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o , ABSTRACT ‘ -
Chemical degreaser with detergent was used to wash crude-oil-
polluted agricultural soil and restore it to 83% -93% of the unpolluted
soil's status for sustainable productivity. Comparison of reclaimed soil's
properties with unpolluted soil sample of the same area indicated no
significant differences (p=0.05) between their values for soil moisture
content, soil pH, evapotranspiration, root elongation and soil fertility.
Root elongation at 1.1cm/day in the reclaimed soil compared with 1.29
cm/day in unpolluted soil indicated 83% recovery. Saturated hydraulic
conductivity also had 83% recoveg/. However, infiltration rate showed
a low recovery of 30%, perhaps, due to the wetness of the reclaimed
soil's surface prior to the reclamation process. The soil’
macro/microspores were unblocked by the degreaser enabling the root
gores to overcome the osmotic problem caused by oil-molecules’

lockade and conduct moisture through to the phloem and leaves to
sustain evapotranspiration, leaves turgidity and plant health. The
chemical reclamation by degreaser with detergent is highlr
recommended for short-duration in-situ remediation of crude-oil-
polluted agricultural land. \

Keywords: crude-oil degradation soil, agricultural land, chemical -
remediation, degreaser/detergent, crop performance.

1.0 INTRODUCTION = interdependent socio- -

_ Crude-oil spillage is one economic and environmental
environmental cause of hazards linchpins and their cultural

. eroding sustainable productivity matrices (Atubi and Onakala,
of natural resources on the 2006; Hugon, 2008).The loss by
immediate and surrounding areas farmers of the ultimate and
of its contact (Henry and Heinke,  equitable goal of sustainable
2005). Its various hazardous  gagricultural land development due
effects have been indicated on {5 the conspiracy of oil-spillage

agricultural soils and crops (Udo  degradation of ‘the previously
and Fayemi, 1975; Amadi es al., precious land has ignited

1996; Roberts, 1997; Daniel- :
Kalo and Braids, 2004; Aubiand  CSLCTCRY ENEG ifuse and fo
Onakala, 2006). These scenaria ‘ :

! gross environmental

resuit in undevelopment of improvement yet with litle or

faa%rrircl:gggrﬂq:ﬂ&d, aﬁgd p?oiﬂffﬁé’rf _ wittll'nm:t eqtl.lhitable at}entiton to
: mitigating the causal situation
efficiency because they affect the (Aghalino, 2000).

"
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In order to restore capacity
and hope to continue in rightful
exploitation of agricultural land
resources to farmers, scaled but
sometimes slipshod reclamation

‘have been undertaken. However,

remediation that drags on for
- many agonizing years to restore
capacity often does not address
the consonance of the immediate
needs of the eager farmers to re-
capture their land for re-
development -and productivity.
Reclaiming oil- polluted lands be
immediate to avoid further
damage to soil, water and aquatic
resources amongst others (De
Wrachien and Chisci, 1999).
Therefore, a need arises to
shortcut the long-duration
remediation processes, like bio-
remediation and natural
restoration, by using quicker and,
possibly, participatory-farmers
process. One way of achieving
this is by the chemical reclamation
process that loosens the adhesive
bonds of the large hydrocarbon oil
molecules, breaks up and
degrades them for flushing out of
the soil in a matter of days, (not
months not. years as in bio-
remediation and natural
restoration) for a return of the soil
to production. The effectiveness
of such chemical remediation on
restoring productive soil
properties and crop performance

within a short duration is the object

of this investigation.

20 METHOD
21  SiteLocation

This experimentation was
carried out on the crude-oil-
polluted field located at the
periphery of an area of oil leaks at
Okorete in Eastern Obolo L.G.A,
Akwa Ibom State, Nigeria. The
field was planted with fruit trees
- quava and citrus. However, the
trial crop was okra ( Abelmoschus
esculentum Moench. L)
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2.2 Experimental Design

An incomplete randomized
block design was used. Square
portions of 4m x 4m were cleared
in two locations in the farmland..
One plot was the crude- oil
polluted area which was to be
restored to original soil, while the
other was original, unpolluted soil.
Three replicates were made. The
seeds were planted both in
sample boxes with the
representative soils augered into
them, as well as in- place on the
field. This allowed the soil
samples to be manipulated easily
and characteristics compared in

‘sample and field plots.

