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Abstract

One of the main environmental pollutants is heavy metals. Due to extensive usage in industry,
these metals enter biological cycle rapidly and contaminated water and soil resources rapidly. In
this work, lead, copper, zinc and chromium of Bandar Abbas wastewater are examined. For this
research, nine stations were set for measurement in urban level in Bandar Abbas and sampling of
aforesaid metals was performed in fall and winter 2006 in these stations. After extraction and
preparation operations using APDC-MIBK, samples were measured using flame atomic absorption
system. According to results, concentrate of studied metals was lower than allowable standard
value set by Iran environmental protection organization for agricultural purposes and sewage to
ground level waters. In addition, efficiency of Bandar Abbas wastewater treatment plant to re-
move these metals is 40% - 70% from which highest removal is for zinc as much as 71.1% and
lowest level is for copper as much as 40.5%. However, copper level was higher than allowable lev-
el for agricultural purposes in spring and summer (0.21 mg/L and 0.23 mg/L, respectively) and
lower in fall and winter (0.103 mg/L and 0.098 mg/L, respectively). Furthermore, changes in con-
centration of metals in these stations in various seasons were measured and analyzed using one-
way variance analysis and simultaneous effects of time and place on measured variables were
analyzed using two-way variance analysis.
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1. Introduction

Necessity of sustainable development is to take care of planet and protect environment either as appropriate care
or as sound usage of natural resources. One of the problems which is caused by urban and industrial develop-
ment is the issue of production of various wastes in the form of solid, semi-solid, liquid or gas and many coun-
tries face problems in their management, design, production, utilization and maintenance of systems of collec-
tion, treatment and sewage of these wastes and require comprehensive and applied solutions [1]. In such cir-
cumstances, reuse of wastewater and finding new alternative resources for water for various usages is one of the
ways of solving water shortage problem and hence, reuse of wastewater for agricultural, industrial, recreational
and feed of underground waters and growing aquatics must be one of the main goals of wastewater treatment
projects [2]. On the other hand, using wastes of wastewater treatment is one of the valuable resources owing to
presence of compounds which strengthens soil and water ecosystems and must not be ignored [1].

One of the pollutants is heavy metals. Due to toxicity and cumulative effects in the body of organisms, resis-
tance to decomposition and biological reactions, these pollutants impose destructive effects on environment and
by entering food chain, put organisms and ultimately human into the threat of toxicity, cancer and long-term and
short-term genetic effects [3]. At the end, the main purpose of this research is explained as follows:

1) Measurement of heavy metals including copper, lead, zinc, nickel and chromium in Bandar Abbas city
wastewater.

2) Determination of the quality of outlet wastes of Bandar Abbas wastewater treatment plant with respect to
above heavy metals and comparing them with standards of Iran environmental protection organization.

3) Studying the average changes in concentration of heavy metals in various seasons of the year.

4) Examination of the average changes in concentration of heavy metals in various stations (before treatment,
inlet and outlet of treatment and next stations).

5) Evaluation of the efficiency of wastewater treatment plant for removal of these metals and assessing the fea-
sibility of reuse of refined wastes.

6) Investigation and study of simultaneous effects of time and place on measured variables.

2. Literature Review

Mapanda et al. showed in a research in Zimbabwe that using wastewater for irritation of gardens and vegetables
leads to enrichment of soil from heavy metals and can threaten environment and health in long-term [4]. More-
over, Constantino et.al estimated the level of accumulation of rare elements such as boron, cadmium, chromium,
mercury, lead and arsenic in agricultural soil of Hidalgo State in Mexico and their results revealed that cadmium
and lead level is higher than allowable limit determined in German and Netherlands standards. It means that soil
of this region is in danger [5]. Finally, JalilZadeg and Parvaresh studied the level of heavy metals in wastes of
southern Isfahan wastewater treatment plant wastes and their obtained data suggested that highest level was for
lead, nickel, copper and chromium as much as 0.609, 0.610, 0.484, 0.990 mg/L and three months average for
these metals was as much as 0.345, 0.242, 0.331 and 0.475 mg/L, respectively [6].

