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ABSTRACT

Exploitations are the major threat to the environment of kot Ebidang. An overview of the impacts of gas pipeline
management activities on soil erosion and productivity was investigated in this community. The present soil
condition shows that inherent low fertility status is seldom the cause of greatly reduced site productivity. However,
erosion, in combination with other site factors, works to degrade productivity on a large scale. Extreme
disturbances, such as excavation and logging, cause the loss of nutrients, and organic matter. These combined
losses reduce long-term site productivity and may lead to sustained periods of extended erosion that could
exacer bate degradation.

INTRODUCTION

The science and technology of pipelining have peged to a stage where the probabilities of smalllious

leakages have been reduced to practical minimumAdgdidents on the other hand can and still do bapphich

result in significant pollution of the environmeitthis is particularly so in the case of pollutionrh gas pipelines,
because gas is transported in these pipelines anciemsiderable high pressure and pipeline leakagkl be due to
corrosion of pipelines or rupture.

Background information

Ikot Ebidang is mostly a flat-laying and undulatiegndy coastal area of low relief. However thereewether
contrasting recognizable belts of mangrove swammakfbod plains with recent alluvial accumulatiotogether
with mangrove mudflat which constitute about 40 #4he community [10]. The Qua Iboe River and itbutaries
control the drainage and deposition of sand angscklong the shoreline and the village is compleiedled with
soil erosion scars and rapidly eroding and retngaghoreline.

MATERIALSAND METHODS

2.1 General

Pipelining conducted under correct conditions valluce the environmental hazard, make room fortiplgreasier,
and retain the lower duff material to protect theemal soil and conserve nutrients to sustain fgpesductivity. To
compare the productivity impacts of soil erosiosuféng from pipeline construction, we measured tlrients
status and also use the theoretical models to a&ithe erodibility and the potential erosion w@tthis area [11]. In
a generally nutrient-deficient environment, nuttienbalance and significant impact on future prdoty [12].
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2.2 Study Area

Ikot Ebidang is one of the villages in Onna locav@&rnment area of Akwa lbom State, Nigeria. It aat@guous
with Qua Iboe River and lies between Longitud86N’, and 751'E. The area has been cultivated with arable and
cash crops for over 50 years. The climate corresptmtypical humid climate zone that is principatifluenced by
two air masses, the tropical continental air m&sg) @nd tropical maritime air mass (MT) [9]

2.3 Sampling points, in-situ measur ement and samples collected

2.3.1 Fieldwork survey

Field investigation was along the gas pipelinedai@ua Iboe River estuary at kot Ebidang commuimt¥onna
local Government area of Akwa Ibom State.

2.3.2 Sampling points
There was no fixed interval for sampling, ratheil samplings were based on the physical changesvikee
observed along the traverse of the gas pipelindgr@nadjourning plots at 0-15 cm depth.

2.3.3 I n-situ measurement
Soil structure was the only parameter that was oredsand described in the field.

2.3.4 Samples collected
The samples collected were from 7 locations altvegpipelines and adjourning plots. They were trartsg to the
Department of Soil Science laboratory, Universitygo and air dried for physico-chemical analysis.

2.4 Laboratory analysis

Soil samples were air dried for physico-chemicahlgsis. Digested samples were sent to Aluminum [&me
Company (ALSCON) Ikot Abasi for heavy metals readifihe methods adopted for the analysis were #redard
analytical methods of analysis.

2.5 Data analysis
Data obtained from the laboratory and model esesatere related to the critical values in ordeadoertain the
level of its occurrence.

2.6. Quality Assurance and Control (QA/QC) measures adopted

Uncontaminated soil samples were collected intd kabkled polyethene bags from the field and weralitptively
transported to the laboratory where they were a@ed and clogs were crushed and then sieved teatdine earth
for routine and heavy metals analysis. Reading® wecurately done with appropriate instruments amekpired
reagents were used.

The following methods of analysis and equipments wer e adopted for these parameters[6];
The soil pH was measured on a pH meter using combination glastrode. The determination was made in 1: 2.5
soil-solution ratio.

