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ABSTRACT

Soils from arcas highly polluted with hvdrocarbons were compared with those [rom
relatively unpg{ilutcd areas. The aim wis to unravel the relationships between hydrocar-
bon pollution and soil quality, There was a correlation between polluted soils and some
soil propertics in the soils. Bulk density was considerably higher in polluted soils were
highly acidic. Available phosphorous. organic carbon and cation exchange capacity val-
ucs indicated better soil quality in relatively unpolluted soils than in soils highly affected
by hydrocarbon pollution, [t was concluded that incipient soil damage occurs conseguent
to increasing levels of hydrocarbons in soils, The social imphications of soil damage in-
cluded decreasing agricultural activity in the Kwa Iboe River estuany/lower floodplain.

INTRODUCTION

Several published studies both in Nigeria and elsewhere have shown that petroleum
pollution has serious consequences on the ecosystem, Oil spillages are the source of hydro-
carbons in industrial water and the contamination of fresh water courses. Gas flaring results
in thermal pollution which affect the aquatic life. Also, the flora, particularly inoil produc-
ing areas is threatened since species such-as mangroves mostly regenerate from seeds rather
than by vegetative propagation, Petroleum spillage which results in poor aeration of soils
reduces species diversity and inhibit algal metabolism (Boesch et al 1974; Soto et al 1973,
Vandermeulen and Alem 1976; Inevbore 1979; Fagbami et al 1988).

Arising from the observation that there is widespread damage to vegetation in petro-
leum producing areas (Fagbami et al 1988), due to contamination of soil (Odu 1972}, this
study aims at analysing soils from areas affected and relatively unaffected by petroleum oil
pollution, with a view to understanding the relationships between hydrocarbon levels and soil
quality. Hence the basic approach is a comparison of soil property valuvs from several sites
identified to contain varying proportions of hydrocarbon concentrations in the soils
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Study Area

The study area is the coestal plains of the Kwa Iboe River estuary in Southeastern
Nigeria. Located in Akwa Ibom State, the soils consists of alluvial/sandy s (Fig. 1).
In the vicinity, Mobil Producing Nigeria has been exploiting petroleum oil su. . 1970, from
137 wells in 37 platforms distributed in 16 oil fields. With increased offshore ¢ produc-
tion, piping to onshore storage facilities, spillages and gas flaring have pollut={ the environ-
ment, particularly the soils around the storage facilities.

Methods

Four sites observed to be noticeably affected by petroleum pollution were chosen
for the collection of soil data. For the purpose of comparison, four o "er sites located about
172 km from the highly polluted sites were also chosen. Two sites were cituated near the
settlements of Upenekang and Mkpanak while the other two were situated near the Mobil
Tank Farm and on the coastal beachridge sands (Fig. 1).

Each site was divided into three sample units for the purpose of soil sampling. Four
soil samples, to a depth of 40 cm were obtained in each unit using a soil corer. The samples
were air-dried before laboratory analysis. Total hydrocarbon content was determined by the
carbon tetrachloride extraction method. pld was measured in 1:2 soil to water SUSpension
using glass electrode. Available phosphorous was determined by the Bray Method. Cation
exchange capacity was obtained as the summation of exchangeable bases (Mg, Ca, K. Na)
and exchangeable acidity. Exchangeaule acidity was determined by extraction with barium
acetate and titration vath NaOH. Organic carbon was determined by the Walkley-Black wet
oxidation method. Sulphate and aluminium were EDTA extractable; Ficld moisturs was
obtained from oven-dry weight of field moist samples, Bulk density was mecasured in steel
cores of volume 550cm®. The routine methods are contained in Jackson (1962).

]

RESULTS

Table 1 shows the values of total hydrocarbon content in soils from the four sites.
Hydrocarbon levels are high in both scil categories and reflect the extent to which the soils
have been polluted. At Upenekang the values range from 394.7 to 627.5 ppm with variation
being low and moderate in the affected soils. These values however contrast markedly with
those from the relatively unaffected soils (24.8-56.3 ppm). Mkpanak which lics nearer to
the Tank Farm hes higher values, ranging from 503 .8 ppm to 721.3 ppm in aiTected
soils, and 59.8-57.2 ppm in the relatively unaffecied soils, Variability within site was
similar in all cases, the CVs, being low to modzrate.