2.3 Chemical
Material/Application

The chemical for
reclaiming the polluted soil was a
degreaser/ detergent. The
degreaser was sodium lauryl
benzene sulfonate(SO, Na). Intoa
bowl of water were added droplets
of hydrophobic oil. In a short time,
the very polar water molecules,
and the oil then coalesced and
floated to the top. When emulsion
agent, such as detergent, was
added, a suitable emulsion
resulted, having a specific gravity
of 0.86, an average molecular
weight of 250g, and a normal
alkylbenzene weight percentage
of 94% (Whitten et al, 1985).
These detergents of sodium of
large chemical molecules are
fatty-acids having a polar head
and  non-polar hydrocarbon tail.
When they were added to an oil-
water mixture in soil and the
mixture vigorously shaken, a true
emulsion was formed, which was
then flushed out as in Whitten et
al, (1985). The chemical was
prepared by a contract chemist.
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One liter of the

degreaser chemical and a liter

of ordinary detergent solution

(in this case, OMO
deterﬂent)were oured into the
- oil-polluted soi

double ring infiltrometer

- cylinder and allowed two hours.
to break the bonds that had

trended to block the soil micro
_and macro pores. .

.2.4 Other Experimental Data
: Other data collected ‘by

measurements were: moisture

content evapotransplratlon,
water deficit in plant leaves,
and root elongation (the later
two indicating croF response to
soil water ava|lab| oil tests
were carried ou “also to
determme the following:
qmeermg propertles
lnc udin ermeability
coefficient, lnf tration rate, and
- soil fertility status including total
nitrogen, total carbon and total
hosphorus. From these cata
he effect of chemic
reclamation of the crude- onl
polluted agricultural field was
. evaluated. " Some data on the
initially crude- oil- polluted soil
~was obtained before
reclamation process
commenced.

For moisture content
determination, soil samples
were augered at dlfferent s ots
at depths of 15-20cm

were taken in black po g{o :

5\ at prevented evaporation

ricultural’ Englneerm

La oratory of University of Uyo |

Uyo within few hours where
they were weighed fresh and
then dried in an oven at 103

for 24 hours. From oven, th

split samples were brought out

into desiccators and wei hed
again - after: cool mq)
moisture content in

basus) was obtained as:

= (W Wd) 100/W, 1
where CS is moisture
constant dry basis,
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%, W, ‘and W, are sample's fresh

and dry welght respectively (mg).

The same process was used for
both reclaimed and unpolluted
soils. Evapotranspiration was.
rom representative
samples of two soils by. welghmg :

- the samples. A we ghed empty

container was filled to three-

‘quarters of its volume with sample - -
of the reclaimed soil. The same .

process was used for the control

- soil sample: The two containers .
.were - planted with okra seeds

(Abelmoschus esculentum) and
allowed five days to germinate.
Equal volume of water was added

'to each container and weighed.

The weights of the containers
were measured daily and
additional volume of water

replenished as the need for

replenishment arose in any of
them.Root elongation was

. determined on representative soil

samples. After the seeds had
geminated in the two containers,

they were allowed three days to

stabilize before taking
measurement of growth
parameters. The seedlings in
each container were carefully
uprooted to avoid breaking, and
their root- lengths were measured
and average taken. The soil
attached to the root hairs was
shaken off and used to determine
soil moisture. The exercise went

-on for eight consecutive days.
~ Also, the weight of fresh- leaves

was measured concurrently while
the oven dry weight was obtained
the following day.

Infiltration rate was
measured and computed using
the: double ring method (Reddy,
2006; Raghunath, 2008).
Hydraulic conductivity (saturated)

- was obtained using variable head

permeameter ( Lui and Evett,
2000; Bhattacharya and Michael,
2003)
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Soil fertility test involved the
determination of values of pH,
total organic matter content, total
carbon, available phosphorus and
total nitrogen. Soil pH was read
from the pH meter with electrode
inserted into the settled
suspension. Available
phosphorus was determined
using Bousch and Lamb
supertonic 70
electrophotocolorimeter (Wolf
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and Beagle, 1995). Total nitrogen

was determined by the use of
Kjeldahl digestion flask containing
boiling chips (Bremmer, 1996).
Soil organic carbon was obtained
by mixing ground and sieved
samples in 125ml Erlenmeyer
flask and titrating the solution with
0.5N Ferrous Sulphate solution
(Nelson and Sommers, 1996).
Statistical
Parametric values of the
reclaimed soil were compared
with those of the unpolluted soil to
estimate the levels of restoration
using t-statistics, and ANOVA.

