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Water produced from power plants is one of the most important sources of water 

pollution, especially for areas like Baghdad, Contaminated industrial wastewater is a 

major environmental challenge due to the rapid growth of industries, leading to increased 

accumulation of harmful pollutants in water resources, the work is intended to study the 

impact of water generated from a power plant in the south on the level of heavy metals 

before and after the treatment process and after its discharge to the Tigris River. 

Objective is to determine the extent of heavy metals such as iron, copper, chromium, and 

zinc concentration in water extracted from various points and subsequently study the 

monthly variations of these elements with a view to assessment of water quality and 

efficiency of the treatment systems. Description: Water samples were collected from pre-

treatment, post-treatment, and post-discharge points to the Tigris River. Measurements 

were carried out on a monthly basis for six months. The preparation of samples was done 

by filtration and preservation techniques by adding nitric acid. Results are showed that 

iron concentration reached its peak value of 1.70 mg/L in November 2021, while the 

minimum value of 0.10 mg/L was recorded in the month of October. Temporal variation: 

there is variation in metals on a monthly basis; for instance, zinc ranged from 0.40 mg/L 

during January to 2.70 mg/L during November. Standard comparison: the result was also 

checked against allowable values given by the World Health Organization and the 

Environmental Protection Agency to determine the level at which water meets the 

environmental standards. Heavy metal concentrations varied significantly before and 

after treatment, indicating unit efficiency. Iron, copper, chromium, and zinc showed 

reductions, though some exceeded limits, posing environmental risks. Future monitoring 

and improved treatment are essential to safeguard public health and the Tigris River's 

ecosystem. 
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1. INTRODUCTION

It is worth mentioning that contaminated industrial water is 

one of the most important environmental challenges 

nowadays in light of rapid industrial growth, which leads to 

increased accumulation of harmful pollutants in water 

resources [1].  

The most dangerous pollutants in this respect are heavy 

metals, such as lead, cadmium, mercury, and zinc, which 

cannot be decomposed in nature and thus accumulate in the 

food chain, being highly hazardous to the biosphere and 

human health. These metals alter the quality of water and 

aquatic life, overall contributing to a degradation of the 

aquatic environment since no proper treatment is pursued. In 

this respect, the importance is underlined of the pretreatment 

of polluted industrial water before its discharge into natural 

systems, including rivers and lakes [2]. 

The First Power Plant in Southern Baghdad represents one 

of the huge industrial plants that generate enormous amounts 

of polluted industrial water. These waters will be heavily 

loaded with heavy metals emanating from cooling processes, 

chemical reactions, and other types of industrial activities. It 

is, therefore, supposed to go through a treatment process with 

a lot of care to make the pollutants being disposed into the 
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Tigris River safe. Contaminated industrial water from 

different industrial processes, such as electricity generation, 

is an environmental challenge serious in its dimension. Water 

bodies are very often polluted by heavy metals. These 

substances are distinguished by toxic properties, as well as a 

tendency to bioaccumulation in the natural environment, 

threatening all kinds of ecosystems and human health [3].   

It is very important that the impact of these pollutants is 

studied and addressed in research to protect water resources 

and reduce damage. The metals iron, copper, chromium and 

zinc are chemical elements that are naturally found in trace 

amounts in the environment. However, due to their use in 

industrial applications, their levels have begun to accumulate 

in the environment [4]. The sources of these metals in 

industrial water come from a variety of activities including: 

coal-fired power plants where heavy metals are released as a 

result of combustion processes; electronics, mining and 

chemical manufacturing processes; and industrial cooling 

systems that contain accumulations of metals as a result of 

thermal processes [4].  Heavy metals are characterized by 

their cumulative and toxic properties, thus directly 

influencing ecosystems and human health [5]. These metals 

affect the organisms in rivers and lakes and change the 

ecological balance due to the metal toxicity that causes the 

death of aquatic organisms or reduces their reproduction. It 

affects plants that grow along the banks of rivers; such plants 

absorb the heavy metals, leading to the contamination of the 

food chain and posing a risk to human health through 

drinking polluted water or consuming fish that has high 

levels of heavy metals, which may cause serious health 

problems such as cancer and liver and kidney diseases [6].  