Electrical conductivity at 25C, EGs was measured in the extract obtained from 1: 2il5wgater suspensions,
using a conductivity bridge.

Organic carbon content was determined by the dichromate oxidatiethod of Walkley and Black [13, 6]

Total nitrogen was determined by Kjeldahl digestion and N in tigest measured colorimetrically on Tecnicon
Model 11 Auto-analyzer using the Berthelot's reati

Available P was estimated by Bray No.1 method (Bray and Kur®z7). Phosphorus in the extract was measured
by the blue molybdo-colorimeter method of Murphy &iley [7]

Cation exchange capacity, CEC was determine by the NBIA: saturation. Samples were leached with neutral
NH4OAc and the excess salt of NBIAc removed by washing the soil with distilled methgthspirit. The adsorbed
NH,"ions were displaced with 1M NaCl solution and tHe,Nn the extract determined by titration after diatibn

into boric acid.
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Exchangeable cations were determined in the NBAc leachate. Ca and Mg were determined by EDTA tdrati
while K and Na were determine on the flame photemet

Bases saturation (BS) was computed as BS % = TBEB100
CEC

Estimation ofheavy metals was made by extracting the soil with 0.1 NHCI. Theavy metals were read on the
atomic absorption spectrophotometer (AAS).

Mechanical analysis was done by hydrometer method using sodium hexaiesphate as the dispersing agent.
The sand fraction was separated into fine and ecasds by sieving and textural triangle was usetbtermine the
textural class of the soils

Soil erodibility may be determined by direct measurement in tHd fieot or by calculated by Wischmeier and
Smith [14]. Due to time constraint, and cost otatiations, the erodibility of this study site wasasured by the
nomograph method which is less expensive and tiomsuming. The method involves the determinatiorioof
different soil parameters namely, soil texture| stsicture, organic matter content and profilenpesbility [3]. The
particle size analysis for the determination ofl $exture is based on the USDA particle size limitsile soil
structure and profile permeability were coded aditwy to Wischmeier and Smith [14, 2]

To compute erodibility, the values of these paramsetvere substituted into the erodibility equatigimich states
that:

100k = 2.1mM*4(10%)(12-a) + 3.25 (b-2) + 2.5 (C — 3)

Where;

M = (% silt + % very fine sand) (100 -% clay) &=Organic matter,

b = structure code (from 1to 6), ¢ = profile perbribty class (from 1 to 6),
K = Soil erodibility (t.ha.h.hAmm™)

RESULTSAND DISCUSSION

3.1 General

The climate of Ikot Ebidang community like the céite of other part of Akwa Ibom State depend upan th
movement of the Inter tropical Discontinuity (ITDyhich is a zone separating the warm humid Maritimepical
(MT) air mass with its associated north easterlgdsi.The wet season begins in March/April and tidsDctober
and is often characterized by heavy storms of stharation with annual mean rainfall of between 2@®@ 3000
mm [10] The dry season normally starts around Ndyamand is often hot and lasts till March.

3.2 Impact of the pipeline construction on Relief/hydrology/drainage

Pipeline construction significantly affects theieéland ecological relationship within the localdy it is recognized
in the agricultural production and productivity &olarge extent. It effect individual climatic elents such as
radiation, temperature and rainfall, its invariabffect plants, animal and man due to energy artdnimbalances.
Occasionally, there are thermal stresses whichetharmal discomfort, but the most remarkableat$fén this area
are climate modification and poor plant growth depeent as already observed.

In recent time, incessant torrential downpours \wliggir associated surface runoff which have selyoaffected the
community and have created a lot of losses in tefrfarmlands and property. Flooding is also a majmblem
and a lot of damage has been done to farm cropsocksed with erosion and flooding is the siltinigspring,
stream and other water channels which are valustiieces of water supply in lkot Ebidang. The sigaifce of
pipelining and incurable effect on life and livisgandard in this community calls for concern.

