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Abstract 
The aim of the present study was to investigate the effect of copper oxide nanoparticles (CuO-NPs) and copper 

ions (Cu++) on guppy (Poecilia reticulata), in order to assess Cu uptake in the gill, and histopathology of gill and 

intestinal organs in semi-static regimes for 10 days. Guppy fish were assigned into three groups; one control 

group, and two experimental groups receiving 20 µg/l of either Cu++ or CuO-NPs in a semi-static aqueous 

culture for 10 days. Gill and intestinal tissue samples were obtained under a standard protocol for further 

histopathological examinations. The notable alterations observed in gill tissues in the experimental groups were 

aneurism, fusion, gill epithelial hyperplasia, increased mucous secretion, and necrosis. Noticeable anomalies in 

intestinal tissue were increase in the number of goblet cells, swelling of goblet cells, degeneration, vacuolation, 

necrosis, and erosion. Moreover, copper accumulation in gill tissue in the Cu++ treated group was higher than 

that in the CuO-NPs treated group. In contrast, the severity of histopathological damages in gill and intestinal 

tissues was greater in the CuO-NPs experimental group. 
KEYWORDS: Gills, Goblet cells, Hyperplasia, Nanoparticles, Copper 
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Introduction1 
Copper (Cu) in low amounts is considered as 

an essential micronutrient to all living 

organisms because it acts as a cofactor for 

various enzymes responsible for performing 

essential metabolic activity.1 However, 

excessive concentrations of copper in aquatic 

ecosystems can exert adverse toxicological 

effects on freshwater organisms such as fish.2 

In the last decade, several studies reported 
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that waterborne exposure to soluble Cu can 

induce endocrine disruption and affect 

metabolic rates,
3,4

 oxidation stress, cell 

apoptosis, immune responses,
5
 swimming 

behavior,
6
 histopathology,

4,7
 growth 

parameters, digestive enzymes, and body 

composition.
7
 In recent decades, copper oxide 

nanoparticles (CuO-NPs) have found a wide 

spectrum of applications such as gas sensors,8 

catalytic processes,9 solar cells and lithium 

batteries,10 face masks, wound dressings, and 

socks.11,12 There is a growing concern that 

these products and their byproducts may 
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discharge hazardous biochemical particles 

into aquatic habitats which in turn can affect 

their biota.  

Several studies have been conducted on 
the toxicity of copper and copper oxide 
nanoparticles to aquatic organisms, and these 
studies have shown that these substances can 
be toxic to aquatic organisms such as fish.1,3,5,7 
Wang et al. reported the toxic effect of either 
Cu-NPs or CuSO4 exposure on juvenile 
Epinephelus coioides.5 They found that either 
form of Cu exposure inhibited in digestive 
enzyme activities contribute to the 
diminished growth performance of 
Epinephelus coioides. In another study, 
Abdel-Khalek et al. studied the toxic effects 
of CuO [bulk particles (BPs) and 
nanoparticles (NPs)] at various 
concentrations and concluded that it can 
induce biochemical alterations and oxidative 
stress in Nile tilapia (Oreochromis 
niloticus).13 Moreover, Shaw et al. showed 
significant Cu accumulation in gill over time 
after treating fish with Cu and CuSO4 

treatments.14 They reported similar toxic 
effects for Cu-NPs and CuSO4.  

Fish are frequently used in toxicological 
studies as a biological indicator. Fish are 
sensitive to many variables in their 
environment; hence, they play a significant 
role in assessment of water quality.15 In this 
regard, due to its unique characteristics, gill 
tissue is used routinely in aquatic toxicology 
studies. This tissue becomes the first target of 
waterborne NPs due to its direct contact with 
the external environment and the large surface 
area of gill exposed to the pollutants, as well 
as the main place for copper uptake.16-19 
Therefore, our study purposed to further 
investigate the effects of copper oxide 
nanoparticles (CuO-NPs) and copper ions 
(Cu++) on guppy (Poecilia reticulata) to 
compare CuO-NPs and Cu++ bioaccumulation 
in the gill, and determine the histopathology 
of intestine and gill of guppy. 

Materials and Methods 

The CuO-NPs (CuO purity: 99+٪, 40 nm) used 

in this study were produced by US Research 
Nanomaterials, Inc. (3302 Twig Leaflane, 
Houston, TX77084) and purchased from 
Nanosany Co. (Mashhad, Iran). The purity, 
and morphology and mean unaggregated 
particle diameters of CuO-NPs were 
determined through transmission electron 
microscopy (TEM) and scanning electron 
microscopy (SEM), respectively (Figure 1). The 
other characteristics of CuO-NPs were  
20 m2/g specific surface area (SSA), 6.4 g/cm 
true density, and 0.79 g/cm bulk density. 
Moreover, the copper ions used in the form of 
cupric sulphate (CuSO4 5H2O) were produced 
by BDH Chemical Ltd Poole, England.  

Guppy (Poecilia reticulata) with a mean 
total length of 3 ± 0.4 cm and mean weight of  
2 ± 0.4 g were obtained from a local 
aquaculture shop in Sanandaj, Iran. Prior to the 
beginning of experiments, guppy fish were 
acclimatized in 50 l tanks supplied with 
continuously aerated tap water (22-27 ℃) 
under 12-hour light/12-hour dark cycles for a 
photoperiod of one month. Fish were fed with 
commercially available fish food (Tetra) at a 
rate of 2% body weight per day. The 
characteristics of the water used for the guppy 
were 7.3 ± 0.3 pH, 600 ± 10 µS/cm conductivity, 
5º degrees of general hardness (dGH), 25.0 ± 1 
ºC temperature, and 6.2 ± 0.6 mg/l dissolved 
oxygen content (DO). 

For our evaluation, 20 µg/l of either CuO-
NPs or CuSO4.5H2O was used to reflect the 
actual environmental concentration.14 Fish 
were divided into three groups. One group 
served as control, and the other two groups 
were treated with CuO-NPs and Cu++, 
respectively. Within each group, three fish 
were randomly selected for further studies. 
Using a 12 l aquarium, the effect of the 
interventions was assessed in two periods of 
exposure (5 and 10 days). To minimize 
degradation of CuO-NPs and Cu++ 
concentrations, half of the water in the 
aquariums was renewed every day. 
Moreover, during the exposure, the tanks 
were aerated to prevent the propensity of 
aggregation. At the end of the experiment, 
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bioaccumulation and histopathology studies 
were carried out for selected specimens.  

For the evaluation of bioaccumulation, on 
day 5 and 10, dissections were performed to 
isolate gill organs (2 fishes were pooled). Gill 
samples were digested in a solution of nitric 
acid (HNO3) and perchloric acid (HClO4). 
Samples were accurately weighed and 
separated into 50-ml Erlenmeyer flasks and 5 
ml nitric acid (65%) was added to each 
sample. Before adding 2.5 ml perchloric acid 
(70%) to each simple, they were left out 
overnight to be slowly digested. Digestion 
was performed on the bain-marie (water 
bath) at 100 ºC until the solutions were 
cleared. Then, the digested samples were 
diluted with 25 ml deionized water.20,21 
Finally, the concentration of Cu was 
measured using a Phoenix 886 flame furnace 
atomic absorption spectrophotometer.      

For the histopathology evaluation of each 
experimental group and control group, 4 fish 
were sacrificed to remove their gills. Gills were 
fixed in Bouin solution and their tissues were 
dehydrated using a series of graded ethanol 
solutions and were cleared in xylene. Samples 
were embedded in paraffin wax and portions 
of 5 µm were prepared from paraffin blocks 
using a rotary microtome. These portions were 
then stained with haematoxylin-eosin and 
examined microscopically.22 The diameter and 
length of secondary gill lamellas as well as 

diameter of gill filaments were measured using 
the Axio Vision software (Release 4.8.2, Zeiss, 
Germany).  

The SPSS software (version 16, SPSzA S 
Inc., Chicago, IL, USA) was used for data 
analysis. To compare the mean of copper 
concentration accumulated in the gill tissues 
between treatment groups one-way analysis of 
variance (ANOVA) was applied. Data were log 
transformed to meet the homogeneity of 
variance required by ANOVA. Ethical principles 
and animal rights were applied in this research 
and the study was approved by the Ethics 
Committee of the Kurdistan University of 
Medical Sciences, Iran (MUK.REC.1393.98). 

For our evaluation, 20 µg/l of either CuO-

NPs or CuSO4.5H2O was used to reflect the 

actual environmental concentration.14 Fish 

were divided into three groups. One group 

served as control, and the other two groups 

were treated with CuO-NPs and Cu++, 

respectively. Within each group, three fish 

were randomly selected for further studies. 

Using a 12 l aquarium, the effect of the 

interventions was assessed in two periods of 

exposure (5 and 10 days). To minimize 

degradation of CuO-NPs and Cu++ 

concentrations, half of the water in the 

aquariums was renewed every day. Moreover, 

during the exposure, the tanks were aerated to 

prevent the propensity of aggregation.  

 

 
Figure 1. Transmission electron microscopy (TEM( (left) and scanning electron 
microscopy (SEM) (right) images of tested CuO nanoparticles 
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At the end of the experiment, 
bioaccumulation and histopathology studies 
were carried out for selected specimens. 

For the evaluation of bioaccumulation, 
on day 5 and 10, dissections were 
performed to isolate gill organs (2 fishes 
were pooled). Gill samples were digested in 
a solution of nitric acid (HNO3) and 
perchloric acid (HClO4). Samples were 
accurately weighed and separated into 50-
ml Erlenmeyer flasks and 5 ml nitric acid 
(65%) was added to each sample. Before 
adding 2.5 ml perchloric acid (70%) to each 
simple, they were left out overnight to be 
slowly digested. Digestion was performed 
on the bain-marie (water bath) at 100 ºC 
until the solutions were cleared. Then, the 
digested samples were diluted with 25 ml 
deionized water.20,21 Finally, the 
concentration of Cu was measured using a 
Phoenix 886 flame furnace atomic 
absorption spectrophotometer.      

For the histopathology evaluation of each 
experimental group and control group, 4 fish 
were sacrificed to remove their gills. Gills 
were fixed in Bouin solution and their tissues 
were dehydrated using a series of graded 
ethanol solutions and were cleared in xylene. 
Samples were embedded in paraffin wax and 
portions of 5 µm were prepared from paraffin 
blocks using a rotary microtome. These 
portions were then stained with 
haematoxylin-eosin and examined 
microscopically.22 The diameter and length of 
secondary gill lamellas as well as diameter of 
gill filaments were measured using the Axio 
Vision software.  

The SPSS software (version 16, SPSS Inc., 
Chicago, IL, USA) was used for data analysis. 
To compare the mean of copper 
concentration accumulated in the gill tissues 
between treatment groups one-way analysis 
of variance (ANOVA) was applied. Data 
were log transformed to meet the 
homogeneity of variance required by 
ANOVA. Ethical principles and animal rights 
were applied in this research and the study 

was approved by the Ethics Committee of the 
Kurdistan University of Medical Sciences, 
Iran (MUK.REC.1393.98). 

Results and Discussion 

For treatment groups, the accumulated 
copper in the gills of fish samples are given in 
table 1. Results are shown in the form of 
means ± standard deviation (SD). It appears 
that the Cu uptake was higher in the group 
treated with Cu++ than the CuO-NPs group, 
but the difference was not statistically 
significant at nominal 5% level (one-way 
ANOVA, P > 0.05). However, the 
accumulated copper in the gills of fish treated 
with either Cu++ or CuO-NPs were 
significantly higher than that observed  
in the control group (one-way ANOVA,  
P < 0.05). 

 
Table 1. Copper accumulation in the gill of 
guppy following 5 or 10 days exposure to  
20 µg/l of CuO-NPs and Cu

++ 

Tissue Gill 

Groups 5 days 10 days 

CuO-NPs 0.93 ± 0.01
*
 1.45 ± 0.11

*
 

Cu
++

 1.11 ± 0.13
*
 1.53 ± 0.12

*
 

Control 0.24 ± 0.07
**

 0.20 ± 0.04
**

 

P
**

 0.05 0.05 
* In each column, the numbers with different letters differ 

significantly (P > 0.05);** One-way ANOVA 

 
The predominant gill responses to CuO-NPs 

and Cu++ exposure were an aneurism, fusion, 

gill epithelial hyperplasia, increased mucous 

secretion, and necrosis (Figure 2). Anomalies 

were also observed in the intestinal organs 

including increase in the number of goblet cells, 

swelling of goblet cells, degeneration, 

vacuolation, necrosis, and erosion (Figure 3). 

The results presented in tables 2 and 3 illustrate 

that the severity of damages to the gill 

(manifesting as fusion and necrosis) and 

intestine (manifesting as degeneration and 

necrosis) in the CuO-NPs treatment group was 

greater than those in the Cu++ group. 
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Figure 2. Histological alterations in the gills of guppy after 10 days of exposure to CuO-NPs and Cu

++ 
(x40)  

Gills of fish in the control group showed only some minor histopathological alterations, whereas treatment groups 

showed injuries including aneurism (An), dilated and clubbed tips (DCt), hyperplasia (Hp), epithelium shortening (ES), 

curvature (Cu), fusion of lamellae (F), increased mucous secretion (Ms), and necrosis (N). 

 

Table 2. Summarized histopathological effects of 20 µg/l CuO-NPs and Cu
++

 on the gill of guppy 

Damages 

Groups 

An DCt Hp N ES Cu F Ms 

Exposure         

Control + + + - - + - - 

CuO-NPs +++ + +++ ++ ++ - ++ ++ 

Cu
++

 ++ ++ + + + ++ + + 

None (−), mild (+), moderate (++) and severe (+++) 

An: Aneurism; DCt: Dilated and clubbed tips; Hp: Hyperplasia; ES: Epithelium shortening; Cu: Curvature; F: Fusion of lamellae;  

Ms: Mucous secretion; N: Necrosis 

 
The uptake potential of nanoparticles by 

aquatic organisms is one of the most 
important factors in assessing the toxicity of 
nanoparticles. The uptake of nanomaterials 
by the body of aquatic organisms depends on 
several parameters such as NPs size and 
shape, species, organs, route of exposure, 
environmental conditions, exposure 
duration, and exposure concentration.19,23 We 
found a consistent trend towards Cu 
accumulation in gill tissue over time as well 
as higher Cu++ uptake compared to CuO-
NPs. Bioaccumulation of nanoparticles such 
as CuO-NPs, ZnO-NPs, and TiO2-NPs by fish 

and other aquatic species has been reported 
previously.19,23,24 Accumulation of pollutants 
in gill tissue occurs as the result of competing 
rates between chemical accumulate and 
depurate. Hence, bioaccumulation of CuO-
NPs and Cu++ can occur when the rate of 
accumulate is higher than the rate of 
depurate. Bioaccumulation of metal oxide 
NPs and other pollutants in gill tissue 
suggests that fish can be used as an 
appropriate indicator to assess pollutants in 
aquatic environment.24-26 Gills have a large 
surface area, and thus, can greatly 
accumulate CuO-NPs and Cu++. 
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Figure 3. Histological alterations in the intestine of guppy after 10 days of exposure to CuO-NPs and 
Cu

++ 
(x40)  

The intestine of fish in the control group indicated only some minor histopathological alterations, whereas treatment 
groups showed injuries including degeneration (D), vacuolation (V), necrosis and erosion (NE), increase in the number of 
goblet cells (IGC), swelling of goblet cells (SG), hemorrhage (Hm), and increase in the number of lymphocyte (INL).      

 
Table 3. Summarized histopathological effects of 20 µg/l CuO-NPs and Cu

++
 on the intestine of guppy 

Damages 

Groups 

D V NE IGC SG Hm INL 

Exposure        

Control - + - - - + - 

CuO-NPs ++ + +++ + + + + 

Cu
++

 + ++ + ++ +++ + ++ 

None (−); mild (+); moderate (++); severe (+++) 

D: Degeneration; V: Vacuolation; NE: Necrosis and erosion; IGC: Increase in the number of goblet cells; SG: Swelling of goblet 

cells; Hm: Hemorrhage; INL: Increase in the number of lymphocyte  
 

Histopathological changes are used to 
detect the effects of toxic substances on the 
organs of organisms.27 Histopathological 
alteration in the gill may lead to the 
impairment of several functions, including 
respiration, osmoregulation, acid-base 
balance, and excretion of metabolite. Thus, 
gill histopathology appears to be a good 
biomarker for evaluating the effects of 
environmental stress on fish.28,29 In the 
present study, aneurism, mucus, hyperplasia, 

and fusion of the filament lamellae were 
observed in the gills of guppy in both CuSO4 
and CuO-NPs experimental groups. Similar 
histopathological alterations have been 
reported as a result of exposure to copper 
sulphate30,31 and copper nanoparticles18 in 
other organisms. Al-Bairuty reported that 
exposure to copper nanoparticles resulted in 
edema, lamellar fusion, clubbed tips, and 
hyperplasia, aneurisms, and necrosis in the 
secondary lamellae of the gill filaments of 
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rainbow trout.18 In the present study, 
significant differences were observed in gill 
histology of guppy between nanoparticulate 
and soluble forms of copper. The severity of 
histopathological lesions in the gill of guppy, 
such as aneurism, hyperplasia, fusion of 
lamellae, mucous secretion, and necrosis, was 
higher in the CuO-NPs treatment group than 
Cu++ treatment group. Moreover, exposure to 
CuO-NPs resulted in significantly greater 
thickening of the gill filaments. Griffitt et al. 
suggested that the effects of Cu-NPs and gill 
morphology are due to a combination of 
dissolution and particulate effect.32 Cu-NPs 
exposure causes similar gill copper burdens 
as soluble copper exposure, this suggests that 
Cu-NPs is acting outer to the gill. 

This study showed that CuO-NPs can 
cause lamellar fusion in gills. Lamellar fusion 
is a defence mechanism of fish gill that 
reduces total respiratory area when it is in 
contact with an external environment. This 
alteration could cause a decrease in oxygen-
uptake for total metabolic activities, hence 
affecting the general health of fish.27,33 
Blanchard and Grosell34 showed that 
exposure to copper can cause iono-regulatory 
impairment in fish due to its inhibitory effect 
on Na+/K+-ATPase activity causing 
proliferation of interlamellar cells in fish.17 
Moreover, studies suggest that the increased 
mucous secretion and hyperplasia of lamellae 
can make a barrier for NPs accumulated by 
gills and increase the diffusion distance for 
gas exchange.5,35 In this study, we found 
aneurism to be a common alteration in gill 
resulted from exposure to both Cu++ and CuO-
NPs. This is because of collapsing pillar cells 
in the secondary lamellae and swelling blood 
vessels and disturbances in blood flow in the 
gills.33 It can therefore be concluded that 
necrosis of gill in guppy is the direct 
deleterious effect induced by CuO-NPs. This 
indicates that, for these forms of alteration, 
CuO-NPs are considerably more toxic than 
their sulphate equivalents. 

