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Abstract

e an fhe efleets of ny cociated g Lrn l.'n.rmy on the

senviromment and then i umtm’n facion of the henefits of planmed zevo flaving of this some associated gas has been
prosentod i o manner i is hoped wild moke for a trne enlightenment. This paper conld be a verifuble rexonmce
material for govermment agencies and i deed anyone genninely interested in the he wlth of our environment,

Kepwords:
Introduction ‘ .
- The Federal Government ol Niperia is

commilted o ensuring  that - hydrocarbon
exploitation uclivities must proceed onward
from 2008 with zero Maring ol associated pas.
One avonld, apree that this is. a welcome
development since the technology to achicve
this stated ohjective wag first put to use some
Il years apo, This teclnology is now reparded
as proven, around which the international flare
standard ARQIS21 is based (Knot, 2(l.!} The
cednomic value of recovered gas th W would
olherwise  be  Mared is enormous  indeed
considering the fact that pas is being touted as
the viable, low-cost alternalive encrpy source
ol the Tuture (Egbobi, 2004). 1 reality Nigeria
needs o npll!llllL its nnnual s prochgelion, ng
thig s required Lo be elfective Teedsto®k for the
different LMNG tenins, In tandem with this is the
overall pasitive health of the environment, so
o speak, that should then improve beeanse
climinating routine Maring will “ontribute 1o
overall €Oy (principal  culprit in the

™ »

Table 1 (..ﬂh Hmnnmtitnl

‘airal gas, Pollution, Climate Change, Invironment o

‘ ) »
preenhouse effeet) reduction as well as olher loxic
products ol combustion like the NQO, and SO,
ciissicis, Natwal gas is penerally considered as a
fosse: fuci and by implication it is a non-rencwable
source of encrpy. ‘The term "lossil" refers to any

remains of evidepee of ancient life* The fossil fucls

(.. oil, coal, and fuels derived from oil shale and

»

tar sand), then, ore those cneesy sowrces thal [ »

[ormed from the remains of once-living, organisms,
Natural gas is a natural-occurting pascous mixture
ol hydrocarbon  gases  found * in_underground
rescrreirs. In o ils pure form, il “is eolourless.,

odourless, and it gives oll a preat deal of enerpy
upon combustion, Natural pases is found cither in
pssociated  form ~ mixed with  petroleunt in n
reservoir or in non-nssocidted form where it is

found on fop of the erude 'n a reservoir (Fgbabi,
Qnﬂi Dick and t\’lmplm ~1980). Over the years
many people have expressed edicerns about the
pollution effeet linked with the combustion of
fossil  Tucls,  Tablel  shows (e poses  that
collectively make up what is known generically as
"matural gns".
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In (he purest form, natural gas is
almost dry methane (CH,). Other hydrocarbon
components are colleetively ealled "natural gas
liquids (NGL3)". As n source of enerpy the

uses ol natural gas include e production of
liqueficd hatural gas (LNG), production of

natural gas powered cells, production of methane to
be used in making the acetylene compound and
ammonia, and uses for iron ore reduction, Further

‘uses are as compressed natural pas for automobile

fucls »od as fuel to power gas and steam boilers (in
cleciricily generation). As NGLs natural gas is
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frnctionnted (or cvacked) in the prodoction of
Hguéticd petrolemm pas (LG nlso known as
"cooking gas™ or "bottled gas"); natural gas is
nlsus used for house heating (in temperate
tlimates). and nlso for crop-drying {Lghobi,
2004),

