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ACIDIC PRECIPITATION AND INFRASTRUCTURAL
DETERIORATION IN OIL. PRODUCING COMMUNITIES OF
AKWA IBOM STATE: A CASE STUDY OF EKET, SOUTH
EASTERN NIGERIA.

E. R. AKPAN

(Received 11 September 2001; Revision accepted 19 June 2002).
ABSTRACT

To examine the impact of rain on iron reoofing in Eket, the quality of direct and roof rainwater
collected over a paricd of two weeks in May, 1999 were compared. Simultaneous study at Uyo,
Akwa lbom Siate Capital, served as the control. Rainwater parameters considered include: pH,
conductivity, total dissolved solids, particulate matter, total hardness, chloride, sulfate, nitrate, iron,
and ammonium. Measuremants of wind direction and strength were also obtained for every rain
event. During the study, an acidic rain of pH 5.4 was measured in a sample from Eket. A
comparison of this direct rainfall with the corresponding roof rainfall showed a marked drop in
chloride content from 1,050 mg/t in the direct rainwater to 28.4 mg/l in the roof rainwater. This
drop is attributed to the rasaction between HCI in rain and zinc in roofing material. A similar trend
was also found in sulfate concentration, which was attributed to the reaction between H2804 in
rainwater nd ihe proteciive ZNO layer of zinc plated iron roofs, These reactions are responsible for
the accele ated rusiing of roofing materials in 6il producing communities of Southern Nigeria. The
main source of these acids in rainwater at Eket, is the Mobil Producing gas fiaring operations at
nearby onshore and offshore locations. During the wet season, flare gases are carried inland
throughout ket and onvirons by South West Trade Winds leading to persistent acidic rain in these
communities with atier ant infrastructural damages.

Key Words: Acid rain, petroleum gas flaring, air poliution, iron roof corrosion.

mobilization of salt water into the atmosphere

INTERODUCTION

Corrosion of iron and its aloys is widespread
antd occur even in the absence of air. The rate
of corrosion depends mainly on the extent of
atmospheric pollution and nature of eroded
rmaterial. Of special concern are constituents
which cause or promoie acidic precipitation
and high ioni¢c concentration of moisture (Elliot
& Schwieger, 1984). These include proximity
v the ggacoast  and  associated  wave

Horzer

which is a major source of chioride ion, and
hence, increasing rusting incidence while
anthropogenic release of gaseous effluents
represents the most dominant cause of
corrosion (Heij & Erisman, 1995).

Most of the air pollution events today, is
associated with fossil fuel combustion. In the
Niger Delta region of Nigeria, petroleum gas
flaring is the most prominent type of fossil fuel
combustion. NEST (1991) reported that
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Fig. 1: Map of study area showing rain sampling stations

Nigeria was flaring N2 mililion worth of gas
‘daily. According to the study, gas flaring
resulted in both chemical and thermal poliution
of the atmosphere in oil producing
communities. Both forms of pollution have
been implicated in accelerated corrosion of
iron and steel materials (Scully, 1975; White,
1988). Several reports of acid rain studies in
the Niger Delta, however, seem to suggest
that there is no acid rain in the region (Ubong
& Gobo, 2001).

Rusting of roofs is perhaps the most dominant

feature in Eket community of Akwa ihom
State. The communities have attributed this
phenomenon 1o the gas flaring activities of
Mobil Producing Nigeria Unlimited. Mobil’s
onshore and offshore gas flaring operations
take place south of Eket. During the wet
season, which usually lasts from Aprii to
October, South West Trade Winds biow
through the fiare facilities and transport the
flare gases to downwind inland communities
including Eket and environs. The study was
undertaken 10 investicate the impact of gas
flaring on rainwater guality and its relationship
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Table 1. Physicochcmical mcasurements at Ekpenc Obo, Eket rain study location (S.W.= SOUTH WEST, H = HIGH, M =

MEDIUM, L = LOW, - = NO WIND)

Parameter Sample  1-5-99  3-5-99  5.5-99  6-5-99  7-5-99 11-5-99 13-5-99 *Mean
_ D 540 640 719 656 658 592 580 64l
PH R 593 618 720 655 632 614 586 6.38
L D 638 65 515 189 4.1 33 53 14.9
Conductivity (mS/em) 24 76 904 137 4 3.2 53 14.9
D 4374 3 4.1 246 51 41 6.6 15.4
TDS (me/) R 30 9.4 775 169 49 4 73 20
D 24 100 400 140 100 70 80 148
PM (mg/h) R 840 200 190 00 200 170 100 160
D 672 12 686 56 16 12 12 29
TH (mg/D) R 32 16 24.7 12 16 12 16 16
. D L0508 284 426 284 71 284 7n 7.9
CF (me/l) R 84 142 142 142 142 284 426 123
N D 5.9 0.4 0.6 0 03 0.1 0.4 0.3
8O, (mg/l) R 28 0.7 0.4 0.6 0.2 02 02 0.4
" D 0.3 0 17 02 0 0.3 0.6 0.5
NO;” (mg/l) R 0 0 0 0 0 0.1 0.3 01
_ D 4.4 12 1.7 0 0.3 0 3.8 13
Fe (mg/l) R 15 0 11 08 - 08 0.8 0 0.6
. D ND ND ND ND ND 001 607 004
NH4" (mg/l) R ND ND ND ND ND 018 006 004
Wind Direction ' - - S.W. SW. - S.W. S.W.
Wind Suength - - H M - L L

e Average of measuremicnis excluding that of 1 May, 1999; ND = Not determined.

