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ABSTRACT
The current envir onn.eut(u predicament has two recognizable
components natural pollution and pollution problems due to
Justy ol Soeksirad pollition 1 enomena iivorve Bian- - de
organic chemicals such as pesticides, plastics and other synthc ‘ics
that persist and degrade slowly. Man is responsible for introducing
liydrocarboit and heavy metals at problem levels into the environmcnt.
The principles that govern the distribution and effect of some of these
pollutants in the environment show similarities regardless of the origin
of the pollutaii. Using experiviental and complex mathematical
models, it is possible to sim:ate the affected ecosystem. This requires
the developments of a framzwork jor the understanding ecosystem
functions.  This paper seeks to illustrate the models developed for
environmental risk analysis of petrolewm production effluent and
pesticides with a view to predicting their behaviowr and the
consequences of their output into the ecosystem and environment.
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1.0 INTRODUCTION

Human activities, in recent times, have resulted in the iclease
of a variety of environmental pollutants into our environment. Suci
human activities may range from industrial activities like crude oil
production to agricultural activities like pesticide production and
application. The ultimate is the accumulation and subsequent exposure
of man to such concentrations of the pollutants that can cause serious
environmental risks. The characterization of the probability of
potentially adverse health effects from human exposures to
environmental hazards constitutes risk assessment (NAS. 1983).

The principles that govern the distribution and fate of some of
these environmental pollutants in the ccosphere show similarities
regardless of the origin of the pollutants (Atlas and Bartha 1998).
The environmental fate, risk / hazard and subsequent bchaviour of
the environmental pollutants can therefore be successfully modeled.
Moadels of ecosystems are simpler than real ecosystems: to be useful
though, n.odels must accurately reflect real systems.

The. » ape tyra mijor apprene s 10 eonsystamns ireaelling:
(1) Lxperimental approach to ecosystem modclinig. altempt 1o

simplify an<! simulate real ecosystems, or subsystems within
complex ecosystems, by limiting the numbers of variables being
examined and by controlling environmental conditions. The
insights obtained by the use of such simplified models are
nrotccted to the complex natural ecosystems.

1) Nathematical approach to ecosystems modeling may analyze
results of cxperimental models or actual ficld studics in an
avempt 1o explain the data and interrelationship within the
systemss by predictable mathematical formulae. This approach
also may examine theoretical aspects of functioning within
ccosystems and project the expected results, with later
verification by ficld or experimental obscrvations (Atlas and
Paviha, 1998).

T'here is paucity ol information on evaluating cavironmental

vichos ovisiing from vast hunean activities in reeent times. This paper s

A — —— ...
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aimed at evaluating the environmental risks of petroleum piuduction
eftluent (PPE) and pesticides using a tested and verified mode]
developed by the authors.

2.0 IHUMAN HEALTH RISKS FROM PETROLEUM

PRODUCTION EFFLUENT (PPE).

Environmental contamination from PPE and pctroleum
hydrocarbon has become an important human and environmental health
issues in the United States of America over the last two decades
(Kostecki and Calabrese, 1990). Yet this contaminaticn has probably
occurred globally since the increased production and use of petroleum
became widespread during the last decade (Sullivan, 1991). The
situation is worse in Nigeria considering the complete dependence of
the Nigerian economy on petroleum production activities. Potentials
exist for humans to be exposed to petroleum constituents in the
environment through various pathways. Potential pathways of
exposure to petroleum hyvdrocarbon in the environment depend on
e ent . awent, typ or toud, petroleumn type and pelssioum
constituents presents (Sullivan, et a/. 1990).

Potential human exposures to petroleum in the environment
can be evaluated through the use of forimal quantitative risk asscssment
(QRA). This method incorporates information about the toxicity of
the petroleum and its constituents, the environmental behaviour of
incse agents to cvaluate the possible health risks to humans exnosed
‘o petroleu ty thie cnvironment.