There are methods available to treat industrial wastewater 

containing heavy metals. These techniques include: Chemical 

technology: This relies on the use of chemicals to react with 

heavy metals to form solid sediments that can be easily 

removed from the water [7, 8]. Physical technology: 

Infiltration and absorption are involved, where special 

materials like activated carbon or nonmaterial are used for 

heavy metals' absorption. 

Biotechnology: It would depend on the application of 

viable organisms, such as bacteria and fungi, which have the 

capability to analyze or clear heavy metals in water [9]. The 

pollution of rivers with heavy metals due to the discharge of 

polluted water constitutes a serious environmental threat to 

the aquatic ecosystem [10]. This could lead to a huge risk of 

pollution of the Tigris River due to heavy metals if 

appropriate water treatment was not performed which 

cumulate in river sediments and changed the quality of the 

water and its usage. The accumulations of metals in the food 

chain lead to the contamination of fish and plants; this has 

brought several changes in biodiversity of the river and the 

people who have their livelihoods depending on it [11].   

The power plants and other industrial facilities have a 

major role in the treatment of polluted industrial water. The 

First Power Plant in South Baghdad, for instance, undertakes 

the first stage of environmental treatment before disposing 

off the pollution into the Tigris River [12]. This includes 

heavy metal treatment systems that ensure polluted water 

reaches environmental safety standards before it is 

discharged into the rivers.  

One of the most effective ways to ensure that the polluted 

water treatment is effective is to carry out monthly 

measurements of heavy metal concentration in water both 

before and after the treatment. These measurements 

constitute vital data in assessing the efficiency of the 

treatment and any alteration in the water quality over time 

[13]. This provides a basis for operations improvement and 

identifies problems that arise with time. The present work 

searches for the heavy metal effect in the polluted industrial 

water resulting from the First Power Plant in South Baghdad, 

and depends on monthly measurements of those pollutants to 

determine their severity. It is also going to attempt to analyze 

how well the environmental treatment for this water is prior 

to its discharge into the Tigris River and the consequence of 

this treatment regarding the improvement of water quality 

and lessening of the environmental risk associated with 

polluted water discharge [14].  

The research would then provide essential information 

about the concentration of heavy metals in polluted industrial 

water, south of Baghdad, as a part of the evaluation in the 

impact of these metals on the aquatic environment of the 

Tigris River. It will also make recommendations towards 

more effective water treatment systems at the station, and in 

general, develop better future industrial water management 

strategies to avoid adverse environmental impact on the 

aquatic environment to maintain acceptable quality levels of 

Iraqi water resources. 

2. MATERIALS AND METHODS

2.1 Sample collection 

Water samples were collected from the First Power Plant 

in southern Baghdad at the following main points according 

to the study [15].  

Pre-treatment: Industrial water is collected directly from 

the industrial wastewater lines before entering the treatment 

plant and Post-treatment: Samples are collected after the 

water leaves the treatment units, and Post-discharge: Water 

samples are collected from the Tigris River after the treated 

water is discharged. Samples are collected monthly for six 

months to ensure comprehensive data on heavy metal 

concentrations and their changes over time according  to the 

study [7]. 

2.2 Chemical analysis of water 

Preparations: Samples are prepared using special 

techniques such as filtration to remove large particles and 

preservation by adding nitric acid to maintain the stability of 

heavy metals according to this study [16]. 

2.3 Atomic absorption spectroscopy (AAS) 

This technique is used to measure the concentrations of 

heavy metals such as iron, copper, chromium, and zinc in the 

samples to determine their levels. In the Materials and 

Methods section, details should be provided on how AAS 

was used to quantify these heavy metals, including 

information on the instrument model, calibration standards, 

and the wavelengths measured for each metal with high 

accuracy according to the study [17]. 

2.4 Preparing the standard solution 

A series of standard solutions containing known 

concentrations of the mineral elements to be analyzed are 
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prepared. They are used to calibrate the instrument and 

ensure the accuracy of the results. If the sample contains very 

high concentrations of minerals, it may need to be diluted 

with distilled water or an appropriate solvent according to the 

study [18]. 

