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Abstract: - Hydrological and chemical data of water bodies are very scarce and the available ones are sparse in
Nigeria compared to other developed countries. AQUATOX model was used in this study to simulate physico-
chemical interactions of water quality parameters in Vimtim stream, Mubi, Adamawa State, Nigeria. Three
months data were input into AQUATOX model for its calibration after which the model was applied for an
extended period of one year. The model was used to predict the behavior and interactions of some biotic and
abiotic variables. The model output result agreed with observed result, which stated that the water quality
parameters monitored were within the acceptable standard. However the one year model prediction recorded a
reduction in catfish production
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l. INTRODUCTION

The increasing worldwide contamination of freshwater systems with thousands of industrial,
agricultural and natural chemical compounds is one of the key environmental problems facing humanity.
Although most of these compounds are present at low concentrations, many of them raise considerable
toxicological concerns, particularly when present as components of complex mixtures. Human inclusions in the
ecosystem by means of wastewater treatment effluents and/or agricultural/fertilization practices are typical
causes for the imbalance of nutrients in the ecosystem. Aquatic environment, as a significant and constituent
part of the whole environment system, receives majority of these pollutants. Hazardous substances released into
the aquatic environment are transported and distributed in complex aquatic environmental components.
Effective environmental management practices for pollution accidents are dependent on the clear understanding
of the environmental fate and ecological risk of chemicals [1]. The conventional methods and technologies for
assessing the environmental fate and ecological risk of chemicals are mainly dependent on chemical analysis
and biological toxicity tests, such as, instrumental detection, single species toxicity tests, multiple-species
toxicity tests, and mesocosm tests [2]. Conventional methods have their inherent virtues such as precision and
credibility, however, performing a large number of these experiments may be inappropriate, because these tests
are laborious, expensive, and time consuming [3]. In contrast to the high cost for multimedia monitoring and
toxicity tests, and the need for rapid forecasting analysis, a comprehensive aquatic ecological system model
would be cost-effective, fast, and a suitable evaluation tool [4,3]. An ecological model, which can be defined as
a simplified representation of a specific ecological system, may be the only option for assessing chemical effects

under circumstances where field experiments cannot be conducted [5].

Some reviews concerning the use of ecological models in ecological risk assessment have been published [6-
10]. Among these models, AQUATOX, developed by Park et al. [11], is one of the relatively few
comprehensive models that have been designed specifically for environmental behaviors and the ecological
impact assessment of pollutants.

Most of Nigeria’s water bodies receive pollutants indiscriminately discharged by industries, runoff
laden with pesticides, inorganic and organic fertilizers used in farming. These pollutants even at low
concentrations may present high risks to the environment. Hence, it is necessary to assess the environmental fate
and aquatic ecological risk of pollutant released into our water bodies by using a simple and effective evaluation
tool for environment management. Conventional measurement has been used in assessing the physio-chemical
interactions of Vimtim stream in Mubi, Adamawa State [12], but the study was for a period of three months.
David et al [12] reported that the water quality parameter of the river were within the recommended standard
[13] and favourable to fish production. However, this was done for a short period and the interaction of other
aquatic variables was not considered. This study, therefore, aimed at validating the comprehensive aquatic
ecological system model; AQUATOX using David et al [12] field result.
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1. METHODOLOGY

Historical data of a study carried out on the water quality condition of Vimtim (Gramta) stream located
in Mubi North Local Government Area, in Adamawa State by David et al. [12] was used to validate the
AQUATOX model. Mubi North has Coordinates: 10°16°N 13°16’E / 10.267°N 13.267°E [14], wind 1.67ms-1,
Elevation: 1867ft. The source of the Vimtim stream is from two mountains located in southern and eastern part
of the community. The stream serves many purposes which include, fishing (the main occupation of the
indigenes), source of irrigation for the surrounding farmlands as well as a source of drinking water for humans
and animals, especially cattle. A number of miscellaneous water users also participate in this value chain. Many
depend on the resources of this water as their main sources of food and family income as a result the water is
subjected to intensive use [12].

2.1 The model

The AQUATOX model is a comprehensive aquatic ecosystem model that predict the environmental
fate and effects of conventional pollutants such as nutrients and toxic chemicals in aquatic ecosystems. The
chemical fate portion of the AQUATOX predicts the partitioning of a chemical into water, sediment, particulate,
and biota. Microbial degradation, biotransformation, photolysis, hydrolysis, and volatilization are also modeled
implicitly in the AQUATOX. The effects portion of the model includes a direct toxic-effect that is used to
extrapolate the potential effects of chemicals on the biomass production in an aquatic ecosystem from acute and
chronic toxicity data (LC50 or EC50) of single-species to the various organisms modeled, indirect effects such
as an increase in detritus and recycling of nutrients from organisms that have been Killed, and dissolved oxygen
sag because of increased decomposition. The AQUATOX represents the aquatic ecosystem by simulating time-
dependent concentrations of organisms, nutrients, and chemicals in a unit volume of water [15].
The input data used to execute AQUATOX 3.1 is as shown in Table 1. The data include site characteristics,
mean nutrient mass loadings and concentrations. The relevant physiological parameters used in the model are
from the original AQUATOX maodel, and from the biological and ecological literature.

