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ABSTRACT

There is a growing public concern over the issue of sediment contamination resulting
from industrial, municipal wastewater, mining activities, and improper use of
chemical fertilizer or pesticides. The conventional treatment of contaminated
sediment is dredging, but this treatment is expensive and requires a large area of land
for disposal. In situ capping of contaminated sediment is considered as a cheaper
technique compared to dredging and efficient treatment technology to immobilize
pollutants in sediments on site. In this technique, sediments are capped by placing a
layer of inert materials like sand, clean soil, or gravel or active materials like
activated carbon, zeolite, or apatite over sediments in order to reduce the risk to the
aquatic environment. The objective of this study is to determine the effectiveness of
using active materials; bentonite (B), kaolin (K), mixture of bentonite with kaolin
(1:1) (BK) as capping materials to block the release of five heavy metals (Pb, Cr, Cu,
Cd and zZn) from artificially polluted sediments. The effectiveness of B, K, and BK
for preventing the leachability of the trace metals was assessed on a bench-scale
laboratory experiment in glass tanks for 90 days, where 1cm thick layer of capping
material and sand was placed above the contaminated sediment. The results showed
that B and BK reduced the leachability of Pb, Cr, and Cu from the sediments. The
results also showed that B and BK could be used as potential capping materials for
the remediation of contaminated sites due to their significant entrapping of Pb, Cu,
and Cr. The pollutants were released into the overlying water from the contaminated
sediment in the following decreasing order; Cd > Zn > Pb > Cu > Cr. The adsorption
kinetics analysis also showed that the process of adsorption was by chemisorption.
This study proved that bentonite and mixture of bentonite with kaolin clays covered
with sand could be used as capping materials for in situ treatment of Pb, Cu, Cr, Zn,

and Cd for contaminated marine sediment.
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ABSTRAK

Masyarakat secara umumnya telah menunjukkan kebimbangan terhadap
pencemaran sedimen berpunca daripada pelepasan air sisa industri dan
perbandaran, aktiviti perlombongan, dan penyalahgunaan baja kimia, serta racun
perosak. Rawatan konvensional sedimen tercemar adalah melalui pengorekan
tetapi rawatan ini adalah mahal dan memerlukan ruang yang luas untuk
pelupusan. Kaedah pelapisan sedimen tercemar di tapak adalah kaedah yang
murah berbanding pengorekan dan rawatan yang efisien untuk menyahaktifkan
bahan cemar dalam sedimen. Kaedah ini adalah dengan menghamparkan lapisan
pasir, tanah yang bersih atau bahan aktif lain seperti karbon teraktif, zeolit, atau
apatit ke atas sedimen bagi mengurangkan risiko terhadap persekitaran akuatik.
Objektif kajian ini adalah untuk menentukan keberkesanan penggunaan bahan
aktif; bentonit (B), kaolin (K), campuran bentonit dengan kaolin (1:1) (BK)
sebagai bahan lapisan bagi menghalang pelepasan lima (5) logam berat (Pb, Cr,
Cu, Cd, dan Zn) daripada sedimen tercemar tiruan. Keberkesanan B, K dan juga
BK dalam mencegah pelepasan logam terlarut ini diuji melalui ujian di makmal
dalam tangki kaca selama 90 hari, dengan lapisan ketebalan bahan pelapis 1 cm
dan pasir tersebut dihamparkan atas sedimen yang tercemar. Keputusan
menunjukkan B dan BK dapat mengurangkan pelepasan logam Pb, Cr, dan Cu
daripada sedimen. Keputusan juga menunjukkan bahawa B dan BK berpotensi
digunakan sebagai bahan pelapik sedimen melalui keupayaannya memerangkap
Pb, Cu dan Cr. Bahan pencemar dilepaskan daripada lapisan sedimen tercemar
dengan turutan menurun; Cd>Zn>Pb>Cu>Cr. Analisis penyerapan kinetik juga
menunjukkan proses penyerapan adalah melalui chemisorption. Kajian ini
menunjukkan B dan BK dengan lapisan pasir boleh digunakan sebagai bahan

pelapik untuk rawatan sedimen marin tercemar dengan Pb, Cu, Cr, Zn, dan Cd.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

Remediation of contaminated sediments is one of the most difficult and challenging
problems in environmental engineering today. One of the primary risks associated
with contaminated sediments is bioaccumulation in benthic organisms, which is a
route of entry into the food chain. Thus an important goal of sediment remediation is
reducing concentrations to these organisms (Lampert & Reible, 2009). Presently, due
to the regular contamination of the marine sediments by the munincipal and
industrial waste discharge, improper use of chemical fertilizer and pesticides, waste
water irrigation and mining activities, a public concern has been aroused over the
issue (Zeng et al., 2013a; Awad et al., 2014; Teng et al., 2014; Tang et al., 2015).
Contamination of marine sediments poses a potential threat to marine resources and
human health through consumption of seafood. Marine sediments are exposed to a
wide range of potential contamination by chemicals that tend to sorb to fine -grained
particles. Heavy metals and organic pollutants are the two major kinds of pollutants
found in sediment (Zhang et al., 2014; Zeng et al., 2016; Zhang et al., 2016b; Liu et
al., 2016; Song et al., 2017). And these are toxic contaminants, posing a great risk to
the safety of food, ecological environment and human health. The problem of
contamination of marine sediment is widespread in coastal water in many parts of the
world. The predominant mode of heavy metal retention in sediments can be
significantly influenced by the level of sediments contamination by the metal, in
addition to geochemical factors and behaviours of the metal itself, metal particles

frequently bind with the sediments and do not easily dissolve or migrate with water.



Several attempts have been made to find a solution to the problem of
sediment contamination. So various methods and strategies have been implemented
for the control and reduction of the pollution (Peng et al., 2009; Gerhardt et al.,
2009; Xu et al., 2012; Cheng et al., 2016a; Zhang et al., 2013a). In general, the
remediation technologies can be grouped into two major strategies: in situ and ex situ
remediation. In situ remediation is the treatment of the pollutant on-site, which
means at the original place of contamination. This plan is targeted at the removal of
the pollutant from sediment or soil without moving the sediment or soil itself. Ex-situ
remediation involves excavation and treating the contaminated sediment or soil at
someplace away from the site. Assessing these two strategies, in situ remediations
propose several potential economic, technical, and environmental advantages
(Bardos et al., 2000; Kuppusamy et al., 2016). In some instances, when considering
the size of the contaminated area and the cost-effectiveness, in situ remediation is the
only means of pollutant removal. Globally accepted technologies for sediment
remediation generally rely on either removing the contaminated sediment, then
managing it ex-situ or remediating sediment contamination in-place (in-situ). In-situ
capping is an internationally recognized and accepted technology for remediating
contaminated sediments and is extensively used in other countries like the USA and
Norway.

For a large scale of contaminated sediment, in situ remediation brings about
less disturbance to the ecosystem, the operation is comparatively easy, and the cost is
more inexpensive than the ex situ treatment (Carberry and Wik, 2001; Guiwei et al.,
2008; Velimirovic et al., 2014). Capping contaminated sediments is an in situ
remediation method where by a capping material is laid on top of contaminated
sediments to inhibit the constant contamination of surface water and biota on top of
the contaminated sediments. It involves the placing of a subaqueous cover over
contaminated sediments to stabilize sediments, minimize their re-suspension and
transport, and reduce dissolved contaminant transport into surface waters. It is an
applicable technology which limits the release of contaminants present in the
sediments by binding or adsorption, which can keep the concentration of
contaminants in the overlaying water at a safe level (Gomes et al., 2013, Gosh et al.,
2011). In addition, capping treatment has less interference to the aquatic ecosystem

compared to other sediment remediation technologies (Gosh et al.,, 2011,



Beckingham et al., 2013). Dredging and disposal are costly and may possibly bring
about secondary contamination by disturbed sediments in the course of the dredging
process (Nayar et al., 2004; Knox et al., 2008). Capping is assumed to be much
inexpensive than dredging, and it is thought to be very effective at obstructing the
diffusion of contaminants (F&Gtner & Apitz 2007; Perelo 2010; Sun et al. 2010).

Presently, materials including clay, gravel, zeolites, and activated carbon are
widely applied in capping treatment methods (Jacobs & Forstner, 1999, Fadaei et al.,
2015). Investigation has been done on capping materials that can be used to contain
inorganic contaminants, and on various capping materials used for every
contaminant. Inorganic contaminants, specifically heavy metals such as Ni, Cd, Zn
and Pb have been described to be successfully immobilized by phosphate minerals,
including calcium phytate (Knox et al., 2008), apatite (Knox et al., 2006; Knox et al.,
2008) and mineral rock phosphate (Basta and McGowen 2004; Knox et al., 2008).
More natural minerals such as limestone and zeolite were as well used as a capping
material to impede the release of heavy metals (Jacobs & Fd&stner 1999; Eek et al.,
2007; Knox et al., 2008). In addition to heavy metals, nitrogen and phosphorus
release were also stopped by calcium and zeolite minerals (Huang et al., 2011; Lin et
al., 2011; Yin et al., 2013). Even though several materials have been evaluated as
potential capping materials, additional research is required on low-cost and
affordable material for in situ remediation of contaminated sediments.

Bentonite, a 2:1 type of aluminosillicate, is a kind of expandable clay
composed primarily of montmorillonite, characterized by high permanent negative
charges and large specific surface area. It has been documented that bentonite is an
efficient adsorbent for some heavy metals (Karapinar and Donat, 2009; Hamidpour
etal., 2010; Li et al., 2010).

Sediment caps incorporating certain clays, like bentonite can: (a) create a
hydraulic barrier that can effectively divert flow of contaminated sediment
porewaters away from migrating through the cap; (b) reduce the rate of advective
transport of dissolved contaminants up into and through the cap; and (c) reduce
steady-state contaminant flux through the cap more effectively than can coarser-
grained materials, like sand (Reible and Lampert, 2014; USEPA, 2007; USEPA,
2013; Reible, 2008; Anchor QEA and SAO, 2014). It has been well accepted that

heavy metal contaminants are retained by clayey soils through three main



mechanisms: adsorption, surface precipitation and chemical bonding Bradl, 2004;
Sposito, 2008). Bentonite, as a low-cost and efficient adsorbent, has great potential
in application for removing heavy metals from sediments because of its abundance,
chemical and mechanical stability, high adsorptioncapability and unique structural
properties (Shi et al., 2011). Removal of metal ions using bentonite is based on ion
exchange and adsorption mechanisms because of the relatively high cation exchange
capacity (CEC) and specific surface area of bentonite (Shi et al., 2011).

Similarly the removal of metal ions using kaolinite clay is also based on ion
exchange and adsorption mechanisms (Tomasevi¢ et al., 2014) and kaolinite has a
relative low cation-exchange capacity (CEC) [3-15 meq/100 g of clay] and smaller
surface area ranged from10 to 20m?/g (Suraj et al., 1998). A number of studies
concerning kaolinite clay used to remove heavy metals from aqueous solution have
been reported. Recently, kaolinite clay used to remove Pb (II), Cd (I1) and Ni(ll) in
aqueous medium has been investigated through the process of adsorption under a set
of variables (Gupta & Bhattaharya, 2008). Similarly, kaolinite has been used as
adsorbents for the removal of Fe(lll), Co(ll) and Ni(ll) in aqueous medium
(Bhattaharya & Gupta, 2013) and for removal of Cu(ll) (Bhattaharya & Gupta, 2006)
and Pb(ll) (Gupta & Bhattaharya, 2005). At the moment, there is not enough data
about in situ capping treatments of contaminated marine sediments using bentonite
and kaolin.

Although many researchers have investigated the application of reactive
capping for the sediments contaminated with nutrients and organic matters, few types
of research on heavy metals in the sediments have been performed. Knowledge of
the application of in situ cappings for sediments contaminated with heavy metals is
insufficient (Akcil, 2015). This study aims to evaluate the effectiveness of using
bentonite clay, kaolin, and sand as capping materials to prevent the release of trace
metals (Pb, Cd, Cr, Zn, and Cu) from the spiked heavily contaminated marine
sediment (3000 ppm). To the best of our understanding, these materials have not
been used as active capping material for treating contaminated marine sediment by
other researchers. Although most of the previous researches were run in batch
experimental condition with no flows, which has drawbacks in field usages and small
number of studies were done in a flow condition, all the tests in this study were made

under a flow situation using a glass tank, and to simulate ocean wave an impeller was



155

REFERENCES

Abollino, O., Aceto, M., Malandrino, M., Sarzanini, C., & Mentasti, E. (2003).
Adsorption of heavy metals on Na-montmorillonite. Effect of pH and
organic substances. Water research, 37(7), 1619-1627.

Abou-EI-Sherbini, K. S., & Hassanien, M. M. (2010). Study of organically-modified
montmorillonite clay for the removal of copper (I1). Journal of hazardous
materials, 184(1-3), 654-661.

Adepoju-Bello, A. A., & Alabi, O. M. (2005). Heavy metals: A review. The Nig. J.
Pharm, 37, 41-45.

Agnello, A. C., Bagard, M., Van Hullebusch, E. D., Esposito, G., & Huguenot, D.
(2016). Comparative bioremediation of heavy metals and petroleum
hydrocarbons  co-contaminated soil by natural attenuation,
phytoremediation,  bioaugmentation and bioaugmentation-assisted
phytoremediation. Science of the Total Environment, 563, 693-703.