Cuoaac oil is the naturally occurring liquid phase of petroieum.
Natural crude oil seeps are common in regions of petroleum — bearing
formations. This natural contamination may result in human exposures
to crude oil and subsequent associated health risk. Health risks
associated with exposures resulting from accidental releascs of
chemical into the environment are referred to as additional or
incremental risks. QRAs are used to evaluate incremerntal healih risk
(rom accidental releases of petrolewm products into the environment
(Sullivan, 1991),
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2.1 Use of Quantitative Risk Assessment (QRA)

Petroleum Exploration and Production companies use formal
health — based risk assessmcit for a nuimber of reasons, including the
need to understand risks and to prioritize the remediation and
prevention of risk.

According to Sullivan (1991), the QRA internally provides
information that can answer a variety of internal questions. For
example, how can one company with multiple sites contaminated with
variety of chentical prioritize remediation alternatives? How can a
remediation of chemical contaminants that pose the highest risk to
the exposed population be handled? How can a company develop a
structured environmental programme to remedy each of those sites
when the given fiscal reality does not permit remediation of all sites in
a given time? Companies therefore, can use QRA to prioritize the
sitcs and clean up the most risky sites first. QRA can also be used to
prioritize the remediation within a given site. The chemical with the
highest concentration may not be the chemical with the highest risk.
Uive of OR A wiilidn a siic allows. fizst, for the remediati- o of chemieal
contaminant that posed the highest rish to the expe. I population
with subscquent remediation of the remaining chemical contaminanis
having lower risk (Sullivan et @/, 1990).

Externally, QRA is used in a variety of situations, including
regulatory responses and dealings with the public and media. QRA
can provide alternative contamination levels or remediation goals at a
civen site and can be used to convey the conditions at the site to the

public and media. QRA is a scientifically defensible nocument. brs 3
on the best and most current understanding of the toxicly ana e pomire
data base that provide a logical documented transition from site -
specific exposure and toxicity data to the estimatea risk. As a Jegal
document, QRA is used in lability cases and in the defense of product
liability suits, amongst others (Sullivan, 1991).

el ¢ omprients of Quantitntive Rivk Assoasnent

The principle of risk assessment, according to Se'van ( V99 | Bend e
stmmed up as:

[ e
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tlazard x Exposure = Risk.
tazard is a measure ¢f the chemical toxicity; exposure is a
measure ¢f ihc dose betng received by the population: while visl; i<
the probability that an adverse eftcet will occur in the exposed
population.

Risk assessment process is usually divided into four steps:

(a) Hazard identification,
(b) Dosc - response asscssment,
(¢) Exposure asscssment, and

(d) Risk characterization (NAS, 1985; USEPA, 1986b)
Hazard identification is a qualitative review of relevant
biological and chemical information to determine whether expesure

to an agent may pose a hazard or increase the incidence ot a health’

condition or effect (cancer, birth defects, etc) (NAS, 1985; USEPA,
19806a). Also available information is melded into a weight of evidence
determination. Often in this sten, indicator or candidate chemicals
will be chosen from contaminanis present at the site.

r.\',(()rr!'ili‘. !.r' [Q‘.,‘_!;n- s |()L,'|"’\
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determined by reviewing: .

(1) the list of chemicals present at the cite,

(11) the matrix in which those chemicals exist,

(ii)  the oppoitunity for receptor exposure (based on environmental
mobility), and

(iv)  the toxicity ofthe clicmieals,

Chenmieals having the greatest potential for causing an adverse
elfect in receptors would be chosen as Laicator chemicals. The logic
is that the chenicals that pose2 less risk and have similar environmental
fates would be remcedicd =long with the indicator chemicals. It is
possible that a given chemical may be present in high concentrations
but not be mobile in the environment, resulting in low ¢xposure and
toxicity and thercfore Iow potential for harm. A QRA would identify
the second chemical as o condidate chenieal.