- Gag Flare Chemistry

o the development ol an oil well free
v digsalved ndsocit’od pas may not have been
considered - prineisal interest from the early
planning stage. What this means is that usually
no pas handling and processing Facilities are
incorporated into the ficld development plants.
As i oresult the assbeinted poas s expelled
through Maring by dncans ol o Hare boom:
outlet ottached o the processing  fncilitics
(cither fixed or Noating). Associated gas is
delinitely  not pure,  and routine  Haring
inerenses © the  overall  amount ol toxic
substances relensed into the ntmosphere in the
immediate vicinity where the  hydrocarbon
exploitation is “taking  place, Modern  oil
Cprocessing platforms can burn upward - ol
50.000m"d of gas that cmanate from process
purpe pas, compressors, separators, and cther
cquipment (Knot, 2004). As scen from Tablel
associated pos is certainly pol pure aatural pas
05 would be desired  commercinlly.  The
consequences of burning ciren 50,000m'/d
from just o sinple processing facility mltiplicd
by severnl such facilitics developing several
felds  In n peologieally  homogerenus
hydrocarbon-bearing — province  arc grave
indeed,

The atmosphere consisls ol three
principal clements: nittogen comprises over
76% of the total; oxypen, nbout 23%; the inerl
pas arpon, close (o 1% of L Bverything clse in
the atmosphere tezether mokes up much less
than 1% of it. Muaterdals cycele through the
wtinosphiere s they do Beonph other untual
penepvnbin, One e spenk of e peslilenee
s ol pses or printicles T the atmosphere
Just ns one enn dinenss
chemlents T the ocenn, Contlnnous pn Hmlm-
ndds various  combustion products o (he
ntmospheie, which are all undesitnbie both i
the near- and long-terms (Montgomery, 1995;
Ferpusson, 1982; Garrels ef al, 1975, Graedal
of al . T9RG: Lirpmann and Schlesinger, 197,
Newell, 1971 Merkins, 19745 Hodges, 1976).

Carbon Gas
Aparl from  the Tact that  carbon
dinxdde (Coy) pos 19 n conslituent ol the

penetle natural gas ng we know I, continuous:

Maring — of  ossocioled  gos  releases o
disproportionnte amount ol - earbor - dioxide
(Cuy) gas into the atmosphere, Carbon dioxide

realidenie et 0l

i= nol pencially reparded as o pollutant per se.
Some fs mntuwrally present in the atmosphere, I is
essenlial Lo the dife eycles of phnts, and it is not
unhealthiul to lnnmans especially in the moderate
concentrations in which it oceurs. 1Cis o natural end
product ol the complete combustion of carbon-
bearing fuels:

¢ W 0, = o, (1)

Cathon Oxypen Carbon dioxide i
As such, carthon dioxide is continuously

added 1o the  atmosphere  through  fossil  Tuel

burning, 05 well as-hy natural processes, including,

respiration by all oxygen-breathing orpanisms. At

one lime, it was beliceved that natural peochemical :

processes  would  keep the  atmospheric carbon -

dioxide Tevel constant, that the oceans would serve i )

as a "sink" in which any temporary exeess viould

dissolve 10 make, ultimately, more cntlmrnl'_,

scdiments. 1 is now known that this is not e,

Almospheric ‘enrhon dioxide’ levels have incrensed

maore than 15% in the Inst century beeause ol heavy

fossil fuel combustion (gas Naring amongst) and ns

estimalted 30 billion tons of anthropogenic carbon

dinxide are alded to the atmosphere each year

(Montgeinery, 1995). The principal conceni is thal

the incrensed earbon dioxide concentration cause

increased  preenhouse-elfeet  heating of  the

atmosphere. — Consequent — potentinlly —harmful

impacts on global climate and civilization include . ;

aceelerated- melting of global ice sheets (with s ¥

altendant sea-level rise) and additional pressure on

world npriculture due to heat and drought (Post ef

al, 1990 Infte, 19755 Fergusson, 19825 CGraedal ef

al., 19806).