3.3 Impact of the project on:

3.3.1 Soil physico-chemical properties and fertility

Data related to the soil physical and chemical priggs measured are shown in the Tables 1 & 2e t€ktures of
the soils were generally loamy sand. Coarse fractaried from 22.48 -43.21 gRgwhile fine sand fraction ranged
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from47.81-67.32 gkg Silt content ranged from 1.40 -5.48 gkdput clay varied from 1.10 — 8.80 gkgDispersion
ratio averaged 4.60 g per kg soil, but varied frd#0 — 6.48. These soils are predominately co@dered, a
property associated with the parent material whighsand and various complexes of sandstones.eQnthibr hand,
silt content in these soils was generally low aaded little with location. The grain size distrtmn, reveals that
the soils have a relative high capacity for adsorpof contaminants because the overall surfaca afghe soil
particles is significantly greater in fine sandrtlearse grained

This trend of relative increase in fine sand andearease in coarse sand content along the locasodisectly
proportional to soil loss, also soils containingvlamount of clay are easily dispersed and erodilflerthermore
very fine sand (0.05-0.1 mm), is comparable in Bitity to silt-sized particles [14] therefore, omeould expect
these soils that are low in silt but high fine sémdébe prone to erosion as is the case

Table 1. Showing the mechanical analysis of soil along gas pipeline

. Coarse sand Finesand Silt Silt+FS Clay
Locations

gkg® gkg® gkg® gkg® gkg? texture  Dispersion ratio
ON1 36.52 54.2 5.48 59.68 3.8 LS 6.48
ON2 28.6 66.32 2.48 68.8 2.6 LS 3.48
ON3 38.25 57.17 2.48 59.65 2.1 LS 3.48
ON4 37.17 56.25 5.48 61.73 1.1 LS 6.48
ON5 43.21 47.81 5.48 53.29 35 LS 6.48
ONG6 22.48 67.32 14 68.72 8.8 SL 2.4
ON7 36.24 58.56 2.4 60.96 2.8 SL 3.4

LS= loamy sand; SL = Sandy loam ON = Onna

3.3.2 Chemical properties

Details of the chemical properties are given inThadle 2. The soils are all acidic with pH valesgiag from 5.6-
5.7. Most of the soils’ pH values clustered arobtrel The electrical conductivity of the soils ingeally low in all
the locations indicating no salinity problems.

Organic carbons is a complex and valuable mixtdreompounds which is alien to soil and their preseaffects
exchange of oxygen and stain surface soil. Thenicgearbon content is high most of the locationthve mean
value of 7.86 gkd. Total N is low in all the locations leading tocessively high C: N ratio. This gives a strong
indication of serious nitrogen deficiency in thesds.

The estimated available phosphorus was moderaigly dnd did not vary much among the soil locatiofisese
moderate values of available P is not disturbingmvbonsidering the adverse of excessive P (> @jin) may
have on the availability of micronutrients like Bad Al (amorphous and crystalline) . These Soilé require a
significant phosphorus fertilizer application faryacrop, but it is imperative to calibrate the qlitgrof application
base on crop type, if good yields of crops musadigeved.

The exchangeable cations indicate high basic migristatus in all the locations. Ca varied fron63324cmolkg
with an average of 5.00cmolkg , Mg, 1.44-1.92, averaged 1.74 cmétkgvhereas Na was between 0.04 and 0.05
cmolkg® . Exchangeable K at the soil surface is lowaitied from 0.10-0.12 cmolKyg. These soils have K values
below 0.21 cmolkg which is regarded as critical level for mostoé crops [14] Therefore potash fertilizer will in
most case be required for profitable crop productio

The percent base saturation is high (> 50 %) inisigdow exchange acidity and reflecting the higtsd status of
the soils. As shown in Table 2, the mean valueB®falculated from the effective cation exchangeaciy are >

50 %. The low acidity of the soils coupled with thigh percent

BS status strongly indicates no acidity problemocgields of crop in these soils will required mmihg of any

sort.

Effective cation exchange capacity (ECEC) of thiésss high. It varied from 8.14-13.28 cmolkgThe high ECEC

indicates high buffering capacity of the soils. t Bar these soils, the buffering capacity is moteesnd these could
partially be attributed to the mangrove mudflatwhich it derive its form and partly the alteratiohthe water

channel due to gas pipeline that soil water loghedocations.
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Table 2. Basic chemical characteristic of soilsin the study area

EC Org.C TN
dsm' gkg® gkg!