The toxicity ef complex inorganic/organic chemical nuxtures
file crude otl can be « o uated by vesiigation of the whole mixture

PO
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or its individual components. For example, the toxicity of NO_ from
oil has been cvaiuated with component toxicity (Kostecki and
Calabrese, 1990). In the case of crude oil, information is availablc on
both whole crude oil and components toxicity. Component toxicity
has been analyzed for both distillate fractions (i. e. those chemical
components that separate from the crude during distillation within a
set temperature range) and for individual components (e.g. polynuclear
aromatic hydrocarbons). Animal and human toxicity to crude oil is
‘evaluated with both crude oil and composite-toxicity information. In
addition to the toxicity information considered, chemical and physical
properties and environmental fate. Both of which aftect the toxicity
of crude oil, sheuld tc reviewed.

Dose-response assessment characterizes the relationship
between the dose of agent and the incidence of adverse health effects
in exposed populations (NAS, 1985). The result of this assessment is
a probability estimate of the incidence of the adverse effect as a function
of human exposure to the chemical. Two endpoints are eval' “ted

o waiely: carsinggeni: ey Fea-carcinoge..” . STl
An allowable exposure level called the reference dose models
“human exposuie to'carcinogenic chemicals. The reference dose is, the
maximum daily dose of chemical to which a human may be exposed
and not be adversely affected and in most cases, is based on non —
toxic exposure levels in animals extrapolated to humans with safety
factors. This method assumes that these exposures have a threshold;
i.e. some exposure level exists below which an adverse effect will not
occur in the exposed individual (Suliivan, 1991). Human exposure to
~carcinogenic chemicals is modeled mathematically with either animal
or, when available, human data. Often these models predict a no-
threshold, linear dose-response curve that passes through the origin
(1.e. atheoretical risk exist at all exposure levels). According to United
States Environmental Protection Agency (USEPA. 1986a) and the
National Research Council (NAS, 1985), the dosc—tesponse estimate
shouid be destribe and justify the metheds of extrapolation used to
predict incidence and shouid also describe the uncertainty inherent in
these methods.
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Exp-sure assessinicnt measures or estimates the magnitude,
duration, tirning and route of exposure, the size and nature of the
population: exposcd, and the uncertaintics in all estimates. "Tie goal
is to estimate accurately both the dose of the chemical reaciing the
target tissue in the receptor (target dose). Human exposuces are
reported as maximum daily doses (MDD) for carcinogens (Sullivan,
1991).

Three routes of exposure are typically investigated in QRA:
ingestion, inhalation and dermal absorption. Receptor populations do
not have to be humans. USEPA (1986b) have been involved in many
QRA where both humans and wildlife were exposed populations. For
some chemicals, wildlife exposures were higher than human exposures,
and compared with human risk, the risk to wildlife was the limiting
factor in assessment,

Environmental exposure to crude oil and/or its components
may have occurred through all three exposure routes. Human may be
exposed by inhaling the volatile organic contained in the lower—boiling
soint fractions evnaci .t resul! in inbalabon expesers neless
contaminated soil becc.ne airborne as dust. Exposure to heavier
fractions typically occurs through ingestion of and dermal contact
with:

(1) soil containing crude oil residue, or
(i) . pure crade oil (Sullivan, 1991).

Risk assessment calculations can be performed in severa: vvays.
First, the risk from a given activity and exposure may be calculated
and compared to a deminimus risk. Second, beginning with a given
acceptable risk level, the exposure associated with that risk and the
chemical concentration that would have to be present at the site to
result in that exposure level can be calculated. Finally, some paraimeter
of the exposure assessment can be estimated if an acceptabl: risk
level and contaminant concentrations are known. For example, the
percentage of a chemical that would be allowed to migrate ol site
and not exceed a given risk level in the exposed populations ¢ai be
cstimated. In all these assessments, the uncertainties and assumy-t:ons
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associated with them need to be presented to provide the public with
an understanding of their limitations (Sullivan, 1991).

Although QRA provides health—-based information to those
making environmental decisions, there are limitations associated with
performing a QRA. It is important that the effect of the QRA address
these limitations in terms of the effect of the risk estimates. A few of
the limitations encountered in QRA on crude oil are discussed.

