) PAHs DOC
2.2
Nam [44] ) TOC s

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



628 /
White
[43]
, ( 0. 125 mm)
[45] s
2.3
,EDB 66 kJ/mol, 25°C
40°C 7 B
PCBs! " [47]
. Rost [
4°C  PAHs ,8~10
, PAHs . Cole
Lol , 170 4°C)H ,
Nam Alexander 4°C
21°C 180 ,
[50]
Gong Khodadoust ~ -°* PAHs
. Kottler %
. McBride Ls4]
[55
[46] ,
SOM (6] .
., Wall Stratton™"

2 4 pH
pH .
. Brusseau [ .
pH 13% pH<2
80% . ,
’ . pH
[} 60 ) pH ) 60 —~
120 D pH ’
pH Lood R pH
25
[60]
SOM s
, HOCs
, SOM [61y
s [62]
(DOM) )
DOM s
’ Cos] ’
,SOM
,Kang [ SOM
HOCs K..
. Webber [V SOM
/ .
3
’ £65] °



Tosche %% (NAPL)
,NAPL

L67]

[68]
’

, SOM

° ’
’ ’ ’
°
’
°
)
’ ’
’ ’
’
o
) ’
°
° ’
°
) ’
’
°

629

b
H @
’ ’
’ ’
°
.
’ 3 @
’
’
° ’
’
° ’
°
b
. ’ ’
. b
°
°
’
b
.
o
R , Zhao
[68] I
. o
) - ’ ~
b
’
’ o
. °



630 /

[1]

[2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

(References) :

Chiou C T, Peters L. J, Freed V H. A physical concept of soil-
water equilibria for nonionic organic compounds [J]. Science,
1979, 206 831.
Karickhoff S W. Organic pollutant sorption in aquatic systems
[J]. Journal of Hydraulic Engineering, 1984, 110 707.
Means ] C, Wood S G, Hassett J J, Banwart W L. Sorption
of amino-and carboxy-substituted polynuclear aromatic hydro-
carbons by sediments and soils [J]. Environ. Sci. Tech. ,
1982, 16. 93—98.
Weber Jr W J, McGinley P M, Katz L. E. A distributed reac-
tivity model for sorption by soils and sediments. 1. Conceptual
basis and equilibrium assessments [J]. Environ. Sci. Tech. ,
1992, 26. 1955—1962.
Luthy R G, Aiken G R, Brusseau M L, Cunningham S D,
Gschwend P M, Pignatello J J, Reinhard M, Traina S J, We-
ber Jr W J, Westall J C. Sequestration of hydrophobic organic
contaminants by geosorbents [J]. Environ. Sci. Tech. , 1997,
31. 3341 —3347.
Alexander M. How toxic are toxic chemicals in soil []J]. En-
viron. Sci. Tech., 1995, 29. 2713—2717.
Louchart X, Voltz M. Aging effects on the availability of her-
bicides to runoff transfer [J]. Environ. Sci. Tech., 2007,
41. 1137—1144.
Steinberg S M, Pignatello J J. Sawhney B L. Persistence of 1,
2-dibromoethane in soils: Entrapment in intraparticle micro-
pores [J]. Environ. Sci. Tech., 1987, 21. 1201—1208.
Edwards C A, Beck S D, Lichtenstein E P. Bioassay of Aldrin
and Lindane in Soill [J]. Journal of Economic Entomology.
1957, 50: 622—626.
Rijnaarts H H M, Bachmann A, Jumelet ] C, Zehnder A ]
B.  Effect of desorption and intraparticle mass transfer on
the aerobic biomineralization of alpha-hexachlorocyclohexane
in a contaminated calcareous soil [J]. Environ. Sci. Tech. ,
1990, 24. 1349—1354.

Alexander M. Aging, bioavailability, and overestimation of

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

pollutants [J]. Environ. Sci.

Tech. , 2000, 34: 4259—4265.

risk from environmental
Kelsey ] W, Alexander M. Declining bioavailability and inap-
propriate estimation of risk of persistent compounds [J]. En-
viron. Toxicology and Chemistry, 1997, 16. 582—585.
Chai Y, Currie R J, Davis J] W, Wilken M, Martin G D,
Fishman V N, Ghosh U. Effectiveness of activated carbon
and biochar in reducing the availability of polychlorinated
dibenzo-p-dioxins/dibenzofurans in soils [J]. Environ. Sci
Tech. , 2012, 46. 1035—1043.

Luo L, Cui X, Wu B, Hou J, Xun B, Xu X, Chen Y. Sorp-
tion and desorption of pentachlorophenol to black carbon of
three different origins [J]. J. Hazard. Mater., 2011, 185;
639—646.