Aharoni, C., & Sparks, D. L. (1991). Kinetics of soil chemical reactions a theoretical
treatment. Rates of soil chemical processes, (ratesofsoilchem), 1-18.

Aharoni, C., & Tompkins, F. C. (1970). Kinetics of adsorption and desorption and
the Elovich equation. In Advances in catalysis (Vol. 21, pp. 1-49).
Academic Press.

Ahmad, A. A., & Hameed, B. H. (2010). Fixed-bed adsorption of reactive azo dye
onto granular activated carbon prepared from waste. Journal of hazardous
materials, 175(1), 298-303.

Akafia, M. M., Reich, T. J., & Koretsky, C. M. (2011). Assessing Cd, Co, Cu, Ni,
and Pb Sorption on montmorillonite using surface complexation
models. Applied geochemistry, 26, S154-S157.

Akan, J. C., Abdulrahman, F. I., Sodipo, O. A., Ochanya, A. E., & Askira, Y. K.

(2010). Heavy metals in sediments from River Ngada, Maiduguri



156

Metropolis, Borno State, Nigeria. Journal of Environmental Chemistry
and Ecotoxicology, 2(9), 131-140.

Akcil, A., Erust, C., Ozdemiroglu, S., Fonti, V., & Beolchini, F. (2015). A review of
approaches and techniques used in aguatic contaminated sediments: metal
removal and stabilization by chemical and biotechnological
processes. Journal of Cleaner Production, 86, 24-36.

Ali, H., Khan, E., & Sajad, M. A. (2013). Phytoremediation of heavy metals concepts
and applications. Chemosphere, 91(7), 869-881.

Al-Jlil, S. A. (2015). Kinetic of Adsorption of Chromium and Lead lons on Bentonite
Clay Using Novel Internal Parallel Model. Research Journal of
Environmental Toxicology, 9(1), 1.

Alvarez EA, Moch& MC, Jiménez Sanchez JC, Ternero Rodr guez M (2002) Heavy
metal extractable forms in sludge from wastewater treatment
plants.Chemosphere 47: 765-775.

Amer, M. W., Khalili, F. I., & Awwad, A. M. (2010). Adsorption of lead, zinc and
cadmium ions on polyphosphate-modified kaolinite clay. Journal of
Environmental Chemistry and Ecotoxicology, 2(1), 001-008.

Anchor QEA and SAO Environmental Consulting AB (SAO). (2014). Modeled
Performance of Active Versus Passive Sediment Caps. Available upon
request from SAO, www.saoec.se.

Anglin-Brown B, Armour-Brown A, Lalor GC (1995) Heavy metal pollution in
Jamaica 1. Survey of cadmium, lead and zinc concentrations in the
Kintyre and hope flat districts. Environ Geochem Health 17: 51-56.

Anirudhan, T. S., & Radhakrishnan, P. G. (2007). Chromium (I11) removal from
water and wastewater using a carboxylate-functionalized cation
exchanger prepared from a lignocellulosic residue. Journal of Colloid and
Interface Science, 316(2), 268-276.

Ansari, A.A., Gill, S.S., Gill, R, Lanza, R.G., Newman, L., (2015).
Phytoremediation: Management of Environmental Contaminants. Vol. 1
Springer International Publishing, Cham.

Antizar-Ladislao, B. (2008). Environmental levels, toxicity and human exposure to
tributyltin (TBT)-contaminated marine environment. A

review. Environment international, 34(2), 292-308.


http://www.saoec.se/

157

Apitz SE, Power EA (2002) From risk assessment to sediment management an
international perspective. J Soils Sediments 2:61-66.

Arfaoui, S., Frini-Srasra, N., & Srasra, E. (2008). Modelling of the adsorption of the
chromium ion by modified clays. Desalination, 222(1-3), 474-481.

Arvand, M., & Pakseresht, M. A. (2013). Cadmium adsorption on modified chitosan-
coated bentonite: batch experimental studies. Journal of Chemical
Technology & Biotechnology, 88(4), 572-578.

Ashraf MA, Maah MJ, Yuso | (2012). Chemical Speciation and potential mobility of
heavy metals in the soil of former tin mining catchment. The Scientific
World Journal, 10: 1-11.

Atkinson, C. J., Fitzgerald, J. D., & Hipps, N. A. (2010). Potential mechanisms for
achieving agricultural benefits from biochar application to temperate
soils: a review. Plant and soil, 337(1-2), 1-18.

ATSDR (1994) US Department of Health and Human Service, Toxicological profile
for zinc. US Department of Health and Human Service, Public Health
Service 205: 88-608.

ATSDR, (2000) Agency for Toxic Substances and Disease Registry, Atlanta,
Toxicological Profile for Chromium. GA: U.S. Department of Health and
Human Service, Public Health Service. 1600 Clifton Road N.E, E-29
Atlanta, Georgia. 30333(6-9) 95 - 134.

Awad, Y.M., Kim, S.C., Abd El-Azeem, S.A.M., Kim, K.H., Kim, K.R., Kim, K., et
al., 2014. Veterinary antibiotics contamination in water, sediment, and
soil near a swine manure composting facility. Environmental Earth
Sciences 71 (3), 1433-1440.

Awan AM, Baigl MA, Igbal J, Aslam MR, ljaz N (2003) Recovery of chromate form
tannery waste water. Electron. J. Environ. Agric. Food Chem 2: 543-548.

Azcue JM, Zeman AJ, Forstner U (1998a) International review of application of
subaqueous capping techniques for remediation of contaminated
sediments. Environmental Geotechnics, Vols 1-4. A a Balkema
Publishers, Leiden

Azcue JM, Zeman AJ, Mudroch A, Rosa F, Patterson T (1998b) Assessment of

sediment and porewater after one year of subaqueous capping of



158

contaminated sediments in Hamilton Harbour, Canada. Water Sci
Technol 37:323-329.

Aziz, B. K., & Shareef, F. H. (2013). Using Natural Clays and Spent Bleaching Clay
as Cheap Adsorbent for the Removal of Phenol in Adqueous
Media. International Journal of Basic and Apllied Sciences, 88-93.

Bardos, R. P., Morgan, P., & Swannell, R. P. (2000). Application of in situ
Remediation. Land Contamination & Reclamation, 8(4), 4.

Bardos, R. P., Morgan, P., & Swannell, R. P. (2000). Application of in situ
Remediation. Land Contamination & Reclamation, 8(4), 4.

Barkat, M., Chegrouche, S., Mellah, A., Bensmain, B., Nibou, D., & Boufatit, M.
(2014). Application of algerian bentonite in the removal of cadmium (II)
and chromium (VI) from aqueous solutions. Journal of Surface
Engineered Materials and Advanced Technology, 4(04), 210.

Bar-on, P. and Shainberg, I. (1970) Hydrolysis and decomposition of Na-
montmorillonite in distilled water. Soil Science, 109, 241246.

Barth, E. F., Reible, D., & Bullard, A. (2008). Evaluation of the physical stability,
groundwater seepage control, and faunal changes associated with an
AquaBlok® sediment cap. Remediation Journal: The Journal of
Environmental Cleanup Costs, Technologies & Techniques, 18(4), 63-70.

Bates, R. L., & Jackson, J. A. (1987). Glossary of Geology: American Geological
Institute. Alexandria, Virginia, 788. pp. 65, 123, 262, 432

Beckingham, B., Buys, D., Vandewalker, H., & Ghosh, U. (2013). Observations of
limited secondary effects to benthic invertebrates and macrophytes with
activated carbon amendment in river sediments. Environmental
toxicology and chemistry, 32(7), 1504-1515.

Beckingham, B., Buys, D., Vandewalker, H., & Ghosh, U. (2013). Observations of
limited secondary effects to benthic invertebrates and macrophytes with
activated carbon amendment in river sediments. Environmental
toxicology and chemistry, 32(7), 1504-1515.

Begum, Z. A., Rahman, I. M., Tate, Y., Sawai, H., Maki, T., & Hasegawa, H. (2012).
Remediation of toxic metal contaminated soil by washing with
biodegradable aminopolycarboxylate chelants. Chemosphere, 87(10),
1161-1170..



159

Belin, S, Sany, S. B. T., Salleh, A., Rezayi, M., Saadati, N., Narimany, L., &
Tehrani, G. M. (2013). Distribution and contamination of heavy metal in
the coastal sediments of Port Klang, Selangor, Malaysia. Water, Air, &
Soil Pollution, 224(4), 1476.

Bellir, K., Lehocine, M. B., & Meniai, A. H. (2013). Zinc removal from aqueous
solutions by adsorption onto bentonite. Desalination and Water
Treatment, 51(25-27), 5035-5048.

Benitez, L. N., & Dubois, J. P. (1999). Evaluation of the selectivity of sequential
extraction procedures applied to the speciation of cadmium in
soils. International Journal of Environmental Analytical Chemistry, 74(1-
4), 289-303.

Berg U, Neumann T, Donnert D, NCesch R, Stiben D (2004) Sediment capping in
eutrophic lakes—efficiency of undisturbed calcite barriers to immobilize
phosphorus. Appl Geochem 19:1759-1771.

Bhattacharyya, K. G., & Gupta, S. S. (2006). Adsorption of Fe (I1I) from water by
natural and acid activated clays: studies on equilibrium isotherm, kinetics
and thermodynamics of interactions. Adsorption, 12(3), 185-204.

Bhattacharyya, K. G., & Gupta, S. S. (2006). Kaolinite, montmorillonite, and their
modified derivatives as adsorbents for removal of Cu (Il) from aqueous
solution. Separation and Purification Technology, 50(3), 388-397.

Bhattacharyya, K. G., & Gupta, S. S. (2007). Adsorption of Co (II) from aqueous
medium on natural and acid activated kaolinite  and
montmorillonite. Separation Science and Technology, 42(15), 3391-3418.

Bhattacharyya, K. G., & Gupta, S. S. (2008). Kaolinite and montmorillonite as
adsorbents for Fe (111), Co (1) and Ni (Il) in agueous medium. Applied
Clay Science, 41(1-2), 1-9.

Bhattacharyya, K. G., & Gupta, S. S. (2009). Adsorptive accumulation of Cd (I1), Co
(1), Cu (1), Pb (I1) and Ni (11) ions from water onto kaolinite: influence
of acid activation. Adsorption Science & Technology, 27(1), 47-68.

Bhattacharyya, K. G., & Sen Gupta, S. (2006). Adsorption of chromium (VI) from
water by clays. Industrial & engineering chemistry research, 45(21),
7232-7240.



160

Bocos, E., Fernéndez-Costas, C., Pazos, M., & Sanroméan, M. A. (2015). Removal of
PAHs and pesticides from polluted soils by enhanced electrokinetic-
Fenton treatment. Chemosphere, 125, 168-174.

Bokuniewicz, H. J. (1997). Contaminated Sediments in Ports and Waterways-
Cleanup Strategies and Technologies. National Research Council
prepared by Committee on Contaminated Marine Sediments.

Bradl, H. B. (2004). Adsorption of heavy metal ions on soils and soils
constituents. Journal of colloid and interface science, 277(1), 1-18.

Bradshaw, M. J. (1975). Origin of montmorillonite bands in the Middle Jurassic of
eastern England. Earth and Planetary Science Letters, 26(2), 245-252.

Bradshaw, M. J. (1975). Origin of montmorillonite bands in the Middle Jurassic of
eastern England. Earth and Planetary Science Letters, 26(2), 245-252.

Brenner, R. C., Magar, V. S., Ickes, J. A., Foote, E. A., Abbott, J. E., Bingler, L. S.,
& Crecelius, E. A. (2004). Long-term recovery of PCB-contaminated
surface sediments at the Sangamo-Weston/Twelvemile Creek/Lake
Hartwell Superfund site. Environmental science & technology, 38(8),
2328-2337.

Bridges TS, Apitz SE, Evison L, Keckler K, Logan M, Nadeau S, Wenning RJ
(2006) Risk-based decision making tomanage contaminated sediments.
Integr Environ Assess Manag 2:51-58.

Bridges, T. S., S. Ells, D. Hayes, D. Mount, S. C. Nadeau, M. R. Palermo, C.
Patmont and P. Schroeder (2008). the four rs of Environmental dredging:
resuspension, release, residual, and risk, DTIC Document.

Brigatti, M. F., Galan, E., & Theng, B. K. G. (2013). Structure and mineralogy of
clay minerals. In Developments in clay science (Vol. 5, pp. 21-81).
Elsevier.

Buccolieri, A., Buccolieri, G., Cardellicchio, N., Dell'Atti, A., Di Leo, A., & Maci,
A. (2006). Heavy metals in marine sediments of Taranto Gulf (lonian
Sea, southern Italy). Marine chemistry, 99(1-4), 227-235.

Bur, T., Probst, J.L., N'guessan, M., Probst, A., (2009). Distribution and origin of
lead in stream sediments from small agricultural catchments draining
Miocene molassic deposits (SW France). Appl. Geochem. 24, 1324-1338



161

Cai, B., Ma, J.,, Yan, G., Dai, X., Li, M., Guo, S., (2016). Comparison of
phytoremediation, bioaugmentation and natural attenuation for
remediating saline soil contaminated by heavy crude oil. Biochem. Eng. J.
112, 170-177.

Carberry, J. B., & Wik, J. (2001). Comparison of ex situ and in situ bioremediation
of unsaturated soils contaminated Dby petroleum. Journal  of
Environmental Science and Health, Part A, 36(8), 1491-1503.