According to Sullivan (1991), data limitations (divided into
toxicity and exposure categories) associated with crude oil QRA often
exist. Currently, data on the toxicity of crude oil as a substance are
limited. Crude oil and other petroleum streams are evaluated as
mixtures of toxicologically active compound i.e. as having effects equal
to the summation of the effects of the individual compounds. This
conservation assumption generally over estimates toxicity because it
ignores the matrix effects of these mixtures.

Also, limited exposure data affect the calculation of the dose

received by the population. Because the exposure assessment has
- muitisle comnenents, data limitations may exist in many places;Some
common limitations include exposure — point concentrations when
migration from the source must be modeled, exposure parameters (i.
e. Amount of soil that contacts the skin each day), and the amount of
compound absorbed into the body. When data are not available.
Conservative estimates are used, resulting in over — estimated human
risk.

Another impediment to the successful completion and use of
QRA on crude oil is that th< projects can be large and therefore costly.
which before is viewed as negative by the parties commissioning the
QRA. When QRA is fully documented and referenced, however, they
can provide a valuable evaluation of the potential health risks that can
be used to control current and future liability (Sullivan, 1991).

3.0 HEALTH RISK FROM PESTICIDES
The success of modern agricultural crop and forestry
roducticn was reported by (Pell ¢ @l 1998) to be fargely dependent
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on the use of chemicals (pesticides) to control various pest and weeds.
The use ofthese pesticides has been on the increase and yielded good
results but potential environmental hazards culminating from pesticide
use is nnminent where no efficient monitoring systems exists. These
pesticides are designed to affect only specitic target organisms or
processes but most of them are know to have general toxic cffects,
causing interactions with the biological soil ecosystem.

Pesticides entering the soil will not always remain there.
Rundgren et al (1998) rerorts that owing to sorption/desorption
- phenomenon they may be fnnspoxtcd transformed or not, through
the soil profile and finally appcar in surface waters and groundwater.
The environmental fate of pesticides and other chemicals in soil is
viewed with great concern today due to the problems that are resulting
from use mobile and persistent molecules- such as deterioration of
surface water and groundwater quality (Hall, 1998; Richard and Baker,
1993; Lunbergh et al; 1995). Bergstrom and Stenstrom (1998)
reported that wh »n peticides are applied on fi=ld, thev cai meet a
variety oI iates, some may be lost to the atimosphere through
volatllxzatlon and others are carried away by surface run-off or are
photodegladed by sunlight. Chemicals use in agriculture have been
found to contaminate soil and water and that their resistaiice to
biodegradation can lead to their accumulation to toxic levels Dzyadevic
et al (1998) stdtes that crops grown on polluted soils concentrate
these compounds in their tissues, creating greater hazard humans and -
animals. The pesticide residues penetrate via the food chain into
products consumed by humans and livestock and cause various discases
because many pesticides are carcinogenic.

Forges (1989) has recorded the incidence of pesticide-rclated
health problems to be 13 times higher in the third world than in the
industrialized countries. Stewart (1996) reported that the use of
pesticides and contaminated drinking water were ranked as the number
one cause of health problein by 27% of farmers in Egypt. Thirt- tive
percent of the farmers reported knowing of cases in wlnch ar.iimals
died as a result of pcst1c1de poisoning.
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3.1 Envirenmental Risk Analysis of Pesticides
Conway (1982) states that eovironmeniai risk anulysis is the

precess of making predictions of where in the enviromment a pesticide

is transported, the rate of transportation, degree of fens{ormaton
and the effect of pesticides on organisms and environmiental processes
at ambient levels. 1t is also reported that the establishiment of risks is
done by first using simple screening tests to guide ¢ocision Laving
small potential impact and then applying tests of increasing complexity
and accuracy as decisions having large impact ave eaciied {he
purstiance of process changes in pesticide mumufaciuring using o ew
cperation while construction of a manulacturing plant wid jaree
environmental impact potential, at a site are reported by Conway

(1932), to constitute early decisions to be made. The assessment of

tisk according to Sanders (1979) involves an evaluation of both

scicntific data and the social, economic and political factor that must
be considered in reaching an ultimate decision -u the prohibition.

control or managenient of chemical (pesticides) i the enviror .

