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Abstract

Peat moss, a well-known hyper-sorbent is now gaining attention for its utilization in oil-
spill cleanup techniques because of its cost-effectiveness, biodegradability and
relatively high oil absorption capacities. This review mainly emphasis on the
characteristic features of the peat moss such as high porosity and large surface area
which make it an efficient natural sorbent material for cleaning up oil spills. There are
several products which have been developed from the peat moss and are commercially
available in the market for oil spill cleanup.
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Introduction

The oil pollution of water resources which are
mainly caused by routine shipping, dumping,
industrial effluent or oil spills has now become a
serious global issue (1). The oil spill imposes
serious threat to the environment and causes
ecological imbalance (2). It spreads on the surface
of the water and not only affects the aquatic flora
and fauna but also causes a harmful effect on the
terrestrial animals and other creatures (3, 4). An
oil spill from the source of an accident can also
spread over the wide range of water surface via
wind or water current, and after sometime it is
subjected to decomposition by physical, chemical
or biological process (5). The key steps involved in
oil degradation are evaporation, dispersion,
emulsion, sedimentation, oxidation and
biodegradation (6, 7). However, several factors
such as type, physical properties, amount of oil,
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location of spill, weathers, oxygen concentration
in water and strain of microorganisms present at
spill sites have an effect on the biodegradation
process of o0il (8, 9).

To address the problems that arises due to
oil spills, several remediation measures have been
taken worldwide which can be broadly classified
into four categories, a) Physical/mechanical
methods (10) such as use of skimmers, pumps,
boom, mechanical separators, etc., b) Chemical
methods such as use of chemical dispersant (11), ¢)
Thermal methods such as burning of oil spills (12),
d) Biological technologies involve the use of
biosorbents and microorganisms (13). In addition
to the type of oil spilled, the choice of techniques
all depends upon several environmental
conditions such as temperature, wind current,
waves and location of the oil spill (14). Also, the
techniques used should be cost-effective but do not
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cause the negative impact on the environment.
Such as the in situ burning is the least expensive
technique to remove an oil spill but it causes air
pollution (15). Thus, the frequent incident of oil
spill and the inability of conventional techniques
to overcome this problem have drawn the
attention of researchers worldwide for develop in
eco-friendly, low cost and effective materials for
cleaning oil from oil-impacted areas.

Among all the aforementioned methods,
the sorbent cleaning up method is one of the most
efficient methods for removal of oil from the
water surface (6, 16). Presently, around 200
different types of sorbent materials are available
which can be broadly classified into four major
groups inorganic, natural organic and organo-
mineral and synthetic (17, 18). Due to slow
degradability shown by the synthetic sorbents,
the biomaterials based sorbent such as straw,
sawdust, cellulosic kapok fiber, cotton fibers, corn
corb, milkweed floss and peat moss are gaining
special attention among the researchers (17). The

natural sorbents are inexpensive, renewable
resources and biodegradable (19, 20).
Peat moss emerges as one of the

promising raw material for the development of
inexpensive and eco-friendly natural sorbent that
do not require regeneration (21). It is formed by
the partial decomposition of mosses and other
living materials such as sedges, grasses, shrubs or
trees under waterlogged conditions (22). They are
abundantly found in many regions of the world
covering approximately 1-2% of the earth surface
(23). The chief components of peat moss are
lignin, cellulose, fulvic and humic acids that
contain several functional moieties such as
carboxylic, phenolic and hydroxylic groups (24,
25). The high adsorption capacity of peat moss
towards metals is mainly due to the presence of
these functional groups (25). The peat moss has a
highly porous structure and thus provides the
large surface area for adsorption of pollutant.
Several products such as Enviropeat, Spill-Sorb,
Peat Sorb, Sphag Sorb, etc. are already available
in the market that is developed from pure and
high-quality Sphagnum moss. They are low cost,
biodegradable, easy to handle, non-abrasive, non-
leaching, non-toxic, non-hazardous, silica-free
and is easy to apply (manually or mechanically).
It is used mainly for environmental spill cleanup
and remediation purposes by industries, airports,
railways, marine vessels, harbors, etc.