Cardoso A, Boaventura G, Silva E, Brod J (2001) Metal distribution in sediments
from the Ribiera bay, Rio de Janeiro Brazil. J Braz Chem Soc 12:767-774

Cechinel, M. A. P., & de Souza, A. A. U. (2014). Study of lead (Il) adsorption onto
activated carbon originating from cow bone. Journal of Cleaner
Production, 65, 342-349.

Cetin, S., & Pehlivan, E. (2007). The use of fly ash as a low cost, environmentally
friendly alternative to activated carbon for the removal of heavy metals
from aqueous solutions. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 298(1-2), 83-87.

Chaignon V (2001) Biodisponibilite” du cuivre dans la rhizosphere de diffe rentes
plantes cultive’es. Cas de sols viticoles contamine™s pardes fongicides.
The'se: Ecole doctorale, Sciences de I’Environnement : Syste'me Terre,
Universite” d’Aix-Marseille, France

Chapman PM, Wang F (2001) Assessing sediment contamination in estuaries.
Environ Toxicol Chem 20: 3-22.

Chen, S., Chao, L., Sun, L. N., & Sun, T. H. (2013). Plant-microorganism combined
remediation for sediments contaminated with heavy metals. In Advanced
Materials Research (Vol. 610, pp. 1223-1228). Trans Tech Publications.

Chen, C., Liu, H., Chen, T., Chen, D., & Frost, R. L. (2015). An insight into the
removal of Pb (1), Cu (1), Co (1), Cd (1), Zn (I1), Ag (1), Hg (1), Cr (VI)
by Na (1)-montmorillonite and Ca (II)-montmorillonite. Applied Clay
Science, 118, 239-247.

Chen, G., & White, P. A. (2004). The mutagenic hazards of aquatic sediments: a
review. Mutation Research/Reviews in Mutation Research, 567(2-3), 151-
225.



162

Chen, Xiao, Hongbing Li, Xiaoyan Liu, Xinying Zhang, Xia Liang, Chiquan He, and
Liya Cao. (2016). "Combined remediation of pyrene-contaminated soil
with a coupled system of persulfate oxidation and phytoremediation with
ryegrass.” Environmental Science and Pollution Research 23, no. 20
:20672-20679.

Chen, Y. G.,, He, Y., Ye, W. M., & Jia, L. Y. (2015). Competitive adsorption
characteristics of Na (1)/Cr (111) and Cu (11)/Cr (111) on GMZ bentonite in
their binary solution. Journal of Industrial and Engineering
Chemistry, 26, 335-339.

Chen, Y. G., He, Y., Ye, W. M., Lin, C. H., Zhang, X. F., & Ye, B. (2012). Removal
of chromium (I1l) from aqueous solutions by adsorption on bentonite
from Gaomiaozi, China. Environmental earth sciences, 67(5), 1261-1268.

Chen, Y., Zhu, C., Sun, Y., Duan, H., Ye, W., & Wu, D. (2012). Adsorption of La
(1) onto GMZ bentonite: effect of contact time, bentonite content, pH
value and ionic strength. Journal of Radioanalytical and Nuclear
Chemistry, 292(3), 1339-1347.

Cheng, M., Zeng, G., Huang, D., Lai, C., Xu, P., Zhang, C., & Liu, Y. (2016a).
Hydroxyl radicals based advanced oxidation processes (AOPs) for
remediation of soils contaminated with organic compounds: a
review. Chemical Engineering Journal, 284, 582-598.

Chester, R., Thomas, A., Lim, F., Basaham, A. and Jacinto, A. (1988). The solid
state speciation of copper in surface water particulate and aceanic
sediment. Mar. Chem., 24, 261-292.

Chien, S.; Clayton, W. (1980) Application of Elovich equation to the Kinetics of
phosphate release and sorption in soils. Soil Sci. Soc. Am. J., 44,
265-268.

Cho Y-M, SmithenryDW, Ghosh U, Kennedy AJ,Millward RN, Bridges TS, Luthy
RG (2007) Field methods for amending marine sediment with activated
carbon and assessing treatment effectiveness. Mar Environ Res 64:541—
555.

Choi, Y., Cho, Y.M., Luthy, R.G., (2014). In situ sequestration of hydrophobic
organic contaminants in sediments under stagnant contact with activated
carbon. 1. Column studies. Environ. Sci. Technol. 48 (3), 1835-1842.



163

Clean Water Team (CWT) (2004). Electrical conductivity/salinity Fact Sheet,
FS3.1.3.0 (EC). in: The Clean Water Team Guidance Compendium for
Watershed Monitoring and Assessment, Version 2.0. Division of Water
Quality, California State Water Resources Control Board (SWRCB),
Sacramento, CA.

Coles, C. A., & Yong, R. N. (2002). Aspects of kaolinite characterization and
retention of Pb and Cd. Applied Clay Science, 22(1-2), 39-45.

Coruh, S., & Geyikg, F. (2012). Adsorption of copper (I1) ions on montmorillonite
and sepiolite clays: equilibrium and Kinetic studies. Desalination and
Water Treatment, 45(1-3), 351-360.

Crini, G., & Badot, P. M. (Eds.). (2011). Sorption processes and pollution:
Conventional and non-conventional sorbents for pollutant removal from
wastemasters. Presses Univ. Franche-Comté

Cruz-Guzma, M., Celis, R., Hermosin, M. C., Koskinen, W. C., Nater, E. A., &
Cornejo, J. (2006). Heavy metal adsorption by montmorillonites modified
with natural organic cations. Soil Science Society of America
Journal, 70(1), 215-221.

Cukrov N, Franc“is’kovic’-Bilinski S, Hlac“a B, Baris“ic” D (2011) A recent history
of metal accumulation in the sediments of Rijeka harbor, Adriatic Sea,
Croatia. Mar Pollut Bull 62:154-167

Dankova, Z., Bekényiova, A., Styriakova, 1., & Fedorova, E. (2015). Study of Cu (II)
adsorption by siderite and kaolin. Procedia Earth and Planetary
Science, 15, 821-826.

Davidson, C. M., Ferreira, P. C., & Ure, A. M. (1999). Some sources of variability in
application of the three-stage sequential extraction procedure
recommended by BCR to industrially-contaminated soil. Fresenius'
journal of analytical chemistry, 363(5-6), 446-451.

Davidson CM, Duncan AL, Littlejohn D, Ure AM, Garden LM (1998) A critical
Evaluation of the three-stage BCR sequential extraction procedure to
assess the potential mobility and Toxicity of heavy metals in industrially-
contaminated land. Anal Chim Acta 363: 45-55.

Davidson, C.M. A.L. Duncan, D. Littlejohn, A.M. Ure and L.M. Garden, Anal.
Chim. Acta, 363, 45-55 (1998).



164

de Andrade Passos, E., Alves, J. C., dos Santos, I. S., Jose do Patroc mio, H. A,
Garcia, C. A. B., & Costa, A. C. S. (2010). Assessment of trace metals
contamination in estuarine sediments using a sequential extraction
technique and  principal  component  analysis. Microchemical
Journal, 96(1), 50-57.

de Pablo, L., Ch&vez, M. L., & Abatal, M. (2011). Adsorption of heavy metals in
acid to alkaline environments by montmorillonite and Ca-
montmorillonite. Chemical engineering journal, 171(3), 1276-1286.

Duan, J., & Su, B. (2014). Removal characteristics of Cd (Il) from acidic aqueous
solution by modified steel-making slag. Chemical Engineering
Journal, 246, 160-167.

Eaton, A. D., Clesceri, L. S., Rice, E. W., Greenberg, A. E., & Franson, M. A.
(2005). Standard methods for the examination of water and wastewater,
21st edn. American Public Health Association, American Waterworks
Association, Water Environmental Federation.

Eek, E., Cornelissen, G., Kibsgaard, A., & Breedveld, G. D. (2008). Diffusion of
PAH and PCB from contaminated sediments with and without mineral
capping; measurement and modelling. Chemosphere, 71(9), 1629-1638.

Eek, E., Godgy, O., Aagaard, P., & Breedveld, G. D. (2007). Experimental
determination of efficiency of capping materials during consolidation of
metal-contaminated dredged material. Chemosphere, 69(5), 719-728.

El-Temsah YS, Joner EJ (2013) Effects of nano-sized zero-valent iron (nZVI) on
DDT degradation in soil and its toxicity to collembolan and ostracods.
Chemosphere 92:131-137.

EPA (U.S. Environmental Protection Agency) (1997). Toxicological Benchmarks for
Screening Contaminants of Potential Concern for Effects on Sediment-
Associated Biota, Report of the Sediment Criteria Subcommittee, Science
Advisory Board. ES/ER/TM-95/RA4.

EPA (U.S. Environmental Protection Agency) (1997). Toxicological
Benchmarks for Screening Contaminants of Potential Concern for
Effects on Sediment-Associated Biota, Report of the Sediment Criteria
Subcommittee, Science Advisory Board. ES/ER/TM-95/R4



165

EPA, U.S., (1992). Framework for Ecological Risk Assessment. EPA/630/R-92/001.
Risk Assessment Forum, U.S. Environmental Protection Agency,
Washington, DC.

EPA. US (1998) Assessment and Remediation of Contaminated Sediments (ARCS)
Program: Guidance for in-situ Subaqueous Capping of Contaminated
Sediments. Assessment and Remediation of Contaminated Sediments
Program, Great Lakes National Program Office, Chicago

Eren, E. (2008). Removal of copper ions by modified Unye clay, Turkey. Journal of
Hazardous Materials, 159(2-3), 235-244.

Eren, E., & Afsin, B. (2008). An investigation of Cu (I1) adsorption by raw and acid-
activated bentonite: A combined potentiometric, thermodynamic, XRD,
IR, DTA study. Journal of Hazardous Materials, 151(2-3), 682-691.

Esslemont G (2000) Heavy metals in seawater, marine sediments and corals from the
Townsville section, Great Barrier Reef Marine Park, Queensland. Marine
Chemistry 71: 215- 231.

Fadaei, H., Watson, A., Place, A., Connolly, J., & Ghosh, U. (2015). Effect of PCB
bioavailability changes in sediments on bioaccumulation in
fish. Environmental science & technology, 49(20), 12405-12413.

Fadaei, H., Watson, A., Place, A., Connolly, J., & Ghosh, U. (2015). Effect of PCB
bioavailability changes in sediments on bioaccumulation in
fish. Environmental science & technology, 49(20), 12405-12413.

Faghihian, H., & Nejati-Yazdinejad, M. (2009). A comparative study of the sorption
of Cd (I1) and Pb (I1) ions from aqueous solution by local bentonite and
clinoptilolite. Adsorption Science & Technology, 27(1), 107-115.

Fan W, Wang WX, Chen J (2002) Geochemistry of Cd, Cr, and Zn in highly
contaminated sediments and its influences on assimilation by marine
bivalves. Environ Sci Technol 36: 5164-5171.

Fang, G. C., & Yang, H. C. (2011). Comparison of heavy metals in marine sediments
from coast areas in East and Southeast Asian countries during the years
2000—2010. Toxicology and industrial health, 27(8), 754-759.

Fangueiro, D., Bermond, A., Santos, E., Carapu@, H., & Duarte, A. (2005). Kinetic

approach to heavy metal mobilization assessment in sediments: choose of



166

Kinetic equations and models  to achieve maximum
information. Talanta, 66(4), 844-857.

Fashola, M. O., Ngole-Jeme, V. M., & Babalola, O. O. (2016). Heavy metal
pollution from gold mines: environmental effects and bacterial strategies
for resistance. International journal of environmental research and public
health, 13(11), 1047

Fatoki OS, Mathabata S (2001) An assessment of heavy metals pollution in the East
London and Port Elizabeth harbours. Water SA 27: 233-240.

Favas, P. J., Sarkar, S. K., & Rakshit, D. (2015). Geochemical fractionation of trace
elements in stream sediments contaminated by mining activity. CLEAN—
Soil, Air, Water, 43(3), 446-455.

Feng, Y., Gong, J. L., Zeng, G. M., Niu, Q. Y., Zhang, H. Y., Niu, C. G., & Yan, M.
(2010). Adsorption of Cd (1) and Zn (Il) from aqueous solutions using
magnetic  hydroxyapatite nanoparticles as adsorbents. Chemical
Engineering Journal, 162(2), 487-494.

Fern&ndez-Nava, Y., Ulmanu, M., Anger, ., Marafin, E., & Castrilldn, L. (2011).
Use of granular bentonite in the removal of mercury (1), cadmium (I1)
and lead (1) from aqueous solutions. Water, Air, & Soil Pollution, 215(1-
4), 239-249.

Filgueiras AV, Lavilla I, Bendicho C (2002) Chemical sequential extraction for
metal Partitioning in environmental solid samples. J of Environ Monit 4:
823-857.

Fjar, E., Holt, R. M., Raaen, A. M., Risnes, R., & Horsrud, P. (2008). Petroleum
related rock mechanics (Vol. 53). Elsevier.

Fofonoff, N. P. (1985). Physical properties of seawater. A new salinity scale and
equation of state for seawater. Journal of Geophysical Research:
Oceans, 90(C2), 3332-3342.

Foo, K., & Hameed, B. (2010). Insights into the modeling of adsorption isotherm
systems. Chemical Engineering Journal, 156(1), 2-10.