Hale S E, Hanley K, Lehmann J, Zimmerman A, Cornelis-
sen G.  Effects of chemical, biological, and physical aging as
well as soil addition on the sorption of pyrene to activated car-
bon and biochar [J]. Environ. Sci. Tech. , 2011, 45; 10445
—10453.

Chai Y, Davis ] W, Wilken M, Martin G D, Mowery D M,
Ghosh U. Role of black carbon in the distribution of poly-
chlorinated dibenzo-p-dioxins/dibenzofurans in aged field-con-
taminated soils [J]. Chemosphere, 2011, 82: 639—647.
Zhou Z, Sun H, Zhang W. Desorption of polycyclic aromatic
hydrocarbons from aged and unaged charcoals with and with-
out modification of humic acids [J]. Environmental Pollu-
tion, 2010, 158: 1916 —1921.

Uchimiya M, Lima I M, Klasson K T, Wartelle L. H. Con-
taminant immobilization and nutrient release by biochar soil
amendment: Roles of natural organic matter [J]. Chemo-
sphere, 2010, 80: 935—940.

Cheng C H, Lehmann J. Ageing of black carbon along a tem-
perature gradient [J]. Chemosphere, 2009, 75. 1021
—1027.

Brandli R C, Hartnik T, Henriksen T, Cornelissen G. Sorp-
tion of native polyaromatic hydrocarbons (PAH) to black
carbon and amended activated carbon in soil [J]. Chemo-
sphere, 2008, 73 1805—1810.

Xiao B, Yu Z, Huang W, Song J, Ping’an Peng. Black car-
bon and kerogen in soils and sediments. 2. Their roles in e~
quilibrium sorption of less-polar organic pollutants [J]. Envi-
ron. Sci. Tech., 2004, 38.: 5842—5852.

Cornelissen G, Gustafssoné . Sorption of phenanthrene to
environmental black carbon in sediment with and without or-
ganic matter and native sorbates [J]. Environ. Sci. Tech. ,
2004, 38: 148—155.

Yang Y, Sheng G. Pesticide adsorptivity of aged particulate
matter arising from crop residue burns [J]. Journal of Agri-
cultural and Food Chemistry, 2003, 51: 5047 —5051.

Kang S, Xing B. Phenanthrene sorption to sequentially ex-
tracted soil humic acids and humins [J]. Environ. Sci.
Tech. , 2005, 39. 134—140.

Bouchard D C, Wood A L, Campbell M L, Nkedi-Kizza P,



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

Rao P S C. Sorption nonequilibrium during solute transport
[J]. Journal of Contaminant Hydrology, 1988, 2. 209
—223.

Xing B. Sorption of naphthalene and phenanthrene by soil
humic acids [J]. Environmental Pollution, 2001, 111 303—
309.

Chung N, Alexander M. Relationship between nanoporosity
and other properties of soil [J]. Soil Science, 1999, 164 726
—730.

Xing B, Pignatello J J, Gigliotti B. Competitive sorption between
atrazine and other organic compounds in soils and model sorbents
[J]. Environ. Sci. Tech. , 1996, 30 2432—2440.

Wu S C, Gschwend P M. Sorption kinetics of hydrophobic
organic compounds to natural sediments and soils [J]. Envi-
ron. Sci. Tech., 1986, 20. 717—725.

“

Lu Y, Pignatello J J. Demonstration of the “conditioning
effect” in soil organic matter in support of a pore deformation
mechanism for sorption hysteresis [J]. Environ. Sci. Tech. .
2002, 36 4553—4561.

Kan A T, Fu G, Hunter M, Chen W, Ward C H, Tomson
M R Irreversible sorption of neutral hydrocarbons to sedi-
ments; Experimental observations and model predictions [ J].
Environ. Sci. Tech. . 1998, 32: 892—902.

Gevao B, Semple K T, Jones K C. Bound pesticide residues
in soils: A review []J]. Environmental Pollution, 2000, 108:
3—14.

Hatzinger P B, Alexander M. Effect of aging of chemicals in
soil on their biodegradability and extractability [J]. Environ.
Sci. Tech. , 1995, 29. 537 —545.

Nam K, Chung N, Alexander M. Relationship between or-
ganic matter content of soil and the sequestration of phenan-
threne [J]. Environ. Sci. Tech., 1998, 32: 3785—3788.
Regitano ] B, Koskinen W C, Sadowsky M J. Influence of
soil aging on sorption and bioavailability of simazine [J].
Journal of Agricultural and Food Chemistry, 2006, 54. 1373
—1379.