The intestinal tissue is another main 
absorption site for chemical toxicants, such as 

nanoparticles, in fish. The intestine has the 
ability to uptake toxicants from ambient 
water36 and may contribute to distribution of 
NPs in fish. This study showed 
histopathology lesions in intestinal organs 
including vacuolation, increase in the 
number of goblet cells, and swelling of goblet 
cells in the Cu++ treatment group, and 
degeneration, necrosis, and erosion in the 
CuO-NPs group. Perera and Pathiratne 
reported that Nile tilapia in the presence of 
TiO2-NPs developed intestinal pathologies 
such as erosion of the villi epithelium, decline 
in mucous cells, and degeneration of the 
intestinal mucosa.27 Federici et al. 
demonstrated that 14 days of exposure of 
rainbow trout to TiO2-NPs caused several 
histopathological lesions in the intestine such 
as erosion of the villi, and fusion and 
vacuolation of the intestinal mucosa.37 Both 
gill–blood route and intestine–blood route 
might contribute to the distribution of NPs in 
fish.38 Nevertheless, to obtain a good 
knowledge of the distribution of NPs in organs 
of aquatic organisms and its mechanism in 
animals requires further studies. 

Conclusion 

In the present study, the effects of CuO-NPs 
and Cu++ were assessed on copper 
bioaccumulation in gill as well as 
histopathology of gill and intestine of guppy. 
The findings indicated that the Cu 
accumulation in the gill tissue was higher in 
the Cu++ exposure group than the CuO-NPs 
treatment group. However, the difference in 
the amount of copper uptake by the gill 
tissue between guppy fish in the Cu++ and 
CuO-NPs groups was not statistically 
significant. However, the severity of gill and 
intestine damages in the CuO-NPs exposed 
fish was higher than the Cu++ exposed fish. 
Therefore, it is recommended to be 
considered in toxicological study assessments 
in an aquatic environment. 
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Abstract 
The main aim of this study was to evaluate the performance of a modified sequencing batch reactor (MSBR) 

using fixed Kaldnes carriers fed with acclimated sludge for ammonium removal via simultaneous nitrification-

denitrification (SND) in synthetic wastewater. The results exhibited a SND of 82.3% within a 450-minute cycle 

time which was higher than that of a SBR without carrier (69.83%). Nitrite accumulation rate (NAR) increased 

from 16.94% to 32.83% until 120 minutes of cycle time, and then, decreased to 1.17% by 450 minutes. The 

biomass concentration in the bio-film (674 ± 6 mg/l) was lower than suspended biomass (1984 ± 12 mg/l). 

However, the specific oxygen uptake rate (SOUR) of the bio-film (5.24 ± 0.28 mg O2/mg MLVSS.d) was greater 

than suspended biomass (1.89 ± 0.12 mg O2/mg VSS.d), indicating the higher bioactivity of the bio-film than 

that of suspended biomass. Up to 3% salinity had no significant effect on MSBR performance for both chemical 

oxygen demand (COD) and ammonium removal. These results illustrated the high efficiency of the MSBR in the 

treatment of wastewater containing high salinity as well as the removal of nitrogen compounds via SND. 
KEYWORDS: Nitrification, Denitrification, Salinity, Wastewater, Biomass 
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Introduction1 
In recent years, nitrate contamination of 
water resources due to discharge of domestic 
and industrial wastewater and extensive use 
of nitrogenous fertilizers has become a 
serious environmental concern.1 The 
increasing concentration of nitrate in aquatic 
ecosystems can cause eutrophication (algal 
bloom).2 In addition, high levels of nitrate in 
drinking water cause serious health problems 
such as methemoglobinemia in infants and 
gastric cancer.3 Several methods, such as the 
reverse osmosis,4 ion exchange,5 
electrochemical and bio-electrochemical 
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processes,1,6 adsorption,7 electrocatalytic 
reduction,8 and biological processes,9 have 
been used for the removal of nitrate from 
aquatic environment. Biological nitrification-
denitrification is the most commonly used 
process for nitrogen removal from 
wastewater.10 However, it is more economical 
to combine nitrification and denitrification 
via a simultaneous nitrification-
denitrification (SND) process in the same 
reactor than it is to perform the two processes 
separately.11-14 Recently, SND process has 
been described for various wastewater 
treatment systems. These processes are used 
because they do not require an anoxic tank 
and they allow the pH to be maintained at a 
neutral level without the need for pH 
adjustment with an external acid-base 
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0source.14,15 Sequencing batch reactor (SBR) 
has been successfully used in wastewater 
treatment for chemical oxygen demand 
(COD) and nitrogen removal as an 
alternative to a conventional activated sludge 
system due to its advantages, including 
flexibility in operation, simplicity in 
structure, and the ability to meet many 
different treatment objectives.16,17 This reactor 
has been successfully applied for SND 
process and even biological phosporous 
removal (BPR).18-20 However, SBRs have a 
number of problems, such as low ability to 
settle sludge, high excess sludge production 
under high organic loading rates, and low 
removal efficiency due to their limitation in 
biomass production.2,16,21,22 To solve these 
problems, different carriers have been used 
in the SBR in fixed or fluidized forms to 
increase the biomass concentration, and to 
overcome difficulties with respect to the 
maintenance of microorganisms and the slow 
growth of microorganisms. The support 
material is an important factor that keeps the 
microorganisms in the reactor by means of 
bio-film growth.23 Over the past few years, 

researchers have studied municipal 
wastewater treatment using a bio-film SBR 
with different carriers.22-25 

As a new alternative, in the present study, 

the Kaldnes carrier was applied for SND in 

the SBR. However, the application of this 

carrier for some biological systems such as 

SBR is limited due to its buoyancy. Hence, 

the Kaldnes carrier was packed, and then, 

placed in the SBR as a modified SBR (MSBR) 

to increase the micro-anoxic and micro-

aerobic zone in the reactor for the 

enhancement of SND performance. To the 

best of our knowledge and based on our 

literature review, there is no report on the 

application of Kaldnes carrier as fixed-bed in 

the SBR for SND, together with the removal 

of COD in high saline wastewater treatment. 

Materials and Methods 

The experimental reactor was a rectangular 
tank made of Plexiglas with a working 
volume of 10 l and a free board of 5 cm. A 
flow diagram of the experimental reactor is 
shown in figure 1.  

 

 
Figure 1. Schematic flow diagram of the experimental reactor 
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The reactor was provided with a 
peristaltic pump (Etatron, Italy), an air pump, 
an air flow meter (TG, Italy), and an electric 
valve. The MSBR reactor was filled with 
Kaldnes carriers (30% of the total volume of 
the MSBR) for growth of the bio-film. The 
length, diameter, density, and surface area of 
each carrier were 7 mm, 10 mm, 170 kg/m3, 
and 24 m2, respectively. The MSBR operation 
includes the four phases of filling (120 
minutes), aeration (300 minutes), settling (30 
minutes), and decanting (30 minutes), with a 
total time of 8 hours and 3 cycles in each day. 
The peristaltic pump was set to the flow rate 
of 1.5 l/hour to feed the wastewater into the 
reactor within a filling time of 120 minutes. 
The total volume of 3 l was exchanged in 
each cycle. Hydraulic retention time (HRT) 
was defined as the working volume of the 
SBR reactor divided by the total volume of 
synthetic wastewater fed into the reactor 
during one operational day.2 Accordingly, a 
fixed HRT of 1600 minutes was attained on 
the basis of the total volume of 9 l fed into the 
reactor during one operational day and the 
reactor working volume of 10 l. These 
calculations are in accordance with the report 
of Wang et al.20 The reactor was equipped 
with a portable dissolved oxygen (DO) meter 
(Jenway 9200, UK) and a portable oxidation-
reduction potential (ORP) meter (ORP Tester 
10, Malaysia). The timing of each phase 
(filling, aeration, settling, and decanting) of 
the reactor was controlled with adjustable 
timers. Moreover, using a portable pH meter 
(pH Tester 10, Malaysia), the pH of the 
system was maintained between 7.0 and 8.0.  

The reactor was inoculated with activated 
sludge taken from return activated sludge 
line of a municipal wastewater treatment 
plant in Tehran, Iran. The reactor start-up 
involved daily feeding of synthetic 
wastewater until a biofilm started to form on 
the surface of carriers after 8 weeks. During 
this period, the reactor operated in a “fill and 
draw” mode for the formation of a bio-film 
layer on the Kaldnes surface. The COD:N:P 
ratio in the wastewater during the 

acclimation period was kept at 100:5:1. In the 
“fill and draw” mode, ammonium, COD, 
mixed liquid suspended solid (MLSS), and 
sludge volume index (SVI) were measured 
daily. After measurement, the air pump was 
switched off and the sludge was allowed to 
settle at the bottom of the reactor. Then, 10% 
of the volume of the reactor was withdrawn 
and replaced with synthetic wastewater 
consisting of MgSO4.7H2O (69.6 mg/l), 
FeCl2·4H2O (17.25 mg/l), CaCl2·2H2O (22.5 
mg/l), CuSO4·H2O (0.08 mg/l), 
Na2MoO4·2H2O (0.15 mg/l), MnSO4·H2O 
(0.13 mg/l), ZnCl2 (0.23 mg/l), and 
CoCl2·6H2O (0.42 mg/l).26 The ammonium 
and COD concentrations reached 25 mg NH4-
N/l and 500 mg/l, respectively, and aeration 
was resumed. After the acclimation period, 
the MLSS and SVI reached approximately 
2000 mg/l and 125 ml/g, respectively. Once 
the system reached steady state conditions 
and a suitable bio-film had grown on the 
carriers, the reactors were operated in series 
in a cyclic test mode. Ethanol (C2H5OH), 
ammonium chloride (NH4Cl), and phosphate 
hydrogen potassium (HK2PO4) were used as 
carbon, nitrogen, and phosphorus sources, 
respectively. The C:N:Pratio in the simulated 
wastewater was similar to that in the “fill and 
draw” mode.  

COD, MLSS, volatile MLSS (MLVSS), and 
SVI were determined according to standard 
methods for the examination of water and 
wastewater.27 SVI was calculated as ml/g by 
dividing the results of the settling test (ml) by 
the MLSS concentration in the reactor. 
Samples were filtered with 0.45 μm filters, 
and then, NH4-N, NO3-N, and NO2-N 
contents were colorimetrically measured 
using standard methods with a UV-Vis 
spectrophotometer (Unico 2100) at 425, 220, 
and 543 nm, respectively. In the case of NO3-
N measurement, the interference of the 
organic matter was eliminated using the 
following equation: 

 

                                              (1) 
where Acorr, A220, and A275 are the 

corrected UV-light absorbance of nitrate, 
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absorbance at 220 nm, and absorbance at 275 
nm, respectively.28 Collected samples were 
acidified by adding 0.2 ml H2SO4 in a 
concentrated form to 100 ml of each sample 
and stored at 4 °C for analysis on the next 
day.29 A scanning electron microscope (SEM) 
(Philips XL 30, the Netherlands) was applied 
to study the morphological details on the bio-
film surface. DO, pH, and ORP were 
measured using specific probes.  

To estimate the amount of bio-film 
attached to the surface of each carrier, 20 
carriers were selected randomly from the 

reactor. The carriers were separated from the 
reactor and dried until constant weight was 
achieved. The dried carriers were weighed to 

calculate the total mass (Mt) of the carriers 
with bio-film. Then, the net weight of the 
carriers without bio-film (Mc) was estimated 
after washing and cleaning the carriers. After 

that, the amount of bio-film attached to the 
surface of 20 carriers (BS20) was calculated 
according to equation 2. 

 

                                                   (2) 
 

According to the total number of carriers 
in the package of the reactor (861), the total 
amount of bio-film in the reactor (BS) can be 
estimated using equation 3.25 

 

        
      

  
                                    (3) 

 

The specific oxygen uptake rate (SOUR) 
was used to evaluate the bioactivity of the 
bio-film attached to the surface of the 
Kaldnes carriers. The SOUR test was 
performed in Erlenmeyer flasks equipped 
with DO meters. Randomly, 10 carriers and 
100 ml of mixed liquid suspended solid were 
removed from the reactor and stored in two 
separate flasks for comparison. First, the 
Erlenmeyer flasks were aerated until an 
initial concentration of about 8 mg O2/l was 
achieved. Then, the reduction in the oxygen 
content was monitored and recorded via DO 
meter. The analysis was terminated when the 
DO concentration decreased to about 1 mg/l. 
Ethanol was used as the carbon source and 

was added at a 200 mg/l COD concentration 
to each flask. Finally, the SOUR was 
calculated by dividing the oxygen uptake 
rate (OUR) by the MLVSS concentration.30,31 

Results and Discussion 

Acclimation period and bio-film growth 
Biomass acclimation has been a key factor for 
improving nitrification performance in 
biological reactors.32 In this study, 
acclimation was carried out for 30 days with 
500 mg/l COD and 25 mg NH4-N/l. The 
variations in SVI and MLSS versus the 
effluent COD and NH4-N during the 30 days 
of the acclimation period are shown in  
figure 2. During this period, effluent COD 
and NH4-N concentrations reached 5.57 and  
1.05 mg/l, respectively. As can be seen in 
figure 2, the decrease in COD and NH4-N 
concentrations was achieved through the 
reduction of MLSS concentration from 6500 
to 1950 mg/l, while the SVI increased from 51 
to 123 ml/g.  
 

 
Figure 2. Variations in chemical oxygen demand 
(COD) and ammonium versus variations in 
sludge volume index (SVI) and mixed liquid 
suspended solid (MLSS) during acclimation 
period (Initial COD concentration = 500 mg/l, 
initial ammonium concentration = 25 mg NH4-N/l) 

Surface Morphology of the attached bio-
film onto the carrier 

Figure 3 [(a-1) and (a-2)] shows the structure 
of the upper and lower surface of the Kaldnes 
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carrier without bio-film at 5000X 
magnification and displays a smooth carrier 
surface for bio-film growth. The SEM image 
in figure 3 shows the fully grown bio-film on 
the surface of the carriers. Moreover, 
according to figure 3 (b-1), the presence of 
bacteria as attached bio-film is evident, thus 
indicating that an appropriate environment 
for the removal of pollutants by 
microorganisms has been achieved. This 
structure can also create many suitable 
anoxic and aerobic micro-zones to enhance 
SND processes in the same reactor. 
According to figure 3 (b-2), after the 
experiments related to salinity, the bio-film 
structure was not considerably different from 
the structure shown in figure 3 (b-1), 
implying the resistance of bio-film against 
undesirable conditions such as salinity.  
 

Bio-film growth  

The concentration of biomass attached onto 
the surface of the Kaldnes carrier was 
calculated according to equations (3) and (4). 
Moreover, the amount of suspended biomass 
in the reactor was calculated according to the 
method described in standard methods for 
the examination of water and wastewater.27 
The biomass concentration of the bio-film 
and the suspended biomass in the reactor 
were 674 ± 5 and 1984 ± 12 mg/l, 
respectively. The biomass concentration of 
the bio-film attached onto the surface of the 
media was lower than that of suspended 
biomass. Nevertheless, the ammonium 
removal efficiency of the SBR with the carrier 
was higher than that of the SBR. This finding 
shows that the bio-film had higher bioactivity 
than the suspended biomass.  

 
Figure 3. Scanning electron microscopy (SEM) images of the (a-1) upper and (a-2) lower surface of 
the carrier without bio-film, (b-1) the carrier with bio-film and (2-b) the surface morphology of the 
bio-film after ammonium and chemical oxygen demand (COD) removal in saline wastewater taken 
at 5000 X magnification 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0ahUKEwixkYfB9abNAhVI8ywKHeOVCy0QFggqMAM&url=http%3A%2F%2Fserc.carleton.edu%2Fresearch_education%2Fgeochemsheets%2Ftechniques%2FSEM.html&usg=AFQjCNGkRsdgqufq-9Rjb9DG9onz9saL6Q&sig2=z1tro8mp0rsx06NK87X7Zg&bvm=bv.124272578,d.bGs
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Specific oxygen uptake rate (SOUR) 

The SOURs of the bio-film and the suspended 

biomass were 5.24 ± 0.28 and 1.89 ± 0.12 mg 
O2/mg MLVSS.d, respectively. The SOUR for 
the attached and suspended biomass showed 
that the respirations and catabolic activities of 

the microorganisms in the bio-film were higher 
than those of the suspended biomass. This 
indicates the high bioactivity of the 

microorganisms attached onto the Kaldnes 
surfaces. Chen et al. showed that the granules 
in a SBR reactor have better bioactivity in terms 

of SOUR than the suspended sludge.33 

Simultaneous nitrification-denitrification 
process in MSBR  

To treat synthetic wastewater that contains 
ethanol as the carbon source, the evaluation 
of the removal of NH4-N and NO3-N were 
carried out using a SND process during an 
operational cycle in a MSBR reactor. 
Combining nitrification and denitrification 
for complete ammonium removal in the same 
tank is an efficient way to reduce the 
operational requirement related to separate 

processes in treating wastewater.34 Variations 
of NH4-N, NO3-N, and NO2-N in cycle time 
are depicted in figure 4. As shown in figure 4, 
increased NO3-N concentration during the 
aeration phase and then decrease in the 
produced NO3-N at the end of the settling 
phase confirms the transformation of NH4-N 
to N2 gas. Furthermore, as seen at the end of 
the settling phase, NH4-N and NO2-N 
concentrations reached the lowest values, 
indicating N2 gas production as a result of 
SND. This fact was also demonstrated in the 
investigation by Rodriguez et al.19 At the 
beginning of the settling phase, the 
concentration of nitrate decreased because of 
the absence of aeration at a lower oxidation 
reduction potential (ORP). ORP is commonly 
studied for controlling and monitoring SND 
process because of the electromotive force 
developed when oxidizers or reducers are 
present in wastewater.35 Favorable 
denitrification usually occurs along with 
decreasing ORP. ORP increases during 
aeration at high DO concentration, and then, 
decreases during the anoxic phase.36  

 

 
Figure 4. Variations in the nitrogen species concentration, and dissolved 
oxygen (DO) and oxidation-reduction potential (ORP) values versus elapsed 
time (Initial ammonium concentration = 25 mg NH4-N/l) 
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Figure 4 shows the profile of DO and ORP 
during the SND to evaluate the effect of 
oxidative conditions in the reactor for 
simultaneous removal. As shown in figure 4, 
the greatest ORP decline zone occurred at the 
end of the settling phase when the dissolved 
oxygen reached its lowest value. At this 
point, the DO and ORP values were 0.46 
mg/l and 8 mV, respectively. Moreover, 
figure 4 shows that the highest ORP that 
occurred at approximately the end of the 
aeration phase with a value of 196 mV 
matched the high DO concentration (2.34 
mg/l). Thus, we can use ORP variations in 
the system as an efficient means for 
evaluation of oxidative and reductive 
conditions. Comparatively, a DO 
concentration between 2.5 and 4.0 mg/l was 
recommended for SND in a study conducted 
by Li et al.11 They used an aerobic sequencing 
batch biofilm reactor (SBBR) packed with 
Bauer rings, which had higher energy-
consumption than the present work. 
Subsequently, by using MSBR, they 
evaluated the feasibility of SND.11 The 
following equation was used to calculate the 
efficiency of SND in the MSBR reactor.18 

 

                 (  
            

 

            
 )            (4) 