2.5 Developing a predictive model 

Primary data: Heavy metal concentration data were 

collected from samples analyzed monthly, in addition to data 

on treatment quality removal rate, temperatures, Data 

formatting: Organizing the data into a table that can be 

entered into modeling programs. This data includes time 

month, location and metal concentration. Using specialized 

modeling programs: Specialized MATLAB modeling 

programs are used to analyze the data and develop a 

mathematical model capable of predicting future changes in 

heavy metal concentrations by building the model and 

identifying variables that affect heavy metal concentration 

such as time, flow rate, temperatures, treatment type, etc. 

These variables are included in the model, calibrating its 

predictions and identifying the factors that most affect metal 

concentration according to studies [19, 20]. 

2.6 Statistical analysis 

Analysis of variance (ANOVA) was used to compare the 

means between different sets of data to determine if there 

were statistically significant differences between different 

points (before treatment, after treatment, and after discharge 

into the Tigris River). This analysis will help determine if the 

changes in heavy metal concentrations between different 

points (before and after treatment) and time periods 

(monthly) are significant. Standard Deviation: will be used to 

measure the dispersion of the data around the mean to 

determine the significance of the difference between the 

results after data collection (metal concentrations before, 

after treatment, and after discharge [16]. 

3. RESULTS AND DISCUSSION

Table 1 presents a comparison of the maximum 

permissible concentrations of selected heavy metals in water 

as recommended by major international organizations, 

including study [9]. 

Table 1. Comparative maximum allowable concentrations of 

heavy metals in water according to WHO, FAO, and EPA 

guidelines 

No. Item Name WHO/ FAO EPA 

1 Aluminum (AL) 100-200 µg/L 50-200 µg/L

2 Cadmium (Cd) 3 µg/L 0.005 mg/L 

3 Copper (Cu) 2.000 µg/L 1.3 mg/L 

4 Lead (Pb) 10 µg/L 0.015 mg/L 

5 Mercury (Hg) 6 µg/L 0.002 /mg/L 
WHO=Global Health Organization. FAO= Food and Agriculture 

Organization. EPA= Environmental Protection Organization. 

3.1 Measurement of heavy element ions 

Heavy element ions were measured in the studied samples 

using Shimadzu Flame Atomic Absorption 

Spectrophotometer Model-7000AA after the standard 

solutions of the tested elements were prepared solution 

Standard in the analysis laboratory. 

Table 2 shows that the highest value of iron element is 

1.70 mg/L, which was recorded for the year 2021 for 

industrial water resulting from the first gas station for 

electricity distribution, before dumping that water into the 

Tigris River after treatment by the treatment plant for the 

month of November, while the lowest value of iron element 

is 0.10 mg/L for the month of October. The value of the least 

significant difference for iron values and for all twelve study 

months was recorded significantly at 0.594 for that year 

under a lower probability level of 0.05. The highest value of 

copper element in industrial water was also recorded at 1.84 

for the month of March before discharging it into the Tigris 

River (treatment stage), while the lowest value of copper 

element was 14.0 for the month of August. 

Table 2. Monthly measurements of selected environmental 

parameters in industrial water discharged from the first 

power and gas station, South of Baghdad (Ministry of 

Electricity, Central Region, 2021) 

Month 
Iron 

(mg/L) 

Copper 

(mg/L) 

Chromium 

(mg/L) 

Zinc 

(mg/L) 

January 0.36 0.60 0.035 0.40 

February 1.10 1.40 0.142 1.03 

March 0.37 1.40 0.141 0.79 

April 1.02 0.77 0.062 0.76 

May 1.50 1.84 0.033 1.40 

June 1.09 0.94 0.134 1.21 

July 1.48 0.20 0.209 1.19 

August 1.02 0.14 0.178 0.80 

September 1.09 1.23 0.181 0.91 

October 0.10 0.12 0.00 0.97 

November 1.70 0.70 0.136 2.70 

December 1.36 0.35 0.250 1.50 

L.S.D.

value
0.594 * 0.551 * 0.073 * 0.614 * 

* (P≤0.05). 

The lowest significant value of copper element values was 

also recorded at 0.551 for all twelve study months 

significantly at a lower probability level of 0.05. In addition, 

the highest value of chromium was recorded in the treated 

industrial water of 0.250 mg/L for December, before 

discharging it into the Tigris River, while the lowest value of 

chromium was 0.033 mg/L in March. In addition, October 

did not record any value for chromium dissolved in the 

industrial water of the station after treatment. 