3.0 RESULTANDDISCUSSION

Soil moisture content (m.c.)
and pH are compared in Fig.l.
Chemical degreaser/detergent
reclaimed the polluted soil from
average mc of , as the t-test
“indicated no- significant
differences (p=0.05) for m.c.
7.1%, in initially crude- oil
polluted soil to 94 %, in
reclaimed soil compared to
11.7%,, in the unpolluted soil
(Fig.1). This gave moisture
holding capacity of 32.4% above
the level in the polluted soil and a
capacity restoration of 80.3% of
the original level. This is very
satisfactory as the t- test indicated
no significant difference (p = 0.05)

The original (unpolluted) soil
was already acidic at pH of 4.5,
and chemical reclamation
restored the polluted soil from its
slightly weak acid level (pH = 5.7)
to same strong acid (pH = 4.8) as
the original (Fig 1). The t-test
showed no significant difference
(p=0.05) .
between the unpolluted and the
reclaimed soils. Bulk and dry
densities for the unpolluted and
reclaimed soils were 2.081 and
1.873 g/cm® and 2.81 and 1.870
g/lem’ respectively, indicating no
significant difference atp = 0.05.
3.1 Evapotranspiration and

. Water Deficitin Plants

analysis:

for m.c .between the reclaimed .

and the original soil samples.
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The evapotranspiration or
loss of soil/plant water to the
environment had distinctive
profile in the reclaimed  and
unpolluted soils. While the original
soil sample started off on 25" of
September with 7.61 ml and
ended on 20" of October with
7.49m, the reclaimed soil sample
started off with 7.78 ml and ended
up with 7.71ml on the respective
dates. These gave a consumptive
use rate of 7.62 mil/ day on the
reclaimed soil which showed no
significant difference at p=0.01 on
F-ratio test (Fig. 1). This shows
that, although evapotranspiration
was not below 7.5 mi/day in the
control soil, the reclaimed soil may
have had more wetness by its
reclamation process to warrant a
fractional excess of 24% above
the average value of the confrol
soil. Otherwise the restoration
within 21 days to the original
status was .thorough and fast
perhaps faster than the long
duration process of
bioremediation and natural
restoration (compared
Ayotamuno et al, 2005).
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The moisture deficit in plant
and its mass percentage are given
in Table 1. Water deficit was, in
this case, caused by osmotic

failure due to soil pores and root

pores blockage (CIGR, 1999). It
~ varied in the replicates, but the
overall average loss of mass of

water in leaves were 71.1%,, in

the unpolluted soil sample and
68.9% in the reclaimed soil

sample, which was only a

marginal (not significant) mean
difference (Table 1). However, the
recovery by chemical reclamation
restored full evapotranspiratuion
functions to the crops on the soil
so remediated. That means the
blockade of the of the soil pores
~and plant roots pores were
degreased and washed clean so
that roots were able to absorb
moisture from the soil and conduct
same upwards through the xylem
and phloem to the leaves to

. " ISSN: 0189-9546
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This recovery was very significant
at 0.01 when it is noted that'in the
crude-oil fouled soil these nutrient
values were initially increased to
67% - 100% above the control
soil's values (Abii and Nwosu,

- 2009; Essien and John, 2009).

'sustain evapotranspiration, plants

or leaves- turgidity and health
(Michael, 1978; Abii and Nwosu,
2009).

3.2 Soil Nutrients and Soil
Fertility Bola
The degreaser-and-detergent
reclaimed soil showed no
. significant difference (p = 0.01) in
~ its nutrient values compared to the
original data except for
phosphorus (Fig. 2). There was a
remarkable recovery of total
nitrogen at 0.25 mg/l back to the
unpolluted soil's value of 0.24
mg/l. Same remarkable recovery
was observed in total carbon at
0.22 .m/l more than its original
value of 0.15 mg/l, while mean
available phosphorus at 0.63 mg/l
recovered back to the 90% of
original soil's value of 0.9 mg/l
(Fig. 2).
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However, since household
detergent and some industrial
wastes contain boron, which is a
micronutrient that is essential for
plant growth at low concentration
(CIGR, 1999), the soil should be
tested for it to avoid excess
accumulation in the reclamation
process with degreaser/detergent

emulsion. Also, use of municipal -

waste water should be avoided.