 

where             
  is the remaining NO3-

N/NO2-N and             
  is the oxidized 

NH4-N after the reaction. As seen in figure 4, 
by increasing reaction time to 450 minutes (at 
the end of the settling phase), the effluent 
concentrations of NH4-N, NO3-N, and NO2-N 
reached 1.43, 4.12, and 0.05 mg/l N, 
respectively. It seems that using a fixed bed 
Kaldnes carrier is appropriate for SND in a 
MSBR reactor. In the SBR reactor equipped 
with the Kaldnes carriers, the biofilm 
becomes thicker, the SND efficiency 
improves, and the effluent concentration is 
maintained at a low level.37 It has been 
demonstrated that reduction in SND 
efficiency in conventional SBR with 
suspended biomass can be attributed to 
lower anoxic microzones within the flocs 
which are maximized in the bio-film attached 

onto Kaldnes carriers.38 This statement was in 
agreement with the findings of Li et al., who 
found that thicker bio-film is beneficial for 
SND.11 We know that ticker bio-film results 
in increased anoxic microzones within the 
film. It has been found that high 
concentrations of nitrite have a negative 
effect on the removal of ammonium via 
SND.13 Therefore, to evaluate the 
performance of the reactor for ammonium 
oxidation, the nitrite accumulation rate 
(NAR) was estimated using equation 5.15 

 

       
     

           
                     (5) 

 

Accordingly, the variations of NAR and 
nitrite are depicted in figure 5. Figure 5 
shows a low NAR% during SND. NAR 
increased from 16.94% to 32.83% (equal to 
increasing nitrite from 0.96 to 1.58 mg NO2-
N/l) as the reaction time increased from 
beginning to 120 minutes. Then, NAR 
decreased from 32.83% to 1.17% (equal to 
decreasing nitrite from 1.58 to 0.05 mg  
NO2-N/l) as the time increased from  
120 minutes to 450 minutes. It was observed 
in another investigation that ammonium can 
be converted to N2 gas without the 
accumulation of nitrite by the mixed culture 
during SND.34 It has been confirmed that 
nitrite can be completely converted in the 
presence of sufficient carbon source during 
the SND. Zhang et al., in their study, 
observed that nitrite conversion increased 
from 27.59% at C/N of 5 to 100% at C/N of 
20.13 Our operational conditions regarding 
C/N ratio were consisted with the report of 
Zhang et al.13 Therefore, sufficient C/N ratio, 
which was applied in the present work, was 
beneficial in terms of low accumulation of 
nitrite in the reactor during the SND. At the 
end of the experiments, the package of 
carriers was removed from the reactor and 
the SND efficiency was measured. This 
enabled the evaluation of the effects of the 
Kaldnes carrier on SND efficiency. At the end 
of the settling phase, the effluent 
concentrations of NH4-N, NO3-N, and NO2-N 
reached 4.65, 6.05 and 0.09 mg/l N, 
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respectively. According to equation 4, SND 
using SBR without Kaldnes carriers would be 
69.83% which is lower than that of MSBR. 
This demonstrates that the capability of the 
MSBR for SND is higher than the SBR 
without the carrier.   

 

 
Figure 5. Variations in the effluent concentration 
of NO2-N and nitrite accumulation rate (NAR) (%) 
versus reaction time 

Effect of salinity on SND 

High saline wastewater induces salt stress in 
the microbial communities in biological 
wastewater systems. Salinity can cause 
inhibition for many enzymes, inactivation of 
bacteria, and plasmolysis.29 For example, 
metal refinery wastewater has high salinity 
which is difficult to treat biologically.39 In this 
set of experiments, ammonium removal from 
saline wastewaters was investigated in MSBR 
over 62 days because of the negative effect of 
salinity on nitrification compared to 
denitrification. For example, in a study 
related to denitrification at high salinity, a 
high denitrification rate was achieved at 0%–
10% NaCl.39 The effects of salt concentration 
(0.5%–5% NaCl) on ammonium and COD 
removal efficiencies in MSBR were 
investigated. To evaluate the salinity effect, 
the MSBR cycle was fixed at 8 hours, as 
stated in the materials and methods section. 
To compare SBR with and without the media, 
ammonium and COD were adjusted to 50 mg 
NH4-N/l and 1000 mg/l, respectively. As 
shown in figure 6, increasing the salinity 
from 0.5 to 5% led to the decrease of the 

removal percentage of ammonium and COD 
from 70.45% to 15.1% and from 99.05% to 
28.12%, respectively. However, the COD 
removal percentage was higher than 90% for 
all tested salinity concentrations up to 1%. 
 

 
Figure 6. Effect of salinity on the removal 
percentage of ammonium and chemical oxygen 
demand (COD) during 62 days of operation 
(Initial COD concentration = 1000 mg/l, initial 
ammonium concentration = 50 mg NH4-N/l) 

 
With the increasing of salinity up to 3%, a 

significant decrease was observed in 
ammonium and COD removal percentages. 
At 4% salinity, COD and ammonium removal 
percentages reached 57.12 and 29.11%, 
respectively. Figure 6 shows the tolerance of 
the MSBR to salinity, up to 3%, for treating 
synthetic wastewater containing 50 mg NH4-
N/l and 1000 mg COD/l. The obtained 
results show that MSBR is suitable for 
treating wastewater containing high salinity. 
These results indicate that a sufficient 
acclimation period (62 days) and suitable 
growth of bio-film on the Kaldnes carriers 
can help overcome the stressing and 
inhibitory conditions related to high salinity 
in synthetic wastewater.40 Biomass retention 
within a reactor by means of a carrier is a key 
factor in the prevention of washout of slow-
growing nitrification bacteria, which can be 
more resistant to inhibitory conditions, such 
as salinity. Results obtained in this study 
were consistent with those attained by Bassin 
et al.32 Their study showed a high 
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nitrification percentage for municipal 
wastewater with salinity concentrations of up 
to 8000 mg/l, equal to 0.8% by means of SBR 
containing a carrier. Rene et al. performed a 
study on treating fish market wastewater by 
SBR and showed that increasing the salt 
concentration to 3% lowered the nitrogen 
removal percentage by 35% to 45%.29 This 
effect was attributed to salt induced forces. 
After the evaluation of the effect of salinity 
on ammonium and COD removal in 
synthetic wastewater in a MSBR reactor, a 
sample of carrier was withdrawn and 
analyzed through SEM to determine the 
effect of salinity on bio-film. As shown in 
figure 3 (b-2), after the experiments related to 
salinity, the bio-film structure was not 
considerably different from the structure 
shown in figure 3 (b-1). However, other 
researchers have reported that salinity may 
potentially disturb bio-film compositions, 
such as extracellular polymeric substances, 
and can affect the oxygen transfer rate.29 

Conclusion 

This investigation confirmed the suitability of 
Kaldnes as a polyethylene carrier in a MSBR for 
a SND process. A close relationship was 
observed between decreasing ORP and nitrate 
reduction during SND in MSBR. SND results 
indicated that the SND efficiency of the MSBR 
was higher than that of SBR without Kaldnes 
carriers. The biomass concentration of the bio-
film attached onto the carrier was lower than 
that of suspended biomass, but the higher 
SOUR of the attached biomass compare to the 
suspended biomass concentration indicated a 
higher bioactivity than the suspended biomass. 
Salinity had a low effect on decreasing the 
removal percentage, which ranged between 1% 
to 3% salinity. Finally, it should be stated that 
the application of SBR with Kaldnes carriers 
can be an effective way to treat wastewater 
containing high salinity and COD levels as well 
as to remove nitrogen compounds via SND. 
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Abstract 
The aim of this research was to investigate concentrations of cadmium (Cd), lead (Pb), chromium (Cr), copper 

(Cu), and zinc (Zn) in the muscle, gill, and liver of common carp (Cyprinus carpio), tuwini (Capoeta trutta), and 

Grass carp (Ctenopharyngodon idella) from Sirvan River, Kermanshah Province, Iran, during November to 

December 2014. This investigation was conducted in order to determine the potential health risk of the intake 

of these metals through the consumption of the edible parts of fish and also to assess the safe dietary intake 

levels of these metals. The results of the present study indicated that the highest and lowest accumulated 

metal concentrations were related to Zn and Cd, respectively. Moreover, the metal concentrations in the gill and 

liver were higher than in the muscles of the three fish species. The target hazard quotients (THQs) for an adult 

with mean body weight of 71.5 kg were below 1 based on Cd, Pb, Cr, Cu, and Zn levels. In conclusion, the 

obtained results indicated that the levels of metals in the edible muscle of fish species in this study were below 

the level of concern for human consumption. 
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Introduction1 
Over the past decade, pollution of freshwater 
ecosystems by heavy metals has become a 
problem on local, regional, and global scales. 
Heavy metals are toxicants, and highly 
persistent and nonbiodegredable 
contaminants, and may be accumulated in 
the human food chain.1,2 Moreover, heavy 
metals are divided into two important 
groups; essential metals and nonessential 
metals. Metals such as copper (Cu) and zinc 
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(Zn) are essential elements for growth and 
development of the body, while other metals 
such cadmium (Cd), lead (Pb), and 
chromium (Cr) are nonessential elements for 
the body and have no known role in 
biological and physiological mechanisms.3,4 
Several studies have indicated that Cd and 
Pb are toxic heavy metals for humans and 
other organisms and affect a number of 
organs and systems such as the kidney, nerve 
tissue, circulatory system, reproductive 
system, and immune systems.5,6 Thus, an 
important step in monitoring freshwater 
ecosystems is knowledge of the metal levels 
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in the organs of aquatic organisms regarding 
both aquatic ecosystems management and 
human consumption of aquatic organisms. 

Numerous researches have assessed metal 
levels in aquatic ecosystems using different 
types of aquatic organisms such as seaweeds 
and filter-feeding molluscs,7,8 shrimp and 
crab,9,10 mussels and oysters,11,12 and fish.1,13 
Fish is a source of minerals, protein, and 
omega-3 polyunsaturated fatty acids for 
human consumption and has a positive 
impact on cardiovascular disease, 
inflammatory conditions, and brain and 
immune system health.14,15 Fish are good 
bioindicators of heavy metals in aquatic 
ecosystems, because they are at the top of the 
aquatic food chain and accumulate high 
levels of metals from surrounding waters.16,17 
Therefore, the purpose of the present 
research was to investigate the distribution of 
the selected metals of Cd, Pb, Cr, Cu, and Zn 
in the muscle, gill, and liver of three fish 
species from the Sirvan River, Kermanshah 
Province, Iran. This study was conducted in 
order to assess the potential health risk of the 
intake of these heavy metals through the 
consumption of the edible parts of fish and 
also to determine the safe dietary intake level 
of these metals. 

Materials and Methods 

Fish samples were collected from random 
catches in Sirvan River during November to 
December, 2014. Fish species were carried to 
the laboratory in a thermos flask containing 
ice. In this study, the three fish species of 
common carp (Cyprinus carpio) (n = 20), 
tuwini (Capoeta trutta) (n = 20), and Grass 
carp (Ctenopharyngodon idella) (n = 20) 
were investigated in terms of metal levels 
(Cd, Pb, Cr, Cu, and Zn) in the edible muscle, 
gill, and liver. In the laboratory, they were 
immediately dissected using a stainless steel 
dissection instrument and clean plastic 
gloves. Samples of muscle were separated 
from under the dorsal fin of fish without 
skin.13  

Approximately 1 g wet weight of gill, 

liver, and muscle were dissected from each 
sample and washed with distilled water, and 
accurately weighed into 150-ml Erlenmeyer 
flasks. To each sample, 10 ml nitric acid (65%) 
was added. Samples were left overnight in 
order to digest slowly. Afterward, 5 ml 
perchloric acid (70%) was added to each 
sample.1,13 Digestion was performed on a hot 
plate (sand bath) at 150 ºC before dilution 
with 25 ml deionized water. The 
concentrations of Cd, Pb, Cr, Cu, Ni, Zn, and 
Fe were measured using inductively coupled 
plasma atomic emission spectroscopy  
(ICP-OES) (AMETEK Materials Analysis 
Division, Germany). The detection limits for 
Cd, Pb, Cr, Cu, and Zn, were, respectively, 
0.01, 0.2, 0.07, 0.3, and 0.75 µg/g. Moreover, 
the mean recovery for Cd, Pb, Cr, Cu, and Zn 
were 98.7, 98, 97.4, 96.7, 94.5, 96.6, and 99.4 
percent, respectively. 

Statistical analysis was performed using 
SPSS Software (version 16, SPSS Inc., 
Chicago, IL, USA). The one-way analysis of 
variance (ANOVA) was used to verify 
significant differences in organ metal 
concentrations among the three fish species. 
The metal concentrations in organs were 
expressed as microgram per gram wet weight 
(ww). Values are given in mean ± standard 
deviation (SD). 

Daily consumption limits of metal 
contaminated fish were calculated according 
to the following equation. 18-20 

 

                   
 

Where CRlim is maximum allowable fish 
consumption rate (kg/d), RfD is reference 
dose (10 for Cd, none set for Pb, 3 for Cr,  
300 for Zn, 20 for Cu, and 360 for Fe 

µg/kg/day), BW is the consumer’s body 
weight (kg), and Cm is measured 
concentration of chemical contaminant m in a 

given species of fish (mg/kg).20 
The consumption limit is determined in 

part by the size of the meal consumed. A 
0.227 kg average fish meal size was 
assumed.18 The following equation was used 
to convert daily consumption limits to the 
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number of allowable meals per month.20 
 

                      
 

Where CRmm is the maximum allowable 
fish consumption rate (meals per month), 
CRlim is the maximum allowable fish 
consumption rate (kg/d), MS is the average 
fish meal size (0.227 kg fish/meal), and Tap is 
the time averaging period (365.25 days/12 
months = 30.44 days/month). 

Hazard quotient (HQ) is the ratio of the 
estimated exposure dose of a contaminant to 
its RfD. The HQ can be calculated with the 
following equation:19-20 

 

                      
 

Where HQ is the health risks through 
consumption of fish by the local inhabitants, 
RfD is reference dose (10 for Cd, none set for 
Pb, 3 for Cr, 300 for Zn, and 20 for Cu 
µg/kg/day), BW is the consumer’s body 
weight (kg), MCC is measured concentration 
of chemical contaminant m in a given 
species of fish (mg/kg), and CR is the 
average consumption rate (0.003 kg 
fish/meal). A target hazard quotient`t 
(THQ) below 1 means the exposure 
population is unlikely to experience evident 
adverse effects.20 Acceptable daily and 
weekly uptake of heavy metals were 
calculated with the following equation:20 

 

          
 

where DI is the daily intake, Cm is the 
concentration of metal m in fish (µg/g) and 
IR is the intake rate. 

Results and Discussion 

The heavy metals concentrations in the muscle, 
gill, and liver of C. carpio, C. trutta, and C. 
idella are presented in figures 1 to 6. The results 
of the present research indicated that the metal 
levels in the liver and gill were higher than the 
muscle. Moreover, the results of statistical 
analysis showed that the levels of metals in 
organs of the three fish species were not 
significant (P > 0.05) (Table 1). The THQs in the 
three species of fish were below 1 (Table 2). 

 
Figure 1. Cu and Zn concentrations (µg/g) in 
organs of Cyprinus carpio 

 

 
Figure 2. Cd, Pb, and Cr concentrations 
(µg/kg) in organs of Cyprinus carpio 

 

 
Figure 3. Cu and Zn concentrations (µg/g) in 
organs of Capoeta trutta 
 

 
Figure 4. Cd, Pb, and Cr concentrations 
(µg/kg) in organs of Capoeta trutta 
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Figure 5. Cu and Zn concentrations (µg/g) in 
organs of Ctenopharyngodon idella 

 
Figure 6. Cd, Pb, and Cr concentrations 
(µg/kg) in organs of Ctenopharyngodon idella 

 

Table 1. Statistical analysis of metal levels in organs of the three fish species  

Area/Fish 

species 

Cd Pb Cr Cu Zn 

One-way ANOVA One-way ANOVA One-way ANOVA One-way ANOVA One-way ANOVA 

F-value P F-value P F-value P F-value P F-value P 

C. carpio 0.74 NS 0.52 NS 5.85 < 0.05 0.42 NS 1.15 NS 

C. trutta 3.23 NS 2.38 NS 1.64 NS 0.73 NS 3.69 NS 

C. idella 3.97 NS 0.52 NS 1.77 NS 0.27 NS 0.06 NS 

P = significance level; NS = not significant 

 
In this study, Cd, Pb, Cr, Cu, and Zn levels 

were higher in the gill and liver of the three 
fish species than the muscles. One reason for 
high concentrations of heavy metals in the 
gills and liver is the presence of large 
amounts of metallothionein (MT) protein and 
metal retention in these organs.21 MTs, the 
multipurpose proteins, are low-molecular-
weight proteins with many sulfhydryl 
groups which bind a variety of metals, such 
as Cu, Zn, and Cd, and show a strong affinity 
toward certain essential and non-essential 
metals.22 In contrast, in muscle tissue, due to 
low metabolic activity, the accumulation of 
metals is low. Therefore, heavy metals uptake 
from aquatic environment via the muscle is 
much less important than the gills and liver. 
The liver also has an important role in 
contaminant storage, redistribution, and 
detoxification or transformation and acts as 
an active site of pathological effects induced 
by contaminants.23 The liver tissue is highly 
active in the uptake and storage of heavy 
metals. Fish respond to heavy metal exposure 
by producing MT, particularly in the liver.21 
Thus, the liver tissues in fish are more often 

recommended as an environmental indicator 
of water pollution than any other fish organs. 

 
Table 2. Hazard quotient, daily intake, and 
consumption rate indexes for the three 
species of fish in this study 

CR (g) DI (µg/g) HQ Species 

 
 

 
C. carpio 

39.1 10.90 0.0007 Zn 
3.7 7.50 0.0070 Cu 
4.7 0.80 0.0060 Cr 

175.0 0.08 0.0001 Cd 
46.6 0.30 0.0006 Pb 

   
C. trutta 

42.8 10.10 0.0007 Zn 
2.7 10.30 0.0108 Cu 
1.3 3.10 0.0220 Cr 

1400.0 0.01 0.00005 Cd 
77.7 0.18 0.0003 Pb 

   
C. idella 

29.2 14.60 0.0006 Zn 
1.8 15.30 0.0161 Cu 
8.0 3.50 0.0375 Cr 

800.0 0.02 0.0004 Cd 
70.0 0.20 0.0004 Pb 

HQ: Hazard quotient; DI: Daily intake; CR: Consumption rate 

 
Cd, Pb, and Cr are toxic and non-essential 

metals and have no well-known role in the 
biological systems. They have been 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Zn Cu

Gill Liver Muscle Gill Liver Muscle

C
o

n
c
e
n

tr
a

ti
o

n
 (

µ
g

/g
) 

Organs of Fish 

0

50

100

150

200

250

300

350

400

Cr Cd Pb

Gill Liver Muscle Gill Liver Muscle Gill Liver Muscle

C
o

n
c
e
n

tr
a

ti
o

n
 (

µ
g

/k
g

) 

Organs of Fish 



 

 

 
 

http://jaehr.muk.ac.ir 

Health risk assessment of metals in organs of fish Mansouri et al. 