Ca Mg Na K

i 0,
—» cmolkge——— EA ECEC Base saturation %

Locations  pH AV.P mgkg*

ON1 5.6 0.042 6.0 0.08 10.99 624 144 0.04 0.11804.12.63 61.9
ON2 5.6 0.029 8.5 0.06 11.99 336 1.44 0.05 0.11004. 8.96 55.4
ON3 5.6 0.038 5.5 0.08 18.99 480 192 0.05 0.11406. 13.28 51.8
ON4 56 0.035 9.2 0.05 13.33 480 192 0.04 0.12882. 9.76 70.5
ON5 5.7 0.02: 5.0 0.0¢ 10.67 3.3€ 1.9z 0.04 010 2.7z 8.1¢ 66.€

ON6 5.7 0.023 15 0.002 14.33 6.24 192 0.04 0.10164 12.46 66.6
ON7 5.6 0.044 5.8 0.08 13.33 624 144 0.04 0.10523.11.34 68.9

3.3.3 Soil Geology and Erodibility

In the area, the forest though destroyed by humiznference and the slope accentuated by excagatlope gently
seawards. The crest of the ridge is generally less than one meter above water level. It was assiple to study
the entire transect in detail at the time of vikie to soil slaking, but it probably like other renous coastal area
with muddy backshore deposit and sandy cliff zdmeracterized by well sorted fine to coarse sant sliells.

As an increasing threat, soil erosion has attermlddgh degree of severity and destructivenesss Rile now
destroying agricultural lands especially where gatian was done. Farmlands have been so badly étbdéit has
become necessary to discontinue cultivation obtiea that were once good farmlands years ago.dehisstation is
traceable to the backfilling associated with pipeliying. The soil removed from cultivated lands tbe upper
valleys set up a chain of damage reaction dowreyathich is far reaching in their effect.

3.3.4 Structural and erosion parameters

The results of soil structure determined in th&dfend in the laboratory are presented in TabladBFig. 1(Eroded
soil Pix). In the top 0-30 cm depth, the structuagied from weak fine granular structure (WFG) tamsg coarse
blocky (SCB). Moderate angular blocky (MAB) and mad fine granular (MFG) were also encountered, the
structure is predominant massive. Granular straectavours high porosity. This is attributable te thumerous air
spaces between them and therefore tends to redecuitro porosity of the soil as reflected in porgdof water in
the location visited.

There is a wide range of coarse sand and clay stsntanong the locations. The soils also have wat@tion of

sesqueoxides (Fe and Al oxides) content (Tabl@ s is common in coastal mangrove on the NigetdDedgion

of Nigeria, indicating different degree of weatimgyi The pedogenic intensity is strongly dependerthe features
of the geomorphic surfaces and alluvium materid]swhich are the main factors responsible for thguential

changes of soils along the coast. For suitabilitgrop and erosion control, factors contributinghese variations
include variation in aggregate shape, soil compactiiong the catena and of course the soil pertityatmiost be

checked.

3.3.5 Sail erodibility

Values of erodibility determined by Wischmeier é8wiith (1978), equation are presented in Tableahidally, the
erodibility values of these erosion-prone soils evgenerally low. This might be attributed to thevIsilt content
observed in these soils. Variation of erodibiliglues between locations is likely to be associatitd differences
in the OM content, permeability, soil structure gretcent silt and very fine sand content. Generatigrease of
sheet and rill erosions were pronounced in theidsd areas.

3.3.6 Potential erosion hazard in the study site.

The product of erodibility K and the average anritl} erosivity(data not shown) values gives the potential soil
loss for a given location. The amount of soil twauld lose annually from this newly opened forestssas exposed
to raindrop impact are shown in Table 3. The trenetals that, the predicted erosion will causeless of 9.87 ton
per hectare in a year, but still somewhat less tharrates on sites, particularly areas where etaav was done.
As the soil hydrologically impedes following sevemmoval of top soil, the runoff and erosion raitesease, a
characteristic that will soon develop into gullynifit checked immediately (Fig. 1).