3.3 Root elongation (plant
Growth Index)

Root elongation in
unpolluted soil went from 6.40cm
in day 1 (25" September) to 22.00
cmon 12" day (6" October), giving
a mean lengthening of 13.47 +
6.35 cm; while it went from 6.38
cm on day 1 to 19.50-cm on the
12" day with a mean lengthening
of 11.13 cm £ 4.77 cm in the
reclaimed soil. Root elongation
versus time curve (Fig.3) in the
unpolluted soil showed temporal
variation in the rate of root
movement. In the first five days
root lengthened at the rate 0.79
cm/day; in the next ten days, root
had a growth rate of 1.66cm/day,
showing rapid elongation.
Thereafter, it dropped to about
1cm/day giving average growth

. rate of 1.20 cm /day. The profile of

26

elongation versus time (days) as
shown in Fig.3 indicates a third
degree mathematical
relationship. ~
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Root elongation rate in the
reclaimed soil also had a temporal
variation. In first five days, root
grew at the reduced rate of 0.41
cm/day, followed by a smoother
elongation in the next ten days at
the rate of 1.60cm/day, giving

average elongation rate of

1.1cm/day or 16% less than the

ISSN: 0189-9546
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2.5cm/hr indicating about 26%
recovery. This low level may be
attributed to the already wet
nature of the reclaimed soil's
surface. The value was higher
than the 0.3 cm/hr for the fouled
soil degreaser/detergent, causing
increase in the infiltration from the
abysmally low value of the

~ polluted” soil (0.3 cm/hr for the

rate in unpolluted soil, which

means 84% restoration in the

reclaimed soil. No significant -

difference was observed in the t-
test (@ p = 0.05) between
elongation rate in both soils. The
mathematical relationship for the
reclaimed soil was in the form:

‘Re=e" 2 :
with a slope line "given by the
“equation )

- Y=1.5144X +2.8007, R*= 0.924 3
where Re is root nominal
elongation (cm),.t is time (days)
and a = (In; Re)/t or is obtainable
from the graph plot; and Y = line of
slope and X = daily root elongation

(Fig.3) The root elongation for the-

unpolluted soil was in the form of a
third degree curve, and its slope
line was given by the equation:
Y=2.0431X+2.23,R*=0.94 4

3.4 Infiltration Rate and
~ ‘Hydraulic Conductivity
Infiltration measurement
carried out at the onset of the
experiment showed that the
unpolluted soil infiltrated at a
mean constant rate of 9.7cm/hr
while that of the
degreaser/detergent-reclaimed
soil was considerable reduced to
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fouled soil. (Essien and John,
2009) showing that the pores of
the soil were now opened by the
degreaser/detergent, causing
increasing increase in the
infiltration rate from the abysmally
low value of the polluted soil (0.3
cm/hr). ,
Table 2 compares the

- saturated hydraulic conductivity

27

for the unpolluted and the
reclaimed soil samples. It was
observed that no significant -
difference (p = 0.05%) existed
between the values for the
polluted soils. The recovery was
83.4% on the average.

4.0 CONCLUSION AND
RECOMMENDATIONS

. Chemical
reclamation of the crude-oil-
polluted agricultural land was
experimented with. It
recovered 83 93% of the soil
properties status, fertility and
plant growth indices. Root
elongation and water deficit
recovered by 83% with
elongation rate of 1.1 c/day in
the reclaimed compared to 1.20
cm/day in the unpolluted soil.
For soil fertility nutrients, there
was a remarkable recovery
back to original soil nutrient
values. Evapotranspiration
process was normal with no
significant difference between
the consumptive use value of
7.63 ml/day on the control soil
and 7.72 ml/day on the
reclaimed soil.
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The soil macro/micro pores were
unblocked enabling root pores to
overcome the osmotic problem
previously caused by the blocking
oil. molecules and to conduct
‘moisture through to phloem and
leaves to sustain
- evapotranspiration, turgidity and

plant health. However, soil

infiltration recovered substantially
at 30% of the unpolluted soil
- perhaps because of the wetness
of the reclaimed soil during the
reclamation period. However,
saturated hydraulic conductivity,
which recovered 83.4%, and soil
pH were not significantly less than
the original soil status. Since
boron is usually in household
detergent and municipal/industrial
waste waters, it should be tested
for in the soil after using chemical
degreaser/ detergent. Similarly,
‘municipal waste water should be.
avoided in applying irrigation to
the reclaimed soil. Chemical
reclamation by degreaser and
detergent is highly recommended
for short-term reclamation of
crude-oil polluted agricultural
land.
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Fig. 3: Root Elongation in Control and Reclaimed solls

MC{%) pH ETA (cm)
Fig. 1: Comparative Bar charts of Molsture content (m.c. db), pH and

Evapotranspiration (ETA) for Control (US), Polluted (PS) and
Reclaimed(RS) solls.
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Fig, 2: Bar chart for component Nutri position In Control (US)
and Reclaimed (RS) soils ;
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