with accelerated roof corrosion in Eket.
MATERIALS AND METHODS

Rainwater samples were collected at Ekpene
Obo town Esit Eket Local Government Area
and Abak Road, Uyo Metropolis, Akwa |bom
State. Collections at Uyo served as the
contral. Both direct rain {3} and roof rain (R)
were simultaneously collected during every
rain event. The samples were collected in
medium-sized steel basing which were placed
on  raiged  platferms  to avoid  splash
comimminadion. Ad the omset of eadh oin
@uemng, tine wind diireciion amd ralative strergrth
were documented. The study lasted for two
weeks from 1° May to 13" May, 1999.

Rainvater pH wetues were measured h situ
wsing WTW pH 90 metar. Subsamples were

collected in pre-cleaned polyethylene bottles
and transported to the laboratory for other
physicochemical measurements. Electrical
conductivity was measured with WTW LF 90
conductivity meter. Total dissolved solids
(TDSY¥ was measured gravimetrically.
Particdlate matter (PM), sulfate (S04%), nitrate
{(NOz}, ammonium {NH:") and iron (Fe) were
determined spectrophotometrically using
HACH 3000 direct reading spectrophotometer.
Particufate matter was further subjected to
ignition at 800°C to facilitate determination of
the inorganic matrix. Total hardness (TH) and
chloride {Cl'} weré determined by titration
Datt froms 1% Mtay was excluded from mean
calculations because of the marked difference
between it and all other samples.

RESULTE
Results of the study are presented in tables 1
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Table 2: Physicbchemiczﬁ measwrements at Abak Road, Uyo rain study location (S.W.= SOUTH WEST, H = HIGH, M =

MEDIUM, L = LOW, - = NO WIND)

encountered only once, in the direct rain at
Eket on 1% May, 1999. The levels of
conductivity, TDS, CI, PM, and SOs* in the
sample were markedly higher than the levels in
all the other samples both in Eket and Uyo. A
marked drop in the concentration of these
parameters was also observed in the
corresponding roof rain compared to the direct
rain samples of the 1* May.

A comparison of the direct rain samples with

pH values above 5.6 {(normal rain) in Uyo and
Eket flocations showed that ClI' was
significantly higher in Eket than Uyo. In
contrast, CI" levels of roof rain were higher in
Uyo than Eket (P<0.05). At Eket, CI' levels
were also higher in direct than roof rain
sar}sples while the opposite was true at Uyo.
Sulfate and nitrate levels in direct and roof rain
samples were higher at Uyo than Eket

Parameter Samplc 1:5:99 2599 3-599 - 5.5.99 _11-5-99 13-5-99 *Mcan
. D ND 570 613 611 600  ND 598
p R 6.33 5.58 6.06 6.10 6.06 6.14 5.99
\ . D 69 112 237 213 ND 157 157
Condutivity (mS/cm) o 65.1 73 7 192 205 121 132
D ND 83 138 293 263 ND 194
TDS (mg/h) R 5538 9.0 87 237 253 15 164
D ND 80 40 20 100 ND 60
PM (mg/l) R 180 50 70 20 100 100 78
' D ND 20 15 25 20  ND 20
TH (mg/l) R 40 20 25 25 2% 16 2
- D ND 178 178 266 122 ND 186
CT (mg/h) R 178 178 178 266 122 426 234
. D ND  ND 14 18 2 0.5 1.4
SO4™ (mg/ly R 26 2 1.9 1.4 0.7 03 13
. D ND 038 07 28 24 ND 17
NO;3™ (mg/l) R 5.6 1.2 0.7 2.5 12 13 11
' D ND 26 1.4 42 37  ND 3
Fe (mg/l) R 2 14 0 32 0.7 1 L3
o D ND ND ND ND 08  ND 086
NH4" (mg/) R ND ND ND ND 131 058 095
Wind Direction - ] SW. SW. SW. SW.
Wind Strength - - H M L L
s Average o: casurements excluding that of 1% May, 1999; ND = Not determined.
and 2. Acidic rain with pH 5.4 was (P<0.05). At Eket, direct rain nitrate

concentration was higher than roof rain but at
Uyo there was no significant difference
between direct and roof rain samples. There
was no significant difference between Fe
concentrations in direct rain in Eket and Uyo
but roof rain was significantly higher in Fe at
Uyo than Eket. Particulate matter of both
diréct and roof rain were significantly higher in
Eket than Uyo. At both locations, roof rain had
higher PM values than direct rain. Examination
of the ignition residue of PM from roof rain,
revealed that particulate matter at Eket was
composed mainly of iron rust while that of
Uyo was mainly silt. Compared to Uyo, pH
levels at Eket were relatively higher.