    J Adv Environ Health Res, Vol. 3, No. 4, Autumn 2015       239 

recognized as environmental contaminants 
mainly due to their high toxicity at low 
concentrations.1 Long term exposure to Pb 
and Cd may result in kidney and liver 
failure, and circulatory system and nerve 
tissue deficiency. Hanaa et al. have reported 
that exposure to high Pb concentrations may 
cause death or deterioration of the central 
nervous system, brain, and kidney.5 Reported 
Pb levels in edible muscle of C. carpio (0.018 
µg/g), C. trutta (0.012 µg/g), and C. idella 
(0.011 µg/g) were lower than the maximum 
acceptable concentrations (2.0 μg/g fresh 
weight of fish as seafood) reported by the 

European Commission (EC),24 the UK Food 
Standards Agency,25 Australian National 
Health and Medical Research Council 
(ANHMRC),26 and Spanish legislation.27 The 
concentrations of Cd obtained in C. carpio 
(0.004 µg/g), C. trutta, (0.001 µg/g), and C. 
idella (0.001 µg/g) edible muscles were lower 
than the maximum acceptable concentrations 
established by the EC (2001) (0.05 µg/g). 
Moreover, we found the Cd levels to be lower 
than the standards of the ANHMRC (2.0 µg/g), 
Western Australian authorities (5.5 µg/g),28 
and Spanish legislation (1.0 µg/g).27 

The Food and Agriculture Organization of 
the United Nations (FAO)29 has established a 
maximum permissible concentration of 30 
µg/g for Cu (in this study, 9.8 µg/g for C. 
carpio, 12.8 µg/g for C. idella), and 30 µg/g 
for Zn (in this study, 19.5 µg/g for C. carpio 
and 15.4 µg/g for C. idella). The Cu and Zn 
concentrations in the edible muscle of both 
fish from Sirvan River were below the levels 
of concern for human consumption of toxic 
compounds. The Zn and Cu concentrations in 
the liver of C. carpio, C. trutta, and C. idella in 
the present study were lower than those in 
Hypophthalmichthys molitrix, 
Ctenopharyngodon idellus, and Megalobrama 
amblycephala in China,2 and Labeo calbasu, 
Cirrhinus reba, and Rita rita in Chenab River, 
Pakistan.30  

Hajeb et al. reported that the daily intake of 
heavy metals through food consumption is 
dependent on several factors such as the metal 

concentrations in food and amount of food 
consumed.31 Health risk estimate levels 
measured for Cd, Pb, Cr, Cu, and Zn in all 
three fish species (Sirvan River) were below the 
international criteria in edible fish muscle for 
human protection.32 In this study, to estimate 
the human health risk from consuming metal-
contaminated fish, the estimated exposure 
doses were calculated for five metals. The 
maximum HQs determined for Cd, Pb, Cr, Cu, 
and Zn in all three fish species were 0.0004, 
0.0004, 0.02, 0.01, and 0.0007, respectively. 
According to these results, THQ was lower 
than 1, and a THQ below 1 means the exposure 
population is unlikely to experience noticeable 
adverse effects.20 

Conclusion 

The health risks posed by exposure to heavy 
metals of Cd, Pb, Cr, Cu, and Zn, in local 
inhabitants of Kermanshah Province through 
the consumption of contaminated fish were 
investigated based on THQs. The results of 
the present study indicated that the THQ 
values are less than 1 for adults by 
consuming fish. The metal concentrations in 
the gill and liver were higher than in the 
muscles of the three species of fish. 
According to the results of this study, the 
levels of metals in the edible muscle of fish 
species in this study were below levels of 
concern for human consumption. 
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Abstract 
In any type of rubber product manufacturing (including tires), the primary concerns are environmental. The aim 

of the present study was to survey a treatment combination of ozonation and physicochemical processes in the 

rubber industry. Wastewater samples were collected from the discharge unit of the rubber processing sewage 

system in Kerman Barez Tire Factory, Kerman, Iran. The wastewater samples used for chemical oxygen demand 

(COD), biochemical oxygen demand (BOD), total suspended solids (TSS), and oil and grease determinations 

were collected directly into bottles. After collection, samples were transferred to the laboratory for examination. 

The 2 methods of physicochemical process and ozonation process were used to treat wastewater. The study 

results suggest that the use of a chemical coagulation process with ferric chloride (FeCl3.7H2O) in the first stage 

of this study reduced COD by 37% of the original amount (0.56 g/l). The optimum dosage and pH range were 

0.775 g/l and 6.5, respectively. When using Al2(SO4)3, the COD reduction rate was 42%, and the optimum dosage 

and pH range were, respectively, 0.45 g/l and 6.5-7. After the ozonation process, COD was reduced by 70.75% and 

90.6%. In accordance with these results and with respect to the high contamination load of this industry’s 

wastewater and its many environmental hazards, the complete treatment of this industry’s wastewater is crucial. One 

scientific and practical approach to wastewater treatment is the use of a combination of processes. 
KEYWORDS: Aluminum sulfate, Coagulation, Ferric Chloride, Ozonation, Physicochemical, Wastewater, Treatment 
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Introduction1 
Industries are major sources of pollution in 
all environments.1 Depending on the 
industry, different levels of pollutants are 
discharged into the environment directly or 
indirectly through the sewer outlet. In recent 
years, a rapid growth has been observed in 
industries due to the development of 
technology. Therefore, the volume of waste 
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produced by different industries has also 
increased. The rubber industry produces 
environmental pollutants, which are highly 
objectionable, from natural rubber 
processing. The high concentrations of 
nitrogen and organic and inorganic loading 
in rubber wastewater pose serious threats to 
the environment.2 Industrial wastewater 
includes employees’ sanitary waste, 
production process discharge, wash waters, 
and contaminated water from heating and 
cooling and other operations.3 To produce 20 
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tons of rubber, a rubber factory produces, on 
average, 410,000 liters of effluent per day.4 
Environmental pollution caused by the daily 
discharge of about 80 million liters of 
untreated rubber effluent into near streams 
and rivers has been reported in Malaysia.2,5,6 
Without appropriate treatment, the discharge 
of rubber industry wastewater into the 
environment may have serious, dangerous, 
and prolonged consequences. Therefore, 
suitable technologies must be used to treat 
this wastewater.7 Various methods for 
treating this type of waste exist in the world, 
the most important of which are biological,8 
aerobic,9 anaerobic,10 and physicochemical 
methods, and facultative ponds. Advanced 
methods include natural process,11 
electrochemical methods,12 ozonation process 
followed by batch activated sludge, and 
methods combining physicochemical and 
biological methods (e.g., the gas injection 
technique and sludge process).13 None of 
these studies, however, used the combination 
of physicochemical and ozonation 
processes.8-13 The current study investigated 
the treatment efficiency of the combination of 
physicochemical treatment and ozonation 
process for chemical oxygen demand (COD) 
removal from rubber industry effluents. 

Materials and Methods 

In this study, a testing unit was conducted at 
a laboratory-scale in the Kerman Barez Tire 
Factory, Iran, to investigate the treatment 
efficiency of physicochemical and ozonation 
processes in a combined treatment method 
on rubber industry wastewater effluent.  

The experimental stage was divided into  
2 stages. In the first stage, experimental 
studies were conducted with a 
physicochemical treatment process in which 
effluent was treated through coagulation 
followed by flocculation using aluminum 
sulfate [alum, Al2(SO4)3], and ferric chloride 
(FeCl3). Different variables, including contact 
time, coagulant material dosage, and pH, 
were tested. In the second stage, ozonation 
was performed in the batch reactor as post 

treatment, and different variables, including 
contact time, ozone dosage, pH, and COD 
removal efficiency, were tested. 

Rubber wastewater samples were collected 
from 9 production halls of a rubber 
wastewater processing factory in Kerman 
Province, Iran. Wastewater sampling was 
conducted at the output point, before 
discharge into the storage pond. After 
collection, the samples were fixed, transported 
to the laboratory, and immediately examined. 
First, each production unit was tested 
separately (9 units), and then, samples were 
mixed to make up 1 sample for the 
physicochemical treatment process. 

The successful application of various 
coagulant materials in water and wastewater 
treatments has been reported in many studies.14 
Various types of natural and synthetic organic 
polymers have been used for the coagulation-
flocculation process in wastewater treatment.15 
The main disadvantage of a physicochemical 
treatment process is the high volume of sludge 
it produces.16 

Jar Tests 

One well-known apparatus for selecting 
coagulant material for physicochemical 
wastewater treatment is the jar testing device, 
the results of which show treatment efficiency 
in terms of suspended matter and 
organic/inorganic matter removal.17,18 
Chemicals and coagulant materials are 
selected and optimum operating conditions 
(pH and exact amount of coagulant materials) 
are determined by means of jar testing.  

Physicochemical experiments were carried 
out in a six-stirrer jar-test device (Phipps & 
Bird, USA). For the tests, 1000 ml of the 
sample was introduced into the jars. Then, the 
coagulant material was added by a beaker and 
the mixture was mixed rapidly (100 rpm) for 2 
minutes. Subsequently, paddle velocity was 
decreased to 20 rpm for 20 minutes, and the 
flocculants were added into the tests in which 
ferric chloride (FeCl3) and aluminum sulfate 
[alum, Al2(SO4)3] were used. Finally, the 
paddles were withdrawn so that the particles 
could settle for a 30-minute period.19 
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Rubber wastewater treated through 
physicochemical process is discharged into the 
ozonation reactor (50 liters) for treatment by 
ozone (Figure 1). 

 

 
Figure 1. Schematic and photo of an ozonation 
pilot-scale 
 

In all tests, COD, turbidity, pH, oil and 
grease content of the clarified water, and 
sludge volume after 30-minute sedimentation 
(V30) were measured. COD and oil and grease 
contents were assayed using standard 
protocols given in section 5220 A.20 In 
addition, pH was measured using a cation 
apparatus (Analytical Technology Inc., USA). 

The ozone generator used in this study was 
a Compact Ozone Generator (OZONEUF, 
Model No. 6-5-11015, France Co., Ltd) (Figure 
2). It was applied at various voltages and 
different ozone gas flow rates of 2-5 gr/hour. 
The ozone generation was determined by 
spectrophotometry using the standard 
potassium iodide (KI) absorption procedure.21  

In this section of the treatment, ozonation 
was carried out in a 50-liter reactor fitted 
with a sand diffuser. A total of 6 samples 
were withdrawn periodically from the 
reactor by pickup sample valves. COD 
samples were collected at 7 contact times  
(15, 30, 45, 60, 90, 120, and 150 minutes). The 
initial value of COD was measured before the 

ozonation process was started. 
The schematic and a photo of the 

ozonation pilot-scale are provided in figure 1. 
 

 
Figure 2. Compact Ozone Generator 

Results and Discussion 

The tire and rubber industry has a great 

variety of uses for water and depends on it to 

cool its various types of equipment. Each use 

may have its own quality requirements. 

Production Process in Kerman Barez Tire 

Factory: 

The rubber tire manufacturing process 

includes the 11 steps of mixing, milling, 

extruding, calendering, bead making, 

cementing and marking inks processes, 

cooling and culture, tire-building, 

lubricating, curing, and tire finishing.22 

All the steps mentioned above are 

associated with the consumption of large 

amounts of water which produces a volume 

of 2500 cubic meters of sewage per month in 

the studied factory. 

Wastewater characterization:  

The parameters analyzed were conductivity, 

pH, COD, oil and grease, and turbidity. The 

features of raw effluent are summarized in table 1. 
 

Table 1. Characteristics of raw wastewater of Kerman Barez Tire Factory (separate production units) 
No. Unit production/Variable pH COD (mg/l) TSS (mg/l) Oil and grease (mg/l) 
1 Old Banbury Mixer (hall 1) 9.9 26145 34900 26249 
2 New Banbury Mixer (hall 2) 8.9 6391 1031 2925 
3 Effluent of water boilers 10.3 3403 - 255 
4 Effluent of cementing process 6.6 5146 77 7903 
5 Effluent of makeup tube 8.5 3237 1328 853 
6 Effluent of makeup tire 7.0 2830 1080 730 
7 Effluent of reverse osmosis unit 8.0 270 300 0 
8 Effluent of boiler blowdown 2.1 3901 31 3901 
9 Effluent of curing process 6.6 3071 220 481 

COD: Chemical oxygen demand; TSS: Total suspended solids 

Ozonation 

pilot plane 

Pickup 

sample 

Valves 
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Table 2. Characteristics of mixed raw wastewater of Kerman Barez Tire Factory (final mixed 
samples) 

No. Parameters Deal Industrial effluent standard
23

 

1 COD (mg/l) 5613 < 120 (not to exceed 400) 

2 TSS (mg/l) 560 < 50 (not to exceed 150) 

3 Oil and grease (mg/l) 5651 - 

4 pH 8.3 5.5-9.0 
COD: Chemical oxygen demand; TSS: Total suspended solids 

 
The characteristics of mixed raw 

wastewater of Kerman Barez Tire Factory are 
presented in table 2. 

The concentrations of COD, total 
suspended solids (TSS), and oil and grease 
were much higher than discharge effluent 
standards. 

Wastewater characteristics after treatment 
through a 2-stage process: 

First stage: Physicochemical Process   

The relationship between pH and coagulant 
material dosage (ferric chloride and alum) is 
shown in figure 3. 

 

 
Figure 3. Relationship between pH and 
coagulant material dosage (ferric chloride and 
alum) 

 
COD variation and removal efficiency in 

ozone pilot plane are shown in figure 4.  

Second stage: Ozonation Process 

In figure 5, the histogram of 
physicochemical treatment by ferric chloride 
and alum with and without ozonation  
is presented. 

 
Figure 4. Chemical oxygen demand (COD) 
variation and removal efficiency in ozone pilot 
plane  

 

 
Figure 5. Physicochemical treatment by ferric 
chloride and alum with and without ozonation  

 

The results of this study showed that, in 
the first stage, wastewater was treated 
through chemical coagulation with ferric 
chloride (FeCl3.7H2O) for a contact time of 30 
minutes. In this stage, COD reduction was 
37% of the original amount (5600 mg/l). The 
optimum dosage of chloride (FeCl3.7H2O) 
and the pH range were 0.775 g/l and 6.5, 
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respectively. In the next stage of the 
physicochemical treatment with Al2(SO4)3, 
the COD reduction rate was 42% of the 
original amount (5600 mg/l), and the 
optimum dosage and pH were 0.45 g/l and 
6.5-7, respectively. In the second stage, after 
physicochemical treatment by FeCl3.7H2O 
and Al2(SO4)3, the wastewater was further 
treated by an ozonation process with  
7 contact times (15, 30, 45, 60, 90, 120, and  
150 minutes). 

Ozone dosage was 5 gr/hour. The COD 
removal efficiency rates for the final effluent 
after the combined process are shown in 
figure 4 and are compared to the rates with 
and without ozonation. The removal 
efficiency of the COD parameter with the 
physicochemical process as a pretreatment 
was significantly higher than that with 
ozonation. This indicates that the 
combination process is better in terms of 
pollutant removal from the effluent of this 
industry. In the physicochemical stage of 
COD reduction, no significant difference in 
removal efficiency was observed with 
Al2(SO4)3 (42%) and FeCl3.7H2O (37%). In 
2010, wastewater from the cheese industry 
was treated through coagulation-flocculation 
using FeSO4, Al2(SO4)3, and FeCl3.24 A ferric 
salt concentration of 250 mg/l resulted in a 
40% to 60% reduction in COD. The optimum 
condition was found to be 3000 mg/l of FeCl3 
at pH of 5.6, resulting in a 76% removal of 
COD. Coagulation-flocculation using 
Al2(SO4)3, FeCl3, and aluminum 
polychorosulfate showed low efficiency for 
the removal of avian influenza virus subtype 
H5N1 and the swine-origin influenza A 
virus.25,26 

A medical waste sterilization plant was 
pretreated with coagulation-flocculation 
using FeCl3, ferrous sulfate, and Al2(SO4)3 by 
Ozkan et al.27 Their results showed that a 60% 
COD removal and a high removal of 
suspended solids, nitrogen, and phosphorous 
were achieved through the application of 300 
mg/l of FeCl3 at pH of 10.27 Paint 
manufacturing wastewater containing 

polyvinyl alcohol (PVA) was treated with 
alum.28 The results showed that 80% COD 
removal was obtained with 2000 mg/l of 
both coagulants, whereas more than 90% 
removal was achieved for latex-based 
wastewaters with FeCl3.28 Chiavola et al. used 
alum, lime, and iron chloride as coagulants to 
treat olive mill wastewater.29 Lime was 
selected as the best coagulant with 51% COD 
removal compared with alum and iron 
chloride. The results showed that the effluent 
was suitable for the subsequent biological 
treatment.29 Kiril et al. found that the process 
of flocculation and coagulation and fission of 
acid improve oil biodegradation of olive oil 
mill wastewater.30 Their results showed COD 
and phenol removal percentages of more 
than 67% and 72%, respectively.30 Iron 
trichloride and aluminium polychloride were 
used as coagulation-flocculant material by 
Castrillon et al. to treat old landfill leachate.31 
The results of their study showed that 62% to 
73% of non-biodegradable organic matter 
and more than 97% of turbidity and color 
were removed.31 Samadi et al. studied the 
effects of different metal salt coagulants of 
polyaluminum chloride (PACl), alum, and 
ferrous on landfill leachate Fe2(SO4)3  
(1500 mg/l) which resulted in a higher than 
71% COD removal at pH of 12.32 Zazouli et 
al. used lime to treat fresh leachate.33 The 
optimum concentration of lime as a 
coagulant was found to be 2.4 g/l and 
optimum pH was 9.5. Heavy metals and 
COD removal efficiencies of 79%-88% and 
25%, respectively, were obtained.33 Maranon 
et al. used FeCl3, alum, PACl, and 
polyacrylamide polyelectrolytes for the 
coagulation-flocculation treatment of landfill 
leachate.34 They found that ferric chloride 
concentration of 0.6 g/l at pH of 5-5.5 
resulted in 73% COD, 98% color, and 100% 
turbidity removal.34 

In another study, alum, FeCl3, and ferrous 
sulfate showed the same performance for 
COD removal in the coagulation by 
precipitation (C/P) process, while for 
coagulation/dissolved air flotation (C/DAF), 
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the order of removal efficiency was alum > 
FeCl3 > ferrous sulfate. Pre-ozonation was 
used before coagulation to investigate its 
effect on the formation, breakup, and 
regrowth of the flocs. Increased O3 
concentration showed an adverse effect on 
floc formation with limited regrowth of 
broken flocs.35 The effects of the application 
of O3 on the COD and color removal 
efficiencies of a textile industry were 
investigated by Avsar and Batibay.36 O3 was 
effective in removing COD and color and 
improved COD and color removal in 
addition to the current chemical treatments.36 
In 2010, Demin used ozone/biological 
activated carbon (BAC)/TiO2 to treat 
phenolic wastewater.37 The results showed 
that when phenol concentration was 0.1 g/l, 
the O3-containing air flow rate was 0.05 
m3/hour, O3 concentration was 3.58 mg/l, 
pH value was 7.5, and treatment time was 30 
minutes. Moreover, the phenol removal rate 
was 99% and COD removal rate was 55%.37  

Orta de Velasquez et al. investigated the 
effect of O3 on dissolved organic matter 
during wastewater coagulation using alum.38 
Adding O3 to the coagulant treatment 
enhanced the quality of the final effluent 
compared with conventional coagulation 
treatments.38 Lafi et al. investigated the use of 
a combination of coagulation and advanced 
oxidation processes (AOPs) for the removal 
of organic pollutants from olive oil mill 
wastewater. The percentage of COD removal 
of coagulation with O3 was a little lower than 
that with O3/UV and H2O2/UV.39 
Hernandez-Ortega et al. reported combined 
electrocoagulation-ozonation to be a suitable 
pre-treatment for traditional biological 
processes and as a complete treatment for the 
discharge of industrial effluents into 
municipal sewers.40 The combination of a 
biological treatment with the 
electrocoagulation-ozonation process led to a 
high-quality effluent.40,41 

Conclusion 

The combination of a physicochemical 

process with Al2 (SO4)3 as a pretreatment to 
the ozonation process can improve the 
efficiency of COD removal by up to 90.6%. 
This combined process was found to be very 
effective in removing the pollutants present 
in rubber industry wastewater. Moreover, it 
produced a final effluent which was low in 
suspended solids, clear, and odorless. 
However, the individual processes and the 
combined process (physicochemical and 
ozonation) were not sufficient to completely 
treat the highly polluted rubber wastewater. 
Thus, it is necessary to complete the 
treatment process with a method such as 
activated sludge. To reach industrial effluent 
standards, complementary processes such as 
activated sludge can be used. 
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Abstract 
Pelareh Dairy Industry (PDI) is located in the west of Iran. The aim of the present study was to assess the quality 

and quantity of PDI wastewater and compare the results with the regulations. PDI has a wastewater treatment 

plant that consists of sewage collection system, screening system, equalization tank, clarification tank, 

anaerobic system for pretreatment, activated sludge processing, disinfection, and solids drying beds. In this 

research, seven quality parameters, including chemical oxygen demand (COD), five-day biochemical oxygen 

demand (BOD5), nitrate (NO3), total suspended solids (TSS), phosphate (PO4), temperature (Tºc), and pH, were 

measured as qualitative variables. Thus, 20 samples were collected from influent and effluent zones. 