Db teodes el s o operation or oGt T G

ol the probability and intensity of beneficial eltects as stated Yw Danicl

(1978). The tinal decision making involves the scicntific measuicimneint

ol risk and then political judgement of the acceptability of (he risk in

view of the benefits {rom the operation (Conway, 1982)

Four major approaches to cnvironmental risk analysis of
pesticide can be outlined as follows:

(1) The model ecosystems (Microcosim) — This involves the
constiuction of a physical model of a given environmental
situation with the application of a pesticide and observation
the tatc and effects of the pesticides.

(i) The Stochastic - Statistical approach — This involves obtaining
larac amounts of data under various conditions and establishing
correlation between pesticides input, its observed
concentraticns and 1its ceffect in various environinental

G
L)
-3,

T

CeneenTiants,
(1) The baseiine approach = This approach relies on it prior il
characterization i pesticides as Lo transport, persistence and

- e
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(iv)

3.2

e

effects in the soil environment. When screening tests are carrieq
out with new pesticides understudy, the results obtained are-

compared with those of the baseline/constituents and a decision
made as to probability and severity of acdverse effect.

The deterministic approach — This involves the use of a simple
mathematical model to describe the rates of individua|.
transformations and transports of the pesticide in the

environment. an estimate of Expected Environmental
Concentration (EEC) is obtained from the study of only
dominant mechanisms. The use if indicator organisms or

microbial processes for determination of pest1c1de toxicity is
also carried out.

Screening the Ecological Impact of Pollutants
The various analyses that can be cmployed in the screening of

ccological impact of pollutants in the environmental include:

(1)

(1D

Chemical fate

o) Transnert— (i) Biclogical assiurlaiion, leac lmbx!.iy
(i1) Volatility
(b) Persistence — (1) Biodegradation (using CO, respiration)

(i1) Chemical degradation
(a) Oxidation,
(b) Hydrolysis,
(c) Photochemical transformation on
soil surface.
rcological fiects
(a) Microbial effects — (1) N — mineralization
(11) Nitrification
(ii1) Phospholipid fatty acid
composition in soil

(b) Plants c¢ffects - (1) Seed germination and carly
growth
(¢) Animal effcets - (1) Fish acute toxicity

(11) Fish bioconcentration/
bioaccumulation test

|

{
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The screening test can provide a basis for yes—no decisions regarding
likely fate of the pollutant in the various compartments without
constructing a mathematical model.

3.3  Modelling for Distribution of Pollutants in the Soil
wn A model for estimating the compartment (air, water, sediment,
and fish) distribution of materials was described by Neely (1979) as
reported by Conway (1982). Donagian and Rao (1986) reported that
models are used to analyze the behaviour of an environmental system
under both current (or past) conditions and anticipated (or future)
conditions. Mathematical model provides a tool for integrating -
degradation and partitioning processes with site/soil-and wastes—
specific characterization. This can be used to predict the behaviour of
organic constituents in a contaminated soil and for predicting the
pathways of migration through the contaminated area, and therefore
pathways of exposure to humans and to the environment (bum et ul
. 1989). Models may also be used to approximate and estimate the
rates #1.d extent of treatment that may be cxpected 4t the ficla scale
under varying conditions. Modelling allows for the determination of
contaminant requirements for pollutants of interest at the site.
The Compartmental model for distribution of pollutants in the

soil environment can be described or represented as shown (Fig. 1.0)
below: |

Iil I|<0 Where:
SOIL
l l K, = Input
K b - K. = Volatilization
3 Bacteria l
K ﬁOTA KK, = Degradation
: l K, = Biota uptake
K, I K, = Biota Flcalh
¥ I, = Leaching