3. Heavy Metals

Heavy metals term refers to a group of elements which have a specific weight higher than 6 gr/cm® and atomic
mass more than 50. Further, each caution with atomic weight higher than 23 (corresponding to sodium) are
called heavy metal. In general, heavy metals include metal elements whose atomic number is higher than 40. In
this way, soil base metals, base metals, lanthanides and actinides are excluded from this definition. Metals with
specific weight more than 5 gr/cm?® are called heavy metals. These metals are classified into necessary and un-
necessary groups. Some of them are considered as necessary elements in minor portions and are required for bi-
ological growth of organisms and their deficiency can be limiting; such as copper for growth of algae. In fact,
presence of minor portions of them in food of human and other organisms is necessary. However, same metals
in higher than allowable limit concentrations will make various unsuitable consequences for human as well as
other organisms while they result in environmental pollutions and threats as well [3].

Unnecessary metals are those which are dangerous for human and other organisms even in lower concentra-
tions. Of necessary metals, cobalt, copper, iron, selenium, manganese, molybdenum, zinc can be noted and some
unnecessary metals are mercury, cadmium, lead and silver which are dangerous even in low concentrations.
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Hence, some of heavy metals are necessary, some are toxic and depending on concentration, some of them are
toxic or useful.

4. Toxicity of Heavy Metals

Minor values of these metals constitute significant portions of wastewaters. Most of these metals are classified
as first degree pollutants. US environmental protection organization recognized about 129 first degree pollutants
in 65 groups which must follow definite standards of wastewater sewage [7]. Uncontrolled and serious increase
in production and consumption of these metals in recent decades led to their entrance into aquatic environments
and as a result of resistance to biological decomposition, they made destructive effects the most important of
which can be noted as consequences and problems such as carcinogen, affecting central and peripheral nervous
system, effect on skin, hematopoietic system, damage to kidneys and accumulation in body tissues and so on. In
general, toxic effects of metals correspond to nonspecific reactions with sulfhydryl, carboxyl, phosphate, amine
and other groups or entrance of metals to cellular macromolecules [2]. Toxicity of various metals for human is
as follows:

Co<Al<Cr<Pb<Ni<Zn<Cu<Cd<Hg

5. Materials and Methods

In this research, there are 9 sampling stations. Samplings are performed in four times during spring, summer, fall
and winter 2006-2007. In each time, three samples were taken from each station and totally, 108 samples were
collected. Moreover, sampling and storage of samples are performed according to procedure 3010B of the book
“standard methods of test of water and wastewater”. In this research, 1 L polyethylene containers are used for
sampling [8]. To prevent volume change due to evaporation, samples are kept in refrigerator in 4°C and in such
conditions; samples can be kept for 6 months [8]. To remove solid particles from wastewater, samples were
passes from filter. To perform preparation and extraction, procedure 3111C of standard methods is used. This
method is appropriate for low concentrations of metals. This method leads to concentration of the sample and
hence, detection-limit increase. To perform extraction, 500 mL of the sample is poured in separating funnel. 5
mL of APDC solution is added to it (APDC must be 1% of the sample). 20 mL of MIBK solution is added to it
and is mixed strongly for 30 s. It must be noted that maximum volume of sample to MIBK is 40. Compound is
allowed to be separated to water and organic level. Bottom layer is discarded and organic layer is picked. If
during extraction operation, an emulsion is formed in MIBK-water interface, dehydrated Na,SO, is added to
form a homogeneous organic phase. Of course, we did not observe such issue in extraction operation and ob-
tained organic layer was homogeneous [8]. After this stage, since measurement was not possible immediately
after extraction, obtained organic phase was transferred again to aquatic phase so that it can be possible to keep
it.

Process stages are as follows: first, we allow organic phase to evaporate in ambient temperature. Then, eva-
poration products are solved in 0.5 mL thick nitric acid and transferred to 25 mL volumetric flask and reaches
volume using distilled water. Obtained solution can be kept in refrigerator. Method used for measuring intended
metals is flame absorption spectrometry and it was performed by VARIAN SpectAA 220 model. Stages of ex-
periment are in accordance with procedure 3110 of standard as well as instructions of the system [8] [9]. To ca-
librate system, standard solutions (tetrazolium) produced by Merck company was used. To statistically analyze
data, Stat Graphics Plus 3.0 and to sketch diagrams, Microsoft Excel 2003 was used. To statistically analyze da-
ta, changes of investigated parameters in various stations and seasons were evaluated using one-way variance
analysis and to investigate and study of the simultaneous effect of time and place on measured variables,
two-way variance analysis was used. In cases in which difference is significant, to find the source of difference,
Duncan multiple comparison method is used. Finally, to compare obtained results, standards of Iran environ-
mental protection organization corresponding to wastewater sewage and reuse of wastes is used [10].