Ahmad R, Kookana R S, Megharaj M, Alston A M. Aging
reduces the bioavailability of even a weakly sorbed pesticide
(carbaryl) in soil [J]. Environmental Toxicology and Chem-
istry, 2004, 23. 2084—2089.

Chung N, Alexander M. Effect of concentration on seques-
tration and bioavailability of two polycyclic aromatic hydro-
carbons [J]. Environ. Sci. Tech., 1999, 33; 3605—3608.
Yang C, Yu Z, Xiao B, Huang W, Fu J, Dang Z. Impact of
kerogen heterogeneity on sorption of organic pollutants. 2.
Sorption equilibria [J] . Environmental Toxicology and
Chemistry, 2009, 28. 1592—1598.

Huang Weilin, Peng Pingan, Yu Zhigiang, Fu Jiama Effects of
organic matter heterogeneity on sorption and desorption of
organic contaminants by soils and sediments [J]. Applied Ge-
ochemistry, 2003, 18. 955—972.

Zimmerman J R, Ghosh U, Millward R N, Bridges T S,
Luthy R G. Addition of carbon sorbents to reduce PCB and

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[52]

[54]

631

PAH bioavailability in marine sediments: Physicochemical
tests [J]. Environ. Sci. Tech., 2004, 38;: 5458—5464.
White J] C, Kelsey ] W, Hatzinger P B, Alexander M. Fac-
tors affecting sequestration and bioavailability of phenan-
threne in soils [J]. Environmental Toxicology and Chemis-
try, 1997, 16. 2040—2045.

Bengtsson G, Zerhouni P. Effects of carbon substrate enrich-
ment and DOC concentration on biodegradation of PAHs in
soil [J]. J. Applied Microbiology, 2003, 94. 608—617.
Tao S, Xu F, Liu W, Cui Y, Coveney Jr R M. A chemical
extraction method for mimicking bioavailability of polycyclic
aromatic hydrocarbons to wheat grown in soils containing va-
rious amounts of organic matter [J]. Environ. Sci. Tech. ,
2006, 40 2219—2224.

Nam K, Kim J Y, Oh D 1. Effect of soil aggregation on the
biodegradation of phenanthrene aged in soil [J]. Environmen-
tal Pollution, 2003, 121 147—151.

Kaiser K, Guggenberger G. The role of DOM sorption to
mineral surfaces in the preservation of organic matter in soils
[J]. Organic Geochemistry, 2000, 31: 711—725.

Kile D E, Wershaw R L, Chiou C T. Correlation of soil and
sediment organic matter polarity to aqueous sorption of
nonionic compounds [J]. Environ. Sci. Tech., 1999, 33:
2053—2056.

Ten Hulscher T E M, Vrind B A, Van Noort P, Govers H A
J. Temperature effects on very slow desorption of native
chlorobenzenes from sediment to water [J]. Environmental
Toxicology and Chemistry, 2004, 23. 1634—1639.

Rost H, Loibner A P, Hasinger M, Braun R, Szolar O H J.
Behavior of PAHs during cold storage of historically contami-
nated soil samples [J]. Chemosphere, 2002, 49: 1239
—1246.

Cole F A, Boese B L., Swartz R C, Lamberson ] O, DeWitt
T H. Effects of storage on the toxicity of sediments spiked
with f{luoranthene to the amphipod, Rhepoxynius abronius
[J]. Environmental Toxicology and Chemistry, 2000, 19:
744—1748.

Nam K, Alexander M. Relationship between biodegradation
rate and percentage of a compound that becomes sequestered
in soil [J]. Soil Biology and Biochemistry, 2001, 33; 787
—792.

Gong Z, Wilke B M, Alef K, Li P. Influence of soil moisture
on sunflower oil extraction of polycyclic aromatic hydrocar-
bons from a manufactured gas plant soil [J]. Science of the
Total Environment, 2005, 343. 51—59.

Khodadoust A P, Suidan M T, Acheson C M. Brenner R C.
Solvent extraction of pentachlorophenol from contaminated
soils using water-ethanol mixtures [J]. Chemosphere, 1999,
38: 2681 —2693.

Kottler BD , White J] C, Kelsey ] W. Influence of soil mois-
ture on the sequestration of organic compounds in soil [J].
Chemosphere, 2001, 42; 893—898.