DISCUSSION

Under normal circumstances, the atmasphere
in Uyo seems 10 be more polluted than that of
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Eket. Far instance, rainwater pH values at Uyo
are relatively lower than Eket, which.indicates
relatively higher concentration of acidic gases.
Sulfate, nitrate and ammonium levels were

found to be higher at Uyo than Eket during the -

study. This situation is attributed to
automobile nd autormobile related emissions
because of the heavier traffic density at Uyo
compared to Esit Eket.

Automobile emissions can contribute
significantly to atmospheric levels of nitrogen
oxides, sulfure oxides and oxides of carbon
(Elliot & Schwieger, 1384). In comparison 1o
the Uyo location, which is at the center of
Uyo metropolis (approximately 2 m from the
busy Abak Road), Eket location is in a low
traffic terrain at Ekpene Obo (about 5 m from
Esit Eket- Eket Local Government road, Fig. 1).
The rainwater sampie of 1% May, indicates a
more serious atmospheric pollution at Eket.

Congceriii «tions of acidic ions, CI' and S04

were significantly higher in this sample than
others. |f these ions were associated with
their neuiral salts (i.e. NaCl and Na:8501 etc
from sea salt sprayl the pH of direct rain
would have been higher since according 1o
Freedman (1989) saltwater should actually
help to neutralize acidity because of its high
pH value. These anions must therefore come
from their mineral acids, HCI and H2504. This
1s also inferred from the observed drop in their
concéntrations in roof rain sample compared
to direct rain sample, and the corresponding
increase in the pH of the roof rain sample
{Table 1). The observed drop in concentrations
of CI' and SO4* in roof rain sample is
attributed to chemical reactions between the
corresponding mineral acids and zinc coating
of the corrugated iron roofing material:

Zn+2HCl — ZnCl+ H,y ..o peenn 1
ZnCl+ ZnO+ H,0 — 2Zn{OHYCI .............. 2

H,80, +Zn0 — ZnSO, + H,O ..ocvvc...... .. 3

These reactions .do not take place with the
neutral salts of the acidic ions. This, therefore,
completely precludes marine aerosgls as the
source of the high concentration of these ions
in the rain sample. The source 4f these acids
can only be traced to fossil fuel combustion.
According to Férstner and Witman (1981)
acidic precipitation is caused by the release of
acidic gases such as SOz, NOz, HCI etc into
the atmosphere. Stern {1977) names the
gases emitted by fossil fuel combustion to
include S02, S0z NO, NO2 (NOx), CO,

" hydrocarbons and HCI. In United States aad |

Canada, fossil fuel power plants. are the major
sources of acidic gases and acid precipitation
(Nebel, 1987). In the absence of large fossii
fuel powaer plants and traffic density at Eket,
the most important sources of these acids in
the atmosphere is the Mobil Producing gas
flaring operations. Gas flaring has been
implicated in both -chemical and thermal
poliution of the atmosphere in oil producing
communities of Nigeria (NEST, 1991). The
attack of the zinc coating of the roofs by
these acids {equations 1 to 3 above), exposes
the underlying iron material to the full impact
of corrosion agents leading to the ebserved
accelerated roof rusting and rotting in the
communities. The accelerated rusting is-
evident in the high Fe content of PM from roof
rain samples at Eket. The silty nature of the
PM at Uyo is a result of dust arising from high
density of automobile traffic on nearby Abak

.Road. This dust is mainly responsible for the

higher content of sulfate, chioride and nitrate

“in roof rainwater samples from Uyo.

During the wet season, which is dominated by
South West Trade Winds, Eket communities
are located downwind of Mobil’s onshore and
offshore gas flaring operations and are thus
exposed to the full impact of the associated
air polfution.
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Uyc is much less affected because of its
distance from the flaring operations (~ 70 km)
and direction of prevailing South West Winds
{Fig. 1). The higher concentrations of NOs
recorded at Uyo compared to Eket is an
indication of the difference in sources of
pollution at both locations. While automobiie
emissions are the major source of air pollution
at Uyo, petroleum gas flaring is the major
source at Eket. Natural gas is known to
contain very little or no nitrogen in comparison
10 other petroleum fuels {Stern, 1977).

For acid rain study to produce reliable results,
it must be long term and all possible rain
events must be examined since the occurrence
and frequency of acidic precipitation at any
location cannot be predicted. During the
present study, only one rain everit-was acidic.
The frequently reported absence of acid rain in
the Niger Delta may be associated with poor

~ sampling design and short duration of study.
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