S TP S —

Sulphur Gases

The principal sulphur goas plmlm.c (hlrmu
pos (aving is sulphur dioxide 150,), This goa s .
lso relensed during the relinivg of petroleum, Cng e
faring is not the principal sonree of 50 beeause a0
preater percentape of the annual ditcharpe of §0 S0
Potes (e tonosphers comen o cond embisthon s o
fnetorfes nd power penerating plants, Salphor &
ol coneentonthon b e pimesphene b Inbndeal
o healthy plant ke development, I Inboratory 340
experdments, root weiphty aehieved by radishes (n ks
kind of vepetnble) dosed with sulpbur dioxide pas
for one 1o two days were lower by 90% comparcd
to untreated plants, depending on the ape of 1|1(:|,1
freesed  piants ol the  time o exposure g,
(Montgomery, 1995). Within a few days of s,y
release into the atmosphere, sulphur dioxide rencls o
with water vapour and oxygen in the atmosphere to g -
form sulphuric acid (11;504). which is a strong and -

hll-hlr corrosive acld, Much of this is M.nvvng,cd 1Y i ]
cout the atmosphere In the form ol neld ein oy o0 |

contribute o acld ronofT, As long as il renning n 0
the nir, sulphurie acid I8 severely brritating o lunu g t
and eyes (Turk, 19R3; Scinleld, 1989; l{nl)llmm"

b
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mul'l{'uhhiu-:. 1975: P'erking, 1970 Newell,
1971y Fergnsson, 1982: Cirnetdnl ef ol , 1980;
Lippmann and Schlesinper: 1979: Garrels ef
al . 1075 Hodpes, 1976).

Nitropea Gnses

Cin e ntmosphere is complex, Sinee nitrogen
wndoxypen are by far the most abundant
clements in air, it'is nol strprising that, al (he
hiph temperntures  Tound in- enpines and
furnnces, they react to form nitropen oxide
compounds: (principally - NO- and - NO3).,
Nilrogen monoxide (NO) can acl somewhal
like carbon monoxide in the bloodstream (ie.
by replacing oxypen in the hacmoglobin of
hlood cellg), though U rarcly renches toxie
levels. In time, it reacts with oxygen to make
pittopen dioxide  (MO;). Nitropen dinxide
reacts will water vapour ia nir lo make nitrie
peid (1INOyY), which is both as iritanl and
coprasive, Flaving of natwral pas adds
several tons ol nitrogen dioxide to the air each
year and this is less than 10 pereent of the
nitropen dioxide estimated to he produced by
naturnl - biolopical  actions,  However,  masl
athropogenic nitropen dioxide production is
sronply — concentrated —in wban - and
industrinlized areas and” may create serious
problems in those dreas (Fergusson, 19823
Graedal er ol 1986; Garrels et al, 1975;
Hodges, 1976; Montgomery, 1995),

The most damaging effeet of nitrogen
dioxlde is Its role in the  production of
phatochemical smog, sometimes also called
"Los Angeles smog”, aller one cily where il is
comnon, Key Tactors i the formation of
photochemical smog, are high concentrations of
nittopgen oxides and strong sunlight. Dozens of
chemienl reactions may be nvolved, both the
criticnl one involving sunlipht is the breakup o
nittopen dindde (H7H) o produce nitiopen
monosdde (HO) e Tree oxypen atom, which
renete with the common oxypen molecnle (04)
1o moke ozone (O, Ozone ¥ momewhnl
wansunl moleenle mnde up ol three oxypen
atoms bonded  topether  (Rowbkand, 1989,
Cicerone, 1987). Ozone is n strong lritant (o
fungs. especinlly dangerous to those with Tung
ailments or those who are exercising and
breathing hard in the polluted air. Significant
adverse medical ellzets can result from vzone
concentration below Tppm. Ozone also inhilits
photosynthesis in piants (Montgomery, 1995).
‘The dual reguirement of nitropen dioxide plis
sunlight to produce ozone al grommd Jevel
explaing why "ozone aleris” are more ofter
beondeast in cities with heavy traffic, and
auring particularly hot weather, when sunshine