‘Hie Tank Farm area has the hjghest level of hydrocarbons in soils, whether in af-
“ected or relatively unaffected soils. Values range fiom:1297 5 ppm to 1994 8 pom in af-
fected soils and 536 3 ppm to 742 8ppm in the relatively unaffected sotls. The cocFicients
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of variation were moderate and generally higher in values than at the previous sites. The
high levels for the Tank Farm are acccunted for by spillage dursing storage operations and
the routine cleansing of the tanks, The lowest hvdrccarbou comtmt m unafacted soils was
recerded for the coastal sands, Values inthe afectad soils range Frc: 1 373.5 ;om 1o 692
ppm. In the rlatively unaffected soils tha va‘-.aec range from 2 _' S.&pomio 2024 pory In
both soil categesies tlie ccefficiants of variation were Righ (49.2 - 62.9%6). The coastal sand
being highly porous have low lavels oF bydrocarhons due to percotation and tidal fushing,
Table 2 shows that there is a correlazion between gcifu*ea:‘ seilsand seme sol! prop-
ertics i the soils. Apart from field moisture content which indicated *he estuarine location
of samples, thers were marked diFferences in valuss for soil properties from aTectad and
relatively unaffected soils. Pulk denzity was considerabiv highar in affectad soils (30.9 -
92.8 gem?) than in unaffected scils (76.2 - 90.2 gemy®), This implies that in Em.. Hgkly
poiluted soils, root penetration of soils may be hampered. pH values indicated that the highly
poliuted soils were more acidic (5.5 - 5.9) than the rolation ¥ raoovuted soils (3, Q.- -5 3). A
corresponding trond was obsersed in the vahias for evhongaable seldity iz Lol soill claszes.

- Available phesphorous levals werz lower in 2ffected coils (1.3~ 2.1 ppr) "'h“ :_,h.
in uraffected soils (2.0 - 3.9 ppm) althoush thess values may have bean 2 Tected by
drying, However, the affected soils indicate exhaustion of soil fertility, CEC values were
slightly Jower in '\ﬁ'c::*ﬂ sei's than im nna®ected sails, pr ﬁh.:.ﬁn- du¢ to poor .eplum unent
of the cations in e former sail class. Hedrosarhons block soil nores and in “pir subsurfase
scepage along the soil herizons, In corirast, the relatively woafocted soils o sxpariciics a
higiier replenishment rate from tidal iports and ssepage fom upland areas, {rgenic sar-
bon valies are perhaps indicative of tha Z3talion zoverage of e sotle. Since the highly
poliuted sites have pocr veaetation, orgznia carbon centent in saile were exnoctad o ha
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losver than in ti2 relativalr unaffected ::"' whera the vasetotien vas mors Farastant, How-
ever the high values for sulphars (8.3 - 0.7 me ™ 20 o) annd ¢ iy 0L, - Lol 2 1G0S

the aTected serls inpiies that organic h*:'e: wiigegnes o redpetion Drastes dua ta Lish geid
conditions. This contrasis withthelow s ‘luﬂ., of gulphate anc Aot i vTected so'ls
whizh correlats with high viluer of argenic carbon (4.2 0392)

MSCUSSIONYCONCLUSION

Althougli crude oil spillage on land is usually localizad, poliution of the soil snvi-
ronment could be quite extensive. Variation i3 total hvdrocarbon coptent of zoils indicate
desreasing concontrations from sitas of sotive pollution to thes paripherics. Irs spatial varia-
tion diginds on the toprgraphy; where s'opss ace steep, setraloum cil is transported by
pverland flow in films to considerable :!:;?z.nc s from thie centres of active s2iage (LUkpeng