Forstner U, Wittmann GTW (1981) Metal Pollution in the Aquatic Environment,
Springer- Verlag, Berlin. Springer-Verlag, Heidelberg 486.



167

F&stner, U., & Apitz, S. E. (2007). Sediment remediation: US focus on capping and
monitored natural recovery. Journal of Soils and Sediments, 7(6), 351-
358.

Fotidis, 1.LA., Wang, H., Fiedel, N.R., Luo, G., Karakashev, D.B., Angelidaki, I.,
(2014). Bioaugmentation as a solution to increase methane production
from an ammonia-rich substrate. Environ. Sci. Technol. 48 (13), 7669—
7676.

Francingues, K.E.G., Burton, G.A., Norman, R., Wolfe Jr., Danny, D.R., Donna,
J.V.John, R., 2008. Evaluating the effectiveness of contaminated-
sediment dredging. Environ. Sci. Technol. 42 (14), 5042e5047.

Freije AM (2015) Heavy metal, trace element and petroleum hydrocarbon pollution
in the Arabian Gulf: review. J Assoc Arab Univ Basic Appl Sci 17:90-
100 GESAMP(IMO/FAO/IINESCO/WMO/IAEA/UN/IINEP) (1982)

Gaskell, T. F. (1973). The gulf stream. John Day Co..

Gaucher, E. C., & Blanc, P. (2006). Cement/clay interactions—a review: experiments,
natural analogues, and modeling. Waste Management, 26(7), 776-788.

Gautam, R. K., Mudhoo, A., Lofrano, G., & Chattopadhyaya, M. C. (2014).
Biomass-derived biosorbents for metal ions sequestration: Adsorbent
modification and activation methods and adsorbent regeneration. Journal
of Environmental Chemical Engineering, 2(1), 239-259.

Gerhardt, K. E., Huang, X. D., Glick, B. R., & Greenberg, B. M. (2009).
Phytoremediation and rhizoremediation of organic soil contaminants:
potential and challenges. Plant science, 176(1), 20-30.

Ghaedi, M., Ahmadi, F., & Soylak, M. (2007). Preconcentration and separation of
nickel, copper and cobalt using solid phase extraction and their
determination in  some real samples. Journal of Hazardous
Materials, 147(1-2), 226-231.

Ghosh, U., Luthy, R. G., Cornelissen, G., Werner, D., & Menzie, C. A. (2011). In-
situ Sorbent Amendments: A New Direction in Contaminated Sediment
Management. Environmental Science & Technology, 45(4), 1163-1168.

Gillespie, I. M., & Philp, J. C. (2013). Bioremediation, an environmental remediation

technology for the bioeconomy. Trends in biotechnology, 31(6), 329-332.



168

Gismera, M. J., Lacal, J., da Silva, P., Garcia, R., Sevilla, M. T., & Procopio, J. R.
(2004). Study of metal fractionation in river sediments. A comparison
between kinetic and sequential extraction procedures. Environmental
Pollution, 127(2), 175-182.

Glatstein, D. A., & Francisca, F. M. (2015). Influence of pH and ionic strength on
Cd, Cu and Pb removal from water by adsorption in Na-
bentonite. Applied Clay Science, 118, 61-67.

Goh, K. H., & Lim, T. T. (2004). Geochemistry of inorganic arsenic and selenium in
a tropical soil: effect of reaction time, pH, and competitive anions on
arsenic and selenium adsorption. Chemosphere, 55(6), 849-859.

Gomes, H. 1., Dias-Ferreira, C., & Ribeiro, A. B. (2013). Overview of in situ and ex
situ remediation technologies for PCB-contaminated soils and sediments
and obstacles for full-scale application. Science of the Total
Environment, 445, 237-260.

Gomez—Ariza JL, Giraldez I, Sanchez-Rodas D, Moralesm E (2000) MetalSequential
Extraction Procedure optimized for heavy metal polluted and iron- oxide
rich sediments. Anal Chim Acta 414: 151-164.

Gomez-Eyles, J. L., Yupanqui, C., Beckingham, B., Riedel, G., Gilmour, C., &
Ghosh, U. (2013). Evaluation of biochars and activated carbons for in situ
remediation of sediments impacted with organics, mercury, and
methylmercury. Environmental science & technology, 47(23), 13721-
13729.

Gong, J. L., Wang, B., Zeng, G. M., Yang, C. P., Niu, C. G., Niu, Q. Y., & Liang, Y.
(2009). Removal of cationic dyes from aqueous solution using magnetic
multi-wall carbon nanotube nanocomposite as adsorbent. Journal of
hazardous materials, 164(2-3), 1517-1522.

Gong, X., Xu, X., Gong, Z., Li, X,, Jia, C., Guo, M., & Li, H. (2015). Remediation of
PAH-contaminated soil at a gas manufacturing plant by a combined two-
phase partition system washing and microbial degradation
process. Environmental Science and Pollution Research, 22 (16), 12001-
12010.

Grim, R. E. (1962). Applied Clay Mineralogy McGraw-Hill Book Company. New
York, USA.



169

Guevara-Riba A, Sahuquillo A, Rubio R, Rauret G (2004) Assessment of metal
mobility in dredged harbour sediments from Barcelona, Spain. Sci Total
Environ 321: 241-255.

Guevara-Riba A, Sahuquillo A, Rubio R, Rauret G (2005) Effect of chloride on
heavy metal mobility of harbour sediments. Anal Bioanal Chem 382: 353-
359.

Guiwei, Q., De Varennes, A., & Cunha-Queda, C. (2008). Remediation of a mine
soil with insoluble polyacrylate polymers enhances soil quality and plant
growth. Soil Use and Management, 24(4), 350-356.

Guiwei, Q., de Varennes, A., Cunha-Queda, C., (2008). Remediation of a mine soil
with insoluble polyacrylate polymers enhances soil quality and plant
growth. Soil Use Manag. 24 (4), 350-356.

Guo, X., Li, X., & Park, H. S. (2008). Ammonium and potassium removal for
anaerobically digested wastewater using natural clinoptilolite followed by
membrane pretreatment. Journal of Hazardous Materials, 151(1), 125-
133.

Gupta, S. S., & Bhattacharyya, K. G. (2005). Interaction of metal ions with clays: I.
A case study with Pb (11). Applied Clay Science, 30(3-4), 199-208.

Gupta, S. S., & Bhattacharyya, K. G. (2008). Immobilization of Pb (II), Cd (II) and
Ni (1) ions on kaolinite and montmorillonite surfaces from aqueous
medium. Journal of environmental management, 87(1), 46-58.

Gupta, S. S., & Bhattacharyya, K. G. (2009). Treatment of water contaminated with
Pb (1) and Cd (Il) by adsorption on kaolinite, montmorillonite and their
acid-activated forms.

Gupta, S. S., & Bhattacharyya, K. G. (2012a). Natural and treated montmorillonites
as scavengers of toxic metals from water. Application of Adsorbents for
Water Pollution Control, 291.

Gupta, S. S., & Bhattacharyya, K. G. (2012b). Using aqueous kaolinite suspension as
a medium for removing phosphate from water. Adsorption Science &
Technology, 30(6), 533-547.

Gustavson, K. E.; Burton, G. A.; Francingues, N. R., Jr.; Reible, D. D.; Vorhees, D.
J.; Wolfe, J. R. (2008). Evaluating the effectiveness of contaminated-
sediment dredging. Environ. Sci. Technol. 42, 5042—5047.



170

Fernandes, H. M. (1997). Heavy metal distribution in sediments and ecological risk
assessment: the role of diagenetic processes in reducing metal toxicity in
bottom sediments. Environmental pollution, 97(3), 317-325.

Hakstege A (2007) Description of the available technology for treatment and
disposal of dredged material. Sediment Dredged Mater Treat 2: 68—-118.

Han, H., Rafiq, M. K., Zhou, T., Xu, R., Masek, O., & Li, X. (2019). A critical
review of clay-based composites with enhanced adsorption performance
for metal and organic pollutants. Journal of hazardous materials, 369,
780-796.

Han, R., Zou, W., Zhang, Z., Shi, J., & Yang, J. (2006). Removal of copper (Il) and
lead (I1) from aqueous solution by manganese oxide coated sand: I.
Characterization and  kinetic  study. Journal of  Hazardous
Materials, 137(1), 384-395.

Harikumar PS, Nasir UP, Rahman MPM (2009) Distribution of heavy metals in the
core sediments of a tropical wetland system. Int J Environ Sci Technol
6:225-232

Hatch, C. D., Wiese, J. S., Crane, C. C., Harris, K. J., Kloss, H. G., & Baltrusaitis, J.
(2012). Water adsorption on clay minerals as a function of relative
humidity:  application of BET and Freundlich  adsorption
models. Langmuir, 28(3), 1790-1803.

Hayes, M. A. B. (1974). CE Weaver and LD Pollard, The Chemistry of Clay
Minerals: Developments in Sedimentology, Vol. 15, Elsevier Scientific
Publishing Company, Amsterdam, 1973, viii+ 213 pp., price Dfl. 65.00
(ca. $20.25).

Hefne, J. A., Mekhemer, W. K., Al, N. M., Aldayel, O. A., & Alajyan, T. (2008).
Kinetic and thermodynamic study of the adsorption of Pb (II) from
aqueous solution to the natural and treated bentonite. International
Journal of Physical Sciences, 3(11), 281-288.

Hendricks, S. B. (1929). XVIII. Diffraction of X-Radiation from some Crystalline
Aggregates. Zeitschrift fUr Kristallographie-Crystalline Materials, 71(1-
6), 269-273.

Hendricks, S. B., & Fry, W. H. (1930). The results of X-ray and microscopical

examinations of soil colloids. Soil Science, 29(6), 457-480.



171

Hizal, J., Apak, R., & Hoell, W. H. (2009). Modeling competitive adsorption of
copper (1), lead (Il), and cadmium (II) by kaolinite-based clay
mineral/humic acid system. Environmental progress & sustainable
energy, 28(4), 493-506.

Ho, M. D., & Evans, G. J. (1997). Operational speciation of cadmium, copper, lead
and zinc in the NIST standard reference materials 2710 and 2711
(Montana soil) by the BCR sequential extraction procedure and flame
atomic absorption spectrometry. Analytical Communications, 34(11),
363-364.

Hosseinpur, A.; Pashamokhtari, H. Impact of treated sewage sludge application on
phosphorus release kinetics in some calcareous soils. Environ. Geol.
2008, 55, 1015-1021.

Hu B, Li J, Zhao J, Yang J, Bai F, Dou Y (2013) Heavy metal in surface sediments
of the Liaodong Bay, Bohai Sea: distribution, contamination, and sources.
Environ Monit Assess 185:5071-5083

Huang, D., Xu, Q., Cheng, J., Lu, X., Zhang, H., (2012). Electrokinetic remediation
and its combined technologies for removal of organic pollutants from
contaminated soils. Int. J. Electrochem. Sci. 7 (5), 4528-4544.

Huifen, Y., Wen, M., Weina, Z., & Zhiyong, W. (2011, February). Steel slag as
multi-functional material for removal of heavy metal ions in wastewater.
In 2011 International Conference on Computer Distributed Control and
Intelligent Environmental Monitoring (pp. 1287-1290). IEEE.

Hull, J. H., J. M. Jersak and B. J. McDonald (1998). "Examination of a New
Remedial Technology for Capping Contaminated Sediments: Large-Scale
Laboratory Evaluation of Sediment Mixing and Cap Resistance to Erosive
Forces.” Remediation Journal 8(3): 37-58.

Hull, J. H., Jersak, J. M., & Kasper, C. A. (1999). In Situ Capping Of Contaminated
Sedi-Ments: Comparing The Relative Ef-Fectiveness Of Sand Versus
Clay Min-Eral-Based Sediment Caps.

Hydylanen T, Karels A, Oikari A (2002) Assessment of bioavailabilityand effects
of chemicals due to remediation actions with caging mussels (Anodonta
anatina) at a creosote-contaminated lake sediment site. Water Res
36:4497-4504.



172

Idris AM, Eltayeb MAH, Potgieter-Vermaak SS, Grieken R, Potgieter JH (2007)
Assessment of heavy metal pollution in Sudanese harbours along the Red
Sea coast. Microchemical. J 87: 104-112.

ljagbemi, C. O., Baek, M. H., & Kim, D. S. (2009). Montmorillonite surface
properties and sorption characteristics for heavy metal removal from
aqueous solutions. Journal of Hazardous materials, 166(1), 538-546.

Ismael, I. S. (2010). Synthesis and characterization of zeolite X obtained from kaolin
for adsorption of Zn (I1). Chinese Journal of Geochemistry, 29(2), 130-
136.

Iwegbue CMA, Egobueze FE K, Opuene K (2006) Preliminary assessment of heavy
Metals Levels of soils of an oil field in the Niger Delta. Int J Sci Technol
3:167-172.

Jacobs, P. H., & Fd&stner, U. (1999). Concept of subaqueous capping of
contaminated sediments with active barrier systems (ABS) using natural
and modified zeolites. Water Research, 33(9), 2083-2087.

Jain, C. K. (2004). Metal fractionation study on bed sediments of River Yamuna,
India. Water Research, 38(3), 569-578.

Janssen EML, Beckingham BA (2013) Biological responses to activated carbon
amendments in sediment remediation. Environ Sci Technol 47:7595-
7607.