The lowest significant difference value of 0.073 for that 

element in the water was recorded significantly and for all 

twelve study months of that year under a lower probability 

level of 0.05. The highest value of zinc was recorded at 2.70 

mg/L in the treated industrial water of the station before 

discharging it into the Tigris River for November, but the 

lowest value of zinc was 0.40 mg/L for January. The lowest 

significant difference value of that element was recorded 

significantly and for all twelve study months of that year 

0.614 under a lower probability level of 0.05. 

Table 3 shows that the highest value of iron element 1.57 

mg/L, which was recorded for the year 2022 for industrial 

water resulting from the first gas station for electricity 

distribution, before dumping that water into the Tigris River 

after treatment by the treatment plant for the month of July, 

while the lowest value of iron element was 0.03 mg/L for the 

month of October. The value of the least significant 
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difference for iron values and for all twelve study months 

was 0.487 for that year under a lower probability level equal 

to 0.05.  

Table 3. Monthly measurements of selected environmental 

parameters in industrial water discharged from the first 

power and gas station, South of Baghdad (Ministry of 

Electricity, Central Region, 2022) 

Month 
Iron 

(mg/L) 

Copper 

(mg/L) 

Chromium 

(mg/L) 

Zinc 

(mg/L) 

January 1.02 0.85 0.810 0.96 

February 0.58 0.20 0.013 0.30 

March 0.52 0.44 0.080 0.72 

April 0.68 0.89 0.130 1.19 

May 0.73 0.20 0.116 0.79 

June 0.60 0.70 0.100 0.80 

July 1.57 1.70 0.230 1.77 

August 0.78 0.80 0.135 1.79 

September 0.60 0.17 0.090 1.91 

October 0.03 0.27 0.070 0.48 

November 0.60 0.62 0.100 1.20 

December 0.57 0.35 0.079 0.60 

L.S.D.

value
0.487 * 0.533 * 0.086 * 0.598 * 

* (P≤0.05). 

The highest value of copper element in industrial water 

was 1.70 mg for the month of July before discharging it into 

the Tigris River (treatment stage), while the lowest value of 

copper element was 17.0 for the month of September. The 

lowest significant value of copper element values was also 

recorded 0.533 for all twelve study months significantly for 

that year under a lower probability level equal to 0.05. In 

addition, the highest value of chromium was recorded in the 

treated industrial water of 0.810 mg/L for the month of 

January, before dumping it into the Tigris River, while the 

lowest value of chromium was 0.013 mg/L in February. 

The lowest significant difference value of 0.086 was 

recorded for that element in the water significantly and for all 

twelve study months for that year 2022 and under a lower 

probability level of 0.05. The highest value of zinc was also 

recorded at 1.91 mg/L in the treated industrial water of the 

station before dumping it into the Tigris River for the month 

of September, but the lowest value of zinc was 0.30 mg/L for 

the month of February. The lowest significant difference 

value of that element was recorded significantly and for all 

twelve study months for that year 0.598 under a lower 

probability level of 0.05. 

Table 4 shows that the highest value of iron element is 

0.93 mg/L, which was recorded for the year 2023 for the 

industrial water resulting from the first gas station for 

electricity distribution, before dumping that water into the 

Tigris River after treatment by the treatment plant for the 

month of June, while the lowest value of iron element is 0.11 

mg/L for the month of April. The value of the least 

significant difference for iron values and for all twelve study 

months was recorded significantly 0.308 for that year under a 

lower probability level equal to 0.05. Also, the highest value 

of copper element was recorded in industrial water 0.53 for 

the month of March before discharging it into the Tigris 

River (treatment stage), while the lowest value of copper 

element was 0.01 for the month of April. 

Also, the lowest significant value of copper element values 

was recorded significantly 0.189 for all twelve study months 

for that year under a lower probability level equal to 0.05. In 

addition, the highest value of chromium was recorded in the 

treated industrial water of 0.100 mg/L for the month of 

March, before discharging it into the Tigris River, while the 

lowest value of chromium was 0.012 mg/L in January. In 

addition, June did not record any value for chromium 

dissolved in the industrial water of the station after treatment. 