Since the natural susceptibility of soils in th&e qjerodibility) is low, the high potential soildses are directly
related to high erosivity values used to multighe terodibility values. Therefore, one is justifi@dconclude that
widespread soil erosion in lkot Ebidang communitysinbe blame on high rainfall erosivity and acyivitf the
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SEPTA ENERGY. This is particularly so when the aseharacterized by slope and the steepness wastaated
by excavation as is the case in some of the lotsitio

Fig. 1. Severeremoval of top soil, and increase erosion rates at I kot Ebidang community

Table 3. Showing Structural parametersand erodibility status of the study site

_ Erodibility Crystalline Amorphous
Locations  Structure (tha.h.hadmn?) PE t/halyr mgkg* mgkg*
T Fe Al Fe Al
ON1 WFG 0.43 9.69082 192.4 96.3 3274 97.7
ON2 MFG 0.51 9.88104 165.3 73.3 471 10.11
ON3 MAB 0.56 11.02116 166.9 51.1 411.2 121
ON4 SCB 0.53 10.17106 186 41.2 4009 100.7
ON5 SCB 0.53 10.07106 183.8 322 4221 1152
ON6 WFG 0.41 9.69102 143 87.2 457.1 143
ON7 MFG 0.45 8.5509 169.9 71.6 4312 1227

WFG = weak fine granular, MFG = mediumfine granular, SCB= strong coar se blocky, MAB= moderate angular blocky

3.3.7 Heavy metals

The extent to which heavy metals accumulate insibie as a result of pipelining is seen in Table k. all the
locations examined, the addition of metals hagdddcrease in the amount of metallic ions. Althbsgmpling was
on the surface soil, there is evidence of conshidermovement of Zn, and to a lesser extent of GHNirto a depth
below 15 cm as a result of the presence of pipakdrsoil. Estimate of the heavy metals conceitnafirable 4)
revealed that Fe was dominant in all the sampledtions. Fe ranged from 209.00- 232.90 mg/kg spilthe
surface layer. Generally, the was no significar@nge in Fe content among the stations. This Ielvebocentration
is capable of causing concretion below the surfager. Cu varied from 4.11 — 6.43 mg/kg at thdae soil, while
Lead ranged from 0.19 -0.41mg/kg with a mean vaiu®.28 mg/kg on the surface soil. Zinc varied fr8m7-
5.835 mg/kg on the surface. Generally, concepmatif Zn was more in the dry season than the watase Nickel
concentration ranged from 1.11-1.36 mg/kg with saame&alue of 1.26 mg/kg. Other elements like Mercury
Vanadium, Chromium, Beryllium and Cadmium were bettetectable limit of 0.001 of the analyzing equémh

The concentration of these heavy metals in theisaif concerned when the level of concentratiohigh and
becomes a potential pollutant arisen from indusgés pipeline discharges and dumping of wasteavidenetals
mostly fine specific adsorption sites in the soihere they are retained very strongly in colloid$[15he
concentration of individual metals in living tissuis ordinary very low and must be maintained wittdrrow limits
to permit the optimum biological performance of mogyanisms [8] Even though, some heavy metalessential,
Cd and Pb have not been shown to be essentialher gilants or animals[3]. Heavy metals will acclete in the
soil as long as the pollutant source remains.s bhvious from Table 4 that Zn is almost presenthi highest
amount
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Table 4. Heavy metal content of the study site

Locations| Cu| Lead Mercury Zing Nickgl Vanadium Qhiom | Barium][ cadmium

mg/kg
ON1 63| 031| <0.001] 5.88 1.37 <0.001 < 0.001 <0.00%0.001
ON2 3.96| 0.24| <0.001] 5.1p 1.23 <0.001 <0.001 <0.00%0.001
ON3 4.11| 0.31 | <0.001 | 5.6 | 1.3¢ <0.001 <0.00: <0.00! | <0.00:
ON4 6.43| 0.21| <0.001] 526 1.1§ <0.001 <0.00fL <0.00%0.001
ON5 4.26| 041| <0.001] 536 1.11 <0.001 <0.00L <0.00%0.001
ON6 6 0.27| <0.001| 4.9] 1.36 <0.001 <0.001 <0.001 .0GD
ON7 554| 0.19] <0.001] 3.1y 1.2§ <0.001 <0.00fL <0.00%0.001