Jersak, J, G&@ansson, G, Ohlsson, Y, Larsson, L, Flyhammar, P & Lindh, P (2016).
In-situ capping of contaminated sediments.In-situ capping of Swe-den’s
fiberbank sediments: A unique challenge. SGI Publication 30-5E,
Swedish Geotechnical Institute, SGI, Link&ping.

Jiang, M. Q., Jin, X. Y., Lu, X. Q., & Chen, Z. L. (2010). Adsorption of Pb (II), Cd
(1), Ni (I1) and Cu (1) onto natural kaolinite clay. Desalination, 252(1-3),
33-39.

Jiang, M. Q., Wang, Q. P., Jin, X. Y., & Chen, Z. L. (2009). Removal of Pb (1) from
aqueous solution using modified and unmodified kaolinite clay. Journal
of hazardous materials, 170(1), 332-339.

Jin, Y., Liu, W,, Li, X. L., Shen, S. G., Liang, S. X,, Liu, C., & Shan, L. (2016).
Nano-hydroxyapatite immobilized lead and enhanced plant growth of

ryegrass in a contaminated soil. Ecological Engineering, 95, 25-29.



173

Joh, D., & Mbadcam, J. K. (2015). Adsorption of Zinc (ll) ions from aqueous
solution onto kaolinite and metakaolinite. Der Pharmaceutical
Chemical, 7, 51-58.

Jonker MT, Suijkerbuijk MP, Schmitt H, Sinnige TL (2009) Ecotoxicological effects
of activated carbon addition to sediments. Environ Sci Technol 43:5959—
5966.

Josefsson S, Schaanning M, Samuelsson GS, Gunnarsson JS, Olofsson I, Eek E,
Wiberg K (2012) Capping efficiency of various carbonaceous and mineral
materials for in situ remediation of polychlorinated dibenzo-p-dioxin and
dibenzofuran contaminated marine sediments: sediment-to-water fluxes
and bioaccumulation in boxcosm tests. Environ Sci Technol 46:3343—
3351.

Juang, R. S., & Chen, M. L. (1997). Application of the Elovich equation to the
kinetics of metal sorption with solvent-impregnated resins. Industrial &
Engineering Chemistry Research, 36(3), 813-820.

Kamil, J. and Shainberg, 1. (1968) Hydrolysis of Na montmorillonite in sodium
chloride solutions. Soil Science, 106, 193199.

Kandhal, P.S., and Parker, F. (1998). Aggregate tests related to asphalt concrete
performance in pavements. National Cooperative Highway Research
Program NCHRP Report 405.

Kang, G., Park, K., Cho, J., Stevens, D.K., Chung, N., (2015). Remediation of
polycyclic aromatic hydrocarbons in soil using hemoglobin-catalytic
mechanism. J. Environ. Eng. 141 (10), 04015025.

Kang, K., & Park, S. J. (2015). Application of limestone, zeolite, and crushed
concrete as capping material for interrupting heavy metal release from
marine sediments and reducing sediment oxygen demand. Journal of the
Korean Society of Agricultural Engineers, 57(4), 31-38.

Kang, K., Gu, B. W., & Park, S. J. (2016, April). Evaluation of sediment capping
using zeolite, montmorillonite, and steel slag to immobilize heavy metals.
In OCEANS 2016-Shanghai(pp. 1-5). IEEE.

Kang, K., Lee, C. G., Choi, J. W., Kim, Y. K., & Park, S. J. (2016). Evaluation of the

use of sea sand, crushed concrete, and bentonite to stabilize trace metals



174

and to interrupt their release from contaminated marine sediments. Water,
Air, & Soil Pollution, 227(9), 308.

Kang, K., Lee, C. G, Choi, J. W., Kim, Y. K., & Park, S. J. (2016). Evaluation of the
use of sea sand, crushed concrete, and bentonite to stabilize trace metals
and to interrupt their release from contaminated marine sediments. Water,
Air, & Soil Pollution, 227(9), 308.

Karamanis, D., & Assimakopoulos, P. A. (2007). Efficiency of aluminum-pillared
montmorillonite on the removal of cesium and copper from aqueous
solutions. Water research, 41(9), 1897-1906.

Karapinar, N., & Donat, R. (2009). Adsorption behaviour of Cu2+ and Cd2+ onto
natural bentonite. Desalination, 249(1), 123-129.

Khan, S., Afzal, M., Igbal, S., Khan, Q.M., (2013). Plant-bacteria partnerships for the
remediation of hydrocarbon contaminated soils. Chemosphere 90 (4),
1317-1332.

Knox A, Kaplan D, Paller, M (2006) Phosphate sources and their suitability for
remediation of contaminated soils. Sci Total Environ 357: 271-279.

Knox, A. S., Paller, M. H., & Roberts, J. (2012). Active capping technology—new
approaches  for in situ remediation of  contaminated
sediments. Remediation Journal, 22(2), 93-117.

Kdya, J., & Nagy, N. (2011). Sorption of dissolved mercury (11) species on calcium-
montmorillonite: an unusual pH dependence of sorption process. Journal
of Radioanalytical and Nuclear Chemistry, 288(2), 447-454.

Kress, N., Herut, B., & Galil, B. S. (2004). Sewage sludge impact on sediment
quality and benthic assemblages off the Mediterranean coast of Israel—a
long-term study. Marine Environmental Research, 57(3), 213-233.

Kubilay, S., Giirkan, R., Savran, A., & Sahan, T. (2007). Removal of Cu (II), Zn (II)
and Co (Il) ions from aqueous solutions by adsorption onto natural
bentonite. Adsorption, 13(1), 41-51.

KubilayMohellebi, F., & Lakel, F. (2016). Adsorption of Zn2+ on Algerian untreated
bentonite clay. Desalination and Water Treatment, 57(13), 6051-6062.

Kueper, B.H., Stroo, H.F., Vogel, C.M., Ward, C.H., 2014. Chlorinated Solvent

Source Zone Remediation. Springer.



175

Kul, A. R., & Caliskan, N. (2009). Equilibrium and kinetic studies of the adsorption
of Zn (1) ions onto natural and activated kaolinites. Adsorption Science &
Technology, 27(1), 85-105.

Kul, A. R., & Koyuncu, H. (2010). Adsorption of Pb (11) ions from aqueous solution
by native and activated bentonite: Kinetic, equilibrium and
thermodynamic study. Journal of Hazardous Materials, 179(1-3), 332-
339.

Kumar, A. S. K., Kalidhasan, S., Rajesh, V., & Rajesh, N. (2012). A meticulous
study on the adsorption of mercury as tetrachloromercurate (Il) anion
with trioctylamine modified sodium montmorillonite and its application
to a coal fly ash sample. Industrial & Engineering Chemistry
Research, 51(35), 11312-11327.

Kuppusamy, S., Palanisami, T., Megharaj, M., Venkateswarlu, K., & Naidu, R.
(2016). In-situ remediation approaches for the management of
contaminated sites: a comprehensive overview. In Reviews of
Environmental Contamination and Toxicology Volume 236 (pp. 1-115).
Springer, Cham.

Kupryianchyk, D., Rakowska, M. I., Reible, D., Harmsen, J., Cornelissen, G., van
Veggel, M., ... & Koelmans, A. A. (2015). Positioning activated carbon
amendment technologies in a novel framework for sediment
management. Integrated environmental assessment and
management, 11(2), 221-234.

Kutuniva, J., M&inen, J., Kauppila, T., Karppinen, A., Hellsten, S., Luukkonen, T.,
& Lassi, U. (2019). Geopolymers as active capping materials for in situ
remediation of metal (loid)-contaminated lake sediments. Journal of
Environmental Chemical Engineering, 7(1), 102852.

Lampert, D. J., Sarchet, W. V., & Reible, D. D. (2011). Assessing the effectiveness
of thin-layer sand caps for contaminated sediment management through
passive sampling. Environmental science & technology, 45(19), 8437-
8443.

Lampert, D. J., Stegemann, J. A., & Reible, D. D. (2009). Predicting contaminant
fate and transport in sediment caps: mathematical modelling
approaches. Applied Geochemistry, 24(7), 1347-1353.



176

Larsson, P. (1985). Contaminated sediments of lakes and oceans act as sources of
chlorinated hydrocarbons for release to water and
atmosphere. Nature, 317(6035), 347.

Lasheen, M. R., El-Sherif, I. Y., Sabry, D. Y., EI-Wakeel, S. T., & El-Shahat, M. F.
(2016). Adsorption of heavy metals from aqueous solution by magnetite
nanoparticles and magnetite-kaolinite nanocomposite: equilibrium,
isotherm and Kinetic study. Desalination and Water Treatment, 57(37),
17421-17429.

Lee J, Fox PJ (2009) Investigation of consolidation-induced solute transport. II:
experimental and numerical results. J Geotech Geoenviron Eng
135:1239-1253.

Lee, H., Lee, Y., Kim, J., Kim, C., (2014). Field application of modified in situ soil
flushing in combination with air sparging at a military site polluted by
diesel and gasoline in Korea. Int. J. Environ. Res. Public Health 11 (9),
8806-8824.

Leleyter, L., & Baraud, F. (2005). Evaluation de la mobilit€des méaux dans les
saliments fluviaux du bassin de la Vire (Normandie, France) par
extractions simples ou séjuentielles. Comptes Rendus
Geoscience, 337(6), 571-579.

Leleyter, L., & Probst, J. L. (1999). A new sequential extraction procedure for the
speciation of particulate trace elements in river sediments. International
Journal of Environmental Analytical Chemistry, 73(2), 109-128.

Leschber, R., Davis, R. D., & L'Hermite, P. (1985). Chemical methods for assessing
bio-available metals in sludges and soils.

Li, J., Li, Y., & Meng, Q. (2010). Removal of nitrate by zero-valent iron and pillared
bentonite. Journal of hazardous materials, 174(1-3), 188-193.

Liang Y, Wong MH (2003) Spatial and temporal organic and heavy metal pollution
at Mai Po Marshes Nature Reserve, Hong Kong. Chemosphere 52:1647-
1658.

Lim, S. F., & Lee, A. Y. W. (2015). Kinetic study on removal of heavy metal ions
from aqueous solution by using soil. Environmental Science and
Pollution Research, 22(13), 10144-10158.



177

Lin, J. G., & Chen, S. Y. (1998). Mobilization kinetics of heavy metals from
contaminated river sediment of Northern Taiwan by complexing
agents. Toxicological & Environmental Chemistry, 67(3-4), 511-529.

Liu, Q., Yang, B., Zhang, L., & Huang, R. (2015). Adsorptive removal of Cr (VI)
from aqueous solutions by cross-linked chitosan/bentonite
composite. Korean Journal of Chemical Engineering, 32(7), 1314-1322.

Luo W, Lu Y, Wang T, Hu W, Jiao W, Naile JE, Khim JS, Giesy JP (2010)
Ecological risk assessment of arsenic and elements in sediments of
coastal areas of Northern Bohai and Yellow Seas, China. Ambio 39:367—
375

Luo, Y. M., & Christie, P. (1998). Choice of extraction technique for soil reducible
trace metals determines the subsequent oxidisable metal fraction in
sequential extraction schemes. International journal of environmental
analytical chemistry, 72(1), 59-75.

Ma, C., & Eggleton, R. A. (1999). Cation exchange capacity of kaolinite. Clays and
Clay minerals, 47(2), 174-180.

Ma, L., Chen, Q., Zhu, J., Xi, Y., He, H., Zhu, R., ... & Ayoko, G. A. (2016).
Adsorption of phenol and Cu (I1) onto cationic and zwitterionic surfactant
modified montmorillonite in single and binary systems. Chemical
Engineering Journal, 283, 880-888.

Ma, L., zZhu, J., Xi, Y., Zhu, R., He, H., Liang, X., & Ayoko, G. A. (2015).
Simultaneous adsorption of Cd (1) and phosphate on Al 13 pillared
montmorillonite. RSC Advances, 5(94), 77227-77234.

Ma, X., Anand, D., Zhang, X., Tsige, M., & Talapatra, S. (2010). Carbon nanotube-
textured sand for controlling bioavailability of contaminated
sediments. Nano Research, 3(6), 412-422.

MacDonald DD, Ingersoll CG, Berger TA (2000) Development and evaluation of
consensus-based sediment quality guidelines for freshwater ecosystems.
Arch Environ Contam Toxicol 39:20-31

Magar, V. S., D. B. Chadwick, T. S. Bridges, P. C. Fuchsman, J. M. Conder, T. J.
Dekker, J. A. Steevens, K. E. Gustavson and M. A. Mills (2009).
Monitored natural recovery at contaminated sediment sites, DTIC

Document.



178

Malkoc, E., & Nuhoglu, Y. (2007). Determination of Kkinetic and equilibrium
parameters of the batch adsorption of Cr (VI) onto waste acorn of
Quercus ithaburensis. Chemical Engineering and Processing-Process
Intensification, 46(10), 1020-1029.

Manap, N. and N. Voulvoulis (2016). "Data analysis for environmental impact of
dredging." Journal of Cleaner Production 137: 394-404.

Mao, X., Jiang, R., Xiao, W., Yu, J., (2015). Use of surfactants for the remediation of
contaminated soils: a review. J. Hazard. Mater. 285, 419-435.
Marcussen, H., Holm, P. E., Strobel, B. W., & Hansen, H. C. B. (2009). Nickel
sorption to goethite and montmorillonite in  presence of

citrate. Environmental science & technology, 43(4), 1122-1127.