1992), Low water table in upland lorations aliows narcolation of the hvd rocari:ons mio and
through the soil herizons, Lateral seepage aly -t:-t:‘_:'!‘ spars bydrocarbons -.nﬁ""'.st‘ dhorizons
where they may my sdrageotizn and afect the deeompesicion af e 4lima depressiong

3G tra;: and slow dove evariand ‘"" 7
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Considerable damage to soils has been observed, particularly in highly pol' itad
areas. Soil exchangeable cations are peorly replenished in polluted soils. Other soil nutrient
properties (phiosphoreus, organic carbon) indicete lower fortility status for affected soils.
The most lughly varied properties in the affected soils are exchangeable acidity; phospho-
rous. C.E.C | organic carbon and aluminivm which are nutrient status indicazots  The cor-
tesponding variability of some of these propertias {excluding aluminium) m the unaffected
sails indicate that petroleum pollution is incipient to severe soil daniage particularly in torms
of nutrient lavels.

Consequent to deteriorating sor! fortility, agricultural activitics in communities situ-
ated i the Jower Kwa lboe River floodplainfestuary have been on the decrease Former
farmlands have been abandoned, particularly those located near minor watar chamiels where
reguiar flooding helps to spread petsoleum films over the land surface. Do SCICaSIg acreage
for cultivavion implies iocal food shortanu, aud Thance on supply sources outside the lower
fioodplamn/estuaring arca.
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TABLE 2: Propcrtics of soils affected and relatively unaffected by petrofeum pollution
near the Kwa Iboc River estuary: Soil depth is O-4ticm. Each value is mean for at least
4 samples; cocfMicicnt of variation {C.V.) classified as : <15% = low. 13-33% = modcr-
ate. >335 = most vanable.

]
Alleeted Suils

Soil Propenies LPENEKANG MRAPNAK TANK FARM COASTAL SASDS

X sb .\ X 5 ev | X 5D, X 3 B
Fichl moisture(®s) | 1284 27 2] 1373 63 a6 1192 13 LS Wi6 A5
[ulk demsity: ¥
{gem ') 928 46 49 RS 21 24 gy 2% 38 Ms 41 4
ol 37 04 70 | L i 03 17 LR R T
- Eixehnge aclidity
{me 100g) 68 156 238 tu 1) 35n | 62 183 306 6 3 n?
Phosphorous (ppei) P13 0.3 384 13 06 33} LA N4 267 5 a2 %
Sulphatefme:100gy |05 02 40 0.4 Dy 16? | 88 04 500 0.3 (18 S
Aluminium (me: 100g) | 0.9 04 414 7] 03 500 | 14 08 429 (1 0:  Sun
C K C (me:100g) ®S 105 273 423 113 W0 | M2 Rz 0 M5 18E yn
Ompanic carbun )
") : 63 25 363 6.8 22 3% | s® 19 2% 32 11 43

Unaflected Soils

Soil Properties UPENERANG MEAPNAK TANK FARM COASTAl SANDS

X spoew | X 0 Cv | X 5 T o X SN
Ficld moisture(®e) | 1296 24 19 Moz 72 50 17e 20 17 1064 41 AA
| Tk density
{gem ') B8.2 6% 77 MG 45 53 761 64 34 92 6R TS
pll 61 0% 22 6.2 G6 97 | §% 08 102 6.3 0.5 70
Exvhange acidity
{1000 5 I L. R 40 e 832 | W L5 24 4.5 X JoR
Phosphorous (ppm) |28 0.7 230 L5 0s 29| 20 04 200 39 0: 208
Sulpbate{me/100) |02 008 400 0.3 009 0| 02 001 SO 0.4 00z A
Alutinium (me 1002) | 086 04 66 08 008 el | 06 002 03 5 ot 34
¢ EC{mer100g) Mos 93 29 455 187 ARA | 394 126 A9 468 192 410
Organic carbon _ : :
(%4 L I T S 93 18 2 | re 23 363 4.1 L 4A2
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