Table 4. Monthly measurements of selected environmental 

parameters in industrial water discharged from the first 

power and gas station, South of Baghdad (Ministry of 

Electricity, Central Region, 2023) 

Month 
Iron 

(mg/L) 

Copper 

(mg/L) 

Chromium 

(mg/L) 

Zinc 

(mg/L) 

January 0.20 0.10 0.012 1.80 

February 0.20 0.16 0.020 0.30 

March 0.77 0.37 0.100 1.01 

April 0.11 0.01 0.028 0.73 

May 0.63 0.53 0.098 1.17 

June 0.93 0.17 0.000 0.54 

July 0.30 0.10 0.065 0.38 

August 0.22 0.06 0.025 0.35 

September 0.14 0.04 0.031 0.22 

October 0.23 0.30 0.027 0.17 

November 0.32 0.32 0.040 1.02 

December 0.42 0.02 0.040 0.47 

L.S.D.

value
0.308 * 0.189 * 0.045 * 0.481 * 

* (P≤0.05). 

The lowest significant difference value of 0.045 for that 

element in the water was recorded significantly and for all 

twelve study months of that year under a lower probability 

level of 0.05. The highest value of zinc was recorded at 1.80 

mg/L in the treated industrial water of the station before 

discharging it into the Tigris River for the month of January, 

but the lowest value of zinc was 0.17 mg/L for October. The 

lowest significant difference value of that element was 

recorded significantly and for all twelve study months of that 

year 0.481 under a lower probability level of 0.05. 

Table 5. Interpreting the results from the comparison 

Metal 
Your Concentrations 

(mg/L) 

Maximum Allowed 

Limit (mg/L) 

Iron 0.36 - 1.70 0.3 

Copper 0.20 - 1.84 1.3 

Chromium 0.00 - 0.810 0.1 

Zinc 0.30 - 2.70 5.0 

The following are general points to take into consideration 

while interpreting the results from the comparison Table 5: 

Iron: The iron concentrations ranged within the range of 

0.36 to 1.70 mg/l, beyond the maximum limit of 0.3 mg/l. 

This means possible risk may be attributed to environmental 

and human health in regards to possible deterioration of 

aquatic life and water quality due to high levels of iron. 

Copper: The copper values recorded range from 0.20 to 

1.84 mg/L, which again falls within the allowable limit of 1.3 

mg/L. While this allows for some months below the set limit, 

the occurrence of higher values leads to possible 

contamination issues that need identification and addressing. 

Chromium: Concentrations range between 0.00 and 0.810 

mg/L. Thus, the maximum allowable limit of 0.1 mg/L is 

grossly exceeded. Indeed, this is a great environmental 

concern because chromium is toxic to aquatic life and poses 
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hazardous health effects in humans. 

Zinc: The levels of zinc range from 0.30 - 2.70 mg/L, 

which is within the maximum limit of 5.0 mg/L. However, 

regular monitoring is suggested in order to ensure that the 

concentration levels do not build up and reach the maximum 

limit in the future. 

The global forecast of heavy metals concentration in water, 

the iron concentration ranges from 0.36-1.70 mg/L and 

therefore is beyond the maximum limit set by WHO at 0.3 

mg/L [9]. This indicates a critical violation, imposing an 

imminent environmental and health hazard that can 

necessitate immediate mitigation actions. On the other hand, 

copper levels, at close to the limit set by WHO at 1.3 mg/L, 

recorded predicted levels of 0.20-1.84 mg/L, indicating close 

monitoring. With the values standing below the threshold in 

some instances, there is a possibility of exceeding the limit in 

some months.  

Chromium: Although the predicted values range from 0.00 

to 0.810 mg/L, against the permissible limit of 0.1 mg/L, it 

can be stated that the value of chromium generally surpasses 

its safe limit and hence is hazardous to the aquatic fauna and 

human health. The predicted values of zinc, ranging between 

0.30 - 2.70 mg/L, were well below the permissible limit by 

WHOM-5.0 mg/L agree with this study [21]. This would 

mean the present situation of zinc contamination is within the 

limits but requires constant monitoring. The data and 

methods were robust enough to ensure the accuracy of the 

prediction, and R-squared values were also availed to 

determine the predictive power of the model. Consistency 

and time-dependent trends were assessed in the heavy metal 

concentration mentioned in the study [22]. 