“a abundant and strong. 1t is truly regrettable

« The peochemistry of nitropen” oxides -

that Niperin's envitonmental monitoring apency has
nol ndvanced 1o the point of broadensting, sueh
alerts locally,

Other Pollutants :

Volatile,  tasily  vapguiized  organic
compounds  (penerally  termed VOCUs,  volatile
organic compounds) are a major components of the
i pnu:ninn resulting from the associated Haring of
nalurei pas. This is in (he sense it activities (hat
transport pas (o the are boom may also involve
the release of a varicly o orpganies including
wnburned hydrocarbons (could well e c:rnpiué
pas). Fach year hundieds ol thousands of fonnes off
VOCs lenk into the atmosphere worldwide when
ioading  shuttle  tankers  ollshore  (Offshore
Engineer, 2004). Unburned hydrocarbuis are nol
themselves hiphly toxic. but they play o mle in the
formation of photochemical smog, and may react o
form other compounds that frritate eyes anddungs. |

Climale t.'imuuc ffect  of  Alr
Resulling from Gas Flaring ;

Air pollution con alTecl weather in wims
ol reducing visibility, modilying air lempernane,
making rin more acidic and causing. o ol
increase in the amountsol rainfall that a particuiar
aren experiences. This is particularly true when
particulates are part of the pollution, Waler vapour
in the wir condenses most readily when it hos
something lo condense on, This is the principle
nchind clond seeding: fine, solid, crystals are
spread (hrough wel nir, and waler droplets form on
and around  these seed  erystals.  Particulnle
pollutants (e sool, smoke, and. nsh from fossil
fuel combination; dust released durjng industrial
processes and other solids from accidental and
deliberate burning of vepetation) can perform a
similar Tunction.  Air  pollution  problems  arc,

"ohution

naturally more severe. when air is slagnant and

pollutants are confined. This coan be of parlicular
concermn b densely populated cities like Waert and
Poat Tlreomt awhera onshorg® ol explofintlon
petivities hnve been poing on Tor severnl deendes,
These  oltlen  esperience partienlmly — bumid
conditions most ol the year, et us now congider
two  atmospherie  conditions ol particular
significance ns concerns weather,

‘I'he Phenomenon of Thermal Inversion
Thermal  inversion  is  a particular
atmospheric condition that can contribute to ncule
air pollution episode. Within the lower atmosphere,
air lempernture normally  decreases as nltitude
increases. In a thermal inversion, there is a zone of
relatively watmer air ot some distance above the

" ground. That is, going upward from the carth's

surfoce, temperature deerease for a time, then
increase in (he warmer layer (i.e. inversion of

normal patlern), and then ultimately continue to
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decrense at still higher altitides. Inversions
may become established in o variely of ways.
Warmer -nir moving in over an arca at high
altitude may move over colder air close to the
pround,  thus; creating an inversion. . Rapid
eooling of near-surface air on a clear, calm
night. may alsd lead to a thermal inversion.
~ Mbst air pollutants, as they are releascd, are
warmer (han the surfounding, air. Warm air is
less dense than colder air, so ofdinarily, warm
pollutant pases rise and keep rising and being
dispersed  throngh  propressively  cooler  air
above. When a thermai inversion exists, a
warm-air layer becomes settled over a cooler
layer, The warm pollutant pases rise only until
they reach the warm-nir layer. At that point,
the pollutants are no lonpzr less dense than the
air nbove, so they stop rising. They are
celfectively trapped close to the ground ana
simply Evild” up in the near surface  air
(Montpomery, 1995). Sometimes, the
cold/warm air .hnundm'y is so sharp (hat il is
visible as a planar surface nbhove the polluted
zone,  nfnel, M. . Usman  (personal
communication) pointed out such a planar
sirface is a common sight over Dosso town,
Minna, a5 you approagh from the Ahmadu
Nahapo Secondary Sehool-Randan Ruwa axis,
Ie further remarked that pollution arising from
thermal inversion can be worsened by (he
aforementioned inversion ol the usual pattern
of tlemperature gradient (verlieal component),
and an clTeet that is exerechated in the absence
of n dilferentinl pressure in the air mass
enveloping an area (horizontnl component). 1
n pressure dilference exists in any air mass,
warm pollutant gases that would  otherwise
nccumulale over a cooler air mass  below
would be blown mway quickly.