Martins M, Costa PM, Raimundo J, Vale C, Ferreira AM, Costa MH (2012) Impact
of remobilized contaminants in Mytilus edulis during dredging operations
in a harbour area: bioaccumulation and biomarker responses. Ecotoxicol
Environ Saf 85:96-103.

Mashiatullah A, Chaudhary MZ, Ahmad N, Javed T, Ghaffar A (2013) Metal
pollution and ecological risk assessment in marine sediments of Karachi
Coast, Pakistan. Environ Monit Assess 185:1555-1565

Mattok, M., Petrus, R., & Warchot, J. K. (2015). Equilibrium study of heavy metals
adsorption on  kaolin. Industrial &  Engineering  Chemistry
Research, 54(27), 6975-6984.

McDonough K.M,Murphy P, Olsta J, Zhu Y, Reible D, Lowry GV (2007)
Development and placement of a sorbent-amended thin layer sediment
cap in the Anacostia River. Soil Sediment Contam Int J 16: 313-322.

Meki C, Olusegun A, Yerokun (2012). The distribution of Zinc fractions in surface
samples of selected agricultural soils of Zambia. International Journal of
Soil Science, 7: 51-60.

Merabet, S.; Boukhalfa, C.; Chellat, S.; Boultif, A. Characterization of chromium
(111) removal from water by river bed sediments: Kinetic and Equilibrium
studies. J. Mater. Environ. Sci. 2016, 7, 1624—1632.

Michael R. Palermo (1997), “In-Situ Capping of Contaminated Sediment Overview
and Case Studies”, Proceedings Cincinnati, OH May 13-14, 1997,

National Conference on Management and Treatment of Contaminated



179

Sediments, United States Environmental Protection Agency, Office of
Research and Development Washington, DC.

Millero, F. J., Feistel, R., Wright, D. G., & McDougall, T. J. (2008). The
composition of Standard Seawater and the definition of the Reference-
Composition Salinity Scale. Deep Sea Research Part I: Oceanographic
Research Papers, 55(1), 50-72.

Mining, S., & Kennedy, B. A. (1990). Society for Mining, Metallurgy and
Exploration. Inc., Littleton, Colorado.

Miranda-Trevino, J. C., & Coles, C. A. (2003). Kaolinite properties, structure and
influence of metal retention on pH. Applied Clay Science, 23(1-4), 133-
139.

Mitchell, J. K., & Soga, K. (2005). Fundamentals of soil behavior (Vol. 3). Hoboken,
NJ: John Wiley & Sons.

Mohan, R., J. P. Doody, C. Patmont, R. Gardner and A. Shellenberger (2016).
"Review of environmental dredging in north america: current practice
and lessons learned."” Journal of Dredging 15(2): 29.

Mohapatra, D., Mishra, D., Chaudhury, G. R., & Das, R. P. (2007). Arsenic (V)
adsorption mechanism using kaolinite, montmorillonite and illite from
aqueous medium. Journal of Environmental Science and Health, Part
A, 42(4), 463-469.

Murphy P, Marquette A, Reible D, Lowry GV (2006) Predicting the performance of
activated carbon-, coke-, and soil-amended thin layer sediment caps. J
Environ Eng 132:787-794.

Murphy T., Moller A., and Brouwer H. (1995b). In situ treatment of Hamilton
Harbor sediment, Journal of Aquatic Ecosystem Health, Vol 4, pp. 195-
203.

Murray, H. H. (1999). Applied clay mineralogy today and tomorrow. Clay
minerals, 34(1), 39-49. [64] Carr, D. D., Alsobrook, A. F., & Austin, G.
(1994). Industrial Minerals and Rocks. Society for Mining, Metallurgy,
and Exploration. Inc., Littleton, Colorado.

Najib, N. W., Mohammed, S. A., Ismail, S. H., & Ahmad, W. A. (2012). Assessment
of heavy metal in soil due to human activities in Kangar, Perlis,
Malaysia. Int J Civil Environ Eng [Internet], 12(6), 28-33.



180

Naser HA (2013) Assessment and management of heavy metal pollution in the
marine environment of the Arabian Gulf: a review. Mar Pollut Bull 72:6—
13

N&lund J, Samuelsson GS, Gunnarsson JS, Nascimento FJ, Nilsson H, Cornelissen
G, SchaanningM(2012) Ecosystem effects ofmaterials proposed for thin-
layer capping of contaminated sediments. Mar Ecol Prog Ser 449:27-39.

National Research Council prepared by Committee on Contaminated Marine
Sediments, National Academy Press, Washington, D.C.

Nayar S, Goh B, Chou L (2004) Environmental impact of heavy metals from dredged
and resuspended sediments on phytoplankton and bacteria assessed in in
situ mesocosms. Ecotoxicol Environ Saf 59: 349-369.

Ndazi B, Tesha JV, Bisanda TN (2007) Some opportunities and challenges of
producing bio-composites from non-wood residues. J Mater Sci 41:6984—
6990

Nevins, M. J., & Weintritt, D. J. (1967). Determination of cation exchange capacity
by methylene blue adsorption. American Ceramic Society Bulletin, 46(6),
587-+.

New York State Department of Environmental Conservation Division of
Fish, Wildlife and Marine Resources. (1993). Technical Guidance for
Screening Contaminated Sediments. Pekey

N'guessan, Y. M., Probst, J. L., Bur, T., & Probst, A. (2009). Trace elements in
stream bed sediments from agricultural catchments (Gascogne region, SW
France): where do they come from?.Science of the total
environment, 407(8), 2939-2952.

Nobi EP, Dilipan E, Thangaradjou T, Sivakumar K, Kannan L (2010) Geochemical
andgeo-statistical assessment of heavy metal concentration in the
sediments of different coastal ecosystems of Andaman Islands, India.
Estuar Coast Shelf Sci 87:253-264

Novakovi¢, T., Rozi¢, L., Petrovi¢, S., & Rosi¢, A. (2008). Synthesis and
characterization of acid-activated Serbian smectite clays obtained by
statistically designed experiments. Chemical Engineering
Journal, 137(2), 436-442.



181

NRC (National Research Council). (1997). Contaminated Sediments in Ports and
Waterways: Cleanup Strategies and Technologies. National Academies
Press, Washington, DC, USA.

Nussmann, D. G. (1965). Trace elements in the sediments of Lake Superior (Doctoral
dissertation).

O’Connell, D. W., Birkinshaw, C., & O’Dwyer, T. F. (2008). Heavy metal
adsorbents prepared from the modification of cellulose: A
review. Bioresource technology, 99(15), 6709-6724.

Okoye, I. P., & Obi, C. (2012). Thermodynamic and kinetic evaluations of some
heavy metal ions on aluminum-pillared and unpillared bentonite
clays. International Archive of Applied Sciences and Technology, 3(2),
58-67.

Olu-Owolabi, B. 1., Alabi, A. H., Unuabonah, E. I., Diagboya, P. N., Bdm, L., &
Duing, R. A. (2016). Calcined biomass-modified bentonite clay for
removal of aqueous metal ions. Journal of environmental chemical
engineering, 4(1), 1376-1382.

Omar, W., & Al-ltawi, H. (2007). Removal of Pb? 2 lons from Aqueous Solutions by
adsorption on kaolinite clay. American Journal of Applied Sciences, 4(7),
502-507.

Oubagaranadin, J. U. K., Murthy, Z. V., & Mallapur, V. P. (2010). Removal of Cu
(1) and Zzn (1) from industrial wastewater by acid-activated
montmorillonite-illite type of clay. Comptes Rendus Chimie, 13(11),
1359-1363.

Ozkundakci D, Duggan IC, Hamilton DP (2011) Does sediment capping have post-
application effects on zooplankton and phytoplankton? Hydrobiologia
661:55-64.

Palermo, M. (2015). Construction and Navigation Tolerances for Cap Design. In
Remediation of Contaminated Sediments - 2015. Proceedings of the
Eighth International Conference on Remediation of Contaminated
Sediments. Battelle, primary sponsor. New Orleans, LA, January 12-15,
2015.



182

Palermo, M. and D. Reible. (2007). The Evolution of Cap Design. Proceedings,
World Dredging Congress WODCON XVIII, Orlando, FL, May 27-
Junel, 2007.

Palermo, M. R., Hinchee, R., Porta, A., & Pellei, M. (2001). A state of the art
overview of contaminated sediment remediation in the United States.
In Proceedings of the International Conference on Remediation of
Contaminated Sediments (pp. 10-12).

Paller MH, Knox AS (2010) Amendments for the in situ remediation of
contaminated sediments: Evaluation of potential environmental impacts.
Sci Total Environ 408:4894-4900.

Pan K, Wang W-X (2012) Trace metal contamination in estuarine and coastal
environments in China. Sci Total Environ 421(422):3-16

Pan, M., Lin, X, Xie, J., & Huang, X. (2017). Kinetic, equilibrium and
thermodynamic studies for phosphate adsorption on aluminum hydroxide
modifiedpalygorskite nano-composites. RSC Adv., 7(8), 4492—4500.

Panda, A. K., Mishra, B. G., Mishra, D. K., & Singh, R. K. (2010). Effect of
sulphuric acid treatment on the physico-chemical characteristics of kaolin
clay. Colloids and Surfaces A: Physicochemical and Engineering Aspects,
363(1-3), 98-104.

Pardo, R., Barrado, E., Castrillejo, Y., Velasco, M.A. and M. Vega (1993). Study of
the contents and speciation of heavy metals in River sediments by factor
analysis. Analytical Letters, 26: 1719-1739

Park, J.H., Choppala, G.K., Bolan, N.S., Chung, JW., Chuasavathi, T., (2011).
Biochar reduces the bioavailability and phytotoxicity of heavy metals.
Plant Soil 348 (1-2), 439-451.

Park, S. J., Kang, K., Lee, C. G., & Choi, J. W. (2019). Remediation of metal-
contaminated marine sediments using active capping with limestone, steel
slag, and activated carbon: a laboratory experiment. Environmental
technology, 40(26), 3479-3491.

Parker, S. P. (1988). McGraw-Hill encyclopedia of the geological sciences.
McGraw-Hill Press, 1988, pp. 32-33, 69-72, 400-401



183

Parrett, K. and H. Blishke (2005). "23 Acre Multilayer Sediment Cap in Dynamic
Riverine Environment Using organoclay an adsorptive Capping
Material." SETAC Presentation.

Pauling, L. (1930). The structure of the chlorites. Proceedings of the National
Academy of Sciences of the United States of America, 16(9), 578.

Pazi | (2011) Assessment of heavy metal contamination in Candarli Gulf sediment,
Eastern Aegean Sea. Environ Monit Assess 174:199-208

Peddicord, R.K, C.R. Lee, and R.M Engler. (1998). Use of sediment
quality Guideline (SQG) in dredged material management. Dredge
Research Technical Note EEDP-04-29. Long-Term Effects of Dredging
Operations Program. U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS

Pei, Z., Shan, X. Q., Kong, J., Wen, B., & Owens, G. (2009). Coadsorption of
ciprofloxacin and Cu (I1) on montmorillonite and kaolinite as affected by
solution pH. Environmental science & technology, 44(3), 915-920.

Pempkowiak J, Sikora A, Biernacka E (1999) Speciation of heavy metals in marine
sediments vs their bioaccumulation by mussels. Chemosphere 39: 313-
321.

Peng, J.F., Song, Y.H., Yuan, P., Cui, X.Y., Qiu, G.L., 2009. The remediation of
heavy metals contaminated sediment. J. Hazard. Mater. 161 (2-3), 633—
640.

Peng, L., Deng, D., Ye, F., 2015. Efficient oxidation of high levels of soil-sorbed
phenanthrene by microwave-activated persulfate: implication for in situ
subsurface remediation engineering. J. Soils Sed. 16 (1), 28-37.

Perelo, L. W. (2010). "Review: in situ and bioremediation of organic pollutants in
aquatic sediments.” Journal of Hazardous Materials 177(1): 81-89.

Pé&ez-Marm, A. B., V. Meseguer Zapata, J. F. Ortuno, M. Aguilar, J. S&z, and M.
Lloréns. "Removal of cadmium from aqueous solutions by adsorption
onto orange waste." Journal of hazardous materials 139, no. 1 (2007):
122-131.

Petit, M. D., & Rucandio, M. I. (1999). Sequential extractions for determination of
cadmium distribution in coal fly ash, soil and sediment
samples. Analytica Chimica Acta, 401(1-2), 283-291.



184

Pizzaro I, Gomez M, Camara C, Palacios MA (2003) Arsenic speciation in
Environmental and biological samples —Extraction and stability studies.
Anal Chim Acta 495: 85-98.

Ponnamperuma, F. N. (1972). The chemistry of submerged soils. In Advances in
agronomy (Vol. 24, pp. 29-96). Academic Press.

Preetha, B., & Viruthagiri, T. (2007). Batch and continuous biosorption of chromium
(VI) by  Rhizopus  arrhizus. Separation  and Purification
Technology, 57(1), 126-133.

Ra K, Kim J-K, Hong SH, Yim UH, Shim WJ, Lee S-Y, Kim Y-O, Lim J, Kim E-S,
Kim K-T (2014) Assessment of pollution and ecological risk of heavy
metals in the surface sediments of Ulsan Bay, Korea. Ocean Sci J 49:279—
289

Rakowska, M., D. Kupryianchyk, J. Harmsen, T. Grotenhuis and A. Koelmans
(2012). "In situ remediation of contaminated sediments using
carbonaceous materials.” Environmental Toxicology and Chemistry
31(4): 693-704.