Wastewater samples were collected using random grab sampling during peak hours. Based on the results, the 

average (SD) COD concentration of the raw wastewater in wet season and dry season was 2152.22 (1384.00) 

and 1813.38 (518.33) mg/l, respectively. The results revealed that the removal efficiency of BOD5, COD, and 

TSS at the studied plant was 89.22%, 88.79%, and 71.72%, respectively. Based on achieved results, the 

pollution load of PDI effluent wastewater was determined and presented. Based on the obtained results, the 

pollution load based on BOD5 variable was 15.71 kg/day. The obtained results indicate that the treatment plant 

was not efficient enough to be considered as a treatment process for the removal of suspended solids and 

organic matter. 
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Introduction1 
Food processing is one of the most intensive 
water user industries and the volume of its 
wastewater is relatively high and dependent 
on the process details.1 In the dairy industry, 
raw milk is processed into different products 
such as consumer milk, condensed milk, 
dried milk (milk powder), cheese, butter, 
yogurt, and ice cream. Unit operations in 
dairy industries that generate wastewater 
include disinfection and washing of 
equipment such as tanks, pipes, pasteurizers, 
centrifuges, homogenizers, pails, and etc. 
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Depending on the capacity and type of the 
industry, raw industrial wastewater is highly 
polluted and contains high concentrations of 
organic matter such as carbohydrates, 
proteins, oil and grease, suspended solids, 
nitrogen, and a level of phosphorus. In 
addition, all of these substances contribute 
greatly towards the high values of five-day 
biochemical oxygen demand (BOD5) and 
chemical oxygen demand (COD).2-8 It also has 
an unpleasant odor due to decomposition of 
some compounds such as casein which may 
have unsatisfactory effects.5,9,10 

It is necessary to remember that almost all 
organic constituents of dairy waste are highly 
biodegradable.11 In recent decades, many 
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researchers have tried to determine the 
quantity of dairy wastewater generated by 
different industries. Based on the latest 
available information, total quantity of 
effluent produced in the industry is found to 
vary widely from company to company, and 
depends on the processing mode and its 
conditions.10  

Kyrychuk et al. estimated that the amount of 
effluent wastewater generated by the dairy 
industry is in the range of 0.2 to 10 l of effluent 
per liter of pasteurized milk with the mean of 
about 2.5 l of wastewater per liter of 
pasteurized milk.11 Karthikeyan et al. reported 
that the amount of wastewater produced 
annually by the mentioned industries was 
between 3.74 and 11.22 million cubic meters of 
wastewater per year, which means 
approximately one to three times the volume of 
milk processed.12 Gulyas et al. confirmed that 
the volume of effluent wastewater produced 
for each cubic meter of processed milk is in the 
range of three to four cubic meters.13 

Regarding the priority of environmental 
issues, it is necessary to adopt a positive 
approach to sustainable management of 
water, soil, and other finite resources and 

monitor industrial wastewater including 
dairy wastewater. On this basis, the aim of 
the present study was to investigate the 
quality and quantity of wastewater of Pelareh 

Dairy Industry (PDI) and also estimate the 
pollution load as part of environmental 
management policies in Iran. 

Materials and Methods 

PDI is located in Hamadan Province (Malayer 
Township) in the west of Iran, covering 2 
hectares with three working shifts a day. The 
nominal capacity of the plant is approximately 
55 tons of dairy product per day. These 
products are pasteurized milk, cheese, pizza 
cheese, and some types of yogurt. PDI has 

approximately 100 employees as permanent 
workers and workers' normal shifts are 8 hours 
a day, 7 days a week. The said factory has a 
wastewater treatment plant that consists of 
sewage collection system, screening system, 
equalization tank, clarification tank, anaerobic 
system for pretreatment, activated sludge 
processing, disinfection, and solids drying 
beds. Figure 1 provides a schematic flow 
diagram of PDI wastewater treatment facility.  

This research project was conducted 
during 2014-2015. First, the general features 
of the study area and PDI were assessed 
using library and field visits. In this section, 
initial planning or pre-test was performed to 
assess the feasibility of the study, identify the 
site, investigate the problem, and determine 
the minimum sample size necessary to 
achieve a desired level of significance. 

 

 
Figure 1. Flow diagram of Pelareh Dairy Industry wastewater treatment plant 
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Based on the water consumption rate, 
production volume, and number of workers, 
the total amount of wastewater, such as 
municipal wastewater and industrial 
wastewater, of the factory was obtained. 
Wastewater sampling was performed in two 
seasons (wet and dry). A computer random 
number generator was used to select 5 days in 
each season. During each sampling session, 20 
samples were collected from influent and 
effluent zones. Wastewater samples were 
collected using random grab sampling during 
peak hours of activity and analysis was carried 
out as recommended by standard methods.14  

In this research, 7 quality parameters, 
including COD, BOD5, nitrate (NO3), total 
suspended solids (TSS), phosphate (PO4), 
temperature (Tºc), and pH, were measured as 
qualitative variables to evaluate the quality of 
wastewater and pollution load. The efficiency 
of the wastewater treatment plant of the 
factory in terms of each parameter was 
determined in the following sections. The 
average concentration of each parameter was 
measured and compared against the standard. 
Microsoft Excel and SPSS software (version 
19.0, SPSS Inc., Chicago, IL, USA) were used 
for data analysis. Kolmogorov-Smirnov test 
was used for testing the distribution 
normality. The significance of all differences 
was tested using the one sample t-test. 

Results and Discussion 

The information obtained from PDI revealed 

that the amount of water consumed in the 
factory was 180 cubic meters per day. About 
2% to 3% of this amount is related to 
municipal or human wastewater of the 

factory. A certain percentage of supplied 
water was commonly used for irrigation of 
the factory's green space. Based on the results 

achieved, the milk processing capacity of this 
factory was 70 cubic meters per day and the 
volume of wastewater generated by the 

industry was about 140 cubic meters per day. 

Under these circumstances, the amount of 
effluent wastewater generated by the 
industry was about 2 l of effluent per liter of 

pasteurized milk.  
Kolmogorov-Smirnov test was applied to 

test the normality of distribution. The results 
of the Kolmogorov-Smirnov test indicated 

that the distribution of data was normal. 
The quality of raw and treated wastewater 

of PDI in different seasons are presented in 
table 1. In many cases, the results were very 
similar in the wet season and dry season. 
Based on the said results, the average (SD) 
concentration of COD in the raw wastewater 
collected in the wet season and dry  
season was 2152.22 (1384.00) and 1813.38  
(518.33) mg/l, respectively. 

 
Table 1. Comparison of characteristics of raw and treated wastewater samples collected from 
Pelareh Dairy Industry in different seasons 

P 
Dry season Wet season 

Variable Wastewater 
SD Mean n SD Mean n 

0.62 518.33 1813.38 5 1384.00 2152.22 5 COD Raw 
0.63 281.74 954.00 5 714.22 1128.00 5 BOD5 
0.40 78.23 782.00 5 344.99 922.00 5 TSS 
0.46 21.91 9.80 5 3.90 2.16 5 NO3 

0.03* 32.03 89.80 5 15.22 49.20 5 PO4 
0.91 2.59 6.08 5 2.67 6.26 5 pH 
0.39 2.96 31.40 5 0.74 30.10 5 T 
0.72 129.19 234.14 5 64.04 210.18 5 COD Treated 
0.89 67.57 109.80 5 34.36 114.60 5 BOD5 
0.01

*
 49.79 154.00 5 38.34 328.00 5 TSS 

0.10 1.94 1.42 5 11.05 12.08 5 NO3 
0.12 5.31 29.40 5 10.45 38.60 5 PO4 
0.61 0.19 7.38 5 0.33 7.47 5 pH 
0.04

*
 0.67 30.30 5 1.29 28.60 5 T 

* Significant; P < 0.05; COD: chemical oxygen demand; BOD5: Five-day biochemical oxygen demand; NO3: Nitrate; TSS: Total 

suspended solids; PO4: Phosphate; TºC: Temperature 
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Table 2. Quality of raw and treated wastewater samples collected from Pelareh Dairy Industry 
Maximum Minimum SD Mean n Variable Wastewater 

4592.90 1218.50 1001.31 1982.80 10 COD Raw 
2400.00 720.00 520.00 1041.00 10 BOD5 
1500.00 660.00 247.11 852.00 10 TSS 
49.00 0.00 15.37 5.98 10 NO3 
145.00 31.00 31.89 69.50 10 PO4 
10.71 4.20 2.48 6.171 10 pH 
35.50 28.50 2.15 30.75 10 T 
460.60 139.30 96.95 222.16 10 COD Treated 
228.00 57.00 50.60 112.20 10 BOD5 
380.00 110.00 100.82 241.00 10 TSS 
28.00 0.00 9.36 6.75 10 NO3 
51.00 22.00 9.20 34.00 10 PO4 
7.75 6.90 0.26 7.42 10 pH 

31.00 27.00 1.32 29.45 10 T 
COD: chemical oxygen demand; BOD5: five-day biochemical oxygen demand; NO3: nitrate; TSS: total suspended solids; 

PO4: phosphate; TºC: temperature 

 
Since the concentrations of variables in the 

raw and treated wastewater in different 
seasons were similar, the data were 
reanalyzed without regard for the season and 
is presented in table 2. Based on the 
reanalyzed data, the average (SD) 
concentration of COD of raw and treated 
wastewater was 1982.80 (1001.31) and 222.16 
(96.95) mg/l, respectively. 

Regarding the purpose of the study, it was 
necessary to compare the results with the 
reference standard. Therefore, average values 
of several variables were compared to the 
approved standard for wastewater reuse in 
agricultural irrigation, artificial recharge, and 
disposal into rivers. 

The results showed that there was a highly 
significant difference (P < 0.05) in mean pH 
level among the test groups, which was in the 
normal range, compared to the Iranian 
maximum permissible limits (Table 3). In 
terms of pH, the treated wastewater of PDI 
can be reused in agricultural irrigation or be 
disposed in surface water. Moreover, there 
was a highly significant difference (P < 0.05) 
in mean TSS level among the test groups, 
which was higher than the maximum 
permissible limits in Iran (Table 3). In terms 
of TSS concentration, the treated wastewater 
of the mentioned factory cannot be reused in 
agricultural irrigation or disposed in surface 
water and groundwater.  

 
Table 3. Comparison of average wastewater quality parameters of Pelareh Dairy Industry effluent 
wastewater and Iranian Department of Environment standards 

P t Standard value SD Mean n Factor Effluent use 

0.465 0.76 100 50.60 112.20 10 BOD5 (mg/l) Agriculture    
0.488 0.72 200 96.95 222.16 10 COD (mg/l) 
0.002* 4.42 100 100.82 241.00 10 TSS (mg/l) 
0.001* 11.36 (6-8.5) 0.26 7.42 10 PH 
0.001* 5.14 30 50.60 112.20 10 BOD5 (mg/l) Artificial recharge  
0.001* 5.29 60 96.95 222.16 10 COD (mg/l) 
0.301* 1.10 10 9.36 6.75 10 NO3 (mg/l) 
0.001* 9.62 6 9.20 34.00 10 PO4 (mg/l) 
0.001* 29.54 (5-9) 0.26 7.42 10 PH 
0.001* 5.14 30 50.60 112.20 10 BOD5 (mg/l) Discharge into surface 

waters 0.001* 5.29 60 96.95 222.16 10 COD (mg/l) 
0.001* 6.30 40 100.82 241.00 10 TSS (mg/l) 
0.001* 14.62 50 9.36 6.75 10 NO3 (mg/l) 
0.001* 9.62 6 9.20 34.00 10 PO4 (mg/l) 
0.001* 11.27 (6.5-8.5) 0.26 7.42 10 PH 

*Significant; P < 0.05; COD: chemical oxygen demand; BOD5: five-day biochemical oxygen demand; NO3: nitrate;  
TSS: total suspended solids; PO4: phosphate; TºC: temperature; SD: Standard deviation  
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Table 4. Removal efficiency of important variables in Pelareh Dairy Industry wastewater treatment plant 

Variable Raw (influent) wastewater 
Treated 

(effluent) wastewater 
Removal efficiencyᴪ(%) 

COD (mg/l) 1982.80 222.16 88.79 

BOD5 (mg/l) 1041.00 112.20 89.22 

TSS (mg/l) 852.00 241.00 71.72 

NO3 (mg/l) 5.98 6.75 -12.87 

PO4 (mg/l) 69.50 34.00 51.08 

pH 6.17 7.425 -20.32 

T 30.75 29.45 4.23 
ᴪRemoval efficiency: [initial concentration - final concentration]/initial concentration; *100%; COD: Chemical oxygen demand; 

BOD5: Five-day biochemical oxygen demand; NO3: Nitrate; TSS: Total suspended solids; PO4: Phosphate; TºC: Temperature 

 
Based on the results, there was a significant 

and nonsignificant difference in terms of mean 
BOD5 and COD concentrations, respectively, 
among the test groups compared to the 
maximum permissible limits in Iran (Table 3). 
Under these circumstances, disposal of treated 
wastewater of PDI into the ground or surface 
water is not permitted.  

In addition, there was a highly significant 
difference (P < 0.05) between the test groups 
in terms of mean PO4 level; its concentration 
was higher than the maximum permissible 
limits in Iran (Table 3). 

The mentioned wastewater may not be 
appropriate for disposal into surface water or 
groundwater, because the concentration of 
PO4 was higher than the Iranian maximum 
permissible limits. 

 It should also be noted that there was a 
significant or nonsignificant difference in 
mean NO3 concentration level among the test 
groups, compared to the maximum 
permissible limits in Iran (Table 3). In terms 
of NO3 concentration in the treated 
wastewater of PDI, the discharging of the 
treated wastewater of PDI into the ground or 
surface water is permitted.  

The average amount of some variables in 
influent wastewater and effluent at PDI 
wastewater treatment plant, and the removal 
efficiency are summarized in table 4. The 
results revealed that the removal efficiency of 
BOD5, COD, and TSS at the studied plant was 
89.22%, 88.79%, and 71.72%, respectively.  

Due to the importance of pollution load 
assessment of industrial wastewater, this 
value was calculated in the present study. 

Based on the obtained results, the pollution 
load of COD, BOD5, TSS, NO3, and PO4 was 
31.10, 15.71, 33.74, 0.94, and 4.76 kg/day, 
respectively.  

The present study was successfully 
conducted to evaluate the quantity and 
quality of PDI wastewater and also to 
determine the treatment efficiency of this 
wastewater treatment plant.  

Analysis of wastewater quantity  

The obtained results confirmed that the 
quantity of PDI wastewater was about 140 
cubic meters per day. Indeed, the quantity of 
wastewater generated by PDI was about 2 l 
of effluent per liter of processed milk. 

Few studies have been carried out on the 
quantity of dairy wastewater. Comparable 
results were obtained by Mahendraperumal 
Guruvaiah et al.15 Their study investigated the 
quality and quantity of dairy industry 
wastewater and concluded that the mentioned 
industry generates 0.2-10 l of wastewater per 
litre of milk processed.15 Another study 
performed by Briaoi and Granhen Tavares 
suggested that dairy industry wastewater 
generates up to 10 l of wastewater per litre of 
milk processed.16 Furthermore, Gulyas et al. 
reported that the volume of effluent 
wastewater produced for each cubic meter of 
processed milk is in the range of 3 to 4 cubic 
meters.13 It is therefore concluded that the 
amount of water used in the dairy factory is 
less than the amount used in similar plants. 

Analysis of the wastewater quality 

Some different parameters and results were 
analyzed and the findings are explained in 
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the following sections. 