Characteristics of peat moss as hyper-sorbent
of the oil spill

The hyper-sorbent property of peat moss is mainly
due to its physical structure and chemical
composition. The features of peat moss associated
with its use in oil spill cleanup are discussed
below:
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High-sorption capacity

The high sorption capacity of the peat moss is
mainly due to two significant structural features,
1) a large number of pores which provides large
surface area for molecules to adsorb to walls, 2)
large number of capillary spaces which enables
the absorption and retention of hydrocarbons (26,
27). It has been observed that higher sorption
capacity in moss Sphagnum magellanicum in
comparison with Sphagnum sancto-josephense,as
former moss possess larger sized cellular pores
and more capillary spaces which facilitate entry of
hydrocarbons more easily (28).

The lower hydrophobic property of peat
moss offers major drawback for its use in oil spill
cleanup (2, 29). However, hydrophobicity can be
increased by the destruction of the hydrophilic
compound via various chemical modifications and
temperature treatment methods. The hydrophobic
property and oil sorption capacity of peat moss
can be increased by the low-temperature pyrolysis
method (27). This method involves the
dehydration, physical destruction and chemical
modifications of the  hydrophilic-oxygen-
containing compounds. Hydrophobicity of peat
moss can be increased via two methods 1)
chemical modification of  cellulose to
carboxymethyl cellulose via esterification with
acetic anhydride, 2) heat treatment of peat moss at
the temperature from 100-400 °C (30). The oil
sorption capacity of acetylated peat moss (7.60 — 8
g/g) and carbonized peat moss (14.2 - 15.7 g/g) was
reported to be higher than peat moss (5.8 g/g).

High buoyancy

The peat moss has high buoyancy and thus can
float on the water surface and can be recovered
easily. Olga et al. (30) investigated comparative
hydrocarbon adsorption affinity of several natural
sorbents such as Russian peat moss (Sphagnum
Dill), Canadian Sphagnum peat moss (Nature sorb),
charcoal and sawdust and reported high buoyancy
in both the types of peat mosses. Also, the modified
peat mosses such as the acetylated peat moss and
low-temperature carbonized peat moss were also
reported to be exhibit higherbuoyancy (30).

Rate of absorption

The rate of absorption of oil is higher for the
lighter hydrocarbons. This is due to lower viscosity
of oil which allows high-pressure gradient in
capillary structure, resulting in speedy entry of
hydrocarbons in capillary spaces of peat moss.
Nino et al. (28) determined sorption Kkinetic of
Sphagnum moss and reported that maximum
sorption was achieved in less than one minute for
all the hydrocarbons.

Particle size (Granularity) of peat moss

For light hydrocarbons, the sorption capacity of
fine granularity peat moss (mesh 80) was reported
to be higher than coarse granularity (mesh 30)
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peat moss. Whereas, the coarse granularity peat
moss (mesh 30) gave better results with heavy
hydrocarbons. The predominant phenomenon for
sorption of light and heavy hydrocarbons is
absorption and adsorption respectively (28). The
fine granularity peat moss has a greater surface
area of contact and thus provides easy penetration
of less viscous hydrocarbons in capillary spaces.
The highly viscous heavy hydrocarbons lead to
clogging of the pore and thus it can easily adsorb
to the surface of spaces formed between the
structures of coarse particle size peat moss.

Oil retention

Due to high-sorption capacities of peat moss, the
probability of desorption of hydrocarbons from
pores are very low and thus prevents the chance of
secondary contaminations during the recovery
process (30). Thus, the peat moss has high oil
retention property.

Conclusion

The peat moss is apotential biomaterial for the
development of oil sorbents. Due to its large
surface area and porosity of structure, it shows
high oil sorption capacity. However, the
hydrophobicity of peat moss is low which may
lead to greater water absorptivity when applied on
oil spill over water surfaces. The hydrophobic
property of peat moss can also be enhanced by the
chemical modification and temperature treatment
methods. In addition, high buoyancy and
adsorption rate has facilitated its easy recovery
from the water surface. Thus, peat moss is
economical, eco-friendly, biodegradable and high-
sorption capacity natural sorbent material for oil
spill cleanup. In the future, the inherent
characteristics of peat moss in combination with
innovative technology can be further utilized for
the development of more efficient oil spill cleanup
techniques.
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