Grroundwater I ,

Fig. 1.0: Compartmental model showing {ire moveinent and
distribution of pesticides in the soil cnvironment,
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I'he following cquation has been developed trom the above mom ’
nlOLlthdllO'\ vrom Branson (1978).
g B = G~ AP~ O B~ K, BP, » K, BP, — K YP, |
Jdt
Where : ,
oy = Concentration of gctive bacteria in soil
Py = Pesticide concentration in soil
K = Rate constants i
A = Surface area of soil i
B = Mass of bacteria
P = Pesticides concentration in soil biota
\Y = Voluine of groundwater
P = Pestictde concentration in ground water

A critical and cost — effective use of modeling is in the analysig
of proposed or alternative future conditions, i.e. the model is used ag
a management or-decision making tool to help answer “what if” type
auestions (Donac+ .-ard Rao, 1986). Results of modelling. acecrding

o Sums ef al. (1Yo2) can aid in the identification ot constiluents that
wnll reqgtite treatment in the air (volatile) phase, in the leachate phase 1
and in the sclid (soil) phase.

3.4  Institution and Legal Framework for Posticide
Management
Sound pesticide management requires availability of 1ellable

information and an accurate database with respect to type, nature,
quantities of imports. cxports, usage and effects of pesticide within
the country. In Nigeria, environmental protection is the concern of all
tiers of government and the Ministries and Agencies involved in
protecting the environment from pesticide induced risk include:

(a) Federal Environment Protection Agency, FEPA (now Federal
Ministry of Environment, FMENV.) - charged with the
responsibility of regulating all classes of pesticides.

(b) National Agency for Food, Drug Administration and Control
(NAFDAC) - responsible for the determination and
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management of pesticides risks in relation to goods, humans
and animals.

The factory Inspectorate Division of the Federal Ministry of
Labour and Productivity — responsible for identifying and
controlling hazards to workers (Adewoye, 1998).

These bodies set up national regulatory/ legal instruments such

FEPA Decree 58 of 1988; Amended by FEPA Decree 59 of 1992

Sections 15, 16, 17, 18, 19, 20 on agrochemical, enacted to achieve
the following objectives: Environmental Protection pollution
abatement and control, human health, enforcement of FEPA
regulations.

Pesticides registration regulation of 1996;

S.I. 15 National Environmental Protection Management of solid
and hazardous wastes) Regulation of 1996;

FEPA Decree 59 of 1992; NAFDAC Decree 15 of 1993 on

. importation of pesticides;

FEPA S.1. 9(1991) NAFDAC Decree 15 of | 993 on production
aitc swoiape of pesticides;
FEPA S. L 9. Of 1991 on transportation of pesticides;
NAFDAC Decree 15 of 1993 on distribution / marketing of
pesticides;
FEPA S.1.9 1991, NAFDAC Decree 15 of 1993 onuse / handling
of pesticides and
FEPA S.1. 15,1991 NAFDAC Decree 15 of 1993 on disposal of
pesticides;
Food and Agricultura! Oreznization (FAO) international code ol
conduct on use/distri'zution of pesticides.

The level of anforcement of these Decrees by government

authority in Nigeria has not been satisfactory due mainly to fimancial
constraints and lack of resources.

4.0

CONCLUSION |
Fluman activitics nave been show to be responsible for the

release of vast environiental pollutants to the environment. During

———
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the second half of the 20™ century man made pollution problems have
become more acute than ever before.

In Nigeria in recent times, petroleum exploration ang
production and agriculture are the two major sectors whose activities
release enormous pollutants into the environment. Humans are exposed
to these pollutants through various pathways. Quantitative risk
assessment (QRA) and models have been used to evaluate the
environmental risks arising from these pollutants.

Modelling has assumed an important role in ecological
investigations. Experimental and mathematical model provide a too]
for developing an understanding of ecosystems function and of the
factors that control the flow of energy and matter through an ecosystem
and that they allow for the development of predictive capability. The
predictive capability developed in such models is especially useful in
proper management of ecosystems. '
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