We have just considered how the
phenomenon of  thermal  inversion can
concentiale pollutants more strongly over any
phven meen. Weonre then Justitled by expressig
prent Brepldation nbont the health Im/rulf'. ln
the population o cltles in the vieiflty of
winton g {laring (that ling been poing, on
ntmost uninterrapted for deendes now: Wi,
Port-UHnrcomt, mnd Eket should he consldered
in this regard, oo, Any environmental sclentist
knows that every one of the half-dozen major
acule air-pollution cpisodes in the last century
has been associoled with a thermal inversion,
as  have many milder ones. We  must
acknowledge that these major air pollution
episodes are the documented ones and thus we
infer that the last statement relers to pollution
cnses in developed and induatrinlised countries

_since proper ehvironmental record-keeping as
an art has not fully developed in Nigeria yet.
While the culprits for major pollution disasters

in the developed world nre surciy exhaust gascs
srom automobiles (combustion of fossil Tuels) and
factorics (also combustion of fossil fucls), any
major environmental dizaster linked to pollution in
any of our major citics most surely come from
(Taring ol associated gas. We say this beeause the
per capila vehicle  ownershw  and  industrial
actid icls in any of Nigerian major cities are very
much less that those of the devenped countrics.
Inversion can persist Tor 2 week o fonger once

established, beenuse the denser, coldg nir near the -

pround does not tend to rise through te lighter,
warmer air above,

The incidence or vccurrence of thermal
inversion means that pollulant gases are nolnlown
away as [fast ns (hey are produced. Cyiain
pollutants —in  combination  with* atmosplvric
muisture yicld acidic precipitation (Graves, 193y,
The obnoxious incidence of acid rainfall at Orm
towwvn (Near Porl-llarcourl) is evidence of the
occurrence of thermal inversion in a city plagucd
with gas faring like Port-llarcourt. The principal
author has stayed for somelime al ‘Onne and onc
basic health rule here is: "Never, ever drink
rainwaler!" This is, shocking hecause  nearly
everywhere all.over Niperia, rainwaler source is
surcly the one to be trusted because most other
sources are questionable. ‘

The Phenomenon of Acid Rain

Acidity is repotted on the pli scale. The
pll of a solution is inversely proportional to the
hvdrogen-lon (11') concenteation. In the' solution,
Neutral liquids, such as pure walter, have a pll of 7,
Acid substance have pll values less than 7; alkaline
solutions, like solutions of ammonia, have pll
values greater than 7. All natural precipitation is

aclually somewhal acidic as a result of solution of

pases (lor instance, C0,) that make acids (such ns
carhonic acid 11,C0,). Acid rain, then, is rain tnt
is more acidic than normal. While many gases in
the air coptribute to the acidity of rain, diseussinng
ot neld vl Toens on the sulphor gases that reael Lo
form ntmospherke sulphorle neld (Craves, 1980;
Muontgomery, 1995),

Acid b enn contaminale waler supplies,
stuntor kil plants and - nodmnls, ond - damngpe
structares throuph it eorrosive effeets, Acld 1ain
can be a source of groundwater pollution beenuse

many toxic melals and olher substances are more

soluble in acidic water. Acidic water more readily
leaches  potentially  toxic melals  from  soils,
Gransferring  them  to surface or  groundwater
supplics, and reduces the eapacity ol soils o
neutralize further ndditions of acids. Acid waler
leaching nutrients from lnke-bottom sediments may
contribute to algal bloom. Though its source s air
pollution, its consequences thus include waler
nollation (Mohmen, 1988; Schindler, 1988). Melals
that may be linked to acid include mercury, lead,