BOD5 and COD 

The BOD5 and COD removal efficiency in our 
study was 89.22% and 88.79%, respectively 
(Table 4). This finding was similar to the 
results of other researches. For example, 
Gorra et al. reported a BOD5 removal 
efficiencies of higher than 90% for treatment 
of dairy industry wastewater in a continuous 
flow.17 In another study performed in the 
dairy industry, Harush et al. performed the 
aerobic biodegradation and coagulation 
process for the removal of COD.18 In the 
mentioned research, the removal percentage 
of COD was up to 87.43%.18 Other 
investigations of behavior of ferric sulfate as 
coagulant in chemical treatment for the 
removal of organic matter from dairy 
industry wastewater showed COD removal 
efficiency of 77.3%.19 

Nitrate 

Because of the aeration system of the 
wastewater treatment plant, a major part of 
the ammonium present in the wastewater can 
be removed and converted to nitrite and 
nitrate through the nitrification process as 
given below.20 
 

   
       

            
→             

        
  (1) 

 

   
       

           
→           

                            (2) 
 

In this research, the nitrate concentration 
in the raw wastewater and treated 
wastewater was 5.98 and 6.75 mg/l, 
respectively, and a tenuous (12%) increase 
was observed in nitrate ion concentration in 
the effluent. This result is similar to other 
previous studies conducted elsewhere.20  

Schaafsma et al. found a statistically 
significant increase in nitrate concentration 
(82%) during the treatment of dairy 
wastewater in a constructed wetland 
system.21 Ghaly et al. reported that 
ammonium was oxidized into nitrite, and 
then, into nitrate in a hydroponic wastewater 
treatment system during plant growth and 

the concentrations were dependent on the 
type and quantity of seeds.22 In the 
mentioned research, it was revealed that 
nitrite and nitrate concentrations in a 
hydroponic wastewater treatment system 
increased with time during germination 
period, and then, decreased during the plant 
growth period.22  

TSS 

TSS is a key measurement for wastewater 
and its treatment. In this research, TSS 
concentration in the effluent was on average 
852 mg/l before treatment, whereas after 
physical and biological treatment, it was on 
average 241 mg/l and 71.72% reduction was 
observed. In the current study, however, TSS 
removal was relatively poor and had low 
contrast, but the results showed that the 
wastewater treatment plant of PDI has the 
potential to provide higher efficiency. A 
study in 2011 on dairy industry wastewater 
in Italy indicated that the removal efficiency 
of TSS by constructed wetland was 94.5%.23 
In a similar study, 93.85% TSS removal 
efficiency from dairy industry wastewater 
was achieved in a treatment plant consisting 
of screening chamber, oil and grease removal, 
equalization tank, neutralization tank, 
primary clarifier (PC), aeration tank (AT), 
and secondary clarifier (SC).24 In another 
study, the removal efficiency of TSS from 
dairy industry wastewater by constructed 
wetland was reported to be 81%.25  

Phosphate 

In this research, phosphate removal was poor 
and affected by many shortage factors, such 
as escalation of costs of energy, materials, 
and labor. The results of this analysis can be 
compared with similar studies performed in 
other countries.9,10,15,20,26-29 For example, 
Balamane-Zizi and Ait-Amar reported the 
low phosphate removal efficiency of only 
41.4% for treatment of dairy industry 
wastewater.26 In this research, the removal 
efficiency of phosphate was 25.35% after 
precipitation. The phosphate biologic 
elimination efficiency obtained in the study 
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by Salame et al. was 16.04% and the global 
elimination efficiency was 41.4%.30 

Pollution Load 

Assessment of pollution load is useful in 
monitoring wastewater discharge.31 In the 
current study, pollution load was mainly 
measured in order to assess the actual impact 
of PDI wastewater on the environment. Similar 
studies have been performed on pollution load 
by Hosseini-Zare et al.,32 Kaia Oras and Eda 
Grüner,33 Hafizul Islam et al.,34 and Riyahi 
Khoram et al.1 among others. Frameworks, 
methods, and extensions used in these studies 
vary with the format of the survey, parameters, 
approaches, and resources. 

Conclusion 

The present study focused on the 
performance evaluation of PDI wastewater 
treatment plant and compared its effluent 
wastewater with permissible discharge 
standards in Iran. The results revealed that 
the treatment plant was not efficient enough 
to be considered as a treatment process for 
the removal of suspended solids and organic 
matter. It is clear that groundwater quality in 
the study area will be affected by the factory 
effluent. It seems that the PDI wastewater 
treatment plant requires technical upgrading 
via a complete sedimentation system and 
biological system before it can be used as an 
effective treatment plant. It is recommended 
that more emphasis be placed on the 
development, repair, and maintenance of 
electrical, mechanical, and process 
equipment. It is also recommended that more 
attention be paid to experiential training 
programs for wastewater treatment plant 
operators and managers to conserve energy 
and reduce pollution and waste. 
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Abstract 
Waste collection and transportation is considered as the most costly stage of waste management, to the extent 

that more than 70% of the total waste management costs are related to this sector. The aim of this study was 

to analyze the cost of the waste collection and transportation system of the 5th district of Tabriz, Iran, in 2015. 

For this purpose, the maps of collection routes and locations of waste storage tanks were drawn using ArcGIS 

software. The waste collection and transportation operations were performed in 3 areas of municipal services 

of the study area in 8 specific directions, with a distance of about 68051.03 m during 2722.04 minutes. 

According to the GIS maps and outputs of WAGS software, the main cost of waste collection was related to 

supplying human resources and fuel charges. According to the results obtained from WAGs, the total daily and 

annual costs of waste collection were 37163.5 × 103 and 13564.7 × 106 internal rate of return (IRR), 

respectively. Moreover, the cost of solid waste transportation from collection point to the transfer station was 

estimated at about 500 × 103 IRR per 1 kilometer. Outputs of WAGs software show that 7 vehicles and 343 

storage tanks were needed for collection and transportation of 26297 tons of generated waste in the study 

area. 
KEYWORDS: ArcGIS software, Collection and Transportation, Tabriz City, WAGS software, Waste Management 
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Introduction1 
The recent increase in production of different 
types of waste in various quantities and 
qualities is due to industrialization.1-3 
Preserving the health of human beings and the 
environment and also raising the efficiency in 
all stages of solid waste management are the 
cause of the consideration of new waste 
management systems in metropolises.4,5 In this 
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framework, policies and scientific strategies 
have been applied in order to develop 
programs and effective solutions for the 
collection, transportation, and disposal of 
solid wastes.6 The main components of 
municipal solid waste management include 
production, storage, transportation, 
processing, recycling, and disposal which are 
connected, and thus, should be systematically 
linked so that a uniform unit can be used.7 
Since the unsanitary disposal of solid wastes 
results in adverse environmental health 
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impacts and exorbitant economic costs,8 the 
implementation of a strong management 
system, which has a significant role in the 
reduction of these shortcomings, is of great 
importance.9,10 The efficiency of the waste 
management program should be based on 
health, economy, and environmental 
engineering aspects.7,11 The most difficult part 
of solid waste management is the collection 
stage, especially in megacities. One of the 
most effective factors in waste management is 
the cost of waste collection and transportation 
which constitutes about 50% to 70% of total 
cost of the solid waste management 
program.12,13 Through the application of plans, 
devices, and optimized management of the 
waste collection system, such costs can be 
drastically reduced.11 

Tabriz city, the capital of East Azerbaijan 
Province, with a population of over 1,500,000 
people (Census in 2006) and an area of 45,481 
km2 is situated in northwest Iran. The city is 
one of the largest cities in Iran and is situated 
at an altitude of 1340 meters above sea level, 
a latitude of 38.07° N, and a longitude of 
46.28° E.14,15 Former route maps and plans for 
Tabriz city solid waste management were 
based on trial and error tests which were 
based on personal experiences of the 
previous experts and managers. The most 

considerable portion of the cost of solid waste 
management is related to the collection and 
transportation stages, and the lack of any 
previous scientific plans for solid waste 
management in Tabriz. Therefore, in the 
present study, WAGs software (United 
Nations MAB) was applied with the aim of 
the optimization of the solid waste collection 
system in the studied area. 

Materials and Methods 

Tabriz has a steppe climate and low humidity 
with the average annual rainfall of 285 mm, 
and long and cold winters and mild summers 
due to its elevation above sea level.16 
According to the latest administrative 
divisions, Tabriz consists of 10 metropolitan 
districts; each district is, on average, 
composed of 2 or 3 areas.14 The area of study 
in this research was the 5th district which 
covers 3 areas and is about 12.76 km2  
(Figure 1). This district is located in the east 
and northeast of Tabriz. 

This study has been carried out in different 
steps. The first step was library study, in which 
information was collected regarding solid waste 
management system, waste collection and 
transportation system, general plan of WAGs 
and ArcGIS software (Esri, Redlands, California, 
USA), and their implementation method.  

 

 
Figure 1. Map of the 5

th
 district of Tabriz, East Azerbaijan Province 



 

 

 
 

http://jaehr.muk.ac.ir 

WAGs & ArcGIS for waste management cost analysis 

 

Mazloomi et al. 

    260       J Adv Environ Health Res, Vol. 3, No. 4, Autumn 2015  

Table 1. Solid waste collection routes in the three areas of the 5
th

 district of Tabriz 

Routes of area 1 Routes of area 2 Routes of area 3 

R
٭
 1: Beheshti-Pardis 

R 2: Ateshneshani-Misagh 

R 3: Payam-Misagh 

R 4: Fereshte-Dashtbani 

R 5: Zomorrod-Azad University 

R 6: Valiamr-Sheet 7 

R 7: Talaeh-Missgh 

R 8: Jalali Cafe-Shahinshar 

R٭= Route 

 

 
Figure 2. Map of the waste collection and transportation routes  

 
In this stage, information was obtained 

about the study area, including Tabriz waste 
management organization, Tabriz Central 
Municipal Department of Planning and 
Development, and Department of Planning 
and Research and Department of Municipal 
Services of the 5th district of the municipality of 
Tabriz, from relevant bodies. 

The second step was the implementation 
and execution of ArcGIS and WAGs 
software. The ArcGIS software was used to 
prepare and design the maps of collection 
routes. In general, the variables of WAGs 
software are classified into 5 categories of 
demographics information, quality and 
quantity of solid waste data, the location and 
characteristics of the study region, equipment 
used, and fees and taxes. The WAGS 
software requires the collection of 40 main 
parameters and 10 sub-parameters. The 
parameters are mainly related to the study 

area and solid waste, whereas sub-
parameters are related to the vehicle and 
reservoirs of solid waste collection. In the 
final step, data obtained from the applied 
software were analyzed. 

Results and Discussion 

Based on the obtained information, total 
daily collected solid wastes in the 5th district 
of Tabriz (2015) was 72.10 tons. Solid wastes 

were collected 7 days per week in 3 shifts, 

and 7 mechanized vehicles were specified to 
collect all produced waste from the study 

area. Waste collection and transportation 
operations are carried out in 8 specific 
directions in 3 areas of the studied district 
(Table 1). 

The waste collection and transportation 
routes were designed using ArcGIS software 
(Figure 2). 
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Table 2. Estimated distance from the collection point to the transfer station  

Route number waste collection routes Distance (Kilometer) Area 

1 Beheshti-Pardis 7.56 Area 1 
2 Ateshneshani-Misagh 5.68 
3 Payam-Misagh 3.20 
4 Fereshte-Dashtbani 1.81 
total  18.25 
5 Zomorrod-Azad University 11.25 Area 2 
6 Valiamr-Sheet 7 5.24 
7 Talaeh-Misagh 10.22 
total  26.71 
8 Jalali Cafe-Shahinshahr 23.06 Area 3 
total  23.06 

 
Determining the traveled distances 

Using ArcGIS software, the total traveled 
distance by the waste collection vehicle from 
the collection point to the transfer station was 
found to be equal to 75 km. However, 68.05 km 
of this amount was related to the 8 routes of the 
solid waste collection and 6.95 km was related 
to the traveled distance from the collection area 
to the transfer station. Total traveled distances 
are presented in table 2 in detail. 

Estimation of financial cost  

WAGs software predicted that 7 vehicles and 
343 storage tanks were required for collection 
and transportation of the 26297 tons of 
produced solid waste. 

In addition, the total financial cost of 
waste collection and transportation was 
estimated to be 19334.5 × 106 internal rate of 
return (IRR) in 2015. As table 3 shows, the 
highest cost of waste collection was related to 
supplying human resources and fuel costs.  

As the number of vehicles predicted by 
WAGs software was equal to the number of 
existing and active vehicles in the study area, 
only the cost of machinery depreciation in the 
intended year was considered for calculating 
solid waste collection costs. Based on 
information obtained from the Department of 
Municipal Services, the depreciation 
expenses of the active machinery were 
calculated as 7% (434.3 × 103 IRR) of the total 
machinery investment cost. Therefore, the 
cost of waste collection and transportation 
was estimated at 13564.7 × 106 IRR during the 
study year, which includes the costs of 
depreciation of machinery, human resources, 

and fuel and repair services, and other costs 
without investment in machinery costs. 

Considering the obtained results from 
WAGs software and total traveled distance 
during the collection and transference 
operations, the cost of solid waste 
transportation to the transfer station was 
estimated at about 500 × 103 IRR per 1 
kilometer (Table 4). Moreover, the total daily 
and annual costs were 37163.5 × 103 and 
13564.7 × 106 IRR, respectively. 

The total traveled distance, traveled time, 
and cost of solid waste collection and 
transportation operations in the study area 
were 68.05 km, 2722.04 minutes, and 34025.5 × 
103 IRR, respectively. According to obtained 
initial data, the average speed of collection 
vehicles was 40 km/hour. The travel time of 
the vehicles was calculated by entering this 
data into ArcGIS software (Table 4). 

As the number of vehicles predicted by 
WAGs software was equal to the number of 
existing and active vehicles in the study area, 
only the cost of machinery depreciation in the 
intended year was considered for calculating 
solid waste collection costs. Based on 
information obtained from the Department of 
Municipal Services, the depreciation 
expenses of the active machinery were 
calculated as 7% (434.3 × 103 IRR) of the total 
machinery investment cost. Therefore, the 
cost of waste collection and transportation 
was estimated at 13564.7 × 106 IRR during the 
study year, which includes the costs of 
depreciation of machinery, human resources, 
and fuel and repair services, and other costs 
without investment in machinery costs. 
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Table 3. Financial costs of solid waste collection and transportation in 2015 (in 106 IRR) 

Total cost Other costs Cost of repairs Fuel costs Human resources Investment in machinery 

19334.500 65.600 623.700 4267.400 8173.700 6204.100 

 
Considering the obtained results from 

WAGs software and total traveled distance 
during the collection and transference 
operations, the cost of solid waste 
transportation to the transfer station was 
estimated at about 500 × 103 IRR per 1 
kilometer (Table 4). Moreover, the total daily 
and annual costs were 37163.5 × 103 and 
13564.7 × 106 IRR, respectively. 

The total traveled distance, traveled time, 
and cost of solid waste collection and 
transportation operations in the study area 
were 68.05 km, 2722.04 minutes, and 34025.5 
× 103 IRR, respectively. According to 
obtained initial data, the average speed of 
collection vehicles was 40 km/hour. The 
travel time of the vehicles was calculated by 
entering this data into ArcGIS software 
(Table 4). 

Estimation of waste collection and 
transportation costs  

Currently, the waste collection and 
transportation operation for 3 areas is carried 
out through 8 specific routes. The related cost 
of every route for the travelled distance was 
calculated (Table 5). 

According to the obtained results, the 
routes number 1, 2, 3, and 4 of area 1 cover 
41, 31, 18, and 10%, respectively, of the total 
costs of collection and transportation. Waste 
collection and transportation operations of 
area 2 were carried out in 3 specific routes. 

The related cost of the 3 mentioned routes for 
the travelled distance was calculated at about 
13358.200 × 103 IRR (Table 5). The related 
share of total cost of routes number 5, 6, and 
7 was 42, 20, and 38%, respectively. Waste 
collection and transportation of area 3 was 
carried out in one route, and the related cost 
of this route was estimated at about 11534.4 × 
103 IRR.  

According to the obtained results of the 
three areas of municipal services in the 
studied area, 27, 39, and 34% of the total cost 
of waste collection and transportation, 
respectively, was allocated to areas 1, 2, and 
3. Therefore, it seems that the priorities and 
percentage allocated to each of the areas, 
necessary measures, and appropriate 
planning should be taken into account in 
order to reduce costs. 

Preparing the map of waste storage  

One of the conventional problems of the 
waste collection and transportation system in 
the study area was the unsuitable situation of 
waste storage tanks which simultaneously 
increases the costs of the waste collection 
municipal services system. The number of 
storage tanks was calculated as 343 storage 
tanks for a total of 26297 tons produced solid 
waste using WAGs software. In addition, the 
longitude and latitude coordinates of the 
determined tanks were specified by ArcGIS on 
the exact location of the study area (Figure 3). 

 
Table 4. Calculated distance, travel time, and the cost of waste collection and transportation system  

Route number Waste collection routes 
Calculated distance  

(m) 

Time 

(minutes) 

Cost  

(× 10
3
 IRR) 

1 Beheshti-Pardis 7569.02 302.76 3784.510 

2 Ateshneshani-Misagh 5682.90 227.31 2841.452 

3 Payam-Misagh 3201.79 128.07 160.897 

4 Fereshte-Dashtbani 1812.11 72.48 906.056 

5 Zomorrod-Azad University 11251.75 450.07 5625.875 

6 Valiamr-Sheet 7 5240.06 209.60 2620.031 

7 Talaeh-Misagh 10224.50 408.98 5112.251 

8 Jalali Cafe-Shahinshahr 23068.88 922.75 1153444.222 
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Table 5. The waste collection and transportation cost of every route of the study area  

Area Number Route number 
Calculated distance 

(m) 

Waste collection cost for calculated distance 

(× 10
3
 IRR) 

1 1 7569.02 3784.5 

2 5682.90 2841.4 

3 3201.79 1600.9 

4 1812.11 906.1 

Total 18266 9132.9 

2 5 11251.75 5625.9 

6 5240.06 2620 

7 10224.50 5112.3 

Total 26716.31 13358.2 

3 8 23068.88 11534.4 

Total 23068.88 11534.4 

 

 
Figure 3. Map of waste storage tanks on determined locations  

 
This study was carried out for the first 

time in the study area. The waste collection 
and transportation operations in 3 areas of 
the 5th district of municipal services are 
carried out in 8 specific routes, with length of 
about 68.051 km, in 2722.04 minutes. The cost 
for all travelled distances was estimated at 
34025.5 × 103 IRR. It was estimated at about 
500 × 103 IRR for each kilometer. However, 
because of management issues, other studies 
have focused on the price based on the 
weight of the waste.17 The results showed 
that the highest and lowest waste collection 
and transportation cost belonged to route 8 in 
the 3rd area and route 4 in the 1st area, 

respectively. Similar to the results of this 
study, other studies have shown that with 
increasing time of collection, waste 
management costs will also increase.18 Area 
2, due to having the highest share of total 
costs of the study area, was specified as the 
critical area. Tavares et al. illustrated that 
recognition of collection routes using ArcGIS 
in Praia city and Santiago Island of Senegal 
can result in 8% and 12% fuel cost 
reduction.19 Collection routes determination 
was based on personal experiences in the 
study area, which can lead to extra costs. The 
routes and storage tanks of the waste 
collection service were determined using 
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ArcGIS. Based on the map of waste storage 
tanks and obtained results, the storage tanks 
were not consistent with the condition of the 
district and did not practically cover the 
collection routes of all existing tanks in the 
district. This can increase waste collection 
and transportation costs. The results of this 
research showed that the main costs of 
collection and transportation of waste were 
related to human resources and fuel cost, 
which was consistent with similar studies.13,20 
Singh et al. reported that for cities with a 
population of over 300,000, capital cost of 
solid waste management was about $120 
million per 1000 tons of daily capacity, 
whereas operating cost was estimated at $15 
to $30 per ton.21 The results of this study 
showed that the cost of collecting and 
transporting waste was an estimated 500 × 
103 IRR (equivalent to 14.7$) per ton. 
However, the cost of residual waste 
collection for some European countries like 
France, Germany, and Spain was 60-71 
€/ton.22 Higher cost for provided services in 
European countries is due to higher average 
income in these countries.21 Thus, for lower 
income regions, like the present study area, 
waste collection and transportation costs 
analysis should be considered more in 
organizing the financial structure and 
planning in the municipality for appropriate 
allocation of budget. By implementation of 
this program, economic and environmental 
strategies of collection operation can be 
executed and the costs reduced. 