When we go by the predictions of global heavy metal 

concentrations in water, we note that iron values exceed the 

0.3 mg/L WHO maximum permissible limit with predicted 

concentrations ranging from 0.36 to 1.70 mg/L. This, in turn, 

signifies a serious environmental and health hazard that could 

be in dire need of immediate mitigation measures. Copper, on 

the other hand, reached as high as the limit of the WHO [9], 

which is 1.3 mg/L, with predicted levels of 0.20-1.84 mg/L 

and thus needs close monitoring. While some values are 

below threshold, the probability of exceeding the limit in 

some months is alarming about copper contamination.  

Chromium: Predicted values range between 0.00 to 0.810 

mg/L. The permissible limit of this is 0.1 mg/L. It means 

very often, chromium exceeds the safe limit, which could 

present hazard in the aquatic ecosystem and also to human 

health. The zinc concentrations also vary from 0.30 to 2.70 

mg/L as predicted. In short, the values are considerably 

below the WHO permissible limit of 5.0 mg/L. That means 

the zinc contamination is presently controllable, but further 

monitoring is suggested. The R-squared is 0.902, which 

explains the variation percentage of the dependent variable-

that we try to forecast-by using independent variables or 

inputs [23]. Thus, it can be explained that the model explains 

approximately 90.2% of the variation in data, and the model 

is really good. Risk prediction-taking into consideration the 

concentration of metals in water in comparison with the 

maximum permissible limits: Determining criteria, taking 

into consideration the current value in mg/L for every metal. 

In comparison with the maximum permissible limit. 

Calculating a ratio between the concentration of each metal 

and the maximum permissible limit [24]: Risk ratio = 

Concentration of metal / Maximum permissible limit Risk 

ratio = Maximum permissible limit / Concentration of metal. 

If the ratio is greater than 1, this implies there is a risk. You 

can evaluate the risk depending on the calculated ratios. The 

risks can be categorized into levels: low risk: 0 - 0.5, medium 

risk: 0.5 - 1 and high risk: > 1. 

The iron risk ratio was: 1.20 to 5.67 (high risk). Copper 

risk ratio: 0.15 to 1.42 (medium to high risk). The risk ratio 

with regard to Chromium ranges from 0.00 to 8.10, 

indicating high risk. Zinc risk ratio: Ranging from 0.06 to 

0.54, presenting low risk it would, therefore, be proper to 

conclude that iron and chromium pose high risks, copper is at 

medium to high risks, whereas Zinc is at low levels of risk 

agree with the studies [25, 26]. 

4. CONCLUSIONS

1) A wide variation was observed in the concentrations of

heavy metals before and after water treatment, reflecting the 

efficiency of the treatment units used. The chemical analysis 

has shown that treatment units are capable of reducing the 

concentration of iron, copper, chromium, and zinc with high 

rates before discharge into the Tigris River. 

2) The iron concentrations ranged from 0.36 to 1.70 mg/L,

above the maximum permissible limit of 0.3 mg/L, thus 

posing a potential threat to the environment and human 

health since high levels of iron deteriorate the quality of 

water and are harmful to the aquatic organisms. 

3) Values of copper detected remained between 0.20-1.84

mg/L and remained around the maximum permissible limit of 

1.3 mg/L. Despite the fact that some months of the year 

remain below the maximum limit, higher values suggest 

contamination problems that should be scrutinized further. 

4) Concentrations of chromium range from 0.00 to 0.810

mg/L and sometimes are above the maximum permissible 

limit of 0.1 mg/L, giving some insight into the extent of this 

major environmental problem because chromium in general 

can be very toxic to organisms living in water and may bring 

health problems to humans. 

5) Regarding Zn, it ranges from 0.30 to 2.70 mg/L out of

the maximum limit set at 5.0 mg/L. Monitoring should be 

continually undertaken to ensure that the concentrations will 

not build up for a certain period until the maximum is 

reached. 

6) Forecasting the future: By the model of statistical

analysis, the major factor affecting heavy metal concentration 

was found out and future change could be predicted 

accordingly. 

It would, therefore, be reasonable to raise the bar for 

treatment systems at the plant by improving on monitoring 

techniques to safeguard the environment and health of the 

community. 
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