Randall PM, Yates BJ, Lal V, Darlington R, Fimmen R (2013) In-situ subaqueous
capping of mercury-contaminated sediments in a freshwater aquatic
system, Part Il-evaluation of sorption materials. Environ Res 125:41-51.

Rath, P., Panda, U.C., Bhatta, D. and K.C. Sahu (2009). Use of sequential leaching,
mineralogy, morphology and multivariate statistical technique for
quantifying metal pollution in highly polluted aquatic sediments--a case
study: Brahmani and Nandira Rivers, India. Journal of Hazardous
Material, 16: 632-644.

Rauret G (1998) Extraction procedures for the determination of heavy metals in
contaminated soil and sediment. Talanta 46: 449-455.

Rauret G, Lopez-Sanchez JF (2001) New sediment and soil CRMs for extractable
Trace metal content.Int J Environ Anal Chem 79: 81-95.

Reible D, Hayes D, Lue-Hing C, Patterson J, Bhowmik N, Johnson M, Teal J (2003)
Comparison of the long-term risks of removal and in situ management of
contaminated sediments in the Fox River. Soil Sediment Contam 12:325-
344.



185

Reible, D. (2008). Modeling for the Design of Active Layers for Contaminated
Sediment Caps. Report prepared for CETCO Remediation Technologies.
Technical Reference TR-821. May 2008.

Reible, D. and D. Lampert. (2014). Capping for Remediation of Contaminated
Sediments, Chapter 12. In: Processes, Assessment and Remediation of
Contaminated Sediments (D. Reible, editor). Published by Springer. 462
p

Reible, D. D. (Ed.). (2014). Processes, assessment and remediation of contaminated
sediments (pp. 365-391). New York: Springer.

Reichenbach, H. G. V. (1980). BKG Theng: Formation and properties of clay-
polymer complexes.(Developments in soil science, 9) XII, 362 Seiten,
Preis 58, Elsevier Scientific Publishing Company, Amsterdam, Oxford,
New  York, 1979. Zeitschrift  fir  Pflanzenern&rung  und
Bodenkunde, 143(3), 359-359.

Relié, D., Pordevi¢, D., Sakan, S., Andelkovié, 1., Panteli¢, A., Stankovi¢, R., &
Popovi¢, A. (2013). Conventional, microwave, and ultrasound sequential
extractions for the fractionation of metals in sediments within the
Petrochemical  Industry, Serbia. Environmental —monitoring and
assessment, 185(9), 7627-7645.

Riba 1, Garc B-Luque E, Blasco J, Del Valls TA (2003) Bioavailability of heavy
metals bound to estuarine sediments as a function of pH and salinity
values. Chemical Speciation and Bioavailability 15: 101-114.

Riba I, Garc B-Luque E, Maz-Courrau A de, Canales G M LM, DelValls TA (2010)
Influence of Salinity in the Bioavailability of Zn in Sediments of the Gulf
of Caliz(Spain).Water Air and Soil Pollution 212: 329-336.

Roberts DA (2012) Causes and ecological effects of resuspended contaminated
sediments (RCS) in marine environments. Environ Int. 40: 230-243.

Rosen G, Leather J, Kan J, Arias-Thode YM (2011) Ecotoxicological response of
marine organisms to inorganic and organic sediment amendments in
laboratory exposures. Ecotoxicol Environ Saf 74: 1921-1930.

Ross, C. S., & Hendricks, S. B. (1945). Minerals of the montmorillonite group, their
origin and relation to soils and clays (No. 205-B).



186

Ross, C.S. (1999)The mineralogy of clays, in: Transactions of the 1st International
Congress of Soil Science, Washington, D.C., 4, pp. 555-561.

Rubinos, D. A.; Iglesias, L.; D Bz-Fierros, F.; Barral, M. T. Interacting effect of pH,
phosphate and time on the release of arsenic from polluted river
sediments (Anllons River, Spain). Aquat. Geochem. 2011, 17, 281-306.

Ruilian YU, Xing Y, Yuanhui Z, Gongren HU, Xianglin TU (2008) Heavy metal
pollution in intertidal sediments from Quanzhou Bay, China. J Environ
Sci 20:664-669

Saleem, M., Igbal, J., Akhter, G., & Shah, M. H. (2018). Fractionation,
bioavailability, contamination and environmental risk of heavy metals in
the sediments from a freshwater reservoir, Pakistan. Journal of
Geochemical Exploration, 184, 199-208.

Samaksaman, U., Peng, T.H., Kuo, J.H., Lu, C.H., Wey, M.Y., (2016). Thermal
treatment of soil co-contaminated with lube oil and heavy metals in a
low-temperature two-stage fluidized bed incinerator. Appl. Therm. Eng.
93, 131-138.

Samanidou, V. and K. Fytianos (1987). Partitioning of heavy metals into selective
chemical fractions in sediments from rivers in northern Greece. The
Science of the Total Environment, 67: 279-285

Samuelsson, G.S., Hedman, J.E., EImquist Krusd M., Gunnarsson, J.S., Cornelissen,
G., (2015). Capping in situ with activated carbon in Trondheim harbor
(Norway) reduces bioaccumulation of PCBs and PAHs in marine
sediment fauna. Mar. Environ. Res. 109, 103-112.

Sandu, C., Popescu, M., Rosales, E., Bocos, E., Pazos, M., Lazar, G., et al., (2016).
Electrokinetic-Fenton technology for the remediation of hydrocarbons
historically polluted sites. Chemosphere 156, 347-356.

Sany SBT, Salleh A, Sulaiman AH, Sasekumar A, Rezayi M, Tehrani GM (2013)
Heavy metal contamination in water and sediment of the Port Klang
coastal area, Selangor, Malaysia. Environ Earth Sci 69:2013-2025

Sany, B. T., Sulaiman, A. H., Monazami, G. H., & Salleh, A. (2011). Assessment of
sediment quality according to heavy metal status in the West Port of
Malaysia. World Academy of Science, Engineering and Technology, 74,
639-643.



187

Sari, A., Tuzen, M., Citak, D., & Soylak, M. (2007). Equilibrium, kinetic and
thermodynamic studies of adsorption of Pb (1) from aqueous solution
onto Turkish kaolinite clay. Journal of hazardous materials, 149(2), 283-
291.

Sebogodi, K. M., & Babalola, O. O. (2011). Identification of soil bacteria from
mining environments in Rustenburg, South Africa. Life Sci. J, 8, 25-32.

Sen, T. K., & Gomez, D. (2011). Adsorption of zinc (Zn?*) from aqueous solution on
natural bentonite. Desalination, 267(2-3), 286-294.

Sharifuzzaman, S. M., Rahman, H., Ashekuzzaman, S. M., Islam, M. M,
Chowdhury, S. R., & Hossain, M. S. (2016). Heavy metals accumulation
in coastal sediments. In Environmental remediation technologies for
metal-contaminated soils (pp. 21-42). Springer, Tokyo.

Sheha, R. R., & El-Zahhar, A. A. (2008). Synthesis of some ferromagnetic composite
resins and their metal removal characteristics in aqueous
solutions. Journal of Hazardous Materials, 150(3), 795-803.

Shi, L. N., Lin, Y. M., Zhang, X., & Chen, Z. L. (2011). Synthesis, characterization
and Kkinetics of bentonite supported nZV1 for the removal of Cr (VI) from
aqueous solution. Chemical Engineering Journal, 171(2), 612-617.

Silva, I. A., Costa, J. M. R., Menezes, R. R., Ferreira, H. S., Neves, G. D. A,, &
Ferreira, H. C. (2013). Studies of new occurrences of bentonite clays in
the State of Paraba for use in water based drilling fluids. Rem: Revista
Escola de Minas, 66(4), 485-491.

Singh S, Ma L, Harrisw(2001) Heavy metal interactions with phosphatic clay:
sorption and desorption behavior. J Environ Qual 30:1961-1968

Song, B., Yi, Y.M., Park, S., Munster, C., Kim, G., Zeng, G., Gong, J., Zhang, P.,
Deng, J., Deng, C., et al., 2017. Effect of multiwalled carbon nanotubes
on phytotoxicity of sediments contaminated by phenanthrene and
cadmium. Chemosphere 172, 449-458.

Sposito, G. (2008). The chemistry of soils. Oxford university press.

Srinivasan, R. (2011). Advances in application of natural clay and its composites in
removal of biological, organic, and inorganic contaminants from drinking

water. Advances in Materials Science and Engineering, 2011.



188

Standard, B. BS1377: PART 2, 1990. Methods of tests of soils for civil engineering
purposes—Classification Tests.

Stankovic, M. S. (2011). Total phenolic content, flavonoid concentration and
antioxidant activity of Marrubium peregrinum L. extracts. Kragujevac J
Sci, 33(2011), 63-72.

Stephens SR, Alloway BJ, Parker A, Carter JE, Hodson ME (2001) Changes in the
leachability of metals from dredged canal sediments during drying and
oxidation. Environ Pollut 114: 407-413.

Stephens, S. R., Alloway, B. J., Carter, J. E., & Parker, A. (2001). Towards the
characterisation of heavy metals in dredged canal sediments and an
appreciation of ‘availability’: two examples from the UK. Environmental
Pollution, 113, 395-401.

Sun, Y., Li, Y., Xu, Y., Liang, X., Wang, L., (2015). In situ stabilization remediation
of cadmium (Cd) and lead (Pb) co-contaminated paddy soil using
bentonite. Appl. Clay Sci. 105-106, 200-206.

Suraj, G., lyer, C. S. P., & Lalithambika, M. (1998). Adsorption of cadmium and
copper by modified kaolinites. Applied Clay Science, 13(4), 293-306.

Sutherland, R. A. (2002). Comparison between non-residual Al, Co, Cu, Fe, Mn, Ni,
Pb and Zn released by a three-step sequential extraction procedure and a
dilute hydrochloric acid leach for soil and road deposited
sediment. Applied Geochemistry, 17(4), 353-365.

Taneez, M., Hurel, C., Mady, F., & Francour, P. (2018). Capping of marine
sediments with valuable industrial by-products: Evaluation of inorganic
pollutants immobilization. Environmental Pollution, 239, 714-721.

Teng, Y., Wu, J., Lu, S., Wang, Y., Jiao, X., Song, L., (2014). Soil and soil
environmental quality monitoring in China: a review. Environ. Int. 69,
177-199.

Tessier, A., Campbell, P. G., & Bisson, M. (1979). Sequential extraction procedure
for the speciation of particulate trace metals. Analytical chemistry, 51(7),
844-851.

Thibodeaux, L. J. and K. T. Duckworth (2001). "The effectiveness of environmental

dredging: A study of three sites." Remediation Journal 11(3): 5-33.



189

Thomas, R. P., Ure, A. M., Davidson, C. M., Littlejohn, D., Rauret, G., Rubio, R., &
L&pez-Sanchez, J. F. (1994). Three-stage sequential extraction procedure
for the determination of metals in river sediments. Analytica Chimica
Acta, 286(3), 423-429.

Tick, G.R., Harvell, J.R., Murgulet, D., (2015). Intermediate-scale investigation of
enhanced-solubilization agents on the dissolution and removal of a
multicomponent dense nonaqueous phase liquid (DNAPL) source. Water,
Air, Soil Pollut. 226 (11).

Tokaliog lu, S., Kartal, S., & Elci, L. (2000). Determination of heavy metals and
their speciation in lake sediments by flame atomic absorption
spectrometry after a four-stage sequential extraction procedure. Analytica
Chimica Acta, 413(1-2), 33-40.

Tomasevi¢, D. D., Kozma, G., Kerkez, D. V., Dalmacija, B. D., Dalmacija, M. B.,
Beceli¢c-Tomin, M. R., & Roncevi¢, S. (2014). Toxic metal
immobilization in contaminated sediment using bentonite-and kaolinite-
supported nano zero-valent iron. Journal of nanoparticle research, 16(8),
2548.

Tomaszewski JE, Werner D, Luthy RG (2007) Activated carbon amendment as a
treatment for residual DDT in sediment from a superfund site in San
Francisco Bay, Richmond, California, USA. Environ Toxicol Chem
26:2143-2150.

Tomaszewski, J. E., Smithenry, D. W., Cho, Y. M., Luthy, R. G., Lowry, G. V.,
Reible, D., & Mackova M. (2006). Treatment and containment of
contaminated  sediments. In Assessment and Remediation  of
Contaminated Sediments(pp. 137-178). Springer, Dordrecht.

Triplett Kingston, J.L., Dahlen, P.R., Johnson, P.C., (2012). Assessment of
groundwater quality improvements and mass discharge reductions at five
in situ electrical resistance heating remediation sites. Groundwater
Monitoring & Remediation 32 (3),41-51.

Truitt, C. L. (1987). Engineering Considerations for Capping Subaqueous Dredged
Material Deposits--Background and Preliminary Planing, DTIC

Document.



190

Tseng, R. L., Wu, F. C., & Juang, R. S. (2003). Liquid-phase adsorption of dyes and
phenols using pinewood-based activated carbons. Carbon, 41(3), 487-
495,

Turan, P., Dogan, M., & Alkan, M. (2007). Uptake of trivalent chromium ions from
aqueous solutions using kaolinite. Journal of hazardous materials, 148(1-
2), 56-63.