Conclusion 

The present study attempted to analyze the 
collection and transportation costs of 
municipal solid waste of the 5th district of 
Tabriz city. For this purpose, WAGs and 
ArcGIS were applied. The results of this 
study showed that when ArcGIS software 
was used for routing the collection and 
transportation system, the routes were drawn 
more precisely and required less time. In this 
case, the operation cost of the collection and 
transportation system was reduced 

significantly. Primary studies of collection 
routes and waste storage maps revealed that 
collection routes did not cover all storage 
tanks in the study area. This indicates that 
poor layout and unprincipled storage tanks 
in the study area had permanently increased 
the cost of the collection and transportation 
system of solid waste. 
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Abstract 
Copper and hexavalent chromium are heavy metals that are harmful to human health. Natural adsorbent 

chitosan, due to its considerable properties such as the presence of functional groups of –NH2 and -OH, non-

toxicity, low cost, and biocompatibility, has gained much attention in pollutant removal. Therefore, in the 

present study, adsorption of chromium (VI) and copper (II) ions was conducted in a batch system using 

magnetic chitosan/Fe-Zr nanoparticles. In addition, the effect of different variables such as contact time, pH, 

adsorbent dose, initial concentration of heavy metals, and temperature were investigated. The results of the 

present study indicated that the highest efficiency in removal of chromium (VI) and copper (II) in pH of 4 were 

99.52% and 97.72%, respectively. Moreover, adding 0.4 g of the composite at concentration of 5 mg/l can 

result in up to 97.43% removal of copper (II) and adding 1 g of this composite at the same concentration can 

result in more than 91% removal of chromium (VI). In addition, it was concluded that increasing the density of 

the heavy metals did not have a remarkable effect on the removal efficiency. The equilibrium related to 

adsorbent capacity and the amounts of nanoparticles were obtained using the plots of Langmuir and Freundlich 

adsorption isotherms for chromium (VI) and copper (II), respectively. The studied adsorbent had a high level of 

efficiency in the removal of heavy metals from aqueous solutions. 
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Introduction1 
One of the most important toxic heavy metals 
is hexavalent chromium [Cr (VI)] and it enters 
water resources mostly through industrial 
effluents. Cr (III) is needed for natural 
carbohydrate metabolism of mammals, but Cr 
(VI) is highly toxic, carcinogenic, and 
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mutagenic and is considered to be of high risk 
for humans and animals.1 Copper is another 
heavy metal that is harmful to human health. 
Cu (II) is toxic and can increase complications 
like anemia, gastrointestinal discomfort, and 
risk of lung cancer.2 The recommended limits 
of Cr (VI) and Cu (II) in drinking water are 0.05 
mg/l and 1 mg/l, respectively.3 There are 
various methods to remove heavy metals from 
water resources, including precipitation, 
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solvent extraction, reverse osmosis, restoration, 
and adsorption. Among these methods, 
adsorption has been highly examined in the 
removal of heavy metals from aqueous 
solutions due to its simplicity and the 
availability of numerous adsorbing materials 
like nanomaterial, and carbonic, polymeric, and 
biological materials.1,2 Chitin is an abundant 
natural compound made of mono-
polysaccharide derived from the skeleton of 
insects, crustacea shells, the cell wall of fungi, 
and snails. Through the deacetylation process 
of chitin, a type of poly-amino-saccharides 
called chitosan is formed.4 

Chitosan has attracted the attention of 
scholars due to its properties like hydrophilic 
quality, biological compatibility, 
biodegradability, non-toxicity, good 
adsorption, and broad application range. As 
chitosan contains high amounts of amine and 
hydroxyl groups, it has a high adsorption 
capacity in both physical and chemical 
removal of different types of metals like 
copper, chromium, silver, platinum, and 
lead. In fact, chitosan has the capacity of 
bonding with heavy metals up to more than 1 
mmol/g, which is much higher than that of 
active carbon.2,4 The tendency of chitosan to 
adsorb heavy metals is highly dependent on 
chitosan source, degree of deacetylation, nature 
of the given metal, amount of crystallization, 
amine content, and pH of the solution. 
Combining chitosan with other materials is also 
extensively applicable in removing heavy 
metals.5 Chitosan in combination with 
alginate,6 cellulose,7 and clinoptilolite8,9 has 
been utilized to remove copper. 

To remove chromium, magnetic chitosan 
with a capacity of 69.40 mg/g and 
chitosan/montmorillonite with adsorption 
capacity of 41.67 mg/g were utilized.10 
However, to enhance the adsorption capacity 
of the adsorbents, much attention has been 
paid to the designing and synthesis of new 
adsorbents. Various types of hydrogels of 
magnetic chitosan have been prepared and 
utilized to treat contaminated water. For 
example, magnetic chitosan hydrogel 

bed/polyvinyl alcohol with fast coagulation 
have been successfully used in the removal of 
color.11 Magnetic chitosan complex-coated 
Fe3O4 is used to remove Alizarin Red (AR) 
from aquatic environments.12 Recently, Wang 
et al. have studied the application of magnetic 
chitosan composites (MCCs) in the removal of 
heavy metals and colors.13 Compared to other 
adsorbents, processes using MCCs have a 
high capacity of adsorption, and rapid 
adsorption even in small amounts and short 
contact time.1 The aim of the present study 
was to synthesize magnetic chitosan/Fe-Zr 
nanocomposite and investigate Cr (VI) and Cu 
(II) removal from aqueous solutions. 

Materials and Methods 

This experimental study was performed in 
Birjand University of Medical Sciences, Iran, 
(Environmental Chemistry Laboratory). The 
utilized materials were produced by Merck 
Company (Germany). The utilized chitosan 
had a deacetylation rate of 91.04% and was 
produced by Sigma-Aldrich Company (MO, 
USA). The utilized devices included Varian 
AA240 Atomic Adsorption Spectrometer 
(Varian Inc., Australia), PG T80+ UV/VIS 
spectrophotometer (PG Instruments Ltd, UK), 
fourier transform infrared spectroscope (FTIR) 
model Tensor 27 with spectrometry range of 
400-4000 1/cm (Bruker Corporation, MA, 
USA), X-ray powder diffraction (XRD) model 
Panalytical Philips-XPERT-PRO (Philips, 
Amsterdam, Netherlands), scanning electron 
microscope (SEM) device model KYKY-
EM3200, and vibrating sample magnetometer 
(VSM) (7400 series, Lake Shore Cryotronics 
Inc., Westerville, OH,USA). 
Synthesis and Preparation of MCh/Fe-Zr 
Nanoparticles 
Preparation of Magnetic Fe-Zr Nanoparticles 
The most common method of producing 
magnetic nanoparticles is using chemical 
methods especially co-precipitation. In this 
method, to produce magnetic nanoparticles 
(Fe3O4), divalent and trivalent iron solutions 
are utilized along with an appropriate 
alkaline agent like soda or mixed ammonia in 
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controlled test conditions to produce a dark 
magnetic hydrophilic solution of water which 
contains magnetic particles with negative 
charge attached to the ions of alkaline 
material. In the present study, first Fe2 and 
Fe3 salts were dissolved with proportion of 
1:2 in distilled water, and then, soda (1.5 mol) 
that was exposed to N2 at 80 °C for 30 
minutes was gradually added to it. To this 
solution, 30 CC of ZrOCl2 0.5 mol/l solution 
was added, and the mixture was stirred for 8 
hours, and the resultant dark sediment was 
washed with deionizer water several times 
and dried at 70 °C.13 
Preparation of Magnetic Fe3O4@Zr(OH)4 
Covered on the Surface of MCh/Fe-Zr Bead 
First, 4 g chitosan was mixed in 400 ml citric 
acid with shaker for 1 hour. Then, 8 g 
magnetic Fe3O4Zr(OH)4 nanoparticles was 
added to chitosan gel within 3 hours so that a 
slurry solution formed. NaOH 2 mol/l 
solution was added to this solution drop by 
drop with a glass syringe while stirring hard. 
The resulting macrosphere gel was allowed 
to settle in NaOH solution for 60 minutes, 
and then, the formed bead separated from 
NaOH was washed with deionizer water so 
that its pH was neutralized. In the next 
phase, the MCh/Fe-Zr synthesized adsorbent 
was dried using freeze dryer for 1 day. 

Stock solutions (100 mg/l) of the 
chromium ion and copper under study were 
prepared by dissolving an appropriate 
weight of pure K2Cr2O7 salt and copper 
nitrate in distilled water, respectively. Using 
HCL and NaOH solutions, pH was set at 0.1 
mol. Afterwards, a certain dose of the 
adsorbent was added to the sample 
containing a certain density of metal ions, 
and the sample was mixed using a shaker for 
a certain time. To measure the density of the 
remaining Cr (VI), colorimetric analysis was 
conducted using a spectrophotometer at 
wavelength of 540 nm, and the remaining 
density of Cu2+ was measured using atomic 
adsorption device at wavelength of 324.8 nm. 
The studied parameters included pH (2-12), 
adsorbent rate (0.4-2 g/l), temperature (15.25 

and 35 °C), concentration of heavy metals  
(0-10 mg/l), and contact time (0-720 minutes). 
All of the parameters were chosen according 
to previous studies. The balanced adsorption 
capacity of the adsorbent was measured 
using the following equation: 

 

    
(     ) 

 
                                               (    ) 

 

whereqe is the amount of adsorbed ions 
per unit mass of the adsorbent, C0 is the 
initial density of metal ions in the solution in 
mg/l, Ce is the balanced density of metal ions 
in the solution in mg/l, and m is the weight 
of the adsorbent in g. The adsorption 
performance and capacity of the adsorbent in 
adsorbing the heavy metal ions from water 
solutions were measured using the Langmuir 
and Freundlich isotherm models. The 
Langmuir model proposes that adsorption 
occurs in a single layer or in a constant 
number of adsorption sites, all adsorption 
sites have equal energy, and the structure of 
the adsorbent is homogenous.14 The 
Langmuir equation is provided bellow 
(Equation 2): 

 

    
      
        

                                                (    ) 

 

Where qe is the number of the balanced 
metal ions in mg/g, qm is the maximum 
superficial adsorption capacity in mg/g, Ce is 
the balanced density of metal ions in the 
solution in mg/l, and KL is the Langmuir 
constant in l/mg that shows the superficial 
ed energy and integration tendency of joint 
sites. The Freundlich isotherm model 
describes adsorption in heterogeneous 
systems. This model is shown in the 
following equation (Equation 3):15 

       

 

 (    ) 
Where qe is the amount of the balanced 

metal ions in mg/g, Ce is the balanced 
density of metal ions in the solution in mg/l, 
KF is the Freundlich constant which 
determines the adsorption capacity, and n is 
the Freundlich capacity that expresses the 
hardness or intensity of adsorption. 
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Results and Discussion 

Fourier Transform Infrared Spectroscopy 
Spectrum 
To observe the chemical structure of chitosan 
and the resulting changes in the composite of 
magnetic chitosan/Fe-Zr nanoparticles, FTIR 
technique was utilized. As indicated in  
figure 1, the presence of the down peaks 
proves the presence of the target functional 
groups in the structure of nanoparticles. 
Adsorbing peak of chitosan in 3459.9 was 
related to tensile proof of O-H, in 1415 to 
tensile proof of amide I and N-H, in 1339 to 
amide II and CH3, 1272 to vibrating tensile 
proof of C-O carbonyl group, in 2993.2 to 
vibrating proof of C-H, in 570 to vibrating 
proof of Fe-O, in 1139.8 to tensile proof of C-
O-C, and in 788 to vibrating proof of Fe-O 
available in chitosan. These changes in FTIR 
spectrum indicate that magnetic Fe3O4 
nanoparticles have successfully been 
modified by chitosan. 
 

 
Figure 1. Fourier transform infrared 
spectroscope (FTIR) spectrum of composite of 
MCh/Fe-Zr nanoparticles 

Examining the Magnetic Properties of 
Composite of MCh/Fe-Zr Nanoparticles 

Vibration sample was examined at room 
temperature to examine the magnetic 
properties of MCh nanoparticles using 
magnetometer. Magnetic moment in 
magnetic field in 300 K for MCh is presented 
in figure 2. The magnetic curve indicates that 
MCh is super-paramagnetic and its magnetic 
saturation is 25.037. The synthesized 
adsorbent is dispersed and can be dispersed 

again. Moreover, these particles have good 
magnetic properties which refer to the 
potential application of magnetic adsorbent. 
 

 
Figure 2.Vibrating sample magnetometer (VSM) 
curve of MCh/Fe-Zr nanoparticles 

Examining the X-ray Diffraction Spectrum 

The crystal structure of MCh composite is 
presented in figure 3. XRD patterns indicated 
certain peaks for MCh at 2θ, 30.313 (2 2 0), 
35.707 (3 1 1), 43.401 (4 0 0), 53.85 (4 2 2), 57.41 
(5 1 1), 63.05 (4 4 0), 75.64 (6 2 2), 32.155  
(0 1 1), 36.613 (6 1 1), 57.33 (0 3 0), and 63.17 
(18 1 1). This is in agreement with data 
presented by the Inorganic Crystal Structure 
Database (ICSD). XRD indicated that 
modification of chitosan-zirconium on 
magnetic nanoparticles has no effect on 
changing the phase of Fe3O4. The results also 
indicated high crystallization of MCh/Fe-Zr 
nanoparticles. 

Examining Scanning Electron Microscope 
Images 

The shape and size of MCh/Fe-Zr 
nanoparticles composite were determined 
using SEM. Figure 4 illustrates SEM images 
of the nanoparticles that have irregular 
shapes, spherical particles of Fe3O4 attached 
to the surface of the MCh-Zr particles with 
high density, and the size of the synthesized 
nanoparticles ranging from 31.9 to 140.4 nm. 
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Figure 3. X-ray powder diffraction (XRD) 
spectrum of MCh/Fe-Zr nanoparticles composite 

The Effect of Initial pH of the Solution on 
the Removal Rate of Cr (VI) and Cu (II) 

The impact of initial pH of the solution in the 
range of 2-12 was investigated on the 
adsorption rate of metal ions of Cr (VI) and Cu 
(II) by the composite of MCh/Fe-Zr 
nanoparticles (Figures 5 and 6). It was observed 
that the highest adsorption rate for Cr (VI) ions 
using the proposed adsorbent in pH of 4 was 
99.52% and for Cu (II) in pH of 9 was 97.72%.  

Adsorption of heavy metal ions is highly 
reliant on protonation and non-protonation 
of amine and carboxylic groups available in 
chitosan nanoparticles.16As pH of the 
solution drops, amine groups existing in the 

composite of chitosan nanoparticles are 
protonated to different degrees. Therefore, 
the number of available sites for chelating of 
metal ions will decrease, which in turn causes 
the removal of electrostatic metal cations.17 
However, in high pH, the available ligands in 
the adsorbent like COO- enhance the density 
of negative charge on the surface of the 
ligands. Therefore, electrostatic adsorption of 
metal ions with positive charge will increase 
on the surface of the ligands and the rate of 
adsorption will rise. Due to the concentration 
of OH- ions in pH rates of higher than 9, 
deposition of metal ions is observed in the 
form of hydroxides and causes increase in the 
rate of adsorption.18 

The effect of pH on adsorption of metal 
ions using chitosan and its derivatives has 
been investigated in different studies. 
Vasconcelos et al. reported pH of 6 as the 
optimal rate in experiments of adsorption of 
Cu (II) ions using cross-linked chitosan.18 
Alejandra Perez-Fonseca studied the removal 
of Cr (VI) using the composite of chitosan-
covered agave fiber and high-density 
polyethylene (HDPE) wastes.20The optimal 
pH reported in their study was 4 and the 
maximum capacity of Cr (VI) adsorption was 
200 mg Cr (VI)/g.20 

 

 
Figure 4. A: Scanning electron microscope image related to composite of MCh/Fe-Zr nanoparticles 
before adsorption of metal ions, B: scanning electron microscope image related to composite of 
MCh/Fe-Zr nanoparticles after adsorption of copper, C: scanning electron microscope image related 
to composite of MCh/Fe-Zr nanoparticles after adsorption of chromium 
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Figure 5. Comparison of the effect of pH changes on removal efficiency of copper 
using MCh/Fe-Zr nanoparticles 
(Cu

2+ 
= 5 ppm, speed = 300 rpm, time = 30 minutes, temperature = 25 

o
C, and adsorbent dose = 1 g/l) 

 

 
Figure 6. Comparison of the effect of pH changes on removal efficiency of copper 
using MCh/Fe-Zr nanoparticles (Cr6+ = 5 ppm, speed = 300 rpm, time = 30 minutes, 
temperature = 25 oC, and adsorbent dose = 1 g/l) 

 

Tingyi Liu et al. investigated the removal 
of Cr (VI), Pb (II), Cd (II), and Cu (II) from 
industrial wastewater.20They concluded that 
the rate of Cr (VI) removal increases as pH 
decreases, and the removal efficiency of  
copper and lead increase as pH increases.21 

Examination of the effect of the dose of 
MCh/Fe-Zr nanoparticles composite on 
removal rate of Cr (VI) and Cu (II) ions 

Examination of the effect of adsorbent amount 
on the adsorption process of Cr (VI) and Cu 

(II) metal ions by the composite of MCh/Fe-Zr 
nanoparticles was carried out to determine the 
effective dose of the adsorbent. Considering 
the minimum amount of the adsorbent that 
has the highest rate of adsorption, the range of 
0.4-2 g/l of adsorbent dosage was determined 
in the initial concentration of 10 mg/l. Figures 
7 and 8 indicate the effect of adsorbent 
amount on the removal percentage of the ions. 
For Cr (VI), as the amount of the adsorbent 
increased from 0.4 to 2 g/l, the removal 
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percentage increased from 63.06% to 96.22% 
and the adsorption capacity decreased from 
7.88 to 2.4 g/g, respectively. Yu et al. 
conducted a study of magnetic chitosan-Fe 
hydrogel in the removal of Cr (VI) and 
concluded that as the amount of magnetic 
Fe3O4 nanoparticles rises, the adsorption 
capacity drops.22 They also found that the 
adsorption capacity of Cr (VI) after contact 
time of 30 minutes was 144.9 mg/g.22 For Cu 
(II), the maximum removal efficiency obtained 
was 97.43 in adsorption dose of 0.4 g/l. As the 
amount of the adsorbent rises, the number of 
available adsorption sites increases, which 
enhances the amount of adsorbed metal. 
Decreased adsorption capacity and increased 
amount of adsorbent were mostly due to the 
fact that the adsorption sites, during the 
adsorption process and collection of particles, 
are not saturated in high amounts of 
adsorbent which results in surface area 
reduction.24In real applications, the minimum 
amount of the adsorbent that can respond to 
the requirements should be selected. In the 
study conducted by Dragan et al., the 
chitosan/clinoptilolite composite was used to 
remove copper ions, and the adsorbent 
amount in 100 mg/l was 2 g/l. under these 
conditions, the adsorption capacity was  
719.39 mg/g.8 
 