McBride J F, Horton R, Thompson M L. Effects of drying



632 /
treatments on porosity of soil materials [J]. Soil Science So- [62] He Y, LiuZ, Zhang J, Wang H, ShiJ, Xu J. Can assessing
ciety of AmericaJournal, 1985, 49 1360—1364. for potential contribution of soil organic and inorganic compo-
[55] White J] C, Quinones-Rivera A, Alexander M. Effect of wet- nents for butachlor sorption be improved [J]. J. Environ.
ting and drying on the bioavailability of organic compounds Qual. , 2011, 40: 1705—1713.
sequestered in soil [J]. Environmental Toxicology and Chem- [63] s s s -
istry, 1998, 17. 2378—2382. [1]. , 2008, 28
[56] White ] C, Hunter M, Nam K, Pignatello J J, Alexander M. (5): 976—981.
Correlation between biological and physical availabilities of [64] Weber W J, Huang W, LeBoeuf E J. Geosorbent organic
phenanthrene in soils and soil humin in aging experiments matter and its relationship to the binding and sequestration of
[J]. Environmental Toxicology and Chemistry, 1999, 18; organic contaminants [ J]. Colloids and Surfaces A: Physico-
1720—1727. chemical and Engineering Aspects, 1999, 151 167—179.
[57] Wall A J, Stratton G W. Effects of moisture content on the [65] Reeves W R, McDonald T J, Bordelon N R, George S E,
extractability of pentachlorophenol from soil [J]. Chemo- Donnelly K C. Impacts of aging on in vivo and in vitro meas-
sphere, 1991, 23. 881 —888. urements of soil-bound polycyclic aromatic hydrocarbon avail-
[58] Brusseau M L, Jessup R E, Rao P S C. Nonequilibrium sorp- ability [J]. Environ. Sci. Tech., 2001, 35; 1637—1643.
tion of organic chemicals: Elucidation of rate-limiting proces- [66] Totsche K U, Kégel-Knabner I, Haas B, Geisen S, Scheibke
ses [J]. Environ. Sci. Tech., 1991, 25. 134—142. R. Preferential flow and aging of NAPL in the unsaturated
[59] Tang] C, Lu X Q, Sun Q. Zhu W Y. Aging effect of petro- soil zone of a hazardous waste site: Implications for contami-
leum hydrocarbons in soil under different attenuation condi- nant transport [ J]. Journal of Plant Nutrition and Soil Sci-
tions [J]. Agriculture, Ecosystems & Environment, 2012, ence, 2003, 166: 102—110.
149: 109—117. [67] Guthrie-Nichols E, Grasham A, Kazunga C, Sangaiah R,
[60] s s , Gold A, Bortiatynski J, Salloum M, Hatcher P. The effect
[J]. , 2006, 43 (2). 342 of aging on pyrene transformation in sediments [J]. Environ-
—346. mental Toxicology and Chemistry, 2003, 22: 40—49.
[61] Kukkonen J, Oikari A. Bioavailability of organic pollutants in [68] Zhao Q. Li P, Stagnitti F, Ye J, Dong D, Zhang Y. Effects
boreal waters with varying levels of dissolved organic material of aging and freeze-thawing on extractability of pyrene in soil
[J]. Water research, 1991, 25: 455—463. [J]. Chemosphere, 2009, 76 447 —452.
( 582 ) 280:223—237.
[24] [29] )
[D]. , 2012. [I]. , 2002, 17(1): 113
[25] s s 5 s s —120.
LA-ICP-MSU-Pb [30] Robert F. Pale magnetism: Magnetic domains to geologic ter-
[Jl. , 2010(8): 2452—2464. races| M ]. Electronic Edition, Arizona, USA. 1998 229
[26] s N s s s s s —238.
, , [31] . ) , .
0. , 2010, 37(4): 943—951,
[27] Miao L C, Fan W M, Liu D Y. Geochronology and geochem- [Jl. (D), 2009, 39(5): 569—579.
istry of the Habersham photolytic complex: Implications for [32] Dewey ] F. Extensional collapse of origins [J]. Tectonics,
late -stage tectonic evolution of the Inner Mongolia— Daxin- 1988, 7. 1123—1139.
ganling organic belt, China [J]. Journal of Asian Earth Sci- [33] Turner SP, Sandi F M, Foden J. Some geodynamic and com-
ences, 2008, 32(5/6): 348—370. positional constraints on postotogenic magmatism [ J]. Geolo-
[28] Miao L C, Zhang Fu Q, Fan W M. Phanerozoic evolution of gy, 1992, 20: 931—934.
the Inner Mongolia—Daxinganling organic belt in North Chi- [34] s s , ,

na: Constraints from geochronology of amphibolites and asso-

ciated formations [J]. Geological Society Publications, 2007,

U-Pb HI [J7.
26(4): 1059—1073.

, 2010,