U.S. Environmental Protection Agency. (1994). “ARCS Remediation Guidance
Document.” EPA 905-R94-003. Great LakesNational Program Office,
Chicago, IL.

U.S. EPA. (1992). Framework for ecological risk assessment. Risk Assessment
Forum. (EPA/505/2-90/001). Washington, DC: US EPA.

U.S. EPA. (2007c). Chapter 3: Environmental chemistry, transport and fate
framework for metals risk assessment. Washington, DC: US EPA.

U.S. EPA. (1991). Sediment quality guidelines. Draft report. EPA Region
V Chicago IL.

Uddin, M. K. (2017). A review on the adsorption of heavy metals by clay minerals,
with special focus on the past decade. Chemical Engineering
Journal, 308, 438-462.

Unuabonah, E. I., & Adebowale, K. O. (2009). Optimization of kinetic data for two-
stage batch adsorption of Pb (Il) ions onto tripolyphosphate-modified
kaolinite clay. Journal of Chemical Technology & Biotechnology, 84(11),
1726-1735.

Ure AM, Davidson CM, Thomas RP (1995) Single and sequential extraction
schemes For Trace metal speciation in soil and sediment.Tech and Instru
in Anal Chem 17: 505-523.

Ure, A. M., & Davidson, C. M. (1995). Introduction to speciation. Chemical
speciation in the environment, 1-5.

Ure, A.M, Quevauviller V, Muntau H, Griepink B (1993) Speciation of heavy metals
in solids and harmonization of extraction techniques undertaken under the
auspices of the BCR of the Commission of the European Communities.
Int J Of Environ Anal Chem 51: 135.



191

USACE/USEPA. (2004). Evaluating Environmental Effects of Dredged Material
Management Alternatives - A Technical Framework. EPA842-B-92-008.
USEPA and USACE, Washington, DC, USA.

USEPA. (2005a). Contaminated Sediment Remediation Guidance for Hazardous
Waste Sites. EPA-540-R-05-012. USEPA Office of Solid Waste and
Emergency Response, Washington, DC, USA.

USEPA. (2007). Demonstration of the AquaBlok® sediment capping technology,
Innovative technology evaluation report, SITE program. EPA/540/R-
07/008. September 2007.

USEPA. (2013). Use of Amendments for In Situ Remediation at Superfund Sediment
Sites. Office of Superfund Remediation and Technology Innovation.
April 2013. 61 pages.

Usman, M., Faure, P., Ruby, C., Hanna, K., (2012). Remediation of PAH-
contaminated soils by magnetite catalyzed Fenton-like oxidation. Appl.
Catal. B Environ. 117-118,10-17.

Usman, M., Hanna, K., Haderlein, S., (2016). Fenton oxidation to remediate PAHSs in
contaminated soils: a critical review of major limitations and counter-
strategies. Sci. Total Environ. 569-570, 179-190.

Valaskova, M., & Martynkovd G. S. (Eds.). (2012). Clay minerals in nature: their
characterization, modification and application. BoD—Books on Demand.

Vasconcelos, I. F., Haack, E. A., Maurice, P. A., & Bunker, B. A. (2008). EXAFS
analysis of cadmium (Il) adsorption to kaolinite. Chemical
Geology, 249(3-4), 237-249.

Velimirovic, M., Tosco, T., Uyttebroek, M., Luna, M., Gastone, F., De Boer, C., &
Braun, J. (2014). Field assessment of guar gum stabilized microscale
zerovalent iron particles for in-situ remediation of 1, 1, 1-
trichloroethane. Journal of contaminant hydrology, 164, 88-99.

Vhahangwele, M., & Mugera, G. W. (2015). The potential of ball-milled South
African bentonite clay for attenuation of heavy metals from acidic
wastewaters: Simultaneous sorption of Co?*, Cu?*, Ni?*, Pb?*, and Zn?*

ions. Journal of Environmental Chemical Engineering, 3(4), 2416-2425.



192

Vigliotta, G., Matrella, S., Cicatelli, A., Guarino, F., Castiglione, S., (2016). Effects
of heavy metals and chelants on phytoremediation capacity and on
rhizobacterial communities of maize. J. Environ. Manag. 179, 93-102.

Violante, A., Cozzolino, V., Perelomov, L., Caporale, A. G., & Pigna, M. (2010).
Mobility and bioavailability of heavy metals and metalloids in soil
environments. J. Soil Sci. Plan. Nutr., 10, 268-292.

Wang, A. O., Ptacek, C. J., Blowes, D. W., Gibson, B. D., Landis, R. C., Dyer, J. A,
& Ma, J. (2019). Application of hardwood biochar as a reactive capping
mat to stabilize mercury derived from contaminated floodplain soil and
riverbank sediments. Science of The Total Environment, 652, 549-561.

Wang, X. S., & Qin, Y. (2007). Leaching characteristics of heavy metals and As
from two urban roadside soils. Environmental monitoring and
assessment, 132(1-3), 83-92.

Washington Department of Ecology, (1995). Sediment Management Standards.
Chapter 173204, Washington Administrative Code, amended December,
1995. In Long E. R.,

Wilson, 1. (2007). Applied Clay Mineralogy. Occurrences, processing and
application of kaolins, bentonite, palygorskite-sepiolite, and common
clays. Haydn H. Murray. Developments in Clay Science, volume 2,
Elsevier Science, Amsterdam, 2007, 180+ viii pp. ISBN-13: 978-0-444-
51701-2, ISBN-10: 0-444-51701-4.

Wilson, I. R. (1998). The constitution, evaluation and ceramic properties of ball
clays. Ceranmica, 44(287-288), 88-117.

Wisconsing Department of Natural Resources. (2003). Concensus based
sediment quality guideline. Recommendation for use and application.
Department of interior, Washington D.C.20240 PP 17

Worch, E. (2012). Adsorption technology in water treatment: fundamentals,

processes, and modeling: Walter de Gruyter.

Wu FC, Tseng RL, Juang RS (2009) Initial behavior of intraparticle diffusion model

used in the description of adsorption kinetics. Chem Eng J 153:1-8
Wu, F. C., Tseng, R. L., & Juang, R. S. (2002). Adsorption of dyes and humic acid

from water using chitosan-encapsulated activated carbon. Journal of



193

Chemical Technology & Biotechnology: International Research in
Process, Environmental & Clean Technology, 77(11), 1269-1279.

Wu, M.Z., Reynolds, D.A., Fourie, A., Prommer, H., Thomas, D.G., (2012).
Electrokinetic in situ oxidation remediation: assessment of parameter
sensitivities and the influence of aquifer heterogeneity on remediation
efficiency. J. Contam. Hydrol. 136-137, 72-85.

Wu, P., Zhang, Q., Dai, Y., Zhu, N., Dang, Z., Li, P., & Wang, X. (2011).
Adsorption of Cu (1), Cd (1) and Cr (I11) ions from agueous solutions on
humic acid modified Ca-montmorillonite. Geoderma, 164(3-4), 215-219.

Wuana, R. A., & Okieimen, F. E. (2011). Heavy metals in contaminated soils: a
review of sources, chemistry, risks and best available strategies for
remediation. Isrn Ecology, 2011.

Li, X., Shen, Z., Wai, O. W., & Li, Y. S. (2001). Chemical forms of Pb, Zn and Cu in
the sediment profiles of the Pearl River Estuary. Marine Pollution
Bulletin, 42(3), 215-223.

Xu, J., Zhang, Y., Zhou, C., Guo, C., Wang, D., Du, P., & Meng, W. (2014).
Distribution, sources and composition of antibiotics in sediment,
overlying water and pore water from Taihu Lake, China. Science of the
Total Environment, 497, 267-273.

Xu, P., Zeng, G. M., Huang, D. L., Feng, C. L., Hu, S., Zhao, M. H., & Liu, Z. F.
(2012). Use of iron oxide nanomaterials in wastewater treatment: a
review. Science of the total environment, 424, 1-10.

Yin K, Viana P, Zhao X, Rockne K A Monte Carlo simulation approach for active
caps in mixed contaminant environments. In: Proceedings of the Fourth
International Conference on Remediation of Contaminated Sediments,
2007

Yu, R., Wang, S., Wang, D., Ke, J., Xing, X., Kumada, N., & Kinomura, N. (2008).
Removal of Cd2+ from aqueous solution with carbon modified
aluminum-pillared montmorillonite. Catalysis Today, 139(1-2), 135-139.

Yuan CG, Shi JB, He B, Liu JF, Liang LN, et al. (2004) Speciation of heavy metals
in marine sediments from the East China Sea by ICP-MS with sequential
extraction. Environ Int 30: 769-783.



194

Yuan, G. D., Theng, B. K. G., Churchman, G. J., & Gates, W. P. (2013). Clays and
clay minerals for pollution control. In Developments in clay science (Vol.
5, pp. 587-644). Elsevier.

Mester, Z., C. Cremisini, E. Ghiara and R. Morabito, Anal. Ch im. (1998) Acta, 359,
133-142

Zahrim, A. Y., Ricky, L. N. S., Hilal, N.,, & Tamrin, K. F. (2017). Cadmium
Recovery from Synthetic Solution using Agricultural Waste Fibers.
IndianJournal of Science and Technology, 10(6), 1-5.

Zarull, M. A., J. H. Hartig and L. Maynard (1999). "Ecological benefits of
contaminated sediment remediation in the Great Lakes basin."

Zeller C, Cushing B (2006) Panel discussion: remedy effectiveness: what works,
what doesn’t? Integr Environ Assess Manag 2:75-79.

Zeman AJ (1994) Subaqueous capping of very soft contaminated sediments. Can
Geotech J 31:570-577. Lampert DJ, Sarchet WV, Reible DD (2011)
Assessing the effectiveness of thin-layer sand caps for contaminated
sediment management through passive sampling. Environ Sci Technol
45:8437-8443.

Zeng, G., Song, B., Gong, J., Chang, Y., & Jiang, Y. (2016). Antibacterial properties
and mechanism of graphene oxide-silver nanocomposites as bactericidal
agents for water disinfection. Archives of biochemistry and
biophysics, 604, 167-176.

Zeng, G.M., Chen, M., Zeng, Z.T., (2013a). Risks of neonicotinoid pesticides.
Science 340 (6139), 1403.

Zhang, C., Nie, S., Liang, J., Zeng, G., Wu, H., Hua, S., & Xiang, H. (2016). Effects
of heavy metals and soil physicochemical properties on wetland soil
microbial biomass and bacterial community structure. Science of the Total
Environment, 557, 785-790.

Zhang, C., Zhu, M. Y., Zeng, G. M., Yu, Z. G,, Cui, F., Yang, Z. Z., & Shen, L. Q.
(2016). Active capping technology: a new environmental remediation of
contaminated  sediment. Environmental ~ Science and  Pollution
Research, 23(5), 4370-4386.

Zhang, S., Tian, K., Jiang, S. F., & Jiang, H. (2017). Preventing the Release of Cu®*
and 4-CP from Contaminated Sediments by Employing a Biochar



195

Capping Treatment. Industrial & Engineering Chemistry Research,
56(27), 7730-7738.

Zhang, X., Wang, H., He, L., Lu, K., Sarmah, A., Li, J. & Huang, H. (2013). Using
biochar for remediation of soils contaminated with heavy metals and
organic pollutants. Environmental Science and Pollution
Research, 20(12), 8472-8483.

Zhang, Y., Dong, X., Jiang, Z., Cao, B., Ge, S., Hu, M., (2013a). Assessment of the
ecological security of immobilized enzyme remediation process with
biological indicators of soil health. Environ. Sci. Pollut. Res. 20 (8),
5773-5780.

Zhang, Y., Zeng, G.M., Tang, L., Huang, D.L., Jiang, X.Y., Chen, Y.N., (2007). A
hydroquinone biosensor using modified core-shell magnetic nanoparticles
supported on carbon paste electrode. Biosens. Bioelectron. 22 (9 -10),
2121-2126.

Zhou, Q., Zhang, L., Chen, J., Xu, B., Chu, G., Chen, J., (2016). Performance and
microbial analysis of two different inocula for the removal of
chlorobenzene in biotrickling filters. Chem. Eng. J. 284, 174-181.

Zhu L, Chen B, ShenX (2000) Sorption of phenol, p-nitrophenol, and aniline to dual-
cation organobentonites from water. Environmental Science &
Technology 34, 468-475.

Zhu, J., Zhang, P., Wang, Y., Wen, K., Su, X,, Zhu, R., & Xi, Y. (2018). Effect of
acid activation of palygorskite on their toluene adsorption
behaviors. Applied Clay Science, 159, 60-67.

Zhu, T., Cao, T., Ni, L., He, L., Yi, C,, Yuan, C., & Xie, P. (2016). Improvement of
water quality by sediment capping and re-vegetation with Vallisneria
natans L.: A short-term investigation using an in situ enclosure
experiment in Lake Erhai, China. Ecological engineering, 86, 113-119.

Zimmerman JR, Werner D, Ghosh U, Millward RN, Bridges TS, Luthy RG (2005)
Effects of dose and particle size on activated carbon treatment to
sequester  polychlorinated biphenyls and polycyclic aromatic
hydrocarbons in marine sediments. Environ Toxicol Chem 24:1594-1601.



196

Zoumis, T., Schmidt, A., Grigorova, L., & Calmano, W. (2001). Contaminants in
sediments: remobilisation and demobilisation. Science of the total
environment, 266(1-3), 195-202.