 
Figure 7. Comparison of the effect of adsorbent 
dose changes on the removal efficiency of 
copper using MCh/Fe-Zr nanoparticles 
(density Cu

2+
= 5ppm, speed = 30 rpm, time = 30 minutes, 

temperature = 25 
o
C, and pH = 9) 

 
Figure 8. Comparison of the effect of adsorbent 
dose changes on the removal efficiency of 
chromium using MCh/Fe-Zr nanoparticles  
(density Cr6+ = 5ppm, speed = 300 rmp, time = 30 minutes, 
temperature = 25 oC, and pH = 4) 

Examination of the Effect of the Initial 
Concentration of Metal Ions on Adsorption 
Rate 

The removal percentage of Cr6+ and Cu2+ 
using MCh/Fe-Zr nanoparticles under the 
effect of the initial concentration of metal ions 
ranging between 2 and 10 g/l was 
investigated for Cr6+ in pH of 4 and the 
adsorbent amount of 2 g/l, and for Cu2+ in 
pH of 9 and the adsorbent amount of 0.4 g/l. 
Figures 9 and 10 indicate the effect of the 
initial concentration of metal ions on removal 
percentage and adsorption capacity. As the 
initial concentration of the metal ions 
increased, the removal percentage dropped. 
An increase in the initial concentration of metal 
ions causes gradient driving force of 
concentration to rise and enhance adsorption 
capacity. At low concentrations, all metal ions 
react with adsorption sites in the adsorbent; 
however, there are still free adsorption sites on 
the surface of the adsorbent. In high 
concentrations of metal ions, each active 
adsorption sites is surrounded by more metal 
ions; therefore, adsorption capacity increases as 
more adsorption sites are occupied. In higher 
concentrations, adsorption capacity is almost 
fixed, which is due to the saturation of 
adsorption sites.18,19 Swayampakula et al. 
studied the removal of copper ions and 
reported similar results.24They found that as 
the concentration of ionic solution increased 
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from 50 to 200 mg/l, adsorption capacity also 
increase.24 They reported a maximum 
adsorption capacity of 196 mg using 5 g/l 
adsorbent and time of 4 hours.24Zareie et al. 
studied the removal of copper using nano-
chitosan and reported an increase in 
concentration from 10 to 100 mg/l, a decrease 
in removal efficiency, and 26.88 mg/g 
maximum removal capacity in concentration of 
100 mg/l.25 
 

 
Figure 9. The effect of time and initial 
concentration on adsorption of copper on 
MCh/Fe-Zr nanoparticles in temperature 25 

o
C, 

adsorption dose of 0.4 g/l, speed of 300 rmp, 
time of 300 minutes, and pH of 9 

 

 
Figure 10. Comparison of the effect of time and 
initial concentration on adsorption of chromium 
on MCh/Fe-Zr nanoparticles in temperature of 25 
o
C, adsorption dose of 2 g/l, speed 300 of rmp, 

time of 60 minutes, and pH of 9 

Adsorption Isotherm Models 

As seen in figure 11 and table 1, the empirical 
data are in agreement with both equations. 
Therefore, it can be concluded that the 
surface of the adsorbent is homogeneous, and 
superficial adsorption occurs both physically 
and chemically. 
 

 
(a) 

 
(b) 

Figure 11. Langmuir (a) and Freundlich (b) 
adsorption isotherms of Cr and Cu ions using 
MCh/Fe-Zr nanoparticles in adsorbent dosage 
of 0.4 g/l for copper and 2 g/l for chromium, 
initial concentration of metal ions of 2-10 mg/l, 
temperature of 25 

o
C, Cu solution pH of 9 and 

Cr solution pH of 4 

 

Table 1. Resulting parameters from adsorption isotherm models 

Metal ion 
Freundlich Langmuir 

Kf(l/mg) n R2 Kl (l/mg) qmax(mg/g) R2 

Cr
6+ 

1.52 1.52 0.91 3.99 6.19 0.87 

Cu
2+ 

6.91 1.78 0.91 0.28 30.07 0.95 
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Conclusion 

In this study, the adsorption of Cu (II) and Cr 
(VI) ions onto MCh/Fe-Zr nanoparticles was 
studied. The effects of adsorption 
parameters, such as adsorbent dosage, pH, 
metal ion concentration, and adsorption 
isotherm, were investigated. The results 
indicate that due to having large superficial 
area and possessing amine and carboxyl 
functional groups, chitosan nanoparticles are 
effectively able to remove the metal ions of 
chromium and copper. Factors like pH, 
adsorption amount, and initial concentration 
of metal ions influence the maximum 
adsorption capacity. The maximum 
adsorption capacity of Cr6+ was obtained in 
pH of 4, adsorbent amount of 2 g/l, and 
concentration of 10 mg/g. The adsorption 
capacity of copper was the same in pH of 9, 
adsorbent amount of 0.4 g/l, and 
concentration of 10 mg/g. 
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Abstract 
Among the numerous air pollutants, the strongest proof for adverse health effects has been reported for 

particulate matter (PM). The aim of this study was the exploration of short-term associations of air pollution with 

mortalities due to cardiovascular diseases (CVD) in Tehran, Iran, based on hospital and census data from 2007 

to 2013. This descriptive and analytical research was conducted in 2015. Daily and hourly pollutant 

concentration was obtained from Tehran Metropolitan Municipality. Mortality rate records were obtained from 

the Ministry of Health, Central Municipal Cemetery, and Forensic Organization. In this study, data were analyzed 

using R software. Zoo, Time series, Stats, ts model, and Splines software packages were installed on R platform 

in order to outline the trend of different variables. The results showed that accidental mortality did not follow a 

particular trend and non-accidental mortality followed a descending or ascending trend. However, mortality 

pattern showed a decreasing trend from 2011 until the end of 2012. From the beginning of 2013, mortality 

pattern showed increasing trend. Moreover, the direct correlation of mortality rate and PM2.5 concentration can be 

observed in a yearly and weekly time scale. Proof of a determined effect of airborne particles on mortality was 

found with PM2.5. In addition, it was found that mortality rate shows a strong seasonal pattern, with a peak in 

winter and a minimum in fall. The peak the mortality rate in winter is most probably due to the spread of infectious 

diseases such as influenza as well as temperature-related phenomena in cold weather areas. 
KEYWORDS: Air Pollution, Mortality, PM2.5, R software 
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Introduction1 
During the previous 50 years, air pollution 
and its impact on individuals’ health and the 
environment have been a global concern. The 
negative health effects of air pollution consist 
of a broad range of acute and chronic health 
effects causing increased hospital 
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admissions,1 increased emergency room 
visits,2 and, most importantly, increased 
mortality.3 The World Health Organization 
(WHO) estimated that ambient (outdoor) air 
pollution in both cities and rural areas caused 
3.7 million premature deaths worldwide in 
2012.4 Epidemiological studies have revealed 
short-term and long-term associations 
between the levels of ambient air pollutants, 
and respiratory and cardiovascular 
mortalities in different parts of the world.3 
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Previous studies regarding air pollution have 
focused mostly on nitrogen dioxide (NO2), 
particulate matter (PM) with an aerodynamic 
diameter of less than 10 mm (PM10), sulfur 
dioxide (SO2), or ozone (O3).4 Among the 
numerous air pollutants, the strongest proof 
for adverse health effects has been reported 
for PM.5 Several studies have shown that 
short-term exposure to PM was associated 
with increased risk of mortality and 
morbidity.6,7 The sources and constituents of 
the PM mixture are well-known to vary 
throughout the year. Therefore, besides the 
different exposure patterns of the population 
in different seasons, it is believed that the 
short-term relations between particulate air 
pollution and daily mortality can also change 
from season to season.8 PM with an 
aerodynamic diameter of less than 2.5 mm 
(PM2.5) has become the focus in recent 
research's due to its small size and capability 
to penetrate deep into the respiratory tract.9 
Inflammation, endothelial dysfunction, and 
autonomic nervous system injuries in rats 
due to PM2.5 exposure have been reported in 
a recent study.10 A committee of the 
American Heart Association in a review in 
2004 expressed concern of a causal 
association between PM and harmful 
cardiovascular effects.9 However, other 
adverse effects of PM2.5 exposure have been 
reported in recent studies. For example, 
Santos et al. stated that exposure to PM could 
increase the risk of ventricular tachycardia 
for aging people with coronary artery disease 
(CAD).11 Nevertheless, Xu et al. reported that 
cardiac autonomic function of elderly 
patients with heart disease can result from 
ambient PM2.5 exposure, and subjects with 
hypertension seemed to be more susceptible 
to the autonomic dysfunction caused by 
PM2.5.12 Tehran, as the most overcrowded city 
in Iran, has experienced serious air quality 
problems in the recent years. Today, traffic, 
industrial processes, domestic heating, long-
range transportation of pollutants and motor 
vehicle are the most significant emission 
sources in Tehran. With regard to the 

aforementioned pollution source, high levels 
of air pollution-related diseases are expected 
in Tehran. In Iran a number of studies have 
been conducted on air pollution related 
diseases.13,14 Conversely, the association 
between PM2.5 and cardiovascular 
morbidities has not been surveyed locally 
and in Iran. This study was conducted with 
the aim to explore short-term associations of 
air pollution with morbidities and mortalities 
caused by cardiovascular diseases (CVDs) in 
Tehran based on hospital and census data 
from 2007 to 2013. 

Materials and Methods 

Tehran (capital of Iran) is the largest city and 
urban area of Iran, the 2nd-largest city in 
Western Asia with an area of 686.3 km². 
Tehran County borders Shemiranat County 
to the north, Damavand County to the east, 
Eslamshahr, Pakdasht, and Rey counties to 
the south, and Karaj and Shahriar counties to 
the west. The city of Tehran has 22 municipal 
districts, each with its own administrative 
center. Tehran features a semi-arid climate 
with continental climate characteristics and a 
mediterranean climate precipitation pattern. 
Average temperatures in Tehran are between 
35 and 40 °C. Most of the light annual 
precipitation occurs from late autumn until 
mid-spring.15 Meteorological factors have 
significant effect on air pollution. Wind 
carries air pollutants away from their source, 
causing them to disperse. Generally, in 
higher wind speed, more pollutants are 
distributed and their concentrations are 
lowered. However, high wind speed can also 
transport dust from long range distances.16  

This descriptive and analytical research 
was conducted in 2015. Daily and hourly 
pollutant concentration was obtained from 
the 34 air quality stations of Tehran 
Metropolitan Municipality. The air quality 
indicator in our study was PM with 
aerodynamic diameter of less than 2.5 µm 
(PM2.5). Mortality rate records of 2007-2013 
were obtained from the Ministry of Health, 
Central Municipal Cemetery, and Forensic 
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Organization. Meteorological and 
demographic information of 22 districts of 
Tehran were obtained from the 
Meteorological office in Tehran. Deaths from 
all CVDs were considered. 

The locations of air quality monitoring 
stations are shown in figure 1. A lack of 
uniformity was observed in the distribution 
of contaminants in different areas of Tehran, 
and thus, there was a possibility of data 
misinterpretation. Therefore, trimmed mean 
of pollutant concentration in the range of 10% 
was used instead of daily means of the 
concentrations calculated from the hourly 
data of pollutant. Trimmed mean is a reliable 
averaging method in which the hsehgih and 
tsegih reported data is discarded, and then, 
the average is taken from the remaining 
uniform data.17  

After editing of incorrect and irrelevant 
data, all cases of mortality were classified 
based on age, sex, place of residence, and 
cause of death. In order to remove 

confounding factors and achieve correct 
results, all cases of death of 65 years of age 
or younger were selected. Given that the 
main objective of this research was the 
assessment of the relation of air pollution 
with mortality rate, it was necessary to 
discard deaths caused by accidents, cancers, 
and chronic CVD. 

To evaluate the impact of air pollution on 

human health, epidemiological studies 

practice statistical approaches which are 

suitable tools for interpreting data. Time 

series studies are often used to determine 

statistical relations of ambient concentrations 

of pollutants and other environmental factors 

with mortality. The most favored statistical 

method over the past two decades has been 

Poisson regression with  air pollution 

variables included as linear predictors and 

monitoring for time-varying confounders 

which are feasibly related both to mortality 

and air pollution.18 

 

 
Figure1. Map of the study area including air quality monitoring stations 
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Figure 2. Daily mortality data on cases aged 65 years or younger in 
Tehran during 2007-2013 

 
In this study, data were analyzed using R 

software (version 3.2, R Core Team). Zoo, 
time series, stats, ts model, and Splines 
software packages were installed on R 
platform in order to outline the trends of 
different variables. Moreover, the plot of the 
autocorrelation function (ACF) of the 
residuals was examined. To estimate linear 
trends of short-term effects of PM2.5 on 
mortality, statistical tools developed by Peng 
et al.19 were adapted to estimate time-varying 
relative rates.20 

Results and Discussion 

The mortality data for cases aged 65 or 
younger is presented in figure 2. As shown in 
figure 2, accidental mortality did not follow a 
particular trend. By excluding accidental 
mortality, non-accidental mortality followed 
a descending or ascending trend. In addition, 
figure 2 shows that net non-accidental 

mortality has the same pattern as non-
accidental mortality. 

Figure 3 shows PM2.5 time series 
decomposition from 2007 to 2013. It appears 
that daily concentration of PM2.5 has had a 
descending trend from 2011 to 2012. At the 
end of 2012, daily concentration of PM2.5 
showed an increasing trend. It can also be 
observed in figure 3 that the evident seasonal 
pattern in PM2.5 concentration showed a peak 
in winter. 

Environmental regulations proposed to 
protect human health are based on a 
foundation of scientific proof that arises 
from toxicological, clinical, and 
epidemiologic research. Their purpose is to 
reduce exposure to agents that have been 
found to harmfully affect health, and their 
application is thought to lead to a reduction 
in the burden of health effects caused by the 
exposure.21  
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Figure 3. Tehran PM2.5 timescale decomposition in 2007-2013 

 
This paper presents evidence on the short-

term effects of PM2.5 on mortality during 
2007-2013, when several air quality 
regulations were implemented. Specifically, 
changes in the risk of exposure to airborne 
particles were assessed over a period of 
substantial alterations in the sources and 
decline in ambient concentrations of airborne 
particles. For this purpose, almost all 
available data on PM2.5 and mortality were 
used. As a result, proof of a determined effect 
of airborne particles on mortality was found 
with PM2.5. In a study conducted by Shahi et 
al., effects of air pollution on cardiovascular 
and respiratory causes of emergency 
admission were evaluated.22 The results of 
their study showed that carbon monoxide 
(CO) level was an independent risk factor of 
CVD while the increased level of PM2.5 and 
O3 led to increased rate of admissions to the 
emergency department due to respiratory 
causes.22  

Figure 4 shows time series mortality rates 
among individuals of less than 65 years of 

age. As seen in figure 4, the mortality pattern 
shows a decreasing trend from 2011 until the 
end of 2012. From the beginning of 2013, 
mortality pattern shows an increasing trend. 

Mortality rate showed a strong seasonal 
pattern with a peak in winter and a minimum 
in fall. However, a lower amount of PM2.5 

was observed in winter. Thus, the peak in 
winter mortality is most probably due to the 
spread of infectious diseases, such as 
influenza, as well as temperature-related 
phenomena in cold weather areas. Higher 
amount of PM2.5 during fall can be related to 
car traffic since the schools open in the fall. 
According to our study, the risk of mortality 
due to air pollution can occur up to 50 days 
(50 days lag) after exposures especially lag 0. 
Goudarzi et al. studied the relationship 
between air pollution exposure and chronic 
obstructive pulmonary disease (COPD) in 
Ahvaz, Iran, in 2012.23 The results of their 
study showed that the annual average PM10 

concentration in 2012 was 727 µg/m3. 
According to their results, a strong 
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correlation was observed between hospital 
visits due to COPD and PM10 emission in 
Ahvaz. In addition, they found that 
approximately 6.2% of hospital admissions 
due to COPD occurred when PM10 
concentration was higher than 30 µg/m3. 

 

 
Figure 4. Tehran mortality timescale 
decomposition among individuals of less than 
65 years of age in 2007-2013 

 
Figure 5(a) shows a correlogram for the 

mortality data on Tehran. The correlogram 
can be computed in R using the ACF function 
in the stats package. The result shows a peak 
in lag 0. In other words, the plot shows the 
quick effect of PM2.5 on mortality rate in the 
first day. 

Nevertheless, a mild effect was observed 
in lag 5, 8, 15, and 21. Figure 4(b) shows the 
correlogram of the residuals after removing 
some of the seasonality of mortality data. The 
results showed that the effect of PM2.5 on 
mortality was observed specifically in lag 0. 

Cardiovascular mortality was associated 
especially with daily mean PM2.5. 
Furthermore, PM2.5 was not significantly 
associated with total non-accidental 
mortality. Based on ACF analysis, the results 
of the present study showed that PM2.5 

impacted mortality rate. In other cases, we 

have not seen any evident effect. This 
suggests that other seasonal diseases have a 
significant effect on mortality. Capraz ‎et al. 
studied the association between air pollution 
and mortality in Istanbul, Turkey.3 Their 
findings showed that the risk of mortality 
due to air pollution can occur up to 10 days 
(10 days lag) after exposure. Moreover, their 
results showed that cardiovascular mortality 
was related to daily mean SO2, followed by 
NO2 and PM10.3 

 

 
Figure 5. Autocorrelation functions for 
mortality data on Tehran for (a) raw data and 
(b) residuals after removing seasonality 

 

Simultaneous changes in mortality rate 
and PM2.5 concentration in annual, seasonal, 
and weekly time scale are shown in figure 6. 
As figure 6 shows, direct correlation between 
mortality rate and PM2.5 concentration can be 
observed in the annual and weekly time 
scale. Valid correlation was not found in the 
seasonal time scale. In a study conducted by 
Lu et al., it was found that associations 
between air pollution and mortality were 
more distinct in the warm season than in the 
cool season.24 They concluded that the 
increase in risk of mortality corresponded to 
an increase in current ambient concentrations 
of air pollutants. Qiu et al. studied the 
association between air pollution and 
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mortality in china.25 They found that for a 10 
µg/m3 increase in pollution concentration, a 
1.6%-2.3% additional increase in mortality 
related to PM, NO2, and SO2 was observed 
among individuals aged 65 years or older 
compared with younger individuals. 

 

 
Figure 6. Timescale decomposition for PM2.5 

and mortality data in Tehran during 2007-2013 

Conclusion 

Our results showed that short-term exposure 
to outdoor air pollution (PM2.5) was 
associated with CVD in Tehran between 2007 
and 2013. High percentages of observed 
health effect (CVDs) were linked with high 
concentrations of PM2.5. Therefore, 
application of methods to reduce PM2.5 

concentration plus suitable health and 
environmental monitoring are recommended. 
In the present study, it was also found that 
day-to-day variations in cardiovascular 
mortality are associated with ambient 
concentrations of PM2.5. According to the 
results of this study, the risk of mortality due 
to air pollution can be observed up to 50 days 
(50 days lag) after the exposure. 
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