6. Results

Figure 1 and Figure 2 represent the average measured concentration of metals in various stations and Figure 3
illustrates the concentrations in various seasons. In Figure 4, comparison of average concentration of heavy
metals in inlet wastewater an outlet wastes of Bandar Abbas wastewater treatment plant with standards of Iran
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Figure 1. Average concentration of heavy metals in station 6 of Bandar Abbas
treatment plant.
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Figure 2. Average concentration of heavy metals in station 5 of Bandar Abbas
treatment plant.

environmental protection organization. Summary of results of one-way variance to investigate the changes in
concentration of metals in various seasons and stations are presented in Table 1 and Table 2. Results of inves-
tigation of simultaneous effect of time and place on measured concentration of metals using two-way variance
analysis are shown in Table 3. Table 3 represents the efficiency of Bandar Abbas wastewater treatment plant in
removing heavy metals and Table 4 shows average concentration of heavy metals in outlet wastes of treatment
plant in various seasons, their annual average and its comparison with standard values for Iran for different
usages.

7. Results and Discussion

By one-way variance analysis, changes of average of concentration of each of the metals in various seasons are
investigated. According to results, P-value is calculated in 95% confidence level for chromium, zinc and lead as
much as 0.2394, 0.4303 and 0.0781, respectively and since calculated values are higher than 0.05, there is a sig-
nificant difference between average of results in various seasons. Results of Duncan test for source of difference
suggest that there is significant difference between four pairs of result in 95% confidence level. These four pairs
are: spring-fall, summer-fall, spring-winter and summer-winter. Moreover, this test represents two homogeneous
groups: spring-summer and fall-winter. Obtained results for nickel are completely similar to copper. Table 1
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Figure 4. Comparison of average concentration of heavy metals in outlet wastewater and outlet wastes of wastewater treat-
ment plant with standard values of environmental protection organization.

Table 1. e-value and F-ratio for metals in various seasons.

Zn Cr Pb Cu Ni
F-Ratio 0.94529 1.47669 2.48881 22.5704 7.87259
P-Value 0.4303 0.2394 0.0781 0.0000 0.0005
Table 2. e-value and F-ratio for metals in various stations.
Zn Cr Pb Cu Ni
F-Ratio 14.3167 4.91987 5.57211 0.645681 2.23436
P-Value 0.0000 0.0008 0.0003 0.7328 0.0566
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Table 3. Summary of results of one-way ANOVA.

Pb Cu Ni Cr Zn
F-Ratio  P-Value  F-Ratio  P-Value F-Ratio P-Value F-Ratio P-Value F-Ratio p-Value
Time 8.05 0.0007 33.88 0.0000 0.2127 0.0000 341 0.0337 5.96 0.0035
Place 9.94 0.0000 3.00 0.0174 7.27 0.0001 6.24 0.0002 22.20 0.0000

Table 4. Measured concentration of metals in inlet wastewater and outlet wastes of treatment plant and percent of removal.

Zinc (mg/L) Chromium (mg/L) Nickel (mg/L) Copper (mg/L) Lead (mg/L)
Sampling time
Outlet Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet Inlet
0.070 0.252 0.017 0.037 0.293 0.589 0.210 0.330 0.157 0.255 Spring
0.060 0.246 0.009 0.019 0.354 0.660 0.230 0.340 0.165 0.300 Summer
0.098 0.269 0.009 0.020 0.238 0.375 0.103 0.197 0.090 0.150 Fall
0.049 0.182 0.012 0.029 0.205 0.325 0.098 0.180 0.120 0.270 Winter
0.069 0.237 0.012 0.026 0.273 0.487 0.160 0.262 0.133 0.244 Average
+0.021 +0.068 +0.004 +0.008 +0.065 +0.162 +0.070 +0.085 +0.035 +0.065 Y
71.1 55.1 425 40.5 44.7 Removal percent (%)