3.3.8 Salinity and organic compounds

As shown in Table 5, variation of salinity on thaface soils was significantly (p>0.05) similaradk locations.
Salinity level measured a chloride concentratiargesl from 8063-13.63 mg/kg on the surface layers. §hantity
of stable monovalent salt would not allow availepibf soil water to plant due to high osmotic me®. Thus there
was an indication of salt water intrusion in thé.so

Petroleum hydrocarbons are hydrocarbons of petmoletgin. The study area was used for petroleumpiizelines

transportation activities thus necessitating thednfor evaluating the total petroleum hydrocarbontent of the
soil. Total Petroleum Hydrocarbon concentrationthefsoil of the locations area range from 22.22km@ON 4) to

48.83mg/kg (ON 5) at the surface level. Less distion was true for grease & oil in all the stasampled. This
could be accounted for manly from biogenic soumesax and suberins from decay plants and anintes died

due to pollution. The area therefore is contamuhéte petroleum gas hydrocarbon.

The poly aromatic hydrocarborexe derivatives of petroleum hydrocarbon compouride presence of poly
aromatic hydrocarbon in the soil indicates pollatidliphatic hydrocarbon, PAH, BTEX, and Phenolsevbelow

detectable limit (<0.001mg/kg) of the analyticabgmment used. The low level of the organics was exqtected

because biodegradation and other factors thatibaterto the reduction of oil contents in the se@re absent.

Table5. Salinity and organic compounds of Soilsat the study sites

Locations Salinity THC AH Oil & grease PAH Phenol sBTEX

as Cl-

mg/kg
ON1 12.10 4158 <0.001 0.64 <0.001 <0.001 <0.001
ON2 13.63 29.42 <0.001 0.91 <0.001 <0.001 <0.001
ON3 11.4¢  33.6( <0.007 1.0c <0.00: <0.00: <0.00:
ON4 10.30 22.22 <0.001 0.83 <0.001 <0.001 <0.001
ON5 13.30 48.83 <0.001 0.31 <0.001 <0.001 <0.001
ON6 4.87 39.4¢ <0.00] 0.7¢ <0.00: <0.001 <0.00:
ON7 8.63 32.84 <0.001 1.39 <0.001 <0.001 <0.001

3.3.9Land use

Farming system: The original rain forest was degraded by a syat&mpractice of cut and burn cultivation,
firewood gathering, and lumbering. The major foadps grown are cassava, yam, maize, cocoyam and the
cropping system is govern by the cropping calendar.

CONCLUSION

Although some of the locations indicated only traceounts, it is generally considered that the lefaleficiency
of these nutrients in its present form couple wither immeasurable variables are likely going maitlithe yield of
crops to an appreciable extent, particularly ferfirst crop.

In summary therefore, the amount of hydrocarbothig location can be used to identify potential antution risk
faced in this area as a result gas pipeline pas3dggefore having investigated the pollution legiating the six
years in installation, routine evaluation is neeeg$o ascertain adequate compensation to the caitymu

2584
Pelagia Research Library



Ini D. Edem et al Adv. Appl. Sci. Res., 2012, 3(5): 2578-2585

The affinity of soils to retain and decompose paliis depends on the soil conditions. These soilcapable of
transporting vector for pollutant through erositiee danger of ground water is low. In addition, ieraction of
Cd, Ni, with some essential nutrients decreasedehetative parts of plants in that environment

Recommendations

When contaminants are not removed, any remediabunes under taken will intend to prevent the coiants
from reaching the targets at risk. Therefore, agpion of vetiver technology becomes eminent. \&atig widely
used to protect farm infrastructure by stabilizangd reinforcing farmland prone to erosion, therefmyeases the
area available for cropping. An added bonus isttiatplanting will provide fodder for cattle duritige dry season.
This designed measure is durable and requirest&yngmonitoring studies.
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