Zuma Jaurnal of Pure and Applicd Sciences 7(1) 2005
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zine, selenium, copper angd nhimingm, The
accumulatjve Propertics vi (he heavy metals in
lurn f.ﬂl'.‘il_' concerns oy toxic levels i lish
nnd CONSEquen| rigks to humans ang other fis)
cnlcrs‘(l).'wics, L983). “These are ol particylyy
concern- 1o tiverine Communities p1 coasty|

JAowns cilies of Nizcrin where one form of

“subsistence or anollier (he i apriculturgl o
liShing) is q mainstay in (e iWves of (he greatey
Pereentage of the Nopulation, :

Conclusion ang lh_'cnmuwud:ntinn
Henefiny Rerivahle From Planned Zop: Flaring
of Associated Cos

‘ Nased o the lhr('j_:nr'n;_z cfir:cus"-inu. il
is Cisy to see that zefo Taning ol associnged pns
would ranslage v n cleancr g healthier
cn\*imlrrntuf, more aceepinhle weather, gyl
alove all he long-term benefits of Lood health
that the Popnlation already burdened by (his
menace woyly enjoy. Pollution AriEINgE from
BAS [aring can pe costly in healin lerms: thig
can resilt in sizeqhle Costs in illness, metlien|
expenses, absentecism, and Josg nl"p:mitu'linn.
In Nigeria gl these nre somewhat harder (o
quantity  beenyge we  lack gy elfective
monitoring SyYstem to determine what is heing:
exereehivd ns g pesyl of the effect of zeneral
air pohiiion arising from q varicty of Sources,
principal of which are aclivities (1 enennrape
Bas Maring,

ihe healy impacts of yir pollution
can be manifested iy nmyrind or Ways: when
combustion prodyets level in (he almosphere |y
lermed “hazardous means it premature
death of the )| and elderly ey nceur quite
easily. Also healthy Peopie wif| experience
ndverse Symptoms iy nlfeet hejr norma|
fnelivity, A health ¢ffeet deseriptor of "very
healthfig» indicares signilican Aepravation of
SYmploms angd decrensed exercise tolerance iy,
PEISONS with  heart o I disease, i)
widespreq| symptoms  jy e healthy
Populintion. “Unbeatl e PEOCEES oy
il npeptnvatlon or AU ATLTTE TR hle
Persons, il initmtlon mptoma e gl
henlthy Population (1.8 Environmena|
Molection Apency, 1980y, wy recopnize
herein (hy the  Federn Hoversnment g
eneonurnpe our gy Envirdnmenta) Froleetiog
Agency (EPA) 10 be stuch  an Cllective
Watchdog on (he quality of the air we breathe,
one on par ang g parallel to whar NAFDAC is
o Tood nny drug quality,

Onour pan Ve would  gue
conlributed our syl measure (q halting the
trend of global warming i we (ake positive
mensures drustically eyl oy CO; emission
by adopling (he planned zero Naring molicy 1o
s full essenee, One possible consequence of

elobal warming (j e changes in plabal precipitation
Patterns) couly CASe s0me arig lands 10 become
dryer sl making  them deserts incapable of
Supporting much Plant or animal lile. As was
pointed out jn e "imrmhrclinn"-srcli(m Nigeria
needs to optiize its annua| s production g (his
IS required (o be  effective leedstock  for the
nlirlcrcnl_l.N(i trains, Finally Kot (2004) Iing
pniulul"’hl[_llm[ installation of 5 lare pas recovery
System cosls mywhere between NI30m (o N520m,
with the system p'nyin;; for itscl[ in two 1p Tour
Years lime, One jusi wonderg why e Bovernment
hadn'y thougy ol'this much carlicr on,
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