shows P-value and F-ratio for average of concentration of metals using one-way variance analysis with 95%
confidence level in various seasons of the year. Then, using two-way variance analysis, simultaneous effects of
time and place on metals is studied. Summary of analysis performed in this stage is presented in Table 3. Since
p-value of each of the cases is less than 0.05, average of concentration of metals has significant difference in 95%
confidence level. In other words, both factors of time and place have statistically significant on concentration of
measured parameters. To find the origin of difference, Duncan method is used and yielded following results: for
nickel, in four pairs of time, there is a significant difference. These pairs are as follows: spring-fall, spring-win-
ter, summer-fall, summer-winter. Two homogeneous groups are: spring-summer, fall-winter. Moreover, among
all 12 pairs, difference is significant. These pairs are: station 6 with stations 1, 2, 3, 4, 5, 7, 8, 9, station 7 and
stations 1, 2, 3, 4. There are three homogeneous groups with respect to place: group one (station 6), groups 2
(stations 1, 2, 3, 4, 5, 8 and 9) and group three (station 5, 7, 8, 9). Moreover, in Table 4, average of concentra-
tion of heavy metals in inlet wastewater and outlet wastes of Bandar Abbas wastewater treatment plant in vari-
ous seasons together with annual average and standard deviation of them as well as the efficiency of plant in
removing these metals are represented. According to results of this table, removal level of metals lead, copper,
nickel, chromium and zinc is 44.7%, 40.5%, 42.5%, 55.1% and 71.1%, respectively. As can be observed, least
efficiency corresponds to removal of copper (40.5%) and highest level corresponds to zinc (71.1%). As stated
earlier, common systems of treatment of wastewater don’t show appropriate efficiency for removal of heavy
metals and this fact is confirmed by various researches including present paper [6] [11]. Finally, concentration
of studied heavy metals in outlet wastes of treatment plant in various seasons, their annual average as well as
standard of Iran environmental protection organization corresponding to sewage of wastewater and reuse of
waste are compared in Table 5. According to results of table, average concentration of metals lead, zinc, chro-
mium and nickel is considerably lower than allowable limit for various usages and reuse of wastes is not prob-
lematic. However, with respect to copper, it is observed that in spring and summer, measured values are slightly
higher than allowable limit for agricultural and irritation usages. Of course, obtained concentrations show sig-
nificant reductions in fall and winter and are in agreement with corresponding standard. Anyway, according to
instructions, copper content in the range of 0.1 - 1 mg/L can be harmful and toxic for many plants [1]. Therefore,
when irritating with this waste, selection of the type of plant must be done with caution. Figure 4 illustrates the
comparison of concentration of heavy metals in inlet wastewater and outlet wastes of wastewater treatment plant
with standard values of Iran environmental protection organization.
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Table 5. Comparison of concentration of heavy metals according to standard of Iran environmental protection organization.

Standards of environmental protection organization Sampling time
. Annual Metal
_Ag_rlcu_ltural and Sewa}ge to Sewage to ground average Winter Eall Summer  Spring (mg/L)
irritation usages  absorption wells waters
1 1 1 0.133 0.120 0.090 0.165 0.157 Lead
0.2 1 1 0.160 0.098 0.103 0.230 0.210 Copper
2 2 2 0.273 0.205 0.238 0.354 0.293 Nickel
1 1 0.5
. 0.012 0.012 0.009 0.009 0.017 Chromium
2 2 2
2 2 2 0.069 0.049 0.098 0.060 0.070 Zinc

“Chromium I11. ““Chromium 1V.

8. Conclusion

According to discussions and presented diagrams, it can be concluded that it is possible to reuse wastes of
wastewater treatment plant for sewage to groundwater, absorption well as well as using in irritation and agricul-
ture with respect to investigated parameters and as stated earlier, it is only necessary to take care of selection of
plant type for the case ofcopper. With respect to efficiency for the plant for removal of heavy metals, this treat-
ment plant has appropriate performance compared to similar systems of treatment. According to Table 2 and
significant difference observed in one-way variance analysis of measurement stations for lead, zinc and chro-
mium and as explained previously that difference corresponds to pairs of before and after treatment plant, it can
be inferred that treatment has a relatively suitable efficiency in removal of metals. Referring to Table 4, it is
clear that highest level of removal pertains to these metals.
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