Table 1: Input Data usedin initializing the AQUATOX maodel

Variable Source Format
Site characteristics Google Earth 2011, Length, depth, volume of stream (assumed), latitude
http://en.wikipedia.org/wiki/ | and longitude, elevation.
Mubi_North
Temperature David et al [12] Monthly mean temperature from June — September,
2009
pH David et al [12] Monthly mean pH from June — September, 2009
Turbidity David et al [12] Monthly mean turbidity from June — September, 2009
Dissolved Oxygen (DO) | David et al [12] Monthly mean DO from June — September, 2009
NPS
Total Dissolved Solids David et al [12] Monthly mean TDS from June — September, 2009
(TDS)
Ammonia, NPS David et al [12] Monthly mean Ammonia from June — September, 2009
Phosphate, NPS David et al [12] Monthly mean pH from June — September, 2009
Wind Medugu and Markus, [16] Average wind speed
Solar Radiation Medugu and Yakubu, [17] Mean monthly global solar radiation
Initial Conditions David et al [12] Observed data and professional judgement
Plants AQUATOX default seed Standard seed values for streams
values
Catfish AQUATOX database Initial loadings

Initial water quality parameters from David et al. [12] were used to simulate the AQUTOX model.
Through model simulation, the water quality parameter such as dissolved oxygen, temperature, ammonia, total
Phosphorous and interaction with some aquatic species were monitored. The model predicted results were
compared with the field results of David et al [12]. Graphical comparison of model predicted and observed
major water quality parameters, were performed by superposing of observed field result on the model simulated
result. The graphical results are shown in Figure 1 t.o Figure 7.

1. RESULTS AND DISCUSSION
The observed result matches the predicted output up to the extent of the observed as shown in Figure 1a
and Figure 1b. and also gave an insight into the behaviour of oxygen, ammonia, total P, pH and Temperature for
the remaining period of the year. The oxygen concentration of the stream was observed to increase with time,
with a reduction in ammonia concentration.
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AQUATOX Predicted and Observed Physico-chemical Parameters for Vimtim stream (Control)
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Figure. 1la: Comparison of AQUATOX model prediction and observed data for dissolved oxygen, ammonia and
phosphate.

The default information for plants in AQUATOX was used to simulate some selected plants in Vimtim
stream and the predicted outputs are as shown in Figure 2. The simulated plant reduced from its initial
conditions for a certain period and remained constant for the remaining period of simulation. The simulated
aquatic species; catfish and mayfly as represented in Figure 3 showed a reduction in catfish number over the
simulated period. This implies survival of the catfish as reported by David et al, [12] but the predicted reduction
in number showed the possible effect of continual pollution on the stream biota with time. The fates of some of
the water quality parameters are shown in Figure 4 are within water quality standards acceptable range.
However, the reported water quality parameters may alter as pollution continues over the years. Figure 5 and
Figure 6 showed the fate of chlorophyll a and status of sediments (detritus) in the stream as predicted by the
model. Figure 7 agreed with David et al 2010 suggestion of no or negligible catfish mortality due to water
quality parameters, the model predicted catfish mortality was from other unknown causes. This suggests the
possibility of other contaminant.

AQUATOX Predicted and Observed Physico-chemical Parameters for Vimtim stream (Control)
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Fig. 1b: AQUATOX comparing observed data with predicted data for pH and Temperature
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Summary of Plant loadings in Vimtim stream (Control)
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Fig. 2: Summary of Plants simulated for Vimtim stream

Fate of Animals modelled in Vimtim stream (Control)
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Fig. 3: Aquatic species as modeled with AQUATOX for Vimtim stream

Summary of some nutrient loadings for Vimtim stream (Control)
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Fig. 4: Total N, P and some nutrients loadings modeled for Vimtim stream
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Chlorophyll a in Vimtim stream (Control)
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Fig. 5: Chlorophyll a as predicted for Vimtim stream using the AQUATOX model

Detritus Loadings Modelled for Vimtim stream (Control)
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Fig. 6: Detritus (refractory and labile) in Vimtim stream

Fish mortalities for Vimtim stream (Control) as predicted by AQUATOX
Run on 07-28-11 6:52 PM Catfish Low O2 Mort (Percent)
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Fig. 7: Catfish mortalities in Vimtim Stream as predicted by AQUATOX
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V. CONCLUSION
The AQUATOX model could predict the nutrient time-dependent concentrations in Vimtim stream

over a long period of time and use them to identify the key processes that affected water quality parameter and
the biotic organisms. The biomass changes for catfish and mayfly which were not adequately accounted for
using the conventional methods of measurement could be predicted. The model presented here could be a useful
tool to assess evolution trends rather than accurate values because of limited model input data and real
environmental complexity. It needs to be adequately validated further for real environmental characters, to
obtain more reliable prediction results.
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